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FOREWORD 

Throughout history, individuals and governments have sought means for limiting the 

adverse impacts associated with the exposure of people and property to the hazards 
of the natural environment. In the United States, the hazards of major concern 
have included: riverine flood; coastal storm surge; tsunami; earthquake; expansive 
soils; landslide; hurricane wind; tornado; and severe wind. 

In attempts to mitigate the effects of exposures to these hazards, rivers have 
been dammed, deepened and diked. Coastlines have been equipped with sea walls; 
storm cellars have been dug in backyards; buildings have been elevated above the 
level of expected flood heights; and a variety of means have been employed to 
strengthen structures and thereby reduce their vulnerability to the forces exerted 
by winds, land movement, and other natural hazards. Numerous types of building 
strengthening, area protection. site development, and other technologies are 
available for use by those who wish to reduce the risks associated with exposure 
to natural hazards, and the mandatory application of these technologies can be 
forced through adoption of a wide variety of federal, state, and local public 
poliCies. The risk of loss may be spread through use of insurance schemes, and 
the impact of catastrophic hazardous occurrences on exposed populations may be 
reduced through disaster relief and recovering measures financed by non-impacted 
parties. 

However, every public and private response which can be made to the risks presented 
by natural hazard exposures imposes costs on someone, somewhere, at some time. In 
some cases, the costs of such ventures may exceed the value of the risk reduction 
produced by the purchased mitigation; in still other cases, the use of the mitigation 
may engender a false sense of public security and lure additional numbers of people 
into contact with hazardous areas and thereby increase the total losses associated 
with such exposures. What to do about the continuing exposure of people and prop
erty to natural hazards is, therefore, both a question of considerable complexity 
as well as one of increasing importance to public policy makers at federal, state. 

and local levels. Should building code requirements be strengthened? Should 
governmentally enforced restrictions be imposed on the use of such hazardous areas 
as floodplains, earthquake-prone sites, and steep hillsides subject to land slip
page? What public problems are posed by the voluntary and involuntary exposure 
of people and property to natural hazards, and what problems might be produced by 
public effort to control such exposures? 
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It is to these and other important questions that this report is addressed. 
Funded as a technology assessment by the National Science Foundation under the 
terms of Grants ERS-75-09998 and AEN-74-23992, and purchase order 78-SP-0620, the 
purpose of the study which has culminated in this report was not to tell policy
makers what public problems are presented by natural hazard exposures in the 
United States, nor to tell policy-makers what solutions should be applied to such 
problems. 

Instead, its purposes are to present data and factual conclusions which may aid' 
policy-makers in performing this task; to identify the vari?us stakeholder groups 
whose interests are bound up in hazard exposure and hazard mitigation situations; 
to identify candidate lists of possible public problems; to identify the range of 
technologic and policy options which may be appropriate to solving each listed 
candidate problem; and to assess the more important costs and benefits associated 
with each. 

Conducted by an interdisciplinary team of investigators, the study utilized risk 
analysis techniques which resulted in: (1) the generation of annual expected 
natural hazard loss estimates for 1970 and 2000; (2) identification of specific 
strategies and technologies theoretically capable of reducing such losses; 
(3) identification of the amortized annual costs associated with use of selected 
mitigation strategies; (4) identification of the candidate public problems and 
stakeholder groups associated with natural hazard exposures and alternative 
technology-forcing policy options; (5) identification and critical evaluation of 
past and current public policies, institutional arrangements, and administrative 
practices aimed at mitigation of natural hazards losses; (6) identification and 
assessment of the contemporary social, technical, administrative, political, 
legal, and economic constraints on natural hazards policy making operations; 
(7) the development and assessment of policy options appropriate for coping with 

hazard-related public problems between 1970 and 2000. 
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Chapter One 

PURPOSES AND APPROACH OF STUDY 

Introduction and Summary 

This report is the product of a problem-oriented technology assessment (TA) funded 

by the National Science Foundation under NSF Grant No. ERP 75-09998. The 

assessment was aimed at identification of the potential impacts, problems, mitigation 
technologies, and policy alternatives associated with the exposure of people and 
property to nine natural hazards in the United States. One of the few primarily 

problem-orientedTAs funded by the National Science Foundation [Armstrong and 

Harmon, 1977J, this study utilized probabilistic risk analysis techniques to 
develop average annual (annualized) estimates of selected natural hazard losses 

for individual counties, states, and the nation for the years 1970 and 2000. It 

also employed a model of the public policy and public problem-causing system which 

permitted the project team to develop distinctions between natural hazard "impacts" 
and "public problems," to identify the "stakeholders" whose interests are associated 
with natural hazard exposure and hazard-mitigating actions, and to identify 
the linkages between technology-applying policy alternatives and the stakeholders, 

problems, and impacts to which such policies are addressed, related, or causally 
linked. 

Purposes, Characteristics and Approaches of 

Technology Assessment Projects 

Closely linked to the public policy process, technology assessment projects seek 
to support rational decision making by parties who are responsible for determining 

when, where, how, and to what extent a specific technology should be applied. 

As observed by the Office of Technology Assessment [1975]: 

The objective of each assessment is to provide an early appraisal 
of the probable impacts and uncertainties of technology programs, 
so that both beneficial and adverse factors can be identified and 
considered in the legislative planning process. Both near-term 
and longer-term effects, whether intended or unintended, are 
examined, as are the diverse interests and viewpoints of the 
many different parties foreseeably to be affected by the technology. 
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Techn?logy assessment ... is a process designed to ask the right 
questlons and to seek answers based - as much as possible - on 
hard, factual information which can be obtained thl'OLJqh disciplined 
analysis. Where important data are unavailable, the ~eed for 
additional research can be spotlighted. Technology as~essment is 
an aid to, not a substitute for, the judgments which must be reached 
by officials in policy-making positions. 

Joseph Coates [1976] has suggested that 

.. :technology assessment is the !lame for a class of policy studies 
~hlCh attempt to look at the widest possible scope of impacts 
1n the.society of the i~troduction of a new technology or the 
extenslon.of th~ establ1shed ~echnology in new and different ways. 
Its.g?al 1S to lnform the POllCY process by putting before the 
declslon maker an analyzed set of options, alternatives and conse
quences ... (it) is extremely wide-sweeping in scope; it is not the 
decision process itself but only one input into'that process. 

Similarly, D.E. Kash [1977] has observed that "technology assessments are a 
class of policy studies which assume that technologies cause or have significant 
influence on social change." Kash suggests that four important questions are 
asked by assessors of technology: (1) What are the consequences resulting 
from the use of the technology, as distinguished from the impacts that are used 
to justify its development? (2) Do the stakeholders see themselves as affected 
beneficially or adversely, and how intensely? (3) What can be done to enhance 
beneficial impacts? (4) What are the technological-social options that can 
modify impacts in the direction desired by policy makers and affected parties? 

Armstrong and Harmon [1977] reviewed numerous definitions of the term and 
concluded that all of the examined definitions arise from two basic assumptions: 
(1) that the implementation of a new technology or the expansion of an old one 
is (or should be) a conscious societal choice; and (2) that it is not technology 
itself which is inherently harmful to society, but rather the consequences of the 
decisions concerning the ways in which the technology will be applied and managed. 

Types of Technology Assessments 

Based on their examination of 24 technology assessments funded by the National 
Science Foundation, Armstrong & Harmon concluded that these assessments could 
be classified into two major types: the problem-oriented and the technology-
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oriented. These authors agreed with a report by the National Academy of 

Engineering which suggested that a problem-oriented technology assessment is 

one which focuses on one or more central problems and then considers alterna
tive candidate solutions to each problem. [U.S. Congress, Joint Office of 

Technology Assessment, 1977J. 

Candidate solutions typically contain a mix of physical and management technologies. 
Armstrong and Harmon suggest that problem-oriented technology assessments "are 
generally more complex than technology-oriented ones because detailed information 
on several different technologies must be assimilated and compared. II In contrast 
to the problem-oriented assessment, a technology-oriented assessment projects 

into the future a single technology along alternative paths. Often, Armstrong and 
Harmon observe, IItechnology-oriented technology assessments serve as inputs into 
larger studies or assessments and by so doing, serve to illuminate one aspect of 
the spectrum of candidate solutions. II 
[Armstrong and Harmon, 1977J. 

These authors further suggest that, whether the focus of an assessment is on 
problems or technologies, the consideration of technologies tends to focus on 

one of three classes: a physical technology, a management technology, or a 
combination of the two. The technologic focus may be further characterized by 
examination of an existing or emerging technology. 

Whatever the focus of a technology assessment, it seems clear that the primary 
purpose behind its conduct is to provide informed, comprehensive inputs to the 
public policy system, while making explicit the value orientations within which 
decisions are to be made. 

Characteristics of the Public Policy System 

From the perspective of Anderson [1975J, Jones [1977], and others, the process 
through which public policies are framed, adopted, implemented, and amended is 
characterized by several critical events, all of which are depicted in Figure 
1-1. 
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Suggested by: (1) James E. Anderson, Public Policy Making. New York: Praegon Publishers (1975); 
(2) Charles O. Jones, An Introduction to Th~ Study of Pub·1ic Policy (2nd edition, 1977) 

Figure 1-1. Linkages Between Public Problems, Public Policies and 
Alternatives in Public Problem-causing Systems 

Within the limits of the Anderson-Jones perspective, the puplic policy process 
begins when some state of affairs is intrinsically or instrumentally disvalued 
by an element of society and is perceived by it to qualify as a "public 
problem. II The perceived existence of this state of affairs may subsequently 
generate a public state of dissatisfaction and lead to issuance of demands on the 
public policy system. Under appropriate circumstances these demands may result 

in policy-maker dissatisfaction and the subsequent inclusion of policy-making 
requests on the public policy agenda. At this stage in the process, a IIpublic 
policy probleml/ may be said to have been identified. Thereafter, the inclusion 
of an item on the public policy agenda leads to the making of one or more public 
policy decisions, to the output of governmentally-generated services or products, 
and to the generation of IIpolicy output effects.1I If decisions have been 
appropriately framed and decision-implementing activities have been appropriately 

conducted, the supposition is that these policy output effects will include a 
resolution or amelioration of the IIpublic problem ll which activated the entire 
sequence of events; and that no new IIpublic problems" will result from the 
decision-making process, the decisions themselves, or the decision-implementing 

activities which were a part of the policy process. 
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Public Problems and Policy Analysis 

Within the context of the above perspective, the rational capacity of the 
public policy system may be increased if that system is provided with two 
types of inputs: public problem analyses and public policy analyses. Problem 
analyses identify: (1) problem states of affairs; (2) networks of causes and 
effects to which these states are linked; (3) underlying values associated with 
the states; and (4) value-holders and problem-experiencing populations and areas. 
Policy analyses identify: (1) alternative problem-solving strategies and policy 
choices; (2) criteria for the selection of policy alternatives; (3) decision
influencing constraints; and (4) the payoffs, outcomes, and side effects which 
may be expected from each policy alternative. 

Since most technology assessments generally have failed to recognize the 
significance of problem analysis, it is important to note that problem analyses 
may be viewed as constituting the interface between technology assessments, 
public policy analyses, and the acts of public decision-making which are the 
raison d'etre for the entire set of activities. 

Regardless of their foci, all technology assessments must identify "public problems." 
On the one hand, a problem-focused TA must identify the "public problems" which 
justify the conduct of the TA. On the other hand, a technology-oriented TA must 
identify the "public problems" which either justify the application of the 
technology or are suspected to result from the use of the technology. 

Risk Analysis 

Risk analysis is a specialized set of operations which is subsumed within a 
problem analysis. Risk is a function of two major factors: (a) the probability 
that an event will occur and (b) the consequences of the event. Hence, risk 
analysis is aimed at identifying: (a) the probability that particular events 
at certain intensities will occur over some specified time frame, (b) the area 
or population which will be exposed to the events (e.g., the polulation at risk), 
(c) the vulnerability of the area or exposed polulation to effects associated 
with the events, and (d) the consequences to the population at risk of exposure 
to the expected series and intensities of the events over specified time frame. 
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The outputs of a risk analysis may form probabilistically-derived, annualized 
estimates of the consequences to the population-at-risk which will arise from 
exposure to the hazard [Rowe, 1977 & Lowrance, 1976J. 

Characteristics of Public Problems 

The task of identifying a public problem is different from the task of 
identifying an lIimpact. 1I As the term is used in most TAs, the latter is 
nothing more than some empirically-verifiable consequence of so~e defined 
cause. An impact is inherently neither good nor bad, but is simply a state of 
affairs which has been observed to have been produced by some set of causes. 
In contrast, following the lead of Bartee [1972J and Ong and Atkisson [1976J, 
we define problems as situations in which a person disvalues a gap which is 
perceived to exist between some desired and some perce~ved state of affairs. 

A model depicting this perspective and linking it to the Jones-Anderson model 
of the public policy process, is presented in Figure 1-2. 

PUBLIC 
POLICY 
OUTPUTS 

19 

PERCEIVED GAP 10 

1--------------+1 BETWEEN DESIRED 
AND PERCE! VED 

1 

~---+I PERCEIVED REALITY 
~ ______ +-I (STATE OF AFFAIRS) 

20 

PUBLIC POLICY 
EFFECTS 

16 
POLITICAL/PUBLIC 
POll CY DEMANDS 

21 

EVALUATION OF 
EFFECTS AND PUBLIC 
DECISIONS 

STATES OF AFFAIRS 

NO 
16 

DEFINITION 13 

OF DECISION 
CONSTRAINTS 

11 

Figure 1-2. The Public Problem-defining and Problem-solving Process 
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As shown in Figure 1-2, all problems may be said to be the product of four 
factors: human perceptions of empirical reality, human desires and expectations 
for the future, values which justify and define the desired future, and the 
human perception of gaps between the desired future and the present. Whenever 
a gap has been perceived to exist between a desired and a perceived state of 
affairs, and whenever that gap has been disvalued by the observer, then a 
problem may be said to be present. Thus, problems are as much a product of 
human values and of human perceptions as they are of the empirical reality 
to which they are presumed to relate. 

Of course, not all IIproblemsll may appropriately be defined as IIpublic problems." 

Hemphill [1967], for example, has argued that all problems may be divided into 

three main classes: (1) individual problems; (2) social problems; (3) mutual 
problems. He defines the class of individual problems as those states in which 
the individual may reach some personal goal (viz., close a gap between some 
personally desired and personally-perceived state of affairs) without involving 
another person in the process. On the other hand, Hemphill defines a social 
problem as one in which the achievement of some state of affairs desired by one 
person requires that the goal-seeking person involve another individual in the 

goal accomplishing action. The common element in both individual and social 
problems is that the focal goal is held by only a Single person. In contrast, 
a mutual problem, says Hemphill, is: 

... a state of affairs existing within a situation of which two or more 
individuals are a part, each of whom perceives it as dissatisfying, 
and which requires some behavior on the part of the other if either 
(any) is to be satisfied ... 

A mutual problem is distinguished from all other social problems in that 
(all) individuals are dissatisfied with at least some part of the 
state of affairs, and both (all) must become involved if satisfaction 
is to be achieved, i.e., if the problem is to be solved ... 

It is not necessary that the individuals involved be dissatisfied about 
the same thing. They need not share a common goal (although they may -
in which case it can be said that they have a common problem). In fact, 
individuals are frequently dissatisfied with different parts of the 
same state of affairs or with the same parts but in different ways. 

However appealing the Hemphill perspective may be, considerable difficulty is 
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encountered when one tries to specify those criteria which may be utilized by an 
intendedly value-neutral observer to distinguish "public" from all other types 
of problems. The difficulty arises, in part, because of the mixed normative 
and empirical factors associated with such an effort. 

Empirically. it seems clear that a "public problem" is whatever a properly-sanc
tioned social entity defines such a state as being. In democratic societies, 
at least, those states of affairs which are widely defined as being public 
problems are the product of whatever criteria the electorate or their legislative 
bodies utilize to distinguish public from private problems. On the other hand, 
a variety of normative criteria have been suggested by various philosophers, 
analysts and participants in political processes as being appropriate for 
resolving such questions. For example, John Dewey has suggested criteria which 
closely resemble those utilized by modern economists to identify "externalities." 
Dewey [1927] observed that: 

some ... human acts have consequences upon others, that some of these 
consequences are perceived. and that their perceptions lead to 
subsequent efforts to control action, so as to secure some consequences 
and to avoid others .... Consequences are of two kinds: those which 
affect the persons directly engaged in the transaction, and those 
which affect others beyond those immediately concerned. In this 
distinction, we find the germ of the distinction between the private 
and the public .... the public consists of all those who are affected 
by the indirect consequences of the transaction to an extent that 
it is deemed necessary to have those consequences systematically 
cared for. 

Since the actors in a democratic problem-defining process are free to utilize 
Dewey's criterion, or any other of their choice, some may deem it most appropriate 
simply to define public problems as states of affairs which exhibit the 
following attributes: 

(a) they are deemed dissatisfying by one or more individuals, but; 

(b) the solution requires action by parties other than the individuals 
experiencing the dissatisfaction; and 

(c) governmental action is necessary to stimulate action by private parties 
or to assist the dissatisfied (problem-impacted) and problem-causing 
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parties in their cooperative problem-solving venture. 

Comprehensive and Value-neutral Policy Assisting Study Operations 

In terms of the definitions and perspectives offered above, an ideal expression 
of the operations and outputs associated with problem-focused, comprehensive, 
and value-neutral policy-assisting analyses is presented in Figure 1-3. 

Analyses of this type are concerned with the identification of the specific 
events which characterize given situations; with the identification of those 
situations which qualify as candidate public problems; with explication of the 
causal systems which give rise to the focal problems; and with specification 
of alternative strategies for resolving the problems. 

These analyses also present information which identifies the constraints to be 
met by decision makers in selecting strategies for problem solutions. The mix 
of most relevant constraints are those suggested by the acronym, STAPLE: 
Social, Technical, Administrative/Institutional, Political, Legal, and 
Economic constraints. From our perspective, these constraints arise from the 
value commitments, goals and aspirations of societal groups, and require their 
reaction to the "higher-order" and socially-diffused effects of alternate 
strategies for prob1em-so1ution. 

Definition of Critical Terms 

As noted above, this report is the product of a technology assessment which 
was primarily problem-oriented. Its focus is on identification and explication 
of the impacts associated with the occurrence of hazardous natural events, 
on identification of the "pub1ic prob1ems ll associated with those impacts, on 
identification of the alternative physical and management technologies 
appropriate for eliminating or reducing those problems, and on identification 
and analysis of the impacts and problems associated with the use of the physical 
and management technologies themselves. 

Accordingly, the report makes continuing use of the terms which are defined 
Figure 1-4. 
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TERM 

1. Et~PIRICAL REALITY 

2. PERCEIVED REALITY 

3. PROBLEMS 

4. INTRINSICALLY-DISVALUED 
STATES OF AFFAIRS 

5. INSTRUMENTALLY-DISVALUED 
STATES OF AFFAIRS 

6. PROBLEM-CAUSING SYSTEM 

7. PROBLEM-SOLVING STRATEGY 

8. PROBLEM-DEFINING AGENT 

9. PROBLEfl-EXPERIENCING AGENT 

10. PROBLEM-DISCOVERING AGENT 

11. CANDIDATE PUBLIC PROBLEM 

12. IMPACT ANALYSIS 

DEFINITION 

The correct or accurate images of the "real worl d" whi ch may be developed through 
intendedly rational method, of observation, data collection, and data analysis. 

The images of the "real world" which are held by one or more human beings without 
regard to the means through which those images were formed. The images mayor may not 
be "correct" reflections of reality. 
A situation in which one or more individuals disvalue a gap which is perceived to exist 
between a desired and a perceived state of affairs. An individual problem meets these 
criteria, but the disvaluing is by an individual who has the capacity to correct the 
situation. Similarly, a social problem also meets these criteria, but correction of the 
problem requires action by at least one other than the person experiencing the problem. 
On the other hand, a mutual problem is one in which two or more parties disvalue the 
existance of some situation, although perhaps for different reasons, and neither is 
able to correct the situation through independent action. 
These states or problems, are disvalued in and of themselves because of their incongruence 
with the value orientation and/or aspirations/expections of the disvaluing agent. 

These states are disvalued, not in and of themselves, but because they lead to, or are 
perceived to lead to, still other states of affairs which are intrinsically disvalued. 

A problem-causing system consists of the network of causal factors which leads to, or is 
suspected of leading to the occurrence of some state of affairs, together with the value 
premises and perceptions which lead to the identification of disvaluing of that state. 
The network of causal factors leading to the focal state may be viewed as consisting of 
two SUb-systems: (a) the causal biophysical sub-system; and (b) the causal socio
cultural SUb-system. The latter consists of the individual, group and social decisions 
and/or decision premises which are, in any situation, observed to be responsible for the 
occurrence of a biophysical causal factor. 
A set of operational routines which have been selected to guide an intervention into a 
problem-causing system. Such an intervention is focused both on the objects of the 
intervention (e.g., specific causal factors within the causal system) and on the methods 
to be employed in attacking those objects (e.g., modification of land-use decisions). 

A person whose values, aspirations, and perceptions result in the naming of some state 
of affairs as a problem. An individual may be classified as a problem-defining agent 
without being personally exposed to or part of this state of affairs. Thus, such indi
viduals as environmentalists or legislators may be unaffected by an occurrent, but 
nonetheless define such occurrences as "problems." 
An individual who experiences the effects of an event when the event or its effects have 
been described as constituting a problem. Such agents need neither disvalue nor even 
perceive the event or its effects in order to be so classified. 
A person who perceives a situation in which an event has occurred or will occur; in which 
effects are perceived to be experienced by some population at risk; in which the resulting 
state of affairs will deviate from that desired by some value holders (e.g., proble~
definer) and in which the resulting gap between the desired and perceived states of 
affairs will indicate the existence of a problem. Problem-discovering agents need not, 
themselves, engage in acts of valuing, nor be personally committed to the reality per
ceptions held by others. Instead, such agents describe situations in terms of empirical 
reality of the perceptions of others, and of the values, aspirations, and problem
defining criteria of others. 
A description of a situation which a problem-discovering agent or problem analyst believes 
will be vi.ewed as a problem by some problem-defining agent or arbiter of social values. 
An arbiter of social values is one who has been socially vested with responsibility for 
judging the merits of competing values and for operationalizing those values in specific 
situations. All judges and legislators are, by definition, arbiters of social values. 
An impact analysis is a description and verification of the chains of effects and effect
experiencing parties linked to an event. The term, impact analysis, is intended to 
suggest the value-nuetral characteristics of such work. Not all effects of an event 
will be viewed as problems by the persons involved in that situation, even though they 
may be measurable and of large magnitude. 

Figure 1-4. Definition of Critical Terms 
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TERM 

13. POPULATION-AT-RISK 

*14. RISK 

15. EXPOSURE TO RISK 

16. RISK TAKER 

17. CONSEQUENCE VALUE 

18. INEQUITABLE RISK 

19. MEASURED RISK LEVEL 

20. PROBABILITY THRESHOLD 

21. PROPENSITY FOR RISK 
ACCEPTANCE 

22. RISK ACCEPTANCE 

23. RISK ACCEPTANCE LEVEL 

24. RISK ASSESSHENT 

25. RISK DETERMINATIDN 

26. RISK ESTIMATION 

27. RISK EVALUATION 

28. RISK EVALUATOR 

29. RISK IDENTIFICATION 

30. RISK REDUCTION 

31. RISK REFERENCE 

32. RISK REFERENT 

33. STAKEHOLDER 

34. BENEFICIARY PARTY 

DEF IN JT1 ON 

The population of individuals or objects within which the primary, secondary, or higher
order effects of an event or phenomenon wi 11 be confined. 

The potential that some unwanted or negative consequences of an event will be experienced 
by some defined population. The potential is defined in terms of the probabil ity that 
consequences of a particular severity will, in fact, be experienced by the population. 
The condition of being vulnerable to some degree to a particular outcome of an activity 
or event, if that outcome occurs. . 

A person or group of persons who enter into a situation in which there is a probability 
that some unwanted consequences will befall them. This group includes: y~~u~~~s~ 
~~2:s and involuntary risk takers. 

The importance of risk taker subjectively attaches to the undesirability of a specific 
risk consequence. 

A situation in which a risk taker is exposed to a risk and receives no direct benefits 
from exposure, or in which the knowledge of the risk is purposely withheld from hi~. 

The historic, measured, or modeled risk associated with a given activity. 

A level of probability occurrence for a risk below which a risk taker is no longer con
cerned with the risk and ignores it in practice. The probability threshOld may also be 
viewed as the threshold of concern for some defined risk taker. 

A descriptor phrase intended to apply to some individual and which designates the degree 
of risk that individual is willing to subject himself or herself to for a particular 
purpose. 

The willingness exhibited by an individual, group, or society to accept a specific level 
or risk in order to obtain some gain or benefit. 

The acceptable probability of occurrence of a specific consequence value to a given risk 
taker. 

The total process of quantifying a risk and finding an acceptable level of that rfsk for 
an individual, group, or society. The process involves both risk determination and risk 
evaluation operations. 

The process of identifying and estimating the magnitude of risk. 

The process of quantifying the probabilities and consequence values for an identified risk. 

The complex process of developing acceptable levels of risk to individuals or society. 

A person, group or institution that seeks to interpret a valuing agent's risk for a 
particular purpose. 

The observation and recognition of new risk parameters, or new relationships among 
existing risk parameters, or perception of a change in the magnitude of existing risk 
pararreters. 

The action of lowering the probability of occurrence and/or the value of a risk con
sequence, thereby reducing the magnitude of the risk. 

Some reference, absolute or relative, against which the acceptability of a similar risk 
may be measured. 

A specific 1eve1 or risk deemed acceptable by society or a risk evaluator for a specific 
risk; it is derived from a risk reference. 

A party whose interests are assumed to be associated with the use or non-use of a 
technology in a specified situations. Stakeh01ders include a wide variety of definable 
parties, including: problem-experiencing parties; problem-defining parties; public policy 
makers; problem-solving strategists and analysts; beneficiary parties or groups; and 
others. 

In any given situation in which a problem has been defined, a beneficiary party is one 
whose self-interest will be advanced by the problem resolution even though that party 
is not itself an experiencer of the problem. Thus, the cement and construction industries 
are beneficiaries in situations where highway users are problem-experiencers. 

*Definitions 14-34 are essentially as stated in Rowe, 1977. 

Figure 1-4. Definition of Critical Terms (continued) 
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Focus of Study 

Since all technology assessments are a part of public policy articulating processes, 
they require a focus on such subjects as: 

(1) the socially-defined problems which are the interfaces between the 
technology assessment, public policy analysis, and the resultant 
acts of public policy making. 

(2) the causal phenomena which are linked to these states of affairs, 

(3) other problems and goals whose resolution may be impeded or whose 

accomplishment may be frustrated as a result of the side effects 
utilizing the technology, and 

(4) the identification of stakeholders as well as those whose values are 
essential ingredients in the designation of some perceived state 
of affairs as constituting a "public problem ll or in the designation 
of some desired state of affairs as constituting a "public goal." 

Accordingly. the study which is the subject of this report was concerned with: 

(1) Identification and description of the characteristics, geographic 

distribution, and potential effects of nine hazardous natural events 
within the United States (HAZARD ANALYSIS); 

(2) Assessment of the vulnerability of several classes of buildings, and 
their occupants, to each hazard (VULNERABILITY ANALYSIS); 

(3) Identification and measurement of the major primary, secondary, and 

higher order effects expected to be associated with the exposure, 
by major geographic area, of buildings and their occupants to these 
hazardous natural events (LOSS ANALYSIS); 

(4) Identification and explication of the major candidate public problems 
which are associated with these effects (PROBLEM ANALYSIS); 
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(5) Identification of the costs and characteristics of the major types of 
technologies appropriate for mitigating the effects induced by exposure 
of buildings and their occupants to each of the nine natural hazards 
(TECHNOLOGY ANALYSIS); 

(6) Identification and description of the major types of public policies 
which may induce the application of hazard-mitigating technologies 
(PUBLIC POLICY ANALYSIS); 

(7) Estimation of the economic costs and other effects associated with the 
use of selected technologies to mitigate the effects of selected natural 
hazards (COST ANALYSIS); 

(8) Identification of the major effects and candidate public problems 
which might be generated by the use of selected technologies to 
mitigate the effects of the nine natural hazards (PROBLEM ANALYSIS); 

(9) Identification and evaluation of the major problem-solving strategies 
and public policies which are relevant to the problems identified in 
Items 4 and 8, above (PUBLIC POLICY ANALYSIS). 

Objectives and Approach of Study 

As depicted in Figure 1-5, the study was structured into four major and three 
minor elements. The latter included: hazard analysis? vulnerability analysis, 
and loss analysis. The former included risk analysis. technology analysis, 
problem analysis, and public policy analysis elements. The objectives and 
general methodologies of each of these major project elements are discussed 
below. 
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Figure 1-5. Relationship Between Major Project Activity Elements 

Risk Analysis 

The central element in the study was the risk analysis, whose major elements are 

depicted in Figure 1-6. The performance of this analysis required the develop
ment of computer-based hazard, exposure, and vulnerability models which were 

then used in concert with appropriate damage algorithms and risk equations in a 
series of separate studies, each concerned with a specific natural hazard. 
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(COHOMIC LOSS. LIFE LOSS.) 

APPLY APPROPRIATE MITIGATlil"S TO 

REDUCE RISK LEVEL IF AND WHERE 
RISK ~ACCEPTA8LE. RECOMPUTE RISK 

Figure 1-6. The Decision Process in Risk Evaluation 

The analysis focused on nine natural hazards, including: earthquake, expansive 
soils, landslide, hurrican, tornado, severe wind, storm surge. tsunami, and 
riverine flooding. For each hazard, a computer model was developed to depict 
by county and state within the United States, the probability of hazard 
occurrence by hazard intensity. Where appropriate, the hazard models included 
both regional and site-modifier data, such as regional weather patterns and 
local ground elevation conditions. 

The risk assessment for riverine flooding was confined to multi-state regional 
areas due to the characteristics of the model used. This basic model developed 
by D. Friedman for HUD [1966J and also employed in the loss analysis performed 
by the University of Colorado group under the direction of Gilbert White, was 
modified to provide for regional analysis. 
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The vulnerability element of the risk analysis involved the development of a 
computer-based exposure model for each hazard and appropriate damage algorithms 

related to various types of buildings. The exposure model included an inventory 
of the value of buildings and building contents, and the human popu1ation at 
risk in individual counties, sub-county hazard zones (where appropriate), and 
states, as well as data concerning the type and vulnerability of exposed assets 
within those areas. The damage algorithms which were developed stated the ex
pected relationship between various hazard intensities and the degree and/or 
value of damage to structures of specific types. Typically, estimates of 
other types of losses such as death, building content loss, unemployment,and 
homelessness were related to the expected levels of damage to buildings in the 
prescribed areas. 

The final risk equations utilized the damage algorithms and hazard, exposure, 
and vulnerability models to generate probabilistic annual estimates of dollar 
losses expected to arise from the exposure of buildings and building contents 
to natural hazard in the years 1970 to 2000. Except for riverine flooding, these 
data were generated, or are retrievable, at the scale of individual counties, 
states and the nation as a whole. The hazard-induced effects which were 
quantified by the risk analysis include: (1) economic losses to buildings 
(building losses); (2) economic losses to the contents of buildings (contents 
losses); (3) economic losses resulting from the lack of availability of goods and 
services to occupants of hazard-impacted areas measured in the form of transpor
tation costs (supplier losses); (4) economic losses in the form of lost take
home pay from employment (income loss); (5) years of unemployment induced by 
hazard-caused damage to buildings and their contents (unemployment); (6) years 
of homelessness induced by damage to residences (homelessness); and (7) loss 
of life resulting from the occurrence of hazardous natural events (life loss). 

The methodologies employed and the findings generated by the risk analysis are 
summarized in Chapters III, IV, V and VI of this report and are presented, in 
detail, in the following project reports: 

"Natural Hazards: Storm Surge, Riverine, Tsunami Loss Models" 
by Lee, Chrostowski and Eguchi 

"Natural Hazard: Tornado, Hurricane, Severe Wind Loss Models" 
by Hart 
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"Natural Hazard: Earthquake, Landslide, Expansive Soil Loss 
Models" by Wiggins, Slosson and Krohn 

"Natural Hazards: Socio-Economic Impact Assessment Model" 
by Hirschberg, Gordon, and Petak 

Technology Analysis 

For each of the hazards studied, a preliminary list was compiled of the physical 
and management technologies of possible utility in mitigating the unwanted 
effects of building exposure to the hazard. These preliminary lists then were 
grouped, primarily for heuristic purposes, into seven major classes as follows: 

(a) structural and other technical methods for minimizing the probabilities 
of hazard occurrences and for protection of hazard-prone land areas 
and building sites, 

(b) structural methods for strengthening or protecting buildings which 
are exposed to hazardous natural events, 

(c) methods for preparing building sites to limit the hazard exposure and 
hazard vulnerability of structures constructed on such sites. 

(d) methods appropriate to the identification or avoidance of hazard
prone areas, 

(e) hazard forecasting, warning, and population evacuation systems, 

(f) loss recovery, relief, and rehabilitation systems, and 

(g) information processing and decision-assisting methodologies useful 
in the selection and use of potential hazard-mitigating techniques. 

Utilizing this classification scheme, a second examination then was made on 
each hazard, and relevant technologies were identified in each class for each 
hazard, where appropriate. See Chapters II and V of this report. 
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Cost Analysis 

This element of the study responded to two information requirements: 
(a) the direct dollar costs associated with application of specific hazard 
mitigation technologies to specific types of buildings; and (b) the county-
level cost/loss relationships which would be associated with mandatory community
wide use of specified hazard-mitigating technologies on specific types of new 
buildings. 

Accordingly, the cost analysis was conducted in three steps: (1) building cost 
estimates, (2) county cost/loss ratio assessments, and (3) cost feasibility 
tests of selected mitigations. 

Building Cost Estimates 

For selected types of structures, literature reviews and surveys of expert 
opinion were conducted to identify the proportionate or absolute increase 

in cost that would be experienced were selected hazard-mitigating technologies 
applied to new buildings so as to reduce expected losses from earthquake, wind, 
and flooding. Typically these estimates were developed in a form capable of 
yielding crude estimates of the absolute or proportionate cost increases associ
ated with structural design levels equal to given proportionate increases in the 
levels specified in the 1973 Uniform Building Code. However, other types of 
estimates also were developed or utilized, such as those relating to the cost 
of flood proofing, soil stabilization, etc. 

County Cost/Loss Ratios 

Utilizing these building cost estimates, a computer model was developed in order 
to generate estimates of total dollar costs which would be incurred were several 
structure-strengthening technologies to be applied to new buildings constructed 
between 1980 and 2000. The model also was designed to generate an expected cost/ 
loss reduction ratio for mitigation of wind, storm surge,and earthquake hazard 
effects in the year 2000. This permitted us to identify those counties which, 
for these hazards, would experience ratios of costs-to-loss reduction of 0.75 
and highe~ were the designated mitigation technologies to be employed therein. 
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The cost/loss reduction ratios were calculated for each of the following mitigation 
technologies: (1) imposition of earthquake zone #3 building code standards 
in each county, (2) four-foot elevation of structures above flood plain levels, 
(3) two-foot elevation of structures above flood plain levels, (4) flood proofing 
of structures to two-foot elevations above level of flood plain, (5) escalation 
of building code standards to a level equaling 1.5 times UBC requirements for 
purposes of reducing wind losses, and (6) escalation of building code standards 
to a level equaling 3.0 times UBC requirements for purposes of reducing wind losses. 

Cost-feasibility Tests of Selected Mitigations 

Computer outputs and other data also were used to determine the annual amortized 
costs of various specific mitigations under a variety of interest rates. The 
results of these calculations were used to identify sets of cost-feasible hazard 
mitigations and the net annual savings (loss reductions) achievable through 
application of alternative hazard management programs and policies. 

Public Problems Analysis 

This phase of the study focused on the identification of those states of affairs 
which were revealed by the study as constituting candidate public programs. 
The data generated by the risk analysis and cost analysis components of the 
study were utilized in this effort, but were converted into forms more amenable 
to problem-oriented treatment. Thus, aggregated loss data by county and state 
were converted into per capita loss values and into other similar forms. Addi
tional data concerning aggregated and per capita costs of other U.S. phenomena 
which generally are viewed as constituting public problems also were collected to 
serve as risk references. Further, an effort was made to identify specific 
loss situations which might differentially be valued by public policy makers and 
various stakeholders in situations where natural hazard-induced consequences 
can be expected. The results of this assessment are presented in Chapter IV. 

Public Policy Analysis 

This phase of the project focused on: (a) identification and review of major past 
and current hazard management policies; (b) identification of the socio-political-
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legal constraints which influence the making of hazard management public policy; 
(c) identification and explication of alternative public policies for dealing 
with each of the candidate public problems. 

Principal among the technology-applying public policy actions which were addressed 
in this inquiry were: (a) building codes, (b) land use standards and regulations, 
(c) other selected regulatory policies, (d) land classification policies, (e) 
public capital investment policies, (f) public distributive and redistributive 
policies, and (g) public research, information dissemination, and education 
policies. Possible constraints influencing the capacity of each of the several 
jurisdictions of government to engage in policy-making in each class also were 
examined. 

This phase of the study also examined the values, perspectives and biases which 
seem to have been associated with past acts of U.S. public policy-making relative 
to management of natural hazards and other related phenomena. Possible reasons 
for these characteristics of past decision practices were examined, and recommend
ations for new public policies to deal with the problems identified in the 
project were developed. The public policy analysis was performed, in part, by 
a team of policy analysts who had not been involved in the earlier phases 
of the study and who thus were somewhat freer to critically examine the signi
ficance of project data outputs. 
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Chapter Two 

HAZARD CHARACTERISTICS AND MITIGATION TECHNOLOGIES 

Introduction and Summary 

Natural hazards are defined as those events which occur in nature and which are 

capable of producing injury or death to human beings and/or damage to structures 
and property. Human activities may alter the freguency with which such events 
occur, increase or reduce the severity or intensity of such events, alter the size 

of the area(s) impacted by such events, influence the rate of exposure of persons 

and/or property to the events, and influence the vulnerability of hazard-exposed 
\ 

persons and property. Vulnerability-altering activities always are referred to 

as "mitigations," but this term also applies to all other activities which are 
intended to alter hazard exposures, frequencies, intensities and impact. 

Among the events which may be classified as natural hazards are: avalanches; earth
quakes; expansive soils; forest, field, marsh and prairie fires of natural origins; 

hailstorms; hurricanes; landslides; riverine flooding; coastal storm surge and 

floodings; severe rain, snow,and ice storms; land subsidences; tornadoes; tsunamis; 

and volcanic eruptions. As a result of both natural and man-made factors, states, 
regions, counties, and urban areas of the United States differ widely in terms of 

the probability that one or more of these types of events will occur within their 
boundaries with any frequency over any given period of time. Similarly, large 

inter-area differences may be observed in the rates of population or property 
exposure and vulnerability to these phenomena. 

Hazardous natural events may adversely impact human, animal and other biotic 

populations and may produce damage to a wide variety of property, including 

buildings, agricultural and forest resources, utility facilities, transport,and 

other community life-line facilities. 

Nine specific natural hazards were selected for examination in this study earth

quake, landslide, expansive soil, riverine flooding, storm surge, tsunami, tornado, 

hurricane,and severe wind. The study examined the effects of these hazards on 
exposed human populations and buildings. The following is a general discussion 

of the basic characteristics of each hazard and of the general technologies which 

can be applied to mitigate the effects of each. 
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Earthquake 

An earthquake is a natural event which involves the moving or shaking of the 
earth's crust at some location. This moving or shaking of the earth's crust 
generally is believed to be caused by the release of stresses accumulated as a 
result of continuous collisions between the ten major and several minor plates 
which comprise the earth's lO-to-50 mile thick outer and floating crust. Earth
quakes are measured in terms of seismic activity which is represented as magni
tude or intensity. 

The most common measure of earthquake magnitude, the Richter Scale, utilizes a 
nine-point logarthmic scale to present seismographic-recorded vibrational ampli
tude and energy release. On such a scale, each of the nine magnitude levels 
correspond to a ten-fold change in vibrational amplitude and a 3.l5-fold change 
in energy release. In general, the greater the magnitude of an earthquake, the 
greater its damage potential. Approximate correlations have been developed be
tween an earthquake's total energy in terms of pounds or tons of TNT and Richter 
magnitude [See Figure 2-1J. 

The direct and indirect effects caused by an earthquake are referred to as 
"seismic effects" and reflect the intensity of a quake. The most common system 
used to describe quake intensity is that contained in the Modified Mercalli Inten
sity (MMI) Scale. Structured around twelve levels of severity, the MMI Scale 
assigns a value of (I) to a barely-perceptible quake, a value of (VI) to a quake 
in which some momentarily-measured damage may occur, and a value of (XII) to one 
in which virtually total destruction may occur. In its current form, the Modi
fied Mercalli Scale [See Figure 2-2J contains narrative descriptors of effects 
associated with various intensity quakes. 

Seismic effects from earthquakes include ground displacement resulting from sur
face faulting or other abrupt earthquake-related land level changes; damage from 
ground shaking; ground failure such as lurching, soil liquefaction, differential 
settlement, landsliding, and abnormal water wave action (i.e., seiching in the 
case of inland lakes or tsunami in the case of ocean tidal action). 

In general, the potential for damage from earthquakes in any given area is pro
portional to the actual energy released (magnitude of the quake), the distance 
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RICHTER EARTHQUAKE APPROXIMATE 
MAGNITUDE EARTHQUAKE ENERGY 

1.0............................ 6 OUNCES T.N.T. 
1.5............................ 2 POUNDS T.N.T. 
2.0............................ 13 POUNDS T.N.T. 
2.5 ............... " .. 00....... 63 POUNDS T.N,T. 
3.0............................ 397 POUNDS T.N.T. 
3.5............................ 1.990 POUNDS T.N.T. 
4.0 .......................... .. 
405. co 0 co ••••••••••• 0 co co ~ C 0 c <> 0" 0 0" 

5.0 .•••..•••.•...••...•••..•••• 
5.5 .••..•••••..•••.•.••...•.••. 

6. 0 ..........•.... " 0' I) 0"""" •••• 

6.5 .•..•.•••..•.•.•..•.•.•.•••• 
7.0 ..••••••.•.•••••.•.•.•....•. 

6 TONS 
32 TONS 

199 TONS 
1.000 TONS 
6.270 TONS 

31.550 TONS 
100.000 TONS 

7.5 .••..•.•.••.•.•.••.•....•.•• 1.000.000 TONS 
8.0 ••••••..•••••••.••...••..••. 6.270.000 TONS 
8.5 •••••••••••••••••..•••..•••• 31.550.000 TONS 
9.0 .••••••••••••••••..••.•.•.•• 199.000.000 TONS 

T .N .. L 

LtU 

T.N.T. 

LN.T. 

T.N,I, 

LN.T. 

LN.L 

T .N.T. 

LN. 1, 

T.N.T. 

T.N. T. 

ENERGIES OF SOME MAJOR EARTHQUAKES 

ENERGY (TONS RICHTER 
LOCATION DATE MAGNITUDE OF T.N.T.) 

ANCHORAGE, ALASKA 1964 8.5 31,550,000 
SAN FRANCISCO, CALIFORNIA 1906 8.2 12.550,000 
KERN COUNTY, CALIFORNIA 1952 7.7 1.990,000 
EL CENTRO. CALIFORNIA 1940 7.1 250,500 
LONG BEACH, CALIFORNIA 1933 6.3 15.800 
SAN FRANCISCO, CALIFORNIA 1957 5.3 500 

Source: AlA Research Corporation, Architects and Earth
quakes U.S. Government Printin9 Office 
Washington. D.C., 1975 

Figure 2-1. Energies of Earthquakes (Richter Magnitude 1.0-9.0) 
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I. Not felt. 'Marginal and long-period effects of large earthquakes. 
II. Felt by persons at rest, on upper floors, or favorably placed. 

III. Felt indoors. Hanging objects swing. Vibration like passing of light trucks. 
May not be recognized as an earthquake. 

IV. Hanging objects swing. Vibration like passing of heavy trucks; or sensation 
of a jolt like a heavy ball striking the walls. Standing motor cars rock. 
Windows, dishes, doors rattle. Glasses clink. Crockery clashes. In the 
upper range of IV, wooden walls and frames creak. 

V. Felt outdoors; direction estimated. Sleepers awakened. Liquids disturbed, 
some spilled. Small unstable objects displaced or upset. Doors swing, close, 
open Shutters, pictures move. Pendulum clocks stop, start, chan~ rate. 

VI, Felt by all, Many frightened and run outdoors, Persons walk unsteadily. 
Windows, dishes, glassware broken, Knickknacks, books, etc. falloff shelves. 
Pictures falloff walls, Furniture moved or overturned, Weak plaster and 
masonry D (weak materials) cracked Small bells ring (church, school). Trees, 
bushes shaken (visibly) or heard to rustle. 

VII. Difficult to stand. Noticed by drivers of motor cars. Hanging objects quiver. 
Furniture broken. Damage to masonry D, including cracks. Weak chimneys broken 
at roof line. Fall of plaster, loose bricks, stones, tiles, cornices. Some 
cracks in masonry C (ordinary workmanship and mortar, not reinforced). Waves 
on ponds; water turbid with mud. Small slides and caving in along sand and 
gravel banks. Large bells ring. Concrete irrigation ditches damaged. 

VIII. Steering of motor cars affected. Damage to masonry C; partial collapse. Some 
damage to masonry B (good workmanship, mortar and design; reinforced, designed 
to resist lateral forces), Fall of stucco and some masonry walls. TWisting, 
fall of chimneys, factory stacks, monuments, towers, elevated tanks, Frame 
houses moved on foundations if not bolted down; loose panel walls thrown out. 
Decayed piling broken off. Branches broken from trees, Changes in flow or 
temperature of springs and wells, Cracks in wet ground and on steep slopes. 

IX, General panic, Masonry D destroyed; masonry C heavily damaged, sometimes with 
complete collapse; masonry B seriously damaged. Frame structures, if not bolted, 
shifted off foundations. Frames rocked. Serious damage to reservoirs. Under
ground pipes broken. Conspicuous cracks in ground, In alluviated areas, sand 
and mud ejected, earthquake fountains, sand craters, 

X. Most masonry and frame structures destroyed with their foundations. Some well
built wooden structures and bridges destroyed. Serious damage to dams, dikes, 
embankments. Large landslides. Water thrown on banks of canals, rivers, lakes, 
etc. Sand and mud shifted horizontally on beaches and flat land. Rails bent 
slightly. 

XI. Rails bent greatly. Underground pipelines completely out of service. 
XII, Damage nearly total. Large rock masses displaced, Lines of sight and level 

distorted. Objects thrown into the air. 

* Richter, Charles F., Elementary Seismology, 1958 

Figure 2-2. Modified Merca11i Intensity Scale of 1931,1956 Version* 
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of the area from the source of the energy release (epicenter), the local rock 
and soil characteristics of sites within the area, and the vulnerability of pro
perty to the resulting quake intensity. The earthquake "hazard" therefore, is 
based upon complex interrelationships between earthquake faults, weak geologic 
materials, and human activity in the earthquake prone region. 

Determining the seismicity of an area requires far more than a review of historic 
records. Not only have accurate records of quakes been kept for only comparatively 
brief periods of time, but seismicity assessment also requires that attention be 
given to analysis of the geologic features of an area, such as the presence or 
absence of earthquake faults. Many of the known earthquake faults on the earth's 
surface are of no contemporary importance, are not now the site of earthquakes, 
and may, in fact, now be healed and as sound as the rock which sbrrounds them. 
Thus, Bonilla has observed that "most faults are not now the site of earthquakes 
... are very ancient, and the absence of movement for hundreds of millions of 
years can be demonstrated for some of them" [Bonilla, 1970J. Nonetheless, 
many faults within the United States are active, are the sites of continued 
earthquakes, and exhibit considerable hazard to areas surrounding those faults. 

When an earthquake occurs, the initial source of damage to buildings and other 
structures is a product of ground movements which cause structures to vibrate. 
During moderate ground shaking, the vibrations may be in the building's elastic 
range and exhibit no damaging amplitudes. During strong ground shaking episodes, 
however, building structural members may undergo plastic strains and the move
ment may therefore induce some cracking of these members. If severe enough, 
such cracking can result in the collapse of whole buildings and/or their major 
components. Also, wood frame buildings which are not securely anchored to their 
foundations, may be jolted off their mounts. 

In almost all major U.S. earthquakes, structures most seriously damaged by ground 
movements have been unreinforced structures built from sand-lime-mortar brick 
bearing walls. Multi-story steel frame buildings have fared comparatively well, 
although extensive non-structural damage has sometimes occurred. In the Long 
Beach earthquake of 1933, the preponderance of deaths caused by the quake was 
the result of fallen cornices, building parapets, and ornamentation adorning 
mUlti-story buildings. Wood frame buildings sometimes have escaped quakes 
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with little damage. However, during the 1933 long Beach earthquake, a much 
larger than normal proportion of wood frame dwelling units experienced serious 
damage due to structural failures at or near the foundation level. These 
failures were a result of lack of lateral force bracing or from the deterior
ation of any such bracing that might once have existed. Nonetheless, about 95% 
of wood frame residences experienced less than 5% damage. 

Mixes of avoidance and building strengthening strategies may be used to reduce 
the risk of building damage and life loss in seismically-active areas. Except 
for necessary utility and transportation lines, avoidance strategies call for 
complete avoidance of construction across fault lines and in areas immediately 
adjacent thereto. In such areas, land use should be confined to such purposes 
as agriculture or recreation. Outs)de such areas, building strengthening 
strategies may be employed. New structures of all types, may be designed so as 
to resist damage from ground shaking and selected older buildings may be modi
fied or abandoned. Earthquake resistance construction in engineered structures 
is achieved through the development of a design spectrum which is intended to 
specify the strength required of a structure in order to resist the forces 
expected to be produced on the structure as a result of vibrations expected at 
that site as a result of site-specific ground conditions and anticipated earth
quake intensities. Such design spectra are constructed from knowledge of the 
observed performance of buildings during past earthquakes and these reference 
data guide the formulation of specifjc design criteria. In the design of impor
tant structures, such as 50-story buildings, nuclear power plants, large dams, 
long suspension bridges, and off-shor~ drilling platforms, complex dynamic 
analyses are required which involve the specifications of the design spectrum, 
the damping to be used, and the allowable design stresses. Standards which 
specify the required resistance of buildings to quake-induced lateral forces 
have been included in the Uniform Building Code and other state or local plans. 
Construction techniques appropriate for meeting such standards have been dis
cussed by Whitman [1973J, Culver, Lew, et. al. [1973J, and others. 

Landslides 

Landslides are events in which surface masses of slope-forming earth move out
ward and downward from their underlying and stable floors i~ response to the 
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force of gravity [Flawn, 1970J. Such movements include falls, creeps, flows, 
and slides and may be triggered by a variety of causal factors [See Figure 2-3J. 

In any of these events, the movement of the sliding, creeping, falling, or 
flowing mass of earth occurs whenever the "shear resistance" of the mass is 
exceeded by the "shear stress." The former term refers to the friction-induced 
binding of the mass to its floor, while the latter refers to the pull of gravity 
upon the mass. Shear stress may be heightened on a mass by steepening its slope 
or by increasing its weight, while shear resistance may be lowered by lubricating 
the interface between the mass and its floor. 

Transitional or rotational slides are mass movements of earth which involve a 
distinct surface of rupture or zone of weakness which separates the earth slide 
material from a more stable underlying material. Generally, slides of this type 
occur anywhere that: 1) slopes are sufficiently steep to allow for lateral down
slope movement of materials in response to gravity; 2) there is an underlying 
zone of weakness as a potential surface of rupture; and 3) there is an intro
duction of a natural or man-made disturbing factor sufficient to initiate insta
bility and movement. Rapidly moving large slides of this type have the capacity 
to completely destroy buildings, roads, bridges, and other man-made structures 
as well as have the potential for inflicting loss of life if they occur in 
highly-urbanized or developed areas. 

Having identified a region as being prone to these mass earth movements or land
slide failures, several approaches may be taken in an attempt to utilize the 
area. Designation of such areas as greenbelts, open space, or agricultural lands 
provides a means through which non-conflicting uses can be applied to the sites. 
If land development is a must, engineered design and construction techniques must 
be employed t~ secure correction of adverse conditions. This approach calls for 
careful evaluation of the seriousness and causes of geologic problems and a 
strict adherence to specific design and construction procedures set forth by 
competent professional geologists and engineers evaluating the landslide area. 

Falls are common where there are cliffs of massive broken, faulted, or jointed 
bedrock; or where steep ledges are undercut by natural processes or activities 
of man. Falls, then, refer to the falling of soil or rock masses where a sliding 
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surface does not occur. Fortunately, many rock fall areas can be identified and 
thus provide the opportunity to employ mitigation procedures. Generally, how
ever, there are no reliable methods available to calculate the stability of a 
slope with respect to falls. Thus, falls can result in unpredictable and nearly 
instantaneous loss of life and property when people choose to live or develop 
structures in their paths without due consideration for the problem. 

The most effective and least expensive way to mitigate the fall hazard is to 
avoid such areas entirely. There is no way to completely eliminate possible 
damage by falls. Thus human occupancy in an active fall area is generally incom
patible with the idea of risk reduction. Certain techniques can be employed 
which may decrease the hazard somewhat; however,comp1ete removal of all poten
tially unstable rock or material usually is not possible. 

Flows are characterized bya situation where the surface material breaks up and 
moves down a slope and flows as a viscous fluid. Such types of flows are earth
flows, mudflows, debris flows, flow-slides, and spontaneous liquefaction. The 
difference between the various types is generally considered to be the rate of 
movement. 

Earthflows have been defined as slow movements of soft, weathered materials which 
develop, typically, at the toe of a massive landslide. Thus, earthf10w repre
sents a transition between a slide and a mudflow. MudflQWS occur in areas where 
the particle sizes are predominantly silt and clay or fine sand with high pore 
water pressures. Mudflows in these soils are caused by erosion in the sand 
layers. Typically, they are recurrent events in drainage basins. Debris-flows 
occur in coarse-grained material; debris-flow is the term commonly applied 
to material consisting of boulder and cobble size stones mixed with dis-
placed soil and vegetation. Such flows often develop in regions where the 
ground is not covered by vegetation and the area is subjected to heavy 
rainstorms or heavy floods. 

Flows become serious threats only when people choose to live in active flow 
areas. Often there is little opportunity to provide warning with respect to 

flows in that they can occur as fast as a rising storm or a rapid increase in 
spring-time temperature. The consequences of improper utilization of flow areas 
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range from occasional inconvenience to loss of life and total destruction of 
buildings or structures. Few flow-prone areas are suitable sites for construction 
of permanent structures. The unpredictable and often rapid movement of a flow 
makes even the location of a semi-permanent structure, such as a mobile home, very 
hazardous. 

Flows can be channelized, diverted, or in some cases dammed. Generally, the cost 
will be very high relative to the amount of protection afforded. The principle 
difficulties associated with engineered structures to control mudflows are related 
to the great volume or mass of material contained in the flow. Because most of 
the flows consist primarily of heavy earth-matter, structures must be developed 
which are physically very strong and consequently very expensive. 

Creeps are slow. down-slope movements of an earth mass. Although not dangerous 
to life. creeps may signal the onset of a potentially-dangerous slope condition 
and may require engineering control to prevent the earth mass from displacing 
structures or from moving over transport corridors. 

Unstable or potentially-unstable slopes are defined as those areas which are 
susceptible to slides, falls, creeps, or flows. Among the factors contributing 
to slope instability are those of a topographic, climatologic, geologic. and 
hydrologic nature. Of these, the geologic properties of slope-forming materials 
are a primary factor determining the suspectibility of a slope to earth movements. 
Although such movements can occur in any type of rock material, certain bedrock 
formations or rock types exhibit a high susceptibility to such movement. These 
"adverse" materials include: 

(1) Many of the younger (Mesozoic and Cenozoic) igneous (granitic) and metamor
phic rocks found in the western United States have undergone intense fracturing 
and subsequent weathering. Therefore, these younger rocks generally have a 
greater propensity toward landsliding then many of the older, less fractured 
igneous rocks commonly found in the eastern portion of the country (i.e., 
New England States), 

(2) Mesozoic and Cenozoic sedimentary rocks generally tend to contain large 
amounts of clay, especially montmorillonite. The presence of the clay 
material has a definite deleterious influence on slope stability. 
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(3) Many of the Cenozoic volcanic rocks in the western portion of the country 
appear to be landslide-prone in that they contain zones of montmorillonite 
(altered volcanic ash), in addition to being highly fractured and, in some cases, 
weathered. 

(4) Serpentinesconsist essentially of secondary minerals normally derived 
by alteration of magnesium-rich silicate minerals. These materials, 
owning to inherently weak properties, are frequently susceptible to land
sliding due to inherent weaknesses. 

Landslides also occur in rock types other than those listed above. Therefore, 
all other known landslide-prone rock units either referred to in the literature 
or discussed by previously-mentioned data sources also were considered as being 
"adverse," for purposes of this study. 

According to Terzaghi [1950], slides are caused both by internal and external 
factors. Internal causes are those which lead to sliding without any change in 
surface condition, and result primarily from an increase in pore water pressure 
and a concurrent decrease in cohesion. External causes include: over-steepening 
of the slopes; addition of weight from materials placed along the upper portions 
of slopes; added weight from increased moisture content; and seismic or man
induced vibrations. 

Human activiti~s, of course, can lead to the occurrence of these slide-inducing 
external and internal causal factors. One means for controlling the human acti
vities which lead to these outcomes is through subdivision and building codes 
which contain stringent soil testing, site-grading, and site avoidance require

ments. For example, Slosson [1977J has presented information showing the impact 
of such codes on reduction of landslide losses within the City of Los Angeles. He 
reports that, prior to 1952 when no grading codes existed and soils engineering 
and engineering geology reports were not required of hillside subdividers, approx
imately 1,040 sites were damaged out of 10,000 landslide-prone sites on which 
construction had taken place. This represents a 10.4% failure rate. When semi
adequate grading codes and soils engineering reports were required between 1952 
and 1962, the number of damaged sites totaled only 350 out of 27,000 sites on 
which construction had taken place. This represented a 1.3% rate of failure. 
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During the period of 1963 to 1969 (when modern grading codes were utilized and 
soils engineering and engineering geology reports were required), damage occurred 
on only 17 sites out of approximately 11,000 on which construction took place, 
for a 0.15% failure rate. These data suggest that landslide damage losses can 
be reduced significantly through application of effective grading ordinances 
or codes. In the City of Los Angeles, for only minimal cost, the monetary losses 
resulting from l~ndslides were reduced by approximately 97% through application 
of this type of mitigation [Slosson and Krohn, 1977J. 

Expansive Soils 

Although all soils experience some shrinking and swelling as a function of vari
ations in the moisture content of their environments, excessive shrink-swell 
behavior can produce the cracking and/or failure of building walls, foundations, 
slabs, and veneers. 

Expansive soil generally refers to soil and rock which contains clay materials 
with the capacity of undergoing significant volumetric changes when subjected 
to variances in water content. That is, when the water content is increased, 
the soil will swell and when the water content is decreased, the soil will shrink. 
The degree of shrink-swell capacity of any given soil is related to the pro
portion of clay contained in the soil and more specifically to the proportion 
of active clay materials such as montmorillonite (bentonite). A sample of pure 
montmorillonite can swell up to 15 times its dry volume. However, due to the 
fact that most natural soils are a mixture of various clay materials, few swell 
to more than 1 1/2 times their original volume. 

One measure of the shrink/swell potential of soils, the Coefficient of Linear 
Extensibility (COLE) has been developed by the U.S. Soil Conservation Service. 
The coefficient represents an estimate of the vertical component of swelling 
in a natural soil clod. Soils with coefficients lower than three percent are 
judged to rank low in soil expansion capability; those between 3.0 and 6.0% 
are judged to be moderate; and those with coefficients greater than 6.0% are 
judged to rank high in this capability. The higher the coefficient, the more 
severe the shrink/swell behavior of a soil is likely to be; the greater the 
shrink/swell behavior, the greater the damage potential to buildings and other 
structures. 
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Expansive soils can be tentatively identified by visual observation and generally 
positively identified by appropriate laboratory testing. Although various visual 

methods for identification exist, only a professional soils engineer, or engineering 
geologist should be relied upon to identify this potential hazard. Jones [1976J 
has provided some clues which can help to identify naturally-occurring, potentially
expansive soils. These criteria for recognition are depicted in Table 2-1. 

DRY COND IT IONS 

I SOIL HARD AND ROCK LIKE; DIFFICULT-TO-IMPOSSIBLE TO CRUSH BY HAND. 
I GLAZED, ALMOST SHINY SURFACE WHERE PREVIOUSLY CUT BY SCRAPER, DITCHER 

TEETH OR SHOVEL. 
I VERY DIFFICULT TO PENETRATE WITH HAND PICK OR SHOVEL. 
I GROUND SURFACE DISPLAYS CRACKS OCCURRING IN A MORE OR LESS REGULAR 

PATTERN. 
I SURFACE IRREGULARITIES, SUCH AS TIRE TRAC~ CANNOT BE OBLITERATED BY 

FOOT PRESSU RE . 

WET SOIL CONDITIONS 

I SOIL VERY STICKY AND CLINGING; EXPOSED SOIL WILL BUILD UP ON SHOE 
SOLES TO A THICKNESS OF FROM 2" - 4" WHEN WALKED UPON FOR A SHORT 
DISTANCE. 

I CAN BE EASILY MOLDED INTO A BALL BY HAND; HAND MOLDING WILL LEAVE 
A NEARLY INVISIBLE POWDERY RESIDUE ON HANDS AFTER THEY DRY. 

• A SHOVEL WILL PENETRATE SOIL QUITE EASILY AND THE CUT SURFACE WILL 
BE VERY SMOOTH AND WILL TEND TO BE SHINY. 

• FRESHLY MACHINE SCRAPED OR CUT AREAS WILL TEND TO BE VERY SMOOTH 
AND SHINY. 

I HEAVY CONSTRUCTION EQUIPMENT, SUCH AS METAL WHEELS AND COMPACTING IVlLERS 
WILL DEVELOP A VERY THICK SOIL COATING THAT MAY IMPAIR THEIR FUNCTION. 

I IN SEMI-ARID AREAS HAVING DISTINCT WET AND DRY SEASONS EXPANSIVE 
SOILS THAT HAVE BEEN UNDISTURBED FOR 10 - 15 YEARS OR MORE MAY DIS
PLAY A PATTERN OF CLOSED RIDGES SPACED REGULARLY ON 10 - 50 FOOT 
CENTERS 

ANY CONDITION 

• CREEP RIDGES (VISIBLE EVIDENCE OF SOLIFLUCTION) ON SLOPES; 
GENERAllY AN INDICATION OF INCIPIENT SLOPE INSTABILITY AS WELL 
AS POTENTIALLY EXPANSIVE SOIL. 

I TOPS OF FENCE POSTS TILTED DOWNHILL; THIS MAY GIVE OBVIOUS INDI
CATIONS OF DOWNHILL CREEP MOVEMENT IN SITUATIONS WHERE SOLIFLUCTION 
PATTERNS ARE INDISTINCT. 

I EXTENSIVE VISIBLE CRACKING IN WALKS, STREETS, DRIVEWAYS, PATIOS AND 
OFTEN IN BUILDINGS, THIS DOES NOT ALWAYS MEAN THAT EXPANSIVE SOILS ARE 
PRESENT, BUT THEY OFTEN ARE WHEN SUCH Sn1PTOMS ARE VISIBLE. 

Table 2-1. Recognition Criteria for Expansive Soils [Jones, 1976J 
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Expansive soils are a nation-wide problem and so common in urban areas that com
plete avoidance as a means of mitigating the hazard is generally unfeasible. How
ever, the widespread distribution of swelling soils must be recognized and pre
cautions must be taken to require special engineered foundations and floor system 
designs, as well as detailed maintenance procedures in order to protect owners in 
affected areas. Engineered design and soil stabilization are considered the only 
appropriate corrections of these adverse conditions. Thus, expansive soil damage 
can be minimized by combinations of engineered foundation design, well-planned 
site grading and drainage, landscaping to enhance drainage, and careful interior 
construction details. 

The shrinking and swelling of expansive soils under changing weather conditions 
can damage a great variety of structures and community facilities. Streets, side
walks, utility lines, airport runways, building foundations, and building slabs 
all can be damaged by the shrink-swell activities of expansive soils. Ordinarily, 
however, damage usually is limited to non-engineered structures in which inappro
priate consideration has been given to protecting the structure from expansive 
soils problems. Expansive soils damage may be minimized by a combination of five 
methods: (a) use of soil stabilization and moisture control techniques on building 
sites, (b) engineered foundation design, (c) well -planned site drainage systems, 
(9) landscaping to enhance drainage, and (e) careful attention to interior con
struction details. Rogers, et al [1974J has discussed four of these techniques, 
as follows: 

(1) Foundation design. In areas of relatively low swell potential, 
spread footings are commonly used. For slightly higher swell pressures, 
extended bearing walls or pads may be used. In areas containing 
moderate to highly-swelling clay, drilled pier and grade beam founda
tions are used. The weight of the building is transmitted through 
bearing walls to horizontal grade beams. These beams rest on 
cylindrical, reinforced-concrete piers that concentrate the weight 
on a very small area below the zone of seasonal moisture change. 
The foundation is thereby founded upon soil that, because its moisture 
content remains constant throughout the year, should not experience 
a volume change. 

With each of these special foundation designs, floating slabs are 
commonly used for all on-grade floors. The interior concrete floor 
slabs are completely isolated by joints or void spaces from all 
structural components. Complete isolation from bearing walls, 
columns, non-bearing interior partitions, stairs, and utilities 
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(2) 

(3) 

allows the slab to move freely without damaging the structural 
integrity of the building. In the Denver area. swelling soil below 
the level of the proposed floor slab is sometimes excavated to 
a depth of several feet and replaced by various kinds of engineered 
backfi 11 . 

Pre-construction chemical soil stabilization utilizing lime or 
organic compounds may reduce the potential of swelling soil damage 
more economically than the utilization of structural floors and special 
foundations. The chemical stabilization technique has a short history 
and limited use in Colorado. Where it has been used. it appears to 
have been successful for the period of time since application. 

Drainage. The Federal Housing Administration recommends slopes of 
no less than six inches of vertical fall in ten feet (12 inches in 
ten feet is safer) around all buildings for drainage [Federal 
Housing Administration. 1966J. These slopes must drain water into 
drainage swales. streets. or storm sewers. Water must not be allowed 
to stand near foundations in areas of swelling clay due to the 
potential for wetting foundation soils. All downspouts and splash 
blocks should be placed so that roof runoff will be carried at least 
four feet from the building. In areas of heavy lawn irrigation. 
peripheral drains have proven effective in preventing the formation 
of perched water tables and the resulting downward seepage of surface 
water [Sealy. 1972J. The clay-tile or perforated plastic peripheral 
drains completely surround the building just below the level of 
floating floor slab. There is some question, however, as to their 
reliability. The drain is placed on heavy plastic film that is 
glued to the foundation wall and covered with washed gravel and felt 
paper. The drain is normally connected to a storm sewer (where 
legal) or at a gravel-filled trench so that water can be carried 
away from the structure. 

Landscaping. Proper foundation design and construction will not 
solve all swelling-clay problems. The owner of a structure is 
responsible for maintaining proper drainage by careful landscaping. 
Backfill around foundations is often not properly compacted. 
Therefore. additional soil may be required on the slope around the 
structure ;n order to compensate for settlement of the backfill. 
This prevents IIpondingll and percolation of water around the 
foundation. Asphalt, concrete. or gravel-covered plastic sheeting 
should be placed around the entire foundation at a two-foot depth. 
These four-foot or wider strips prevent surface moisture penetration 
and excessive desiccation cracking near the building. Grass, shrubs, 
and sprinkler systems should be kept at a minimum of four to five 
feet from the foundation. Trees should be planted no nearer than 
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15 feet from a building. The most critical aspect of landscaping 
in swelling clay areas is not to flatten a properly designed slope. 

(4) Interior finishing. One of the most costly mistakes a homeowner 
or careless contractor can make is to defeat the design purpose of 
a floating floor slab. A floating garage or basement floor slab is 
designed to move freely. Therefore, any furring, paneling, dry wall, 
or interior partitions added to a basement or garage must maintain 
this freedom of vertical movement. Any added walls or wall coverings 
should be suspended from the existing walls or ceiling, and should 
not be attached to the floor slab. A minimum void space of three 
inches should then be provided just above the floor slab. This 
void space may be covered with flexible molding, or inflexible 
molding attached to the floor rather than the wall. Although these 
recommendations provide for three inches of upward swell of the 
soil beneath the floot slab, more void space may be necessary in 
areas of highly-swelling clay. 

Similarly, Winterkorn [1975], has pointed out that the lime treatment of clay 
soils sharply decreases the lineal shrinkage and swell capacity of such soils 
and can therefore prepare soils to serve underneath all types of pavements and 
other constructed works. 

It must be no~ed, however, that lime, when freely blended with a reactive 
montmorillonite clay, will only stabilize the clay it is mixed in. Generally 
this procedure is far too expensive to apply at any appreciable depth. 

Riverine Flooding 

Since the earth took its present form, the periodic flooding of lands adjacent to 
streams and rivers have been an ever-present characteristic of the human geophysi
cal environment. Caused by stream flows which exceed the capacity of the normal 
water course, riverine flooding involves the spill-over of above-normal stream 
flows onto the lands immediately adjacent to the normal water course. Those ad
jacent lands which are subject to such intermittent flow-determined flooding are 
referred to as the stream or river's floodplain. 

Hydrologically, stream flow is measured in terms of thousands of cubic feet of 
water flow per second and a flood is defined as any stream flow event in which 
the flow exceeds the capacity of the normal watercourse. Such events are proba
bilistic phenomena. Assuming no change in the stream flow capacity of the normal 
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water course, these events are a function of precipitation levels and water-run
off volumes within the watershed of the stream or river. The recurrence interval 
of a flood is defined as the average time interval, in years, which may be ex
pected to lapse between the occurrence of a flood of a specified magnitude and 
an equal or larger flood. For any given river or stream, a specific peak flow 
level is associated with each flood recurrence interval for the stream (flood 
return period) and the return period of the event is viewed as the measure of the 
magnitude of the event. 

That portion of the stream's flood plain which will be inundated by spill-over 
waters resulting from a stream flow level of a specified flood-return frequency 
is referred to by the name of that frequency interval. Thus, a flood having a 
two-year return period will inundate all of the two-year zone of the flood plain, 
and a flood having a lOO-year return period will inundate all of the lOO-year 
zone of the flood plain. For land use purposes, flood plains can be divided into 
six levels of flood classes, or six hazard zones: A through F (where A is the 
most hazardous [2.g., subject to most frequent flooding in any lOO-year period] 
and F the lectst). These zones constitute the areas that would be inundated by 
the 2-5, 5-10, 10-25, 25-50, 50-100, and greater-than-100-year floods. Along any 
section of any given river, local terrain characteristics and stream factors 
determine the geographic size of the flood plain, the size of any given zone with
in the flood plain, and the depth that flood waters will reach over the lands 
comprising any given flood plain zone during a flood of specified magnitude (re
turn period). 

Flood plain occupancy poses a major dilemma. Flood plains generally provide 
attractive locations for man's activities. Historically, man has found 

attractive the rich alluvial soils, easy access to transportation, and the 
general convenience and amenities of living near major rivers. This has resulted 
in the development of some of the world's greatest civilizations in the bottom 
lands of major rivers. Certain activities require a riverine location, such as 
those dependent on water for transportation, industrial processing and cooling. 
Water-dependent activities have, however, attracted other activities into these 
locations such as recreational facilities and housing. Flood plains have, there
fore, become the site of a considerable portion of the nation's land development 
and economic activities. 
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In terms of the structures which are located within any flood zone, the damage 
which will be sustained by the structures during flood episodes is a function of: 
(1) the type, strength and elevation of the structure, and (2) the depth of the 
flood waters during the erisode.The damage which is sustained by structures 
during a flood is a product of several sets of factors, including: (1) the force 
exerted a-gainst the structures by the moving flood waters, (2) impacts of floating 
debris against the structures, and (3) the adverse "wetting" effect of the structure 
and the contents which are produced by the intrusion of flood waters into the 
structure. 

Measures for mitigation of flood hazards may be classified into three broad cate
gories: (a) structural mitigations which involve the construction of area-protec
ting dams, dikes, levees, and/or the deepening or improvement of the normal water 
course (f1oodway), (b) avoidance mitigations which prevent or deter the occupancy 
of flood-prone lands, and '(c) building mitigations which include such specific 
measures as the elevation, strengthening, and/or flood proofing of structures 
which are located with the flood plain. A fourth category of possible mitigation 
involves the application of means for reducing the rates of water runoff from 
land areas during storms. Obviously, as these runoff rates are increased through 
such human activities as the paving of land areas, the "norma'" flood flow is 
increased and the magnitude of the hazard is enlarged. 

Specific building mitigations which have been suggested by Johnson [1978] for 
application to flood plain structures, include: installation.of temporary or per
manent closures for openings in structures, raising structures in-place, construc
ting new structures on fill or columns, constructing small walls or levees around 

structures, relocating or protecting damageable property within existing struc
tures, and use of water-resistant materials in new or existing structures. 

Storm Surge 

A storm surge is an event in which the coastal water level rises above the level 
associated with normal tidal action. The most heavily-affected areas of the 
United States are the Atlantic and Gulf coasts. Increases in water level along 
the Gulf and Southern Atlantic coastline generally are caused by hurricanes and 
other less intense tropical storms. Along the northern Atlantic coastline storm 
surges are caused mainly by extra tropical winter storms called "Northeasters." 
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When these storms approach land, extremely large waves may be superimposed on the 
high waters moving toward the coast. The depth of the surge is dependent upon a 
complicated set of interactions between the path, intensity, speed, and size of 
the storm, as well as the configuration of the sea bottom and coastline. Local 
conditions often cause a depth variability of several feet within a distance of 
a few miles [Friedman, 1966J. 

The tropical weather storms which produce storm surges usually are classified into 
three categories: 1) tropical depressions with maximum wind speeds less than 
40 mph, 2) tropical storms with maximum wind speeds of 40 to 73 mph, and 3) hurri
canes with maximum wind speeds in excess of 73 mph. The coastal storms of the 
northeast are extratropical in nature, with wind speeds below the hurricane level. 

The most devastating storm surges are caused by hurricanes. Hurricanes originate 
in tropical climates where atmospheric conditions are entirely different than 
those in the temperate zone [Maldus, 1957J. As a hurricane or coastal storm 
approaches the coast, the normal water level can be altered by five distinct 
processes [Harris, 1963J~ 

(1) The pressure effect - the low central core pressure of a hurricane or trop

ical depression causes the water level to rise. A pressure drop of one inch 
of mercury will cause the water level to rise approximately 13 inches in 
the open ocean. 

(2) Onshore wind effect - the winds affecting coastal areas can be broken into 
two components - one normal (onshore) to the coast, and one parallel (along
shore) to the coast. Onshore winds from the normal component cause water 
to pile up at the shoreline. This effect, often called the "\'Jind set-up" 
may be particularly pronounced in shallow bays and estuaries. 

(3) Coriolis effect - the earth's rotation produces acceleration in a westerly 
direction on objects moving from the equator towards the north pole. Thus, 
alongshore currents produced by alongshore winds can be forced towards the 
shore. 

(4) Wave effect - the energy possessed by surface waves moving in open waters 
is not significant. But as they approach coastal areas, the rapid decrease 
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in water depth creates fast moving waves. As they strike the shore, their 
momentum may cause run-ups with surge heights up to twice that of the wave 
itself. The waves may also cause a piling up of the water near the shore 
producing a "wave set-up" analogous to the wind set-up. 

(5) Rainfall effect - hurricanes can dump as much as twelve or more inches of 
rain in 24 hours over large areas. This excessive rainfall can often cause 
a significant rise in coastal water levels, especially in estuaries, bayous, 
and other coastal wetlands. 

Storm surges generally are associated with two types of damage: (1) still water 
effects associated with simple inundation of a structure or land area and, (2) wave 
action effects induced by the pounding of waves against a structure. Inundation 
(stillwater) damage is very similar to that caused by riverine inundation of 
corresponding depths, except for the increased damage which results from the more 
corrosive effects of salt water. Once a structure has been "salted" the hygro
scopic nature of salt will forever keep the structure moist, causing continuing 

mildew, corrosion, and other damage to the buildings and its contents. The depth 

of the storm surge wave, as modified by local marine factors, determines the 
size of the area which will be inundated, and the height of the inundation above 
mean sea level. The latter is the major factor in determining the "stillwater" 
damage which will be sustained by a structure constructed in any given elevation 
above mean sea level. 

Storm surge mitigations include the avoidance and building mitigations which have 
been identified as applicable to riverine flooding. In addition, construction of 
seawalls is a strategy that can be used to provide protection to whole areas 
within storm surge zones. 

Tsunami 

A tsunami, or seismic seawave, is a large oceanic wave which is produced by an 
earthquake, a submarine volcanic eruption, or by a large submarine landslide. 
The waves that are generated by such an event are formed in groups having great 
length from crest to crest and having long periods. In deep oceans, wave lengths 
may be 100 miles or more, while wave heights, from crest to trough, are only a 
few feet. Nevertheless, the intrinsic wave energy is impressively great. 
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As a tsunami enters shallow waters in the coastal areas, the wave velocity dimin
ishes and the wave height increases. The water,which runs up onto the land is 
measured in terms of runup elevation, the elevation above the tide level at the 
time of the tsunami. If the trough precedes the initial crest, the arrival of the 
tsunami is first noticed by a gradual recession of coastal waters; if a crest 
precedes, there is a rapid rise in water level. Waves which follow the initial 
wave can crest at heights of more than 100 feet and strike with devastating force 
[Hwang and Divoky, 1971J. 

Few studies have been made of the forces which are exerted by tsunami waves when 
running up onto the land. These forces present a difficult problem in that no 
actual measurements have been made and only a few estimates of forces are avail

able [Weigel, 1970J. Damage resulting from tsunami is a result of two factors: 
(1) inundation and (2) the force exerted on structures by the impacting wave. 
Damage can be very great, and, in addition to loss of life and damage to buildings, 
extensive damage often occurs to boats that break and drag their moorings and 
pound against other boats in the docks, or against buildings as they are carried 
ashore by the tsunami waves. The forces associated with tsunamis are often so 
great that the only positive means of protection for most structure3 is to avoid 
areas subject to impact by a tsunami event. In some areas of the Hawaiian Islands 
subject to tsunamis, very large and significant structures are being constructed, 
but designed so as to withstand tsunami forces. For example, the interiors of the 
lower portions of the structures have been designed so that they are breakaway 
and expendable, while the structural support elements (i.e., vertical columns) 
are designed to withstand the force. The U.S. Government has set criteria for 
nuclear power plants requiring structures to be designed for and constructed to 
withstand the greatest possible tsunami. 

In the last 50 years, more lives have been lost from tsunamis in the United States 
than directly from seismic activity. In 1946, a tsunami generated near the 
Aleutian Islands killed 173 persons in Hawaii, and in 1964 the tsunami in conjunc
tion with the Alaskan earthquake killed 126 people. Therefore, if man is to con
tinue to live in the coastal zones, it is important that the risk associated with 
a tsunami event be given full consideration prior to coastal land development. 
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A first step in developing effective plans for mitigating the tsunami hazard is to 

define local impact or damage areas. Detailed studies of the shoreline, harbor 
areas, and ocean ~ottom configurations are necessary for the accurate determina-

. tion of areas subject to tsunami inundation. Only when the risk areas have been 
determined should methods for protecting lives and property be instituted. 

Tornadoes 

The term tornado comes from the Spanish "tornada", meaning thunderstorm, and was 
derived from the Latin, "tornare", meaning to "make round by turning.1I These 
events generally are defined as violently-rotating columns of air which are in 
contact with the ground. A tornado is visible as a cloud base or as a rotating 
dust cloud rising from the ground. 

Tornadoes are the most violent windstorms or weather phenomena known to man. 
Rotating at velocities up to 500 mph, their funnel-shaped clouds can affect 
areas ranging from 1/4 to 3/4 of a mile wide and upwards of 16 miles long. Ex
treme events have been known to travel over areas measuring up to one mile wide 
and 300 miles long. Tornadoes have been recorded in every state, but the midwest 
and southeast are the most vulnerable areas. While tornadoes have been known to 
occur throughout the year, weather conditions between April and June generally 
produce the greatest number of events. No other disaster associated with the 
weather strikes with the suddenness of a tornado. 

Tornadoes may form in association with squall lines, with both isolated thunder
storms and thunderstorms accompanying frontal passages, and with hurricanes. As 
the storm system moves, one or more tornadoes may form at intervals along the 
path, travel a few miles, lift and then appear further down the track. Small 
vortices may travel around a main tornado axis with as many as five of these 
satellite vortices having been observed in a tornado at one time. The main vortex 
of the tornado has tangential, radial, and vertical air flow and an associated 
atmospheric pressure drop. 

Lasting minutes or hours, tornadoes exhibit much higher wind speeds than hurri
canes but affect smaller impact areas. One system for measuring the intensity 
of a tornado is the Fujita classification,which assigns a numeric value to a 
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tornado based on its wind speed, broken down into 1/4 mph increments. Still 

another, the Pearson Scale, uses an identical scheme to classify tornadoes by 
their path width and length. The combination of these two systems is the FPP 
classification system [Fujita, 1970J and [Fujita and Pearson, 1973J. 

For any building type, the damage expected to result from exposure to a tornado 
increases as a function of the Fujita rating of the occurrence. Thus, a Fujita 

rated 5 tornado (F5) would be expected to cause the collapse of 65.0% of all ex
posed wood frame commercial and industrial structures while Fujita-rated 1 tornado 
(Fl) would cause the collapse of only 1% of such structures. The following figure 

provides a general realtionship between Fujita rating and damageability. 

DISTRIBUTION OF 
RECENT TORNADOS 20~& 43% 25% 9% 3% 

TYPE OF DA~lAGE 

FUJITA RATING 

LIGHT MODERATE CONSIDERABLE SEVERE DEVASTATING INCREDIBLE 

FO Fl F2 F3 F4 F5 

Source: Abernathy, 1976 

Figure 2-4. General Fujita Rating-Damage Relationship 

Tornadoes are so violent and destructive that they were frequently identified as 
the "number 1" natural disaster killer in the United States. During the past 50 
years, 9,000 deaths have been attributed to tornadoes. [Executive Office of the 
President - Office of Emergency Preparedness, 1972J. 

Since tornadoes are localized, low-pressure storms in an overall low pressure 
system, the atmospheric pressure inside a building will greatly exceed the outside 
pressure. This differential will cause a building to tend to explode. Building 
explosions have, however, been greatly overstated. Almost all damage can be 
explained to result from the extreme winds and flying missiles [Abernathy, 1976J. 

Mitigating the effects of tornadoes is extremely difficult. Little can be done to 
keep structure development and population out of the path of a tornado, since the 
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events are random, and significant wealth is already at risk in the more tornado

prone areas. However, the vulnerability of damageability of structures exposed 
to tornadoes may be reduced through the use of building-strengthening technologies. 

This means that mitigations should concentrate on improved structural design. 
New buildings may be designed for greater lateral load-carrying capacity, storm 
cellars may be constructed, old buildings may be reinforced, mobile homes may 
be tied down, and windows may be boarded up. 

Experience has shown that short spans on the roof or floor structures easily re
main intact after an event, due to the fact that short spans limit the amount of 
uplift caused by the winds. Framed construction also usually remains intact. 
Any structural system, rigidly framed together, tends to be superior to long load
bearing walls. Reinforced concrete, poured-in-place, will usually withstand the 
storm. Also rigidly-connected frames will withstand tornado forces. However, it 
is important in both the poured-in-place concrete and the steel frame construc
tion that roof and floor systems be securely fastened to the supports. Generally, 
the heavier the floor or roof system, the more resistant it is to uplifting forces. 
Windows are no match for the extreme winds or missiles in a tornado. Also in 
order to reduce the pressure differential on the building, it is proper to open 
windows, especially on the leeward side. 

Hurri canes 

Hurricanes are defined as devastation by wind, flood producing rain and the most 
lethal of all, the storm surge. For purposes of this discussion, however, only 
hurricane wind is discussed. 

Hurricanes are large cyclones of air in which the counterclockwise-spiraling winds 
move around a relatively calm center (the core or eye) at speeds of 73 miles per 
hour or more. Formed in the tropics, the typical hurricane system measures about 
400 miles in diameter, moves at a forward speed of about 15 miles per hour and has 
an average life span of about nine days. The highest wind speeds in a hurricane 

system are measured approximately 20 to 30 miles from its center. The highest 
wind speed recorded in any hurricane was 197 miles per hour (Hurricane Inez) but 
gusts between 73 and 120 miles per hour can be expected to extend 40-100 miles 
from the center. 
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Hurricanes differ from tornadoes in the following respects: 1) the change in 
pressure associated with the passage of a hurricane over a structure is rather 
gradual and has very little effect on the structure, whereas the change in 
pressure associated with the passing of a tornado is very large, often causing 
structures to literally explode, 2) hurricane wind speeds are generally much 
smaller than those of a tornado, 3) while both wind storms are rotating air 
masses, the hurricane rotating air mass covers a much greater area. The vertical 
wind speeds in hurricanes are very low in comparison to tornadoes. Thus, hurri
canes have little capacity to hold aloft and transport large, heavy objects. 

Considerable effort has been made in recent years to learn more about hurricane 
occurrence, particularly the work of Ho, Schwerdt, and Goodyear [1975J. The most 

significant portion of the United States coastline at risk is along the Gulf and 
Atlantic Coasts. Since the beginning of the 20th century, despite the increasing 
population density in this area, the number of lives lost due to hurricane has 
been decreasing. This has occurred as a result of improved prediction and warning 
systems. However, property losses continue to rise. There is continuing concern 
that the increasing population, along with ineffective building codes, may lead 
to a major hurricane disaster along the Gulf or Atlantic Coasts. 

Hurricane damage to buildings is predictable. However, even the most modern 
building codes do not require buildings to withstand the extreme winds of a hurri
cane. As such, hurricane-resistant building standards should be implemented with
in the identified hurricane hazard zones. These minimum standards should include 

the same mitigations recommended for tornadoes. 

Severe Winds 

Severe winds are those windstorms which exceed 50 miles-per-hour velocity, but 
which are not associated with hurricanes or tornadoes. Severe windstorm can occur 
in virtually any area of the United States. As such, a minimum building code 
should be the requirement in order to protect structures from severe wind damage. 
Damage associated with the severe wind hazard is typical of that associated with 

lower velocity hurricanes and tornadoes. Thus, similar mitigations should be 
employed. 
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Approaches to Mitigation of Natural Hazards 

Seven distinct approaches may be taken, alone or in combination, to mitigate the 
effects of natural hazards: 

(1) Approaches which involve measures to minimize the probability of hazard 
occurrence (abatement) and/or to protect areas and building sites from the 
hazard (area protection). Actions which are intended to minimize the runoff 
of heavy rain waters are illustrative of the former, while the construction 
of dams and levees are illustrative of the latter. 

(2) Approaches which focus on the strengthening of buildings exposed to hazards 
or which focus on site level systems for protecting buildings from such 
hazards. Small levees around structures and floodplains are illustrative 
of the latter, while use of shear panels to protect frame buildings from 
earthquake vibrations are illustrative of the former. 

(3) Approaches which give attention to site-development schemes for protecting 

structures from hazards. Suggestive of this approach is use of more appropri
ate grading practices to protect against landslides, and use of soil stabiliz
ation methods to limit the shrink-swell behavior of potentially building
damaging soils. 

(4) Approaches, such as floodplain mapping and restrictive floodplain zoning, 
which involve the identification of hazard-prone sites and the use of means 
to prevent their deYJelopment and use. 

(5) Loss recovery, relief, and community rehabilitation approaches. Illustrative 
are floodplain insurance programs and the low interest loans authorized by 
the Federal Disaster Relief Act. 

(6) Hazard warning and population evacuation systems, such as those employed to 
deal with approaching hurricanes or riverine floods. 
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(7) Approaches which provide policy makers with the information and decision
assisting tools which facilitate rationale and effective hazard management 
decision making. 

General illustrations of approaches one through five are presented in the 
following figures: 

CLt.,5S I: METHODS FOR MINIMIZING THE PROBABILITY OF HAZARD OCCURRENCE (ABATEMENT) 
AND FOR PROTECTING HIGH RISK AREAS AND BUILDING SITES (PROTECTION) 

HAZARD SPECIFIC ACTION OR EXAMPLE PURPOSE OF MITIGATION 

SUBTYPE ONE-ABATEMENT 

RIVERINE FLOOD • REFOREST OR RESEED OENCOEO AREAS 

• MECHANICAL LAND TREATMENl OF SLOPES, SUCH AS comOUR 
FAR~ING, TO nNIr.IZE RUNOFF DECREASE IN RUNOFf CO[fFICIEtiT 

FOR TREATED AREA 

• PROTECT IIATERSHEOS FROM FOREST AND GRASS FIRES 

• CONTROL OR ELIMINATE LARGE SCALE CLEAR-CUTTING OF 
FOREST LAND, AS IN REDWOOD PARK AREA 

• MANAGE WATERS~EDS TO MINIMIZE EROSION, (e.g. 
PREVENTING OVERGRAZING! 

• DESIGN AND CONSTRUCT NEW URBAN DEVELOPMENT SO AS TO 
PROVIDE TEMPORARY ON-SITE WATER RETENTION 

• CONSTRUCT CATC~ENT BASINS FOR DEBRIS AND SEDIMEtlT DECREASE I~ PEAK FLO~ DO"'-
STREW 

• CLEAR DEBRIS AND SEDIMENT FR()fo' UPPER STREAMS 

• CREATE l'IATER HOLDING AREAS (i .e. SMALL LAKES) 

• RESTORE OR PRESERVE NATURAL DETENTION AREAS SUCH AS 
SLOUG~S, SWAMPS, SMALL I:AKES 

S:J; ..... SURGE • SEED HURRICANES TO REDUCE PRESSURE DIFFERENTIAL DECREASE IN STOPF INTEI:S!TY 
(TECHNIQUES STILL IN RESEARCH STAGE) 

• ~"'INTAIN AND PRESERVE BARRIER ISLANDS AND COASTAL DECREASED WATER DEPn' At;:,' 
I'IETLANDS OR REDCCED I:AVE ACTIOI. 

• PRESERVE, flAINTAIN, AND REPLACE COASTAL SAND DUNES 

EARTHQUAKE • RELIEVE EAR"ISTRAIN RESULTING FROM. TECTONIC MOm\[~T REDUCED POTENTIA, ANetOR 
(TECHNIQUES STILL IN RESEARCH STAGE) SEVERIn OF EARTHQUAKE 

OCCURRENCE 

SUE~YP[ TWO - PROTECTIO~ BY STRcCTURAL ~U.SURES - CONSTRUCTION OF HIGINEERING ~ORKS TO CONTROL OR PROTEC7 AG~.:r;s~ 
HAZARD [CHANGE THE BASIC ACTION MECHANISM) 

RIVERINE FLOOD • CONSTRUCT AND MAINTAIN LEVEES AND FLOOOI/ALLS AS ELlnNATIOl, OF LO' RtTUR\ PERIOe 
PHYSICAL BARRIERS FLOODS (rAY HAVE INCREASED DA~.AG[ 

FOR RARE EVENTS) • CONSTRUCT AND MAINTAIN CHANNEL !tIPROVEMENTS TO 
INCREASE FLOf~ CAPACITY 

• CONSTRUCT DAMS AND RESERVOIRS TO STOPE WATER AND RELEASE 
IT GRADUALLY 

• EMERGENCY FLOOD CONTROL (SEE CLASS v) NO. OF STRUCTURES PROTECTEu 

• MINIMIZE FAILURES OF ENGINEERING IIORKS WIW 
INSPECTION, REHABILITATION, AND REMOVAL FR~ USE 
OF SUBSTANDARD STRUCTURES 

STORM SURGE i CONSTRUCT AND MAINTAIN BREAKWATERS, LEVEES, AND 
TSU/jAMI FLOODWALLS AS PHYSI CAL BARRI ERS 

HEAD,I,TER FLOOD • LOCAL STREAM AND STORM DRAINAGE MANAGEMENT HITH DRAINS, DECREASE IN RUNOFF CO[fFICIEN~, 
STREET GUTTERS, CULVERTS, ETC. INCREASE IN FlOf; CAPt.CIH (M!.I 

INCREP.SE DO>INSTREAi" FLO" VOLUME; 

EXPANSIVE SOILS • COVER SITE WITH BLANKET OF NON-SWELLING SOIL • COUNTERACTS SWELLING PRESSURES 

• INSURE PROPER DRAINAGE • REDUCES INFILTRATION 

LA/WSLI DE S • REFOREST AND RESEED DENUDED AREAS • REDUCES, PREVENTS OR CONTROLS 
INFiLTRATION AND EROSIOr, , PROTECT HILLSIDE AREAS FR~. FOREST AND GRASS FIRES 

• MANAGE HILLSIDE AREAS TO MINIMIZE VEGETATION REMOVAL 
Mr' EROSlor~ 
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CLASS II: METHODS FOR STRUCTURAL STRENGTHENING AND/OR PROTECTION 
OF EXPOSED BUILDING 

HAZARD SPECIFIC ACTIO~ OR EXAMPLE PURPOSE OF MITIGAlIOt, 

f: VE R I NE FLOOD • flOOD PROOF INDIVIDUAL STRUCTURE TO MINIMIZE DAMAGE 
S"OR" SURGE 
TSU~A~: • ANCHORED SUPERSTRUCTURES • ANCHORED FUEL TANKS 

• DRAINS IN HEATING DUCTS 

• POSITIvE" DRAINAGE FO, BASE~ENT CEILINGS DECREASE IN DEPH'·DAMAGE RE,ATIO~ 

• SEPARATE CIRCUITS AND WATER PROOFING FOR flOOD· FOR MODIFIED BULDING 
ABLE ELECTRIC LINES • WATER RESISTANT FLOORING, CABINETRY, CARPETS 

• SLOPE ON GAS PIPING 

• MANUAL SEIlER CUTOFF VALUES 

• BASEMENTS WITH BREAK AREAS TO AOMIT WATER 
PRIOR TO COLLAPSE OF WAllS 

• SPACE USAGE CONSISTENT IIITH FLOOO HAZARD (; , •• 
SENSITIVE ~.ACHINERY AND EQUIPMENT ON UPPER 
FLOORS) 

• WATER RESISTANT OOORS, PLYWOOD, INSULATION 

• DESIGN LOWER STRUCTURE TO WITHSTAND FLOODING 

• DESIGN STRUCTURE TO WITHSTAND SWIFT FLO~: 
AND UPLI FT PRESSURES 

• flOOD PROOF INDIVIDUAL STRUCTURES TO KEEP WATER OUT 

• STRENGTHEN STRUCTURE TO SURVIVE WATER PRESSURE 
LOADS 

• PROVIDE FOR EMERGENCY OPERATION OF ElECTRIClTY, 
~IATER, AND SANITARY SERVICES 

• USE GLASS BLOCK FOR WINDOI'!S 

• CLOSE UN· NEEDED I!ALL OPENINGS 

• THOROSEAL COATING ON ~ASDNRY TO REDUCE SEEPAGE 

• MASONRY CRACKS SEALED WIT~ HYDRAULIC CEMENT 

• SUIIP PUMP AND DRAIN TO EJECT SEEPAGE 

• STEEL BULKHEADS FOR DOORW~YS AND OTHER OPEInNGS 
(INSTAcc O~ WARNltIG) 

r;::';:, TOP'~,t..JC, • ANCHOR ROOF SYSTE~S • RESISTA~:E or ROO' S'S"E" T0 
H":~;': C~i,[ UPLI FT PRESSURES 

• REQUIRE ROOfS TO HAVE HORlZO'iTAL SHEAR PANEl • RESISTANCE Or Roor SYS7E~ Te 
UPLI F'T PRESSURES 

e REQUIRE LATERAL FORCE BRACING OR SHEAR PANELS • LATERAL RESISTANCE TO WHir· 
PRESSURE 

• INCREASE WINDOW THICKNESS • LATERAL RESISTANCF Te. ~:I~: 
PRESSURE 

• LIMIT WINDOW SIZE • LATERAL FORCE REDL':~ 10' 

I SHUTIER WINDOWS • ELIMINATE EXPOSED AREA 

TORNADO • LIMIT NIHDOW SIZE • SURFACE AREA REDUCTION FOR 
MISSLE IMPACT 

I CONSTRUCT STRONG (OR STRENGTHENED) • LATERAL RESISTANCE TO TORNA:J(; 
ROD~ IN HOMES WIND PRESSURE AND REDUCED 

MISSILE EXPOSURE ARE!-

EARTHQUAKE • SIBIlCIl.!B81 MQOIF J ~SIIQr:(. • INCREASE RES!STANCE TO 
BASIC REDESIG~ OF. REINFORCH:ENT OF: LATERAL EAF'HOU~KE 

INDUCEG FORCES 

• STRUCTURAL FRAME 

• FOUNDATION 

• CONCRETE WALLS AND SLAB 
I FLOOR DIAPHRAGMS 

• PRECAST PANEl CONNECTIONS 

• NONSTRUCTURAL MODIFICATIONS • DECREASE IN EXPECTEC 
INCLUDES PROPER ANCHORING, BRACINf AND STRUCTURAL DAMAGE WHEN EXPOSED 
ISOLATION OF ELEMENTS: TO AN EARTHQUAKE [lEin 

• MASONRY CORE 
I PRECAST PANELS 

• PLUMBING • HVAC 

• ELECTRICAL (INCl. LIGHTS) 

• ELEVATORS 

• WINDO' SYSTEMS 

• PART ITIONS 

• ACO!!STICA~ CEILINGS 

• MISCELLANEOUS METALS 

• BUilDING MANAGENEI;T 

• RELOCATING CERTAIN ESSENTIAL OPERATlOt:S • M;Nl~::E 1H£ POT[fl-]Al 
INTO BUI,DINGS OR PARTS OF BUILDINGS OF FQF, LOSS or Ll rt:. Ai,;:, 
MQR[ RESISTANCE OPERAilOf, 

I DEVELOP rEp.SONNEL TRAINING PRO['RA~ 
WHICH WOULC, INSURE THA< ESSEN,IAL 
OPERP.TIONS WOUl[; (ONTINl'[ TO FUf'inIOr. 
IN THE EVEN1 OF AN EARTHQUAKE (E.G., 
TRAIN INDIVIDUALS TO CPERATE LOCAL POWER 
GENfRAT1NG EQUIPMfNT IN HDSPlTAl FACll1-
TIES) 

• DEv[LO~' PROPER EVACUATION PROCEDURES 
WHICH WOULD INS"F.[ TH, SAFETY OF INcl· 
VIDUAlS LEAI':NG A BUILDING AFTER AN 
[AP.iHQUA~~E (E.G .• H1G~ RISE BUllClNGS; 
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CLASS II: METHODS FOR STRUCTURAL STRENGTHENING AND/OR PROTECTION 
OF EXPOSED BUILDING 

HAZARD SPECIFIC ACTION OR EXAMPLE PURPOSE or M iT I GAT I Qt, 

EXPANSIVE SOILS • STRUCTURAL RE I NFORCEMENT • KEEPS STRESSES WITHIN ALLO'I.B.E 
RANGES 

• STRUCTURE/FOUNDATION ISOLATION • DECREASES OR El!~;N~TES DWJ.G, 
DUE TO SwELLING • ,OOTINGS OR CAISSONS PLACED BElOW SWELLING ZONE • AIR GAPS BETWEEN FOUNDATION, SLABS AND THE GROUND • PLACE FRANGIBLE ~ATERIAL BETWEEN POURED CONCRETE 

AND SOl L 

• CONTROL MOISTURE VARIABILITY • REDUCES SOIL MOISTURE VARlto;~:T' 

• PLACE IMPERVIOUS APRON • PROPER DRAINAGE 

• PRDTEe FORr. LEAKS 

• RELOCATE TREES 

• ElIMINATE SWELLING • PREVENTS OR COf\TRO~S SIol·~L.L;rl:; 

• INJECT LIME SLURRIES 

• I NCREASE DOWNwARD LOADS 

LANtSCIOES • RELOCATE STRUCTURE • ELl~1 NATES OR DECRE~.SES SL leE 
POTENTIAL • REMOVE FRO~ HAZARD AREA 

• SETBACK FR~ HEAD OF SLOPE 

• MODIFY FOUNDATION • DECREASES CRITICAL STRESSES 

• DEEP FOUNDATIONS AT TOP OF SLOPE 

• SHALLO,) FOUNDI.TlONS AT BASE OF SLOPE 

• INSURE PROPER SURFACE DRAINAGE • CONTROLS EROSION AND INFIL TR~T!O'; 

• SLOPE STABILIZATION • INCREASES FACTOR 0' SAFETY 

• FLATTEN I NG OF SLOPE 

• PRESSURE BERMS AT TOE 

• I NTERNAL ORA I NS 

• ElECTROOSMOSIS 

• CONSOLI OAT ION 

• COMPACTION 

• GROUTING 

• ROCK BOLTS 

• PILES 

• RETAINING WALLS 

CLASS III: METHODS FOR MORE APPROPRIATELY PREPARING BUILDING SITES 

HAlA~D SPLCI ric ACT ION O~ EXAMPLE PURPOSE OF MITIGATION 

TORNAOO AND • CL EANUP DEBR I S • REDUCTION IN POTENTIAL MISSILE 
HVRRICANE DENS ITY OF AREA 

WIND • CREATE W I NO BREAKS (e.g .. TREES. FENCES) • REDUCTION IN WIND SPEED DUE TO 
INCREASED SURFACE ROUGHNESS 

EARTHQUAKE • STA~IlIZE AND COMPACT SOIL TO REDUCE RISK OF • INCREASED SOIL STRENGTH 
LIQUEFACTION P.ND DIFFERENTIAL SETTLEMENT 

EXPANSIVE SOILS • PLACE BLANKET OF NON·SWELLING SOIL • COUNTERACTS SWELLING PRESSURES 

• MODIFY EXISTING CLAY SOILS • REDUCES ABSORPTION AND CHEMICAL 

• INJECT LIME 
REACTIONS 

• CHEMICAL STABILIZATION 

• COMPACTION TECHNIQUES 

• WETTER THAN OPTIMUM • REDUCES ABSORPT ION • ADO LIME 

• ADD GRANULAR MATERIAL • LOWERS PLASTICITY INDEX • ADD VARIOUS SALTS 

• INCREASES POROSITY 

• INCREASES JON CONCENTRATION 

LANDSLI DES • AVOID UNDERCUTTING TOE OF SLOPE • MAINTAINS SLOPE STABILITY 

• INSURE PROPER DRAINAGE • CONTROL S EROS JON AND I NF I LTRA TI ON 

• ANALYZE SLOPE STABILITY • DETERMINE LANDSLIDE POTENTIAL 

• SOIL BORINGS 

• SOIL TESTING 

• FACTOR OF SAfETY 

• CONSTRUCT RETAINING WALLS • REDUCES STRESSES ON SLIP PLANE 

• SLOPE STABILIZATION • INCREASE FACTOR OF SAFETY 
(SEE CLASS II) 
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CLASS IV: METHODS FOR IDENTIFYING AND AVOIDING HAZARD PRONE AREAS 
THROUGH GEOPHYSICAL STUDIES AND LAND USE 

IlAZARD SPECIFIC ACTIO' 01< UAltPLE PURPOSE or "1lIGATl~ 

RIVERINE FLOOD • DELlN[AT[ FlOOOWAY. FLOODWAY FRINGE. FLASH REOUCTJOI\ IN N~BEr: OF STRuCTuRES 
FLOOD. OR OTHER HAZARD AREAS SUSJECT TO nODDING 

STORM SURGE • RESTRICT US[AGE So AS TO PREVENT INCREASED 
wATER DEPTH OR FLO~J VELOCnIES 

T$UKA!'!J • RESTRICT US[AG[ SO AS TO MINJJ"iIZE AND CONTROL 
RUN OFF 

• ALER1 PEOPLE 10 THE TRUE DEGREE or HAlARO A1 
THEIR PRoPtRn 

• PUBLIC PURCHASE Of fE[-INTtRESTS (If FLOOD· 
PRONE LANDS TO RESTRICT LANDS TO OPEN-SPACE 
USE 

• PUBLIC ACQUISITION or [A$["'[t-!TS USED TO PRE-
VENT OR CONTROL DEVELOPMENT 

• TAX. AOJUST~ENTS TO ENCOURAGE OPEN-SPACE USE 
AND CONTROL D(VElDPI1[NT 

• FLOOD-CONSCIOUS GOV[RtfoI[NTAl POLICIES IN ExTEN-
SION OF PUBLIC SERVICES TO FLooD-HALARD AREAS 

• REGULATIONS TO PREVENT OBSTRUCTION OF FLooD-
WAYS 

• ZONING 

• SUBOIVISIO. 

• ENCROACH"'£NT REG!!LATJONS 

• rtEGULATIONS OF DIKES. LEVEES. DPJ'!S. SEA 
WALLS. OR CHANr.:EL I1JDIFICATlQNS 

• REQUIRE SELLS AND BROKERS DISCLOSE FLOOD HAZARDS 
IN REAL ESTATE TRANSACTION 

• RELOCATION OF EXISTING STRUCTURES 

W!ND. HURRICANE • MICROZONATION TO ESTABLISH SEVERE WIND AREAS • REDUCE DENSITY OF EXPOSEC STRUCTURES 
AND TORNADO 

EARTHQUAKE • REGIONAL INVESTIGATION OF THE SEISMIC OR EARTH- JDEN;IF!CATION Or AREJIS OF HIGh PIsr 
QUAKE HISTORY OF THE AREA ANC REDUCE DENSIiY OF EXPCSEC S'iR'JC"'URES 

• GEOLOGIC I1AP OF REGJOML AND/OR LOCAL 
rAuLTS • ".AP(S) or EARTHnl'AXf EPICE'TERS • tAULT STRAIN AND/OR CREEP ~~P 

• LOCAL INVESTIGATION OF THE GEOLOGIC CONDITIONS IDENTIFICATION Of AREAS Of HIGH RISK AND 
AT OR NEAR THE SliE THAT MIGHT INDICATE RECENT REDUCE DENSITY OF EXPOSED STRUCTIJRES 
F'AUl T OR srrs~rc ACTIVIn 

• SURFACE INVESTIGATION 

• GEOLOGIC MAPPING 

• STUDY OF AERIAL PHOTOGRAPHS 

• REVIEH Of LOCAL GRCXJND WATER DATA 

• SUBSURFACE INVESTIGATION 

• TRENO'ING 

• SOIL BORINGS 

• GEOPHYSICAL SURVEYS 

• LAND USE K6.NAGEHENT REDUCE OENSITY Of ~XPOSED STRUCTURES AtW 
PCPULATION 

• Lt"'H TYPES or USE IN P.lr.H RISK AREAS 
~i.e •• NO HOSPITALS I'" AN ACTIVE rAUL T 
HONE) 

E>:PANSIVE SOILS • DETERMINE SWELLING POTENTIAL FROM SOIL INDEX PROPERTIES • IDENTIFICATION Of HIGH RISK AREAS 

• COLLOtD CONTENT 

• PlASTIcrn INDEX 

• SHRINKAGE LIMIT • LIQUID LIMIT • ACTIVITY 
• GRAIN SIZE COMPOSITION 

• MICROZONING TO ESTABLISH SWELLING PRONE AREAS • IDENTIFICATION Of HIGH RISK AREAS 

• ALERT PEOPLE AS TO THE HAZARO TO THEIR PROPERlY • ALLOWS OWNER TO TAKE ACTION 

.. ANCS~ 1D[S • REGIONAL MAPPING AND INVESTIGATIONS • IDENTIFY POtENTIAL SLIDE AREAS 

• TOPOGRAPHY 

• PRECIPITATION 

• GEOLOGY 

• LOCAL INVESTIGATIONS • IDENTH'y POTENTIAL SLIDE AREAS 

• S011 BORJ~GS • GEOPHYSICAL SURVEYS 

• f)N·SITE INSPECTlONS 

• DETERMINE SLIDE POTENTIAL FR~ SOIL INVESTIGATIONS • IDENTIFY FACTOR Of SAFETY AGAINST 
SLlOING 

• SLOPE GEOMETRY 

• SOIL OR ROCK STRENGTH 

• WATER TABLE 

• DENSITIES 

• SEEPAGE FORCES • ANAUSIS 

• MICROZONATION TO ESTABLISH SLIOE PRONE AREAS • IDENTIFICATION OF HIGI-! RISK AREAS 

• LIMIT USE IN HIGH RISK AREAS SUBJECT TO CATASTROPHIC • REOUCE ExPOSURE OF PEOPLE AN~ 
SLIDING STRUCUTR[S 

• ALERT PEOPLE AS TO THE IiAZARO AT THEIR PROPERTY • ALLOWS OWNER TO TAKE ACTIOfrj 
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CLASS V: RELIEF AND REHABILITATION - PROVIDE PUBLIC MONEY TO ASSIST 
VICTIMS IN RECOVERING FROM THEIR LOSSES 

HA1ARO sprc I Fir ACT ION OR r XAMl'l C PURPOSC OF HI T IGM ION 

RlvrRINC FLOOD • IHSURANCE RtOUCCS INOIVIOUAL LOSSES 
STORM SURGl 
TSliNAm • SPREADS THE LOSS REOISTRIBUHS ECOHOMIC LOSS 
CARTHQUAKC • PROVIOES MONICS FOR RCHABllITATION, 
EXPANSIVC SOILS ANOTHCR FORM or DISASTER REliEf 
LANDSliDES (BE CAUSE OF HCAVY SUBS lOY) 
TORNADO • REQUIRED IN DESIGNATED rLOOO AREAS FOR 
HliRRI CANE FEDERAL ASSISTANCE 
SEVERt WINO • courL E WITH LAND USE CONTROL S 

• LOANS FORCING MECHANISM TO CQI'PLY WITH LOCAL 
REGULATIONS 

• REDUCE RATE ON EXISTING FEDERAL LDANS 

• REDUCED RATE DN THE RECONSTRUCT ION LOANS 

• PRESENTLY REQUI RES FLOOD INSURANCE 
(flOOD HAZARDS ONLY) 

• PRESENTLY REQUIRES FLOOD DAMAGE MITIGATION 
PROGRAM (flOOD HAZARDS ONLy) 

• GRANTS INCENTIVE TO INCLUDE HAZARD MITIGATION 
IN PLANNING PROCESS 

• TO INDIVIDUALS 

• TO LOCAL GOVERNMENTAL AGENCIES - PRESENTlY 
REQUIRES LOCAL FLOOD DAHAGE MITIGATION 
PROGRAM - (FLOOD HAZARDS ONL y) 

• TO STATES FOR PREPARING PLANS FOR DISASTER 
PREPAREDNESS ANO PREVENTION 

• FEEDING AND SHELTERING OF VICTIMS ELIMINATE DISASTER HARDSHIP AND AID IN 
SPEEDUP OF RECOVERY • FOOD STAMPS 

• FREE HMPORARY HOUSING 

• FREE CLEAN UP SUPPLI ES 

• FREE REPAIR AND RECONSTRUCTION DF PUBLIC 
STRUCTURES 

• DISASTER UNEMPLOYMENT INSURANCE 

• TAX DEDUCTIONS ASSIST IN RECOVERY THROUGH TAX RElIEF 

• TECHNICAL ASS1STANCE AND ADV1CE TO STATES AND ASS1ST 1N ACHIEVING EFFECTIVE PLANNING 
LOCAL GOVERNMENTS IN: AND PUBLIC AWARENESS or HAZARD POTENTIAL 

• PFRFORMANCE OF ESSENTIAL COMMUNTTY 
SERVICES 

• WARNING OF FURTHER R1SKS AND HAZARDS 

• PUBLI C I NFORMA TI ON AND ASS I STANCE IN 
HEAL TH tlEASURES 

• PUBLIC INFORMATION AND ASSISTANCE IN 
SAFETY MEASURES 

• MANAGEM[NT AND CONTROL 

• REDUCTION or If>tlEDIATl THREATS TO 
PUBliC HEAL TH AND SAFCTY 

• DISTRIRUTION or I1EOICINE, rooo AtID 
OTHER CONSUMABLES 
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Chapter Three 

METHODS EMPLOYED IN STUDY 

Introduction and Summary 

In general, risk analysis consists of a set of operations aimed at identifying: 
(a) the probability that a particular event, set of events, and/or event intensi-

.ties will occur over some specified time frame, (b) the area and/or populations 
that will experience or be exposed to the event (e.g., the population at risk), 
(c) the vulnerability of the area and/or exposed populations to effects associa
ted with the event, and (d) the consequences which will occur if the population 
at risk is exposed to some expected series of intensities of the event over some 
specified time frame. The outputs of a risk analysis may take the form of prob
abilistically-derived, annualized estimates of the con~equences which will arise 
from exposure of a specified population-at-risk to the event or hazard. In 
respect to the analysis of risks associated with the exposure of people and proper
ty to natural hazards, risk analysis is defined to include the following: 

(1) Identification and description of the characteristics, geographic distribu
tion, and potential effects of hazardous natural events (hazard analysis); 

(2) Assessment of the vulnerability of the several classes of buildings, building 
contents and building occupants to each hazard (vulnerability analysis); 

(3) Identification and measurement of the major primary, secondary and higher 
order effects expected to be associated with the exposure, by major geograph
ic areas, of building contents, buildings~ and their occupants to these same 
hazardous natural events (loss analysis); 

(4) Identification of the costs and characteristics of the major types of tech
nologies appropriate for mitigating the effects induced by exposure of build
ings and their occupants to hazardous natural events (technology analysis); 

(5) Estimation of the economic costs and other effects associated with use of 
selected technologies to mitigate the effects of natural hazard exposures 
(cost analysis); 
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(6) Identification of risk references and comparison of hazard 
exposure losses and mitigation costs against those references 
(risk reference analysis). 

The first step in the performance of a natural-hazards-oriented risk analysis may 
be referred to as the risk determination phase. Natural hazard risks are those 
impacts or effects of natural hazard exposures which may be viewed as undesirable 
in either the short or long term, even though such effects may sometimes be viewed 
by the public as II normal ". Such impacts, effects, or events, tend to cluster into 

two groupings. 

The first group consists of low level geologic events which create minor damage 
on a continuing basis, such as expansive soils. The second grouping contains 
risks which are characterized by major undesired consequences resulting from 
natural events but which happen suddenly, such as earthquakes and tornadoes. 
The consequences of these events may be felt either immediately or in the long 
term. The risk determination procedures employed here were necessary to acquire 
a comprehensive insight into the effects of calamities or catastrophes caused by 
nature upon society. Generally, the effects are measured in terms of pure eco
nomic dollar loss and numbers of people killed or injured. It is important, 
however, to consider effects on social disruption such as unemployment and home
lessness as well as the general impact upon the quality of life. These aspects 
make the risk determination much more complicated. Further, these effects need 
to be given different weights in the analysis than have been done before. 

I 

This chapter will provide an overview of the general approach to risk determina-
tion for natural hazards, as well as a summary of the methodology or procedure 
as employed for each of the nine natural hazards considered here. 

This chapter addresses each of the several classes of methods which were used in 
the study, including the following: (a) risk determination methods used in esti
mating annual expected losses from natural hazard exposures in specific sites or 
areas, (b) methods for determining the loss reductions achievable through use of 
specific mitigations, (c) methods for determining the costs and cost-feasibility 

of specific mitigations, and (d) methods for determining future population, 
building, and building-mix loadings in specific sites or areas. 
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General Approach to Hazard Risk Determination 

A natural event generally is of concern when it produces effects upon human be
ings and/or their property. Thus, concentration on the physical aspects of a 
natural event is important to development of an understanding of the phenomenon 
and its impact on buildings and people. Specifically, natural hazard related 
damages are a function of the physical hazard (e.g., flooding, area inundated, 
depth of water, velocity, debris content, etc.) and the nature of the area im
pacted (population, land use, and investment in buildings). Both the physical 
hazard and the use made of the land in proximity to the hazard may change sig
nificantly over time. Thus, it is necessary to understand the nature of the 
existing socio-economic conditions in a hazard area in order to determine the 
types and magnitudes of damages which may be expected now or in the future. The 
risk determination procedure employed in risk analysis portion of this technology 
assessment;s presented graphically in Figure 3-1. 

PHYSICAL SYSTEM 

HAZARD 

VULNE RAIl I LI TV ;[Z 
I~ 

INTENSITY I 1& 
DAMAGE STATE D 

INTENSITY I 

EXPOSURE ~ ll
r,s,Q 

PEOPLE l § STRUCTURES ( ) V) 

< r,S,Q" V) 3 PROPERTY 5 
ENVIRONMENT . 

DAMAGE STATE D 

h- HAZARD 
r- REGION 
S- STRUCTURE TYPE 
Q- QUALITY OF CONSTRUCTION 
1- INTENSITY 
D- DAMAGE 

EXPECTED STRUCTURE LOSS 

Figure 3-1. Generalized Natural Hazard Risk Determination Procedure 

As shown in the risk determination model, the evaluation of a physical system 
consists of an assessment of the probability of the occurrence of a natural 
event at its various intensity levels. Intensity in this context relates to 
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such elements as wind velocities, water depth, ground shaking, or ground movement. 
Since natural events are occurring all of the time, they generally are of concern 
only when their intensity levels are such that they cause significant damage or 
harm to individuals or a community at large. Thus, the intensity is important as 
it relates to the quality of structures or buildings exposed. Structures or 
buildings vary in their degree of vulnerability to the intensity of a hazard as 
a function of their design, materials, or general quality of construction. As an 
element in the risk determination process for naturally occurring events, it was 
necessary to classify structures by type and use. The classification by structure 
type is related to the type of construction (considering both design and materials) 
generally associated with the specific structure type. For example, in California 
home construction generally is wood frame, slab floor, stucco plaster exterior. and 
shake roof, with large glass window areas. Commercial buildings tend to be either 
of similar construction or of tilt-up concrete slab type construction. These 
factors are important in evaluating the vulnerability of structures to such nat
ural events as flooding, wind storms,and earth movements. In California, there
fore, where basements are not common, the impact of low-depth flooding is not as 
significant as in areas of the midwest or east where basements are common prac
tice. However, California-type home construction may be more vulnerable to high 
wind velocities. 

Intensity of the hazard event and quality of construction are important only to 
the extent that the buildings or structures of concern are exposed to the event. 
Thus, exposure (i.e., land use density) is an important factor in the risk deter
mination process. From reviewing the generalized risk determination procedure 
[Figure 3-1J one can see that the integration of the probabilities of varying in
tensities from natural events with the exposure of various types of structures 
and buildings, of various qualities of construction can produce an expected loss 
of structure as a function of the probability of damageability. Thus, the risk 
determination procedure used in this study involves the development of a proba
bilistic hazard model for each of the nine natural hazards and a forecasting of 
the location of various structure types and quality of construction by area where 
hazards of a given type are expected to occur. 

This procedure involves the development of estimates of hazard intensity-damage 
functions for major types of land use and requires the collection of data pertaining 
to the relationships between hazard intensities and damageability of structures in 
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terms of economic loss for the various structural classifications. Risk of damage 
coefficients must be developed for local areas based upon the economic value of 
structures of buildings exposed to specific hazard types. This method deals mainly 
with direct damages to buildings or structures. For certain hazards (e.g., eartrl

quake, tornado) indirect damages or losses also are an important aspect of risk 
determination. It was necessary on the basis of exposed population to forecast 
the mix of building types, their contents, and their function in the community. 
This information when integrated into the risk determination model provides a basis 
for determining the expected losses of contents contained in buildings, the losses 
in income associated with buildings which contribute to the economic basis of the 
community, and losses associated with the dislocation of suppliers, which result 
in an increased transportation-distribution cost. From this data, it is possible 
to forecast expected losses of life, unemployment, and homelessness in affected 
areas. 

The risk determination process is, therefore, all inclusive in that it allows for 
the quantification of relevant economic and social consequences. 

Exposure Vulnerability Estimation 

As noted above, this study is concerned with the extent of damage to 
buildings, their contents, and various other socia-economic impacts which 
may flow from the basic losses of buildings due to expected various natural 
events. Methodologically, these expected damages or losses are derived 
from the value in dollars of buildings and contents at risk multiplied 
by the probability of various levels of loss from a given type of occurrence. 
Two sets of information must be developed. One set results in the 
assignment of the annual probability of occurrence for each of the natural 

hazards studied in this project. The other set of data provides 
the dollar value of the items at risk. 

This approach does not diminish uncertainty about the future but rather 
points to the long range decision rule: In the long run, the value of 
what will be lost due to the occurrence of natural events is the value of 
items at risk (exposure) multiplied by the various probabilities of levels 
of loss (vulnerability). This notion is not intended to define the precise 
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consequences of any specific event, but to provide pol icy makers with an 
understanding of the relationship between natural events and expected losses 
associated with the events over an extended period of time. 

Once the value of the items subject to a level of risk is known, it is 
possible to derive the expected annual loss by multiplying the amount at 
risk by the probability of loss of some portion of that amount, summed 
over all contingencies. This series of probabilities is illustrated in the 
form of an event tree, shown in Figure 3-2 . 

PROBABILITIES OF THE 
VARIOUS INTENSITIES 
OF THE VARIOUS 
HAZARDS AT A LOCATION 
ARE PLACED ON THE 

OF STATE 
NATUR E 

HAZARD A/IN 
HAZARD AI,IN 

}iAZARD All N 

~~~======= HAZARD SIIN , HAZARD B/IN 

HAZARD B/IN 

TENSITY 1 
TENSITY 2 

TENSITY n 

TENSITY 1 
TENSITY 2 

TENSITY n 

HAZARD M/IN TENSITY n 

VALUE 
"AT RISK" 

, 
$ 

VALUE OF 
PHYSICAL 
STRUCTURES 
AT THE 
LOCALE TO 
WHICH THE 
PROBABILITY 
APPLIES 

t 

EXPECTED PRODUCT: I 
PROBABILITY 

DAMAGE X WEALTH 
AT RISK X 

RATE DAMAGE RATE 

FOR EACH 
HAZARD 
AND 
INTENSITY 
LEVEL, 
ENTER 
EXPECTED 
DAMAGE RATE 
FOR THE 
BUILDING 
MIX IN THE 
EXPOSED 
AREA TOTAL: 

EXPECTED 
ANNUAL 
LOSS 

Figure 3-2, Event Tree for Deri vi ng Expected Loss from Probabil iti es 
of Extreme Natural Events 

The probabilities placed on the branches of the event tree represent the 
likelihood of a certain natural event occurring with a specific intensity. 
This means that there is a set of contingencies and intensities of a haz
ard - each of 'which is a branch of the event tree and each of which 
has an annual probability of occurrence. 

3-6 



The sum of the elements of the right hand column represents the annual 
expected dollar loss for a specific location from a natural hazard. 
Again, it should be noted that this expected value does not represent 
loss from any specific event, but is the mean value of loss over an ex
tended period based on the probabilities assigned to the branches of the 
event tree. 

Many of the probabilities of annual states of nature are available from the 
historical record; however, the determination of the dollar value of items 
at risk is a more subtle economic problem. Care must be taken to account 
for the relevant dimensions of value. At the same time, double counting 
must be avoided. Finally, once the dimensions of the factors of risk 
have been catalogued, they must be given an accurate dollar valuation. 
Such valuations are obvious in some instances and elusive in others. 

As noted, the intensity of the hazard will result in certain losses in 
buildings and their contents, losses in income and an increase in supplier 
transportation costs. These four types of losses are referred to as 
"Economic" losses. "Social" losses are identified in this study as life 
loss, homelessness, and unemployment. Both sets of losses are derived 
from the expected losses in building wealth. Specifically, the deter
mination of the impacts progress from the physical phenomena to aggregate 
economic and social costs. The order of computation for assessing the 
hazards effects or impacts is presented in Figure 3-3. 

Building wealth losses are determined as a function of damage rates, or the 
proportion of replacement value needed for repair of the buildings. The 
damage rates associated with a hazard intensity are applied to buildings of 

various types and to building contents within particular sections of the 
local economy. 

Expected income losses are estimated through the use of a regional multi
sector model of income determination where eleven sectors are considered 
(i.e., farming, construction, manufacturing), and the regions are either 
counties or states. These estimates are computed by including the relation
ship between damage rate and the amount of down time of productive capacity 
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ttA/AHIJ 
PlJlJll> 

LEVlL uf OERIVATION 

1st 

2nd 

3rd 

4th 

Figure 3-3. Comprehensive Risk Determination Methodology by Order 
of Computation 

within those buildings. This allows estimation of loss of production due 
to the inactivity of productive capital. 

A third expected dollar loss investigated is the loss experienced by a pur
chaser who, even though not sustaining direct damages, nonetheless experiences 
increased transportation costs for a product no longer available from a sup
plier suffering damage in the hazard exposure area. 

In addition to losses in economic terms, some of the effects of natural 
hazards are described in the form of non-economic relationships. Specifi
cally, the level of "homelessness" is estimated in terms of estimated person 
days of homelessness resulting from a specific hazard. Another such 
aspect is the projected unemployment associated with an event. This is 
quantifiable in economic terms but is not included in the economic loss 
calculations since production loss computations already account for this 
part of wealth loss. In fact, adding expected unemployment to the loss 
computations would be an example of double accounting. Nevertheless, this 
dimension of loss is identified separately. In addition to the specific 
social and economic losses identified, expected levels of life loss are 
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predicted. They are quantified as part of the economic calculations and are 
presented in terms of numbers of lives lost as a function of a given natural 
hazard. 

A detailed presentation of the economic exposure-vulnerability model and the 
assessment procedure utilized in the various social and wealth impact stud
ies is contained in: "Natural Hazards: Socio-Economic Assessment Model", by 
Hirschberg, et. al, [1978J. 

Methods for Determining Present and Future Exposure to Hazards 

Critical to the performance of a natural hazards risk analysis is the defi
nition of the size and characteristics of the human and structural popu
lations which are, or will in the future be, exposed to a specific hazard 
at a specific intensity level. 

For all hazards except tsunami and riverine flooding, the quantitative identi
fication and categorization of populations at risk of exposure to natural hazards 
in 1970, 2000, and intervening years was calculated exclusively from a county 
aggregated data base. The components of the data base are shown in Figure 3-4. 

General County Data Base 

In general, census data provided the basis for determining 1970 counts, by county 
of population, residential structure (by type) and value of residential property. 
1970 national values for publicly-owned, commercial, and industrial buildings 
were derived from data published by the National Bureau of Economic Analysis 
(NBEA); and were allocated to the several commercial-industrial categories 

utilized in the study (farming; mining; construction; manufacturing; trans
utility; finance, insurance, real estate; and services) in proportion to 
their corporate capital consumption allowances by year as reported by NBEA. 
The national value of publicly-owned, commercial, and industrial structures 
was allocated to individual counties on the basis of census-reported county 
income, by sector of the economy. 

Projections of these values to 2000 were based on use of regression equations 
derived from national population and income projections developed by U.S. Water 
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NUMB£P 

TYPE Of DATA DATA AGGREGAT[O DAH or 
SOURCr DAH. TO LEitH OF: DATA TAkEN 

POINT~ 

GENERAL CMT'r OATA 

County populat,on County 1970 3.13? [Nf'W~p"Pfr Entfrprht 
A~soc., 1974] 

County ,rea County 1970 3.131 

County n.~ County 1970 3,132 [National Bureau 
of Standards 1914) 

County litltudf and County 1970 3.131 [Dept. of lntfnor, 
lon9 i tude 1970) 

County coastal flag County 1970 3.13? 
(whether on an ocean 
coaSt or not) 

Name of SMSA County 1970 3.13? [U.S. Watfr ResOurce~ 
County h part of Counci 1, 1911 J 

HOUSING CHARACTERISTICS 
OATA 

Percent of hOusin9 units State NSMSA 1970 298· [U.S. Bureau of 
with basements SMSA ten~us, 1912) 

Percent of housing units State NSMSA 1970 Z98 
.i th cement slab foun- SMSA 
dation 

~rcent of housin9 units State MSMSA 1970 Z98 
buil t before 1940 SMSA 

Percent of housing units State NSMSA 1970 Z98 
that art mobi le homes SMSA 

Percent of housing units State NSHSA 1970 298 
in structur-es with 4 SMSA 
or MOre stories 

Percent of housing units State NSHSA 1970 298 
in structures with 5 SMSA 
or more stone~ 

Average nllll'lber of persons State NSMSA 1970 Z98 
per housing units SMSA 

ECONOMIC OATA 

Locally assessed real County 1971 3.131 [U.S. Bureau of 
property va 1 ues Census, 1972] 

Assessment-Sales pdce State 1971 Z.OOZ 
rat10s 

Total personnel income NSMSA - WRCS .. ( 1980)· 4SZ [U.S. Water Resources 
percaplta and SHSA Countll, 1974J 

Total agricultural in- NSMSA - WRCS, ( 1980) 4S1 
come perc.ap, ta and SMSA 

Total minlng income NSMSA - WRCS, ( 1980) 4SZ 
percapita and SHSA 

Total construction in· NSMSA - WReS, ( 1980) 4S1 
come percap1ta and SMSA 

Total manufacturing in· NSMSA - WRCS, ( 1980) 4S1 
come percapita and Si'ISA 

Total wholesale-I"'ttafl NSMSA - WRCS, ( 1980) 4S? 
income percapita and SMSA 

Total financial insur- NSMSA - WRCS, ( 1980) 4SZ 
ance, rul estate and SMSA 
incO/lll! percapita 

Total service industry NSMSA - WRCS, ( 1980) 4S1 
income percapita and SHSA 

Tota 1 federa 1 government NSMSA - WRCS, (1980) 4S1 
income percapHa and SI1SA 

Total state and local NSMSA- WRCS. (1980) 4S? 
government income and SMSA 
percapita 

Percent of national NSMSA - WRCS. (1980) 4S1 
average of tota 1 and S!1SA 
local lncO/lll! per-
capita 

GROWTH PROJECTIONS 

lnterce;lt of population NSMSA- .,ReS, (1970-1000) 4S1 [U.S.water Re~oJ"ces 
proJection·" and SMSA Counc il. 19 71! ~ 

Slope of poPulation NS~SA - !IRes. (1970-2008; 451 
proJect1on· .... · and S~S~. 

lntercept Of lncome/ NSMSA - WRCS. (1970-1000) 4$, 
percapita projectlon·" and SMSA 

SloPt' of incomel NS~SA· WRCS. (I 970-Z000) 4S? 
percapi t~ prOject ion·" and SMSA 

-247 SHSA where used tn the 1910 census and 51 states, Oistrict of 
Columtl1/1 the 51st. 

UProjected data. 

--Computed lineal'" least square fit of pnljected data from 1970-2020. 

Fi gure 3-4. County Data Base and Sources 
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Water Resources Council [OBERSJ, 1974. These regress i on equati ons were input to 
the county data base and used to develop county-level projections of 1970-2000 
population, housing, and income levels. Projections of non-residential building 
values then were derived from the income projections, by sector of the economy. 
Projected values of both housing and other structural wealth were calculated using 
appropriate building survival curves and depreciation rates. 

Values of Property in Tsunami Zones 

For the purposes of estimating present and future losses from tsunami, building 
values per square mile of port facility also were needed. These were calculated 
by determining average values of industrial property per square mile in major 
U.S. cities [Manvel, 1968J and the ratio of industrial acreage to the total land 
area in such places. The national values resulting from these calculations were 
regionalized on the basis of relative level of per capita income in each exposed 
county to the national average per capita income. Projections of these county 
values were based on use of national income and growth rates. 

Population Levels and Building Values in Flood-Prone Areas 

All study estimates of population at risk of exposure to riverine flooding were 
derived from a national-scope computer model which was developed for this study. 
Among the primary inputs to the model were the 1967 findings by the U.S. Corps 
of Engineers that 5539 cities of various sizes were subject to periodic flooding 
[See Table 3-1J and that 2037 U.S. communities had been equipped with area flood 
protection structures and facilities [Lee, Chrostowski, and Eguchi, 1976J. 
Based on U.S. regional population loadings and city sizes, 5539 communities in 
the size ranges identified by the Corps therefore were assigned to the computer
modeled 10 U.S. regions. These regions were identified on the basis of physio
graphic, climatologic, and demographic parameters. 

3-11 



City Size 

Greater than 100,000 
50,000 - 100,000 
25,000 - 50,000 
10,000 - 25,000 
5,000 - 10,000 
2,500 - 5,000 
1,000 - 2,500 

TOTAL 

Number of Places with Flood Problems 
(Incorporated Municipalities) 

140 
204 
3.90 
903 
992 

1,098 

...hill 
5,539 

Source: U.S. Army Corps of Engineers, 1967 

Table 3-1. Number of Urban Places with Flood Problems 

Utilizing data developed by other authors [Friedman and Roy, 1972; Schneider and 
Goddard, 1974J, plots were constructed to show the percentage of dwelling units 
estimated to be located in various flood zones of the modeled cities [See Figures 
3-5 and 3-6J. These data then were converted into tabular form to show the frac
tion of dwelling units in various flood zones within urban communities. As shown 
in Table 3-2, the number of dwelling units in Zone F (all areas outside the 100 
year flood plain) is equal to the sum of the dwellings in Zone A through E (zones 
within the 100 year flood plain). This apportionment was not intentional, but 
was what the data yielded. It results in greater exposure of the national popu
lation to a type F flood than that depicted in previous models. Following appli
cation of these procedures, census reported population levels per dwelling unit 
in each of the U.S. regions identified in the study then were determined. These 
were utilized to build population estimates for study cities used in the riverine 
flood model. 

ftl.ZARD RETURN PERIOD FRACTION OF DWELLINGS 
ZONE OF FLOOD ON 100 YR. F.P.' 

A 2-5 years 

"'I 
5-10 years .150 

10-25 years .200 E· 1.0 

25-50 years .245 

50-100 years .270 

It>re than 100 1.000 
years 

*There Ire as .any dwell ing in zone r IS in Zone A to E inclusive 

Table 3-2. Distribution of Dwelling Units by Flood Hazard Zone 
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, 

National data on the numbers and value of commercial/industrial and governmental 
buildings were allocated to the ten study regions of the United States, and with
in each region further apportioned to the study cities. Once the number of 
commercial/industrial and governmental properties in each city was established, 
they were apportioned to the several flood zones of the city in the same propor
tion as residential structures. Data from the U.S. Bureau of the Census were 
utilized to determine the median value of owner-occupied housing units in study 
regions. Util izing data developed by Musgrave [1974], these values' were modified 
to remove the value of land. To account for varying values of property by flood 
hazard zone, a scale factor derived from the Friedman model [Friedman and Bocac
chino, 1972] was applied to the data. The result of these procedures was assign
ment of a value of $184,000 to each commercial/industrial and governmental pro
perty within flood modeled cities, and the residential property values by city 
size and flood hazard zone which are depicted in Table 3-3. 

Table 3-3. 

REGION CITY-SIZE FLOOD HAZARD ZONE I 
CATEGORY A I B C-F 

REPLACEMENT VALUE IN 1000 (1970 DOLLARS) 

1-2 A 11 13 15 
8 13 15 17 
C 15 18 20 
0 15 17 20 
E 13 16 18 
F 13 16 18 
G 10 12 14 

3-4 A 12 14 16 
B 13 16 18 
C 13 16 18 
0 13 16 18 
E 11 13 15 
F 11 13 15 
G 8 10 11 

5-8 A 10 12 14 
B 10 12 14 
C 11 12 14 
0 11 12 14 
E 9 11 12 
F 9 11 12 
G 7 8 9 

9-10 A 15 18 20 
B 16 18 21 
C 15 18 21 
0 14 17 19 
E 12 14 16 
F 12 14 16 
G 9 11 13 

Replacement Value of Dwellings by Region, 
City Size, and Flood Hazard Zone 

Estimates of Building Contents Value 

Estimates of the value of building contents were developed for each type of build
ing categorized in the study. The value of the contents of residential buildings 
was derived from Shave11 [1970]. The value of the contents of farm, manufacturing, 
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wholesale trade, and retail trade buildings were derived from national estimates 
developed by Loftus [1972J. The value of the contents of all other types of 
buildings examined in the study were derived from national estimates by the Nation
al Bureau of Economic Analysis [NBEA, 1974J. For the latter, appropriate allo
cations to the various classes of buildings used in this study were made on the 
basis of a five-year moving average estimate of the capital consumption allowances 
for each economic sector. In all cases, projections of building contents value 
were calculated using appropriate content service lives, survival curves, and 
depreciation rates. Estimates of building content value were made from the 
Institutional Investors Study Report of the Securities and Exchange Commission 
[National Bureau of Economics and Research, 1971J. 

To project the contents value at risk in future years, relationships of the fol
lowing form were used: 

v = aeS(y-1900) 

where: 

v = value of contents in year y 
y = year of estimation 
a = constant 
B = coefficient of exponent (rate of growth) 

Based on the use of these methods, the value of building contents is projected 
to increase at a faster rate than the value of buildings. As a result, by the 
year 2000, total U.S. building contents value is estimated to be 6.3 trillion 
dollars and the total U.S. structure value is estimated to be 4.9 trillion dol
lars. Thus, by the year 2000, the value of what a building contains will exceed 
the value of the structure in which it is housed. This circumstance results, of 
course, from the high projected increases in per capita income, and from the 
linkage between per capita income and consumer-business investment in building 

contents and consumer goods. 

Risk Determination Methods, By Type of Hazard 

Presented below is a brief discussion of the methods used in completing the risk 
determination procedure for each hazard. As noted above, these procedures were 

3-15 



intended to reveal: (a) the distribution and occurrence of natural hazards within 
the Unifed States, by various levels of intensity; (b) the population at risk of 
exposure to those hazards; (c) the vulnerability of the several populations to the 
exposures; (d) the annual losses expected to be ~ssociated with those exposures. 

Earth Hazards 

Three earth hazards were examined in this study: earthquake, expansive soils, 
and landslide. Since slightly different procedures were used in the examination 

of each, the methods specific to each are presented below. Detailed discussion 
of the models and study methods is contained in "Natural Hazards: Earthquake, 
Landslide and Expansive Soils Loss Models" by Wiggins, Slosson, and Krohn. J.H. 
Wiggins Company, Redondo Beach, California, 1978. 

Earthquake 

Although many analysts have examined the general subject of earthquake hazards 
in the United States, most have only viewed the subject in terms of the 
probability of earthquake occurrence in magnitude. In contrast, this study not 
only examines these questions, but also gives consideration to such related sub
jects as the vulnerability of buildings to ground movements induced by earthquakes; 
the value of property exposed to this hazard, annual losses expected to arise from 
such exposures; and methods which might be utilized to mitigate the consequences 
of earthquake exposures. The procedures utilized in the study are summarized, in 
general, in Figure 3-7. 

(NVlkONMlNTAl CONDiTIONS THAT SIH ttJOlflERS THAT AFFECT IMPORTANCE AND VALUE Of CLASSIFICATION at STRUCTURAl STRUCTURE QUAlITY 
PRODuCE HAlARO IHT£H~ITY Of HAlARO STRUCTURE TYPES EXPOSED 

• HCTON!( FORCES IN THE • GEOLOGICAL MATERIALS • HIIM8[R OF PEOPLE THAT ARE 1-0- • RESlOENTIAl j-. • FOUR GRADES OF RELATiVE EARTH WHICH RrSUL T IN BeTWEEN THE [ARTHQUAK.£ UP05ED TO PROPERTY • INDUS TR lAt· COHHERC JAl STRENGTH FOR 80TH 
K)VIHG CRUSTAL PLATES ON SOURCE AND SITE IIf'ROVEH£UTS lOSS. DEATHS iHOUSTRIAl·Ct:M"RCIAl AM[) 
WEST COAST • THE SOil CONDITIONS ARE CAUSED BY fAILURE Of RES I D[NT IAl STRUCTURES 

• IN TH[ (umw. AHO EAST UMLDIATH Y 8[UlATH THE STRUCTURES 

COAST or THl UNIHD STATES SITE IN OOlSTIOH • NlIMlIER. TYPE Of STRUCTURE 
AClJ ... lTY MA~ Bf CONNECTED 

1 
IN QUESTlOf< 

WITH THE ·Plt.IME- [ffECT 

! ! 
EAIITt1OUA~E S(lSMICITl AHO ENHtGl RELEASE THESE FACTORS PRODUCE AN ElPO-

SURE t()DEl IN THE fORM OF THE NlII6ER OF EACH STRUCTURE 
PHO~ABILIn BASEO OH HlST(WI:lC OATA ARE NUt'BEA AHD VAlUE OF STRUCTURES BY TYPE AND COlCSTRUCTIOtt 
COMBINED WITH AllUtUATlON CURVES TO 

'OR EACH HAL' OEGJlH lOftGITUOE QUAlITY IS THE VULNERABILITy 
[STl~1[ INTENSITy AS A fUNCTlDfil OF BY HAlF o{GAEE LATITUO£ HAZAAD TO WTHQUA<£ 
R(TURN PERIOD lOttE 

• • • OAHAG£ AlGORIT/'fi4 • A SH 
OF PERCENT DAMAGE INTENSITy RISK FROM EARTHQUAKE IN THE FOAM Of AVERAGE ANNUAl lOSS ON A STATE AND COUNTY BASIS 
CURvES fOi VARIOUS STRUCTURE 
TYP[S 

Figure 3-7. Earthquake Risk Determination Procedure 



The ~IMI scale is defined in terms of damage potential. The term "damage potential" 
is used as a reminder that actual damage may occur only when structures are exposed 
to the hazard. That is, where there are no structures, there can be no structural 
damage, regardless of the intensity of the earthquake hazard. 

Just as one may consider the frequency of occurrence of earthquakes within a region 
as a function of Richter magnitude, so may one consider the frequency of occurrence 
of earthquake ground shaking at a site, as a function of intensity~ The frequency 
of ground shaking, by site, as a function of intensity, constitutes the basic 
hazard model for earthquakes. Algermissen and Perkins [1976J have developed a ground 

shaking acceleration map for the United States [Figure 3-BJ. 
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Curves of Schnabel And Seed, 1973) 
Source: u.S Geological Survey Open-File Report 74-416, 1976 

Figure 3-B. Seismic Risk Zone Map Developed by Algermissen and Perkins 
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However t in order to estimate building losses as a function of intensity it was 
necessary to develop a Modified Mercalli Intensity Map of the United States 
[Figures 3-9, 3-10, 3-11J. Ground shaking, in terms of MMI can then be estimated 
on a half-degree longitude by half-degree latitude grid system when overlaid on 
the United States map. 

Annualized estimates of structural damage caused by such ground shaking each year 
can be estimated from information showing the damage which will be sustained by 
the various types of structures exposed to the earthquake intensity range pre
dicted as relevant to a particular geographical locale. The Modified Mercalli 
Intensity scale which describes intensity in terms of local effects of earth
quakes, is well understood, and is most closely related to damage. 

The lower limit of the intensity scale which may produce measurable damage was 
selected to be MMI=6. Damage at levels below an MMI=6 were considered slight 
and difficult to define. The upper limit of the intensity scale was set at 
MMI=12. At this severe intensity, damage to buildings is expected to be total. 

Since force increases exponentially with intensity, it is reasonable to expect 
that damage will also increase exponentially with intensity. The damage algor
ithm is then a direct relationship between the amount of damage to a structure 
type as a percentage of market value and the Modified Mercalli Intensity in the 
region. 

Damage algorithms were derived for two types of construction: (1) single family 
residential structures, and (2) industrial-commercial construction. These dam
age algorithms are given for four different relative strengths of construction as 
defined by quality factors (Q). Estimates developed by Whitman, et. al., [1973J, 
permit establishment of basic structure quality factors. On this basis, structures 
in California built prior to 1933 were assigned Q=l and structures built in Cali
fornia after 1933 were assigned Q=3. 

For each type and strength level of building, estimates were developed showing the 
relationship between MMI and the percent damage sustained by structures. Earth
quake intensity damage relationships were developed from the earthquake damage 
studies for industrial-commercial buildings presented by Barnes and Pinkham [1972J; 
Whitman, et. al., [1973J; Culver, et. a1., [1975J; and Steinbrugge [1971J. For 
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residential buildings the data presented by Friedman [1970J, Environmental Science 
Service Administration [1969J, Steinbrugge [1971J, and McClure [1973J were the 
basis for the damage relationships. The damage algorithms for the four qualities 
of structures are presented in Figures 3-12 and 3-13. These algorithms were used 
both to develop estimates of annual losses for earthquakes as well as estimates 
of the loss reductions achievable through application of building-strengthening 
mitigations to new structures. 
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Figure 3-12. Damage Algorithm for 
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Figure 3-13. Damage Algorithm for 
Residential Structures 

The time frame during which a building was constructed has a significant effect 
upon the relative strength of the structure. Thus, the age of the structure 
becomes important in the risk determination. A distribution of structure type 
by region throughout the United States was developed for two age categories and 
a separate distribution was developed for California [Wiggins, et. al., 1974; 
Hirschberg, et. a1., 1977J. 
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It has been noted by many that the natural force behind modification of the Uniform 
Building Code to include increased lateral force design parameters for engineered 
structures was the 1933 Long Beach earthquake. Due to adoption of these changes 
in building code specifications in California after 1933 the ability of new con
struction to withstand lateral forces was increased. Using the average relative 
strength change after 1933 developed by Whitman, et. al., [1973J, descriptors of 
Q=l and Q=3 for relative strengths of pre-1933 and post-1933 construction in 
California were developed. Using this relative strength, Q, and an age distribu
tion of industrial-commercial structures and residential structures the following 

. distribution by quality factor was estimated for California [Wiggins, et. al., 

1974J. 

Type of 
Construction Q=l Q=3 

Residential & Farm 18% 82% 

Industrial & Commercial 20% 80% 

Public & Institutional 19% 81% 

Quality factors or relative strength of buildings throughout the other 49 United 
States were estimated on the assumption that when Federal Housing Authority (FHA) 
codes were put into effect after 1940, all post-1940 structures would have a 
relative strength twice that of pre-1940 structures. Figure 3-14 presents this 
generalized assumption. Utilizing the same basis as for California, the struc
ture distribution, by relative strength factors, shown in Figure 3-15 was devel
oped for the U.S. as a whole [Wiggins, et.al., 1974J 

Having developed hazard intensities, as well as exposure and vulnerability of 

structures, as a function of geographic location, it is possible to estimate 
risk of loss for particular regions of the country. That is, by combining inten
sity expectancy with the damage algorithms for the exposed structures, a region's 
damage rate can be computed. The damage rate in this context is defined as the 
average annual percent loss expected to occur to exposed buildings. 
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WEST 
Type of 0~~RTHEA6~2 CENTRAL O=lSOUTHO=? O~~xcePt CA) 
Construction _Q"l 0=2 = 0=2 

(%) (%) (%) (%) (%) (%) (%) (%) 

Residential & 
Fann 55.4 44.6 49.1 50.4 29.5 40.5 31.0 69.0 

Industri a 1 & 
Commercial 56.1 43.9 39.9 40.1 25.8 74.2 17.6 82.4 

Public & 
Institutional 55.3 44.7 44.5 55.5 27.7 72.3 24.3 75.7 

Figure 3-15. Post-1940 Structure Relative Strength Factors for Re~ions 
of the United States 
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Ex pa n s i ve So i 1 s 

Four major operations were required to develop estimates of expansive 
soils losses 'in the United States: (a) the mapping of U.S. expansive soils 
areas~ (b) the assignment of whole counties or fractions of counties to 
the mapped areas; (c) determination of the size of the population at risk 
of exposure to expansive soils in each area, and (d) the developme~t and use 
of a damage algorithm. [See Figure 3-16J 

ENVIRONMENTAL CONDITIONS THAT SITE MODIFIERS THAT AFFECT IMPORTArlCE AND VALUE OF 
PRODUCE HAZARD INTENSITY OF HAZARD STRUCTURE 

• AMOUNT OF HONTMOR- • MO I STURE CONTROL • AVERAGE VALUE OF RESIDENCE 
lLLONITE IN SOIL STRUCTURE STRENGTHENING AND COJottERC IAL PROPERTY BY • REGION • AMOUNTS OF ALKALI AND 
OTHER CLAYS W SOIL • SOIL REPLACEMENT 

• MOISTURE EXTREMES IN THE • CHEMICAL STABILIZATION 

CLIMATE 

1 -l 
THE HAZARD IS CALLED OUT SOLELY ON THE BASIS OF THIS IS THE ONLY FACTOR WHICH 
REGIONAL DISTRIBUTION OF MONTMORILLONITE IN IDENTIFIES THE EXPOSURE AND 
ROCKS AND SOIL. HIGH. MEDIUM AND LOW HAZARD IMPLICITL Y THE VULNERABILITY 
ZONES ARE IDENTIFIED BY HAZARD TYPE 

~ 
DAMAGE ALGOR ITHM • DOLLAR RISK FROM EXPANSIVE SOIL IN THE FORM OF 
LOSS PER PERSON BY HAZARD 
ZONE 

AVERAGE ANNUAL LOSS BY STATE AND COUNTY 

Figure 3-16. Expansive Soil Risk Determination Procedure 

In the mapping phase of the project, all portions of the continental land 
area of the United States were assigned to one of three expansive soils 
zones. Criteria used to establish the low, moderate, and high zones de
picted in the map correspond to shrink-swell guidelines set forth by the 
U.S. Soil Conservation Service. The quantitative method used by the Service 
[1971J for determining shrink-swell behavior of soil is referred to as 
COLE (coefficient of linear extensibility). COLE represents an estimate 
of the vertical component of swelling in a soil clod or ped. The follow
ing somewhat modified Soil Conservation Service definitions were used to 
establish the expansive soils zones depicted on the map: 

High: Generally includes soils high in clay that are made up of a large 
percentage of montmorillonitic minerals. These soils have a 
COLE value usually greater than 6%. 
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Moderate: Generally includes soils containing moderate amounts of 
clay that also contain some montmorillonitic minerals. COLE 
values for these soils vary between 3% and 6%. 

Low: Generally includes soil containing some clay; however, the clay 
consists mainly of kaolinite and/or other low shrink-swell clay 
minerals. These soils have COLE values generally lower than 
3%. 

Although the whole of any given local area may be assigned on the map to 
one of the three expansive soil zones, smaller portions of the included 
local area may have ratings both higher and/or lower than the rating shown 
for the whole of the zone to which the area is assigned. [See Figure 3-17J. 

In developing the map, all available state soils maps were utilized, but were 
extensively supplemented by comments secured from the various state soils 
scientists and the professional staff of the U.S. Soil Conservation Service. 
The mapped areas of moderate and high soil expansivity include essentially 
those areas which are chiefly underlain by montrnorillonitic soils. There are over 
12,000 soils series throughout the entire country, of which approximately 10% 
contain montmorillonite mineralogy. Of these, about 250 soils series are 
extensive enough to be shown as mappable units on intermediate scale generalized 
state soil maps. Therefore, for purposes of this study, only those large map
pable units have been considered. On most state maps, soils are depicted as 
soil lIassoci ati ons. II Genera 11 y, these associations consi st of one to three 
soil "series. II A hypothetical soil association may contain three soil series 
(A-B-C), with A always representing the dominant soil series followed by B, then 
C. Therefore, for purposes of this study, if soils in position A, A-8, A-C and' 
B-C were montmorillonitic, then the entire soil association was given a moderate 
shrink-swell rating. In the case of the soil association consisting of one 1 (A) 
or 2(A-B) soil series, a high rating was assigned to the entire assoc'iation pro
viding the lone soil series (A) or one of the two soil series (A or B) contain 
montmorillonitic materials. For purposes of this study, the low expansive soil 
zone includes both low and non-expansive soil areas. 

After the map was completed and examined, all states were assigned to one of 
three groups: (a) those containing no moderate or high expansive soils zones. 
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(b) those containing only moderate and low zones, and (c) those containing all 
three zones. For the purpose of developing a county-level data base necessary 
to the generation of loss estimates, whole counties in states having only moder
ate or low expansive soil zones were assigned to such zones based on the 1atitude
longitude location of each county seat. If that latitude-longitude location fell 
within a map zone, then the whole of the county was assigned to that zone. A 
somewhat different procedure was utilized to develop loss estimates for those 
states in which the map revealed all three soil expansivity zones. In those 
states, visual inspection of census maps was employed to assign appropriate 
fractions of counties to IIhighll and/or II moderate ll zones. For the more populous 
counties, these estimates were based not on the proportion of the area of a 
county falling within the mapped zone, but on an estimate of the proportion of 
the county1s total population residing within the mapped zone. 

Since the damage algorithm utilized to estimate expansive soils losses 
was one derived from study of damage to single unit residential structures, 
the size of county populations exposed to expansive soils in an indicated 
category was reduced by the census-reported percentage of the county popu
lation residing in single family residential units. 

The damage algorithm used to estimate expansive soils dollar losses was 
based entirely on two studies involving residential foundation data [Alfors, 
1971; Allen, 1974; Smith and Allen, 1974J. Smith and Allen report that 
homeowners in Dallas County, Texas experience approximately 8470 residential 
foundation failures annually. The failures all involve expansive soil 
related problems (i.e., cracked walls, foundations, et cetera). It appears 
that approximately 84 percent of the foundation failures occur within high 
expansive soil areas, 14 percent relate to moderate expansive soil areas, 
and 2 percent occur in low expansive soil areas. In 1970, based on census 
data, there were approximately 312,100 residential foundations in Dallas 
County [Smith and Allen, 1974J. Of the total number of foundations, 
approximately 42 percent exist on high expansive soil, 27 percent occur on 
moderate expansive material and 31 percent were constructed on low expansive 
soil areas. Assuming that the average foundation repair cost is $1,650 
[Smith and Allen, 1974J,the following generalizations can be inferred: 
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Expans i ve Soi I Total No. Annual foundation Cost per Total Cost of Annual 
Rating foundation fai lures foundation foundation failures 

High 130,400 7115 X $1,650.00 - $11,739,750.00 
Moderate 83,600 1186 X $1,650.00 - $ 1,956,900.00 

Low 98,100 169 X $1,650.00 • $ 278,850.00 

TOTAL 312,100 8470 X $1,650.00· $13,975,500.00 

Damage Loss per Total Cost of Annual foundation failures 
foundation per 'tear '"' Total Number of foundations per Severi ty RatIng 

(1) The average annual damage cost for residential foundations in Dallas County, 
Texas for high expansive soil areas appears to be $90.00 per foundation per 
year. Foundation costs in moderate and low expansive soil regions are esti
mated to be $23.41 and $2.84 per foundation per year, respectively. 

Expansive 
So i 1 Ra ti ng 

High 
Moderate 

Low 

Damage Loss per 
Foundation Per Year 

$90.00 
$23.41 
$ 2.84 

(2) The average population rate per dwelling in Dallas County is estimated, by 
1970 census data, to be approximately 3 persons per housing unit. There
fore, residential foundation failure losses per capita are: 

Expans i ve 
Soil Rating 

High 
Moderate 

Low 

Damage Loss per 
Capita per Year 

$30.00 
$ 7.80 
$ 0.95 

Expansive soil related losses have also been calculated for California and 
discussed in the California Division of Mines and Geology, Open File Report 
72-2. The method used to establish the map severity code used in the 
California study is somewhat similar to the method incorporated in this 
report. Results of the California report [Alfors et al, 1971J are 
as follows: 
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Expans ive 
Soil Rati ng 

High 
Moderate 

Low 

Damage Loss per 
Capita per Year 

$22.30 
$ 6.92 
$ 1.14 

Averaging the California statistics with those of Dallas County, the 
following figures result: 

Expansive 
Soil Rati ng 

High 
Moderate 

Low 

Damage Loss per 
Capi ta per Year 

$26.15 
$ 7.36 
$ 1.05 

Accordingly, the damage algorithm used in this study assigned a loss 
of $26.00 per capita per year to single family residents in high zones; 
a damage loss of $8.00 per capita per year to single family residents 
in moder&te zones; and a $1.50 damage loss per capita per year to single 
family residents in low zones. It should be noted that these 
approximate 1973 dollar loss rates. 

Landsl ide 

Landslides are comparatively uncommon, but naturally-occurring geologic 
events throughout much of the United States. Areas affected by landslides 
may range in size from several square feet up to several square miles. 

Several factors influence the lands1iding potential of an area. However, 
many of these factors do not have overall definite patterns to make them 
usable for a national or regional study. For purposes of this study, three 
general conditions have been considered in defining potential landslide 
areas. These factors are: topography, bedrock and precipitation. 

Topography is a general term used to describe the actual physical shape 
and configuration of the earth's surface. Topographic relief refers to the 
vertical distance in elevation (relative to sea level) between hill tops or 
mountain summits and lowlands or valleys. Areas containing large elevation 
variations have high reliefs; likewise, minor elevation differences suggest 
areas of low relief [American Geologic Institute, 1972J. Topographic relief is 
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important because it regulates erosion and other energy sources which, in turn. 
influence slope angle or gradient. Basically. the steeper a slope the more 
gravity can playa role in a landslide. The steeper, often cliff-like. 
slopes are susceptible to over-steeping and undercutting by stream erosion 
and therefore frequently are subject to landsliding. 

Three topographic relief rates were developed and applied on a nationwide 
basis. Criteria used to establish the various relief categories are 
presented in the following table. 

RELIEF RATINGS CRITERIA 

Steep Moderately steep to steep hills and mountains 
(estimated relief greater than 2000' ~ per 10 miles). 

Moderate Low to moderately steep hills (estimated relief 
50~ to 2000'~ per 10 miles). 

Low Low hills and flat plains (estimated relief less 
than 500'~ per 10 miles). 

Table 3-4. Topographic Relief Rates 

The nature of the bedrock material represents a primary factor controlling the 
distribution of landslides. Landslide susceptibility as it may relate to rock 
type is a function of: (1) inherent bedrock properties and (2) bedrock structure 
and geometry. It is the various inherent properties that dictate rock strength. 
As the rock strength decreases or is influenced by natural or man-made changes ;n 
energy conditions, landsliding becomes more prominent [Building Research Advisory 
Board. 1974J. As stated by Cleveland [1971J. the strength of rocks, measured in 
terms of their resistance to weathering, is a basic geologic factor in the land
slide process. Rock strength in this sense can be defined in a general way as 
the sum of the properties of a rock that governs its resistance to erosion by 
landsliding. 

Precipitation largely controls the distribution and occurrence of landslide in 
that precipitation has a pronounced effect on the morphology of the landscape. 
Slope development is influenced by precipitation in two ways: (1) water which 
runs off the slope via established drainage courses, and (2) water that is ab
sorbed by the slope soil and bedrock materials. 
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Runoff waters, if in sufficient volumne and velocity, may have the capacity to 
erode or undermine slope surfaces thereby removing slope support and causing land
slide activity to occur. 

Precipitation that infiltrates below the slope surface into the underlying mater
ials may alter or change their strength by: (1) generating an increase in pore 
water pressure, (2) increasing the bulk density, (3) facilitating the partial re
moval of cementing agents and/or lubricating potential zones of inherent weak
nesses within either the soil or rock material. 

Rainfall is treated in terms of mean annual rainfall averages. Yearly rainfall 
rates have been divided into three basic categories: high, moderate, and low. 
An attempt was made to assign storm frequencies to each designated category. 
Table 3-5 presents estimated rainfall categories as well as storm frequencies 
which are interpretive values. 

RAINFALL RATING ESTIMATED NUMBER OF 
(INCHES PER YEAR) STORMS PER 10 YEARS 

High (greater than 32 11 ) 10 
Moderate (8 11 - 3211) 1-4 (or 2.5) 
Low (less than 811 ) 1 

Tabl e 3-5. Storm Frequency Estimates Rel ated to Average Annual Rai nfa 11 

Generally, the regions with higher rainfall averages will also have a higher 
number of storms over a given interval of time. As previously mentioned, land
slides are commonly associated with storm-years. Based upon this premise, those 
areas receiving more storms and consequently larger amounts of rain will gener
ally have more landslides than those areas receiving less rainfall and storms, 
providing all other factors (bedrock and topography) remain constant. 

Several assumptions were made during the development of the landslide intensity 
map. The following premises guided the map categorization. 
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(1) It has been assumed that adverse formations associated with landslide 
activity in times past will continue to have a high potential for land
slide activity in the future, providing all factors (topographic relief 
and precipitation) remain constant. 

(2) Due to size and scale, it was not possible to differentiate vertical 
and lateral formation variations within a given adverse formation. 
Therefore, if a formation was considered to be adverse in one area, 
all other locations containing the same formation were also considered 
to be adverse. 

(3) Although a given landslide potential rating was assigned to an area, 
local portions of that area may have ratings higher and/or lower than 
the ratings shown. 

Recognizing the above limitations and constraints, a landslide intensity map was 
developed [Figure 3-18J. The landslide intensity map is an attempt to define land-

slide prone areas within the continental United States. This map incorporates the 
study results and data contained in the USGS "Preliminary Landslide Overview Map 

of the Coterminous United States", [Map MF-77l], 1976. As mentioned before, this 
map is based on three principle factors: topography, bedrock, and precipitation. 
Topography and rock type were used to establish the high, moderate, and low land
slide potential ratings defined on the landslide map, Figure 3-18. Mean annual 
rainfall data was also consulted in order to complete the map. Criteria used to 
establish the landslide potential rating are as summarized in Figure 3-19. 

These criteria, when considered in conjunction with the rainfall for a given geo
graphical area provide the basis for development of a landslide intensity scale. 
These relative intensities are presented in Figure 3-20. 

The development of an exposure-vulnerability relationship for areas subjected to 
varying landslide intensities proves to be a very difficult assignment. Due to 
the limited data in this area, it was necessary to develop building loss esti
mates from landslides using estimates of damage on a per person basis as presented 
in the existing literature. 
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High (H): An area of steep topographic 
relief with a known landslide-prone bed-
rock formation (rock type). 

~ = I Adverse Formation I + I Steep rel ief I 
Moderate (M): An area of moderate topographic 
relief with a known landslide-prone bedrock 
formation (rock type). 

I Moderate I = I Adverse Formation I + I Moderate rel ief I 
Low (Ls): An area of steep topographic relief 
without a known landslide-prone bedrock formation 
(rock type). Of the two low designations, (Ls) 
has a higher landslide potential. 

I Low (steep) I = I No Adverse Format ion I + I Steep rel ief I 
Low (L): An area of low topographic relief and 
mayor may not contain a known landslide-prone 
bedrock formation (rock type); or moderate 
relief with no known landslide-prone bedrock 
formation. 

= [NO Adverse Formation I + I Moderate rel ief I 
~ = I No Adverse Formation I + I Low relief I 

= I Adverse Formation I + I Low rel ief I 

Figure 3-19. Landslide Potential Rating Criteria 

Landslide Potential Rainfall Relative Intensity 
Map Rating in inches (Highest ranking is the most severe) 

High 32" XII 

8-32" X 

8" IV 

Moderate 32" XI 

8-32" IX 

8" III 

Low (Steep) 32" VIII 

8-32" VI 

8" II 

Low 32" VII 

8-32" V 

8" I 

Figure 3-20. Landslide Intensity Ranking Based on Rock 
Type, Topography and Precipitation 
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Exposure to landslide was determined from structure values by county, the popu
lation of the county, and a computation of average structure value per person in 
the county. No attempt was made to distinguish between various types of buildings 
such as residential, industrial, or commercial. It was assumed that dwellings 
usually suffer from landslides more frequently than do industrial-commercial pro
perties, thus loss estimates may trend toward the high side. 

Utilizing estimated costs of damages from landsliding in Allegheny County, Penn
sylvania [Briggs, et al, 1975] and estimated losses from landslides occurring in 
California [Brabb and Taylor, 1972 and Slosson, 1969], a table of landslide loss 
per capita as a function of intensity was developed. 

Reference Region Intensity Loss Per Person (1970 $) 
l. Cal Hornia XII $140.00 

IX 23.00 
V 1.10 

2. Cal Hornia XII 53.00 
IX 35.00 
V 1.00 

3. Allegheny Co. XII 1.20 
4. Marin Co. X 1/2 14.00 

San Mateo Co. X 1/2 6.10 
Contra Costa Co. IX 2.60 
Napa Co. IX 1.80 
Sonoma Co. XII .88 
Alameda Co. XII .35 
Santa Clara Co. V .18 

5. Marin Co. X 1/2 5.30 
San Mateo Co. X 1/2 7.40 
Contra Costa Co. IX 11.00 
Napa Co. IX 21.00 
Sonoma Co. XII 39.00 
Alameda Co. XII 5.30 
Santa Clara Co. V 2.10 

6. Los Angeles Co. V 2.10 

Table 3-6. Landslide Damage per Person Normalized to 1970 Dollars 

Util izing the data contained in the landsl ide damage per person table, an average 
loss per person per year was established for the following intensity zones. 

ZONE INTENS ITY RANGE DOLLAR LOSS PER PERSON 
PER YEAR (1970$) 

3 IX - XII $ 4.25 

2 V - VIII .80 

1 I - IV .05 
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The landslide potential map and estimate of the precipitation made it possible 
to establish an intensity range for each U.S. county, and thus define a county 
risk zone. By knowing the population and structure value in a specific county 
and the risk zone for that county, it is possible to estimate the dollar loss 
resulting from landslides on an annual average basis. The risk determination 
procedure discussed above is summarized in Figure 3-21. 

ENVIRONMENTAL CONDITIONS THAT SITE !()DIFIERS THIIT AFFECT IMPORTANCE A~m VALUE OF 
PRODUCE HAZARD INTENSITY OF HAZARD STRUCTURE 

• STEEPNESS OF SLOPES • ORA I NAGE cornRoL • AVERAGE VALUE OF RESIDENCE 

UNDERL Y1NG ROCK WITH WEAK Rm:>VAL OF OVERBURDEN 
MIO COMMERCIAL STRUCTURE • • BY REGION I S USED 

SHEAR PLANES • SLOPE GRADING CONTROL 

• EXCESSIVE !()ISTURE FRCM 
RAINS 

! 
THE HAZARD I S CALL ED OUT SOLELY ON THE BAS I S OF 

THIS IS THE ONLY FACTOR WHICH 
IDENTIFIES THE EXPOSURE AND 

REGIONAL GEOLOGY. NATURAL SLOPE CONDITIONS AND IMPLICITL Y THE VULNERABILITY 
AVERAGE RAINFALL BY HAZARD TYPE 

~ 
DAMAGE ALGORITHM; DOLLAR RISK FROM LANDSLIDE IN THE FORM OF AVERAGE ANNUAL LOSS BY STATE 
LOSS PER PERSON BY HAZARD 
lONE 

AND COUNTY 

Figure 3-21. Landslide Risk Determination Procedure 

Water Hazards 

The water hazards considered in this study are riverine flooding, storm surge, and 
tsunami. Riverine flooding is common to every state while storm surge is predomin
antly of concern to states on the Gulf and Atlantic coastlines. The risk of tsu
nami is limited to states contiguous to the Pacific Ocean. The following sections 
describe briefly the hazard, exposure, and vulnerability models, the damage 
algorithms, and the risk determination procedures utilized for each water hazard. 
Discussion of the models and the study methods is contained in "Natural Hazards" 
Storm Surge, Riverine Flooding, Tsunami Loss Models", by Lee, Chrostowski and 
Eguchi, J.H. Wiggins Company, [1976]. 
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Riverine Flooding 

Although the riverine flooding hazard is ubiquitous throughout the United States, 
local variables are of such importance and vary so substantially from one river-
ine flood plain to another, that it is not yet possible to present the national 
hazard model for tiverine flooding which specifically addresses each individual 
flood plain in the United States. Accordingly, a "regional" flood damage model 
was developed for the United States as part of this project. After an extensive 
literature review. the project staff determined that the simulation model previously 
developed by Friedman [1966, 1972J and reported by White [1975J was adaptable 
to this study. In the Friedman model, a Monte Carlo approach was utilized to 
determine which,among a large number of modeled cities, would be affected by a 
flood in any given year, to identify the magnitude of the flood which would be 
experienced, and to determine the damage that would be experienced by the flood
affected cities. This same approach was utilized in the regional flood models 
developed for this study. Although the general approach taken in the development 
of these models was that suggested by Friedman, the specific parameters of the 
new models are significantly different from those utilized by Friedman. For pur
poses of the model and the resulting analysis of riverine flood losses, the 
nation was divided into ten regions [Figure 3-22] using physiographic, climato
logic, and demographic factors as the distinguishing parameters. Separate hazard 
and exposure models were developed for each region. The hazard model is based on 
six flood types depending on their annual probability of occurrence [See Figure 
3-23J. 

_ .. - ...... _. _. _ .. _ .. _) ....... . 
I 

........... ! 
WEST NORTH-CENTRAL_ -.. _ .. --·_·-'--4 

........ \ 
1, ___ ._-

--:-. ---:-.-,-' ~ _ ..... 

.... I II' 

II 

:1 

. _____ . _______ ,. __ .. ____ J 
u-u .. 

Figure 3-22. Regionalized Model for Riverine Flooding 

3-36 



PROBABILITY OF CUMMULA TI VE 
FLOOD RETURN EQUALLING PROBABILITY OF PROBABILITY OF 
TYPE PERIOD OR EXCEEDING OCCURRENCE OCCURRENCE 

No flood .50 .50 
2 years .50 

A .30 .80 
5 years .20 

B .10 .90 
10 years .10 

C .06 .96 
25 years .04 

0 .02 .98 
50 years .02 

E .01 .99 
100 years .01 

F .01 1.00 

Figure 3-23. Probability of Occurrence 

The depth associated with each flood type was regionalized on the basis of 
physiography and mean annual rainfall. Only four relationships were needed. 
A typical one is shown below [See Figure 3-24J. 

l000~------------~~~~------~ 

10L---~--~---lL2--~16----2LO--_Z~4----2B 

DEPTH Of WATER 

Figure 3-24. Hazard ~1odel - Plains - High Rainfall 
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The exposure model also was rcqiofldl iLl~d. 

First the number of places (cities and towns with more than 1,000 people) with 
a flood problem was defined. The following breakdown by city provided by 
Friedman [1972J was used. 

City Size 

Greater than 100,000 
50,000 - 100,000 
25,000 - 50,000 
10,000 - 25,000 

5,000 - 10,000 
2,500 - 5,000 

1,000 - 2,500 

Number of Places with Flood Problems 
(Incorporated Municipalities) 

140 
204 
390 

903 

992 
1,098 
1,812 

These data were apportioned into the ten regions in proportion to the total number 
of cities of each size category in the region. Then the number of structures 
on the flood plain and their distribution across the flood plain was estimated. 

Only two sources are immediately available for determining the number of residential 
structures on flood plains: a 1966 study performed for HUD and a 1974 study by 
Schneider and Goddard. Using these two sources, two relationships of the percent 
of dwellings on the lOa-year flood plain as a function of city-size were developed: 
one for the central and coastal plains and one for the western and eastern nigh
lands. A further breakdown into the six specific flood zones was performed using 
only the 1966 HUD data. The value of each residential unit was estimated and 
different values were obtained for different regions and city sizes. 

An estimate of the total number of commerical-industrial-governmental properties 
in the United States was made in a somewhat coarser fashion. This national total 
was then apportioned to the ten regions and within each region further apportioned 
to the cities using a derived relationship for the number of employees per 
property as a function of city size. These properties were distributed to the 
six flood zones using the same relationship developed for residential structures. 
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The damage algorithms are based on empirical depth-damage curves. The current 
depth-damage curves reported by Grigg and Helweg [1975J were used with slight 

modification. 

The five structure types considered are: 

• One story, without basement 
• Two or more stories, without basement 
• One story, with basement 
• Two or more stories, with basement 

• Mob il e home 

The approach taken for commercial structures was to use the residential damage 
curves weighted by a constant factor of 0.3. The rationale for using this 
particular weighting factor was that it was the value chosen by Friedman after 
a review of National Weather Service annual estimates of flood damages. The 
vulnerability model, or the breakdown of the number of structures of each type, 
was developed from 1970 census data and a 1967 sonic boom study. 

The technique used here to estimate average annual damage is as follows: 

A trial is run in which each city in the model is tested. A random number 
generator, operating according to the rules of the probability-of-occurrence 
mode 1, denotes the occurrenc.e or non-occurrence of a flood at each ci ty. If 
a flood occurs for a given community, the probability-of-occurrence model specifies 
the flood type (i.e., flood magnitude). Fifty percent of the time there is no 
flood, thirty percent of the time there is a 2 - 5 year flood, ten percent a 
5 - 10 year flood, etc. When a flood of a particular type occurs, the damage 
is determined by summing over all of the affected zones. Within each zone the 
exact water depth above the first floor is again denoted using the random number 
generator operating within the depth ranges defined by the hazard model. 

Each trial produces a set of regional damages which might occur. In other words, 
it is just one set out of all of the millions of possible damage states. To 
obtain an estimate of the average annual damage, therefore, a number of trials 
are run for the subject year. The average of these trials provides an estimate 
of the average annual damage. 
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The use of the model described above prevents 
estimates of riverine flood losses. Thus, the 

us from providing county-level 
approach to the riverine flood 

analysis was fundamentally different from that used for all of the other natural 
.hazards examined in this study. Nonetheless, the basic scheme used in the river
i ne fl ood ana 1ys; s [See Fi gure 3-25J is genera lly similar to that applied to other 

the level of detail generated hazards. Only the details of its application and 
by the model differ from the approach characteristic of the analysis of other 
study hazards. Also to be noted is the fact that selected data outputs from 
the riverine flood model then were subjected to manual calculations for purposes 
specific to the loss and loss reduction analyses reported in Chapters IV and V. 

£NVIRUHHUHAI CONDITIONS THAT SIT( fIllPIFl[I(S THAt AFFE.CT IHPORTANC£ AND VAlUE OF 5 TRUCTUR( !lUAU TY 
PRODUCE HAIARD INTENSITY Of HAZARO STRUCTURE 

• PH'fSIOLRAJ'HY - LOCAL TOP- • lOCATIUN or STRUCTUl<f WITIi • NUfltiER or STlWCTUR[S • CONS1RUCTl~ TYPE - SOMf 
OGRAPH'f IMPOHTANI IN R[SP£CT 10 FLOOO PLAIN - ON flOOD PLAIN - LOSSES TYPES Of COHSTkuC. T1~ ARE 
OETlRMINiNli RAINfALL AJ«)UNT OElERHIHrs fLOOD DEPTH AT ARE OIR[CTl Y PROPORTIONAL jl()R[ SUSCEPTIBLE TO fLOOD 
AND LOCAT JON SUBJECT UUIlOlNG TO NUMBER OF STRUCTURES DAMAGE 

• MlHOIWlUGICAL CONDITIONS - • PR[5lNC[ ur (NGINltI<JNG 
ON FLOOD PLA)N 

• FLOUU PROOFING TO MIIWUI£ 
AHJUNT at MOISTURE IN AIR, Wl)Wr:;S - LOCAt FLOouwALl S. • OCCUPANCY OF STRUCTURES ON OAMAGl • flOOD PROOFED 
GlOBAL AI~ flUW IMPORTAnT l£Vt[S. CHANNlL lHPlwv!· flOOO PLAIN - THE USE Of STRUCTURlS WILL HAV[ LESS 
IN OfHI(MININl.> KAINfALL "UNT AFlfCT PROBABILITY Of THE STRUCTURES INflUENCES OAIIAG£ 
NtlutH ANI.I F Rl WE NLY fLOOOING AT SUBJlCl BUILD- OOUNT Of LOSS 

• ARlAL ~Ill ANO SLOPE Of ING 
• PHYSIOGRAPHY· LOCAL TOP-

UPSTkf AM wAT£RSHED • • lotAL SLOP£, CHANNH OGRAPH'!' IMPOIHAHT fACTOR 
D£lEHMINl AMOlJtT Of WATER ROUGHNl)S. CHANNEL (ON- IN DETERMINING NlItHER OF 
AVAILABLE TO flOOD AH AREA ~TRICTIONS - DETERMiNE STRUCTURES THAT KAY BE 

• HHI-'UIATuRE, WINO. DEP1H AND PROBA,8111lY Of LOCATED ON flOOD PLAIN 
HUI'IIOIIY • THESE CLIMATIC fLOODING AT SUBJECT BUILO-

• STRUCTURE VALUE - AVERAGE 
CONDI1ION~ ARE IKPORTAfrH ING 

STRUCTURE VALUES O!PEND 
PAAAHl H.HS IN Dt:T£RMINiNG ON REGION OF COl.rtlRY 
AAH AND AMOUNT Of RUNOff 

• VEGETATION. SOil. SURfACE 
CONDITIONS· TH[S{ CONDi-
TiONS ARE iMPORTANT PARAM-
ETERS IN OETERtUNJNG RATE 
OF RUNOff 

• ARlAl EXT(NT Of RESERVOIRS, 
LAlES. DEPRESSIONS AND ANTE-
CEDENT NJISTuRE - INflUENCE 
RAT[ AND OOllH Of RUNOFF 

• CHANNEL LENGTH. DRAINAGE 
Ak[A StiAPE - AfFECT FLOOD 
DEPTH AND VELOCITY 

• D[GkH Of URBANIZATION Of 
WAlER)HEO • IMPORTANT IN 
DElEkMINING AMOUNT AHO 
RATE Of RUNOf F 

l 
TH[ AGGREGATION Of THESE fACTORS PRODUCES A THESE FACTORS PRODUCE All EXPO- THE HlItBER Of EACH STRUCTURE 
HAZARD MODEl IN TH( FORM Of A DEPTH-PROBABllfTY SURE I()DEL IN THE FO ... OF ·TYPE ON HOOD PLAIN IS THE 
CURVE AT THE SUBJECT CITY (AGGREGATION IMPLICIT N<MlER AND VALUE OF STRUCTURES VULNERABILITY FOIl RIVERINE 
IN THE M)NTE CARLO APPROACH) fOR EACH HAZARD ZONE ON A FLOODlNG 

REGIONAL/CITY SIZE BASIS 

T l 
OAM/I.G( AlGORtHtI. • A SET OF 

I-- RISk fROM RIVERINE flOODING IN fORM Of AVERAGE ANNUAL lOSS ON A REGIOfW,. BASlS DEPTH-PERCENT DAMGE CURVES 
fOR VARIOuS STRUCTURE TYPES 

Figure 3-25. Riverine Flooding Risk Determination Process 
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Storm Surge 

Storm surge is the increase in water level above normal tidal action caused by 
storm conditions. In the United States a surge-producing storm is usually either a 
hurricane, which develops from a tropical weather disturbance, or a "Northeaster" 
which develops in the North Atlantic. Thus, the storm surge hazard is primarily 
of concern on the Atlantic and Gulf Coasts of the United States. The risk deter
mination procedure for storm surge is summarized in Figure 3-26. 

EN'o'!lh.lNHfNTAl C~OITJON~ THAT SIT[ "lIUlfI£RS THAT AffECT IMPORTANCE AND VALUE OF CLASSIfiCATION Of STRUCTURAl. STRUCTURE QUALITY 
PRODuCE HAZARD INHHSITY OF HAZARD STI<uClUR[ TYPES [XPOSlO 

• HE HOIWLOGICAl COHO IT IONS - • LOCAL BATHYMETRy - TilE VER- t NUMBER OF PEOPLE OH flOOD · RESIDENTIAL • CONSTRUCTION TYPE - sOtt. 
HuRRICANES ARE PROOU([O BT 1lC.A!.. PROf iU Of THE LOCAL PLAin - LOSSES ARE DtRtCT· ONE SlORy Wl1H BASEMEHT 1 YP[ S OF CONS 1 RueT ION ARE 
AH«lSPHlRIC CONDiTIONS FOUND COAsTAL AREA IS VERY ItIFLU- l Y PHOPORT IOMl TO NUttiER OHE STORy wnHOUT SASE- KlN£ SUSC[PTJBl£ TO fLOOO 
IN THE TROPICS ALTHOUGN ElnlAL IN DETERMINING STORM OF PEOPLE ON THE COASTAl , ... , DAMAGE 
SOMf. SuRGES ARE PRODUCED SURGE DEPTH FLOOD PLAIN TWO OR f()RE STORY WITH 

• fLOO{J PROOfiNG 10 MINIMIZE 
IT UTRA- TROPICAL STORIII • COASTAL ORIENTATION· THE • OCCUPANCY Of STRUCTURES ON i+ ~~~E~N~HE STORY wITH- ... DAMAGE: • fLOOD PkOOFED 

OIH£t<H.HOt'l or THE COPSTUKE fLOOD PL"tM - THE US.E Of 001 BASElt:NT SlROC11.lA.£S WIll HA"E " 
THERE ARE fiVE DISTINCT PROCESS· WITH RESPECT TO THE PREVAIL~ THE STRUCTURE INFLUENCES J«)6JLE HOMES LOWER AVERAGE ANNUAL LOSS 

IHG ttuRRICAH[ I«)V[HfNT THE AK>UNT OF lOSS E$ ASSOCIATED WITH STORMS TKAT INflUENCES STORM SURGE DEPTt! • C!»KRCIAl 
PRODUCE SURGE • HUlEER OF STRUctURES ON ONE STORY WITH BAS[P1ENT 

• THE PRESSURE EffECT - L~ • COASTAL illREGULARITIES • FLOOO PLAIN - A REUTlOH- ONE STORY WITHOUT SASE-
CORE P~[SSUR[ MY CAUSE ~ 

BAYS, INUTS. SAND SARS, oFf- SHIP BETWEEN PEOPLE AHa MEKI 
SEvERAl.. fOOT RISE IN WATER· SllORf I SlANDS ALL INFLUE~CE STRUCTURAl VALUE WAS USED TWO OR f«)R£ STORY WITH 
LEvEL 

STORM SURGE: DEPTH TO ESTlI4ATE LOSS TO BASEKNT 
• LOCATi()fij OF STRUCTURE WITH STRUCTURES TWO OR M)RE STORY WI TH· 

• TH( ONSHORE wiNO EFftCT - RESPECT TO FLOOD PLAIN - OUT BASEMEN1 ClfISHOIH wUWS (AuS[ WATER 
TO PILE UP (WIND SET-UP) O(1[RJo!IN(S WATER DEPTH AT • INOUSTRli\l SUSJEc.1 SUllDlltU AT ShORE LINE 

• CORIOlIS UFfCi - THf ROTA- • LOCAlJDN Of AOJAC£NT BUILD-
TIClfI or THE EARTH COUPLED JUGS - AOJACENT BUILDINGS 
WITH AUJ"GSHOR£ (URRENTS OFTEN PROVIDE PRDTEClJOfI 
"", CAUSE WATER TO BE fROI< ..... VES 
fOl<CED 100.Wl SHORE • PRESEtiC,E or ENGINEERING 

• WAvE EfFECT - wAvES CAUSf WORKS· LOCAL fLooDWAllS. 
WAHR TO BE AC(UPlJLAlfD M[AA LEV[[S, BREAKWATERS PROVIDE 
SHORE (WAVE SO-uP) AND SOK PROTEClJ~ FR!»! WAvES 
CAUSE OIJIAGE FROM THEIR GfU.AT AHD WATER 
fOR([ 

• RAJhFAll fFFlCT - TH£ TREMEN-
DOus RAINFAll ASSOCIATED 
WITH HURRICANES OFHN 
CAUSES COASTAL FLOODING 

1 
KIST or THESl FACTOItS HAVE BHN EXPLICilLY INClUDED IN THESE FACTORS PRODUCE AN EXPO- THE P[RCflH Of [ACH STRUCTURE 
THE D[PTH-PROBABlllTY CURvES PR[PAREO BV ttAAlOUS RE.SEARCH- SURE KlOEl IH IKE fORr. Of HPE A"{} lH[ P[R(£"T flOOO 
ERS AHD uSED HERE AS THE sTOAA SURGE ttAlAAO Jil)OH DOllARS PER P[RSOH Oft FLOOD PROOFED ON THf COASTAL FLOOD 

PLAIN FOR VARIOUS STRUCTURE PLAIN IS THE VULNERABILITY 
TYPES o«lIlEl FOO! SlQAA SURGE 

! ! ! 
OAW.GE AlGORJTIfo1 • A SET OF 
DEPTH-PERCENT OAKAGE CURVES RISK FROM STORfol SURGE IN FORM Of AVERAGE ANNUAl LOSS ON A STATE AND COUNTY BASIS 
F~ VARIOUS STRUCTURE TYPES 

Fi gure 3-26. Storm Surge Risk Determination Procedure 

The purpose of the hazard intensity model is to associate probabilities of annual 
by developing plots of occurrence with given tide heights. This is accomplished 

tide height versus frequency of occurrence 
shows a typical tide/frequency plot. This 

for specifi c 1 ocati ons. Fi gure 3- 27 
approach gives either the return period 

or the annual probability of exceeding that for exceeding 
height. 

a certain tide height, 
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RETURN PERIO~. T(h) 
1.11 1.43 2 ~ 10 20 100 1000 

0.9 0.7 0.5 0.2 .10 .05 .01 .001 J'-IUI 

PROBABILITY OF EXCEEDING TIDE HEIGHT. P(h) 

Figure 3-27. Typical Tide/Frequency Curve 

At the present time, two methods are used by ecologists for generating tide/ 
frequency plots at specific locations: statistical analysis of historical 
data or synthetically generated tide data based upon generalized statistical 

hurricane data and hydrodynamic surge model. 

For this study, the historical method was used wherever possible. This 
method assumes that the tides of present and future storms can be related to 
past history. Therefore, actual storm tide data that has been compiled at a 
location for a limited number of years is used to calculate a tide/frequency 
curve. For purposes of predicting storm tides of events with long return periods, 
the curve must.be cautiously extrapolated. This method has the advantage of 
utilizing real storm data which inherently account for the random occurrence of 
the storm tide with the astronomical tide. The disadvantage of this method lies 
in the limited time span of most recorded historical data and the need to extra
polate when considering events with small probabilities of occurrence. 

Storm surge hazard intensities, in the form of tide/frequency curves, were devel
oped on a county basis for states along the Gulf and Atlantic Coasts. In general, 
only coastal counties are involved; however, in several states inland counties 
are included because of their low elevation relative to mean sea level. The de
lineation of the hazard intensities on a county basis enables damage estimations 
to be produced which can be used to assess problem areas. 
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Whether or not people are exposed to the storm surge hazard depends on their loca
tion relative to mean sea level. The largest surge height used in this study is 
23 feet above mean sea level (msl). For this study, therefore, people 1 iving in 
coastal areas below 23 feet msl may be exposed to some degree of storm surge risk. 

An estimate of the distribution of people and buildings by elevation intervals 
(i .e., one-foot increments) was developed for each county along the Atlantic and 
Gulf Coast. Only one other study to date [Friedman and Roy, 1966] has attempted 
to define such an extensive exposure breakdown. Data from that study was incorpor
ated into this one, particularly in those regions where more current or more ac
curate information was not available. 

The exposure model is only roughly defined because of the following: 

• Distribution Increments - damage varies with water height, thus, the 
population exposed must be distributed to relatively small elevation 
increments (one-foot increment). This is a much finer increment than 

that for which population information is available. 

• Type of Data Available - topographic and storm-evacuation maps at best 
only resolve elevation contours down to five-foot elevations. Thus, 
approximate relationships had to be developed to distribute the populace 
into one-foot elevation increments. 

• Quantity of Data - analysis of all available topographic and storm
evacuation maps to estimate exposed population was not feasible within 
the constraints of this project. 

The exposed population and their distribution must be considered in relation to 

manmade or natural barriers that might protect all or part of the county. Where 
large seawalls exist and protect all or nearly all of the county population to a 
specified height, the natural hazard model was modified by setting the surge probabil
ity for depths below the height to zero. In those cases where seawalls or levees 
protect only a 1 imi ted area of a co'unty, the exposure model for that county was 
reduced based by the percentage of the population estimated to be protected. 
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Table 3-7 summarizes the 1970 county exposure together with known information on 
the protective measures. It was assumed that the first floor of all structures 
would be 2 feet above the grade due to the prevalence of foundations and basements. 

The damage relations used for storm surge consist of a set of depth-damage curves. 
These damage curves provide an estimate of the percent of damage as a function of 
water height above the structure's first floor. There are two types of damage 
associated with storm surge. The first type is due to "stillwater" effects and is 
similar to that caused by riverine flooding except slightly more severe because of 
the corrosiveness of seawater. The second type of damage is caused by wave action 
which imposes large forces on the structure. 

Because the degree of damage is also a function of structure type, ten separate 
structural categories were considered: 

• One-story residential without basement 

• One-story residential with basement 

• Two-story residential without basement 

• Two-story residential with basement 

• One-story commercial without basement 

• One-story commercial with basement 

• Two-story commercial without basement 

• Two-story commercial with basement 

• Industrial buildings 

• Mobile homes 

These damage curves were prepared for each structure type to reflect different 
levels of wave action: 1. stillwater; 2. light to moderate wave action; and 3. 
moderate-to-heavy wave action. A typical damage-depth curve is presented in 
Figure 3-28. These curves represent average damage and are only indicative of how 
a large sample of structures would be damaged. 
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Figure 3-28. Typical Storm Surge Depth versus Damage Curves (Heavy 
Wave Action) 

18 

The risk model uses the hazard, exposure, and vulnerability models to predict 
expected average annual losses from 1970 to the year 2000. For each county ex
posed to the storm surge hazard, the annual probability of different surge heights 
are applied to the exposed population and expected damages calculated from the 
damage curves and the vulnerability model. 

Tsunami 

Although tsunamis have been recorded in the Atlantic Ocean and Carribean Sea, 
only one or two since the European Settlement began have ever caused any damaqe to 

the eastern edge of the North American continent. One struck Puerto Rico in 1918 and 
another, the eastern coast of Canada in 1929 [Ayre, 1975]. We therefore know that 
the average annual risk is very small; howeve~an exact quantification of it will 
require a much longer data base than is currently available. Consequently, the 

damage estimates developed herein have concentrated strictly on the Pacific Basin. 
A summary of the risk of damage assessment procedure is presented in Figure 3-29. 
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Figure 3-29. Tsunami Risk Determination Procedure 

Both the hazard and exposure estimates are organized on a community basis. A 
list was compiled of all recognizable comm~nities, incorporated and unincorporated, 
along the Pacific Coast of the United States. Hazard parameters were then 
generated for each listed community. Likewise, an exposure estimate was developed 
for each community. The results generally show that the critical item in the 
determination of average annual damage is the exposure model (i.e., the number of 
people exposed to tsunami) and not the hazard model. 

The hazard model for tsunami is similar to the storm surge model. A plot of 
run-up height versus return period or annual probability of occurrence is prepared 
for each community. These relationships are illustrated in Figure 3-30. 

The following discussion provides a general description of the tsunami hazard 
and exposure vulnerability relationships. The areas of investigation include: 
the coastlines of California, Oregon, and Washington; the southern coastline of 
Alaska (including the Aleutian Islands); and the Hawaiian Islands. The counties 
within these states experiencing exposure to the tsunami hazard are listed in 
Tabl e 3-8. 
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Figure 3-30. Typical Tsunami Run-Up/Frequency Relationships 

CALIFORNIA 

SAN DIEGO 
ORANGE 
LOS ANGELES 
VENTURA 
SANTA BARBARA 
SAN LUIS OBISPO 
MONTEREY 
SANTA CRUZ 
SAN MATEO 
SAN FRANCISCO 
ALAMEDA 
CONTRA COSTA 
SOLANO 
MARIN 
SONOMA 
MENDOCINO 
HUMBOLDT 
DEL NORTE 

OREGON 

CURRY 
COOS 
DOUGLAS 
LANE 
LINCOLN 
TILLAMOOK 
CLATSOP 

HAWAII 

HAWAII 
HONOLULU 
KAUAI (INCL. KAUAI, 

NIHAU ISLANDS) 
MAUl (INCL. MAUl, 

MOLOKAI, 
LANAI ISLANDS) 

ALASKA 

OUTER-KETCHIKAN 
KETCHI KAN 
PRINCE-OF-WALES 
WRANGELL-PETERSBURG 
SITKA 
ANGOON 
JUNEAU 
SKAGWAY -YAKUTAT 
HAINES 
CORDOVA-McCARTHY 
VALDEZ-CHITINA-WHITTIER 
SEWARD . 
KENAI-COOK INLET 
ANCHORAGE 
MATANUSKA-SUSITNA 
KODIAK 
ALEUTIAN ISLANDS 
BRISTOL BAY 
BRISTOL BAY BOROUGH 
BETHEL 
WADE HAMPTON 
NOME 

WASHINGTON 

WAHKIAKUM 
PACIFIC 
GRAYS HARBOR 
JEFFERSON 
CLALLAM 
KITSAP 
ISLAND 
PIERCE ISLAND 
KING 
SNOHOMISH 
SKAGIT 
SAN JUAN 
WHATCOM 

Table 3-8. Tsunami Study - Counties Covered 
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The primary data source for the hazard model for the coterminous United States 
was the work performed by Houston and Garcia [1974, 1975J. This work is not based 
on historical runup data, since little exists, but on an inductive approach, using 
postulated source characteristics and propagation models. Only tsunamis of distant 
origin were considered, since the California coastal area does not have the char
acteristics of known tsunami-generating regions. Detailed height/frequency rela
tionships [Figure 3-30J were obtained for Hilo, Hawaii [U.S. Army Corps of Engineers, 

1966J, and Crescent City, California [California Office of Emergency Services, 
1972]. The Hilo curve formed the basis for the hazard intensity assessment in 
Hawaii and the Crescent City curve formed the basis for much of Alaska. The 
uncertainty in the tsunami depth-probability relationships is estimated to range 
from ± 40 percent to ± 75 percent. 

The exposure model for tsunami was developed following four basic steps: 

(1) Determine (wherever possible and from whatever source available) 
an inundation area for the 100-year and/or the 500-year events. 

(2) Assume a linear relationship between inundation area and tsunami 
height so that an inundation area can be associated with any return 
period. 

(3) Determine the population density of the inundated area using a 
relationship between city size and density and data (where available) 
on the specific type of land use present. 

(4) Limit the exposure at low elevations but providing that there be no 
structures exposed below the nearest integer height above the spring 
tide height (all heights measured from mean sea level, MSL). 

There were 191 separately identifiable communities in California, 80 in Oregon, 
182 in Washington, 197 in Alaska, and 147 in Hawaii that were catalogued as being 

potentially subject to tsunami. 

Inundation area for approximately 78 percent of the communities potentially subject 
to tsunami were developed. In many cases, this area was determined to be zero. 
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Fourteen different sources [See Lee, et. al., 1976J were used to estimate inunda
tion areas. Most data souces provided maps which outlined inundation areas 
associated with specific recurrence intervals. These areas were measured to 
quantify the size of the inundation area. When inundation areas were not 
already defined, topographic maps were utilized. In these cases, the inundation 
area was defined as that area laying between the shoreline and the elevation 
contour equal to the tsunami recurrence height. 

As for the other water related hazard, the tsunami damage· relationships consist 

of a set of depth-damage curves. The structural categories are similar to those 
used for storm surge, except for the expansion of industrial buildings to include 
port facilities. 

Depth-damage curves developed by the Corps of Engineers [1966J, were available 
for one and two-story residential structures without basements. This data to
gether with the Federal Insurance Administration curves for riverine flooding 
[Grigg, et. al., 1975J formed the basis for the depth-damage curves [Figure 3-31J 
adopted for this 
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Since only limited data is available on tsunami depth-damage relationships, 
engineering judgement was a fundamental component in the development of these 

damage curves. 

The risk model uses the hazard, exposure and vulnerability models to estimate 
expected average annual losses for the year 1970 to the year 2000. For each 
county, as well as for each community within that county, the annual probability 
of different tsunami heights was applied to the exposed population and expected 
carnages were calculated using the damage curves and the vulnerability model. 

Wind Hazards 

The wind hazards considered in this study are tornadoes, hurricanes, and severe 
winds. Tornadoes and severe winds occur in every state of the United States while 
the hurri~ane problem is confined primarily to the Gulf and Atlantic Coast areas. 

The principal difference in the risk determination procedure between the three 
wind hazards is in the assessment of the intensity of the occurrence of the hazard. 
The same exposure-damage relationships were used for all three hazards. The follow
ing discussion explains the differences in the hazard models and describes the 
exposure-damage relationships and risk procedure. A complete discussion of the models 

developed for this study is contained in a report entitled; "Natural Hazards: 
Tornado, Hurricane, Severe Wind Loss Models", by Hart [1976J. 

Tornado 

Although a tornado is a complex meteorological system with as yet no universally 

accepted description, the distribution, occurrence, and intensity for these 
phenomena have been fairly well established. The risk determination procedure 
used for the tornado analysis is described in Figure 3-32. 

Numerous authors have studied this complex phenomenon, but two are particularly 
applicable to this work because of their convenient data format. Thorn [1963] 
and Pautz [1969J performed similar studies of tornado occurrence and intensity 
during the years 1955-1967. Both authors used a 1° by l~ regionaliza-
tion for tornado occurrence. The total number of tornadoes recorded by these 
authors in each cell for the period from 19~5 to 1967 are shown in Figure 3-33. 
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Figure 3-32. Tornado Risk Determination Procedure 

The environmental conditions which produce tornadoes and the site modifiers which 
affect their intensity are many and they are inter-related in very complex ways. 
The dominant characteristic of a tornado, however, is the maximum wind speed. 
Fujita [1970] developed a sub-classification whereby tornadoes are classified by 
thei~ maximum wind speeds. His classification categories were used for this study 
[Table 3-9]. It was also assumed that the probability of a tornado striking an 
area is uniform over each 1° by 1° geographic grid. Thus, each county in the 
United States was assigned the tornado probability for the 1° grid in which its 
county seat is located [Figure 3-33]. Risk of damage was estimated utilizing 
the Thorn and Pautz data bases for tornado occurrence and the tornado intensity 
distribution shown in Table 3-9. 

WIND FUJITA MAXIMUM WIND VELOCITY 
STATE CLASSIFICATION (MPH) 

PERCENT OF OBSERVED I 
TORNADOES IN CLASSIFICATION I 

1 - - not 
2 FO 40 - 72 (56)* 
3 F1 73 - 112 (93) 
4 F2 113- 157 (135 ) 
5 F3 158 - 206 (182 ) 
6 F4 207 - 260 (234) 
7 F5 261 - 318 (290) 

* simple average wind speed; Wind speeds are at 1/4 mile 
**[Fujita and Pearson. 1~73] 

applicable to 
19.9** 
44.0 
26.6 
7.2 
2.1 
0.2 

Table 3-9. Fujita Classification and Tornado Occurrence 
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Hurricanes 

Hurricanes are large cyclonic storms with wind velocities in excess of 73 miles 
per hour. Although hurricanes differ from tornadoes in the following respects, 
the risk associated with them can be determined in a similar fashion (Figure 3-34). 
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Figure 3-34. Hurricane Risk Determination Procedure 

1) Hurri cane maximum wi nd speed is usually 1 ess than that of a tornado. 
2) The rotating hurricane air mass covers a much greater land area than 

a tornado. 
3) The lifetime of a hurricane is measured in days, whereas a tornado is 

measured in minutes or hours. 
4) The pressure differential associated with a hurricane is more gradual 

than that associated with a tornado. 
5) Hurricanes are less prone to carry heavy missiles than are tornadoes 

due to the lower wind speeds. 
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Utilizing an extreme wind speed model proposed by Thorn [1968J, a 1° by 1° grid 
was overlaid on the coastal area of the United States where hurricane winds occur. 
Utilizing Thorn's wind speed maps, it was possible to establish the probability 
of hurricane winds occurring at varying wind speeds for each grid cell and thus 
each county. The maximum wind speed ranges and the representative wind speed 
for each wind state is presented in Table 3-10. As with tornado, the probability 
of occurrence is assumed to be'uniform over the entire 1° p~r square grid cell. 

WIND REPRESENTATI VE RANGE OF WINDSPEED (MPH) 
STATE WINDSPEED U~PH) 

1 75 73.0 - 87.5 

2 100 87.5 - 112.5 

3 125 112.5 - 137.5 

4 150 137.5 - 175.0 

5 200 175.0 - 225.0 

6 250 225.0 - 275.0 

7 300 275.0 - 325.0 

Table 3-10. Hurricane Representative Windspeeds and Corresponding 
Windspeed Range 

Severe Winds 

Severe winds ranging in speed up to 150 mph are common to all states. The risk 
determination procedure for severe winds [Figure 3-35J is similar to the other 
wind hazards. 
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Figure 3-35. Severe Wind Risk Determination Procedure 

Thorn [1968] developed an extreme wind characterization of the United States. How
ever his wind speed maps are not appropriate for damage estimation because they 
are based only on the Single most severe wind speed each year. Therefore, the 
occurrence statistics for severe winds based on maximum hourly wind speed obser
vations and maps developed by Valley [1965J were adapted in this study. A model 
of this type allows for the probability of the occurrence of multiple severe winds 
in any single month. 

For this study, severe winds are assumed to be uniform over the 1° by 1° grid as 
was done for both tornadoes and hurricanes. Although this uniformity is not 
always true, a severe wind micronization is not warranted, or practical, for a 
broad damage estimation such as this. 

Exposure-vulnerability Relationships 

The degree of damage which can be expected for a building exposed to a particular 
wind state depends on the type of construction [Hart, 1976]. Consequently, eight 
separate structural categories were considered: 
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• One-to-three story wood frame residential 
• One-to-three story wood frame co~mercial, financial and service 
• One-to-three story concrete and masonry wall, residential 
• One-to-three story metal commercial, financial and service 
• One-to-three story concrete and metal commercial and industrial 
• Four-or-more story steel ductile frame 
• Mobile homes with engineered tie-downs 
• Mobile homes without engineered tie-downs 

In addition, two categories of wind characteristics were examined to estimate 
window damage. These are: windows in structures of less than four stories and 
windows in structures of four or more stories. 

Structure type, structure value, numbers of structures, and the distribution of 
structures, all determined on a county basis provide the exposure model used to 
assess the risk of buildings to wind hazards. Damages were calculated for each 
of the building and window categories using a wind state-percent damage matrix 
[Hart, 1976J. 

Utilizing the probabilistic wind speed intensity grids developed for each wind 
type, the damage matrices and estimates of the United States building population, 
it was possible to estimate the risk (i.e., average annual loss) for each state 

or county. 

The quantitative description of damage resulting from wind is of significant 
engineering importance and can lead to new design requirements which provide 
more wind resistant structures. There is,however, a shortage of quantitative 
knowledge concerning the relationship between wind damage and wind velocities 
[Hart, 1976J. It appears that an analytical prediction of building damage under 
a specific wind state is not within the present state of the art. It was neces
sary, therefore, to develop a means to relate wind state (i.e., speed) to damage 
percentage. The damage matrix approach developed by Whitman [1974J for quanti
fying earthquake damage was found to be applicable. Damage matrices were develop
ed for each structure type and for windows. A panel of wind engineering experts 
was asked to estimate the probable degree of damage as a function of wind speed 
for each structure type. These data then were combined to produce a set of 
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probabilistic damage matrices. A typical percent damage versus wind speed plot 
is presented in Figure 3-36. These curves represent average damage and are 
indicative of how a large sample of structures would be damaged when subjected 
to winds of varying intensities. 
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Figure 3-36. Typical Mean Damage Versus Wind Speed 

Cost Analysis Methods 

For each hazard, a set of possible mitigations was identified and estimates of 
mitigation-related damage reductions were prepared. For most of these mitigations, 
the investment costs associated with application of the mitigation were determined. 
These estimates were expressed either as unit costs (viz. cost to provide fifty
year-flood protection to one community, cost to floodproof one single family 
dwelling unit) or as a percent of the value of the structure(s) to which the 
mitigation was intended to be applied. Typically, these data then were utilized 
to calculate fifty-year annual amortized mitigation costs over a range of interest 
rates. The rates of annual mitigation costs to annual do~lar loss reductions 
predicted for the mitigation then was determ~ned and annual net savings (annual 
amortized mitigation costs minus annual loss reduction) were calculated. Also, 
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for all hazards. the building-life projections of IInet savingsll have been 

discounted over a range of appropriate rates. 

Mitigation Cost Estimates 

Estimates of mitigation costs were developed through use of data presented by 
the Naval Facilities Engineering Command [1973J. Carson [1975J. U.S. Corps of 
Engineers [1975J. Leslie and Biggs [1972J. Godfrey [1977J, Federal Insurance 
Administration [1976J. and Structural Engineers Association of California (SEAOC) 
[1970J. All estimates include the cost of both labor and materials. Since some 
of the source data were available only to specific regions. all cost data have 
been adjusted to account for the regional differences in construction costs which 

are depicted in Figure 3-37. 
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Earthquake Mitigation Cost Data 

Cost estimates were developed for the following earthquake mitigations: 

• Modifying or designing structural and non-structural systems 
to UBC Seismic Zone 1; 

• Modifying or designing structural and non-structural systems 
to UBC Seismic Zone 2; 

• Modifying or designing structural and non-structural systems 
to UBC Seismic Zone 3; 

• Modifying or designing structural and non-structural systems 
to UBC Seismic Zone S; (2x UBC Zone 3) 

• Modifying or designing non-structural systems to UBC Seismic Zone 1; 

• Modifying or designing non-structural systems to UBC Sei smi c Zone 2; 

• Modifying or designing non-structural systems to USC Seismic Zone 3; 

• Modifying or designing non-structural systems to UBC Sei smi c Zone S; 
(i.e., 2x UBC Zone 3) 

Non-structural systems are defined as those elements of a building that are not 
integral to its construction, such as the architectural treatment, mechanical 
and electrical facilities, partitions, glass panels, etc. Figure 3-38 provides 
estimates for existing and proposed high-rise structures based on a study per
formed by Leslie and Biggs [1972J, and Figure 3-39 gives estimates for 
proposed low-rise structures based on the report by SEAOC [1970J. These esti
mates represent the percent increase over the total original costs. For high
rise buildings, estimates are provided for reinforced concrete structures (frame 
+ non-structural) and steel structures (frame + non-structural). The higher 
costs shown for reinforced concrete structures are a result of several factors: 
1) higher design, detailing, and placing cost for a structurally more complicated 
resisting frame; 2) stringent design criteria (ductile, seismic resistant struc
tures); 3) for an equal volume structure, a concrete structure is more stiff 
than a steel structure and so attracts higher seismic design forces. From Fig
ure 3-39 the highest cost increases are reported to be for concrete block 
buildings. As a matter of fact, these structures are highly unsuited for high 
lateral forces and as a result, they need extensive reinforcing. 
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It should be mentioned that the cost estimates assume that the original structure , 
is of quality design and meets minimum code design (wind forces), and that the 
structural design for each seismic zone is the most economical for the given 
force constraints. The curves are not based on increasing the lateral force
resisting system that was adequate for the wind loads. Rather, the cost curves 
include the change of frame type to accommodate changing force constraints 
(e.g., change from non-ductile reinforced concrete vertical load frame in Zone 1 
to a ductile reinforced concrete moment-resistant frame in Zone 3).* Mitigation 
costs (as percent of building value) for modification of existing structures are 
assumed to be eight times those identified above. 

Wind Mitigation Cost Data 

Cost estimates were developed for building strengthening measures capable of 

yielding UBC wind resistance ratings, as indicated: 

STRUCTURAL CLASSIFICATION 

One-to-three story residential Wood Frame 
One-to-three story residential Concrete or 

Masonry 
One-to-three story commercial Wood Frame 
One-to-three story commercial Concrete or 

Masonry 
One-to-three story commercial Metal (non-

steel) 
Four-or-more story, Concrete or Masonry 

Four-or-more story, Concrete Shear Wa 11 
Steel Frame, regardless of height 
Mobile Home 

STRUCTURAL DESIGN LEVEL 

0.75, 1.0, 1.5, 3.0 UBC 
0.75, 1.0, 1.5, 3.0 UBC 

0.75 UBC 
0.75 UBC 

0.75 UBC 

0.75 UBC 
0.75 UBC 
0.75 UBC 

UBC 

*Note that all cost curves in Figures 3-38 and 3-39 are for proposed buildings. 
Since the cost of modifying an existing structure to the foregoing levels is 
considerably higher than that for a proposed structure, the percent increase is 
multiplied by a factor of 8 to obtain cost factors for existing structures. 
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The cost estimates presented in Figures 3-41 and 3-42, for high-rise and 
low-rise structures, were derived from those presented for earthquake using the 
relationship of Figure 3-40. It relates the UBC Seismic Zones to the UBC 

wind loads based on identifying the USC levels for the two categories which 
have the same base shear force on which the Building Code is based. The upper 
and lower abscissa of Figure 3- 40 shows this relationship.* The data points 
(represented by ~) were taken from SEAOC [1970J and represents the percent cost 
increase in designing a one-, two-, or three-story brick or concrete block building 
to the various design levels excluding the non-structural part. The data point 
for seismic Zone 2 cost was developed under the assumption that for areas located 
in Zones 0, 1, and 2, the percent increase over the original cost is 4 percent, as 
reported in Figure 3-39, where the non-structural elements are also taken into 
account. The point for Seismic Zone 3 cost was developed under the assumption 
that for areas which do not presently enforce the USC design for hurricane, tor
nado, severe wind, or earthquake, the percent increase over the original cost to 
meet Zone 3 requirements would be 9 percent. If the area does not enforce the 
USC design requirements for wind, then the increase to meet Zone 3 requirements 
is only 4 percent. The curves in Figures 3-41 and 3-42 are the same as those in 
Figures 3-38 and 3-39 (used for the earthquake cost data), but now the abscissa 
have been changed to introduce the wind loads. 
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*This relationship has been introduced to determine the wind cost factors from 
the earthquake cost factor. 
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As with the earthquake data, the percent increase for a proposed building is 
multiplied by a factor of 8 to get the cost (as a function of replacement value) 
of modifying an existing building. 

Note that,in working the comparison between UBC Seismic Zone and UBC Wind Loads, 
we consider the effectiveness of the mitigations to be the same for the two types 
of hazards. Only under this assumption can the wind mitigation cost data be con
sidered to be reliable. 

The cost of anchoring a mobile structure was found to be approximately $500 per 
unit from a telephone survey of several mobile home dealers. 

The cost of strengthening windows for wind loading was found to be $0.62 per sq. 
foot from Building Construction Cost Data [1972]. Overall, the percent cost in
crease over the original cost is about 75% higher for concrete than for steel 
structures in high-rise buildings, and about 200% higher for brick or concrete 
than it would be for wood frame structures for low-rise buildings. 

Flood Mitigation Cost Data 

Cost estimates were developed for two classes of mitigations: (1) floodproofing 
to exclude water (for residential and commercial structures); (2) elevating 
building (on "fill" and "other than fill ") for masonry, wood frame and wood 
frame on slab foundation. The cost data are summarized in Figures 3-43 
through 3-45. These figures are a very rough approximation of data provided 
in Carson [1975J, F.I.A. [1976J, and U.S. Army Corps of Engineers [1975], using 
an assumed baseline construction cost of $25/sq. ft.; the reason for doing this 
is to normalize the data that is given for particular samples for which this 
analysis was performed. Figure 3-43 shows the percent increase in cost at 
different levels of mitigation, represented as flood height protection for 
residential structures excluding wood frame buildings. It shows that floodproof
ing structures with basements would cost 3.50 times the same mitigation applied to 
structures without the basement. For commercial buildings the difference drops 
to 0.60 times [See Figure 3-44J. 

Figure 3-45 summarizes the costs of elevating structures through means other 
than fill, usually through pilings or walls. The increasing cost for this 
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Figure 3-43. 

Figure 3-44. 
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mitigation is 60% more for masonry buildings than for wood frame buildings, 
mainly due to the higher weight of masonry structures. An average decrease of 
70% is obtained when passing from "raising by means other than fill" to "rais
ing on fill" up to 4 feet. 

At higher levels there is a more pronounced increase of costs of elevation on 
fill because the initial construction costs for foundation and walls in the A 
and B type of mitigation (see Figure 3-45) are amortized for higher eleva
tions. 

National Average Cost Factors 

Tabular expressions of the cost curves presented above are depicted in Tables 
3-11,3-12, and 3-13. 
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PROPORTION 1.5 UBC 3.0 UBC 

CONCRETE 
+3 STORIES 25.42~ .031 .060 

STEEL 
+3 STORIES 25.42% .025 .062 _.-._._--
BRICK RESIDENTIAL 
1-3 STORIES 8.05% .033 .095 

WOOD FRAME RESIDENTIAL 
1-3 STORIES 41.05% .010 

I 
.030 

AVERAGE COST FACTOR .021 .051 

Table 3-11. National Average Wind Building Code Cost Factors 

PROPORTION ZONE 3 2X ZONE 3 

CONCRETE 
+3 STORIES 25.42% .038 .130 

STEEL 
+3 STORIES 25.42% .027 .088 

BRICK RESIDENTIAL 
1-3 STORIES 8.05); .065 .180 

WOOD FRAME RESIDENTIAL 
1-3 STORIES 41.05J; .020 .060 

AVERAGE COST FACTOR .030 .095 

Table 3-12. National Average Earthquake Building Code Cost Factors 

2 FT. 4 FT. 
FLOOD PROOFING PROPORTIONS PROTECTION PROTECTION 

RES I DENTIAL 
WITH BASEMENT 27.52l; .333 .373 

RES I DENTIAL 
WITHOUT BASEMENT 27.08% .053 .093 

COMM. & IND. 
WITH BASEMENT 25.82% .074 .103 

COMM. & IND. 
WITHOUT BASEMENT 22.58% .038 .066 

AVERAGE COST FACTOR .132 .166 

2 FT 4 FT 
ELEVATION PROPORTIONS PROTECTION PROTECTION 

MASONRY 16.40% .227 .272 

WOOD FRAME 17.73l; .139 .176 

WOOD FRAME OR SLAB 65.8n .083 .136 

AVERAGE COST FACTOR .117 .165 

Table 3-13. National Average Storm Surge Building Code Cost Factors 
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Cost Feasibility Analysis 

For each of the mitigations discussed above, "break-even" damage rates al so were 
calculated [See Table 3-14J. Such a rate is defined as that building damage 
rate which must occur in an area if a hazard-specific mitigation is to produce 
annual loss reductions which are at least equal to the annual amortized cost of 
the mitigation. 

Five values are necessary to determination of ','break-even" damage rates: 
(a) the initial cost of the mitigation; (b) the annual expected loss reduction 
associated with the mitigation; (c) the period of time over which costs due to 
be amortized and loss reductions are to be experienced; (d) the total estimated 
loss reduction which will be produced by the mitigation over the lifetimes of 
buildings on areas to which the mitigation is applied; (e) either the discount 
rate which is to be applied to building-life loss reductions, or the building 
life accumulated annual amortized costs of the mitigation at a specified inter
est rate. 

The "breakeven" damage rate therefore is that specific rate for a given hazard 
where the following relationship obtains: 

where 

1 

DR hrkl = the annual proportion of value lost due to the hazard, h, in 
the region, r, to structure type k, to wealth type 1 (build
ing wealth) 

Ck = the proportional increase in construction costs due to the 
mitigation on building type k 

(l+Ck) = the multiplier to determine new value of the building type, k. 
after mitigation 

Sh = the portion of the annual structural losses saved due to the 
mitigation to hazard h 
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WIND HAZARDS 
COST/LOSS-REDUCTION 1.5 UBC 3.0 
RATIO COST FACTOR = 0.021 COST FACTOR = 0.051 

4:3 0.0135 0.0218 
1 : 1 0.0180 0.0290 
4:5 0.0225 0.0362 
2:3 0.0270 0.0434 
4:7 0.0315 0.0506 
1: 2 0.0350 0.0580 

t 1..;- ~~U.4Kt 

COST/LOSS-REDUCTION ZONE 3 UBC 2X ZONE 3 UBC 
RATIO COST FACTOR = 0.030 COST FACTOR = 0.095 

4:3 0.0662 0.0587 
1 :1 0.0882 0.0782 
4:5 0.110 0.0978 
2:3 0.132 0.117 
4:7 0.154 0.137 
1: 2 0.176 0.156 

STOR~1 SURGE 4 FT. ELEVATION OR 2 FT. FLOOD 
COST/LOSS-REDUCTION FLOOD PROOFING 2 FT ELEVATION PROOFING 
RATIO COST FACTOR = 0.166 COST FACTOR = 0.117 COST FACTOR = 0.132 

4:3 0.0568 0.0392 0.0470 
1 : 1 0.0757 0.0549 0.0627 
4:5 0.0946 0.0706 0.0784 
2:3 0.114 0.0863 0.0941 
4:7 0.132 0.102 0.11 0 
1 :2 0.152 0.118 0.126 

Table 3-14. Average Damage Rates Associated with A Range of Cost/ 
Loss-Reduction Ratios for National Average Building Type 
Mix Assuming a Building Life of 50 Years and a Discount 
Rate of 6.1% (a=0.64) 
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a ik = value based upon discount rate, building life, and building 

type 
MS

h 
= the ratio of total economic losses to building losses for 

hazard h, nationally 

Figure 3-46 shows the steps to compute the annual damage rate and the tables from 
which the variables can be obtained. 

EVALUATE 
Ck 

TABLES 3-11, 12 or 13 

+ 
EVALUATE 

Sh 
TABLE 3-14 

+ 
EVALUATE 

~1Sh 
TABLE 3-15 

+ 
EVALUATE 

ai k 
TABLE 3-16 

+ 
COMPUTE 
DR

hrk1 
EQUJ-\TION (3-1) 

Figure 3-46. Steps in Computation of 
Annual Damage Rate 

IIBreakeven ll damage rates were used in this study to identify counties in which 
specific mitigations might be considered to be cost feasible. 
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1970 $ RATIO 2000 $ RATIO MS 
106 MS 1970 106 

MS2000 
AVERAGE 

EARTHQUAKE BUILDINGS 655.2 1177.0 

1.192 1.320 1.256 

TOTAL 781.1 1553.7 

TORNADO BUILDINGS 879.8 205B.0 

1.882 2.536 2.209 

TOTAL 1656.0 5219.1 

HURRICANE BUILDINGS 685.5 1742.0 

1.541 2.024 1.7B2 

TOTAL 1056.0 3526.3 

SEVERE BUILDH'GS 11.4 24.8 
WIND 1.579 2.153 1.866 

TOTAL 18.0 53.4 

STORM BUILDINGS 441.6 1176.0 
SURGE 1.452 1.992 1.722 

TOTAL 641.2 2342.9 

TSUNAMI BUILDINGS 8.7 19.8 

1.724 2.040 1.882 

TOTAL 15.0 40.4 

WIND BUILDINGS 1576.7 3824.8 
AVERAGE 1. 731 2.300 2.016 

TOTAL 2730.0 8798.8 

Table 3-15. The Ratios of Total Economic Loss to Building Loss 

Discount Rates (il 

2.9 6.1 10.0 15.0 
Building Lives 

0.0 20.0 (L) 

0.050 0.066 0.086 0.116 0.159 0.204 20.0 

0.040 0.056 0.078 0.109 0.154 0.200 25.0 

0.033 0.050 0.072 0.105 0.152 0.200 30.0 

0.025 0.042 0.OE7 0.102 0.149 0.200 40.0 

0.020 0.037 0.064 0.101 0.149 0.200 50.0 

0.017 0.035 0.01'3 0.100 0.149 0.200 60.0 

0.013 0.033 0.062 0.100 0.149 0.200 75.0 

0.010 0.031 0.061 0.100 0.149 0.200 100.0 

Table 3-16. Values of a Based on Different Discount Rates, and Building Lives 
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Analysis of Social Impacts 

The impacts of natural hazards discussed to this point have been solely economic 
impacts which lend themselves to quantification for an overall picture of the 
effects of hazards on the population. However, there are other "social" impacts 
which also accompany the occurrence of natural disasters. The social impacts 
treated here do not comprise an exhaustive list, but rather they represent an 
attempt at a preliminary description of the pertinent social indicators that may 
provide insight for the decision maker in efforts to assess alternative mitiga
tion procedures. 

The first section discusses the method used for the estimation of life loss from 
the estimates of building damages incurred. Section two contains a description 
of the method employed in deriving the number of housing units lost. Also 
estimated is the average value of the loss per home. The third section deals 
with a measure of residential dislocation. This measure-homelessness-is 
determined by adding the time of inoperation and the occupancy to the housing 
unit loss estimate. The fourth section deals with the estimate of unemployment 
which results from income 10ssses. These unemployment estimates are another 
way of presenting the income losses and should not be interpreted as an additional 
economic impact. 

Estimate of Mortality 

The number of lives lost in an extreme natural event are represented in our model 
as a function of economic loss to buildings from that event. A relationship 
between damages (in constant 1970 dollars) and the number of lives lost was 
estimated from data available pertaining to past national disasters. This re
lationship was based on assumptions that: the dollar amounts of damage recorded 
for an event reflected only building damage, the lives lost were directly caused 
by the event, the vulnerability of the population was constant, and the value of 
all structures in all events was the same. 

Dollar amounts of damage of past occurrences of natural hazards were supplied by 
insurance company records and include many types of damage (i.e., contents lossess). 
However, building losses which are not paid often go unnoted. For instance, most 

homeowner insurance policies for earthquake have a five percent deductible 
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provision; thus, ceiling cracks and broken windows will generally not be reported 
by insurance companies. In addition, many businesses and homes are not insured 
for earth movement or earthquake damage. 

The modeled mortality rate represents a simplification of the actual occurrence. 
Deaths may be partly related to the level of success of rescue operations as well 
as the level of physical destruction or structure characteristics. Population 
density, amount of warning, foreknowledge of the effects associated with the event, 
phychologica1 impressions of the population, availability of shelter, and time 
of day of the occurrence certainly influence the number of casualties. No estimate 
of mortality can take into account all these factors. 

A further complication in the construction of a life loss model is the relationship 
between value-at-risk and the value of potential losses. A disaster in an area 
with a high value of building wealth per person will incur greater economic loss 
per capital in a g.iven event than in an area of lower wealth per capita. The 
inability to estimate the precise location of the event, especially for flood data, 
makes the differences in building value per person difficult to use as a parameter 

in a 1ife-loss-to-monetarY-10ss relationship. 

It has been noted in a variety of sources [Dacy and Kunreuther, 1969; U.S. Dept. 
of Commerce, 1972; National Bureau of Standards, 1974J that the relationship 
of deaths to pecuniary damage has a demonstrated trend over time. The choice 
of time as the single independent variable in the functional form of such a 
ratio may be weak but, having the relationship in this form is desirable and, 
as demonstrated in the data plots in Figures 3-47 and 3-48, a trend exists. The 
data are shown with a vertical scale of the logarithm (base 10) of the ratio 
LL/SD (1 ife-l oss to structural damage) plotted as a function of time from 1929 
to 1970. To project forward this trend assumes that the data can be fitted by a 
quadratic function; 

where a1' Sl and S2 are coefficients to be determined, and E accounts for the 
error in fit. 
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The results for hurricane and tornado are as follows:* 

Hurricane: 

Tornado: 

10g(LL/SD) = 3.110 - .113(YR) - .000768(YR)2 

or 

(LL/SD) = 10{3.110 - .113(YR) - .000768(YR)2} 

log(LL/SD) = .245 + .035(YR) - .0006l3(YR)2 

or 
2 

(LL/SD) = 10{·245 + .035(YR) - .0006l3(YR) } 

In projecting forward to the year 2000, both the choice of the model and the fit 
of the data influence the result. In this case it appears that it is possible 
that the projections are very uncertain and could vary by an order of magnitude. 

The forecasts of deaths for storm surge and hurricane wind impacts are not dis
tinguishable for estimation of separate life-loss relationships. Thus they are 
both assumed to be equally represented in the data. Flood losses were assumed to 
exhibit the same characteristics as those for storm surge. The 1970 forecast 
provided an estimate of the value of deaths per unit of economic loss for that 
year, removing the time bias; Figure 3-47 and 3-48 show plots of both the data 
and the estimated relationships. The estimates of life loss due to severe wind 
were also estimated from the tornado data, since no source of data dealt solely 
with severe wind. Since, by definition, no water-related deaths could be due 
to severe wind, the hurricane relationship is not applicable forthis hazard. 
Consequently,for hurricane and storm surge .0956 deaths per million dollars damage, 
and for tornado and severe wind .488 deaths per million dollars damage, were used 
to calculate life loss estimates for the projected years. The death/damage ratio 
for tsunami was 2.432 deaths per million dollars of building damage and was 

*The specifics of the regression fit are as follows: 

DEGREE OF 
STANDARD ERRORS OF THE COEFFICIENTS 

FREEDOM R2 VARIANCE 
°SI °S2 ° (XI 

\ 

HURRICANE 38 .350 .367 1.339 .053 .000455 

TORNADO 53 .645 .0876 .063 .158 .000504 
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calculated from the average of three tsunamis. Because a warning system was not 
present for those tsunamis, but is now available, the predicted deaths due to 
tsunami should be taken as an upper bound. 

Oacyand Kunreuther [1969J suggested that deaths per million dollars damage de
clined over the period 1930-1964 because of warnings, stronger structures, and a 
higher wealth per capita. In order to examine this contention it was necessary, 
by estimating the wealth per capita exposed, to normalize the effect of the change 
in structure value to determine the impact of time-dependent technological change. 

Due to data limitations, this was only performed with U.S. hurricane and earthquake 
data from 1933 forward. For these hazards and time period, well-defined areas of 
impact and reliable economic estimates were available for analysis. Because no 
earthquake in the sample had a prior warning, while hurricanes have been predicted 
with increasing accuracy, a comparison of these two hazards can provide an in
dication of the effects of warnings versus building code requirments. 

To account for the differences in structure value per capita in different lo
cations at different periods in time, a relative value of structures per capita 
was computed to scale the dollar losses reported for each event. To account for 
the regional effect, the relative income per capita was used. The annual structure 
values per person were estimated for private structures, both residential and 
commercial. Using the estimates from the Bureau of Economic Analysis [1974J, 
and from Young [1971J, (in constant 1967 dollars), a yearly estimate of total 
private structure wealth was made. The estimated total population figure [U.S. 
Bureau of Census, 1971J for corresponding years was then used to compute a private 
structure value per capita, as shown in Table 3-17. These annual national esti
mates were then weighted by the interpolated relative per capita income in the 
area of primary effect for the year of the event, available by SMSA and BEA areas 
for years back to 1929 [Water Resources Council, 1974J. 

For example, in the case of the 1933 earthquake in Long Beach, California, the 
relative per capita income for the Long Beach - Los Angeles SMSA was estimated 
as 1.41 times the national average in 1933. Therefore, the value of private 
structures was estimated using the 1.41 factor. Figure 3-49 shows the relative 
structure value per capita in 1933 compared to 1970 is approximately 0.79. 
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NORMALlZED(l ) 
LOCA T I ON YUR DEATHS IN 1867S 

DA U FOR HURR I CANE KEY LA~GO FLORIDA 2'1,0 l,OO l55Q,~7 
COLUMB 1A TEXAS 32,0 ~O,O 1>05~O.~ 

8RO""svIL TEXAS 33,0 40,0 8b70'),Q 
JUPIT£~ FLORIDA 33,0 2,00 2062Q.7 
Cp~.rtER~ ~oC'POLrNA 33,0 21.0 9!>03.15 
FL.A KlYS nONIOA 35.0 "06, 27~5Q.5 
"lAM! FLORIOA 3!1,O IQ,O l~q78.q 

CP~ATTERA ~OCARCL.INA 30,0 2,00 132'1".2 
P~OvICE"C R"'C'C>F IS ltl.O bOO. 7230102. 
C~ARLESTO SOCAROLINA 40,0 3",0 51>527.1> 
"A TAGU~DA TEXA$ 41,0 11,00 1I>'1';!>.s 
"l~"I FLOI(IOA 111,0 5,00 1112".101> 
PT L'VACA TEXAS 42,0 8.00 133Q50. 
TORTl!GAS FLCIlIOA "".0 16,0 lC10!>2'1, 
PT L.AVACA TEXAS 45.0 3,00 '122'18.1 
~O~EST~AO FLORIDA "5.0 4,00 11>5"0". 
.. ILL.S~ORO FLORIOA 117.0 '51 ,0 ?77~~I • 
"U"I FLORt'" 47,0 1,00 363103.5 
KEY MEST FLIJ~tOA 48.0 3,00 "1~7~,3 
JUPITER FL.URI[JA 4'1,0 2,00 124301. 
F ~Er.?OP T TEXAS 11'1,0 2,00 2353'1.3 
CEOAR ~EY FL~RIOA 50.0 2,00 77114.'1~ 

"1''''1 FLORID' ~O.O 11,00 52571.7 
LO"C r3 NE_ ~OHJ( 5",0 21,0 10772".7 
CAPE F(A~ NQCAPOLINA 511,0 111'1,0 112'123~. 

NQOPOLIt,. S~,O 7,00 c u2315, 
r.RllolD ISL L.OUISIANA 510,0 15,0 1>71l7C1.b 
OU 'IW~E LOUISIANA '07.0 3'10, 3'1euI>6. 
~E'UF()PT ,"OCAROLI'" 5'1,0 22,0 3081'1.6 
Fl.' liE YS FL.O~IDA 100.0 50,0 1037354. 
PT LAVACA TEXAS 01.0 /11>,0 82211>0, 
.. I '''I FL"~ID~ I>q,O 3.00 1I>12~3 • 
ST AUC.LST n.O~IO' l>u,O '0,00 "5e~14. 
FIi&~LI~ LOUISI'''A bU,O 311,0 232 7 08. 
FLA '''0 L FL(1~lD' 105.0 75.0 .165013£+07 
I'ORTilIC"l FLel/iD' oe.O 10,00 1~?U3.1 
COLU""I' I'ISSISSIPP 0'1,0 2510, .21'13u&~+07 
PAYMO"rlVI flXAS 1>7,0 15.0 1I!>0764. 
r.O~PUSCHP TEXAS 10.0 11,0 72UI!>, 

DA TA FOR EARTHQUAKE L.O"G 8EAC" CAlIFOR"IA 33.0 115, '11!>'IO,7 
~ELe."A "'O~T AI,A 35.0 ",00 I 33!'O,4 
l"lp~RULv. CALH"OIl>;U 11(1.0 '1,00 18';25.'1 
S."TA8'118A CALIFOR"IA 41.0 *, '047,7110 
PUGET SOUN :'AS~I':GTO" 11'1,0 11,00 501013,0 
~fR" CO CAL lFrJR"U 52,0 111.0 1050111, 
E(JRfKA CAL.IFOIlNU 54,0 1,00 2'173,35 
FALLO" N~VAOA 5~,O -, Ifl2<;.'i'l 
OULA;.O CALIFURNIA 55,0 1,00 116u.1<'1 
""FRANCIS CALIFOIINU 57,0 ., 1112.CO 
"E8GEN L.A~ "O"TA'" 5'1,0 28,0 Ib~5~.'1 

~A-All 100,0 101.0 3~5'10.0 
WEST CfJAST _EST COAST 1111.0 125. 5U"&~u. 
PUGET S~u" "'S~II>i(;TO" t.~.O '7,00 1'>7uQ.7 
l""U ~l"ISA C'lIF""",I' 10'1.0 *, 7'101. In 
SA"FE~'a~[) C'LIFU""'l A 71,0 SIi.O l""'"ll. 

(1) NORMAL I ZED TO THE 1870 STRUCTURE VllUEICAP I TA. 

NORMALIZED (DAMAGES) 

DAMAGES = (RHATI YE STRUCTURE ULUEICAP I TAl 

(2) aELATIYE TO 1970 NATIONAl STRUCTURE VALUE/CAPITA. 

eND DATA AU ILUlE 

SOURCES FOR HURRle,,"! [Su99 •• t .1, 1971j. 

FOR EARTH:)VAKE [OI, .. t.r Pr.p.r.do .... 1972) 

Table 3-17. Hurricane and Earthquake Data 
Used in Time Effect Analysis 
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Figure 3-49. Private Structure Value Per 
Capita in the U.S., 1939-1971 

Thus, the relative structure value per capita in Long Beach, California in 1933 
compared to the 1970 national average is 1.41 x .79 or 1.12. To normalize the 
dollar losses reported for the 1933 Long Beach earthquake, the dollar losses in 
1967 dollars of $81.8 million is multiplied by 1.12 to yield a normalized dollar 
value of $91.6 million (in 1967 constant dollars). Table 3-17 lists the life 
loss, the normalized dollar losses,and the value per capita relative to the 
1970 national average. 

By weighting the damages by the ratio of the historical per capita value to the 
1970 per capita structure value, the effect of the regional and time dependent 
factors of the variations in wealth-at-risk can be factored out. Then the time 
effect is a better indicator of man's changing ability to cope with the occurrence 

of the disaster. 

The relationship used by Blume [1971J for earthquake was: 

Lives Lost = a X (Damages)B 
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A modification to this relationship was made to include the date of the event: 

Lives Lost = a x (Damages)Bl x (year _ 1900)B2 

Table 3-18 lists the life loss totals by hazard for 1970 and 2000 as calculated 
by the model described above. Expansive soil is limited to property damage. 
Because the model utilized in estimating riverine flooding losses i$ different 
than the approach used in the other hazards, no independent method was used to 
estimate riverine deaths. It was assumed that such deaths would exhibit the 
same relationship to dollar losses as that calculated for storm surge. 

1970 2000 

EARTHQUAKE 273 400 

TORNADO 392 920 

HURRICANE 62 153 

STORM SURGE 37 103 

TSUNAMI* 20 44 

SEVERE WIND 5 11 

EXPANSIVE SOIL NA** NA** 

RIVERINE FLOODING 190 t 159 t 

*These estimates assume no warning prior to event. 
**Expansive soil does not have associated life loss estimates 
tRiverine flooding life loss was estimated using a completely 

different methodology. See Lee, et. al., 1976. 

Table 3-18. Life Loss by Hazard 

Housing Losses 

To estimate dollar losses to housing, the value of housing per capita was used 
to estimate the value at risk of residential structures. In estimating the 
number of houses destroyed, the value at risk was changed from dollars per capita 
to housing units* per capita. Thus, the estimated values of housing loss reflect 
the number of such units lost. 

*A housing unit is defined as in the Census of Housing as: "a house, an apart
ment, a group of rooms, or single room occupied or intended for occupancy as 
separate living quarters ... ", [U.S. Dept. of Com. 1972, App-5] 
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The damage calculations were made by applying the annual average percent damage* 
to the values of structures at risk, according to construction types, in a specific 
county. Thus, if the number of housing units of a particular type in a county was 
assumed to be 10,000 and the annual probabilities of different damage states are 
given as in Table 3-19, then the aggregate number of housing units destroyed is 
90.2. Of those, only 10 are totally destroyed (or 100% distribution), and those 
in the light, moderate, and heavy damage states account for over 40% of the 
total. 

RANGE OF GEOMETRIC HYPOTHETICAL EFFECTIVE DAt-'.t,GE 
DA"''''GE 

MEANS OF ANNUAL PROBABILITY ANNUAL DAMAGE HOUSING UNITS HOUSING UNITS 
STATE RATIOS DAMAGE OF OCCURRENCE RATIOS AT RISK DESTROYED P.ATIOS 

LIGHT .0005 - .0125 .0025 .100 .00025 10,000 2.5 

MODERATE .0125 - .0750 .0306 .050 .00153 10,000 15.3 
HEAVY .0750 - .6500 .2208 .010 .00221 10,000 22.1 

SEVERE .6500 - 1. 0000 .8062 .005 .00403 10,000 40.3 
COLLAPSE 1.0000 1.0000 .001 .00100 10,000 10.0 

TOTAL .00902 90.2 

Table 3-19. Example of Estimates of the Di stri bution of Housing Losses 

Knowledge of the total number of housing units destroyed does not convey the scale 
of the risk of the hazard; knowledge of the number of housing units affected by 
damage in each damage state is more informative. By utilizing the average damage 
ratio for each damage state, the total number of housing units affected can be 
estimated. For every house totally destroyed due to light damage, many more 
housing units had to be damaged, according to the .0025 rate. 

One Housing Unit totally destroyed = .0025 x number of housing units affected by 
light damage state 

From this relationship it is seen that the reCiprocal of the average damage rate 
gives the number of houses affected for each house totally destroyed, at each 
damage state. 

*An assumption is made that the repair/replacement ratios are applicable to the 
determination of housing damage rates. 
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In the example community shown in Table 3-19, with 10,000 housing units at risk, 

there would be 16.56% chance that anyone housing unit would be affected in any 
year. But of those affected, over 60% would be in the category of light damage, 
and less than 10% would have damage ratios above .075%. Table 3-20 extends the 
example in Table 3-19 to show the number of housing units affected. 

NUMBER OF PERCENTAGES 
MEAN HOUSING UNITS HOUSING HOUSING 

DMIAGE Dfl.MAGE AFFECTED PER UNITS UNITS IN EACH 
STATE RATIO HOUSING UNITS DESTROYED AFFECTED DAMAGED 

DESTROYED STATE 

LIGHT .0025 400.0 2.5 1000.0 60.4% 
~10DERATE .0306 32.6 15.3 499.0 30.2% 

HEAVY .2208 4.5 22.1 9.9 6.0% 
SEVERE .8062 1.2 40.3 48.0 2.8% 

COLLAPSE 1.0000 1.0 10.0 10.0 .6% 

TOTAL 90.2 1656.0 100.0% 

Table 3-20. Example Computation of Number of Housing Units Affected 

Home1essness 

In order to quantify home1essness, a time element and an occupancy factor were 
used to estimate the number of persons displaced by given levels of housing loss. 
From Whitman et. al. [1974], estimates of the "time of inoperations," on 
building use time lost due to repair and restoration, were made by damage state. 
[See Table 3-21] These estimates can then be applied to the number of housing 

DAMAGE HOUSING TIME OF PERSONS HOMELESSNESS UNITS INOPERATION PER HOUSING 
STATE AFFECTED IN YEARS UNIT (IN PEOPLE-YRS) 

LIGHT 2.5 .00000 3.0 0.0 
MODERATE 15.3 .00055 3.0 0.0 

HEAVY 22.1 .02600 3.0 1.8 
SEVERE 40.3 .50000 3.0 60.0 

COLLAPSE 10.0 1.00000 3.0 30.0 

TOTAL 90.2 92.3 

Table 3-21. Example Estimation of Homelessness 
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units destroyed at each level. Table 3-21 gives the times of inoperation, the 
number of housing units destroyed, and the computed homelessness, assuming a 
national average of 3 persons per housing unit in the example county. In this 
example, the number of people displaced in one year would amount to 92.3 Or about 
3% of the countyls population of 30,000 living in the structure type. The national 
average percent of "year round vacant for rent II housing units as recorded in the 
1970 Census of Housing [Bureau of Census, 1972J is 2.46%; thus, the number of 
vacant housing units in this example community is estimated as 246, or housing 
for 738 persons. 

The annual rates assume that every year a little of each possible disaster occurs, 
but in reality this is not the case. When a disaster occurs, the effects can be 
distributed over an area so wide that local resources may be overwhelmed, with 
the possible exception of tornado, storm surge, and tsunami, which may be of 
relatively local scale. Also, the type of housing units destroyed and those 
already vacant may be sufficiently dissimilar in type and rental costs that direct 
tenant transfer may be impossible. 

Table 3-22 lists the expected number of homes destroyed, homes affected, and home
lessness for hurricane, tornado, severe wind, tsunami, storm surge, earthquake, 
landslide, and expansive soil (data for riverine flood was not comparable). On 
a national scale the gradual effect of the annual probabilities for different 
levels is more realistic, due to the aggregation of the probabilities of many 
occurrences over a year. 
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The values of losses and of housing units at risk are taken from the structure 
value calculations discussed in Hirschberg et, a1. [1978J. The average number 
of persons per housing unit varies by hazard, and is based on the census of 
housing data. It should be noted that the structure value is per person, based 
on the 1970 stock of buildings, in 1970 dollars. 

Unemployment 

Using the income losses calculated in Hirschberg, et. al. [1978J, the number of 
person-years of unemployment can be calculated from the ratio of payroll-to
employees for each economic sector. From the data in the Multi-Regional Input
Output Model for the United States, [Polenske, 1970] estimates are available of 
the number of employees by sector and the payrolls by sector [Rogers, 1972J. 
Table 3-23 lists these ratios. 

ECONOfll ( SECTORS AVERAGE 1IICO,.,E 

HOUSEHOLD 1.681. 5 

MJfl JflG , FARr.ING 3.063.2 

CONSTRuCTIOIl 6.716.5 

MANUFACiURlUG- 6,712.6 

TRANSPORTAT) 011 
& UTILITIES 7.520.9 

WHOLESALE AND 
RET All TRADE ~ .6~6.0 

FJUANCE, 
INSURAHCE. ETC. 5.887.1 

SERVICES ~.464.8 

FEDERAL 
GOVERtlMEliT 6.~63.S 

STATE AND LOCAL 
GOVERNMENT 5.860.5 

Table 3-23. Average Income Per Employee in 
1 970$ in 1 963 

The income per employee ratios are available by state and were used to weight the 
income losses to derive the total unemployment by sector. The unemployment com
puted here is not the statistic often cited as a percentage of the work force, 
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but is an unemployment statistic with a time dimension. For example, a loss in 
income to a basic sector (farming and mining) is given as $3.0 million for a 
year due to a particular hazard's annual risk. From Table 3-23 we calculate an 
average income of $3,063 per employee annually. Thus, the loss of $3,000,000 of 
income could result in approximately 980 person-years of unemployment, in the 
form of either 980 persons unemployed for a year or 11,760 persons unemployed for 
a month. 

Table 3-24 lists the unemployment estimated for each sector due to hurricane wind, 
severe wind, tornado, storm surge, tsunami and earthquake. Again, due to limit
ations in the expansive soil and landslide models, unemployment estimates were 
not calculated. The unemployment distribution follows that of income loss. 
Thus, all employees in the farming and mining sector are exposed to severe wind 
hazards, yielding 19.1 person-years lost in 1970. About five percent of the 
total employed suffered some joblessness in this sector from severe winds. Again, 
the usual cautions pertaining to this study's county level data should be 
observed. 

The percentage of the total loss listed by sector for each hazard demonstrates 
the regional variation of the hazards and the types of exposure. 

The exposure given in terms of employee-years is higher than two estimates of the 
total employment for 1970. The number used as shown in Table 3-24 is 11.0% 
greater than as reported in the OBERs report [U.S. Water Resources Council, 1972]. 
These discrepancies arise to some extent because of the date of the input-output 
data, 1963; thus, the ratios of output per capita as given in Table 3-23 may 
tend to be low. 

The estimates of life loss, which are from crude data and incomplete information 
affecting a persons' survival of an event, should be used with caution. The 
vulnerabil ity of housing and the rel iance on the "time of inoperation" method 
determine the viability of the estimates for home1essness and homes lost. And 
the same caveats expressed for the reliability of the income loss data can be 
repeated for the estimates of unemployment. 
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This chapter has presented some further calculations that can be made from the 
basic building loss model, which can lend insight into facets of the natural 
hazard phenomena other than direct economic losses. These losses are defined 
for the purposes of this study as social impacts, although they are not intended 
to represent the entire range of non-economic effects of extreme natural events. 
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Chapter Four 

NATURAL HAZARDS LOSS ANALYSIS 

Introduction and Summary 

Utilizing the methods described in the preceding chapter, the loss analysis com
ponent of this study focused on several objectives: (1) identification of the 
primary, secondary, and higher-order effects associated with the exposure of 
people and buildings to nine natural hazards; (2) determination of the site and 
characteristics of the U.S. human and building populations which were exposed to 
various intensity levels of each of these hazards in 1970 and which are expected 
to be exposed to the same phenomena in the year 2000; (3) quantification of the 
magnitude and geographic occurrence of seven major effects associated with the 
exposure of buildings, building contents, and building occupants to these same 
hazardous natural events. In most cases, data on hazard effects were probabi
listica!ly derived, were calculated as annualized or "annual expected" estimates, 
and - except for riverine flooding - were generated or are retrievable at the 
scale of individual counties, states, and the nation as a whole. 

The loss analysis also included the development of an annual expected hazard-spec
ific and aggregated building damage rate for each state and county in the United 
States, and a hazard-specific rate for other selected hazard zones or areas. The 
building damage rate for any area is the annual expected dollar value of hazard
induced damage to buildings divided by the total value of all buildings within the 
area and is a crude indicator of the level of hazard related risk associated with 
a particular place. The rate is a function of two sets of factors: (1) the pro
babilityof hazard occurrence within the area, by various intensity levels, and; 
(2) the level of vulnerability of area buildings and property to hazard-induced 
damage. 

For any given area, the annual expected dollar losses which were derived from 
the loss analysis are expressed as the sum of the natural hazard dollar losses 
(in 1970 dollars) which are expected to be incurred within the area over a period 
of years divided by the number of years in the period. Accordingly, this calcu
lation treats all of the losses which are expected to occur over a large frame 
of years as though the losses were sustained in equal amounts during each of the 
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several years of exposure. Thus, the dollar consequences of such infrequent events 
as major earthquakes are reported as the sum of such losses over a large time 
frame divided by the number of years in that time frame, including the years in 
which no such event occurred or was expected to occur. Dollar losses inventoried 
in the study include those resulting from damage to buildings, damage to building 
contents, supplier losses due to increased transportation costs, and income re
duction sustained as a result of the closure or slow-down of economic activities 

conducted in damaged buildings. 

Completion of the loss analysis revealed that annual expected losses from exposures 
to nine natural hazards totaled $8094 million in 1970 [See Table 4-1J and that 
under current conditions, these losses will increase to $17,779.4 million in the 
year 2000 [See Table 4-2J. In the latter year, annual expected dollar losses will 

total as follows for each hazard: (1) riverine flooding, $3175.3 million; 
(2) tornado, $5219.1 million; (3) hurricane, $3526.3 million; (4) expansive soils, 

$997.1 million; (5) storm surge $2342.9 million; (6) earthquake, $1553.7 million; 
(7) landslide, $871.2 million; (8) severe wind, $53.4 million; (9) tsunami, 
$40.4 million. In the year 2000, annual expected losses from natural hazards 
will exceed the sum of the actual 1970 expenditures for losses chargeable to all 
state and local police department operations, all crimes against properties, all 
annual investments in water pollution control facilities, all business losses 
due to six major types of criminal activity, and all building losses due to fires. 
In addition, natural hazard exposures in the year 2000 are expected to result in 
1790 deaths, 172,084 housing units destroyed, 168,302 person-years of homelessness, 

and 207,492.2 person-years of unemployment. 

Natural Hazard Effects 

Whenever persons or property are exposed to hazardous natural events, the exposure 
may result in chains of effects or consequences, some of which may be disvalued 
by subsets of the human population. Among such consequences, or impacts, are 
those depicted in Figure 4-1. 

The primary effects of a natural hazard are those instantly and directly resulting 
from the occurrence of the hazard and the exposure of people or property to that 
hazard. Secondary effects are those which are the instant and direct outcome of 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

EXPECTED ANNUAL LOSSES 

OOLLAR LOSSES R~SUL TlNG FROM INDICATED FACTOR 
OTHER LOSSES 

HAZARD 
(I'll LLIONS OF DOLLARS) 

(1) (2) (3) (4) (5) (6) (7) (B) \ (9) 
BUILDING CONTENTS INCOME SUPPLI ER TOTAL NUMBER HOUSING PERSON PERSO~ 

LOSS(a) LOSS(b) 
OF UNITS YEARS OF i YEARS 0< 

DAMAGE DAMAGE (1-4) DEATHS LOST HOMELESSNESS UNlMPLOr. 

EARTHQUAKE 655.2 123.23 2.651 0.030 7Bl.l 273 20.4B5 736 413.5 

EXPANSI VE SOIL 798.1 . - - 798.1 - - - -

HURRICANE 685.5 267.57 101.803 1.092 1056.0 62 31.885 34.505 21.003.7 

LANDSLIDES 370.3 - - - 370.3 - - - -

RIVERINE FLOODING 1901. 0 847.02 10.166 0.120 2758.3 190 - - I -
SEVERE WINO 11.4 4.47 2.090 0.022 18.0 5 547 852 373.1 

STORM SURGE 441.6 197.24 2.367 0.028 641.2 37 24.521 I 7.290 369.7 

TORNADO 879.8 469.93 302.821 3.451 1656.0 392 36.212 86.122 57.541.6 

TSUNAMI 8.7 5.54 0.727 0.012 15.0 20 234 345 97.5 

TOTALS 5751. 6 1915.0 422.625 4.755 8094.0 979 113,884 129.850 79,799.1 

{a)lotal loss of worker earnings associated with hazard caused unemployment 

(b)lotal loss of income e,perienced by suppliers of businesses and industries experiencing hazard
induced shutdowns 

\ 

Table 4-1. Expected Annual Losses from Natural Hazard Exposures in 
the United States by Type of Hazard and Type of Loss, 1970 

EXPECTED ANNUAL LOSSES 

DOLLAR LOSSES RESUL TlNG FROM INDICATED 

FACTOR (MILLIONS OF DOLLARS) 
OTHER LOSSES 

HAZARD 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

BUILDING CONTENTS INCOME SUPPLIER TOTAL NUMBER HOUSING PERSON PERSON 
OF UNITS YEARS OF YEARS OF 

DAMAGE DAMAGE LOSS (a) LOSS(b) (1-4 ) DEATHS lOST HOMELESSIIESS UNEMPLOY. 

1. EARTHQUAKE 1177 .0 372.78 3.906 0.048 1553.7 400 22.868 648 634.9 

2. EXPANSIVE SOIL 997.1 - - - 997.1 - - - -
3. HURRICANE 1742.0 1504.98 276.191 3.095 3526.3 153 52,237 48,271 58,223.7 

4. LANDSLIDE 871.2 - - - 871.2 - - - -
5. RIVERINE FLDODING 1594.0 1572.54 8.68 .105 3175.33 159 - - -
6. SEVERE WIND 24.8 23.8 4.696 0.051 53.4 11 748 1,014 850.9 

7. STORM SURGE 1176.0 1160.43 6.407 0.077 2342.9 103 43,757 10,330 1,018.3 

8. TORNADO 2058.0 2401.32 750.780 9.042 5219. J 920 52.119 107,650 146,568,5 

9. TSUNAMI 19.8 19.10 1.479 0.027 40.4 44 335 389 195.9 

TOTALS 9659.9 7054.95 1052.139 12.445 17.779.43 1790 172 ,084 168,302 207,492.2 

(a) Total loss of worker earnings associated with hazard cause~ disruption 

(b) Total loss of income experienced by suppliers of business and industries experiencing hazard-induced shutdowns 

Tabl e 4-2. Expected Annual Losses from Natural Hazard Exposures in 
the United States, by Type of Hazard and Type of Loss, 2000 
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primary effects or consequences. Similarly, secondary effects are proximate 
causes of still other consequences which are referred to as higher-order effects. 
The hazard-induced effects or consequences which were quantified through per
formance of the loss analysis included: (1) economic losses to buildings (build
ing losses), (2) economic losses to the contents of buildings (contents losses), 

PRIMARY EFFECTS SECONDARY EFFECTS HIGHER ORDER EFFECTS 

l. INJURY OR DEATH TO HUHAN l. HOMELESSNESS l. UNEMPLOYMENT 
BEINGS 2. SHUTDOWtlS OR SLOI.~DOWNS 2. LOSS OF PERSONAL FAMILY 

2. II~JURY OR DEATH TO L1VE- I N BUS INESS AND INDUSTRY I NCDt1E 
STOCK & DOMESTIC ANIMALS 3. DISRUPTION OF UTILITY 3. LOSS OF BUSINESS-INDUSTRIAL 

3. DAt1AGE TO STRUCTURE SAND SERVICE INWIE 
THEIR CONTENTS 4. FINANCIAL EXPENDITURES 4. DIVERSION OF INVESTt1ENT 

4. DAt1AGE TO COMMUrH TV BY COt1MUNITIES, FAllILlES, CAPITAL TO REHABILITATION 
FACILITIES AND INFRA- & BUSINESSES FOR CLEAN-UP & RECOVERY PROJECTS 
STRUCTURE & RECOVERY OPERATIONS 5. ALTERATION OF LAND AND 

5. DAtlAGE TO AUTOMOB I L ES, 5. FINArlCIAL EXPENDITURES BY PROPERTY VALUES 
BOATS, & OTHER PERSONAL COMMUNITIES, FAMILIES, & 6. ALTERATION OF AREA POPULA-PROPERTY BUSINESSES FOR REPAIR OR TION GROWTH TRENDS 

6. DArlAGE TO CROPS, FORESTS, REPLACEMENT OF DAt1AGED 
AND ORNAMENTAL VEGETATION STRUCTURES, BUILDING CON- 7. ALTERATION OF POPULATION 

TENTS, & OTHER PROPERTY I1IGRATION PATTERNS 
7. ALTERATION OF VALUED 

6. FINANCIAL EXPENDITURES BY 8. AL TERATION OF COMI1UNITY GEOPHYSICAL CONFIGURA-
TIONS GOVEflNtlENT FOR REPAIR ANDI OVERHEAD BURDENS 

OR REPLACEtlENT OF DAMAGED 9. INCREASED TAX BURDENS TO B. PSYCHOLOGICAL TRAUMA COMMUNITY FACILITIES & FINANCE RECOVERY OPERATIONS 
9. LOSS OF COMHUNITY HOUSING INFRASTRUCTURE 

10. ALTERATION IN COMMUNITY STOCK 7. INSURANCE PAYOUTS TO SOCIO-ECONotIIC VIABILITY POll CY -HOLDERS 
11- AL lERATlONS IN FA'llLlAL 

SOCIO-ECONOMIC VIABILITY 
12. DEPLETION OF PERSONAL OR 

BUSINESS SAVINGS·OR CAPITAL 
13. FINANCIAL COSTS TO SUPPLIERS 

Figure 4-1. Taxonomy of Natural Hazard Effects 

(3) economic losses in the impacted area due to increased transportation costs of 
goods (supplier losses), (4) economic losses in the form of lost take-home pay 
(income loss), (5) years of unemployment induced by hazard-caused damage to 
buildings and their contents (unemployment), (6) years of home1essness induced by 
damage to private residences (homelessness), and (7) loss of life resulting from 
the occurrence of hazardous natural events (life loSS). 

Of course, several other major effects also are associated with the exposure of 
people, buildings, and other properties to hazardous natural events. Although 
not inventoried in this study, some of the most Significant of these include: 
(1) damage to community infra-structure, including utility lines, pipelines, 
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railroads, streets, highways, and other similar facilities, (2) damage to personal 

property not countable as building contents, such as automobiles, boats, and 
recreational equipment, and (3) damage to growing crops, livestock, and ornamental 
vegetation. From an economic point of view, the annual expected dollar losses 
associated with these types of hazard effects may well be equal to or greater in 
magnitude than those inventoried in this study. 

Being guided by a primary focus on hazard-induced damage to buildings, the study 
revealed considerable differences in the type, magnitude, and frequency of damage 
to buildings as a function of the type of hazard to which the buildings are 
exposed. Taking into account the specific geographic areas in which each type of 
hazard occurs and the vulnerability of buildings to the hazard, the computer 
models used in the study disclosed that 1ight-to-moderate damage would be sustained 
by 61.6% of the buildings experiencing damage from earthquakes, by 26.7% of those 
damaged by storm surge, by 18.3% of those damaged by tsunami, and by about l6~ of 

those damaged by either hurricane winds or severe winds. Structural collapse 
or severe damage is expected to be experienced by 92.7% of those buildings damaged 
by tornadoes, by 50.7% of those damaged by hurricane winds, and by 36.1% of those 
damaged by tsunami (See Figure 4-2, 4-3). 

Similarly, the expected frequency of building damage occurrences of various magni
tudes ranges over a broad continuum as a function of the type of hazard to which 
buildings are exposed. For example, expansive soils may be viewed as producing 
frequent or near-continuous damage of light magnitude to exposed buildings; 
while major earthquakes, tsunamis, hurricanes, and floods may be classed as low 
probability but high consequence occurrences in the areas in which such events 
are most likely to occur. Generally, therefore, risk producing events may be 
ordered into four classes corresponding to the simple model presented below: 

HIGH PROBABILITY EVENTS 

LOW CONSEQUENCE EVENTS 4----+---~HIGH CONSEQUENCE EVENTS 

LOW PROBABILITY EVENTS 
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DAMAGE STATE 

None 
(0 - 0.5%) 

Light 
(0.5 - 1.25%) 

Moderate 
(1.25 - 7.5%) 

Heavy 
(7.5 - 65%) 

Very Severe 
(65 - 100%) 

Co 11 apse 
(100%) 

STRUCTURE CONDITION 

No damage 

Minor ceiling tile or partition cracking; possible 
damage due to missiles. 

Many partitions cracked or ceiling tiles fallen down; 
a few structural members appear to be stressed 
beyond yield level. 

Significant number of structural members with 
structural damage, or damage to a structural system, 
roof having major damage. 

Major damage; structure standing but will probably 
be taken down. 

Structure does not remain standing. 

Figure 4-2. Damage State Description 

STORM SURGE 

i OF All LOSSES 

45. ) 

TSUNANI 

~ OF ALL LOSSES 

EARTHQUAKE 

1 OF ALL LOSSES 

TORNADO 

% OF ALL LOSSES 

HURRICANE 
(WIND) 

3.1 

60.6 

32.1 

L Light Damage 
M ~,'oderate Damage 
H Heavy Damage 
S Very Severe Damage 
C Structure Collapse 

Figure 4-3. Average Proportionate Distribution of Building Damage 
by Selected Hazard Type in the United States and by 
Level of Severity of Hazard Effects 
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At the scale of whole communities, states, regions, and the nation as a whole, 
low probability but high consequence hazard events may produce catastrophic or 
near-catastrophic losses in the single year or month of their occurrence, and -
at the time of their occurrence - may be more highly disva1ued than high proba
bility but low consequence events which may produce larger cumulative losses over 
any given time period. 

If the real community and familial impacts of a loss are those related to the loss 
experiencer's perceptions of economic and other burdens at the time of loss, then 
the probabilistically-derived annualized estimates of natural hazard losses which 
were used in the loss analysis may be misleading. They may be misleading since 
they tend to obscure the loss experiencer's real burden and perceptions of conse
quences at the time a severe, but infrequently-occurring, hazardous event takes 
place. 

Several of the hazards which were examined in this study qualify as potentially
severe but infrequently-occurring events. Interestingly, these potentially 
catastrophic hazards account for the major fraction of the projected annual per 
capita losses for both 1970 and 2000. Thus, projected annual per capita losses 
for earthquakes, hurricanes, riverine flooding, storm surge, tornadoes, and 
tsunamis total $33.95 for 1970, or 85.39% of all projected natural hazard per 
capita losses for that year. For the year 2000, projected per capita annual 

losses for the same IIcatastrophic li hazard events totals $61.93 or approximately 
89.22% of the projected per capita hazard losses for that year. If only one
half of the annual expected per capita hazard losses for a community were due 
to infrequently occurring but high damage producing events per capita losses 
in the single year of the event could well press community recovery capacities 
and create substantial social costs as a result of the socio-economic dislocations 
and lengthy recovery times associated with community rehabilitation responses. 

For example, if an earthquake of Richter magnitude 8.3 at its epicenter were to 
occur in the 39 county San Francisco area in the year 2000, it could be expected 
to produce damage intensities reaching 9.5 on the Modified Mercalli Intensity 
scale within the area, to produce building value losses at $18.2 billion, and a 
total loss of $39.9 billion [See Chapter 6]. Such a loss is 124% greater than 
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the national, annual, all-hazard expected losses for the same year [See Table 4-2]. 
The latter, of course, represents a value derived from averaging into each year's 
expected losses, the cumulative, long-term losses expected to result from low-pro

bability, high-consequence events. In one recent 10-year period, thirteen discrete 
events of this type produced approximately $6.4 billion in losses, and a 10-year 

average annual loss which was equal to 7.9% of the total, all-hazard, annual 
expected loss reported in this study for the year 1970 [See Tables 4-1,4-3]. 

MONTH/ DISASTER ESTIMATED LIVES DAMAGE YEAR ($M) LOST 

9/61 HURRICANE CARLA 408.3 46 
3/64 ALASKA EARTHQUAKE 500.0 131 

10/64 HURRICANE HILDA 100.0 38 
12/64 CALIFORNIA, OREGON 415.8 40 

FLOODS 
3-5/65 FLOODS - BASINS OF 181.3 16 

THE UPPER MISSISSIPPI, 
THE MISSOURI, AND 
THE RED RIVER OF THE 
NORTH 

4/65 PALM SUNDAY TORNADO- 300.0 271 
MIDWEST 

6/65 SOUTH PLATTE BASIN I 415.1 16 
FLOODS 

9/65 HURRICANE BETSY 1,440.0 75 

9/67 HURRICANE BEULAH 200.0 15 
1-2/69 CALIFORNIA FLOODS 399.2 60 

8/69 HURRI CANE CMHLLE 1,420.8 256 

5/70 LUBBOCK, TEXAS 135.0 26 
TORNADO 

8/70 HURRICANE CELIA 453.8 11 

TEN- YEAR TOTAL 6,369.3 1,001 

Table 4-3. Significant Natural Disasters, 1961-1970 (at least 
100 million in damage and 10 lives lost) [Office 
of Emergency Preparedness, 1972J 

Without regard to its class, any effect of a natural hazard may be either intrin
sicallyor instrumentally disvalued by individuals. When an effect is intrinsically 
disva1ued, the effect is viewed as a problem in and of itself without regard to 

any subsequent effect it may induce. When an effect is instrumentally disvalued, 
it is viewed as a problem not because of the effect, itself, but because of the 
subsequent consequences or chains of consequences which it induced. A later chap
ter in this report utilizes the loss analysis and mitigation cost analysis results 
to identify candidate public problems of both an instrumental and intrinsic nature. 
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ANTICIPATED IMPACT 

LOW ANNUAL BURDEN 4-----+---~ HIGH ANNUAL BURDEN 

UNANTICIPATED IMPACT 

Consistent with the model, it seems likely that the most troublesome impacts - at 
time of occurrence - are those which are unanticipated and which involve a compara
tively high drain on annual income and/or the loss of a large fraction of one's 
capital accumulation. The least troublesome probably are those which are antici
pated and which involve either comparatively low annual demands on income or only 
a trivial proportion of one's capital assets, such as the annual costs of fire in
surance and of tax burdens for fire protection abatement services. Annual costs 
of this sort probably are more willingly borne by the general public and are viewed 
as less burdensome by that public than are the comparatively large costs associated 
with unanticipated, low probability-high consequence hazard events. However, if 
these events are of such low probability that the public Goes not choose to engage 
in appropriate risk-mitigating decisions and/or actions, then a social anomaly is 
presented. If the general public is not highly motivated to cope with the threats 
posed by low probability-high consequence occurrences, nonetheless, when such 
phenomenon do occur, they probably are perceived as being far more burdensome and 

distressing than other types of events. In short, human behavior and human reaction 
to such events may be inconsistent with the logic and the calculus of the actuarial 
sciences. 

Hazard Exposures and Exposure Areas 

For the purposes of this report, the populations at risk of experiencing the 
adverse effects of natural hazard exposures are viewed as consisting of three 
broad classes: 

1. Locationa1 risk takers: The populations of people and property in this 
class are those located in direct contact with or in immediate proximity 
to specific natural hazards. For example, persons who construct struc

tures within a 50-year flood plain, or who construct structures on steep 
hillsides, or who construct structures immediately adjacent to earthquake 
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faults would be cons,idered locational risk takers. Such risk takers 
may, in turn, be considered as consisting of four groups: (a) those 
who take no special measures to protect themselves from their risk
taking, and; (b) those who take one or more special steps to protect 
themselves from risk taking, such as application of structural strength
ening technologies to their buildings, purchase of insurance, or other 
similar measures. Each of these groups may, in turn, be viewed as con

sisting of "voluntary" or uinvoluntary" risk takers. The size of loca
tional risk-taking groups usually can be determined only by the per
formance of a fine-grained analysis of a specific local land area. 
In this study, the, size of locational risk-taking groups could not 
easily be determined for all hazards because of the national scope of 
the study and the high cost involved in identifying such groups. None, 
theless, per capita and other estimates of the losses incurred by loca
tional risk takers are presented for a few hazards. 

2. Area risk takers: This class includes those persons and properties 
which are located in small geographically-or politically-identifiable 
local areas within which segments of the land area available for devel
opment are known to exhibit particularly high hazard potentials. Thus, 

a person constructing a dwelling unit in the cities of Dallas or 
Houston, Texas could appropriately be designated as an area risk taker 
because of the high proportion of the land areas of these two places 
which are known to exhibit a high potential for expansive soil-induced 
damage to foundations and structures. Similarly, a person establishing 
residence in the San Fernando Valley of Los Angeles County or in the 
City of San Francisco could be declared to be an area risk taker be
cause of the earthquake hazards known to exist in these places. 

3. Communities of interest: This class of persons and property include 
the i nd ividua 1 s, groups, and buil ding wealth compromi si ng the "envir
onmental surrounds" of locational and area risk takers, the populations 
of communities which bear primary power for controlling hazard expo
sures or for mitigating the risks induced by such exposures, and fur
ther includes the groups within which the costs of natural hazard ex
posures incurred by locational and area risk takers may be distributed. 
Communities of interest may be viewed as consisting of several groups, 
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the highest and largest of which would constitute the entire population 
of the United States. 

In most cases this study was able to identify populations at risk only at the 
scale of area risk takers and at the scale of communities-at-interest. Generally, 
references to county-level population segments should be viewed as defining area 
populations at risk while references to state or national-level populations 
should be viewed as constituting references to communities-at-interest. Thus, the 
finest-grained hazard exposure areas, defined in the study for selected hazards 
are those listed in Figure 4-4. Data for all hazards except riverine flooding 
also were aggregated by county and state. 

ANALYSIS AREA HAZARDS TO WHICH APPLIED 

COUNTY-LEVEL AGGREGATIONS TORNADO, HURRICANE WINDS, SEVERE 
OF PEOPLE AND PROPERTY WINDS, EARTHQUAKE 

PROPOR7!ONS OF COUNTIES EXPANSIVE SOILS, LANDSLIDE 

INUNDATION AREAS TSUNAMI 
(100-YEAR AND 500-YEAR) 

STORM-SURGE ZONES, BY STORM SURGE 
COUNTY SEGMENTS 
(0-20', MEAN SEA LEVEL, 
ADJUSTED) 

RIVERINE FLOOD PLAIN RIVERINE FLOODS 
ZONES, BY MULTI STATE 
REGIONS: 

50-100 YR. (E) 
25-50 YR. (D) 
10-25 YR. (C) 
5-10 YR. (8) 

2-5 YR. (A) 

Figure 4-4. Hazard Exposure Areas Utilized in Study 

Populations at Risk 

Expressed as a percentage of the total U.S. population, the combined populations 
of natural hazard exposure areas ranged downward from 100% for severe winds to 
only 0.05% for 100-year tsunami inundation areas [See Tabl e 4-4J. With the ex
ception of severe wind, earthquake, expansive soils, and hurricane wind, compara
tively small fractions of the U.S. population reside in the hazard exposure 
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areas which produce the major fraction of the nation's annual expected hazard 

losses. 

TYPE OF 
HA!ARD AREA 

l. SEVfRl WI NO COUNTIES 
-_._- -_ ... - ~ ---~- ~--. - -- -

2. TORNADO COUNTIES 

3. EXPANSIVE SOILS FRACT IONS OF 
HIGH ZONES COUNTIES 
MEDIUM ZONES 
LOW ZONES 

4. EARTHQUAKE COUNTIES 
ANY I NTENS ITY 

5. EARTHQUAKE FRACT IONS 
ZONE #1 OF STATES 
ZONE #2 
ZONE #3 

6. HURRICANE WIND COUNTIES 

7. LANDSLIDE COUNTI ES 
HIGH 
MODERATE 

r-----------
8. STORtI SURGE COUNTIES 

r------
9. STORH SURGE COUNTIES SEGMENTS 

0- 20 FT. r1EAN SEA 
LEVEL (ADJUSTED) 

I-------~ 

10. RIVERINE FLOOD 5,539 FLOOD PRONE 
CITIES: 
ALL ZONES 
100 YR. FLOOD PL. 

50 YR. FLOOD PL. 
25 YR. FLOOD PL. 

11. TSUNAt1I 100 YR. INUNDATION 
AREA 
500 YR. INUNDATION 
AREA 
COUNTIES CONTAINING 
ABOVE AREAS 

* Number of People in Single Family Residences 

** % of Total Population 

HUMAN POPU~AT ION VALUE OF BUILDING 
EXPOSED EXPOSED TO HAZARD 

PERCENT N PERCENT 
N OF U. S. 

($ x 106 ) 
OF U. S. 

TOTAL TOTAL 

203.260.531 100.0 2.064.507.5 100.0 
-----

181.198.749 89.1 1.788.989 89.1 

* ** NOT 
17.730.021 8.7 
23.710.910 11.7 ,AVAILABLE 
98.320.71 0 48.4 

143.169.495 70.4 1.494.293 72.4 

120.600.000 59.3 1.205.138 58.4 
33.340.000 16.4 340.210 16.5 
38.020.000 18.7 427.860 20.7 

62.741.264 30.9 682.476 30.9 

NOT 
44.068.071 21. 7 AVAILABLE 
39.426.341 19.4 

38.387.247 18.9 438.733 21.3 

9.940.101 4.89 104,670.25 5.1 

24,112,000 11.86 731,977.34 35.5 
12,056.000 5.93 364,650.79 17.7 
8,776,416 4.32 265,471.01 12.9 
5,830,968 2.87 175,478.42 8.5 

109.400 0.054 

237,500 0.117 

18.200.851 8.95 217,327.63 10.5 

Table 4-4. Exposure of Building Values and Persons to Natural 
Hazards in the U.S., by Type of Hazard for 1970 

Thus, if one assumes that the populations of the several hazard-specific types of 

exposure areas are discrete, non-overlapping groups, then not more than 7.9% of 
the U.S. population in 1970 resided in exposure areas which produced in excess 
of 32.8% of the total national building damage losses arising from natural hazard 
exposures [See Table 4-5]. 
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EXPOSURE AREA POPULATION % OF LOSS % OF NATIONAL 
NATIONAL (MILLIONS) BLDG.DAM.LOSS 

RIVERINE FLOOD ZONES A - C 5,830,968 2.87 1438.8 25.02 --
STORM SURGE INUNDATION AREAS 9,940,101 4.89 442.0 7.68 
(0-20' MSL, ADJUSTED) 
TSUNAMI 500-YEAR 237,500 .12 8.7 .15 
INUNDATION AREAS 

TOTALS 16,008,569 7.88 1889.5 32.8% 

Table 4-5. Hazard Exposure Areas, Population at Risk and 
Expected Annual Dollar Losses. 

Even in the case of tornadoes, to which 89.1% of the U.S. population is exposed at 
some level of risk, the major burden of the risk-taking is borne by minor fractions 
of the exposed population. For example, in the contiguous U.S., fourteen states 
and the District of Columbia experience fewer than one tornado per year per 10,000 
square miles of land area. In the remaining thirty-four states, strike occurrences 
per 10,000 square miles of land area per year are as follows: [Hart, 1976, Fig. 1-2] 

STRIKE OCCURRENCES PER YEAR 
PER 10,000 SQUARE MILES 

1 - 1. 99 
2 - 3.99 

4 - 4.99 
5+ 

NUMBER OF 
STATES IN CLASS 

10 

16 
4 

4 

This phenomenon also is depicted in Table 4-6, which indicates that about 63% of 
all tornado strikes per year in the U.S. are experienced by less than 20% of the 
U.S. land area which represents a slightly lower fraction of the U.S. population. 

The extent to which various proportions of the U.S. population are exposed to 
differing levels of risk arising from exposure to natural hazards may be suggested 
through use of the study-revealed building damage rates, which were associated 
with various areas in 1970. 

In terms of the entirety of the U.S. land area, 1970 building damage losses were 
equal to .279% of the nation's building wealth [See Table 4-7]. At the level of 
whole states, only two states (Vermont and Arizona) and the District of Columbia 
were found to experience 1970 expected annual building damage rates which were 
below the rate for the nation as a whole for each of the nine hazards examined 
in the study [See Table 4-7]. All of the other states in the Union experienced 
the national building damage rate, or higher, for one or more of these same hazards. 
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NUMBER OF NUMBER OF GRIDS IN GROUP NUMBER OF STRIKES 
STRIKES PER 
GRID 
WX1°) N CUM :t. CUM N CUM :t. CUM 

75+ 11 11 1.22 917 917 7.66 

50 - 74 31 42 4.66 1768 2685 22.43 

25 - 49 134 176 19.56 4763 7448 62.23 

10 - 24 192 368 40.89 3360 10808 90.30 

5 - 9 94 462 51.33 658 11466 95.80 

2 - 4 143 605 67.22 429 11895 99.38 

1 74 679 75.44 74 11969 100.00 

0 221 900 100.00 0 -- --

TOTAL 900 900 0 11969 11969 100 

Source: Hart [1976] Figure 1-11. 

Table 4-6. Tornado Strike Distribution Within the United States 

Twenty states recorded 1970 annual expected building damage rates for all hazards 
which were equal to or in excess of the aggregated national rate for all hazards 
[See Table 4-7J. Each of the states of the Gulf Coast were included in this 
group, as were four of the Atlantic seaboard and two of the Pacific coast states. 
Only nine of the interior, land-locked states were in this group, including: 
Colorado, Utah, South Dakota, Kansas, Missouri, Nebraska, Arkansas, Oklahoma and 
Iowa. In 1970 these twenty states claimed a total population of 81.98 million 
persons and represented a combined value of buildings in excess of $785 billion. 

These same twenty states accounted for 54.6% of the nation's annual expected 
hazard-induced dollar losses to buildings in 1970 [See Table 4-10J. Also in 1970, 
fifteen states experienced an all-hazard annual expected building damage rate of 

0.3% or higher. Containing a combined population of over 72 million persons, 
these "high" damage-rate states included: Florida (0.825%), Louisiana (0.721%), 
Mississippi (0.477%), Kansas (0.423%), Washington (0.404%), Texas (0.398%), Mis

souri (0.396%), Nebraska (0.391%), California (0.375%), Oklahoma (0.338%), Colo
rado (0.319%), South Dakota (0.311%), South Carolina (0.311%), North Carolina 

( 0.31 0%), A 1 a bama (0.309%). 
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1970 POPULATION AND VALUE OF BUILDINGS IN INDICATED CLASS* 
NATIONAL 
BUILDING (1) (2) ( 3) (4) 

HAZARD DAMAGE NBDR x 2 NBDR x 1 0.5 TO 0.99 x 0.0 TO 
RATE 

(NBDR) 
OR GREATER NBDR 0.49 NBDR 

(%) .. BUILDING BUILDING POP. BUILDING POP. POP. 
VALUE·" 

POP. 
VALUE VALUE 

FLOOD .0921 - - 113.35 1048.5 89.89 1016.0 --
STORM SURGE .0214 13.60 115.3 42.11 448.3 37.17 359.0 123.96 

TSUNAMI .0004 24.41 277 .5 26.50 297.4 - - 176.74 
TORNADO .0426 38.50 383.3 88.01 840.1 37.16 350.9 78.07 
HURRICANE .0332 26.91 254.8 58.05 594.1 27.43 283.8 117.76 
SEVERE WIND .0005 23.29 234.5 73.92 761.7 85.27 897.7 44.05 
EARTHQUAKE .0317 26.91 300.8 36.00 382.5 3.32 26.3 163.92 
LANDSLI DE .0179 - - 104.53 1031.0 85.43 905.8 13.46 
EXPANSIVE SOILS .0387 47.65 480.2 81.37 777.6 24.49 254.3 97.38, 

ALL HAZARDS··** .2786 10.43 9l.4 81.98 785.9 105.72 1119.2 15.54 

Data source, see Table 4-7 

*Population and building values of states which recorded indicated building damage rate 
**Population in millions for affected states 

***Buildin~ value in billions of dollars 
****Populatlon and building value determined using NGDR for all hazards 

BUILDING 
VALUE 

--
1257.2 
1767.1 
873.5 

1186.6 
405.1 

1655.7 
127.7 

1032.6 

159.4 

Table 4-8. Population at Risk of Exposure to Specific Building Damage 
Rates, by Hazard, 1970 

NUMBER OF STATES TOTAL POPULATION 
BUILDING DAMAGE RATE IN CLASS OF CLASS* 

1. LOW [<0.20] 17 65.62 
2. MEDIUM [ 0.20 - 0.299] 19 65.43 
3. HIGH [ 0.30 - 0.829] 15 72.19 

TOTALS 51 203.24 

Source: See Table 4-7. *mi 11 ions 

Table 4-9. Size of State Populations Exposed to Various Hazard
Induced Building Damage Rates in 1970 

For the year 2000, state-level exposures to various building damage rates are 
expected to be as depicted in Table 4-11. 

Although state-level aggregations of people and property certainly represent com
munities whose interests are affected by exposures to natural hazards, in most 
cases such aggregations do not provide a correct picture of the actual number of 
people and buildings which are directly exposed to a given hazard or combination 
of hazards. Accordingly, the study tallied and rank-ordered U.S. counties by 
their 1970 building damage rates. In that year, five hundred U.S. counties 
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1970 TOTAL EARTH HAZARDS 
STRUCTURE POPULATION 

8ASELINE STATE VALUE (MILLIONS) 
~ DAMAGE (S81 LL.) EQ 

.309 AL 26.7 3.44 .0 

.164 AK 3.9 0.27 3.6 

.130 AZ 16.9 1.77 0.7 

.299 AR 13.6 1.92 3.3 

.375 CA 22£.0 19.96 439.6 

.319 CO 22.7 2.21 ~0.2 

.284 CT 35.0 3.03 0.8 

.184 DE 5.7 0.55 0.1 

.087 DC 12.6 0./6 0.1 

.825 FL 61.1 6.79 1.0 

.223 GA 41.5 4.59 0.5 

.114 HI 10.0 0.77 0.3 

.179 ID 6.3 0.71 1.5 

.274 IL 126.8 11.12 1.0 

.252 IN 48.8 5.20 0.1 

.291 IA 25.8 2.83 .0 

.423 KS 21.5 2.25 0.2 

.192 KY 25.6 3.22 1.3 

.721 LA 30.3 3.64 1.9 

.233 ME 8.3 0.99 .0 

.155 MD 49.2 3.92 0.1 

.272 MA 63.4 5.69 1.7 

.230 MI 90.8 8.88 0.9 

.215 MN 37.7 3.80 .0 

.477 MS 14.6 2.22 0.4 

.396 MO 45.1 4.68 15.3 

.202 MT 6.4 0.69 1.4 

.391 NE 14.3 1.49 0.2 

.. 153 NV 5.8 0.49 2.7 

.220 NH 7.4 0.74 0.2 

.159 NJ 83.7 7.17 3.4 

.182 NM 9.1 1.02 1.2 

.16E NY 229.6 18.24 20.2 

.310 NC 40.0 5.08 0.1 

.277 NO 4.8 0.62 .0 

.194 OH 106.3 10.66 1.0 

.338 OK 23.1 2.56 0.5 

.151 OR 19.9 2.09 1.7 

.136 PA 116.1 11.80 0.4 

.284 RI 9.3 0.95 0.1 

.311 SC 19.6 2.59 1.9 

.311 SO 5.3 0.67 0.1 

.210 TN 30.8 3.92 15.1 

.398 TX 103.7 11.20 0.8 

.286 UT 10.6 1.06 12.2 

.137 VT 3.8 0.44 .0 

.220 VA 48.8 4.65 0.4 

.404 WA 35.6 3.41 96.9 

.166 WV 14.2 1. 74 0.1 

.213 WI 41.2 4.42 .0 

.200 WY 3.2 0.33 .0 

. 279 U. S . 2064.5 203.24 655.2 

·Flood is estimated with a different model 
-·Only residential expansive soil losses 

ES -- LS 

14.45 4.6 

0 G 
2.3 2.29 

7.01 2.98 

182.59 36.83 

17.77 6.27 

7.08 10.30 

.64 1. 59 

.79 .82 

14.60 3.91 

17.17 5.12 

0 0 

2.42 1.01 

28.69 33.16 

6.31 6.80 

14.69 5.21 

25.88 3.41 

8.58 5.96 

26.29 5.95 

2.30 2.12 

6.66 11.97 

4.83 13.21 

42.31 19.47 

5.87 5.52 

13.19 2.76 

37.22 10.75 

4.02 1.18 

21.33 2.64 

1. 12 .64 

.7Q 1.47 

7.47 10.70 

3.81 .82 

14.76 29.36 

18.92 9.76 

1.88 1.13 

14.57 21.87 

4.86 2.16 

4.97 4.19 

14.84 24.91 

.74 .60 

8.66 3.21 

3.49 1.31 

6.67 2.00 

143.69 11.36 

5.53 3.13 

.44 .54 

8.87 8.94 

4.71 10.41 

3.87 4.88 

6.28 10.43 

2.27 .71 

798.1 370.3 

WATER HAZARDS W I NO HAZARDS 
ALL 
HAZARDS 

FL - 5S TS TO HU 5W 

28.9 4.3 0 18.4 11 .9 0 82.6 
2.4 0 0.4 .0 0 C 6. ~ 

14.7 0 0 1.9 0 C , 
'. 

20.0 a 0 7.3 0 G 4C. f 

178.5 0 3.S 13.8 0 O.e 85".6 
18.4 0 0 9.4 0 0 .• 72.3 
21.8 9.7 0 5.7 43.6 0.4 99.4 
4.S 0.5 0 1.4 1.8 0 10.5 
6.3 0 0 1.1 1.9 0 11. C 

56.9 195.0 0 41.8 190.4 0.2 503.£ 
38.5 4.4 0 18.6 8.4 0 92.7 
6.9 0 4.1 .0 0 0.1 11.4 
5.9 0 0 0.4 0 0.1 11.3 

132.2 0 0 152.2 0 O.S 348.0 

61.8 D 0 47.7 0 0.4 123.1 
36.4 0 0 18.6 0 0.3 75.2 
28.9 D 0 32.3 0 0.2 90.9 
25.4 D 0 8.0 0 0 49.2 
37.8 84.5 0 13.3 48.6 0.1 218.~ 

7.1 0.5 0 1.0 6.3 0 19.3 
32.2 4.0 0 8.6 12.8 0.1 76.4 
40.8 12.5 0 35.3 63.6 0.8 172.7 

10S.6 0 0 40.1 0 0.1 206.5 
48.8 0 0 20.3 0 0.4 80.9 
23.1 13.2 0 8.4 8.7 0 69.7 
60.1 0 0 55.2 0 0.2 178.8 
5.8 0 0 0.4 0 0.1 12.9 

19.2 0 0 12.3 0 0.2 55.9 
4.1 0 0 0.2 0 0.1 8.9 
5.3 0 0 2.8 5.8 a 16.3 

49.7 11 .5 0 26.2 23.1 0.8 132.9 
8.5 0 0 2.2 0 0.1 16;6 

126.5 50.0 0 10.7 129.4 1.0 381.9 
41.8 7.7 0 12.7 32. 0.2 124.1 
8.0 0 . 0 2.2 0 0.1 13.3 

126.8 0 0 41.9 0 0.3 206.4 
26.6 0 0 43.5 0 0.4 78.0 
18.7 0 0.1 0.4 0 0 30.1 

81.8 0 0 20.1 15.7 0.4 158.2 

6.8 7.1 0 0.5 10.4 0.2 26.4 

21.7 7.0 0 7.9 10.5 0 60.9 

8.6 0 0 2.9 0 0.1 16.5 

30.9 0 0 10.0 0 0 64.7 
116.5 15.7 0 92.6 30.6 1.0 412.3 

8.8 0 0 0.5 0 0.1 30.3 
3.2 0 0 .8 0.2 0 5.2 

38.2 13.5 0 8.5 28.8 0.3 107.5 
30.5 0 0.7 .4 0 0.2 143.8 
13.7 0 0 1.0 0 0 23.6 
52.6 0 0 18.2 0 0.2 87.7 

2.8 0 0 0.5 0 0.1 6.4 

1901.0 441.1 8.8 880.2 685.4 11.3 5751.4 

Table 4-10. Damage to Buildings (In Millions of Dollars) by State for 
the Year 1970 
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2000 POPULATION AND VALUE OF BUILDINGS IN INDICATED CLASS 
NATIONAL 
BUILDING (1) (2) (3) (4) 

HAZARD DAMAGE 
NBDR X 1 0.5 TO 0.99 X 0.0 TO 0.49 x RATE NBDR X 2 

(NBDR) AND GREATER MBDR NBDR 
PERCENT 

BUILDING BUILDING BUILDING POP'!'· VALUE··· POP. VALUE POP. VALUE 
POP. 

FLOOD .0324 -- -- 11B.80 2163.9 137.30 2761.3 --
STORM SURGE .0239 19.02 318.6 26.27 449.2 71.09 1423.8 158.74 
TSUNAMI .0004 31.47 653.1 31.47 653.1 2.49 45.1 222.14 
TORNADO .0418 45.52 870.0 110.26 2024.7 47.40 855.9 98.44 
HURRICANE .0354 36.74 657.6 75.48 1447.9 30.36 607.9 150.26 
SEVERE WIND .0005 23.35 453.1 87.90 1708.6 101.08 1995.0 67.12 
EARTHQUAKE .0239 34.61 710.2 45.89 909.1 3.65 58.2 206.56 
LANDSLIDE .0177 -- -- 126.18 . 2387.9 109.19 2160.9 20.73 
EXPANSIVE SOIL .0202 59.11 1135.7 99.63 1836.6 48.89 901.5 107.58 

ALL HAZARDS •••• .1961 15.52 265.2 117.96 2225.9 117.96 2196.3 26.38 

·Popu1ation and building values of states which recorded indicated building damage rate 
··Popu1ation in millions for affected states 

···Bui1ding value in billions of dollars 
····Popu1ation and building value determined USing NBDR for all hazards 

BUILDING 
VALUE 

--
3052.2 
4227.0 
2044.6 

2869.4 
1221.6 
3957.9 

376.4 
2187.1 

503.0 

Table 4-11. Population at Risk of Exposure to Specified Building 
Damage Rates, by Hazard, Year 2000. 

experienced building damage rates of 0.287% or higher as a result of their 
exposure to all hazards, except riverine flooding [See Table 4-12J. 

CATEGORY, BY ANNUAL NUMBER OF BUILDING WEALTH AT 

PERCENT OF BUILDING COUNTIES RISK 
IN 

VALUE EXPECTED TO CATEGORY (BILLIONS) 
BE LOST·*(PERCENT) N CUM N CUM 

3.00+ % 2 2 $ .308 $ .308 

2.50 - 2.99% 0 2 - .308 

2.00 - 2.49% 1 3 .422 .730 

1. 75 - 1. 99% 3 6 1.247 1.977 

1.50-1.749% 2 B .094 2.071 

1. 25 - 1.491 11 19 9.332 11. 403 

1.00 - 1.2d9:t 9 28 22.557 33.960 

0.75 - 0.999% 29 57 26.040 60.0~0 

0.50 - 0.749X 39 96 46.029 106.029 

0.40 - 0.~99% 64 160 84.346 190.375 

0.30 - 0.399% 251 411 206.371 396.747 
<0.30% 89 500 33.518 430.264 

*All study hazards, except riverine floodina 
·*Range is 0.287 to ~.51% 

EXPECTED AtulUAL POPULATION AT RISK EXPECTED 
BUILDING LOSSES ANNUAL PER 

CAPITA 
(MILLIONS) (MILLIONS) LOSSES (S) 
N CUM N CUM 

$ 10.72 $ 10.72 .049 .049 $218.37 

- 10.72 - .049 -
9.92 20.64 .053 .102 188.54 

23.42 44.06 .1£9 .290 124.24 
1.~4 45.60 .012 .302 128.98 

126.13 171. 73 .958 1.260 131.E5 
267.93 439.66 2.133 3.393 125.62 
222.00 661.66 2.508 5.901 88.53 
270.75 932.41 4.816 10.717 56.22 
371.37 1303.78 7.673 18.389 48.40 
670.31 1974.09 19.418 37.807 34.52 
98.26 2072.35 3.623 41.430 27.12 

Table 4-12. Distribution of Most Damage~Prone Counties of the U.S., Classified 
by Expected Annual Losses and by Annual Proportion of Building 
Value Expected to be Lost Through Exposure to Eight Natural 
Hazards*, 1970 
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Containing 20.4% of the nation's population and 20.8% of its building wealth, 

these counties accounted for 36% of the nation's annual expected dollar loss from 
building damage in 1970. In these counties the annual expected proportion of 
building value which was lost in 1970 as a result of non-riverine hazard-induced 
damages ranged from a low of 0.287% to a high of 3.51%, and the ratio of county 
building damage rates to the national rate ranged from 1.47 to 18.00. [See 

Table 4-l3.J 

VALUE EXPECTED 
DAMAGE" .... AT RISK ANNUAL POPULATION EXPECTED ANNUAL 

COUNTY RATE RANK INDEX (MILLIONS) LOSS (1000'S) PER CAPITA LOSS 

1. STODDARD. MO .0351 1 18.00 S 161.0 $ 5.651.100 25.7 $219.89 
2. IBERIA. LA .0186 5 9.53 380.0 7.068.000 57.4 123.14 
3. COLLIER. FL .0144 10 7.38 306.0 4.4D6.400 38.0 115.96 
4. WASHINGTON. NC .01D9 25 5.59 88.8 967.920 14.0 69.14 
5. ST. LUCIE. FL .OD784 50 4.02 408.0 3.198.720 50.8 62.97 
6. MANATEE. FL .00483 100 2.48 576.0 2.782.080 97.1 28.65 
7. REFUGIO. TX .00368 200 1.87 61.9 227.792 9.5 24.00 
8. MURRAY. OK .00332 300 1. 70 79.0 262.280 10.7 24.51 

9. SANGAMON. I L .00303 400 1.55 2060.0 6.241.800 161.0 38.77 
10. GRADY. OK .00287 500 1.47 217.0 622.790 29.4 21.18 

*Does not include riverine flooding 
**County damage rate 7 national average building damage rate for 1970 for all hazards except riverine 

flooding (.00195). 

Table 4-13. Expected Total Annual and Annual Per Capita Building Losses 
From Exposure to Eight Natural Hazards* in a Selected Subset 
of the 500 Most Damage-Prone Counties in the U.S., 1970 

The geographic distribution of high damage rate counties and states is shown in 
Figure 4-5 to 4-11. Particularly striking in Figure 4-5 is the cluster of 
counties vulnerable to storm surge and hurricane winds along the shores of the 
Gulf Coast and Atlantic Ocean, as well as the almost unbroken belt of tornado
prone counties along the interior and middle sections of the United States. [See 

Figure 4-6.J 

Although the county aggregated data depicted in Tables 4-12 and 4-13 suggest the 
steep gradient of natural hazard risk to which various population subsets are 
exposed, an even clearer picture is revealed by an examination targeted on 
specific hazard zones or areas, rather than the whole counties in which such areas 
are located. 

For example, building damage rates from exposures to storm surge in coastal county 
areas which are within the surge-prone zone (0 ft. to 20 ft. adjusted mean sea 
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Figure 4-6. Counties with a Damage Rate Two or More 
Times the NBDR for Tornado, 1970 

Figure 4~7. Counties with a Damage Rate Two or More 
Times the NBDR for Earthqua ke, 1970 
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Figure 4~8. Ratio of State Building Damage Rate to the National 
Building Damage Rate (NBDR) for All Hazards, 1970 
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Figure 4-9. Ratio of State Building Damage Rate to the National 
Building Damage Rate (NBDR) for All Hazards, 2000 
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Figure 4-10. Ratio of State Building Damage Rate for Earthquake, 
Storm Surge, Tornado and Hurricane, to the NBDR, 1970 

2.00 llilOR ~ 
1. 0 - 1. Ii I MIDR ~:::::::::::1 

0.5 - D.1i I MIDR 1':'·::::::::1 
0.0 - O.ot I NIOR 0 

Figure 4-11. Ratio of State Building Damage Rate for Earthquake, 
Storm Surge, Tornado and Hurricane, to the NBDR, 2000 

4-23 



level), range from 0.025% per year in coastal counties of New Hampshire to 1.429% 
in the coastal counties of Mississippi [See Table 4-l4J, and annual per capita 
losses per exposed person range from $2.98 in New Hampshire to $121.37 in Georgia. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

ANNUAL BUILDING 
STATE POPULATION BUILDING EXPECTED DAMAGE 

WEALTH LOSS RATE 
($ MILLION) ($ MILLION) (%) 

, 
~1ISSISSIPPI 116.924 922.18 13.178 1. 4290 

GEORGIA 35.883 312.68 4.355 1.3928 

FLORIDA 2.467.506 22.720.49 195.271 0.8595 

ALABA~A 78.774 593.82 4.323 0.7280 

LOt.:!SIAr'A 1.664.001 15.000.57 84.482 0.5632 

RHOJo I SLA~C 135.288 1.321.94 7.075 0.5352 

N. C~,ROL I ~A 269.991 1.895.59 7.723 0.4074 

TEXAS 408.987 4.142.19 15.725 I 
0.3797 

I1ASSACHUSETTS 297.700 3.490.19 12.635 i 0.3620 
I 

CONNECTICUT 257.364 2.854.71 9.684 
I 

0.3392 

SO. CAROLI NA 336.588 2.828.94 6.999 0.2474 

MAINE 26,370 236.64 0.527 0.2227 

DELA,JARE 25.770 268.91 0.536 0.1993 

NEW YORK 1,926,873 27,456.65 50.049 0.1823 

VIRGINA 877,110 8.763.71 13.547 0.1546 

NEW JERSEY 689,514 8.271.66 11 .406 0.1379 

MARYLAND 314,715 3.462.94 4.044 0.1168 

N. HAMPSHIRE 10,743 126.44 0.032 0.0253 

TOTALS 9,940,101 104.670.25 441.591 0.4219 

Source: Calculated from data presented in Lee. et.a1. (1976) 
Figure 3-9. Tables 3-2, 3-3 and Appendix A 

ANNUAL 
EXPECTED 
PER CAPITA 
LOSS ($) 

112.71 

121.37 

79.14 

54.88 

50.77 

52.30 

28.61 

38.45 

42.44 

37.63 

20.79 

19.98 

20,80 

25.97 

15.45 

16.54 

12.85 

2.98 

44.43 

Table 4-14. Population Levels, Building Exposures, Building Damage 
Rates and Building Losses From Storm Surge in Areas 
of 0-20' AMSL, 1970 

Of course, in any given storm surge hazard area (where storm frequencies are held 
constant), these damage rates and annual per capita losses will vary markedly 
throughout the exposure zone, with persons and property at lower elevations 
experiencing much higher rates and per capita losses than those at higher elevations. 

Similarly, riverine flood losses in 1970 also exhibited a steep gradient in annual 
expected building damage rates [See Tables 5-3, 5-23(b), and 5-25J and in annual 
per capita losses (for all types of buildings) by type of exposure area, as 
follows: 
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BUILDING EXPOSED PER CAPITA 
RIVERINE FLOOD EXPOSURE AREA DAMAGE POPULATION ANNUAL 

RATE LOSS $ 

1. FLOOD ZONE A 
UNPROTECTED COMMUNITIES 2.78% 805.730 $799.75 

2. FLOOD ZONE B 
UNPROTECTED COMMUNITIES 1.20% 895.241 , $349.59 

3. FLOOD ZONE C 
UNPROTECTED COMMUNITIES 0.58% 1.193.654 $173.20 

4. FLOOD ZONE A 
PROTECTED COMMUNITIES 0.46% 860.378 $132.42 

5. FLOOD ZONE B 
PROTECT~D CO~~UNITIES 0.29% 955.960 $ 83.42 

6. FLOOD ZONE D 
UNPROTECTED COMMUNITIES 0.22% 1.462.187 $ 64.53 

7. FLOOD ZONE C 
PROTECTED COMr.UNITIES 0.21% 1.274.614 $ 41. 93 

8. FLOOD ZONE E 
ALL FLOOD-PRONE COMMUNITIES 0.11% 3.312.216 $ 33.55 

Table 4-15. Riverine Flood Exposure Areas, Building 
Damage Rate, Exposed Population and Per 
Capita Annual Loss 

Comparable 1970 data for 500 year tsunami inundation areas are as indicated 
below. All data have been derived from Lee, et. a1. (1976) and building wealth 
has been distributed to the inundation area in the same proportion as population: 

COUNTIES OF WHICH INUNDATION VARIABLE I NUNDA TI ON AREAS 
ARE LOCATED AREAS. ONLY 

POPULATION 18.200.851 237.500 

BUILDING WEALTH 217.327.4 2.802.219 
($ MILLION) 

BUILDING DAMAGE LOSS 8.7 8.7 
($ MILLION) 

BUILDING DA~AGE RATE (%) 0.0040% 0.3105% 

PER CAPITA BUILDING $0.43 $36.63 
DA"'AGE LOSS 

Table 4-16. Inundation Areas, Building Damage Rate, Exposed 
Population and Per Capita Annual Loss 
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Those counties which are located in the eleven map grids (lOxlO) in which mean 

annual tornado strikes total 75 or more, exhibited an annual 1970 tornado-related 
building damage rate of between .225 and .261 percent and an annual per capita tor

nado-related building damage loss of $20 to $24. 

Natural Hazard Losses in the United States 

Hazardous natural occurrences apparently have been ubiquitous throughout the his

tory of the United States, conspicuous sources of life loss and property damage, 

and the target of considerable public concern. 

Twenty-one years before the adoption of the Declaration of Independence, earth

quakes shattered Massachusetts and, during the height of the War of 1812, the 

highest magnitude earthquakes in the history of the nation left parts of Missouri 

and Arkansas a permanent "sunken country." [Dacy and Kunreuther, 1969J. In the 

immediate post-civil war years, another devastating earthquake struck South Caro

lina [Insurance Information Institute], and a forest fire consumed Peshtigo, 
Wisconsin in 1871, causing the deaths of 1182 persons [National Safety Council, 

1971 J . 

When the U.S. population moved westward from their original Atlantic colonies. 

they encountered the tornadoes of the Great Plains and Midwest States and the 
term, II storm 

vocabulary. 
homebuilding 

cellar" or "cyclone cellar" became a permanent addition to the national 

In the open country of Kansas and similar states, the typical early 

family constructed both a regular cellar under their permanent home 

and an " ... additional cavelike cellar, commonly known as a 'cyclone cellar' ... a 

few yards from the house. Such a cellar served for storage purposes; and also 

as protection for the family against the storms that swept across the open 

prairies. Lightning rods (invented in 1749 by Benjamin Franklin) were standard 

fixtures ... " on houses [Beyer, 1968, pg. 31J. In spite of these safeguards, then 

as now, tornadoes claimed dozens of lives each year; but other hazards produced 
more calamitous single events. 

In 1889, high and turbulent floodwaters claimed 2,209 lives in Johnstown, Pennsyl

vania on a single day, and eleven years later, the largest civil disaster in U.S. 
history occurred when a "great" hurricane pushed the waters of a storm surge over 
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Galveston, Texas (September 8, 1900) and thereby caused the deaths of 6,000 persons. 

Only six years later (April 18, 1906), a "great" earthquake rocked San Francisco 
and, together with the fires which were produced by the event, caused the death of 
500-700 persons and more than $374 million in property damage. In September, 1928, 
a Florida hurricane caused 1,833 deaths over a two-day period; the previous March 
a Cal ifornia dam collapse sent a wall of water over an unwary populace and s\<!ept 
450 individuals to their deaths [Insurance Information Institute, 1971; and 
National Safety Council, 1971J. 

Many of these pre-1930 natural disasters rank among the most severe civil calamities 
in our history, claiming more lives per event than the sinking of the Titanic in 
1912 (1,517 lives lost), the Texas City ship explosion of 1947 (561 lives lost), 
the Cocoanut Grove nightclub fire of 1942 (492 lives lost), the Monongha, West 
Virginia coal mine explosion of 1907 (361 lives lost) [National Safety Council, 
1971J, and the worst air traffic accident in history in March 1977 (581 lives lost) 
[World Almanac and Book of Facts, 1978J. 

In more recent years, the Palm Sunday tornadoes of 1965 claimed 271 lives in five 
states; Hurricane Camille (1969) destroyed over 1.4 billion dollars in property 
and caused 256 deaths, the South Dakota Flash Flood of 1972 killed 236 persons, 
the Alaska Earthquake (1964) claimed 131, and Agnes - the hurricane and tropical 
storm of 1972 - caused 118 deaths and the loss of more than 3.1 billion dollars 
in property. Also, on a single day in 1974, tornadoes caused the deaths of 318 
persons in several southern and midwestern states. 

Less dramatic, but unquestionably of high cost in property damage, have been the 
week-by-week, and year-by-year damage losses produced by such hazards as expansive 
soils and land subsidence and by such events as landslides and the erosion of 
river banks, lake, and seashores. Periodic draughts, hail, ice, and snow stoms 
also have taken their annual toll. 

Numerous analysts have attempted to measure the annual magnitude, geographic dis
tribution, short and long-term impacts of natural hazard exposure in the United 
States. Although most have focused on single hazards or related clusters of 
hazards, a few comprehensively oriented assessments have been publ ished, and for 
at least sixteen natural hazards, various estimates of annual losses are available. 
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In 1969, one team of analysts estimated that the forty-year costs (1925-1965) 
of hurricanes, floods, tornadoes and earthquakes had reached 21,467 million 
dollars (in 1964 constant dollars) and 15,768 deaths to human beings [Dacy and 
Kunreuther, 1969]. 

In 1975, another team of researchers estimated that direct property losses from 

fifteen natural hazards equalled $23 per capita, or 0.05% of per capita income 
[White and Haas, 1975]. The hazards inventoried were avalanche, coastal erosion, 
drought, earthquake, flood, frost, hail, hurricane, landslide, lightning, tor
nadoes, tsunami, urban snow, volcano, and windstorm. Another set of authors has 
placed annual losses for expansive soils at 2.3 billion dollars per year, or 
about $11 per capita [Jones and Holtz, 1973]. 

Other authors have focused on the distribution of impacts among hazard-exposed 
populations. Thus, Bates [1963], and Cochrane [1975], have examined the distribution 
and impacts of hazard losses within the populations of communities that have 
experienced major natural disasters. From these studies a consistent finding 
has emerged: the persons most adversely affected are the poor, the elderly, and 
members of minority groups. Thus, in Bates' study, the most severe effects of 

a hurricane on the population of a Louisiana parish were found to be concentrated 
among the community's black population. Nearly half of the black population was 
killed in the disaster, but only 4% of the whites were so affected. Similarly, 
Cochrane's examination of eight communities which had experienced disasters 
revealed that lithe lower income groups conSistently bear a disproportionate share 
of the losses: they receive, in most instances, the smallest proportion of 
disaster relief; they are the least likely to be insured ... ; and they live in 
dwellings which are of the poorest construction and most subject to damage." 
Also, the elderly consistently are over-represented among the dead and injured 

of disaster-struck communities. 

Whether or not the occurrence of a disaster has long-term effects on the economic 
vitality of a community has been examined by a number of investigators, including 

Dacy and Kunreuther [1969]; Haas, Kates, and Bowden [1977]; and Rossi, Wright, 
Wright, and Weber-Burdin [1978]. Surprisingly, the findings of these individuals 
have answered this question in the negative. Thus, the first group [Dacy and 
Kunreuther] concluded that a community actually "may benefit economically from a 
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disaster through a rapid inflow of capital for rebuilding purposes and the adop
tion of technological innovations to meet crisis situations." Haas and his team 
concluded that pre-disaster trends, rather than the impacts of the disaster" itself, 
determi ne the future fortunes of a community. "Simply stated, rapidly-growi ng 
cities recover rapidly; stable, stagnant or declining cities recover slowly and 
may have their decline accelerated." In the Wright-Rossi study. a sophisticated 
analysis of data for 1612 counties which had experienced flood, hurricane, or 
tornado damage between 1960 and 1970 failed to find any "consistent and signi
ficant" effects of such disaster occurrences. 

Our study differed in several significant ways from the other investigations. 
First of all, it did not seek to tally the losses inventoried over any given 
time frame by fie1d investigators in past disaster reports. Instead, it util-
ized a probabilistic approach which resulted in the generation of annual estimates 
of losses which may be expected to occur over a very large time frame as a result 
of both frequent and infrequent hazardous occurrences [See Chapter IIIJ. This 
approach of course, required the use of several sets of data, respectively con
cerned with such subjects as: (1) the vulnerability of exposed building mixes to 
a range of hazard and hazard intensities; (2) the geographic distribution of 
specific hazards; (3) the probability of hazard occurrence, by intensity level, 
in specific hazard exposure areas or types of areas. Although comprehensive in 
its approach and treatment of natural hazard exposure, the study nonetheless fell 
short of fully expressing all of the major probable natural hazard losses in the 
United States. Thus, the study focused on only nine hazards and did not consider 
such major sources of loss as non-riverine flash flooding, headwater flooding, 
shore erosion, drought, forest, field and grass fires, hail, snow, and ice storms, 
and subsidence. Also, the study did not attempt to inventory such important poten
tial losses as damage to automobiles, boats, ornamental vegetation, agricultural 
crops, and community infra-structures (streets, sidewalks, utility lines, etc.). 
Although focusing, in part, on potential expansive soil losses, the study did not 
consider possible expansive soil damage to structures other than detached-one and 
two-unit residences. This omission was borne, not of oversight, but of a paucity 
of empirical data necessary to the development of supportable damage algorithms. 
Finally, the riverine flood parts of the study are limited to a urban-oriented 
model in which the number of flood-prone cities in the U.S. was assumed to range 
from 5539 to 6455 between 1970 and 2000. However, by mid-1976 more than 14,000 
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u.s. communities had, in fact been identified by the Federal Insurance Administra
tion as flood-prone. Thus, the study understates the real magnitude of natural 

hazard losses in the United States. 

Nonetheless, the use of the study procedures discussed in Chapter III still re
sulted in the finding that natural annual expected losses arising from exposure to 
the nine study hazards totaled $8094 million in 1970. To be added to these mounting 

annual losses are those which have been increased by the values, additional costs 
to study, to predict, control the occurrence of, or to ameliorate the consequences 

! of hazardous natural occurrences of both public and private hazard-mitigation 
measures. Substantial public investments have been poured into the construction 
of dams, levees, sea walls, floodway improvements and their investment probably 
have been equalled by private investment in improved building and site projects 
within other areas protection facilities. In 1973, federal expenditure from all 
sources for disaster relief are estimated to have totalled $2.5 billion 
[Rossi, Wright, et. al., 1978J. 

As shown in Table 4-1, the geographic distribution and vulnerability levels of 
buildings in that year resulted in annual expected total economic losses of 
$8094 million for all hazards and an annual expected yield of 979 deaths, 113,884 
housing units lost, 129,850 person-years of homelessness, and 79,799 person-years 
of unemployment. In descending order of importance, the death-inducing hazards 
were: tornado (392), earthquake (273), riverine flood (190), hurricane (62). 
storm surge (37), tsunami (20), and severe wind (5). It is these same comparatively 

low probability but high-consequence hazards which result in the collapse of 
buildings and therefore in significant destruction of housing units and in the 
related production of homelessness and unemployment. 

Also in descending order of importance. the nine natural hazards examined in this 
study were responsible for total dollar losses as follows: riverine flooding 
($2.758.3 million), tornado ($1.656.0 million). hurricane ($1.056.0 million). 
expansive soil (798.1 million), earthquake (781.1 million). storm surge ($641.2 
million). landslide ($370.3 million), severe wind ($18.0 million), and tsunami 
($15.0 million). Damage to buildings accounted for over 71% of all annual expected 
dollar losses in 1970, while income loss and damage to building contents accounted 
for 5.2% and ~3.66%, respectively of all losses [See Figure 4-l2J. In the case 
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Figure 4-12. Proportion of 1970 Natural Hazard Annual 
Expected Dollar Losses Produced by Each 
Type of Hazard and by Each Type of Loss 

of six hazards, damage to housing structures accounted for 58.8% of all non-riverine 
caused building losses; damage to all governmental structures produced 10.77% of 
such losses, and damage to transportation and utility structures yielded 9.7% of 
such losses [see Table 4-17J. As noted above, expansive soil losses in this study 
were confined exclusively to detached single-and double-unit housing structures. 

Annual expected total dollar losses in 1970 for exposure to all nine natural haz
ards averaged $39.76 per capita and were equivalent to 1.00% of national per 
capita income. [See Table 4-18J. Building losses from all hazards were equal to 
.279% of the value of all buildings, [See Table 4-7J. However, as noted in the 
preceding section, both annual per capita hazard costs and building damage rates 
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1. 

2. 
3. 
4. 
5. 

c. 
7. 

B. 

9. 

10. 

11. 

PER CAPITA LOSS 
AS 1; OF 

PER CAPITA 
POPULATION AT RISK TOTAL LOSSES TOTAL INCOME 

(MILLIONS OF DOLLARS) IN STATE 

HIGHEST DAMAGE RATE COUNTY* 5.7 219.B9 5.B2 
FIFTH-RANKED COUNTY' 7.2 123.14 3.98 
HIGH DA~~GE-RATE STATE (FLA) 749.07 11 0.32 2.95,: 
FIFTIETH-RANKED COUNTY' 3.2 62.97 1.68': 
GROUP OF THIRTEEN HIGHEST 
DAMAGE-RATE STATES 3745.95 58.83 1.48'*-
TOTAL NATIONAL POPULATION BOB1.42 39.76 1.00'.** 
GROUP OF TWENTY-FIVE MEDIU~ 
DAMAGE-RATE STATES 3109.33 35.00 0.88~** 

MEDIAN DA~~GE-RATE STATE 
(MICHIGAN) 295.11 33.23 O.BO:; 
GROUP OF THIRTEEN LOW 
DAMAGE-RATE STATES 1226.14 24.17 0.61%** 
LOW DA~AGE-RATE STATE 
(riASHINGTON, D.C.) 15.25 20.07 0.405; 
COUNTRY RANKING SOOth 
IN DAMAGE RATE* 0.62 21.1B O. 63~; 

*Inc1udes only the losses resultin9 from daMage to buildings and does not 
include losses from riverine flooding. In contrast, data for states --
includes all losses from all hazards. 

**Expressed as percent of national per capita income 

Table 4-18. Annual Expected Total and Per Capita Losses for 
Selected Populations at Risk of Exposure to Nine 
Natural Hazards, 1970 

vary substantially between counties, states, and other identifiable populations 
at risk. 

Expressed as a percentage of per capita income, building losses from all hazards 
except riverine flooding range from a low of 0.40%'in Washington, D.C. to a high 
of 5.82% in the county exhibiting the nation's highest building damage rate. 
[See Table 4-18J. If building contents and other losses are considered, these 
hazard-related demands on per capita income would be approximately thirty percent 
higher. 

At the level of whole states, per capita losses of all types (building, contents, 
income and supplier losses) range from $16.86 (Vermont) to $110.32 (Florida) and 
per capita losses as a percentage of per capita income range from $0.40 (D.C.) 
to $2.95 (Florida). 
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BUILDING RATIO EXPECTED RATIO PER PER CAPITA 
PER TO LOSS AS % OF STATE DAMAGE TO NAT'L RANK CAPITA RANK NAT'L CAPITA PER CAPITA RANK 

RATE AVERAGE LOSS '70 AVERAGE INCOME INCOME 

FL .825 2.96 1 11 O. 32 1 2.77 3741 2.95 1 

LA .721 2.59 2 86.07 2 2.16 3097 2.78 2 

MS .477 1. 71 3 44.94 13 1.13 2630 1.71 3 

KS .423 1. 52 4 ·57.74 3 1.45 3857 1.50 4 

WA .404 1.45 5 52.43 5 1.32 4053 1.29 9 

TX .398 1.43 6 51.20 7 1.29 3600 1.42 7 

MO .396 1.42 7 55.08 4 1.39 3775 1.46 6 

NE .391 1.40 8 49.82 8 1.25 3786 1.32 8 

CA .375 1.35 9 52.08 6 1.31 4496 1. 16 11 

OK .338 1. 21 10 49.62 9 1.25 3381 1.47 5 

CO .319 1. 15 11 41.87 14 1.05 3851 1.09 14 

SO .311 1.12 12 34.15 21 .86 3101 1.10 13 

SC .311 1.12 13 33.92 22 .85 2992 1.13 12 

NC .310 1.11 14 35.50 Hl .89 3256 1.09 15 

AL .309 1.11 15 35.31 19 .89 2947 1.20 10 

AR .299 1.07 16 29.33 28 .74 2886 1.02 20 

IA .291 1.04 17 38.49 16 .97 3755 1.03 19 
UT .286 1.03 18 34.18 20 .86 3218 1.06 17 

RI .284 1.02 19 40.12 15 1.01 3960 1.01 21 

CT .284 1.02 20 48.98 10 1.23 4923 .99 23 

NO .277 .99 21 29.87 27 .75 3191 .94 24 

Il .274 .98 22 48.79 11 1.23 4504 1.08 16 

10'/\ .272 .98 23 45.96 12 1.16 4347 1.06 18 
IN .252 .90 24 37.92 17 .95 3768 1.01 22 
ME .233 .84 25 27.70 35 .70 3309 .84 28 
loll .230 .83 26 33.23 23 .84 4175 .80 30 
GA .223 .80 27 28.83 32 .73 3357 .86 26 

VA .220 .79 28 32.63 25 .82 3720 .88 25 

NH .220 .79 29 33.05 24 .83 3850 .86 27 
MN .215 .77 30 31.55 26 .79 3839 .82 29 

WI .213 .76 31 28.97 31 .73 3809 .76 31 

TN .210 .75 32 22.86 38 .57 3124 .73 32 

MT .202 .73 33 22.20 41 .56 3504 .63 36 
WY .200 .72 34 22.55 39 .57 3816 .59 42 
OH .194 .70 35 28.43 33 .71 4011 .71 33 
KY .192 .69 36 21.15 44 .53 3118 .68 35 
DE .184 .66 37 27.93 34 .70 4527 .62 39 
NM .182 .65 38 21.43 43 .54 3092 .69 34 
ID .179 .64 39 20.13 45 .51 3294 .61 41 

WV .166 .60 40 17.60 49 .44 3070 .57 43 
NY .166 .59 41 29.17 30 .73 4712 .62 40 
AK .164 .59 42 29.19 29 .73 4632 .63 37 
NJ .159 .57 43 27.05 37 .68 4705 .57 44 
MD .155 .56 44 27.23 36 .68 4318 .63 38 
NV .153 .55 45 22.27 40 .56 4563 .49 47 
OR .151 .54 46 18.56 48 .47 3717 .50 46 
VT .137 .49 47 16.86 51 .42 3328 .51 45 
PA .136 .49 48 18.73 47 .47 3970 .47 48 
AZ .130 .47 49 17.30 50 .44 3665 .47 49 
HI .114 .41 50 21.44 42 .54 4623 .46 50 
DC .087 .31 51 20.07 46 .50 5036 .40 51 

U.S. .279 39.76 3966 1.00 

Table 4-19. Per Capita Natural Hazard Expected Losses (Building, Contents, 
Income and Supplier Cost) for Nine Study Hazards, by State, 1970 
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At a finer scale, the 500 most damage-prone counties of the United States exhibited 
building damage rates that varied from 0.287% to 3.51% of building value [See 
Table 4-20J and per capita losses that ranged from $21.18 to $219.89 [See Table 
4-l8J. When these building losses are expressed as a percent of per capita income, 
they varied from 0.63% to 5.82% of per capita income. 

EXPECTED ANNUAL BUILDING LOSS FOR COUNTY OF 
INDICATED RANK* 

HAZARD TYPES 

RANK 1 RANK 10 RANK 50 RANK 100 RANK 500 

1. EARTHQUAKE, TSUNAMI, 
STORM SURGE, TORNADO, 
MID HURRICANE WIND 3.43% lAO% 0.743% 0.405% 0.14% 

2. EXPANSIVE SOIL, 
LANDSLIDE, AND SEVERE 
WIND 0.462% 0.262% 0.260% 0.234% 0.113'. 

3 All HAZARDS, EXCEPT 
RIVERINE FLOODING 3.51% L444~ 0.784% 0.483% 0.287% 

* Represents 500 most damage-prone counties of US., ranked in descending order by 
damage rate (e.g. proportion of building value expected to be lost, annually 
for indicated hazard category) 

Table 4-20. Proportion of Building Value Expected to be Lost, Annually, 
in Several "Most Damage Prone II Counties of U.S. as Result 
of Exposure to Sel ected Natural Hazards, 1970 

In terms of the several states of the Union, the aggregate of damage rates induced 
by all nine hazards ranged from 0.087% to 0.825%; annual expected total per capita 
losses varied from $16.86 to $110.32; and total per capita losses as a percent of 
per capita income ranged from 0.40% to 2.95% [See Table 4-l9J. State-level losses 
(total and per capita) as a function of the damage-rate class of states, are 
depicted in Table 4-21. 

The steep gradient in losses experienced by the several population at risk of 
exposure to each hazard is depicted by the data presented in Tabl e 4-22. 

Estimates of natural hazard losses and other effects also were developed for the 
year 2000. These estimates were based on projected increases in building and 
human populations in the several hazard exposure areas (counties, states and flood-
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TOTAL LOSS BY BUILDIrlG DAMAGE RATE PER CAPITA LOSS BY DAMAGE RATE 
CLASS. 1970 (MILLIONS OF DOLLARS) CLASS. 1970 DOLLARS 

HAZARD (1) (2) (3) (4) (1) (2) (3) (4) 

NBDR* NBDR 0.5 TO 0.0 TO NBDR NBDR 0.5 TO 0.0 TO 
x 2 x 1 0.99 x .49 x x 2 x 1 0.99 x .49 x 

AND NBDR NBDR AND NBDR NBDR 
GREATER GREATER 

FLOOD -- 1746.9 1011.5 -- -- 15.41 11.25 --
STORM SURGE 431.2 549.5 83.6 8.6 31.71 13.05 2.25 .07 

TSUNAMI 14.2 14.2 -- -- .58 .58 -- --
TORNADO 818.6 1279.6 233.4 138.2 21.26 14.54 6.28 1.77 
HURRICANE 626.4 911.1 118.1 27.4 23.28 15.70 4.31 .23 
SEVERE WBm 2.9 8.4 4.0 --' .12 .11 .05 --
EARTHQUAKE 689.1 728.7 7.0 43.0 25.61 20.24 2.11 .26 

LANDSLIDE -- 238.7 124.4 7.2 -- 2.29 1.46 .53 

- EXPANSIVE SOIL 467.9 612.2 57.5 128.4 9.82 7.52 2.35 1.32 

ALL HAZARDS 1062.36 4435,7 3354.84 290.8 101.86 54.11 31.73 18.72 

*(NBDR) - National Building Damage Rate 

Table 4-21. Total and Per-Capita Economic Losses Induced by 
Natural Hazard Exposures by Type and Building 
Damage Rate Class, 1970 

control regions) and generally assumed no change in land-use zoning, building 
codes, and new construction practices. This element in the loss analysis revealed 
that annual expected losses will jump to $17,774.85 million in the year 2000; 
that hazard-related deaths will climb to 1,790 per year; and that other annual 
expected adverse events will record a similar sharp increase [See Table 4-2J. 

By the year 2000, the annual expected per capita loss from natural hazard exposures 
will nearly double. The hazards of principal importance to this doubling of 

per capita losses are tornado, hurricane, riverine flooding, storm surge, and 
earthquake [See Tables 4-23, 4-24J. 

4-36 



Table 4-22. 

1970 porUUll101I 1"170ANNUAlfXl'EfTEO ,'no ANMJAl 
rOPUlATlONATRISKOfEXPOSUR[TOlNOICAHOHAlARO (Hill IONS or lOSS BrUHO 

I'£RSONSj (MILLIONS or IlOllAIIS) l'IRCArITAlllSS(S) 

I. ',rV!prWrllfJ 

A. ',TAT! 1011111 fUl,lll'.J Ali/jilt., 1/I'II.Ilhhf.J.W,1 !'AII 
HJI' JtA1AlliJ (WfIJHltll,j (j.n 0.1 O,JO 

B. IiATIOMAL POPULATION O~ ALL COUNTIES AT RISK Of 
DPOSURE TO HAZARD 203.23 11.4 0.06 

C. NATIONAL POPULATION OF STATES WITH BUILDING 
RATES (BOR) EQUAL TO OR GREATER THAN 2 x THE 
NATIONAL SUllOlt!G DAMAGE RATE (NBQR) 23.29 3.4 0.\5 

D. NATIONAL POPULATION OF ALL STATES WITH 
BOR ~ 1 x NBDR 73.92 7.7 0.10 

2. TORNADO 

A. THREE COUNTIES WITH HIGHEST BOR - ANO OVER 100 
TORtlAOO STRIKES ANNUALLY (OKLAHOMA) .066 1.58 23.97 

B. STATE WlTH HIGHEST ANNUAL EXPECTED OAl"AGE RATE 
FOR HAZARD (OKLAHOMA) 2.56 43.5 16.99 

C. NATIONAL POPULATION OF ALL COUNTIES AT RISK OF 181.199 879.8 4.86 
EXPOSURE TO HAZARD 

D. NATIONAL POPULATION OF STATES WITH BUILOINC: OAMAGE 
RATES (BDR) EQUAL TO OR GREATER THAN 2 x THE 
NATIONAL BUILDING DAMAGE RATE (NBDR) 38.5 435.8 11.32 

E. NATIONAL POPULATION OF ALL STATES WITH BDR ~ 1 
xNBDR 88.01 681.2 7.74 

F. NATIONAL POPULATION OF AlL STATES WITH BOR LESS 
THANO.50NBOR 78.07 76.5 0.98 

3. EXPANSIVE SOILS: 

A. JNTRA-CDUtITY POPULATIONS IN HIGH HAZARD ZONES 17.73 26.00 

B. INTRA-COUNTRY POPULATIONS IN MODERATE HAZARO 23.71 8.00 
ZONES 

C. j!iTRA-COUNTYPOPULATIONSINLOWHAZARoZOI'!ES 98.32 1.50 

,. EARTHQUAKE 

A. SiATE IIITH HIGHEST ANNUAL EXPECTED DAMAGE RATE 
FOR HAZARD (WASHINC:TON) 3.41 96.9 28.42 , I,AiI0~:" ~OP!.ILATIOtl OF STATES WITH BoR ;. 2 x N8DR 26.91 572.5 21.27 

"':'-;:JI";'L ~OP:.JLATION OF ALL COUNTIES AT RISK OF 
:JPQS:.,p: ~c i'lAZARo 143.169 655.2 4.58 

.' ''':-;O~~ PDPt;Lf"TlO1; OF STATES WITH BOR LESS THAN 
0::.5 x "BD~ 163.92 43.4 0.26 

5. HURRICANE: 

A. STATE WITH HIGHEST ANNUAL EXPECTED OAMAGE RATE 
FOR HAZARO (FLORIDA) 6.79 190.4 28.04 

B. NATIONAL POPULATION OF STATES WITH 
BDR ~ 2 x NBOR 26.91 401.6 14.92 

C. NATIONAL POPULATION OF ALL COUlITIES AT RISK OF 
EXPOSURE TO HAZARD 62.741 685.4 10.92 

D. NATIONAL POPULATION OF STATES HITH BOR LESS 
THAN O. 5 ~ NBOR 117.76 17.8 0.15 

,. LANDSLIDES 

A. NATIONAL POPULATION OF ALL COUNTIES IN Hf(:H RISK 
LAfJOSLlOEAREAS 44.07 4.25 

B. NATIONAL POPULATION IN "'EoIUM RISK AREAS 39.43 O.BO 

C. STATE WITH HIGHEST ANNUAL EXPECTED DAMAGE RATE 
FORHAZARO(WESTVIRGINIA) 1.74 4.88 2.80 

D. STATE WITH HIGHEST PER CAPITA LOSS (CONNECTICUT) 3.03 10.30 3.40 

E. NATIONAL POPULATION OF STATES WITH 
80R ~ 1 x NBOR 104.53 23.87 2.29 

F. NATIONAL POPULATION OF STATES WITH BOR LESS 
THAN 0.5 ~ NBOR 13.46 7.2 .53 

7. STORM SURGE: 

A. SURGE·PRONE AREAS OF GEORGIA 0.036 4.355 121.37 

B. SURGE-PRONE AREAS OF FLORIDA 2.468 195.271 79.14 

C. SURGE-PRONE AREAS OF GULF COAST (NOTHICLUOING 
FLORIOA) 2.269 117.708 51,B8 

D. SURGE-PRONE AREAS OF SOUTH ATLANTA (VIRGINIA, t-lnRTH 
CAROLINA, SOUTH CAROLINA, GEORGIA) 1.520 32.624 21.46 

E. SURGE-PRONE AREAS OF MIDDLE AND NORTH ATLANTIC 3.683 95.988 26.06 

F. ALL SURGE~PRONE AREAS OF UNITED STATES 9.940 441.591 44.43 

G. SURGE·PRONE AREAS OF NEB HAMPSHIRE 0.011 0.032 2.98 

B. RIVERINEFLOOOING 

A. FLOOOZONESA-CINCOr-tlUNITIESNOTPROTECTEO 
FROM FIFTY-yEAR FLOODS 2.895 1,164.09 402.16 

B. FLOOD ZONES A-C IN COMMUNITY PROTECTED FROM 
FIFTY-YEAR FLOODS 3.091 247.09 79.94 

C. FLOOD ZONE E (50-100 YR. T .P.) IN All flOOD 
PRONE CO/1'lUNITIES 3.332 111.8 33.55 

D. FlOOOZONESA-E,AlLFlOOD-PRONECOMio'UNITIES 12.341 1,710.4 13B.59 

E. FLOOD ZONES A-F, ALL FLOOD PRONE COMMUNITIES 24.683 1,901 77.02 

9. TSUNAMI 

A. 500 YEAR TSUNAMI .23 B.7 36.63 

B. STATE WInl HIGHEST EXPECTED DAMAGE RATE 
(HAWAII) .77 4.1 5.32 

C. COUNTIES IHWHICH INUNOATION AREAS ARE LOCATED 18.201 8.7 0.47 

Expected Annual Per Capita Building Damage Loss from Natural 
Hazards for Selected Populations-at Risk, 1970 
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TOTAL LOSS BY BUILDING DAMAGE RATE PER CAPITA LOSS BY DAMAGE RP.TE 
CLASS. 2000 (MILLIONS OF DOLLARS) CLASS. 1970 DOLLARS 

HAZARD (1) (2) (3) (4) (1) (2) (3) (4) 

NBDR* NBDR 0.5 TO 0.0 TO NBDR NBDR 0.5 TO 0.0 TO 
x 2 x 1 0.99 x .49 x x 2 x 1 0.99 x .49 x 

ArlO tlBDR NBDR AND NBDR NBDR 
GREATER GREATER 

FLOOD -- 1819.1 1355.8 -- -- 15.31 9.87 --
STOR:.1 SURGE 1692.2 1772.3 524.9 45.7 88.97 67.46 7.38 .29 
TSUNA:~ I 40.5 40.5 -- .1 1.29 1.29 -- --
TORNADO 2463.7 4033.1 752.6 433,3 54.12 36.58 15.88 4.40 
HURRICANE 2274.2 3073.3 335.7 117.0 61.90 40.72 11.06 .78 
SEV ERE ~!I NO 12.1 31. 7 14.4 2.5 .52 .36 .14 .04 
EARTHQUAKE 1359.6 1451.1 14.2 86.5 39.28 31.62 3.89 .42 
lAIIDSLIO£ -- 551. 0 298.2 22.1 -- 4.37 2.73 1.07 
EXPANSIVE SOIL 583.4 756.3 113.3 127.5 9.87 7.59 2.32 1.19 

-
ALL HAZARDS 3809.9 11885.5 5232.3 657.0 245.48 100.76 46.82 24.91 

*(NBDR) - National Building Damage Rate 

Table 4-23. Total and Per-Capita Economic Losses Induced by Natural Hazard 
Exposures by Type and Building Damage Rate Class, 2000 

EXPECTED ANNUAL PER CAPITA LOSS 
HAZARD FOR INDICATED YEAR 

1970 2000 

l. RIVERINE FLOODING $13.57 $12.40 

2. TORNADO 8.12 20.38 

3. HURRICANE 5.20 13.77 

4. EXPANSIVE SOIL 3.93 3.89 

5. EARTHQUAKE 3.83 6.07 

6. STORM SURGE 3.16 9.15 

7. LANDSLIDE 1.82 3.40 

8. TSUNAMI .07 .16 

9. SEVERE WIND .06 .19 

ALL HAZARDS $39.76 $69.41 

Table 4-24. Expected Annual National Per Capita Dollar Losses 
from Natural Hazard Exposures in the United States, 
by Type of Hazard, 1970 and 2000 
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Projected Increase in Natural Hazard Losses 

Between 1970 and 2000, annual expected dollar losses from natural hazard exposures 
will increase by approximately 9.7 billion dollars, an amount which ;s 19.7~l, 

greater than all annual expected losses in 1970, [See Table 4-25J. 

l. 

2. 

3. 

4. 

5. 

EXPECTED ANNUAL DOLLAR LOSS* (~ILLIONS) PERCENT 
HAZARD OF 

1970 2000 INCREASE INCREASE 

HATER HAZARDS: 3,414.5 5,558.6 2,144.1 63 
RIVERINE FLOODING 2,758.3 3,175.3 417.0 15 
STORM SURGE 641. 2 2,342.9 1,701.7 265 
TSUNAMI 15.0 40.4 25.4 169 

WIND HAZARDS: 2,730.0 8,798.8 6,068.!:: 222 
TORNADO 1,656.0 5,219.1 3,563.1 215 
HURRICANE 1,056.0 3,526.3 2,470.3 234 
OTHER SEVERE WIND 18.0 53.4 35.4 197 

EXPANSIVE SOIL 798.1 997.1 199.0 25 

EARTHQUAKE 781.1 1,553.7 772.6 99 

LANDSLIDE 370.3 871.2 500.9 135 

TOTALS 8,094.0 17,779.4 9,685.4 120 

*Losses calculated in 1970 dollars and are confined to dollar losses 
caused by damage to buildings and building contents as well as 
income and supplier losses related thereto 

Table 4-25. Expected Annual U.S. Dollar Losses from 
Natural Hazard Exposures, 1970 and 2000 

The combination of storm surge and hurricane wind losses will total $22.92 in 

2000 and will make hurricanes the leading source of national per capita loss in 
that year, followed closely by tornadoes ($20.38). Because of the expected impacts 
of area flood control projects and floodplain zoning, per capita losses from 
riverine flooding in 2000 will drop below 1970 levels and reduce the comparative 
loss-producing importance of this hazard. 

Two fact ors are of parti cul ar importance to the 1970-2000 escalation of total 
hazard dollar losses: (1) predicted increase in the ratio of building content 
value to building value, and (2) the predicted large rates of migration of 

population and investment capital into hazard-prone areas. 
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As depicted in Table 4-26, the thirteen states which, in 1970, ranked among the 
upper one-fourth of all states in terms of building damage rates, will expe·rience 
31.54% of all the building wealth additions projected for that 30-year period, 
and will account for 53.07% of the estimated increase in total dollar losses for 
all natural hazards within that same period. 

NUMBER AND BUILDING WEALTH INCREASE, INCREASE IN TOTAL DOLLAR 
PROPORTION IN 1970 - 2000 LOSSES, ALL HAZARDS, 

STATE CATEGORY CATEGORY 1970 - 2000 

N ~~ N % N 
,. 
" 

HIGH DAMAGE RATE STATES 13 25.5;; 902.3 31.54j, 5140.03 50.71;, 

MEDIUM DAMAGE RATE STATES 25 49.05; 1195.4 4.1.791; 3295.98 35.07;; 

LOW DAMAGE RATE STATES 13 25.5:,; 763.0 2h.67% 1249.42 14.22;, 

TOTALS 51 100.0;; 2860.7 1 00. oo~ 9685.43 100.00~ 

Table 4-26. Relationship Between State Damage Rates, Projected 
Increases in Building Wealth, and Estimated Increases 
in Natural Hazard Losses, 1970-2000 

Although a lower than expected proportion of high damage rate states exhibit high 
rates of building wealth addition between 1970 and 2000 [See Table 4-27J, appli
cation of the Chi Square test to the contingency table presented as Table 4-27 
reveals that the observed differences in proportion of high and low growth rate 
states among the several classes of damage rate states lacks statistical signifi

cance and could be due to chance alone. 

Based on available data, therefore, it appears that the hazard proneness of states 
does not influence rates of migration to, and capital investment within, those 
states. The higher hazard rating of some states does not seem to deter their 
growth of population and building value. Indeed, it is the large thirty-year pro
jected increase in building wealth additions in high damage rate states, and 
counties, principally along the Gulf Coast and South Atlantic, that accounts for 
much of the projected increase in annual expected natural hazard losses between 
1970 and 2000. Thus, the proportion of the total national value of buildings and 
building contents in low damage rate states will decline between 1970 and 2000 
while the proportion in high damage rate states will increase [See Table 4-28J. 
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NUMBER AND PROPORTION OF STATES WITH INDICATED PROJECTED 
RATE OF GROWTH IN BUILDING VALUE 

CLASSIFICATION BY 1970 - 2000 TOTAL 
STATE BUILDING 

HIGH GROWTH RATE MEDIUM GROWTH RATE LOW GROWTH RATE 
DAMAGE RATE 

(151.7 - 225.4%) (119.4 - 147.1) (85.4 - 119.1) 

N % N % N % N , 

HIGH DAMAGE RATE STATES 
2 15.4% 6 46.2% 5 38.5% 13 100.0: 

(DR 0.0316 - 0.0829) 

MEDIUM DAMAGE RATE STATES 
5 20.0% 14 56.0% 6 24.0% 25 100.07, 

(DR 0.0196 - 0.0308 

LOW DAMAGE RATE STATES 
6 46.2:': 5 38.5% 2 15.4% 13 100.0', 

(DR 0.0114 - 0.0195) 

TOTALS 13 - 25 - 13 - 51 -

Table 4-27. Relationship Between State Damage Rates and Projected 
Increases in Building Wealth, 1970-2000 

NUMBER AND VALUE OF BUILDINGS AND BUILDING CONTENTS 
STATE CATEGORY PROPORTION IN 

CATEGORY 1970 2000 
N % N " N c' 

/0 " 

HIGH DAMAGE RATE STATES 13 25.5 3643.40 47.52 8297.36 49.64 

I1EDIUM DAMAGE RATE STATES 25 49.0 2802.22 36,55 5915.86 35.39 

LO,i DAHAGE RATE STATES 13 25.5 1220.98 15.93 2501.62 14.97 

TOTALS 51 100.00% 7666.60 100.00% 16714.85 100.00~ 

Table 4-28. Value of Buildings and Building Contents Exposed to 
Natural Hazards, Classified by Damage Classification 
of Three Groups of Counties, 1970 and 2000 
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Referent Effects and Problems 

The possible significance of projected natural hazard losses may be examined by 
comparing these losses with other social costs which typically are viewed as 
constituting contemporary problems within U.S. society. 

One suggested set of comparisons is presented in Table 4-29. As shown there, 
the 30-year total annual expected increase in natural hazard losses is, alone, 
greater than the sum of the 1970 aggregated costs represented by all crimes against 

property, all annual investments in water pollution control facilities, all 
business losses due to six major types of criminal activities, and all building 
losses due to fire. Similarly, that increase approaches the value of all health 
insurance premium payments in 1970 and is greater than such other costs as those 
resulting from auto liability insurance premiums, accidents at work, losses from 
air pollution-morbidity and morta1ity,air pollution effects on the value of 
property, and all expenditures by state and local police departments. The total 
annual expected loss from natural hazard exposures in 2000 is greater than the 

total 1970 economic effects. of air pollution; greater than the losses caused by 
all traffic accidents in 1970; and is equal to 52.2% of all 1970 property tax 

collections by all state and local governments. 

The annual expected losses from natural hazards in 1970 were nearly equal to 
the total sums expended by owner/occupants of one-unit properties in the United 
States for the improvement, maintenance, and repair of their dwelling units. l 

In the group of thirteen highest damage rates states, in 1970, total annual 
expected household losses from natural hazards equalled $195.95 as compared to 
the national average owner/occupant expenditures of $265 for the maintenance and 
repair of one-unit housing structures. 2 

1 See Table 4-1, this chapter, and the Statistical Abstract of the United States 
1975, Table 1209. 

2 Household estimates of natural hazard losses assume 3.2 persons per household 
[See Statistical Abstract of the United States, 1975, Table 49J and the annual 
per capita hazard losses described earlier. 1970 expenditures for dwelling unit 
improvements, maintenance, and report totalled $9,469 million or an average of 
about $265 per household [See Statistical Abstract of the United States, 1975, 
Table 1209, p. 709.J 
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Table 4-29. 

VALUE IN 1970 TYPE OF LOSS OR EVENT (MILLION; OF $) 

1. ALL "POPErTI TAt COLLECTION" ~I STAT[ AND LOCAL 
GOV[RNMUn~ 

2. ALL ACCIDENTS 

3. ALL TRAFFIC ACCIDENTS 

4. TOTAL ECONOMIC EFFECTS OF AIR POLLUTION 

5. HEALTH INSURANCE PREMlUtlS 

6. INCREASE IN ANNUAL EXPECTED LOSSES FROM NATURAL 
HAZARDS, 1970-2000 

7. POLLUTION CONTROL COSTS (AIR, WATER, SOLID 
WASTES) 

8. AUTO LIABILITY INSURANCE PREMIUMS 

9. EXPECTED ANNUAL NATURAL HAZARD LOSSES 

10. LOSSES FROM ACC I DENTS AT WORK 

11. LOSSES FROtl AIR POLLUTION-RELATED MORBIDITY AND 
MORTALITY 

12. AI R POLLUTiON EFFECTS ON VALUE OF PROPERTY 

13. AIR POLLUTION EFFECTS ON MATERIALS AND VEGETATION 

14. EXPENDITURES BY ALL STATE AND LOCAL POLICE DEPARl'IENTS 

15. ALL CRIMES AGAINST PROPERTY 

16. INVESHIENTS IN WATER pallUTlW CONTROL FACILITIES 

17. BUSINESS LOSSES DUE TO SIX TYPES OF CRIMINAL ACTIVITIES 

18. BUILDING LOSSES DUE TO FIRES 

Sources: 

1. The Statistical Abstract of the U.S., Bureau of the Census, Dept. 
of Comerce, Grosset & Dunlap Publishers, New York 1976. p. 258. 

2. Accident Facts, National Safety Council, Chicago, IllinOis, 
Prepared by the Statistics Division, 1971. p. 4. 

3. Insurance Facts 1971, Insurance Information Institute, New York. 
p. 51. 

4. Environmental Quality, the Second IInnual Report of the Council on 
Environmental Quality U.S. Government Printing Office, Washington 
D.C. August 1971, p. 107. 

5. The Statistical Abstract of the U.S., p. 484. 

7. Environmental Quality, 1971, p. 112. 

8. The Statistical Abstract of the U.S., P. 485 

10. Insurance Facts 1971, p. 59. 

11. En,ironmental Quality, 1971, p. 106. 

12. Environmental Quality, 1971, p. 107. 

13. Ibid. 

14. The Statistical Abstract of the U.S., p. 258. 

15. Insurance Facts 1971, p. 61. 

16. ~nvi_r()nment_a1 Quality, 1971, D. 112. 

17. The Statistical Abstract of the U.S., D. 159. 

18. The Statist.ica1 Abstract of the U.S., p. 486. 

34,054 

27,000 

16,200 

16,000 

11 ,546 

9,685 

9,300 

8,958 

8,094 

8,000 

6,000 

5,200 

4,900 

4,494 

4,264 

3,100 -

3,049 

2,209 

Annual Expected Losses from Nine Natural Hazards in 1970, 
Compared with Annual Value of Other Types of Losses 
and Events 
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Similarly, the loss analysis revealed that 113,884 housing units could be expected 
to be lost from exposure to natural hazards in 1970. This number of housing. units 
is equal to 7.75% of all the new housing units placed on stream in the United 
States in that year.l 

Still another referent useful in judging the real impacts of natural hazard losses 
is the following comparison of annual natural hazard losses per household as con
trasted to the annual costs or savings involved in a 1% shift in the interest rates 
for home mortgages. As shown in Table 4-30, a 1% shift in the interest demand for 
a $25,000, 25-year home mortgage produces a change in an annual household cost of 
$202.08. In contrast, 1970 annual expected household costs for natural hazard 
losses in three member households totalled $119.28. The ratio of annual interest 
rate costs (assuming a 1% upward movement in interest rates) to annual natural 
hazard losses varies from 1.69:1 to 3.05:1, depending on the size of the mortgage. 

ANNUAL PAYMENT ANNUAL RATIO OF INCREASED ANNUAL 
SIZE OF AT ANNUAL DIFFERENCE HAZARD INTEREST RATE COSTS TO 

MORTGAGE 8°1 ,0 9% IN INTEREST RATE COSTS NATURAL HAZARD LOSSES 

$25,000 2315.52 2517.6 202.08 119.28 1. 69: 1 

$30,000 2778.6 3021.12 242.52 119.28 2.03: 1 

$35,000 3241.68 3524.64 I 282.96 119.28 2.37:1 

$40,000 3704.75 4028.16 I 323.41 119.28 2.71: 1 

$45,000 4167.68 4531. 68 1 363.84 . 119.28 3.05:1 

Table 4-30. Annual Expected Hazard Losses Per Household as Compared 
with Household Annual Costs Associated with a One-Percent 
Shift in Mortgage Interest Rates 

Natural hazard losses also may be compared with the losses resulting from fires 
and from expenditures for fire abatement services. According to the National House
hold Fire Survey,2 annual national fire losses for single detached structures, 
garages, sheds, apartments, and vacation homes total approximately $1,213 million 
annually. In 1974, all state and local expenditures for fire protection payrolls 
totalled $2,700 millions3. Thus, in 1970 natural hazard losses ($8,258.7 million) 

lStatistical Abstract of the United States 1975, (Table 1212, p.711). 
2U.S. Department of Commerce, National Fire Prevention and Control Administration, 
Highlights of the National Household Fire Survey, 1976, p. 14. 

3Derived from Statistical Abstract of the United States, 1975, Table 440, p. 272. 
The annual total is the October payroll for 1974 multiplied by 12. 
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in the United States are substantially in excess of the sum of comparatively recent 
annual losses from fires to structures and the cost of support of all state ~nd local 
fire abatement and fire prevention personnel. 

However, since there are approximately 2.4 million loss-producing fires annually, 

the threat of fires to structures may be viewed as comparatively high probability 
events, as compared with most natural hazards. Since such events seem to produce 
more acute responses from the general public then do low-probability events, in 
spite of the possible higher long-term accumulated losses arising from the later, 
there is substantially less than full certainty that the general public will re
spond to natural hazard losses with the same vigor that they have entered into 
payment of fire insurance premiums and into support of local fire prevention and 
abatement services. 

Nonetheless, the sum of the referent information presented above suggests that 
natural hazard losses, both in the aggregate and in terms of their per capita 
and per household values, are of a magnitude approximating other expenditures or 
losses which generally are viewed as being extremely important in our society. 

Conclusions 

The data derived from the loss analysis seem to support six major problem-focused 
conclusions: 

1. Natural hazard dollar losses are of a magnitude equal to or approach

ing the costs of other phenomena which generally are viewed as problems 
in our society 

The nine natural hazards examined in this study produced annual expected 
dollar losses totalling $8,094.0 million in 1970 and are expected to 
produce annual losses totalling $17,779.43 in the year 2000. Represent
ing economic losses sustained by wage earners, suppliers, and the owners 
of buildings and building contents, these losses exceed the 1970 value 
of such generally disvalued phenomena as all building losses due to fires, 
all crimes against property, all expenditures by state and local police 
departments, and the value of all losses resulting from accidents at 
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work. The thirty-year expected increase in annual expected natural 
hazard losses ($9685 million) approaches the 1970 value of all annual 
premium payments for health insurance policies. For the nation as a 
whole, the nine natural hazards considered in this analysis produce 
annual expected per capita losses of $39.76 in 1970 and will produce 
expected annual per capita losses of approximately $69.41 in the year 
2000. In both years, four of the nine natural hazards account for 
77.52% to 72.67% of these losses: riverine flooding, tornado, expansive 
soil, and hurricane. 

2. Risk takers and their related communities-at-interest currently experi
ence much unevenness in the actual natural hazard losses which they 
sustain each year 

Many of the hazards examined in this study, and for which annual expected 
damage losses were calculated, may be viewed as comparatively low 
probability-high consequence occurrences. Thus, hurricane, earthquake, 

storm surge, and tsunami accounted for nearly 31% of the annual expected 
national per capita hazard losses for 1970. In any particular 
heavily populated area, the probability in any year that a major high
intensity event of these types will occur is comparatively small. 

However, when such events do occur, they are capable of producing losses 
representing a substantial fraction of the annual income and building 
value of the impacted area. For example, if a Richter magnitude 8.3 
earthquake were to occur in the 39-county San Francisco Bay Area in the 
year 2000, it could be expected to produce building value losses of 
$18.155 billion and a total dollar loss of $39.9 billion. Such a loss 
would be more than double the national, annual, all-hazard expected 
losses for the same year. Sudden, large magnitude dollar losses of this 
type may severely impair the recovery capacity ·of a community, state, 
or region because of the large short-term demand they make upon available 
capital and annual incomes. If actuarily sound financial reserves 
were developed to finance recovery from low probability-high consequence 
events, then the problems produced by unevenness in annual economic losses 
could be corrected. In the absence of such systems, however, the uneven 
temporal distribution of losses must itself be viewed as a potential 
problem of considerable magnitude. 
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3. Substantial unevenness in the distribution of annual per capita loss 
burdens is exhibited by the several hazard-specific and geographica11y
identifiable risk-taker and community-at-interest groups identified 
in the study 

On a total national basis, the annual expected per capita losses result
ing from natural hazard exposures in 1970 and 2000 are not particularly 
large. For example, the 1970 annual expected per capita loss ;s $39.76 
and is equal to only 1.00% of per capita national income in that year. 
Assuming 3.2 persons per household, average national household burdens 

are $127 and $222 for 1970 and 2000, respectively. Such annual losses 
per household do not appear to be very burdensome, as compared with 
other major household expenditures. 

However, per capita losses vary widely among the several populations 
exposed to hazards or exposed to the risk of bearing hazard-induced 
community costs. For example, if all 1970 riverine flood losses are 
distributed among the members of the population which actually reside 
in U.S. riverine floodplains, this loss burden would produce an annual 
expected per capita loss of $114.40 per floodplain resident, or an 
annual expected household loss of $366.08. Similarly, several million 
persons in the United States reside in intra-county areas in which 
they are exposed to a high level of expansive soil hazard and where they 
will experience annual per capita losses from this hazard totalling 
$26.00. The nearly 27 million people residing in states exposed to a 
high level of earthquake hazard are at risk of experiencing an annual 
per capita loss of $21.27 from this hazard exposure. Residents in the 
State of Florida, where a comparatively high frequency of hurricane 
episodes can be expected, were at risk of experiencing 1970 annual 
expected per capita losses, totalling $28.04 for hurricanes and $28.72 
for storm surge. In contrast, the 90 million persons residing in states 
with the lowest riverine flood losses were expected to experience an 
annual per capita loss of only $7.76 for this hazard in 1970. In terms 
of the several States of the Union, total annual expected losses for all 
hazards varied from a low of $16.86 in Vermont to a high of $110.32 in 
Florida. 
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When this unevenness in annual expected hazard losses between the 
several populations at risk is combined with the year':'by-year unev.en
ness in actual loss experience, it is clear that personally catastrophic 
losses from natural hazards may be experienced by numerically significant 
population subsets in the United States in any given year. 

4. Improvident patterns of interstate migration and capital investment 
are the major causes of the large projected increase in natural hazards 
between 1970 and the year 2000. 

The thirteen states which exhibited the highest 1970 building damage rate 
for exposure of property to natural hazards 'will account for nearly 32% 
of the projected increase in building wealth between 1970 and 2000. In 
contrast, the thirteen states with the lowe~t building damage rates will 
account for only 27% of the projected building wealth increase for the 
same period. When combined with the higher probability that the popu
lation, buildings and other wealth drawn to those states will be at 
higher risk of exposure to more frequent and higher magnitude hazards, 
the higher rates of growth in the high damage rate states result in a 
situation where the high damage rate states of the Union will account 
for nearly 51% of the increase in annual expected hazard-induced dollar 
losses which will occur between the year 1970 and 2000. 

These imrrovident interstate patterns of migration unquestionably are 
matched by equally improvident intra-state and intra-county patterns 
of community development which further exacerbate the economic and 
other effects of natural hazard occurrences. Continued development of 
such hazardous areas as those characterized by high soil expansivity, 
by their location in or proximity to 50~and 100-year floodplains, and 
by their proximity to areas in which hurricane wind, storm surge, and 
tsunami damages will be experienced simply exacerbate the magnitude 
of projected hazard-induced dollar and other losses. Large as 1970 
annual expected hazard losses may have been, they are dwarfed by the 
thirty-year increase which is expected to occur between 1970 and 2000. 
Almost the entirety of that projected increase is unnecessary and 
avoidable in the sense that hazard-avoidance strategies would, alone, 

4-48 



substantially reduce - if not eliminate - those increases. 

5. Annual expected per capita losses from natural hazards generally are 
insufficiently high to provide incentives for individuals to make 
appropriate hazard-avoiding or hazard-m,itigating decisions 

In spite of the large estimated aggregated annual losses from natural 
hazard exposure, and in spite of the fact that some populations at 
risk may experience burdensome annual per capita losses from such 
exposures, these per capita burdens generally are insufficiently high 
to stimulate migrants and investors in property to avoid high hazard 
areas. The natural, climatologic, and other amenities associated with 
migrant receptor areas apparently outweigh - in the minds of migrant 
and invest risk takers - the burdens associated with high hazard 
exposures in those areas. Although low probability-high consequence 
events may be most disvalued by loss-experiencers at the time of their 
occurrence, these same classes of events apparently do not motivate 
potential risk takers to retreat from situations in which those events 
may occur. Instead, the largest fraction of the U.S. population 
apparently draws its motivations from its knowledge of comparatively 
short-term cycles of events. Thus, such comparatively high probability 
but low consequence events as structural fires act as more powerful 
motivators for personal use or risk mitigating strategies than do such 
low probability-high consequence events as earthquakes and tsunamis. 

6. As compared with other significant phenomena, natural hazard exposures 
do not produce high annual expected losses of lives, jobs and homes: 

For 1970, the study revealed that 784 deaths per year could be expected 
from the exposure of populations to earthquakes, hurricanes, storm surge, 
tornado and tsunami hazards. For the year 2000, the study revealed that 
1620 deaths could be expected each year from population exposures to the 
same hazards. Even if these annual expected mortality levels were 
doubled or tripled in order to take account of potential life-loss from 
riverine flooding, the resulting numbers of death per year are not 
impressive as compared with other causes of death within the United 
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States. Thus, for the 15-to-24-year age segment of the U.S. population. 
alone, annual deaths from all accidents total approximately 27.175. 
Suicide within this same age group results in nearly 4200 deaths per 
year.* In 1970, motor vehicle accidents caused nearly 55,000 deaths 
among the total U.S. population and all other accidents were responsible 
for approximately 60,000 deaths. Suicide produced 23,500 deaths while 
homocides produced another 16,800. Diseases of early infancy were 
responsible for 43,200 deaths in the same year, while cirrhosis of the 
liver was responsible for 31,400 deaths. 

If a large dollar investment is necessary to substantially reduce 
expected life loss from natural hazard exposures, then it is more than 
conceivable that a diversion of those funds into other public life
saving strategies would secure even greater annual reductions in life 
loss. Thus, measured by number of human lives saved per year, there 
may be substantial "opportunity costs" associated with investment of 
national resources in hazard-mitigating policies in order to reduce 
expected life loss from population exposures to natural hazards. 

*Ca1culated from data presented in Tables 35 and 86, Statistical Abstract of the 
United States, 1975. 
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Chapter Five 

COSTS AND IMPACTS OF NATURAL HAZARD MITIGATION TECHNOLOGIES 

Introduction and Summary 

Projected annual expected losses from natural hazard exposures may be reduced 
through prudent use of avoidance, area structural protection, building strength
ening, site preparation, and building removal strategies. Building damage losses, 
alone, may be reduced from projected 2000 values by approximately 41.6 percent 
through use of selected technologies in these several classes. However, the wide
spread application of technologies in these several classes will produce direct 
and indirect costs of considerable magnitude, as well as primary, secondary, and 
higher-order impacts on American soci~ty. This chapter examines the loss reduc
tions which are possible through use of selected hazard-mitigating technologies, 
the costs associated with use of such technologies, and the implications of these 
findings to natural hazard management programs. 

Summary of Loss Estimates for Nine Natural Hazards 

The loss reduction analysis resulted in the generation of six sets of annual 
expected building damage loss estimates, each of which is presented in Table 5-1. 

1. 
2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

ANNUAL EXPECTED LDSSES IN 2000 (MILLIONS OF 1970S) 

LEVEL'4 ,I 
LEVEL #3 (LOSSES UNDER 

HAZARD 1970 ANNUAL (LOSSES UNDER "MOST EFFECT I VE'" 
EXPECTED LOSS LEVEL #1 LEVEL #2 "MOST EFFECTIVE" COST FEASIBLE 
(MILLIONS $ ) (NO MITIGATIONS) (EXPECTED LOSSES) MITIGATION) MITIGATION) 

A B C 0 E 

EARTHQUAKE 655.2 1378.5 1177.0 1084.0 1174.3 
EXPANSIVE SOILS 798.1 997.1 997.1 760.1 969.2 

LANDSLIDE 370.3 871.2 871.2 349.4 349.4 
HURRICANE 685.5 1742.0 1742.0 1280.0 } SEVERE WIND 11 .4 24.8 24.8 19.1 3217.4 
TORNADO 879.8 2058.0 2058.0 1564.0 
RIVERINE FLOODING 1901.0 2634.0 1594.0 953.4 1653.0 
STORr·, SURGE 442.0 1176.0 1176.0 334.8 826.2 
TSUNAr~I 8.7 19.8 19.8 19.4 19.4 

TOTAL 5752.0 10901.4 9659.9 6364.2 8208.9 

Table 5-1. Annual Expected Natural Hazard Building Damage Losses 
under Several Alternative Assumptions, 1970 and 2000 

5-1 

LEVEL #5 
(LOSSES U/j()::~ 
HIGHEST "NET 

SAVINGS" 
MITIGATION) 

F 

1174.3 
969.2 

349.4 

3217.4 

1694.2 

912.8 
19.4 

8336.7 



The first of these estimates, of course, is for 1970. The remaining five sets of 
loss estimates are for the year 2000 and represent different sets of assumptions, 
as follows: 

Level One Estimates: 

These estimates are intended solely to provide a baseline against which 
the impact and cost-payoff relationships for selected mitigations may be 
calculated. For only two hazards, earthquake and riverine flooding, do 
level #1 and level #2 estimates differ from each other. For these two 
hazards, level #1 estimates assume that mitigations now being applied to 
deal with these hazards are suspended in the period 1980 through 2000. 
In the case of riverine flooding, the estimate assumes that current ongoing 
levels of construction of area flood protection works will be halted in 
1980, and that, beginning in the same year, no further progress will be 
made to limit building construction in the nation's 50-year riverine 
flood plains. 

Level Two Estimates: 

These estimates are intended to represent the level of annual expected 
losses that will be experienced in 2000 if current population trends, 
migration patterns, building practices, and zoning policies are continued. 
In the case of wind resistance standards, the basic assumption is that 
all areas of the country now are observing UBC standards. Since many 
local areas may not, in fact, be conforming to such standards, these loss 
estimates probably are somewhat lower than would be generated by a more 
fine-grained analysis. 

Level Three Estimates: 

These estimates are intended to depict annual expected building damage 
losses in the year 2000 if the "most effective" mitigations examined in 
this study are applied to the management of each hazard. The "most effect
ive" mitigation for any hazard is, by definition, that mitigation which 
produces the largest loss reduction in the year 2000, regardless of its 
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economic and/or political feasibility. These estimates should be con

sidered as representing the lEwest attainable loss levels. The mitigations 
used to produce these estimates are depicted in Figure 5-1. 

Level Four Estimates: 

Utilizing gross methods for assessing the cost feasibility of alternative 
loss reducing strategies, these estimates are intended to represent the 
loss levels which will be experienced in 2000 if the nation adopts and 
enforces those natural hazard management policies which will both reduce 
annual expected losses by the largest amount and -- at the same time -
accomplish this end without imposing annual mitigation costs which are 
higher than the annual loss reductions expected to be achieved through 
application of the mitigation. The mitigations which were used to produce 
these "cost feasible" loss estimates are depicted in Figure 5-2. 

Level Five Estimates: 

These estimates are intended to represent the loss levels which will be 
experienced in 2000 if the nation adopts and enforces those natural haz
ard management policies which will produce the highest annual net loss 
reduction. For any specific hazard such a reduction is defined as the 
largest difference between the actual annual loss reduction achievable 
through use of any mitigation and the annualized cost of that mitigation. 

The methods and assumptions utilized in the preparation of these five sets of 
building damage loss estimates for the year 2000 are the major subjects of this 

chapter. 

Loss Reduction Analysis, by Type of Technology 

Five major types of loss-reducing technologies were considered in this study, 
including: Avoidance, Area Structural Protection, Building Strengthening, Site 
Preparation, and Building Removal Strategies. Specific technologies exemplary 
of these several types, together with their potential application to each of the 
nine natural hazards examined in this report are depicted in Figure 5-3. The 

5-3 



HAZARD 

1. HURRICANE WINDS 
2. TORNADO 
3. SEVERE WINDS 

4. EARTHQUAKE 

5. EXPANSIVE SOILS 

6. LANDSLIDE 

7. TSUNAtll 

8. STORt1 SURGE 

9. RIVERINE FLOOD
ING 

Figure 5-1. 

HAZARD 

1. HURRICANE WINDS 
2. TORNADO 
3. SEVERE WINDS 

4. EARTHQUAKE 

5. EXPANSIVE SOILS 

6. LANDSLIDE 

7. TSUNAMI 

8. STORM SURGE 

9. RIVERINE FLOOD
ING 

MITIGATION 

INCREASE DESIGNED WIND RESISTANCE CAPABILITY OF NEW BUILDINGS 
TO LEVEL EQUALLING 3.0 x THE LEVEL SPECIFIED IN THE UNIFORM 
BUILDING CODE (UBC). APPLY THE MITIGATION TO ALL NHI BUILDINGS 
~OtlSTRUCTED AFTER 1979. 

INCREASE STRENGTH OF NEW BUILDINGS TO LEVEL REQUIRED IN 1973 
UBC FOR EARTHQUAKE ZONE #3. APPLY MITIGATION TO ALL NEW 
BUILDINGS CONSTRUCTED IN SEIS"HCALL Y ACTIVE ZONES AFTER 1979 

REQUIRE APPLICATION OF CHE~ICAL SOIL STABILIZATION TECHNIQUES 
TO ALL RESIDENTIAL CONSTRUCTION SITES. OR IMPROVED FOUNDATION 
DESIGN. APPLY MITIGATION TO ALL NEW RESIDENTIAL CONSTRUCTION 
IN "LOW." "MODERATE." AND "HIGH" EXPANSIVE SOILS ZONES AFTER 
1979. 

REQUIRE SOILS TESTING AND IMPROVED SITE-GRADING STANDARDS IN 
ALL LANDSLIDE-PRONE AREAS. APPLY MITIGATION TO NEI4 CONSTRUCTION 
AFTER 1979. 

PERt1IT ZERO NET RESIDENTIAL t;ROWTH IN TSUNA'11 PRONE AREAS AFTER 
1979. 

CONSTRUCT SEA WALLS TO PROTECT FOUR (4) ADDITIONAL COUNTIES EACH 
YEAR FROM 100-YEAR STOP.H SURGE HEIGHTS. BEGIN CONSTRUCTION IN 
1980. tN ORDER OF DECREASING DA!1AGES IN AFFECTED COUNTIES. 

BETWEEN 1970 AND 1980. CONSTRUCT AREA FLOOD CONTROL FACILITIES 
TO PROTECT 200 ADDITIONAL CITIES EACH YEAR FROt1 FIFTY-YEAR FLOOD 
LEVELS, THEREAFTER SUSPEND ALL CONSTRUCTION or FLOOD CONTROL 
FACILITIES AND APPLY THE FOLLOWING MITIGATIONS: (1) PROHIBIT 
ALL NET NEW GROWTH IN 100-YEAR FLOODPLAIN: (2) PURCHASE AND 
RPlOVE ALL STRUCTURES FRO'1 2-10 YEAR FLOOD PLAINS. 

Most Effective Mitigation, By Hazard 

J 

MITIGATION 

FOR NHI BUILDINGS CONSTRUCTED AFTER 1979 IN 229 COST - FEASIBLE 
COUNTIES [TABLE 5-22]' INCREASE DESIGNED WIND RESISTANCE CAPA
BILITY TO LEVEL EQUALLING 1.5x THE LEVEL SPECIFIED IN THE UNIFO~M 
BUILDING CODE. IN THE COST-FEASIBLE SUBSET NUMBERING 72 OF THESE 
SAME COUNTIES [TABLE 5-22]. INCREASE DESIGNED WIND RESISTANCE 
CAPABILITY TO LEVEL EQUALLING 3.0x THE LEVEL SPECIFIED IN THE 
UNIFORM BUILDING CODE. 

CONTINUE APPLICATION OF UBC EARTHQUAKE ZONE #3 LATERAL FORCE 
REQUIREMENTS IN ALL CALIFORNIA COUNTIES AND EXTEND REQUIREMENTS 
TO THE TWO NON-CALIFORNIA COUNTIES IN WHICH THIS MITIGATION IS 
COST-FEASIBLE [TABLE 5-22] 

APPLY CONSTRUCTION SITE MOISTURE CONTROL TECHNIQUES IN AREAS 
WHERE THE BUILDING SEASON IS MARKED BY WIDE VARIABILITY IN 
RAINFALL LEVELS 

REQUIRE SOILS TESTING AND IMPROVED SITE-GRADING TECHNIQUES IN 
ALL LANDSLIDE-PRONE AREAS. APPLY MITIGATION TO NEW CONSTRUCTION 
AFTER 1979. 

PERMIT ZERO NET RESIDENTIAL GROWTH IN TSUNAMI PRONE AREAS AFTER 
1979 

REQUIRE FOUR (4) FOOT FLOODPROOFING OF ALL NEW STRUCTURES ADDED 
TO SURGE-PRONE ZONES (20' OR LESS. ADJUSTED MEAN SEA LEVEL) AFTER 
1979. CONFINE THE USE OF THE MITIGATION TO THE ONE-HALF OF THE 
STORM SURGE AREA IN WHICH THIS MITIGATION IS ESTIMATED TO BE 
COST-FEASIBLE. 

PROVIDE AREA FLOOD CONTROL FACILITIES SUFFICIENT TO PROTECT 
ALL FLOOD-PRONE COMMUNITIES FROM FIFTY YEAR FLOOD LEVELS. 

Figure 5-2. Most Effective Cost-feasible Mitigation, by Hazard 
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HAZARD TO WHICH APPLICABLE 

UJ .... UJ "" UJ 

TECHNOLOGY BY CLASS AND TITLE UJ e.!! z: ...: !: :> 
zz: i ...: 0 5- :;:; =0 u C UJ .... 

:E .... ;;;; ...: "" ~ '" z: 
~8 ""e.!! z: UJC I- C ...:-' 

0"" '" "" "" :> z: "" z: ~-- .... 1-'" '" '" ~ ..... - ...: ...: ><0 

"" .... "'''' I- ~ "'3 ..... .... ..... '" 
1.0 Hazard Avoidance Strategies and Technologies 

1.1 Zero growth on fifty-year flood plains after • • 1980 

1.2 Zero growth on 
1980 

100-year flood plains after • • 
1.3 Zero growth on fifty-year riverine flood 

plains in specified additional numbers of • flood-prone cities each year, to 2000 
1.4 Zero growth in counties exhibiting high Tor-

nado Strike Risk (greater than 10-4 tornado • strikes per year per square mile). 

2.0 Area Structural Protection Strategies 
2.1 Structural protection (dams, levees, etc) of • cities with riverine flood problems. 
2.2 Construction of sea-walls to protect four 

additional counties per year from 100-year • storm surge heights. Construct in order of 
decreasing damages in affected counties. 

3.0 Building Strengthening Strategies 
3.1 Require tie-downs on all mobile homes. • • • 
3.2 Increase designed wind resistance capability 

of new buildings to level equdll ing 1.5 x • • • the level specified in the Uniform Building 
Code (1. 5 x UBC) 

3.3 Increase designed wind resistance capability 

I of new buildings to level equalling 3.0 x • • • the level specified in the Uniform Building 
Code (3 x UBC). 

3.4 Increase strength of new buildings to level 
required in UBC Earthquake Zone #3. (UBC 3). • 

3.5 Floodproof 2~ annually of all structures in 
fifty year riverine flood plains to provide • I 
zero damage to height of four feet. ! I 

3.6 FloodprQof 2% annually, of all structures in 
100 year riverine flood plains to provide • zero damage to height of four feet. 

3.7 After 1980, f10odproof all new buildings in • storm surge areas to height of four feet. 
3.8 r~odify and retrofit existing buildings in 

high seismic risk areas to meet seismic • safety standards. 

4.0 Site Preparation Strategies 
4.1 Require soils testing and improved site grading • standards in landslide-prone areas. 
4.2 Require soils testing and pre-construction 

moisture control and/or soi 1 stabilization on • construction sites. 

5.0 Building Removal Strategies 
5.1 Purchase and/or condemn and accelerate removal 

of high vulnerability structures in high • • • • • hazard areas. 

Figure 5-3. Hazard-mitigating Technologies, by Type and Applicability 
to Nine Natural Hazards 
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loss-reducing capabilities of the several specific mitigations in each class are 
discussed in a later section, entitled "Loss Reduction Analysis, by Hazard. 1I 

Avoidance Strategies 

As noted in Chapter IV, improvident patterns of interstate popu1atio~migration 
and capital investment are the major reasons for the projected $4 billion in
crease in natural hazard building damage losses between 1970 and the year 2000. 
The large projected thirty-year increases in building wealth additions in high 
damage rate states and counties, principally along the Gulf Coast and South At
lantic, account for the major fraction of the large increases in annual expected 
natural hazard losses between 1970 and 2000. [See Table 4-19, 4-22J. Loss
accelerating patterns of inter-state migration are matched by similar movements 
of population and building investments'to high-hazard areas internal to states and 
counties. If past patterns of development continue in the future, substantial 
increases in natural hazard losses will be the inevitable consequence. For exam
ple, if community growth in riverine flood plains continues in the future as it 
has in past decades, building damage losses from riverine floods can be expected 
to jump from an annual expected value of $1502 million in 1980 to $2634 million 
in the year 2000, assuming that no mitigations of any type are applied to deal 
with this situation during that period. Specifically, this loss estimate assumes 
that the construction of area flood control works is halted in 1980, that no 
regulation of growth in flood plains occurs thereafter, and that no building 
floodproofing mitigations are applied. Similarly, if continued development 
occurs in areas subject to storm surge and hurricane wind hazards, annual ex
pected building damage losses from these phenomena can be expected to jump from 
$1127.5 million in 1970 to $2918 million in 2000. 

Accordingly, this study sought to determine the natural hazard loss reductions 
which could be achieved in 2000 through use of a selected set of hazard avoid
ance policies. The impact of four such policies on annual expected hazard losses 
in the year 2000 are depicted in Table 5-2. As shown there, avoidance policies, 
alone, could produce a 24.4 percent reduction in estimated building damage losses 
in 2000 from tornado, tsunami, storm surge, and riverine flooding. Totalling 
$1441.8 million, this annual loss reduction is equal to 13.2 percent of the 
estimated level #1 building damage loss estimates for all hazards in that year. 
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ANNUAL EXPECTED BUILDING DAMAGE LOSSES (1000's $) 

ADVANCED STRATEGY HAZARD 2000 2000 
BASELINE LOSS WITH 
LOSS USE OF 

STRATEGY 

1. ZERO GROWTH HI COUNTIES AT 
RISK OF MORE THAH 10-4 

TORNADO 2060.0 1812.8 TORUADO STRIKES PER YEAR 
PER SQUARE MILEl 

2. ZERO RES IllENTIAL GROWTH ON 
TSUNAMI 100-YEAR FLOOD TSUIIAMI 27.9 27.1 
PLAINS AFTER 19802 

3. ZERO GROWTH OF ALL TYPES STORt1 ON 100-YEAR STORM SURGE 1177 .1 912.3 
FLOOD PLAINS AFTER 19803 SURGE 

4. ZERO NET GROWTH IN 100- RIVERINE YEAR RIVERINE FLOOD 2634.0 1694.21 
PLAINS BETWEEN 1980-20004 FLOODING 

TOTALS -- 5899.0 4446.41 

1. rlart. Gary C."Natural Hazards: Tornado. Hurricane. Severe Wind Loss Models." 
RedondO Beach, California: J.H. Wiggins Company, December 1976. 

2. Lee, Larry T. Jon D. Chrostowski, and Ronald T. Eguchi, "Natural 
Hazards: Iliverine Flooding, Storm Surge. Tsunami Loss Models," 
RedondO Beach, California: J.H. Wiggins Company, June 1976. 
Table 4-5. 

3. Ibid., Table 3-3. 

4. Calculated from data presented in Lee, et. al., 1976. See, also 
Table 5-5, this report. 

LOSS REDUCT! ON 

TOTAL . 
~ 

247.2 12.0% 

0.8 2.87% 

264.8 22.5% 

939.8 35.7% 

1452.6 24.62% 

Table 5-2. Estimated Payoffs in 2000 AD from Use of Selected Avoidance 
Strategies to Reduce Annual Expected Losses from Tornado, 
Tsunami, Storm Surge, and Riverine Flooding 

Loss reductions associated with avoidance mitigations for tornado, tsunami, and 
storm surge were derived directly from the computer loss models used by Hart, 
[1976J, and Lee, et.al. [1976J. For riverine flooding, the loss reductions were 
calculated from computer model outputs, as follows: (a) building wealth values 
and building damage losses in all six flood zones were determined for 1970 and 
2000 [See Tables 5-3, 5-4J; (b) building damage rates for each flood zone then 
were calculated from these data; and (c) the building damage rate for zone F 
(area outside 100-year flood plain) was applied to the projected 1980 to 2000 
increase in building wealth to flood prone communities. The latter was deter
mined from the average value of buildings shown in Tables 5-3 and 5-4 and from 
the building population data presented in Lee, et. al., Table 2-27, and, from the 
1980 baseline conditions depicted in Tables 5-23(a) and 5-23(b). 
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I. 

2. 

3. 

.. 

~. 

6. 

1. 

8. 

101<[ • ION[ 8 ION[ C 101<[ 0 IONL [ IOI<[F 
VAR1A8l[ 2·~ YR. S-IO VR. 10·2~ YR. 2!t-50 YR. 50-100 YR. 100 YR .• TOTAL 

HOOD FLOOO FlOOD fLOOD FLOOD FLOOO 

AVr Il:AGr VALU[. 11."0 13.2 .. 1~.860 15,860 1~.860 1~.860 .. 
R[SIOlNllAl 

UNIlS(a) 

AYfRA(,£ VAL U[ • 184.000 184.000 184.000 184.000 184.000 184.000 .. 
({JfrI!tRC1Al-

INDUSTRIAl-

GOV'T UNITS(') 

RESID£NT1Al UNITS 61.57 61.51 61.51 61.51 61.51 61.51 6LS1 

AS Pl ACENT OF ALL 
UNm(b) 

EXPOSEO UNITS • 614.8 683.1 910.8 1.115.1 1.229.6 4.5SO 9.108 

All TYPES 

(lOOO'S)ed 

AV[RAG[ VAlUE. 18.061.95 19.081.55 80.660.20 8O,6tiO.20 80.660.20 80,660.20 80.366.42 

AlL UNITS 

TOTAL BuILDING ".992.5 SO.020.61 73.465.31 89.992.59 99.119.18 367 .326.55 731.977.34 

.AlUE ("'ILlIOIISI 

BUILOING LOSS[S. (dl 158.3 392.6 287.9 159.8 Hi .8 190.6 1.901.0 
(IMILLIONSI 

BUILDING DAMAG£ 1.58 0.1268 0.3919 0.1776 0.1127 0.0519 0.2594 

'ATE (II 

Source: (.) Row 1-2 ulues calculated frQIIII daU presented in lee .• ft.,,! (1916). Tables 2-8. 2-15, ,nd page 42. 

th) t.\culned frCIIIII data presented \n lee. et.,1 (1976). lables, 2-9 and 2-27. 

(c) LH. et..l (1916), Table 2-26 and 2-4. 

lOWS A-O 

50 YR. 
FLOOV 

.. 

.. 

61.67 

2.324." 

79.855.32 

265.471.01 

1.598.6 

0.6022 

(d) Calculated fr'OM data presented in lee .• et .• l. (1976). lible 2-28 end project cOIIIPuter pl"intouts related thereto. 

Table 5-3. Building Exposures, Losses and Building Damage Rates, by Flood Zone 
in Flood Prone Communities, 1970 

ZONE A ZONE 8 ZONE C ZONE 0 lONE E ZONE F 
VARIA8LE 2·5 YR. 5-10 YR. 10-25 YR. 25·50 YR. SO-Ioo YR. 100 YR.' TOTAL 

F. P. F.P. F .P. F .P. F.P. F .P. 

1. TOTAL 8UIL0INGS 728.3 809.3 1.079.0 1.321.8 1.456.6 5.395 10.790 
EXPOSED(' ) 

(1000' s) 

2. AVERAGE VALUE(b) 78.061.95 79.081.55 80.660.20 80.660.20 80.660.20 80.660.20 80.336.42 

3. TOTAL 8UIlDING 56.852.52 64.000.70 87.032.36 106.616.65 117.489.65 435,161.78 867.153.66 

VALUE ($MILLlON) 

4. 8UILDING LOSSES(c) 475.061 277.492 238.074 163.311 129.885 218.614 1,502.5 

($MILLlON) 

5. 8UIlDING DAMAGE 0.8356 0.4336 0.2736 0.1532 0.1106 0.0502 0.1733 

RATE (l) 

Source: (a) Lee. et.al. (1976). Tables 2-9 and 2-27. Run III. This run has no population 9rowth diversion frOll floodplains 
between 1970-80. but did ... _ extension of fifty-year area flood protection to 200 cOIIAUnlties per year, 
1970-1980. 

(b) Table 5-3. 
(c) Lee. et.a1. (1976). Table 2-28. Aun III. and supporting coonputer print-out. 

ZONES A-O 

50 YR. 
F.P. 

3.938.4 

79.855.32 

314.502.23 

1.154.00 

0.3669 

Table 5-4. Building Exposures, Losses & Building Damage Rates, by Flood Zone, 
in Flood Prone Communities, 1980 

As shown in Table 5-5a, these calculations reveal that annual expected building 
damage losses from riverine floods in 2000 may be held to $1694 mill ion if net ne\,! 
construction in 100-year floodplains is avoided between 1980 and 2000, even 
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if the construction of new area flood control works is suspended during that 
period, and even if no other mitigations are employed to reduce losses within 
the lOa-year floodplain. 

1980 2000 

ZONES A-E ZONE F TOTAL ZONES A-E ZONE F 

TOTAL STRUCTURES 5331.0 5459.0 10,790 5331 10,393 EXPOSEO (lOOO's)* 

TOTAL VALUE OF $426,809.31 440,324.03 STRUCTURES ($M I LL 10NS),** -- 426,809.31 838,704.76 

AVERAGE VALUE OF $79,855.32 80,660.2 STRUCTURES -- 79,855.32 80,660.2 

BUILDING DAMAGE 0.2966 0.05105 RATE (,,)** -- 0.2966 0.05105 

EST IMkTED LOSS 1266.05 224.76 1490.81 (5~1 LL IO~lS )*** 1266.05 423.16 

*['enved from Lee, et. al. (1976), Table 2-27. See also Tables 5-23(a), 5-23(b), this report. 
**Derived from Tables 5-23(a), 5-23(b) 

***Calculated from values presented in lines 1, 3,4 

Table 5-5a. Impact of lOa-year Floodplain Avoidance Policy on 
Annual Expected Building Damage Losses in 2000 

TOTAL 

15,729 

--

--

1694.21 

The total economic and non-economic losses associated with use of the "most effec
tive" mitigation for riverine floods and tsunami are presented in Tables 5-5b, 5-5c. 

ANNUAL EXPECTED LOSS, 2000 LOSS REDUCTION 

VARIABLE MOST EFFECTIVE $ NO MITIGATION MITIGATION 

l. BUILDING DAMAGE* 2634 953.4 1680.6 
(1970$) 

2. BUILDING CONTENTS* 2599.13 940.78 1658.35 
VALUE (1970$) 

3. INCOME* 14.35 5.19 9.16 
(1970$) 

4. SUPPLI ER COSTS* .17 .06 .11 
(1970$) 

SUBTOTAL* 5247.65 1899.2 3348.22 
(1970$) 

5. HUMAN LIVES 263 95 168 

6. HOUS I NG UN ITS -- -- --
7. HOME USE -- -- --

(PERSON YEARS) 

8. EMPLOYMENT 2280.8 825.6 1455.2 
(PERSON YEARS) 

*Mi 11 ions 

Table 5-5b. Annual Expected Flood Losses and Loss 
Reductions, Without Mitigation and With 
Most Effective Mitigation, Year 2000 
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63.8 

63.8 

63.8 

64.7 
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NATIONAL VALUE ANNUAL EXP[CTED LOSSES LOSS REDUCT I ON 
(MOST EFFECTIVE 

VARIABLE 
AT RI SK 

NO MITIGATION MITIGATION MITIGAHON) 

1970 2000 1970 2000 50 YR.F.P. 100 YR.F.P. TOTAL ! ~ 

1. BU I LDI NG VALUE" 217,327 508,852 8.7 19.8 19.7 19.5 .3 1.:'2 
(1970$) 

2. BUILDING CONTENTS" 117,907. 608,870 5.54 19.1 19.0 18.8 .3 1.57 
VALUE (1970$) 

.. 
3. INCOME" 106,500 268,700 .727 1.479 1.453 1.433 .~6 ! 3.10 

(1970$) '.-
SUPPL I.ER COSTS" 1 4. -- -- .0124 .0273 .0266 .0263 .0010 : 3.66 
(197M) I 

SUBTOTAL" -- -- 14.98 40.41 40.18 39.76 I .647 r 1.60 
(l970S) I 

S. HUMAN LIVES 18,200,851 23,606,782 20 44 44 43 I 1 I 2.27 

6. HOUSING UNITS 6,340,000 9,410,000 234 335 333 329 6 i 1. 79 

7. HOME USE -- -- 345 389 380 376 13 T 3.34 (PERSON YEARS) 

8. EMPLOYMENT ! -- -- 97.5 195.9 193.1 189.8 6.1 i 3.11 (PERSON YEARS) I 

"Mill ions 

Table 5-5c. Annual Expected Tsunami Losses and Loss Reductions, 1970-
2000, Based on Application of Zero Residential Growth 
Policy in Tsunami Zones. 

Area Structural Protection Strategies 

All other things being equal, it seems clear that the hazard-proneness of any 
given area or site may be reduced through construction of protective facilities 
to reduce the vulnerability of the site to one or more specific hazards. Flood 
control dams, levees, channel improvements, sea walls, revetments, and similar 
constructed systems are exemplary of this approach. 

In this study, the flood control model revealed that annual expected losses for 
1970 were approximately $1 billion below the value estimated for the modeled 
cities,had no flood control facilities been provided in prior years to protect 
the communities which were included in the model. The same riverine flood model 
showed that the annual expected building damage loss for 2000 ($2634 million) 
could be reduced to approximately $1653 million by equipping all flood-prone 
cities with 50-year area flood protection facilities. 

Similarly, if counties subject to storm surge losses are protected from this 
hazard through construction of sea walls capable of handling 100-year surge 
heights, annual expected losses from this hazard in the year 2000 can be reduced 
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substantially. If four counties per year are so protected, in decreasing order 
of their annual expected storm surge damage losses, then annual expected storm 
surge losses in 2000 may be reduced from $1177.1 million to $334.8 million, even 
if no other mitigations are applied to deal with this hazard. 

Building Strengthening Strategies 

Substantial reductions in damage rates for selected mixes of buildings can be 
achieved through use of building strengthening technologies. Accordingly, four 
possible technology-forcing building code modifications were considered in this 
inquiry. The first involves modification of all u.S. Building Codes so as to 
impose 1973 Uniform Building Code, Zone 3 Earthquake standards to all structures 
constructed after 1980 in the United States in the seismically-active areas 
mapped in that code. The second involves the imposition of new construction 
standards producing 1.5 times the wind resistance level now required in the Uni
form Building Code. The third involves the imposition of new construction stand
ards producing 3.0 times the wind resistance level now specified in the Uniform 
Building Code. The fourth involves the requirement that all buildings in riverine 
flood plains be subject to floodproofing to a height of 4 feet. 

In the year 2000, enforcement of the most rigorous code modifications could reduce 
annual expected dollar losses of all types from $10,352.7 to $8,027.0 million for 
earthquake, tornado, hurricane, and severe wind. [See Tables 5-6, 5-7] 

ANNUAL EXPECTED LOSSES* 
HEIJUCTION ,11TH 

MOST EFFECTIVE MITIGATION 
HAZARD 

Utle LONE 3 UBC x 1. 5 UBC x 3.0 
NO MITIGATION EARTIIQUAKE WIND RESISTANCE WINO RESISTANCE TOTAL ., 

STANDARDS STANDARDS STANDARUS 

1. EARTHQUAKE 1177 1084 NOT APPLICABLE NOT APPL ICABLE 93.0 I 7.90 

2. TORNADO 2058 NOT APPLICABLE 1746 1564 494.0 24.00 

3. HURRICANE WIND 1742 NOT APPLICABLE 1453 1280 462.0 26.52 

4. SEVERE WIND 24.8 NOT APPLICABLE 21.2 19.1 5.7 23.00 

TOTALS 5001.8 1084 3220.2 2863.1 1054.7 21.09 

Source - Tables 5-8, 5-9, 5-10, 5-11 *Mill ions of 1970$ 

Table 5-6. Annual Expected Building Damage Losses and Loss 
Reductions in 2000 as a Function of Specified 
Mitigations for Four Hazards 
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ANNUAL lXP[CHD LOSS. 2000 LOSS REDUCT ION 
f------ -._. -_ .. - - ._--

VARIABU 
MO~ T Ern C1 I VE NO M I I I GA 1 IllN 

MITIGAT ION 
TOTAL " 

1. BUILDING UAMAGE* 
5.001.8 3.947.1 1.054.7 21.09 (1970$) 

2. BUILDING CONTENTS* 
4.302.6 3,294.9 1,007.7 ,23.42 VALUE (1970$) 

3. INCOME* 1.035.8' 777.2 258.6 24.97 (1970$) 

4. SUPPLIER COSTS* 
12.24 7.76 4.48 36.60 (1970$) 

SUBTOTAL * 
10.352.7 8.027.0 2.325.7 22.46 (1970$) 

5. HUMAN LIVES 1,484 1.185 299 20.15 

6. HOUS I NG UN ITS 127.992 98.173 29,819 23.30 

7. HOME USE 157,583 117,773 39.810 25.26 (PERSON YEARS) 

8. EMPLOYtlENT 206,279 155,259 51.020 24.73 (PERSON YEARS) i 
Source: Calculated from data presented in Tables 5-8 to 5-11 

*,;i11 ions 

Table 5-7. Annual Expected Losses of All Types Under Various 
Conditions of Exposure to Earthquake, Tornado, 
Hurricane, and Severe Wind Hazards, 2000 

The use of these "most effective ll building strengthening mitigations is expected 
to reduce annual losses in 2000 by 7.9 percent for earthquake [See Table 5-8J; 
by 24.0 percent for tornado [See Table 5-9J; by 26.5 percent for hurricane [See 
Table 5-10J; and by 23.0 percent for severe winds [See Table 5-11J. 

Since the loss reduction analysis assumed that enforcement of these mitigations 
would be limited to new structures constructed after 1980, the estimated loss 
reduction cited above fails to indicate the real scope of the improvement possible 
through the use of building strengthening technologies. For example, had these 
same technologies been applied at the time of their construction to all buildings 
which were in place in 1970, expected annual losses in that year from earthquakes, 
tornadoes, hurricanes, and severe winds could have been reduced by increments 
ranging from 40.82 percent (hurricane) to 50.88 percent (severe winds). [See 
Tables 5-12 and 5-13J 
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NATIONAL VALUE AT RISK ANNUAL EXPECTED LOSSES LOSS REDUCTI ON 

VARIABLE 2000 2000 
1970 2000 1970 (WITHOUT (WITH TOTAL % 

MITIGATION) MITIGATION) 

J. BUILDING VALUE * 1.494.293.0 3.577.016.0 655.2 1.177 .0 1.084 93 7.90 (1970$) 

2. BUILDING CONTENTS* 858.053.0 4.466.392.0 123.23 372.8 341 32 8.58 VALUE (1970$) 

3. INCOME* 757.428.0 1.953.000.0 2.65 3.91 3.62 .283 7.25 (1970$) 

4. SUPPL I ER COSTS * 
11.37 (1970$) -- -- .030 .048 .043 .005 

SUB-TOTAL· -- 781.1 1,553.7 1.428.7 125 8.05 (1970$) --
5. HU,",AN 1I YES 143.169,495.0 182.491.865.0 272 400 370 30 7.50 

6. HCUSI NG UN ITS 47.790.000.0 69.960.000.0 20.485 22.888 20.585 2.303 10.06 

7. HOME USE 
736 648 597 51 7.87 (PERSON YEARS) -- --

8. EMPLOYMENT -- -- 414 635 585 50 7.88 (PERSON YEARS) I 1 
*mi 11 ions 

I. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Table 5-8. Annual Expected Earthquake Losses and Loss Reductions, 
1970-2000, Based on Application of UBC Zone 3 
Construction Standards to All Structures Built after 1979 

NATIONAL VALUE ANNUAL EXPECTED LOSSES LOSS REDUCTION 
AT RISK (MOST EFFECTIVE 

VARIABLE NO MITIGATION WITH BLDG. CODE MITIGATION MITIGATION) 

1970 2000 1970 2000 2000 2000 TOTAL % (1.5,UBC) (3.0,UBC) 

BUILDING VALUE· 1.788.989 4.300.491 879.8 2.058 1.746 1.564 494 24.00 (1970$) 

8UILDING CONTENTS· 1.065.396 5.539.277 469.9 2.401 2.043 1.828 573 23.B7 VALUE .(1970$) 

INCOME' 
917.200 2.421,000 302.8 751 637 569 182 24.23 (1970$) 

SUPPLI ER COSTS* -- -- 3.451 9.042 6.943 5.750 3.292 36.41 (1970$ ) 

SUBTOTAL· -- -- 1.656.0 5.219.0 4.432.9 3.966.7 1.252.3 24.00 (1970$) 

HUMAN LIVES 181.198.749 228.120.498 392 920 781 694 226 24.57 

HOUSING UNITS 60.01 0.000 86.990.000 36.212 52.119 44.081 39.303 12.816 24.59 

HOME USE -- 86.122 107.650 91.120.1 81.542 26.108 24.25 (PERSON YEARS) --
EMPLOYMENT . ~ 

57.541.0 146.569.0 124.610 110.774 35.795 24.42 (PERSON Y£ARS) --' --
*mill ions 

Table 5-9. Annual Expected Tornado Losses and Loss Reductions, 1970-
2000, Based on Application of More Stringent UBC Wind 
Resistance Construction Standards to All Structures Built 
after 1979 
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NATIONAl VAlUl ANNUAl [XPECTlO LO~;lS LO;S Mf !Jun ION 

AT MlSK 
WITH HLUG. COUl MITIGAT ION I 

(M();T EfFECTIVE 
VARIABLf NO MIT IGATION MITIGATWN) 

1970 20UU 197U 2000 2UOO 2000 I TOTAL 
, 

(1. 5xU~C) (3. OxUBC) ~ 

1. BUILDING VAl UL- 682,476 1,6!lO,245 685.5 1,742 1,453 1,280 ! 462 26.51 (1970$) ; 

2. BUILDING CONllNTS" 379,!l00 2,030,041 267.6 1,505 1,256 1,105 400 
, 

26.Sll VALUE (1970$) i 

3. INCOME-
343,400 913,noo 101.8 276.2 229 201 75.2 : 27.23 (1970$) : 

4. SUPPLIER COSTS-
1. 09 3.10 2.37 1. 93 i 1.17 i 37.74 (1970$) -- --

SUBTOTAL - -- 1.056.0 3,526.3 2.988.1 2.587.9 I 933.4 ! 26.61 
(1970$) -- ; 

5. HUMAN LIVES 62,741,264 B3,615,242 62 153 127 112 41 I 26.80 i 

6. HOUSING UNITS 20,720,000 31,890,000 31,385 52,237 43.130 37,713 \14,524 i 27.80 

7. HOME USE . 34,505 48,271 39.857 34,860 13,411 27.78 (PERSON YEARS) -- --
B. EMPLOYMENT 21,004 58,224 48.839 43,242 14,982 (PERSON YEARS) -- -- 25.73 , 

-Oli 11 ions 

Tabl e 5-1 O. Annual Expected Hurricane Losses and Loss Reductions, 1970-2000, 
Based on Application of More Stringent UBC Wind Resistance Con
struction Standards to All Structures Built After 1979 

NATIONAL VALUE ANNUAL EXPECTED LOSSES lOSS REDUCT ION 

AT RISK (MOST EFFECTIVE 
VARIABLE NO HITIGATION WITH BLDG. CODE MITIGATION MITIGATION) 

2000 2000 I 1970 2000 1970 2000 (1.5xUBC) (3.0,UBC) I TOTAL ~ 

I 

1. BUILDING VALUE" 
(1970$ ) 2,064,507 4.924,075 11.4 24.3 21.2 19.1 5.7 23.C 

2. BUILOING CONTENTS" 1,207,498 6,252,952 4.5 23.8 22.0 20.9 VALUE (1970$) 2.9 12.2 

3. INCOME" 1.053.000 2,753.000 2.09 4.70 4.02 3.61 1.09 23.2 (1970S) 

4. SUPPLIER COSTS· -- -- .021 .051 .040 .034 .017 33.3 (1970S) 

SUBTOTAL" -- -- 18.01 53.35 47.26 43.64 9.7 18.2 (1970$) 

5. HUMAN LIVES 203,260.531 256.179,160 5 11 10 9 2 18.2 

6. HOUSING UNITS 67,560,000 97,770,000 547 748 640 572 176 23.5 

7. HOME USE -- -- 852 1,014 865 774 240 23.7 (PERSON YEARS) 

8. EMPlOYHltH -- -- 373 851 727 658 193 22.7 (PERSON YEARS) 

·nl1111ons 

Table 5-11. Annual Expected Losses and Loss Reductions from Severe Winds, 
1970-2000, Based on Application of More Stringent UBC Wind 
Resistance Construction Standards to All Structures Built After 
1979 
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BUILDING DAMAGE RATE FOR SPECIFIED HAZARD 
(ANNUAL EXPECTED DAMAGE ~ BUILDING VALUE) 

BUILDING MIX 
EARTHQUAKE TORNADO HURRICANE SEVERE WINO 

(RATE x 10-3) (RATE x 10-3) (RATE x 10-2) (RATE x 10-3) 

1. 1970 MIX OF BUILDINGS 0.438468 0.491786 0.100443 .005522 

2. 2000 MIX OF BUILDINGS 0.329045 0.47855 0.103675 .005036 

3. NEW BUILDINGS CONSTRUCTED 
TO UBC ZONE 3 EARTHQUAKE 0.250537 NOT APPLICABLE tlOT APPLICABLE HOT APPLICABLE 
STANDARDS 

4. NEW BUILDINGS CONSTRUCTED 
TO UBCxl.5 WIND RESISTANCE NOT APPLICABLE 0.344893 0.076922 .003427 
STANDARDS 

5. NEW BUILDINGS CONSTRUCTED 
TO UBCx3.0 WIND RESISTANCE NOT APPLICABLE 0.272427 0.0595133 .002693 
STANDARDS 

Source: Calculated from data presented in Tables 5-8 t~ 5-11. 

Table 5-12. Building Damage Rates from Selected Mixes of Buildings 
Exposed to Earthquake, Tornado, Hurricane and Severe Wind 

ANNUAL EXPECTED LOSS (MILLIONS OF DOLLARS) 
IN INDICATED YEAR FOR SPECIFIED HAZARD 

CONDITIONS UNDER INDICATED CONDITION 

EARTHQUAKE TORNADO HURRICANE 

1. ACTUAL CONDITIONS, 655.2 879.8 686 
1970 . 

2. UBC ZONE 3 EARTHQUAKE 374 NOT APPLICABLE NOT APPLICABLE 
STANDARDS IN ALL 
AREAS OF THE U.S. 

3. USC X 1.5 IN All NOT APPLI CABLE 617 525 
AREAS OF THE U.S. 

4. UBC X 3.0 IN ALL NOT APPLICABLE 487 406 
AREAS OF THE U.S. 

".AXIMUtl POSSIBLE N 281.2 392.B 280 
SAVINGS UNDER MOST 
EFFECTIVE MITIGATION % 42.92 44.65 40.82 

Source: Calculated from building damage rates presented in Table 5-12 
and from 1970 building values presented in Tables 5-8 to 5-11 

SEVERE WIND 

11.4 

NOT APPLI CABLE 

7.1 

5.6 

5.8 

50.88 

Table 5-13. Annual National Expected Building Damage Losses 
from Exposure to Earthquake, Tornado, Hurricane, 
and Severe Wind Under Various Conditions of Build
ing Strength.1970. 
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Substantial loss reductions also can be achieved through application of f100d
proofing standards to buildings located in 100-year riverine and storm surge 
floodplains. As shown in Table 5-14, a four-foot f100dproofing mitigation reduces 
storm surge losses in the year 2000 by nearly 59%. Similarly, the riverine flood 
model suggests that between 1980 and 2000, four-foot floodproof;ng of 40 percent 
of the structures located in structurally-protected 100-year riverine flood plains 
can reduce annual expected building damage losses in 2000 by approximately 16.6 
percent. 

NATIONAL VALUE ANNUAL EXPECTED LOSSES LOSS RE DUCTI ON 
AT RISK 2000 (MOST EFFECTIVE 

VARIABLE NO MITIGATION MITIGATION) 
FLOOD 

1970 2000 1970 2000 PROOFING TOTAL % .. MITIGATION 

1. BUILDING VALUE* 438.733 1.061.972 442.0 1.176 479 697 59.27 (1970$) 

2. BUILDING CONTENTS* 238.241 1,275.127 197 1.160 479 681 58.71 VALUE (1970$) 

3. I NCOME* 222.700 581.300 2.367 6.407 2.660 3.747 58.48 (1970$) 

4. SUPPLl ER COSTS" -- -- .028 .077 .049 .028 36.19 (1970S) 

SUBTOTAL* -- -- 641.4 2.342.5 960.7 1.381.8 58.99 (1970$ ) 

5. HUMAN LIVES 38.387.247 51.328.807 37 103 42 61 59.22 

6. HOUSING UNITS 12.890.000 19.890.000 24.521 43.757 16.917 26.882 61.43 

7. HO~'E USE -- -- 7.290 10.330 3.989 6.341 61.38 
(PERSON YEARS) 

8. EMPLOYMENT -- -- 370 1.018 511 507 49.80 (PERSON YEARS) 

*ni 11 ions 

Table 5-14. Annual Expected Storm Surge Losses and Loss Reductions, 1970-2000, 
Based on Application of Four-foot F100dproofing Standards to New 
Buildings Constructed After 1979 

Building Removal Strategies 

An additional strategy considered for reducing natural hazard losses was one 
involving the public purchase and removal of structures from high hazard areas. 
Riverine floodplains were selected for examination of the possible cost feasibil
ity of this strategy. 

As shown in Tabl es 5-15 and 5-25, more than 60 percent of all 1970 annual expected 
building damage losses from riverine floods was produced by buildings located in the 
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two - ten year segments of the nation's riverine floodplains. Not including the 

value of the land on which these structures were located, the aggregate worth 

of these structures was equal to slightly less than the sum of 89 years of the 
annual losses expected to be sustained by these same structures. Public pur
chase and removal of these structures to flood Zone F in 1970 would have reduced 
total flood losses in that year by approximately $1098.8 million and would have 
1 iberated much lIopen space" and potential park land for urban use. Even if land 
values were equal to fifty percent of the value of the structures in these flood 
zones, the expected annual reduction in building damage flood losses when combined 

with the recreational and aesthetic benefits associated with public ownership of 
these lands might well make this strategy attractive in some areas. 

BUILDING WEALTH ANNUAL EXPECTED 
FLOODPLAIN ZONE BLDG. DAMAGE LOSS) 

N CUM N 
% 

CUM 
($M ILLIONS) /" % ($MILLIONS) ~ 

ZONE A 47,992.50 6.56 6.56 758.3 39.9 39.9 
(2-5 YEAR RETURN) 

ZONE B 54,020.61 7.38 13.94 392.6 20.7 60.6 
(5-10 YEAR RETURN) 

ZONE C 
(10-25 YEAR RETURN) 

73,465.31 10.04 23.98 287.9 15.2 75.8 

ZONE 0 
(25-50 YEAR RETURN) 

89,992.59 12.29 36.27 159.8 8.4 84.2 

ZONE E 
(50-100 YEAR RETURN) 

99,179.78 13.55 49.82 111.8 5.9 90.1 

ZONE F 
(OUTSIDE 100 YEAR 

367,326.55 50.80 100.00 190.6 9.9 100.0 

FLOODPLACE) 

ALL ZONES 731,977 .34 100.00 100.00 1,901.0 100.0 100.0 

Table 5-15. Building Wealth and Building Damage Losses, 
1970, by Riverine Floodplain Zone 

As a supplement or alternative to the above-described building removal strategy, 
consideration also might be given to application of this strategy to selected 
flood-insured structures which experienced damage from any given flood event. 
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Structures which might be targeted for such removal could be those which meet 
specific criteria based on the size of the insurance claim, and the annual ex
pected future damage rate for the repaired structure in relation to the removal 
cost minus the amount of the insurance claim. In this study, no calculations 
were performed to determine the possible impact of this strategy. 

Site Preparation Strategies 

To deal with landslide and expansive soil hazards, two site preparation mitiga
tions were tested. For landslide, the mitigation involved the enforcement of 
improved site grading and soils testing ordinances between 1980 and 2000. For 
expansive soils, the mitigation involved chemical stabilization of soils on new 
single-family dwelling unit sites between 1980 and 2000. Use of these mitigations 
result in the following loss estimates. 

2000 with Loss Reduction 2000 Baseline Mitigation 
Hazard (Mill ion $) (Million$) ($) (%) 

Landslide 871.2 349.4 521.8 59.9 C; 

Expa ns i ve 997.1 760.1 237.0 23.8;; Soil s 

Totals 1868.3 11 09. 5 758.8 40.6 :: 

Loss Reduction Analysis, by Type of Hazard 

For each of the nine study hazards a most effective strategy or combination 
of strategies was devised. Without regard to their political or economic feasi
bility, these were the strategies that produced the largest reductions in annual 
expected losses for the year 2000 and are depicted in Figure 5-1. above. For 
earthquake. hurricane winds. severe winds, and tornado, these were the mitigations 
shown in Figure 5-1 and in Tables 5-7 to 5-11. For landslide and expansive soil, 
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the most effective mitigations were those discussed under IISite Preparation Strat
egies" above. Similarly, for tsunami, the most effective strategy was that 
discussed under IIAvoidance Strategies,1I above. For storm surge, the most effec
tive mitigation revealed by the loss reduction analysis was one which would 
involve the construction of sea walls capable of providing protection of surge
prone counties up to the 100-year surge height. The specific mitigation 
utilized in the analysis assumed that, between 1980 and the year 2000, four 
counties per year could be so protected, and that construction of such walls 
would proceed in order of decreasing volume of damages within each county. This 
mitigation provided a reduction in annual expected losses from storm surge in the 
year 2000, from $1177.1 million to a level of $334.8 million. However, four foot 
floodproofing of essentially all of the buildings in the storm surge zone 
produced nearly equal loss reductions. In the latter mitigation, the analysis 
revealed that storm surge losses could be reduced from $1177.1 to $471.5 million 
per year [See Table 5-14J. 

The most effective mitigation for riverine floods involved the joint use of the 
following mix of strategies: (a) provision of area flood protection facilities 
to 200 additional cities per year between 1970 and 1980; (b) application of II zero li 

net growth land use policies to the 100-year flood plains of all flood prone 
cities between 1980 and 2000; (c) removal of all structures from the 2-10 year 
floodplain by the year 2000. This combination of strategies produced an annual 
estimated riverine flood loss from damage to buildings which totalled $953.62 
million for the year 2000. Annual expected riverine flood losses of all types 
in 2000 are as shown in Table 5-16. As indicated there, 2000 baseline losses 
are reduced by 63.8 percent through use of the above described IImost effective ll 

mitigation. 

When these "most effective" mitigations are appl ied to all hazards in the year 
2000, the annual expected building damage losses are as shown in Table 5-1, 
[See Column EJ. Annual expected losses of all types are as shown in Tables 
5-17 and 5-18. 
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(1 ) 

(2) 

(3 ) 

(4 ) 

ANNUAL EXPECTED LOSSES 
($MILLIONS) 

CONDITION A B REDUCTION FRa~ 
BUILDING TOTAL BASELINE 

DAMAGE (A xl. 99) $ 

BASELINE CONDITIONS 2634 5241.66 --
LOSSES IF ALL PROJECTED 
GROWTH IN FLOOD ZONES A-E, 1694 3371 .06 1870.6 1980-2000, IS SHIFTED TO 
ZONE F 

LOSSES IF CONDITION #2 
EXISTS AND ALL 1980 BUILD-
INGS IN FLOOD ZONES A AND 1329.75 2646.21 2595.45 B OF "UNPROTECTED" COMr~UN-
ITIES ARE REMOVED AND 
REPLACED BY STRUCTURES IN 
ZONE F I 

LOSSES IF CONDITION #2 
EXISTS AND ALL 1980 BUILD-
ItlGS IN ALL ZONES A AND B 953.617 1897.7 3343.96 
ARE REMOVED AND REPLACED 
BY STRUCTURES IN ZONE F 

Table 5-16. Total Annual Expected Riverine Flood 
Losses in 2000 Under Three Selected 
Mitigations 

% 

--

35.7% 

49.5% 

63.8% 

2000 DOLLAR LOSSES (ALL TYPES)* ACHIEVABLE LOSS REDUCTION* 
HAZARD 1970 DOLLAR * MOST EFFECT! VE LOSS (All TYPES) NO MITIGATION MITIGATION $ % (LEVEl #1) (LEVEL #3) 

EARTHQUAKE 781.1 1.553.7 1,42B.7 125 8.05 

EXPANSIVE SOILS 798.1 997.1 760.1 237 23.77 

LANDSLIDE 370.3 871.2 349.4 521.8 59.89 

HURRICANE 1.056.0 3.526.3 2.587.9 938.4 26.61 

SEVERE WIND 18.0 53.4 43.64 9.7 18.2 

TORNADO 1.656.0 5.219.1 3.966.7 1.252.3 24.00 

RIVERINE FlOOD 2.758.3 5.241.7 1.897.3 3.344.4 63.8 

STORM SURGE 641.2 2.342.9 960.7 1.381.8 58.99 

TSUNAMI 15.00 40.4 39.73 .65 1.6 

*($Mi 11 ions) 

Source: Tables 5-1. 5-5b, 5-5c. 5-8 to 5-11. 5-14. 

Table 5-17. Annual Expected Dollar Losses of All Types for 
Nine Natural Hazards Under Two Conditions of 
Exposure, 2000 
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ANNUAL EXPECTED LOSS, 2000 

VARIABLE 
t~O MI TI GATI ON 

l. BUILDING DAMAGE* 10,699.9 
(1970$) 

2. BUILDING CONTENTS* 8,080.7 
VALUE (1970$) 

3. I NCOME* 1,058.0 
(1970$) 

4. SUPPLI ER COSTS* 12.5 
(1970$) 

SUBTOTAL* 19.851.4 
(1970$) 

5. HOUSING UNITS 172,084 

6. HOME USE 168,302 
(PERSON YEARS) 

7. EMPLOYMENT 209,773.7 
(PERSON YEARS) 

Source: Calculated from data 5-8 to 5-11, 5-14 
*Mill ions 

MOST EFFECTIVE 
MITIGATlO>l 

6,364.3 

4,589.3 

785.7 

7.9 

11,747.2 

110,326 

120,937 

156,631.4 

LOSS REDUCTION 

TOTAL % 

4,335.6 40.5 

3,491.4 43.2 

272.3 25.7 

4.6 37.1 

8,103.9 40.e 

61,758 35.9 

47,365 28.1 

53,142.3 25.3 

Table 5-18. Annual Expected Losses of All Types for Nine Natural 
Hazards Under Two Conditions of Exposure, 2000 

The building damage loss reductions (in 1970 dollars) which are believed to be 
achievable in 2000 through use of selected hazard-specific mitigations are 
summarized below. In all cases the loss reductions have been calculated on the 
basis of the 2000 baseline loss estimates shown in Table 5-1 [Column B] and the 
reduced damage rates which are associated with use of the mitigations. Further 
details concerning these loss reduction estimates may be obtained from Chapters 
II and III and from three specific reports covering each of the hazards [See 
~Jiggins, et. al., (1976); Hart (1976); and Lee, et. al. (1976)]. 

Earthquake 

The loss reduction estimates for this hazard are a product of a two-part mitiga
tion assumption: (a) that all new buildings constructed in California will 
continue to comply with the lateral force standards specified for 1973 USC 
Earthquake Zone #3 structures; (b) that, after 1980, all new buildings con
structed in all other areas of the U.s. which are mapped as seismically active 
in the same 1973 UBC will also comply with Zone #3 standards. The loss estimates 
resulting from these assumptions are: 
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2000 with Loss Reduction 2000 Baseline Mitigation 
(Mill ion $) (Million$) (Million $) (%) 

Cal ifornia 952.1 748.7 203.4 21.36% Counties 
All Other 426.4 335.3 91-.1 21 .36% 

Total 1378.5 1084.0 294.5 21.36% 

Expansive Soil s 

All expansive soils loss estimates for 2000 were calculated utilizing the follow
ing procedure: (a) county-level losses in 1970 were aggregated, by state, and 
then increased by the estimated 1970-2000 growth rate for the state; (b) the sum 
of the resulting state-level loss estimates then was used as the baseline for 
the 2000 loss reduction calculation; (c) the national 1970 loss estimate was 
reduced by ten percent to account for building retirements between 1980-2000; 
(d) the resulting value was subtracted from the 2000 baseline projection 
and'the difference was assumed to be the loss chargeable to new residential con
struction between 1980-2000; (e) this value was reduced 85% to account for loss 
reductions achievable through use of soil stabilization techniques and by 10% 
to account for loss reduction achievable through use of construction-site mois
ture control techniques. The latter reduction assumed that moisture control 
techniques can reduce losses by thirty percent in areas where the building season 
is marked by wide variability in rainfall levels and that approximately thirty 
percent of all expansive soil-affected construction will be in such areas. The 
loss estimates resulting from these calculations are: 

Mitigation #1 [Most Effective Mitigation] 

Require application of soil stabilization techniques to all sites on which 
single family dwelling units are constructed after 1980. Loss estimates are: 
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2000 Basel i ne 
(Mill ion $) 

997.1 

Mitigation #2 

2000 with 
Mitigation 
(Million$) 

760.1 

Loss Reduction 
(Mill ion $) (%) 

237.0 23.77% 

Require application of moisture control techniques to soils on approximately 
thirty percent of all sites on which new single family dwelling units are con
structed after 1980. Loss estimates are: 

2000 Baseline 
(Mill ion $) 

997.1 

2000 with 
Mitigation 
(Mil1ion$) 

969.2 

Landslide 

Loss Reduction 
(Million $) (%) 

27,9 2.8% 

The experience of the City of Los Angeles (See Chapter II, Landslides] suggests 
that adequate grading and soils analysis ordinances can reduce landslide losses 
by approximately 97%. Accordingly, the loss reduction estimates presented below 
assume that 2000 losses associated with new construction between 1980-2000 can 
be reduced 97%. The annual new construction baseline losses for that year were 
calculated using the procedure described, above, for expansive soils. 

2000 Baseline 
(Million $) 

871.2 

2000 with 
Mitigation 
(Million$) 

349.4 

5-23 

Loss Reduction 
(Million $) (%) 

521 .8 59.9% 



Riverine Flood 

Mitigation #1: 

This baseline mitigation assumes that flood control facilities are constructed to 
protect, from fifty-year flood heights, 200 additional cities each year between 
1970 and 1980. Thereafter no mitigations of any type are applied. Building dam
age losses are as follows: 

1970 Losses 
1980 Losses 
2000 Losses 

Mitigation #2: 

$1901 mi11ion 
$1502 million 
$2634 million 

Apply Mitigation #1 through 1980, then shift all net additional community growth 
to areas outside the 100-year floodplain. Engage in no further construction of 
flood control projects. The resulting building damage losses appear below. 

The calculations for this mitigation assumed: (1) that the building damage rate 
for Flood Zone F (the area outside the 100 year floodplain) is 0.05105% (see 
Tables 5-3, 5-25); (2) that the total building growth in flood prone'cities be
tween 1980 and 2000 will be 4,939,000 net new units [See Tables 5-5a, 5-23a, 5-23bJ. 

The Loss Estimates are: 
(1) 1970 Expected Losses $1901 million 
(2 ) 2000 Baseline Losses $2634 million 

(3 ) 1980 Expected Losses $1490.81 to $1502 million 
[Table 5-23(a), (b)] 

(4 ) 2000 Expected Losses from $203.4 million 
new growth in Zone F 
[Tabl e 5-5] 

(5) Total Expected Losses, 2000 $1694.21 to $1706 million 
(Line #3 + Line #4) 

(6) Expected Loss Reduction $939.79 to $928.0 million 
(Line #2 minus Line #5) 

(7) Percentage Reduction 35.23% to 35.68% 
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Mitigation #3 

Apply Mitigation #1 through 1980 and Mitigation #2 thereafter. Also, provide 
for removal of all structures in 2-10 year floodplains by 2000. This mitigation 
results in an annual expected building damage loss of $953.4 million in 2000, as 
shown by the following: 

(1) 1970 Loss $1901 million 
(2) 2000 Baseline Loss $2634 million 
(3 ) 2000 Loss Under Mitigations #1 and 

#2 $1706 million 
(4 ) Loss Chargeable to Flood Zones 

A and B ; n 1 980 : $740.383 million 
[see Table 5-23(b)] 

(5) 2000 Loss, This Mitigation: $ 953.6 mill ion 

(6) Loss Reduction from 2000 $1680.4 mill ion Basel i ne 
% of (2) 63.8% 

Mitigation #4 

Apply Mitigation #1, and provide flood control facilities to protect from fifty 
year flood heights 167 additional cities per year between 1980-1990; and 133 
additional cities per year thereafte~ until all cities are so protect2d. 

2000 Baseline 
(Million $) 

2634 

Mitigation #5: 

2000 with 
Mitigation 
(Million$) 

1653 

loss Reduction 
(Mill ion $) (%) 

981 37.2% 

Apply mitigations #1 and #4, and assume that, from 1970 - 2000, 25 cities per 
year provide for no net building additions in the fifty year-flood plain. 
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2000 Basel i ne 
(Mill ion $) 

2634 

Mitigation #6: 

2000 with 
Mitigation 
(Mill ion $) 

1594 

Loss Reduction 
(Million $) (%) 

1040 39.5% 

Apply Mitigations #1, and #5, and provide flood control facilities to protect 

from fifty-year flood heights 300 additional cities per year until all cities 
are so protected. 

2000 Baseline 
(Mill ion $) 

2634 

Mitigation #7: 

2000 with 
Mitigation 
(Million$) 

1330 

Loss Reduction 
(Million$) (%) 

1304 49.5% 

Apply mitigations 1,4,5 and beginning in 1980, floodproof to a height of 4 feet, 
2% each year of all structures in the fifty-year flood plain. 

2000 Baseline 
(Million $) 

2634 

Mitigation #8: 

2000 with 
Mitigation 
(Million$) 

1406 

loss Reduction 
(Mill ion $) (%) 

1228 46.6% 

Apply mitigations #1, 4, 5 and provide that, beginning in 1980, 75 additional 
cities per year provide for no net building additions in the fifty-year flood 
plain. 
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2000 Baseline 
(Million $) 

2634 

Mitigation #9: 

2000 with 
Mitigation 
(M; 11 ion $ ) 

1570 

Loss Reduction 
(Mill ion $) (%) 

1064 40.4% 

Apply mitigations #1, 4, 5, and, beginning in 1980, floodproof to a height of 4 

feet 2% each year of all structures in the 100-year flood plain. 

2000 Baseline 
(Million $) 

2634 

2000 with 
Mitigation 
(Million$) 

1329 

Loss Reduction 
(Million $) (%) 

1305 49.5% 

Storm Surge 

Mitigation #1: 

In all 100 year storm-surge floodplains, require all new buildings (1980-2000), 
all building replacements (1980-2000) and essentially all others to be floodproofed 

after 1980 to a level of four feet. Loss estimates are: 

2000 Basel i ne 
(Million $) 

1177.1 

2000 with 
Mitigation 
(Mill ion $) 

477 .5 

Mitigation #2: (Most Effective Mitigation) 

Loss Reduction 
(Million $) (%) 

699.6 59.43% 

In decreasing order of the annual storm surge damages they sustain, protect 4 

surge-vulnerable counties per year, after 1980, with sea walls constructed up to 
the lOO-year surge height. Loss estimates are: 
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2000 Baseline 
(Million $) 

1177.1 

Mitigation #3: 

2000 with 
Mitigation 
(Mill ion $) 

334.8 

loss Reduction 
(Million $) (%) 

842.3 71.6% 

After 1980, prohibit net new building construction on the fifty-year floodplain 
(permits replacement of existing structures but no net growth in building stock). 
Loss estimates are: 

2000 Baseline 
(Mill ion $) 

1177.1 

Mitigation #4: 

2000 with loss Reduction 
Mitigation 
(Million$) (Million $) (%) 

912.8 264.3 22 .. 5% 

After 1980, prohibit net new building construction on the 100-year floodplain 
(i.e., includes replacement of existing structures but no new growth in building 
stock). loss estimates are: 

2000 Baseline 
(Mill ion $) 

1177.1 

Mitigation #5: 

2000 with 
Mitigation 
(Million$) 

912. 3 

Loss Reduction 
(Million $) (%) 

264.8 22.5% 

After 1980, prohibit construction of buildings with basements on the 100-year 
floodplain. Loss estimates are: 
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2000 Baseline 
(Million $) 

1177.1 

2000 with 
Mitigation 
(Million$) 

922.7 

Tsunami 

Loss Reduction 
(Mill ion $) (%) 

254.4 21.6% 

Since building strengthening strategies offer little prospect of reducing tsunami
related damages to conventional buildings, the only mitigation tested is one which 
provides for no net increase in the residential building stock of tsunami-prone 
zones between 1980-2000. The large 1970-2000 increase in losses under this miti
gation results from two factors: (a) continued increase in total building stock 
between 1970 and 1980; (b) replacement of low-valued structures by high value 
structures between 1980-2000. Loss estimates are: 

2000 Basel ine 
(Million $) 

19.8 

2000 with 
Mitigation 
(Million$) 

19.4 

loss Reduction 
(Million $) (%) 

0.4 2.0% 

Wind Hazards (Hurricane, Tornado, Severe Winds) 

Mitigation #1: 

Increase wind-resistance capacity of all buildings constructed after 1980 to a 
level representing 1.5 x current UBC requirements. The estimated losses under 
this mitigation are: 

2000 with loss Reduction 2000 Baseline Mitigation 
Hazard (Million $) (Mill ion $) (Mill ion $) (%) 

Hurricane 1742 1453 289 16.6% 
Tornado 2053 1746 312 15.2% 
Severe Wind 24.8 21.2 3.6 14.5% 

Total 3824.8 3220.2 604.6 15.8% 



Mitigation #2: (Most Effective Mitigation) 

Increase wind-resistance capacity of all new buildings constructed after 1980 to 
"-' 

a level representing 3.0 x current USC requirements. The estimated losses under 
this mitigation are: 

2000 with Loss Reduction 2000 Baseline Mitigation 
Hazard (Mill ion $) (Million$) (Mill ion $) (%) 

Hurricane 1742 1280 462 26.5% 

Tornado 2058 1564 494 24. 0 ~~ 

Severe l~i nd 24.8 19.1 5.7 22.9;; 

Total 3824.8 2863.1 961.7 25.1': 

Mitigation #3: 

Population growth is halted, after 1980, in all counties where tornado strike 
1 -4 '1 probabil ity is greater than 0 per year per square ml e: 

2000 Baseline 
(Million $) 

2058 

2000 with 
Mitigation 
(Mill ion $) 

1813 
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Cost Analysis 

In theory, projected building damage losses from all hazards for the year 2000 
may be reduced by 41.6 percent from baseline (level #1) estimates through use of 
the IImost effect ive" mi t igations di scussed above. Thi s 1 evel of mitigation would 
hold 2000 annual expected building damage losses to a value exceeding that of 
1970 by only 10.6 percent, in spite of the substantial projected population in
creases between 1980 and 2000. As noted above, however, the "most effective ll 

mitigations were selected without regard for either their political or economic 
feasibil ity. Accordingly, a cost analysis was performed to determine the gross 
relationships between the estimated costs of selected loss-reducing strategies 
and the annual loss-reductions expected to be produced through application of 
those strategies. The analysis focused on the cost and cost-to-loss reduction 
ratios of selected mitigations applicable to each hazard. No direct dollar costs 
were assigned to avoidance strategies in this study on the assumption that, at 
the scale of the entire nation, the bulk of the costs associated with such miti
gations are simply "redistributional" in character (viz. the "costs" to property 
owners in one area are offset by "benefits" received by property owners in other 
areas). Accordingly for the purposes of this study, all avoidance strategies 
are considered, by definition, to be cost-effective. 

Site Preparation Costs for Control of Expansive Soils Losses 

The expansive soils study accepted the following values as representing the annual 
per capita losses associated with foundation failures, only, in areas with the 
indicated expansive soils rating: 

High Expansivity Areas: $26.00 per capita per year 
Moderate Expans;vity Areas: $8.00 per capita per year 
Zero and Low Expansivity Areas: $1.50 per capita per year 

At an average of three persons per dwelling unit, the annual expected costs of 
expansive soils damage per structure in "high" expansive soils zones therefore is 
$78.00. Assuming a cost of $0.65 per square foot for application of soil stabil
ization measures and an average application of 2,000 square feet per structure 
site, the mitigation cost per structure is $1300. Since such mitigation measures 
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are estimated to yield an 85% reduction in annual expected losses, the cost
effectiveness of this mitigation is as follows: 

Expected annual costs without mitigation: $78.00 
Expected annual costs with mitigation: $11.70 
Expected annual loss reduction: $66.30 
One-time mitigation cost: $1300.00 
Payout period required, in years (0.0% interest): 22.2 yrs 
Fifty-year annual mitigation cost at 0.0% interest: $26.00 

Ratio of annual loss reduction to annual cost: 2.55 1 
Fifty-year annual mitigation cost at 6% interest: $82.11 

Ratio of annual loss reduction to annual cost: 0.81 : 1 

In appropriate areas, control of the moisture content of soils during construction 
is estimated to yield a 30% reduction in annual expected losses from expansive 
soils while creating - in effect - only negligible additional construction costs. 
Thus, if the interest value of investment capital for the fifty-year repayment 
period is to be considered, then only site moisture control methods are cost
effective. Thus, approximately 30% of that fraction of the year 2000 annual 
expected losses from expansive soils which are attributable to new construction 
between 1980 and 2000 should be considered cost-feasible, and the total cost 
feasible loss reduction is only $27.9 million in the latter year. 

Building Strengthening Strategies 

Building strengthening strategies are defined as including: (a) floodproofing 
of structures in both storm surge zones and in riverine floodplains; (b) increas
ing the wind-resistance capacity of new buildings to a level representing either 
1.5 or 3.0 x the level specified in the Uniform Building Code; (c) increasing, 
to the level specified for Earthquake Zone 3 in the Uniform Building Code, the 
capacity of new structures in seismically-active areas to withstand ground shak,· 
ing. 

As a first step in this analysis, we prepared a set of tables which express the 
proportionate increase in building costs which we expect to be associated with 
enforcement of selected building code mitigations. These cost factors, which 
were developed either through examination of relevant literature or through use 
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of expert panels, are depicted in Tables 3-10(a} through 3-10(c). Utilizing these 
cost factors, the total national costs were calculated for implementation of these 

mitigations on the several mixes of buildings to be constructed between 1980 and 
2000. [See Table 5-19J. 

A 

BUILDING LOCATION TOTAL BUILDING 
VALUE.19BO 
(MILLIONS OF $) 

1. 100 YEAR RIVERINE FLOOD PLAIN NOT APPLICABLE 

2. HURRICANE AFFECTED AREAS(b) 926.502 

3. STORM SURGE AFFECTED AREAS (e) 593.278 

ALL AREAS OF EXPOSED COUNTJ ES 

4. EARTHQUAKE AFFECTED AREAS (d) 1.692.350 

e------. 
5. TORNADO AFFECTED AREAS(e) 2.383.114 

6. SEVERE WI NO AREAS (f) 2.747.291 

(a) Tables 3-10(a) to 3-10(e). this report 

(b) Hart. (1976) 

(e) Lee. et. 41. (1976) 

(d) Excluding C41 ifornia. Wiggins (19]6) 

(e) Hart. (19]6) 

(f) Hart. (1976) 

B 

TOTAL BUILDING 
VALUE, 2000 
(MILLION OF $) 

NOT APPLICABLE 

1.680.245 

1,061.972 

3.037.664 

4,300.491 

4.924.075 

C D 

BUILDING WEALTH 
INCREASE. 
1980-2000 MITIGATION APPLICABLE 
(MILLIONS OF $I TO NEW BUILDINGS 

NOT APPLICABLE 2FT. PROTECTION 

4FT. PROTECTION 

753.743 1.5. UBC 

3 x UDC 

468.694 2FT. PROTECTION 

4FT. PROTECTION 

1.345.314 2 x UDC ZONE 3 

lONE 3 UDC STIS. 

1.917.317 1.5 x UDC 

3 .. UDC 

2.176.784 1.5 • UDC 

3 x UBC 

Table 5-19. Estimated Building Value Increases and 
Hazard Mitigation Costs, 1980-2000 

E F 

MITIGATION 
COST AS 1 EST lHATED COST 
OF BUILDiNG OF M!TlGAT iON 
VALUE (a) (HIlLlOHS OF $) 

13.2~ NOT APPLICABLE 

16.61 NOT APPLI CABLE 

2.U 15.828.6 

5.11 36.440.9 

13.21 61,867.6 

16.61 17 .803.2 

6.5% 87.714.6 

2.11 27.699.3 

2.21 42.813.2 

5.41 103.974.B 

2.11 45.712.5 

5.11 111.015.9 

We then selected fifty years as the effective owner-life of each building mix, 
and - treating all buildings constructed in each category between 1980 and 2000 
as though they constituted a single cohort built at a single time - calculated 
the annual amortized cost for each mitigation as well as the ratio of annual loss 
reduction to annual fifty year repayment cost for each mitigation at three speci
fied interest rates. [See Table 5-20J. 

Excluding riverine flood mitigations, which are considered elsewhere, and if a 
cost-feasible mitigation is defined as one which exhibits an annual loss reduc
tion to fifty-year repayment ratio of 1/1 or greater, then only one of the proposed 
mitigations can be judged to be cost-effective at a 0.0% interest level for cost 
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repayment: increasing wind resistance capacity of buildings in hurricane wind 
zones (both 1.5 USC and 3.0 UBC). No mitigation could be scored as cost-feasible 
when fifty-year repayment of mitigation costs were calculated at 6.0% and 9.0% 

interest, respectively. [See Table 5-20]. 

l. 

2. 

1. 

4. 

5. 

A B C 0 

ANNUAL EST lMATED REQUIRED ANNUAL fl fTY - YEAR 
LOSS REDUCTION PAYOUT AKJRTlZED COST 

BUILDING LOCATION INITIAL PERIOD AT (12 PAYMENTS PER YEAR) 

MITIGATION BUILDING ALL 0.O't 
COST lOSSES LOSSES INTEREST 

6.010 9.0~ ($ MILLION) ($ MILLION) (S MILLION) (IN YEARS) O.en: 

HURRICANE WINO ZONES 38,440.9 462 933.24 41.19 768.8 2428.26 3499.20 

STORM SURGE ZONES 15,828.6 699.6 1392.2 55.86 1556.1 4914.67 7082.27 

£A?Tw.,.UM[ ZONES 77 ,803.2 294.5 389.0 71.21 554.0 1749.71 2521.41 
61,867.6 

TORNADO 10NES 103,974.8 494.0 1252.8 82.99 2079.5 6567.83 9464.62 

42,813.2 

SEV," .INDS 111,015.9 5.7 9.2 12066.9 2220.3 7012.60 10105.56 

Source: Mitigation costs derived from Table 5-19, this report. Loss reductions 
derived from Tables 5-9, 5-10, 5-11, 5-14 and 5-22. 

E f 

RATIO Of ANNUAL LOSS 
REDUCT ION TO ANNUAL 
AKJRTlIED 50 YR COST 

MITIGATION 

O.en: 6.O't 9.0t 

1.21/1 0.38/1 0.27/1 3 x U8C 

1 x UBC 

0.90/1 0.28/1 0.20/1 4fT. FlOOOPROOflNG 

2fT. flOOOPROOflNG 

0.70/1 0.22/1 0.15/1 UBC lONE 3 STDS. 

0.60/1 0.19/1 0.13/1 3 l USC 

1.5 • UBC 

0.004/1 0.001/1 0.0009/1 3 • UBC 

1.5 • USC. 

Table 5-20. Relationship Between National Building Strengthening 
Mitigation Costs and Annual Estimated Natural Hazard 
Loss Reductions, 2000 

In view of these results, we then calculated the annual expected building damage 
rates that would be required of buildings constructed to "normal" standards in 
order to yield - at the "mitigated" level of construction - a 10ss-reduction-to
cost-repayment ratio of 0.75/1 or greater at a building life of fifty years and 
an interest rate of 6.1 percent. The results of these calculations are depicted 
in Tables 3-11 through 3-13. The calculations which led to these tables were 
based on three parameters: (1) the reduction in building damage rate expected 
to be experienced by buildings constructed in compliance with a specific 
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mitigation in a specified risk category (as indicated by the baseline building 

damage rate); (2) the time period (fifty years) over which reduced building 
damage rates are expected to be experienced and loss reductions (savings) there
fore accumulated; (3) the rate (6.1%) at which future loss reductions (savings) 
are to be discounted to account for the value at interest of current investments. 
The break-even damage rates which are depicted in these tables include loss 
reductions chargeable to non-building damage and are defined as the baseline rate 
which must be experienced for a,specified hazard by a county level aggregation of 
buildings in order for total loss reduction in that county to equal total mitiga
tion costs. Of course, a single damage rate was calculated for all wind hazards 
considered as a group. The rates depicted in the tables therefore are a function, 
not of region in which the buildings are located, but of hazard intensity, struct
ure type, discount rate, and estimated life of building. These "break-evenll 
damage rates then were used to identify the set of those counties of the United 
States in which application of each specified type of mitigation to newly-con
structed buildings could be considered to be cost-feasible (viz. exhibit loss
reduction to cost ratios of 0.75/1, or higher). The resulting set therefore con
sists of those counties in which application of the specified mitigation to new 
construction between 1980 and 2000 will result in projected fifty-year building 
life accumulated savings in 2000 which, at a 6.1 percent discount rate, are equal 
to the estimated initial cost of the mitigation at the time of building construc
tion [See Table 5-21J. 

Application of this procedure resulted in identification of only a comparatively 
small number of U.S. counties as sites where cost-feasible building strengthening 
mitigations may be employed to reduce annual expected losses from earthquakes, 
storm surge, and all wind hazards (hurricane, tornado, severe winds). [See Table 
5-21J. At the IImost effective ll levels of mitigation discussed in the preceding 
section, only 104 U.S. counties qualify as candidates for the selected wind 
resisting mitigation at loss reduction to cost ratios of 0.75/1 or greater; only 
24 for the storm surge mitigation; and only 7 non-California counties for the 
earthquake mitigation. [See Table 5-21]. In those counties in which loss-reduc
tion-to-cost ratios were 1/1 or greater for the "most effective ll building mitiga
tion, estimated annual building damage losses in 1970 totaled only 11.08% of all 
national losses in the same year for all wind hazards, 4.82% for all non-Califor
nia earthquake hazards, and 12.5% for all storm surge losses. [See Table 5-22]. 
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Tabl e 5-21. 

HAlAJ<D MITIGATION 

EARTHQUAK( •• U!lt lONE .3 
5T_OS 

STORM SURGE 4 FT ELEVATION 
Of STRUCTURES 

STORIO SURGE 2 FT ELEVATION 
OF STRUCTURES 

STORM SURGE 2FT 
FLOODPr.ooFlNG 

WIND 1.5 IJ8C 

WIND 3.0 USC 

NUMBEH OF COUNTIES IN SPECIf!£D CATEGORY Of 

COST -lOSS REDUCTION RATIOS 
HAZARD TECHNICAL MITIGATION 

1-0.75 I' 1-1.00 
OR OR 

GREATER I GREATER 

1-1.25 
OR 

GREATER 

I-I. 5 
OR 

GREATER 

1-1_751 1-2.0 
OR OR 

GREATER, GREATEk 

I EARTHQUAKE Imposition of EQ Zone ;3 

building code standards.' '*1 
~----- .... _- .-----.. -.:..--.:.--+--+---+---+----+---+-------1 

2, STORM SURGE four foot eleyation of 

3, STORM SURGE 

4. STORM SURGE 

S. WINDS 

6. WINDS 

structure, above flood 

plain leyel 

Two foot elevation of 

$tructure!' above flood 
plain level 

Flood proofing Of structures 

to two-foot elevation above 

le.el of flood plain 

Escalation of building code 

24 

30 

36 

standards to level equall ing 250 

1.5 x USC requirements 

Escalation of building code 

standards to level equalling 104 

3.0 x USC requirements 

17 11 

18 17 12 

25 18 13 

229 102 76 

72 28 20 

'1111 Does not include California counties" since these standards already are enforced there 

10 

52 28 

16 12 

U.S. Counties, Classified by Cost-Loss Reduction Ratio Associated 
with Selected Natural Hazard Technology Mitigations, 1980-2000 

NUfIIi[R OF COUNTIES 1910 VALUE OF DAHAG[ RAT[ AT MJO- ESTIMATED ANNUAL ESTIMATED VALUE COST OF TOTAL so n .. LOSS NET so '00 SO YEAR SAw I MGS 
WITH SAVINGS-COST STRUCTURE POINT or RANG£ FOR BUilDING lOSSES, OF NEW CONSTRUC- MITIGATION, REDUCTIONS EXPECT- SAVINGS AS P[oCENT or 
RATIO Of h I OR WEALTH AT RISk COUNTIES IN CLASS 1970 (COLUIO< 3. TUlI< 1980-2000 1980-2000 EO FRON USE OF EXPECTEO ClHJLATlV( 
GREATER COL""" 4) MITIGATION BUILDUlli VAlUE 

(MILLIONS $) (MILLlONS'$) (MILLIONS $) (MILLIONS $) (MI LLIONS $) (MILLIONS $) (MILlIOIIS $I 

2 307.6 0.03340 10.27 749.00 22.5 85.2 62.7 '.J" 
17 <.957.9 0.01115 55.28 13.096.36 2.173.0 3.169.0 996.7 7.611 

18 5,519.4 0.01445 79.16 14.689.00 1.939.0 3.287.0 1.347.0 '.111 

25 23.351.3 0.00588 131.19 ,,",871.79 8.175.0 10.350.0 2.170.0 l.1I 

229 200.100.0 0.00213 425.21 475.428.51 9.984.0 16.710.0 6.729.0 1.1n 

72 54.650.0 0.00339 185.26 156.549.00 7.984.0 13.850.0 5,598.0 3.58 

-Defined as Savin9s-Cost Ratto ot 1:1. or greller 
HMo (,litornt. counties ire included 

J1)T[: Sayings· Loss Reductton 

Table 5-22. Selected Data for Counties in Which Fifty-year Loss Reduction from 
Use of Natural Hazard Structural Mitigations is Equal to or Less 
Than the Cost of Applying the Mitigation* 

These values may be used to grossly estimate the proportion of the "most effective" 
loss reductions shown in Table 5-1 which may be judged to be "cost-feasible," and
for wind hazards - It/ere so entered on that table. 
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Riverine Flood Control Mitigations 

The study included a gross examination of the cost-feasibility of several major 
policy alternatives for reducing riverine flood losses in the year 2000. In all 
cases, 1980 was selected as the date for initiation of each policy, and the condi
tions shown in Table 5-23(a) were assumed to exist in that year. 

1. 

2. 

3. 

4. 

5. 

A B C 

CITIES PROTECTED BY CITIES NOT PROTECTED OY 
All flOOD-PRONl C IT IE S AREA fACILITIES AGAINST AREA fACILITIES AGAINST 

FI flY - YEAR FLOODS fIfTY YEAR flOODS 
---- -- ---- .. _--

I ALL 10MS 
VARIABLE 

ZONE A-O lONE E lONE f All ZONES ZONE A-O ZONE E ZONE F ALL ZONES ZONE A-O ZONE E ZONE f 

2-50 YR. 50-100 YR. AREA 2-50 YR. 50 -100 AREA 
83.78% 

2-50 YR. 50-100 AREA I f. P. f .P. OUTSIDE f.P. YR.f .P. OUTSIDE F .P. YR.F .P. OUTSIDE 
100 YR. 100 YR. 100 YR. I F.P. F.P. F .P. 

STRuCTURES EXPOSED 3.873.4 1.456.1 5.459.0 10.790 3,245.13 1.220.42 4,573. 55 9.039.86 628.27 236.2B 885.45 I 1.750.14 
(1000',) I 

I 
AVERAGE VALUE 79.855.32 80.660.20 80.660.20 -- 79.855.32 80,660.20 80,660.20 .- 79.855.32 80,660.20 80,660.20 : --
Of STRUCTURES i 

TOTAL VALUE or 309.311.60 117.497.71 440.324.03 867.133.34 259.140.89 98,439.32 368,903.46 726.483.67 50,170.71 19.058.39 11.420.57 I 140.64; <7 
au ILDI NG S( S'~ILl ION) I 

PERCENT, 35.671 13.551 50.781 100. O' 35.671 13.551 50.78t 100.01. 35.67% 13.551 50.78' I 100. "' 

ANNUAl EXPECTED 1,134.86 131.19 224.76 1,490.81 643.188 109.908 188.325 941.421 491.723 21.279 36.46 . 549.402 
BUILDING DAMAGE i 
LOSSES (SMILLlON) I 

i 

ANNUAL EXPECTED 0.3669 0.11165 0.05105 0.1719 0.2482 0.11165 0.05105 0.1296 0.9801 0.11165 0.05105 l 0.3907 
BUILDING DAMAGE 
RATE (:) 

Table 5-23(a). Expected Building Exposures, Losses, and Building Damage Rates, 
1980, by Flood Zone and Flood Protection Level of Flood-Prone 
Commun iti es 

L1TII, "IIIIUUT AJ<IA i'RUIICTJON (ITII, WITII AREA PRUIILlIUN 
All FLOOO'PJ<UNL CI T IlS AGAIN,1 flflY-YlAR ILOOOS AGAINSI FIFTY-HAR FlOOUS 

ilUUO LONl --- .'.-- .. - -- --- - - .. - - _ .. --------~.- ---- ----
[ 'PU,I D BUILDING DAMAGE LOSS EXI'OSED BUILDING DAMAGE lOSS EXPOSED BUILDING DAMAGE LOSS 
SIRU(lURES WI Al TH RATE ($MILlION) STRUCTURES WEALTH RATE ($ MilLION) STRUCTURES WEAL TH RAIE ($ MilLION) 
(lUOU' 5) ($ MillION) (!) ( 1000',) ($ MILLION) (t) (1000's) ($ MILLION) (t) 

10N( A 116.167 9.068.223 2.7764 251. 770 600.02 46.83&.73 0.4597 215.318 -- -- -- 467.09 

lONE B 12~.ID9 10.210.140 1.1980 122.317 666.87 52.881.83 0.2855 150.978 -- -- -- 273.3U 

ZONE C 172.146 13.885.331 0.5819 80.799 889.17 71.720.63 0.2139 153.410 -- -- -- 234.21 

10Nl 0 210.847 17 .006. 961 0.2168 36.871 1.089.07 87,844.60 0.14088 123.756 -- -- -- 160.63 

lONE E ?lb.2BO 19.005.390 0.11165 21.220 1,220.42 98.439.32 0.11165 109.908 1.456.7 117.497.71 0.11165 131. 19 

lONE F Be5.450 71.420.57 0.05105 36.460 4.573.55 368.903.46 0.OS15 188.325 5.459 440.324.03 0.05105 224.76 

LlUNE A-C 411.42 33.163.69 1.3716 454.8&6 2.156.06 171,296.29 0.3052 519.706 -- -- -- 974.59 

LIGNE A·O 626.27 50.170.71 0.9801 491.757 3.245.13 259,140.89 0.2483 643.462 3.873. 4 309,311.6 0.3669 1.134.86 

LIONE A-E 864.69 69.176.05 0.7416 512.977 4.466.31 357.580.21 0.2107 753.37 5,331.0 -- -- 1.266.35 

LIONE A-f 1. 7~O. 14 140.596.615 0.3908 549.437 9.039.86 726.483.67 0.1296 941.695 10,790 -- -- 1.491.13 

Table 5-23(b~ Expected Building Wealth Exposures, Damage Rates, and Losses 
in Individual Flood Zones, 1980 
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These baseline conditions were developed through application of the following 
assumptions and procedures to major data outputs from the computer-based riverine 
flood model utilized in the study: 

(a) The proportion of U.S. structures, building wealth, and population located 
in flood-prone cities in the period 1970 to 2000 was assumed to be as shown 
in Table 5-24. The values presented in Row 6 (number of cities with area 

VARIABLE 1970 

(1 ) NUMBER OF CITIES(a) 5539 

(2) NU~1BER OF BUILDINGS (1000's)(b) 910B 

(3) BUILDING WEALTH ($ MILLION)(C) 731.977 

(4) STRUCTURES PER CITY 1.644.0 

(5) BUILDING WEALTH PER CITY 132.15 

(6) NUMBER OF CITIES WITH AREA 
PROTECTION AGAINST FIFTY-YEAR 
FLOODS 2.037(d) 

(7) PERCENT OF ALL STRUCTURES PROVIDED 
WITH AREA PROTECTION AGAINST FIFTY-
YEAR FLOOOS(f) 51.64% 

(8) POPULATION: TOTAL (1000,s)(9) 24.712 
PER CITY 

Source: (a) Lee. et. al •• (1976), Tables 2-7, 2-21 
(b) Lee. et.al., (1976), Table 2-27 
(c) Tables 5-3. 5-4. S-23(a), 5-23(b). 5-25 
(d) Lee. et. al .• (1976). Table 2-23 
(e) Lee. et. a1 .• (1976). Table 2-26. Run III 
(f) Calculated from data presented in Tables 

5-3. 5-4. 5-23, 5-25 
(9) Lee. et. al .• (1976), Table 2-27 

1980 200e 

-- 6.455 

10.790 15.729 

867,153 1.264.083 

1.846.0 2.116.0 

-- 195.83 

4.037(e) --

83.78% --

29.292 42.769 

Table 5-24. Selected Attributes of Cities in Flood Model, 1970-2000 

structural protection against fifty-year floods) represent assumptions built 
into the computer model for the purpose of providing 1980 base values against 
which the impacts of future alternative loss-reducing strategies might be 
tested. The values presented in Row 7 (percentage of all buildings located 
in cities provided with area protection against fifty-year floods) were 
calculated through use of data presented in Tables 5-3, 5-4, and 5-25, and 
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through application of the following formulae to determine the values of 
P and W2 in 1970 and 1980: 

and: 

BDR, (Wl ) - L 

BDRl - BDR2 

where: 

P = proportion of building wealth in protected communities 
W2= building wealth in protected communities 
L = annual expected loss, Zones A through 0 

BDR 1= building damage rate in unprotected communities 

BDR 2= building damage rate in protected communities 
Wl = total building wealth in Zones A through 0 of all 

floodprone communities 

(b) As shown in Table 5-25 (Row 4g) building damage rates for Zones F, E, and the 
portion of the floodplain represented by Zones A through 0 were determined 
for 1970 (actual), 1980 (Run III), 2000 (Run III), and 1970 (Run III). 
Computer model Run III values assume only one mitigation, provision of area 
facilities to protect communities against fifty-year floods with 2000 
representing complete protection. The 1970 Run represents a condition in 
which no fifty-year protection has been extended to any city. Thus, the 
value of BDRl was set at 0.9801 and the value of BDR2 at 0.2482. 

(c) To determine the costs and payoffs associated with alternative mitigations, 
building damage rates for Zones A through D were needed for two conditions: 

Condition #1: No area protection provided against fifty-year floods 
Condition #2: Area protection provided against fifty-year floods 

Utilizing computer model outputs, these rates were determined to be as shown 
in Table 5-23(b) and 5-25. The rates were determined as follows: 
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1970. 

VARIABLE 1970(a) 1980(b) 2000(e) RUN 1 (d). 
AOUAL NO FLOOD 

PROTECTION 

1. NUMBER OF EXPOSED BUILDINGS (1000's) 9108 10.790 15.729 9.108 

2. BUILDING WEALTH: ($MILLION) 

a. FLOOD ZONE A 47.992.50 56.852.52 82.878.4 47.992.50. 
b. FLOOD ZONE B 54.020.61 64,000.70 93,292.5 54.020.61 
e. FLOOD ZONE C 73,465.31 87,032.36 126,870.4 73.465.31 
d. FLOOD ZONE 0 89.992.59 106,616.65 155,416.1 89.992.59 
e. FLOOD ZONE E '99,179.78 117,489.65 171,273.9 99,179.78 
f. FLOOD ZONE F 367,326.55 435,161.78 634,352.0 367,326.55 
g. FLOOD ZONE A-D 265.471.01 314,502.23 458,457.4 265,471.01 

3. BUILDING DAMAGE LOSSES ($MILLION) 
a. FLOOD ZONE A 758.3 475.061 380.98 1,332.464 
b. FLOOD ZONE B 392.6 277 .492 266.39 647.167 
c. FLOOD ZONE C 287.9 238.074 271. 33 427.495 
d. FLOOD ZONE 0 159.8 163.311 218.95 195.104 
e. FLOOD ZONE E 111.8 129.885 191.23 110.734 
f. FLOOD ZONE F 190.6 218.614 328.84 187.520 
g. FLOOD ZONES A-O 1.598.6 1,153.938 1,137.65 2602.230 
h. FLOOD ZONES A~F 1,901. 0 1,502.437 1,657.72 2,900.484 

4. BUILDING DAMAGE RATES (%) 
a. FLOOD ZONE A 1.5800 0.8356 0.4597 2.7764 
b. FLOOD ZONE B 0.7268 0.4336 0.2855 1.1980 
c. FLOOD ZONE C 0.3919 0.2736 0.2139 0.5819 
d. FLOOD ZONE D 0.1776 0.1532 0.14088 0.2168 
e. FLOOD ZONE E 0.1127 0.1106 0.1ll65 0.1116 
f. FLOOD ZONE F 0.05190 0.0502 0.05105 0.0510 
g. FLOOD ZONES A-D 0.6022 0.3669 0.24815 0.9802 

Source: (a) Table 5-3 
(b) Table 5-4 
(el Building count, 1 ine #1, derived from Lee, et.a1. (1976), Table 2-27 

Building wealth distribution calculated from average building values 
cited in Table 5-3, and from data in Table 3-3, this report. Build
ing damage rates for zones E and F set at average of rates in 1980 
and 2000. Rate in line 49 determined arithmetically using total loss 
($1653 million) reported by Lee, et.a1. (1976), Table 2-28. Damage 
rates for zones A through 0 calculated on basis of data presented 
for 1970 and 1980, this table, and on basis of percent of structures 
protected against fifty-year floods [see Table 5-24]. 

Table 5-25. Building Exposures, Losses, and Damage Rates 
Under Selected Conditions, by Flood Zone, 
1970-2000. 
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(1) for both sets of communities rates for flood Z0nes F and E were 
set at the average of the rates shown for these zones in Tables 
5-3 and 5-4, or 0.05105% and 0.11165%, respectively; 

(2) the 1970-80 reduction in damage rates in each of Zones A through 
D for each 1% of additional structures provided with fifty-year 
flood protection was determined; 

(3) these values then were applied to the percent increase in structure 
protection between 1980 and 2000 in Computer Model Run III to deter
mine individual flood zone rates. 

These values then were taken as being the building damage rates for Zones 
A-F under a condition where all structures have been provided with area 
protection against fifty year floods. Utilizing these values, the Table 
5-24 value in Row 7 for 1970 (actual), and the data shown in Table 5-3, 
the building damage rates were determined arithmetically for Flood Zones 
A - D where no area protection is provided against fifty year floods. 
The full range of these rates is displayed in Table 5-25. 

(d) For baseline purposes, 1980 riverine flood exposures, losses and building 
damage rates in floodprone cities were assumed to be as shown in Table 5-23. 
Column A values were derived from the following procedure: 

(1) The total number of exposed structures shown in Table 5-24 for 1980 
was entered and distributed among the several zones in the proportions 
shown in Table 3-2; 

(2) The number allocated to Zones A-D then was depressed by 64,000 to 
account for the anticipated 1970-80 diversion of population growth 
away from the fifty-year floodplains as a result of on-going flood
plain zoning activities during that period [Lee, et. al .,(1976), Table 
2-26, 2-27J, and this number was added to Zone F; 

(3) The resulting building counts then were distributed to "protected" and 
"unprotected II communiti es in accordance with the values presented in 
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Table 5-24, Row 7. Building damage rates and average structure values 
were taken from Tables 5-25 and 5-3 t respectively. 

Cost factors for floodproofing and elevating structures were taken from Table 3-
10(c). Property purchase costs were calculated from the building values presented 
in Table 5-23 to which were applied a land purchase cost factor of ~.95% [Lee, et. 
al., 1976, page 4l<J and a factor of 21.6% to account for conveyance, demol ition, 
and site restoration costs [Johnson, 1978, page 51J. Costs of area flood protec
tion were derived by first setting 1936-76 U.S. expenditures for area flood 
control works at $10.5 billion [Miller, 1978J. This amount then was converted 
into 1970 "constant" dollars through the following procedure: a) the total 
$10.5 billion dollar investment between 1936 and 1976 was allocated equally to 
each of the several years in that period; (b) the fraction expended between 
1936 and 1970 then was calculated and allocated to the years in each of the three 
decades, 1940-1950, 1950-1960, 1960-1970; (c) the investments in each of 
these three decades then were treated as though they had been made at the mid
points of each of these decades, and these investments were converted into 1970-
constant dollars through the use of an index which treated the purchasing power 
of the dollar in 1970 as having a value of 1.00 and the purchasing power of 
dollars in the other decades as having proportionately higher index values based 
on their real purchasing power in 1970 dollars [See Table 500, Statistical 
Abstract of the United States, 1968]. Based on this procedure, the accumulated 
1936 to 1969 investment in U.S. flood control facilities was found to total 
$13,523.4 million 1970 dollars. Based on the assumption that 2037 cities had 
been protected from fifty-year floods in 1970 as a result of this investment 
[See Table 5-24], the cost per city protected was set at $6.638 million ($13,523A 
million ~ 2037). 

Utilizing the data discussed above, the cost feasibility of alternative riverine 
flood mitigations was found to be as shown below. In the calculations, all 
annual repayment costs were calculated on the basis of equal monthly payments x 
12, anrl annual estimated total loss reductions were based on the storm surge 
ratio of total losses to building losses in the appropriate year, as depicted in 
Tables 4-1 and 4-2. For 1970 this ratio was 1.45:1, while for 2000, it was 
1.99: 1 . 

5-42 



Area Protection Against Fifty Year Floods 

Without considering the annual costs of maintenance and operation, the cost
feasibility of pre-1970 investments in flood control projects was estimated as 
follows: 

Initial Mitigation Costs (IMC) 
Annual Estimated Building Loss 

Reductions (BLR), 1970 
[see Table 5-25, Column D-Column AJ 

Annual Estimated Total Loss 
Reductions (TLR), 1970 

Payout Period, in Years (IMC';' TLR) 
Fifty-Year Annual Repayment Cost (0.0%) 

Ratio of Annual Loss Reduction (ALR) 
to Annual Repayment Cost (ARC) 

Fifty-Year Annual Repayment Cost (6.0%) 
Ratio of ALR to ARC 

Fifty-Year Annual Repayment Cost (9.0%) 
Ratio of ALR to ARC 

$13,523.4 million 

$ 999.5 million 

$ 1,449.28 mill ion 
9.33 years 

$ 270.47 million 
5.36: 1 

$ 854.23 million 
1 .7: 1 

$ 1,231.01 mill ion 
1.18:1 

Utilizing loss projections from the riverine flood model and estimated flood 
protection costs of $6.6?8 million per urban community, the cost-feasibility of 
1970-2000 investments in area facilities to protect against fifty year floods was 
estimated, as follows: 

Number of Cities to be Protected 
[Table 5-24J 

Initial Mitigation Cost 
Annual Estimated BLR, 2000 

[See Table 5-25, Column C, 
Bldg. Wealth (Zones A-D) x 
Column A Bldg Damage Rate 
(Zones A-D) minus Column C 
Loss (Zones A-On 

Annual Estimated TLR, 2000 
Payout Period, in Years 
Fifty-Year Annual Repayment Cost (0.0%) 

Ratio of ALR to ARC 
Fifty-Year Annual Repayment Cost (6.0%) 

Ratio of ALR to ARC 
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4,418 

$29,326.7 million 
$ 1,628.20 mill ion 

$ 3,240.12 million 
9.05 years 

$ 586.53 million 
5.5:1 

$ 1,852.53 million 
1.75:1 



Fifty-Year Annual Repayment Cost (9.0%) 
Ratio of ALR to ARC 

$ 2,669.56 million 
1 .21 : 1 

Thus, based on these crude calculations, both pre-1970 and 1970-2000 investments 
in area systems to protect aganst fifty-year floods may be considered to be 
cost-feasible at all three interest rates employed, 0.0%, 6.0%, and 9.0%. At 
the 6.0% interest level, pre-1970 investments in flood control works produced net 
savings (annual total loss reduction minus 50 year ARC) which totalled approxi
mately $595.05 mill ion per year, or a net annual reduction of approximately 20.5% 
for the projected loss ($2900.5 million) that would have occurred without the 
investment. Of course, to the extent that these investment stimulated construc
tion in fifty-year floodplains that would not otherwise have taken place, and to 
the extent that these investments also stimulated additions to the stock of 
flood-damageable urban infra-structure (streets, utility lines, sidewalks, etc.) 
these net savings1may, in fact, be reduced to values approaching zero. Since 
losses to urban infrastructure were not estimated in this study, no offsetting 
reduction has been applied to this "net savings" value. 

To determine the cost-feasibility of avoidance and area flood protection strate
gies between 1980 and 2000, the data depicted in Table 5-26 were utilized. 

flOOD ZONE 

ZONE A-D ZONE E ZONE F ALL ZONES 

1. BUILDING WEALTH (1980 DISTRIBUTION) 450.898.5 171.283.3 641.901.5 1.264.083.3 

2. 1980 BUILDING DAMAGE RATE (%) .3669 .11165 .05105 --
3. LOSSES UNDER 1980 CONDITIONS 1,654.35 191.24 327.69 2.173.3 

($ MILLIONS) 

4. BUILDING DAMAGE RATE WITH 50 YEAR .2482 .11165 .05105 --FLOOD PROTECTION EXTENDED TO ALL 
AREAS 

5. LOSSES UNDER MITIGATION CONDITION 1.119.13 191.24 327.69 1.638.08 
REDUCTION: -- -- -- (535.22) 

6. BUILDING WEALTH UNDER AVOIDANCE 
STRATEGY 

309.311.6 117.497.7 837.274 1.264.083.3 

7. 1980 BUILDING DAMAGE RATE (%) .3669 . 11165 .05105 --
8. LOSSES UNDER AVOIDANCE MITIGATION 1.134.86 131.19 427.43 1.693.48 

REDUCTION: -- -- -- (479.82) 

Source: Data derived from Table~ 5-23{a). 5-25. 

Table 5-26. Riverine Flood Building Damage Losses, 2000, 
Under Two Mitigations 
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Assuming that avoidance strategies result in no direct costs, a shift of all 
1980-2000 building growth to Zone F will produce a net total loss reduction per 
year of $954.84 million ($479.82 million x 1.99). ,In contrast, an area flood 
protection strategy will produce a gross annual loss reduction of $1,065.09 
million ($535.22 million x 1.99). Use of such a strategy would require the 
flood protection of 2418 communities [See Table 5-24, Rows 1 and 6J at a cost 

of $6.638 million, each. Thus, the net total annual savings from area flood 

protection between 1980-2000 is as follows: 

Initial Mitigation Cost 
(2418 x $6.633 million) 

Annual Fifty Year Repayment Cost (6.0%) 

Annual Loss Reduction 

Net Loss Reduction 

$16,050.64 million 

$ 1 ,013.90 mill ion 

$ 

$ 

1,065.09 mill ion 
51.19 mill ion 

Although such a strategy clearly is cost feasible, much larger net savings are 
achievable through application of a strategy which prohibits net new growth in 
the 100-year floodplains. Also, if an avoidance strategy is adopted, then the 
provision of flood protection facilities to 1980 structures in Zones A-D will not 
be cost feasible. Such protection would reduce A-D losses in unprotected commun
ities from $491.757 million per year for an annual loss reduction of only $367.183 
million (calculated from data in Table 5-23(b) 

Building Removal Strategies 

To determine the cost-feasibility of building removal strategies between 1980 

and 2000, the data depicted in Table 5-27 were utilized. As shown there, this 
strategy is effective only at the 0.0% interest level in Flood Zone A. At 6% 
it is cost-feasible in no flood zone. 

Of course, if the potential recreational and public-use benefits were calculated 
for the public open space liberated as a result of this kind of strategy, then the 
policy might be considered to be cost-feasible in at least Flood ZJne A of "unpro

tected" communities. In any event, no net savings could be shown for this mitiga
tion. 
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ZONE A ZorlE B ZONE C 

1. 1980 BUILDING VALUE 9,068.223 10,210.140 13.885.331 
($ MILLION) 

2. REMOVAL COST 11,657.20 13,125.14 17,849.59 
($ MILLION) 

3. ANNUAL BUILDING DAMAGE LOSS 251. 770 122.317 80.799 
($ rlILUON) 

4. ANNUAL LOSS REDUCTION (ALR) 501.02 243.41 160.79 
($ f'!ILLlON) 

5. PAYOUT PERIOD, IN YEARS 23.27 53.92 111.01 

6. FIFTY-YEAR ANNUAL REPAYMENT 233.14 262.50 356.99 
COST (ARC) AT 0.0:: ($ MILLION) 

7. RATIO OF ANNUAL lOSS REDUCTION 2.15: 1 0.93:1 0.45:1 
TO ANNUAL REPAYMENT COST 

8. FIFTY-YEAR ARC, 6.0% 736.37 NC NC 

9. RATIO OF ALR TO ARC 0.68:1 NC NC 

Source: Table 5-23(b). Removal costs calculated at 1.2855 x building value 
See Johnson [1978]. page 51 and lee. et al [1976], page 41. . 

Table 5-27. Cost Feasibility of Building Removal Strategies in Flood Zones A-C 
of Flood Prone Cities Not Provided with Area Protection Against 
Fifty-year Floods 

Floodproofing of Structures 

The final riverine flood cost-feasibility test was applied to a joint strategy 
involving both structure floodproofing and provision of area protection against 
fifty-year floods. Data utilized in the analysis are depicted in Table 5-28. 

As shown there, the mitigation involves the four-foot floodproofing of all 
structures in Flood Zones A-D under a condition where all communities have been 
provided with area protection against fifty-year floods. Also, the computer run 
assumed that only 40% of all buildings were floodproofed by 2000 [Lee, et.al., 
(1976), Table 2-26]. Costs of floodproofing were fixed at 16.5% of building 
value [See Table 3- 13] and this cost was applied to 40% of the building value 
(Zones A-D) shown in Table 5-28. 
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BUILDING DAMAGE RATES AND LOSSES 
COMPUTE R MODE L 4FT FLOODI NG AT CONDITION AREA PROTECTION. ONLY ZONE A-D BUILDING FLOOD PLUS AREA PROTECTION ZONES 

STRUCTURES BUILDING DAMAGE lOSS DAMAGE LOSS 
EXPOSED WEALTH RATE (%) ($ MILLION) RATE (%) ($ MILUm;) 

A B C D E F 

ZONE F 7.722.5 622.898.4 0.05105 317.99 0.05105 317.99 

ZONE E 2.085.1 168.184.6 0.11165 187.78 0.11165 187.78 

ZONES A-D 5.637.4 450.176.4 0.2482 1.117.34 0.2000 900.23 

ALL ZONES 15.445 N.C. -- 1.623.11 -- 1.406.00 

Source: Column A values taken from Lee .• et.al. (1976). Table 2-27. Runs VII 
and VIII (2000). and from zonal distributions shown in Table 3-2. 
thi s report. 

Column B values derived form application of average building values 
(Table 5-3) to Column A values. 

Column Cvalues derived from Table 5-25. column C. 

Column E zone F and E values derived from Column C. Zones A-D value 
calculated from data in Column F. 

Column F value for all zones derived from Lee et.al (1976). Table 
2-28. Run VI (2000) and other values calculated 

Table 5-28. Baseline Data for Building Floodproofing 
Cost Feasibility Analysis 

The cost-feasibility of this mitigation was found to.be as follows: 

Initial Mitigation Cost 
Annual Estimated Building Loss 

Reduction 
Annual Total Loss Reduction 
Payout Period Required, in Years 

(0.0%) 

Fifty Year Annual Repayment Cost 
(0.0%) 

Ratio of ALR to ARC 

5-4·7 

$29,891.71 mill ion 

$ 

$ 

$ 

247. 00 mill ion 
491.53 million 

60.81 years 

597.83 mill ion 
0.83:1 



Storm Surge Mitigations 

As noted above (Building Strengthening Strategies), a break-even analysis was 
conducted to identify those counties in which the application of various build
ing strengthening strategies to new construction between 1980 and 2000 would 
produce loss-reduction-to-cost ratios of 0.75 to 1.00, or greater. Less than 
half of the UpS. counties exposed to storm surge events met the test, and only 
25 exhibited loss-reduction-to-cost ratios of l-to-l or higher for two-foot 
floodproofing of all structures [See Tables 5-21 and 5-23]. The latter counties 
represented only 31.07% of 1970 building damage losses from storm surge ($137.19 
million + $441.59 million). 

However, the test employed was one which assumed that all new structures added 
to the study counties would be subjected to the mitigation, and not simply those 
which were located within the surge-vulnerable portions of the county [see dis
cussion in Chapter Three, "Cost Feasibility Analysis"]. 

Accordingly, Table 5-29 was developed. As indicated there, only 25.28% of the 
1970 building wealth of surge-exposed counties was located at an "adjusted" ele
vation of 20' or less above mean sea level. It was that level which was defined 
in the model as being the surge-damage area [See Chapter Three]. In view of this 

ADJUSTED POPULATION BUILDING WEALTH 
ANNUAL 

ELEVATION EXPECTED 
ABOVE BLD. DAM. 
MSL LOSSES 
(FEET) N % ($ MILLION) % ($ MILLION) 

1. 0-5 MSL 4.502.369.75 45.295 47,410.39 45.295 --
2. 5-10 MSL 1.363.285.00 13.715 14.355.52 13.715 --
3. 10-15 MSL 2.224.694 22.381 23.426.25 22.381 --
4. 15-20 MSL 1.849.753 Hl.609 19.478.09 18.609 --
5. 0-20 MSL 9.940.101 100.0 104.670.25 100.000 441.591 

6. OTHER AREAS OF 
PARENT COUNTIES 29.447.146 -- 309,328.48 -- NONE 

7. ALL AREAS OF 
EXPOSED COUNT! ES 39.387.247 -- 413.998.75 -- 441.591 

Source: Calculated from data presented in Lee. et.al. (1976). Table 3-2. 
Figure 3-9. and Appendix A 

Taole 5-29. Distribution of Population and Building 
Wealth in Storm Surge Zones, 1970, by 
Adjusted Elevation Above Mean Sea Level 
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fact, it seems clear that the gross-grained break-even analysis probably under
states the cost-feasible building mitigations which may be applied to structures 

within storm surge hazard areas. 

Accordingly, the data presented below were developed. These data are based 
on the annual expected building damage losses generated by computer storm surge 
mitigation #1 [Lee, et al, (1976), Table 3-3J, which assumed a near-complete 
4-foot floodproofing of all hazard zone structures between 1980 and 2000. For the 
purpose of the analysis, it was assumed that 4-foot floodproofing costs (16.5% 
of building value) should be applied to the entire building wealth of the storm 
surge zone [See Table 5-29J. The results of the analysis are as follows: 

Initial Mitigation Cost 
($278.999.76 million x 16.6) 

Annual Fifty-Year Repayment Cost, 
0.0% (ARC) 

Annual Building Damage Loss Reduction 
Annual Total Loss Reduction (TLR) 

($699.60 x l. 99) 
Ratio of Annual Total Loss Reduction 

to ARC 

$46,313.96 million 

$ 926.28 million 
$ 699.60 million 

$ 1,392.20 million 

1.50: 1 

Although this level of payout-performance is not acceptable at interest levels 
of 6.0 and 9.0%, it does suggest that such mitigations would be cost-feasible 
at these higher interest rates if the mitigation was applied to selected flood
frequency and flood height-classified sections of the hazard zone. Although 
project constraints prevented us from performing such an analysis, it seems not 
unreasonable to assume that approximately one-half of the mitigated loss reduction 
($349.8 million) would be cost-feasible at the 6.0% interest level and this value 
therefore was entered on Table 5-1. 

Although sea-wall construction was the "most effective" mitigation shown for 
storm surge, no cost analysis was performed for this mitigation. It is known 
that costs of such construction have ranged from $100 to $500 per foot of shore
line protected [U.S. Corps of Engineers, 1971J, but project constraints prevented 
us from determining the cost-range appropriate for each of the counties in the 
exposed area. and the approximate miles of wall required. The difficulties 
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associated with determination of the latter are suggested in Table 5-30 which 
depicts the miles of general and tidal shoreline in each of the relevant itates, 
ranked in terms of their annual expected storm surge building damage rates for the 
0-20' adjusted mean sea level portion of their surge-exposed coastal counties. 

A B 
ANNUAL MILES OF SHORELINE 
EXPECTED 
BLDG. DAMAGE 

STATE RATE (1) GENERAL TIDAL 
IN AREAS COASTAL SHORELINE 
0-20' MSL. 
ADJUSTED 

1. MISSISSIPPI 1.4290 44 359 

2. GEORGIA 1. 3928 100 2.344 

3. FLORIDA 0.8595 1.350 8.426 

4. ALABAMA 0.1280 53 607 

5. LouISIANA 0.5632 397 7.721 

6. RHODE ISLAND 0.5352 40 384 

7. NORTH CAROLINA 0.4072 301 3.375 

8. TEXAS 0.3797 367 3.359 

9. MASSACHUSEns 0.3620 192 1.519 

10. CONNECTICUT 0.3392 -- 618 

11. SOUTH CAROLINA 0.2474 187 2.876 

12. MAINE 0.2227 ZZ8 3.478 

13. DELAWARE 0.1993 ZS 3S1 

14. NEW YORK 0.1883 127 1.850 

15. VIRGINIA 0.1546 112 3.315 

16. NEW JERSEY 0.1379 130 1.792 

17. MARYLAND 0.1168 31 3.190 

18. NEW HAMPSHI RE 0.0253 13 131 

TOTALS 3.700 48.069 

Source: Celumn A Calculated from DIU Presented in Lee. et.al. (1976) 
Column B Oat. Derived from: Dept. Of Commerce. Envire .... nUI 
Science!. Administration, Coas.tline of the United $tates 
(April 1. 1961) 

Tatle 5-3G. Miles of General and Tidal Shoreline 
in Storm Surge-prone Counties of the 
United States 

As in the case of riverine flooding, however, it seems likely that the largest 
net savings are to be derived from use of avoidance strategies. Thus, computer 
mitigation Run #3 [Lee, et.al. (1976), Table 3-3] reveals that prohibitions on 
net new exposures in the fifty-year storm surge floodplain would reduce baseline 
2000 losses to $912.8 million, for an annual loss reduction of $264.3 million 
all of which may be considered net savings. Even if sea-wall construction costs 
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only $300 per linear foot, and even if only 3000 miles of coastline require such 
walls in order to produce the loss reductions shown by the computer model, the 
net annual loss reduction from use of sea-walls would be as follows: 

Initial Mitigation Cost 
(3000 miles @ $1.584 million) 

Fifty-year Annual Repayment Cost (6.0%) 
Annual Loss Reduction 

($1177.1 million minus $334.8 million) 
Net Savings 

$4,/52.0 million 

$ 300.17 million 
$ 842.30 million 

$ 542.13 million 

From these net savings, appropriate analysis would require offsetting costs to 
account for damage to the coastal ecosystem [White, 1976J, including the steep
ening and reduction of beach width produced by modified wave action [Pil key, Pil
key, and Turner, 1975J. Moreover, the above-simplified calculation unquestion
ably understates the costs involved in sea wall constr~ction per mile of real 
coastline protected. Thus, in nearly one-half of the hurricane and shoreline 
protection studies completed by the Corps of Engineers since 1955, the Corps 
found the proposed project to be economically unfeasible. 

Thus, avoidance strategies have been entered in Table 5-1 as those producing the 
highest net loss reductions per year. 

Economic Payoffs from Major Mitigation Groups 

As noted in the opening section of this chapter, annual loss reductions in 2000 
were estimated for each hazard for each of three mitigations: (1) that mitiga
tion which produced the largest gross annual reduction in building damage losses 
(Most Effective Mitigation); (2) that "cost-feasible" mitigation which produced 
the largest gross annual reduction in building damage losses; (3) that mitigation 
which produced the largest net annual loss reduction. 

A IIcost-feasible" mitigation is defined as one whose annual fifty-year amortized 
cost at 6.0% interest is at least equal to the annual loss reduction secured 
through use of the mitigation. The mitigations which, for each hazard, were 
judged to be either the "most effective ll or the "most effective, cost-feasible ll 

were depicted in Figures 5-1 and 5-2. 
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When net savings are defined as the difference between the annual loss reductions 
which are achievable through use of a mitigation and the annual amortized fifty
year costs of the mitigation, at 6.0%, then the specific mitigations which were 
judged in this study to be those offering the highest annual net savings are 
those depicted in Figure 5-4. As noted earlier, all avoidance mitigations were 
assumed to involve zero net national-level costs. 

HAZARD 

1. HURRICANE WINDS 
2. TORNADO 
3. SEVERE WINDS 

4. EARTHQUAKE 

5. EXPANSIVE SOILS 

6. LANDSL IDE 

7. TSUNAMI 

8. STORM SURGE 

9. RIVERIN"E FLOODING 

MITIGATION 

FOR NEW BUILDINGS CONSTRUCTED AFTER 1979 I~ 229 COST-FEASIBLE 
COUNTIES [TABLE 5-21 ], INCREASE DESIGNED WIND RESISTANCE CAP
ABILITY TO LEVEL EQUALLING 1.5x THE LEVEL SPECIFIED IN THE 
UNIFORM BUILDING CODE. IN THE COST-FEASIBLE SUBSET NUMBERING 
72 OF THESE SA~lE COUNTIES [TABLE 5- 21 ]. INCREASE DESIGNED 
WIND RESISTANCE CAPABILITY TO LEVEL EQUALLING 3.0x THE LEVEL 
SPECIFIED IN THE UNIFORM BUILDING CODE. 

CONTINUE APPLICATION OF UBC EARTHQUAKE ZONE #3 LATERAL FORCE 
REQUIREMENTS IN ALL CALIFORNIA COUNTIES AND EXTEND REQUIREMENTS 
TO THE TWO NON-CALIFORNIA COUNTIES IN WHICH THIS MITIGATION IS 
COST-FEASIBLE [TABLE 5-21] 

APPLY CONSTRUCTION SITE MOISTURE CONTROL TECHNIQUES IN AREAS 
WHERE THE BUILDING SEASON IS MARKED BY WIDE VARIABILITY IN 
RAINFALL LEVELS. 

REQUIRE SOILS TESTING AND IMPROVED SITE-GRADING TECHNIQUES IN 
ALL LANDSLIDE-PRONE AREAS. APPLY MITIGATION TO NEW CONSTRUCTION 
AFTER 1979. 

PERMIT ZERO NET RESIDENTIAL GROWTH IN TSUNAMI-PRONE AREAS AFTER 
1979 

AFTER 1979. PROHIBIT NET NEW BUILDING CONSTRUCTION ON THE FIFTY
YEAR FLOODPLAIN 

AFTER 1979, PROHIBIT NET NEW CONSTRUCTION IN 100 YEAR RIVERINE 
FLOODPLAINS. 

Figure 5-4. Mitigations Exhibiting Highest Net 
Savings, by Hazard 

Since both project constraints and the gross quality of some hazard or vulnera
bility data did not permit the investigators to perform a hazard-bY-hazard, build
ing mix-bY-building mix, and mitigation-by-mitigation marginal analysis of costs 
in relation to loss reductions, the terms "net savings" and "highest net savings" 
mitigation, should be viewed accordingly. 

They are intended not to provide the finest-grained perspective of what is to be 
gained and lost, economically, through any particular mix of mitigations but to 
fix the gross boundaries within which the probable costs and payoffs of technolog
ically-feasible mitigations may be judged at the national level. 
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When so viewed, and when annual expected hazard costs are defined as including 
both annual expected losses associated with hazard exposures and the annual amor
tized costs of mitigating those hazards, then a range of policy-useful natural 

hazard cost data for 2000 are as shown in Table 5-31. 

ALTERNATIV[ NO.1 Al HRNA TI V[ NO. 2 ALTfRNATIVl NO. 3 
(00 NOTHING AFTER 1980) (APPL Y "MOST EFFECTIVE" MITIGATION) (APPLY "HIGHEST NET SAVINGS MITIGATION) 

-_._--_.- -- .. __ .-
HAZARD A B C 0 E F G H 

BL DG. DAMAGE TOTAL DAMAGE TOTAL DAMAGE ANNUAL MIT. TOTAL HAZARD TOTAL DAMAGE ANNUAL MIT. TOTAL HAZARD 
LOSS ($MILL.) LOSS ($MILL.) LOSS ($MILL.) COST@6.0% COST ($MILL.) LOSS ($MILL.) CO~T @ 6.0~ COST (SMILL.J 

($MILL. ) ($MILL. ) 

1- HURRICANEa 2.554.46 5.875.3 4.364.3 2.428.3 6.792.6 

J 
2. TORNADO a 1.267.2 2.914.6 2,215.2 3,748.6 5,964 .0 7,869.76 927.34 8,797.1 

3. SEVERE WINDa 3.14 7.2 5.6 835.7 841.3 

4. EARTHQUAKE 1,177 . 1,553.7 1,430.9 2,549.5 3,980.4 1,550.1 1.42 1,551.5 

5. EXPANSIVE SOILS 997.1 997.1 760.1 292.6 1,052.7 969.2 0 969.2 

6. LANDSLIDE 871 .2 871 .2 349.4 0 349.4 349.4 0 349.4 

7. TSUNA~lI 19.8 40.4 39.6 0 39.6 39.6 0 39.6 

8. STORM SURGE 1.176.0 2,342.9 950.23 2,925.6 3,875.8 1,816.5 0 1,816.5 

9. RIVERINE FLOOD 

OPTION A 2,634. 5,241.7 1,897.3 12.915.5 14,812.8 3,371.5 0 3,371.5 

OPT ION B 2,634. 5.241.7 2,465.4 2,094.9 4,560.3 -- -- --
TOTALS 1 C.699. 9 19,844.1 (A) 12,012.61 (A) 25,696. (A) 37,708.6 15,966.06 928.76 16.894.8 

(B) 12,580.71 (B) 14.875.4 (B) 27.456.1 

a. See discussion in text re: these values. 

Table 5-31. Net Annual Expected Natural Hazard Costs in 2000 

Data presented in Table 5-31 were derived from Table 5-1, 5-19, 5-20, and from 
the cost and loss analysis discussions presented above. However, in the table, 
the following assumptions were made: (1) all building wealth exposed to hurri
cane winds also is exposed to tornado and severe winds; (2) all building wealth 
exposed to tornado also is exposed to severe wind; (3) severe wind exposures, 
for purposes of cost analysis, are limited to areas not also prone to either 
hurricane winds or tornado; (4) annual expected losses, loss reductions, and 
mitigation costs may be apportioned to the aforementioned subsets of counties in 
proportion to their projected building wealth increase between 1980-2000. These 
assumptions therefore alter the cost analysis presented in Table 5-19, as shown 
in Table 5-31. Also, our inability to fix a cost for seawall construction led 
us to specify four-foot f10odproofing of all structures in surge-prone zones 
(0-20' M.S.L., adjusted) as the "most effective" mitigation for this hazard for 
purposes of Tabl e 5- 31. 
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Further t in the case of riverine flooding, we have provided two optional "most 
effective" mitigations: Option A involves the removal of all structures in Flood 
Zones A-C of all floodprone communities while Option B involves the removal of 
such structures 9nly from these same zones in floodprone communities which have 
not been provided with area flood control facilities sufficient to protect them 
against fifty-year floods. 

As shown in Table 5-3l t the zealous application of the "most effective" mitiga
tions to all hazards would escalate net annual expected hazard costs in 2000 to 
a level ranging from 38 to 90% beyond the level that would be experienced if the 
nation adopts a complete lido nothing" policy in 1980 and adheres to such a policy 
through the year 2000. 

In contrast to the excalation in net hazard costs that result from use of "most 
effective" mitigations, the use of the mitigations which yield the "highest net 
savings" will reduce net hazard costs in 2000 by approximately 14.9% [See Table 
5-31] . 

The "highest net savings" entry in Table 5-31 for wind hazards was derived by 
calculating the annual amortized costs of the mitigation at 6.0% from the data 
given in Tables 5-19 and 5-22. This value, plus 1/50th of the net fifty year 
savings shown for the mitigation in Table 5-22, then was subtracted from the 
baseline loss estimate to secure the loss level associated with the mitigation. 
An identical procedure was utilized to estimate earthquake losses under this 
mitigation. 

Social Payoffs for Major Mitigation Groups 

In the above discussion alternative mitigation strategies have been examined pri
marily from the perspective of direct economic gains and losses. Thus, each of 
the five categories of annual expected loss estimates for the year 2000 [See Table 
5-1J, as well as the annual expected net haza,rd costs shown in Table 5-31, have 
considered only the economic costs associated with expected damage to buildings 
and their contents, supplier losses, income losst and the capital costs associated 
with possible risk-reducing mitigations. No attempt was made to translate into 
economic terms either the costs or the benefits associated with hazard-induced 
life loss, injury and illness, homelessness, and unemployment. 
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Similarly, no attempt was made to translate into economic terms the possible bene

fit associated with the "open space", "esthetic", and recreational gains which 
might be achieved through avoidance of development in riverine and coastal flood 
plains and other similar hazard zones. Neither, of course, were the possible dis
benefits of such policies calculated. However, several observations may be made 
in respect to these matters: 

(1) Life Loss: 
The procedures used in the study to estimate life loss were based on 
assumed, but empirically-supported, relationships between the magnitude 
of dollar loss associated with hazardous occurrence and the loss of 
life also associated with such occurrences. [See Chapter 3] These 
procedures resulted in annual expected life loss estimates which were 
substantially greater for 1970 and 2000 than the annual average life loss 
for natural hazards which actually was reported for ~ of the decades 
in the current century [Dacy and Kunreuther (1969), p. 6J. Moreover, 
both hazard-induced death rates and the absolute annual average number 
of deaths from natural hazards has been declining rather steadily 
throughout the century. Thus, even though the estimates of life loss 
were probabi1istica11y-derived and therefore reflect the intermittent 
and large losses of life which may be expected from major catastrophes 
(earthquakes, storm surge, hurricanes, etc.), the annual expected esti
mates of life loss nonetheless seem to err on the side of overstating 
the consequences of natural hazard exposures. We believe any such 
overstatement to be compatible with the objectives of public interest
oriented public policy-making. For example, the Working Group on 
Earthquake Hazards Reduction (1978) has suggested that "the primary 
objective of an earthquake hazards reduction program is to save 1 ives," 
and the United Nations Disaster Relief Office similarly has urged that 
the highest priority target of national hazards management policies be 
the protection of human life (1976). Any overstatement of life loss 
which is a product of our estimates therefore errs in the direction of 
these ends. 

Nonetheless, the annual expected estimates of life loss reported in this 
study are not impressive as compared with deaths from other causes in 
our society [See Chapter 4J. Moreover, it seems clear that the most 
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effective means for avoiding hazard-induced life loss are those involving: 
(1) avoidance of high hazard areas; (2) hazard warning and population 
evacuation systems; (3) rapid extension of high quality emergency medical 
and survival-promoting services to disaster victims. Although the pro
vision of area-protection facilities (dams, levees, seawalls, etc.) to 
hazard-prone communities may reduce the death rates that otherwise would 
be experienced in such areas, the very existence of these facilities may 
lure additional numbers of people into the hazard zone, unnecessarily 
increasing the sense of security of existing residents, and therefore 
increase the absolute number of deaths that otherwise would occur in 
these areas. Also, it is clear that dams sometimes fail, seawalls are 
over-topped, and the engineered limits of area-protection facilities 
sometimes are exceeded. On a comparative basis, therefore, logic re
quires that such mitigations be judged as less effective than avoidance 
pol icies. In the case of such hazards as earthquake of course, avoid
ance policies offer limited opportunities for life loss reduction and 
emphasis clearly must be placed on building strengthening and other 
structure-related strategies if large life losses from major seismic 
occurrences are to be avoided. 

How to value reductions in 1 ife loss achievab1 e throug h ~ type of 
mitigation is a perennial problem for analysts. We have approached this 
task, not as one of measuring the value of life, per se, but rather as 
an "opportunity cost" problem. Thus, it seems most appropriate to ask: 
What reductions in life loss from other causes must be foregone as a 
result of investments in natural hazard risk reduction programs? The 
question, of course, assumes at least three facts: (1) that insufficient 
resources are available to the nation to reduce all premature deaths to 
an effective level of zero; (2) that resources available for reducing 
life loss from natural hazards are, in theory, available for reducing 
life loss resulting from other causes; (3) the normative requirement 
governing the total national mix of life loss reduction programs is 
that of achieving the maximum attainable reduction in life loss per one 
million dollars invested in such programs. In these terms, it is inter
esting to note the following: If one were to make the obviously implaus
able assumption that the $7612-mi11ion-to-$17864.5-mi11ion annual 
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escalation in net annual hazard costs resulting from use of the "most 
effective" mitigations shown in Table 5-31 would thereby purchase the 
complete elimination of all natural hazard deaths projected for 2000 
(1790)*, then the net cost per life saved under this strategy would 
range from $4.09 million to $9.6 million. In contrast, Grosse [1972J, 
has shown that the cost per death averted in four different cancer con
trol programs in the period 1966-1972 ranged from a low of $2217 for 
uterine cervical cancers to a high of $46,181 for colon-rectum cancers. 
The cost reduction ratios found by Grosseare depicted in Figure 5-5. 
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Figure 5-5. Dollar Saving in Cancer Programs Compared to Other 
Treatment Programs 

Examination of this evidence suggests that the cost per life saved in 
natural hazard risk reduction programs can well be escalated to levels 
substantially in excess of those associated with other death and injury 

reducing programs which currently may be under-funded. Although this 

*See Table 4-2. Riverine flood deaths have been measured in proportion to the 
higher baseline loss shown in Table 5-29. 
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inference is not intended to suggest that life loss reduction should 
not be an objective of natural hazard management programs (indeed; we 
believe the reverse to be true) neither does it seem appropriate to 
overstate the benefits associated with such programs and to understate 
the costs associated therewith. 

(2) Other Social Costs: 
Similar comments can be made in respect to the reductions in home1essness. 
income, and other-psycho-socia1 disbenefits associated with natural 

hazard exposures. If the minimum "pain" level of social disbenefits is 
to be the objective of natural hazard management programs, then it seems 
clear that hazard zone avoidance policies clearly have the edge over 
all other strategies. As in the case of 1 ife loss. moreover, it seems 
clear that the magnitude of these undesirable consequences of natural 
hazard exposures may easily be overstated. Thus, annual dwelling unit 
loss associated with highway construction and other public facility 
construction programs probably is substantially greater than the draw
downs on housing stock which may be charged to natural hazards exposures. 
Unemployment induced by changing Federal Reserve Board policies un
questionably is substantially in excess of that induced by natural 
hazards, and federal regulatory policies undoubtedly exert substantially 
more impacts on supplier costs than do natural hazard occurrences. 
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Conclusions 

1. Annual expected losses from natural hazard exposures in 2000 may be reduced 
by more than 40% through application of currently-available risk-reducing tech
nologies and pOlicy mitigations. 

Between 1980 and 2000 the application of selected combinations of building
strengthening, area structural protection, hazard zone planning, hazard zone 
avoidance, and building site preparation technologies can reduce annual expected 
building damage losses, alone, from $10,901.4 million to approximately $6,364.2 
million [See Table 5-1J. Total annual expected losses may be reduced from 
$19,844.1 million to $12,012.6 million [see Table 5-31]. This level of mitiga
tion would hold annual expected building damage losses to a value exceeding that 
of 1970 by only 10.6 percent, in spite of the substantial projected 1980-2000 
increases in the size of the population exposed to significant natural hazards. 

If mitigation costs are ignored, the largest achievable building damage loss re
ductions in 2000 are, in order of their magnitude (millions of $), as follows: 
(1) riverine flooding ($640.6 to $1,680.6); (2) storm surge ($841.2); (3) land
slide ($521.8); (4) tornado ($494.0); (5) hurricane wind ($462.0); (6) earthquake 
($294.5); (7) expansive soils ($237.0); (8) severe wind ($5.7); (9) tsunami ($0.4). 

2. Overzealous application of strengthened building codes and standards can sub
stantially increase net annual natural hazard costs in the year 2000. 

The data generated by this study suggests that imprudent and overzealous applica
tion of risk-reducing mitigations can increase net annual expected natural hazard 
costs in 2000 by 38.4% to 90.0% above baseline, or "unmitigated" levels [See 

Table 5-31J. Net annual expected hazard costs are defined as annualized losses 
produced by hazard exposures plus the annual amortized costs associated with 
efforts to reduce those losses. 

In terms of building strengthening strategies, in only a comparatively small 
number of U.S. counties are the annual expected loss reductions associated with 
the strategy equal to the annual amortized cost of the building-strengthening 
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mitigation at 6.1% interest [See Table 5-21J. Only two non-California U.S. coun
ties meet this test in respect to earthquake-related strategies; and only 229 for 
all wind hazards. In those counties in which loss-reduction-to-cost ratios were 
1 to 1 or greater for the "most effective" building mitigation, estimated annual 
building damage losses in 1970 totalled only 11.08% of all national losses in the 
same year for all wind hazards, 4.82% for all non-California earthquake hazards, 
and only 12.5% for all storm surge losses [See Table 5-22]. 

In respect to riverine flooding, risk-reducing mitigation strategies which in
volve both the provision of area protection against fifty-year flood heights and 
requirements for four-foot floodproofing of all structures in fifty-year flood 
plains do not appear to be cost-feasible. Similarly, the elevation or flood
proofing of all new structures in counties influenced by storm surge flooding 
does not appear to be economically feasible, but such strategies are feasible in 
sections of the coast lying below 20.1 feet, adjusted mean sea level. 

Although building-strengthening strategies clearly are important loss-reducing 
tools, the study suggests that these strategies should not comprise either the 
whole or even a significant fraction of the nation's natural hazards management 
policy. Indeed, study findings contain within them the "hint" that current model 
building code requirements may well exceed economically justifiable levels if 
applied in numerous counties of the U.S. Examination of this possibility was 
beyond the scope of this project but seems clearly to be a subject worthy of 
future investigation. 

3. Riverine and coastal area flood control facilities constructed in compliance 
with post-1936 economic criteria appear to be cost-effective methods for control
ling losses at specified levels of hazard zone occupancy, but contribute to tem
poral increases in annual expected losses within the hazard zones. 

For the overwhelming fraction of the current century, the construction of area 
protection facilities (dams, levees, seawalls, etc.) has, together with warning 
and population evacuation systems, comprised the primary U.S. public policy ap
proach to the mitigation of risks associated with riverine and coastal flooding. 
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Based on the crude cost-feasibility tests applied to this policy in this study, 
it appears that--at the national level--the following conclusion is warranted: 
under a condition where community values decree that flood-prone lands are to be 

developed to the level currently exhibited by the sum of U.S. flood-prone urban 
communities, then the provision of these facilities seems to be cost-feasible, 
at 6.0% interest; viz. The annual loss reductions under conditions of develop
ment appear to be less than the annual amortized cost of the facilities. Opti
mistically, net annual savings from sea-wall protection of surge-prone coastal 
areas may be as high as $480 million per year in 2000. In 1970, annual net sav
ings from construction of all prior riverine flood control works may have been 
as high as $595 million; and 1970-2000 investments in flood control works for 4,418 
flood-prone communities could produce annual net savings in 2000 of approximately 

$570 million (at 9.0%) to $1,400 million (at 6.0%). 

These estimates should be viewed as optimistic. They do not consider such poten
tial disadvantages as ecological damage and the increase that might result in the 
absolute number of persons exposed to the hazards of dam failure and flood heights 
above the fifty-year level. Neither do they consider the possible downstream 
increases in water volumes resulting from higher runoff and lower water retention 
in flood-protected areas. Also, although tests of feasibility were based on both 
6.0% and 9.0% interest levels, future annual net savings were not discounted to 
their current value. Also, the application of this strategy does not appear to 
be generally cost-feasible when combined with a flood plain avoidance strategy 
for new construction and--if applied above--would result in temporal increases in 

absolute annual losses from flooding. 

4. The large "opportunity costs" associated with appl ication of "most effective" 
mitigations[See Figure 5-1] suggest that the use of such mitigations is not an eco
nomically justifiable approach for curbing the life-loss associated with natural 
hazard exposures. 

Even though the life-loss estimates generated in this study are on the side of 
overstating this consequence, annual expected life-loss resulting from natural 
hazard exposures is not high as compared with other causes of controllable pre
mature death in U.S. society. Moreover, the use of IImost effective" natural 
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hazard mitigations--even under implausibly optimistic assumptions concerning 
their death-reduction effectiveness--results in extraordinarily high costs per 
death averted. 

If a paramount objective of the total mix of national-level policies concerning 
environmental quality, work-place safety, natural hazards, and public and en
vironmental health is to achieve maximal reduction in deaths from these causes 
at any constrained annual level of public and private investment, then other 
causes of premature death would warrant a higher policy priority. This conclu
sion seems justified even if the deaths-avoided findings are doubled and costs 
of death aversion are halved for the "most effective" natural hazard mitigations. 

Also, logic suggests that hazard zone avoidance, hazard warning, and population 
evacuation systems and policies would prevent more hazard-related deaths than 
the across-the-board application of the "most effective" mitigations identified 
in this study. 

In any event, the interests of rational, comprehensive, and compassionate public 
policy-making suggest that further intensive and quantitatively oriented study 
be dil~ected at the costs and payoffs of alternative death- and injury-avoiding, 
environmental hazard programs, when such hazards are defined as including both 

those of "natural" and "man-induced" origin. 
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Chapter Six 

CATASTROPHIC NATURAL HAZARD OCCURRENCES 

Introduction and Summary 

The cumulative natural hazard losses which may be charged to a particular place 
over any extended time frame are the product of two major types of events: (1) 
those which recur at a comparatively high level of frequency; (2) those which 
occur only rarely. In theory, over long time lines (100-200 years), the cumulative 
absolute and per capita losses charged to two different places may be exactly the 
same. Under event type one, however, the losses may be concentrated in only a few 
years as a result of a small number of hazardous occurrences, while in the other, 
a more statistically normal year-by-year distribution of losses may be exhibited. 

In places where large fractions of cumulated losses may be incurred over a long 
time frame as a result of infrequently-occurring catastrophic events, policymakers 
or exposed citizens may wish to consider not the probabilistically-derived annual 
expected loss level associated with a particular type of hazard exposure, but 
rather the episodic level of loss associated with the low probability event. In 
effect, the exposed population may wish to place a probability of 1.0 on the occur
rence of a catastrophe and then seek an optimal approval to the minimization of 
loss during the anticipated episode. 

Accordingly, this study focused also on development of such loss estimates for 
two 1 ow-probabi 1 ity events: a recurrence of the IIgreatll San Franci sco earthquake, 
and a recurrence of Hurricane Camille. 

Approach to Scenario Development 

If a scenario is to serve any useful purpose, it must be believable, Thus, in 
examining the consequences in the year 2000 of a recurrence of two of the most 
severe catastrophes in the nation's history, no alterations in the significant 
facts associated with the original events were made. The scenario deals only with 

the anticipated demographic and economic attributes of the two target areas in the 
year 2000. 

Thus, what the consequences of Camille would be if her landfall were shifted 
sliqhtly westward so that she would strike with full force on New Orleans 
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instead of Gulfport, Mississippi was not addressed. Nor what would happen 

if the San Francisco earthquake were to reoccur at high noon instead of 5:13 A.M. 
Yet, either of these alterations in the essential facts of the original 
occurrence is both believable and possible and either change would substantially 
alter the estimates of 1 He and property loss presented in the following 
scenarios. 

Cami lle I I 

Approximately 3000 miles of the U.S. coastline are vulnerable to either "land 
falling" or "land existing" storms of hurricane forces [Hart, 1976J. Reaching from 
Port Isabel on the Texas coast to Eastport in Maine, this hurricane-vulnerable 
stretch of coastline contained a 1970 population of 62.74 million persons and $682 
billion in building wealth which were at risk of exposure to winds of hurricane 
velocity. Also, a population of 38.39 million persons and a building wealth of 
$438 billion were at risk of exposure to hurricane-related storm surges [Derived 
from: Hart (1976), Lee (1976)J. 

However, between 1931 and 1972, only 77 hurricanes touched any part of the coast-
1 ine, and only a few of these could be classed as "great" hurricanes, with wind 
velocities in excess of 125 mph. Given the twin facts that fewer than two hurri
canes per year of any type have visited this coastline over the 4l-year period 
and the fact that the typical hurricane spins winds of hurricane force over an 
area of only 100 square miles in diameter and gale-force winds over an area only 
400 miles in diameter [Hart, (1976)J, it is clear that the annual probability that 
any given segment of the coast will experience a hurricane ;s low indeed. 

As shown in Figure 6~1, the probability in any given year that any given 50-mile 
segment of the coastline will experience a hurricane-force storm varies from O.~t 

to 1.0% for seven segments to 14.0%-or-more for four segments. The annual proba
bility of a "great" hurricane (winds in excess of 125 mph) varies from 0.0-1.0% 
for 37 segments to 4.0% or more for only thirteen segments. 

As depicted in Figure 6-2, similar low probabilities are exhibited for hurricane
induced storm surges. Of course, no matter what the probability of a hurricane 
strike may be for any specific place, when such an event does occur, the results 
can be devastating. That was the case with Hurricane Camille in August 1969. 
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Source: White, et 
a1. [1976] 
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Figure 6-1. HURRICANE PROBABILITY MAP - Probability (percentage) that a hurri
cane (winds exceeding 73 mph) or great hurricane (winds in excess 
of 125 mph) will occur in anyone year in a 50-mile segment of the 
U.S. coastline [after Simpson and Lawrence, 1971] 

Source: White, 
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Florida 

Figure 6-2. COMPOSITE ESTIMATES OF EXPECTED SURGE HEIGHT - Solid lines based on 
U.S. Army Corps of Engineers and University of Florida probability 
estimates of annual occurrence of a storm surge on an open beach 
area [Friedman, 1971J; dotted lines based on National Oceanic and 
Atmospheric Administration (1971a, 1972a, 1973, 1973a), probability 
of occurrence is lout of 100. 
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One of the most intense hurricanes ever known to enter the United States, Camille 
resulted in the deaths of 262 persons and the destruction of thousands of build
ings; estimated losses exceeded one billion dollars. 

From the point of landfall, Hurricah€ Camille moved north across Mississippi and 
continued her destructive path inland. In addition to coastal zone'damage re
sulting from storm surge and high winds, Camille contributed to heavy rains in 
Tennessee, Kentucky, West Virginia, and Virginia, which,in turn, caused flash 
floods and mudslides. The James River rose to a record high, wreaking havoc on 
river towns from Lynchburg to Richmond, Virginia. 

In this study, an exact repeat of Camille has been examined, but under the demo
graphic and economic conditions predicted for the target area in the year 2000. 
Also, for purposes of this scenario, only the results of Camille-related storm 
surge and hurricane winds will be examined; the aforementioned riverine flooding 
and mudslides are not included. Figures 6-3 and 6-4 indicate the nature and 
severity of the hurricane. These exhibits portray the landfall area and inten
sities of storm surge on a theoretical Hurricane Camille, circa 2000. They were 
based upon data in a U.S. Army Corps of Engineers' report on Hurricane Camille 
[1969]. 

Figure 6-3 shows the path of Hurricane Camille. The distribution of wind velo
cities at point of landfall is shown in Figure 6-4, e.g., winds will reach well 
above 175 miles over an approximate 20-mile coastal section from Biloxi to Mis~ 
sissippi City, Mississippi. At their most severe, winds will exceed 200 miles 
per hour. Thereafter, they will diminish to about 75 miles per hour, 50 miles to 
the west and 60 miles to the east of the storm center. Distribution of wind in
tensities by county within the major impact area are shown in Table 6-1. Note 
that two counties receive major velocities above 200 miles per hour: Hancock 
and Harrison Counties, Mississippi. Both are at the point of landfall. Figure 
6-5 shows the high-water profile associated with the coastal storm surge in the 
impact area. 

Defined 28-County Impact Area 

Should an exact repeat of Hurricane Camille occur in 2000, a 28-county impact 
area will be affected, as shown in Figure 6-6. The area covers approximately 

6-4 



~
 

I 0'
1 

to
ff'

 ..
... 

, .
..

 p 
.=

:=
?

 
l.

E
G

e
n

D
 

A
lL

 
fl

lA
tS

 
A

Jt
t 

co
r 

.
.
 

(
[
H

ln
 0

' 
C

T
C

 

-
-
-
·
-
O

i
,
l
f
C

M
 

to
:·

! 
0

(
 
IT

!:
 

IC
J,

L
[ 

II
 .
.
.
 tr

..
U

 
• 

• 
t 

..
 

~
"
"
L
~
.
;
r
,
.
~
-
:
t
>
:
'
!
r
~
:
.
J
 

\ 

~
i
 

"u
n'

tlC
t,

'.'
t 

"
'l

U
lU

 
1

4
.:

, 
.w

 
''''1

 

.,
t o

 
A

II
I.

I' 
,'

;C
"I

II
II

 
1'
I~
1.
1t
('
. 

"0
11

1\
1 

,,,
,,n

 (
If

 
'1

Ii
.1

"l
Ia

~ 

Fi
gu

re
 6

-3
. 

Pa
th

 o
f 

H
ur

ri
ca

ne
 C

am
ill

e 
at

 L
an

df
al

l 

JA
C

IC
SO

N
O

 

N
 

~
 " 

:' 
" 

~. 
,0

L
o

"
"
1

 
C

 

, 
~
 

',
"~

tt
ln

bu
~ 

(i
i 

C
ol

U
lll

bl
o 

,0 
-'\

 
!!!

 \ 
3"A

,' 
\ 

~ 
-.

 ',
\\l

ace
d~\

 
IA

~-
J8

AU
G\

 
• 

, 

O
F

 
M

e
X

IC
O

 

L
E

G
E

N
D

 
_

_
_

_
 C

on
to

, 
01

 
.I

o
,m

( R
ed

o,
 e

yo
 o

f 
_

_
_

 l
Io

,m
 a

b
o

u
ll

t m
il

e.
 I

n 
di

am
et

,r
. 

A
ll

 1
1

m
..

 
o

r.
 

C
O

T
 

3P
M

 
10

 
1,

0 
SO

 
CO

 
50

 
1,

0 
7p

 
Ip

 
.0

 
11

\0
' 

II
UR
.'
tA
~C
 C

A
V

'L
L

( 
1

4
·U

 A
li

i.
 l

O
st

 

75
 •
•
•
 1

0
0

.1
. I 
P

M
-I

T
 A

U
G

 

SU
ST

AI
NE

D 
W

IN
DS

 

CA
M

IL
LE

'S
 W

IN
D

 F
IE

LD
 

U.
 I

. 
"~

M'
I'

 !
N

G
IN

E
E

R
 D

IS
T

nl
C

T
, 

M
O

B
IL

E
 

C
O

R
PS

 
O

F 
E

N
G

lt
lf

E
R

S
 

Fi
gu

re
 6

-4
. 

C
am

il
le

's
 W

in
d 

F
ie

ld
 



~ 

! , 
I 
/ 
" i . 

I 

I 
16.5' 

/' 
, 
! 

MEDIAN 111110 SPEED RANGE (IIPH) 
COUNTY WIND 

SPEED 
(IIPH) <75 75-100 IDI-125 125-150 151-200 .200 

PlJQUEMINES. LA 90 35 25 25 10 5 

ST. 8ERIIARO. LA 112 5 30 30 30 5 

ORLEANS, LA 83 40 30 30 

ST. TNIWIY. LA lOB 10 30 30 30 

IIASIIING10ll. LA 9\ 25 40 20 15 

GREENE. lIS <75 90 10 

PEARL RIVER. liS 129 40 fO 

HANCOCk. lIS 200 50 

HARRISON. lIS 150 20 30 30 

STONE. lIS 111 \5 15 45 25 
JACKSON. lIS 87 20 60 20 

GEORGE. lIS 79 40 60 

IW. TlW.L. lIS 92 75 20 5 

IWUOII. lIS 117 70 30 

LAWRENCE. lIS 87 5 90 5 

SIMPSON. lIS a, 20 80 

JEFFERSON DAVIS. lIS \04 40 fO 

COVINGTON. lIS 89 90 10 

JONES. lIS <75 55 45 

PERRY. liS 85 25 fO 15 

IIl8ILE. AI. <75 99 1 

lNWt. lIS 121 60 40 

FORREST. lIS 100 50 50 

Table 6-1. Percent Distribution of Wind Speeds 
by County in Hurricane Target Area 
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Figure 6-5. Hurricane Camille, High-water Profile 
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400 miles of coastline in Louisiana, Mississippi, Alabama and Florida. Twenty
three of the 28 counties will be subject to wind damage, ten of the counties 
will be subject to flood damage, and five of the counties will be subject to 
both. In reality, only the coastal portion of the ten "flood-damage counties" 
is subject to flooding. However, for purposes of this paradigm, the total 
county is considered as an economic impact area for coastal flooding. 

SCALE OF MILES 

o 100 

FLOOD IMPACT COUNTIES 

D WIND ONLY 

r:~:1:1:1J FLOOD ONLY ..... 

~ WIND & FLOOD 

Figure 6-6. Twenty-eight County Impact Area 

For each of the 28 counties in the total impact area, 1970 values of economic 
measures were projected to the year 2000 utilizing the economic model discussed 
earlier. Base measures projected include population, per capita income, total 
economic value at risk, and building valuation at risk. Table 6-2 indicates 
population and per capita income for the year 2000 for each county. The 28-
county area population in the year 2000 is projected to be approximately 
2,335,200, an increase of 15% over 1970 population of 2,026,600. Similarly, aver

age per capita income in the year 2000 of $6332 (expressed in 1970 constant dollars) 
versus $2547 for 1970, reflects an increase of real income in the 30-year period. 
{Per capita income was computed from County & City Data Book - 1972, U.S. Dept. 
of Commerce; and figures adjusted according to Obers Projections, Vol. 2, U.S. 
Water Resources Council, for 1970 and 2000 expressed in 1970 dollars.} 
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Figure 6~7 shows total economic value of buildings~at~risk in the 28~county area 
as approximately $44 billion in the year 2000 (in 1970 constant dollars). Total 
value at risk for the full 28~county impact area is approximately $18,900 per 
capita (expressed in 1970 constant dollars for the year 2000). This figure varies 
only slightly from county to county within th~ full 28-county impact area (see 
Figure 6-8). 

Figure 6-7. 

20,000 

15,000 

10,000 

5,000 

50 

40 7,702 FLOOD ONLY 
~ 

S g 
~ 

~ 11,153 WIND & 

S 
30 FLOOD 

~ 
~ s 
g 20 

\'; 
~ ; 25,288 UIND ONLY 

10 

Year 2000 Economic Value of Buildings at 
Risk in Twenty-eight County Impact Area 

ALL 
28 
COUNllES 

19,770 

WIND 
AREA 

FLOOD 
AREA 

Figure 6~8. Per Capita Economic Value at Risk 
Twenty~eight Counties, Year 2000 
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COUNT! ES POPlJLATION P[ R CAP IT A HlCOME 
(1000' s) (197C DOLLARS) 

IH ND AND FLOOD 1970 2000 1970 200r, 

Mobile, AL 317.0 368 0 2548 6453 

St Bernard, LA 51.2 57.4 2790 6856 
Hancock, tIS 17.4 17.2 2227 5472 
Harrison, ~IS 135.0 162.0 2447 6195 
Jackson, MS 880 93.7 2673 6770 

TOTAL 608,6 698,3 

WIND ONLY 

Orleans, LA 593.0 665.0 2874 7062 

PI aquemines, LA 25.2 28,6 2484 6104 

St. Tammany, LA 63,6 71.3 2736 6723 

Washi ngton, LA 42 0 49.4 2128 5229 

Covi ngton, MS 14.0 15.3 1830 4908 

Forres t, MS 57.8 63.1 2476 6644 

George, MS 12 5 15,0 2051 5193 

Greene, MS 8,6 10 3 1473 3730 

Jefferson Davi s, MS 12.9 15.2 1646 4044 

Jones, /'IS 56.4 61.6 2321 6228 

Lamar, MS 15.2 16.6 2080 5580 

Lawrence, MS 11.1 13.1 1821 4475 

Marion, MS 22.9 26.9 1713 4208 

Pearl River, MS 28.7 33.8 2135 5245 

Perry. /'IS 9.1 9,9 1689 4532 

Simpson. MS 19,9 25.6 1835 4639 

Stone. /'IS 8.1 9.7 2001 5067 
Walthall. MS 12.5 14.7 1785 4386 

TOTAL 1013.5 1145.1 

FLOOD ONLY 

Baldwin, AL 59,4 68,8 2387 6045 

Escambi a, FL 205.0 269.0 2617 6258 

Santa Rosa. FL 37.7 49.4 2514 6012 

Livingston, LA 36.5 37.3 2247 5522 

Tangipahoa. LA 65.9 67.3 1814 4456 

TOTAL 404,5 491 8 
2547 6332 

GRAND TOTAL 2026.6 2335 2 

Source: 1972 Obers Project ions. Vo 1. 2 U. S. Wa ter Resources Counc i 1 

Table 6-2. Twenty-eight County Economic Measures 

Economic Loss Without Mitigation 

Summary Losses (1969 Versus 2000) 

Projected losses, both economic and non-economic, are summarized in Figure 6-9; 
these figures do not incorporate mitigation. Losses for the 1969 event are com
pared with projections of loss for the year 2000 -- an estimated $5.9 billion for 
the 28-county area (in 1970 constant dollars). Non-economic loss projections 
include 642 deaths, 68,000 person-years of unemployment, and 64,000 person-years 
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of homelessness. These loss 1eve1s--up to four times those of 1969--ref1ect pro
jected population growth, greater coastline development, and detailed facto~s 
incorporated in the economic projection model on a sub-area basis. 

5.9 ($2,510 PER CAPITA) 

1.4 

1:1 
-1'.$~20CO~--

ECONOMI CLOSS 
(BILLION $) 

642 

DEATHS 

68,000 

16,350 15,278 

UNEMPLOYMENT HOMELESSNESS 
(PERSON YEARS) (PERSON YEARS) -------ECONOMIC 

'------~--~ / 
NON-ECONOMIC 

Figure 6-9. Loss Comparisons - 1969 Event vs. 
2000 Scenario Without Mitigations 

Per Capita Economic Loss 

The $5.9 billion economic loss in the year 2000 would approximate $2510 per cap
ita for 2,335,200 residents of the 28 counties [See Figure 6-10]. These per 
capita losses vary significantly within the total impact area; the greatest 
losses occurring in Hancock and Harrison Counties, the storm center. Total per 
capita losses range from a high .of about $16,000 to a low of under $100 within 
individual counties. 

As compared with average per capita losses of $2510, the data in Table 6-3 indi
cates that one-half of the counties will experience losses of less than $1000 
per capita. This differential indicates that several of the counties will suffer 
extremely high losses. The heaviest per capita losses by far would be in the 
three counties in the path of the hurricane: Hancock, Harrison, and Pearl River 
Counties. 
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Figure 6-10. Per Capita Economic Loss Comparisons for Twenty-eight 
Counties in the Year 2000 Due to Hurricane Camille 

DOLLAR lOSS 

UNDER $ 100 

S 100 - 499 

500 - 999 

1,000 - 1,999 
2,000 - 2,999 

3,000 - 3,999 

4,000 - 4,999 

5,000 - $9,999 

$10.000 AND OVER 

TOTAL 

MEDIAN 
AVERAGE 

NUMBER 
COUNTIES 

4 

7 
3 
4 
2 
1 
3 

-
4 

28 

$1,000 
$2,510 

PERCENT 
TOTAL 

14.3 

25.0 
10.7 
14.3 

7.1 
3.6 

10.7 

-
14.3 

100.0 

Table 6-3. Year 2000. Per Capita Economic Loss Without 
Mitigation, Distribution by County ($1970) 
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Economic Losses Related to Per Capita Income 

Projected economic loss of $5.9 billion for the 28-county impact area equals 
39.6% of per capita income (projected to be $6332 in 1970 constant dollars). 
Figure 6-11 and Table 6-4 indicate these percentages vary widely by county, from 
a high of 294% in Hancock County to below 10% in eleven counties. 

300 r-

200 f-

100 

"'" 

fill I I I 1;;~:~~E ~OR .28 COUNTIES 

Figure 6-11. Per Capita Economic Loss Comparisons as 
Percent of Per Capita Annual Income 
(Without Mitigation - Year 2000) 

PERCENT OF INCOME NUMBER PERCEIlT 
COUNTIES TOTAL 

UIIDER 1. O~; 3 10.7 
1.0 - 4.9 5 17.9 

5.0 - 9.9 3 10.7 

10.0 - 24.9 4 14.3 

25.0 - 49.9 5 17.9 

50.0 - 99.9 3 10.7 

100.0 - 199.9 2 7.1 

200.0 - 300.0 3 10.7 

TOTAL 28 100.0 

MEDIAN 17 .O~ 

AVERAGE 39.6% 

Table 6-4. Year 2000, Per Capita Economic Loss as 
Percent of Per Capita Income 
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Distribution of Economic Loss by Type of Property 

Composition of economic loss for the 28-county area is indicated in Figure 6-12. 
Building losses will be approximately $2.7 billion, about 46% of total economic 
losses. The principal contributor to building loss would be hurricane winds-
roughly two-thirds of the total--with the remainder caused by floodings. "Other" 
includes supplier loss, which covers the extra costs of acquiring Qoods and 
services which would ordinarily be from a closer source. Building contents 
includes all contents except food and other nondurable goods; the exception is 
inventories for food stores and eating establishments. Income loss is loss in 
take-home pay caused by a company's closing or one of its buyers being closed or 
out of business. 

5.9 $2.510 PER CAPITA 

OTHER 

SUPPLI ER LOSS 
BUILDING CONTENTS LOSS 
INC(JIE LOSS 

WIND 701: 

STORM SURGE 
FLooDIHG 301: 

Figure 6-12. Year 2000 Economic Loss--Without Mitigation, 
Twenty-eight County Impact Area 

Economic Loss Distribution by Family Income Group 

Table 6-5 compares population distribution to distribution of economic loss by 
family income group. It is projected that economic loss would be roughly in 
proportion to population; no single income group would bear an inordinately-high 
share of the loss. In this analysis, however, no attempt has been made to deter
mine the amount of loss which various income groups could "afford". While 
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disruption of a high income family would be a considerable inconvenience, they 
might have sufficient reserves to cover short-term losses. A lower income group, 
however, might be ruined by a loss situation equal in amount. 

POPULATION H 1. SS STORM SURGE HURRICANE 
HICOME CATEGORY DISTRIBUTION TOTAL ECONOMIC DIFFERErICE LOSS LOS~ 

LOSS DISTRIBUTION DISTRIBUTION DISTRIBUTION 
(PERCENT) (PERCENT) (PERCENT) (PERCENT) (PERCENT) 

1. LESS THAN $3,000 
ANNUAL FAMILY 16.6 15.9 <0.7> 12.6 17.4 
INCOME 

2. $3,000 to $4,999 13.2 13.7 0.5 12.0 14.5 

3. $5,000 to $6,999 14.0 16.4 2.4 15.9 16.6 

4. $7,000 to $9,999 25.6 21.9 0.7> 23.9 20.9 

5. $10,000 to $14,999 19.0 20.9 1.9 23.7 19.7 

6. $15,000 to $24,999 8.9 9.2 0.3 10.0 B.9 

7. $25,000 and OVER 2.7 2.0 <0.7> 1.9 2.0 

TOTAL 100.0 100.0 0 100.0 100.0 

Table 6-5. Hurricane Camille Scenario for the Year 2000 

Non-economic Losses 

As shown earlier in Figure 6-10, three types of non-economic loss have been pro
jected: mortality, unemployment, and home1essness. This list is not intended 
to be all-inclusive; educational disruption and social dislocation are examples 

of other possible losses which have not been considered here, but are nevertheless 
important factors. 

Mortality 

Six hundred and forty-two deaths are projected for the year 2000 from Hurricane 
Camille--approximately two and one-fourth times 1969 fatalities. As with econ
omic losses, the high loss figure results from population growth and greater 
utilization of coastline areas. This means approximately one person out of each 
3,600 in the 28-county impact area would die from the hurricane. While one in 
3,600 may not seem significant, it compares unfavorably to other accidental 
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mortality figures. For example, the 642 deaths from Hurricane Camille in the 
year 2000 is equal to 40% of the average aircraft deaths per year in the United 
States (over the last ten years). [Accident Facts, 1975] 

Unemployment 

Unemployment for the 28-county area is projected at 68,000 person-years. In the 
detailed economic model, it is assumed unemployment would not extend beyond one 
year. However, this understates total unemployment, as some facilities may be 
shut down permanently as a resul t of Hurricane Camill e. The amount of unemploy
ment as a percentage of the total work force would depend upon the duration of 
unemployment; this obviously varies from job-to-job. Figure 6-13 shows that a 
full year of unemployment (obviously quite high), would affect approximately 
7.3% of the 28-county labor force. This unemployment would be added to "normal" 
unemployment of approximately 6%. As a consequence, total unemployment for the 
region--assuming this one-year duration--would be above 13%. Assuming a three
month duration of unemployment, over 29% of total work force would be affected, 
forcing total unemployment (normal and Camille) above 35%. 

35.1 
35 

30 

25 

29.1 
20 

15 
13.3 

10 
• HUR~?~AHE • 7.3 

CAMIllE 

6.0 6.0 

3-HONTH 12-MONTH 
AVERAGE AVERAGE 
OURATION OURATION 

DERIVED FROM: STATISTICAL ABSTRACT Of 
THE UNITED STATES, 1975 

Figure 6-13. Unemployment Comparisons for the Year 2000 
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As with mortality, no measure of unemployment can fully represent social impact. 
However, these figures indicate potential unemployment from Hurricane Camille to 
be of significance. 

Homelessness 

It is estimated that 64,000 person-years of homelessness would result from 
Hurricane Camille. A person-year of homelessness is one person displaced from 
his or her home for 365 days. In reality, most victims would be away from their 
home a much shorter period. Immediately after the storm, an estimated 800,000 
people would be homeless for at least one day, 500,000 for more than one week, 
and more than 100,000 for more than one month. Average homelessness duration 
for the population is estimated at two months. 

These numbers are significant in that they indicate approximately one-third of 
the total population would be homeless for at least one night, and more than 10% 
for over a week. It is impossible to estimate the consequences of this dis
placement in terms of interruption of work, education, and other activities. 

Possible Mitigation Measures and Their Costs of Implementation 

The ability to exercise control over and reduce losses from such a natural event 
as Hurricane Camille exists. In this scenario, four mitigation measures have 
been considered: 

1. Flood-proofing. After 1980, flood-proof all structures within a 
defined storm surge zone to the four-foot water level. 

2. Increased Wind-design Code Provisions. Increase building codes for 
the region. All new structures built within the affected counties 
must meet a lateral wind force standard equivalent to three times 
that of the 1973 Uniform Building Code. 

3. lOa-year Storm Sea Wall. Protect all counties within a defined 
storm-surge zone through construction of a storm sea wall capable of 
withstanding lOa-year storm conditions. 

4. No Growth. Allow no further growth on the 50-year floodplain after 
1980. 
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These four measures are by no means the only ones available. However, they 
reflect enough variety for analytical evaluation. 

Dollar Costs of Mitigation 

In this scenario, costs have been projected for only the first two mitigations 
(flood-proofing and wind-design), which are of a structural nature. As shown in 
Figure 6-14, total cost for implementation of these mitigations throughout the 
28-countyarea (23 counties for wind and 10 counties for flood protection), is 
estimated at $6.0 billion. It is assumed this money would be expended over a 
20-year period as new construction occurred. To calculate the overall cost of 
mitigation (structural only) in 1970 dollars, construction cost increases were 
projected between years 1980 and 2000; the increases were then compounded using 
a 6.1% interest rate. This accounts for the corresponding appreciation in value 
that would occur if the funds spent on extra building costs had been invested at 
an annual rate of 6.1% interest. 

V> 
Z 

~ 3 
a; 

TOTAL TWENTY-EIGHT COUNTIES 

$6.0 BILLION 
r----, $2,550 PER CAPITA 

TOTAl. - 20 YEAR AHN~L12ED 

$600 MILLION 
PER CAPITA 

Figure 6-14. Costs of Mitigation (Structure Only) 
Hurricane Camille, Year 2000 
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Per Capita Costs of Mitigation 

Figure 6-15 shows annual mitigation costs equal to about $255 per capita, or 
about 4.0% of per capita income. Figure 6-16 fixes these annual costs at an 
average of about $115 per capita for flood-proofing {within the ten flood-vul
nerable counties} and $140 per capita for wind protection (within the 23 wind
vulnerable counties). This might be compared to the cost of municipal service: 
about $170 per capita. (Muni~ipal service covers the cost of police, fire, 
streets, sanitation, trash collection, library, parks and recreation and city 
administration). The total estimated cost of $6.0 million for mitigation equals 
approximately 13.4% of the total value at risk (building values). The annual 
mitigation costs of approximately $255 is equal to 4.0% of per capita income 
[See Figure 6-15J. When comparing mitigation costs of $255 per capita to the 
"normal" costs of providing municipal services (an average of approximately 
$170 per capita), the cost of mitigation is relatively sUbstantial. 

lQ 
S 300 
...J 

8 

200 

100 

ANNUAL MITIGATION COSTS 

* Levander Company, Economic Consultants 

PER-CAPITA 
INCOME 

$ 6332 ,. 

Figure 6-15. Annualized Costs of Mitigation (Structural 
Only) Per Capita Comparisons, Year 2000 
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In this analysis, it has been assumed that precautions against flood would be 
implemented throughout the flood-impact zone. Possibly, a smaller area would 
actually be protected. However, this would mean a smaller base over which to 
spread the costs (assuming some form of self-sufficient financing). 

Wind protection would extend well beyond the defined wind-impact area, involving 
much heavier expenditures than those projected in this scenario. Presumably, 
such costs could be spread over a 1,000 mile area, including the entire Gulf and 
part of the Atlantic coastline. Nevertheless, per capita figures are reasonably 
representative. 

Economic and Social Costs of No Growth 

No cost estimate of the mitigation alternative of no growth has been made in this 
scenario. It might reasonably be expected that lack of growth in a given flood 
protection area would be offset by growth elsewhere in the region. Higher costs 
in small geographic areas could result in considerable economic dislocation, 
higher population in adjoining areas, and other problems. 

In addition, property values within the zone could be adversely affected. And, 
within a micro-regional setting, building contractors and business people within 
flood zones could be negatively influenced. Correspondingly, employees of im
pacted firms could be affected. In this scenario analysis, no attempt has· been 
made to quantify these social costs; however, they must be acknowledged. A more 
thorough discussion is presented later of specific stakeholder impacts resulting 
from hazards and mitigations. 

Loss Reductions From Structural Mitigations' 

Table 6-6 indicates implementation of flood-proofing and a wind-design code 
would result in significant loss reductions for the 28-county area. With these 
mitigations, total losses for the year 2000 (in 1970 constant dollars) would be 
approximately $2.5 billion, whereas losses without mitigation would be $5.9 bil
lion. This reflects a gross savings of $3.4 billion, or 58%. Flood-proofing 
will reduce loss approximately 47.5%; protection agairst wind will reduce loss 
by 31.3%. 
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LOSSES LOSSES 
WITHOUT WITH LOSS 
MITIGATION * MITIGATION * REIlJCTlON * PERCENT 

TOTAL 5.861 2.481 3.380 58 

BUILDING 2.390 1.515 875 37 
OTHER 3.471 966 2.505 72 

TOTAL 5.861 2.481 3.380 58 

BUILDING ONLY 

FLOOD-PROOFING 790 415 • 375 47.5 
BUILDING CODE 1.600 1.100 500 31.3 

TOTAL 2.390 1.515 875 36.6 

* MILLION 

Table 6-6. Hurricane Camille, Savings After Implementation 
of Two Structural Mitigations - Year 2000 

Figure 6-16 illustrates a sharp difference between the costs of mitigation and 
the total loss that would occur in the absence of the mitigations. Estimated 
loss reductions (with structural mitigation) in each county are detailed in 
Figure 6-18. Cost and loss reduction ratios were established for each county 
and for each structural mitigation. Cost and loss reduction estimates presented 
in Figure 6-17 indicate sUl1111ary cost-loss reduction ratios would be: 

Total (Two Mitigations) 1.74 
Wind-design 1.31 

Flood-proofing 3.23 

Cost/loss reduction ratios above 1.0 indicate higher costs than loss reduction, 
and thus, an unfavorable condition for the 28-county area. Within the impact 
area of 28 counties, there is significant variation. However, only a few coun
ties (those hardest hit) show favorable cost-feasible ratios (under 1.0)--for 
wind design only. 

These ratios imply that it is not practical--on a purely economic basis--to 
implement the two structural mitigations. However, other justifications may be 
offered, including the alternative costs for insurance, and the value associated 
with prevention of an impact on a related set of communities. 
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As shown in Table 6-7, the two structural mitigations (wind-design and flood
proofing) will result in loss reduction of 58% to 63% in mortality, unemployment, 
and home1essness. These figures approximate overall percent dollar loss reduc
tions. 

TOTAL ECONOMIC LOSS 
TOTAL LOSS WITH MITIGATION 

TOTAL SAVINGS . • • 
OVERALL CIS RATIO 1.74 

TOTAL UNEMPLOYMENT (PERSON/YRS.) 
TOTAL UNEMPLOYMENT WITH MITIGATION 

$ 5,861 
2,480 

$ 3,381 MILLIOtl 

67,732 
24,840 

- 58;; 

TOTAL UNEMPLOYMENT SAVED • 42,892 PERSON-YEARS - 63~; 

TOTAL HOMELESSNESS (PERSON/YRS) 
TOTAL HOMELESSNESS WITH MITIGATION 

TOTAL HOMELESSNESS SAVED • 

63,543 
24,909 

38,634 PERSON-YEARS - 61% 

TOTAL NUMBER OF EXPECTED DEATHS 642 
TOTAL NUMBER OF EXPECTED DEATHS WITH MITIGATION 262 

TOTAL REDUCTION IN DEATHS • • • • • •• 380 LIVES - 59% 

OVERALL PER CAPITA INCOME LOSS $ 2,510 
OVERALL PER CAPITA INCOME LOSS WITH MITIGATION 1,062 

OVERALL PER CAPITA INCOME LOSS SAVED. $ 1,448 DOLLARS - 58~~ 

Table 6-7. Hurricane Camille Total Impact Area Mitigation Summary 
Flood-proofing and Wind-design Loss Reduction (Year 2000) 
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Loss Reductions From Area-structural Mitigation Measures 

Loss reductions for the lOO-year storm sea wall and the "no growth" measures are 
shown in Table 6-8. It is apparent neither of these measures would be as cost
feasible as flood-proofing (considering savings alone). Loss reduc~ion from 
the 50-year floodplain mitigation is relatively modest: an estimated 8%~ com
pared to 35% for the lOO-year storm sea wall and 47.5% for flood-proofing. 

LOSSES WITHOUT LOSSES WITH SAVINGS MITIGATION MITIGATION 
(~1ILLIONS OF (MILLIONS OF (MILLIONS OF 
DOLLARS) DOLLARS) DOLLARS) 

FLOOD-PROOFING 790 415 375 

100-YR STORM 
SEAWALL 790 513 277 

rm GRO\-JTH ON 
50 YR 
FLOOD PLAIN 790 727 63 

Table 6-8. Building Loss Reductions From Area
structural Mitigation Measures 

Insurance Comparisons 

SAVIt>jGS 

(PERCENT) 

47.5 

35.1 

8.0 

As noted earlier, cost of the two structural mitigations is estimated at $255 
per year per capita. This figure is equal to 1.3% of the total economic value 
at risk, and therefore, might be considered a form of insurance, i.e., spending 
money to save money as opposed to spendihg money to redistribute losses. In 
these terms, the cost does not appear to be out of line with current costs for 
hurricane insurance in Gulf coast states, or with earthquake insurance in Calif
ornia. 
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San Francisco Earthquake II 

The San Francisco Earthquake of 1906 occurred on April 18, at approximately 5:13 
AM. The principal quake had a duration of one minute, five seconds and was 
followed by 30 or more minor tremors before 7:00 AM. The epicenter was about 
ten miles from the center of downtown San Francisco - near Point Reyes. The 
magnitude was recorded at 8.3, one of the highest ever measured in California. 
Maximum intensities ranged from IX to XI MMI. Figure 6-19 shows the intensities 
in various counties. Each county was assigned the intensity that was recorded 
at the county seat, utilizing a computer-generated intensity map of the area 
[See Figure 6-20J. Figure 6-21 shows the placement of the county seats. 

--

MMl 

~6-7 
[]] 7-8 

• 8-9 

DOVER 9 

! 

Figure 6-19. Intensities of Counties as Recorded in County 
Seats of the Thirty-nine Counties Used in San 
Francisco Earthquake Scenario 
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Seismologists assume that this earthquake resulted from an accumulation of 
stresses which ordinarily would have been relieved by smaller movements [Gilbert, 
et.al, 1907 and Iacopi, 1971]. Fault movement ripped the surface for almost 200 
miles, the longest surface rupture caused by a single fault movement during re
corded history. Horizontal displacement of l5-to-20 feet occurred; it was later 
found that this was common to the San Andreas fault. Before this time, earth 
movements were thought to be predominantly vertical. Figure 6-22 presents a 
graphic display of the major fault system in California, including the San 
Andreas fault. 

-122° -121° -120° 420 

-4+-----+-----+-----4------~-41° 

~'t----+----+--~------+_400 

Figure 6-22. California Fault Lines 
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Three days after the earthquake, 2,593 acres had burned, destroying 490 city 
blocks completely and 32 others partially. Three hundred fourteen of these acres 
constituted the congested district of the city. A fifty-mile wide zone of 
destruction was produced which extended 150-to-200 miles in either direction from 
San Francisco. This zone began at Point Arena, went south to Hollister and in
cluded San Francisco Bay, Russian River and the Sonora, Santa Clara 'and Salinas 
valleys. 

Over 700 people died in the earthquake and fires that followed. Four hundred 
million dollars of property damage was recorded, two hundred fifty million of 
which was in San Francisco. The hardest hit area was from San Jose to Santa Rosa 
[Iacopi, 1971]. Over 200,000 people were left homeless. Loss of life was low, 
however, due to the time of day that the earthquake occurred. Most people were 
sleeping, many in frame houses. If the earthquake had occurred four or five 
hours later when people were at work, in school, or otherwise actively occupied, 
many more could have died. 

The exact number of deaths is unknown since many were buried very quickly and 
official records were not kept. Many structures were completely consumed by fire. 
One source claims that 112 patients at Agnew State Hospital perished due to the 
flimsily-constructed building; sixty-one people died in Santa Rosa and nineteen 
in San Jose. Outside of San Francisco, there were 189 known deaths [Richter, 
1958]. 

The buildings hardest hit were those on filled ground. It was difficult to 
separate the earthquake and fire damage, but estimates attribute about twenty 
percent of the damage to earthquake and the rest to fire. The water supply was 
crippled by breaks in the distributing mains within the city limits, which led 
to failure to control the fire, rather than to a lack of water coming into San 
Francisco [Iacopi, 1971]. 

Defined 39-County Impact Area 

This scenario repeats the original event, but is limited to those counties whose 
county seats experienced a MMI of 6 or greater in the original event. Table 6-9 
shows the projected population distribution of these counties (by intensity) for 
the year 2000. 
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MMI 9 and over 20.8% MMI 8 to 8.9 46.2% 

Monterey Alameda 
San Benito Contra Costa 
San Francisco Marin 
San Mateo Napa 
Santa Cruz San Joaquin 

Santa Clara 
Solano 
Sonoma 

MMI 7 to 7.9 21.2% MMI 6 to 6.9 11.8% 

Colusa Amador 
Fresno Butte 
Glenn Calaveras 
Kings E1 Dorado 
lake Humbo1t 
Madera Kern 
Mendocino Mariposa 
Merced Placer 
Sacramento San luis Obispo 
Stanislaus Tehama 
Sutter Tulare 
Yolo Tuolumne 
Yuba Douglas. NV 

Table 6-9. Percentage of Population Distribution by 
Modified Merca'li Intensities (Year 2000) 

Under the scenario, principal damage will occur near the coast along the San 
Andreas fault. Monterey County, for example, was included because Salinas (the 
county seat) is at the uppermost part and on the fault line. In Table 6-10, 
population and per capita income for the impacted area are projected for the year 
2000. All values are expressed in 1970 dollars. Income figures in the 39 coun-

I ties affected by the scenario earthquake vary greatly, from a projected high per 
capita income of $11,060 in Marin County to a low of $5,776 in Kings County. 
Total population for the 39 counties in the year 2000 is projected to be approx
imately 12,537,000 persons, showing an increase of 55% over the 1970 population 
of 8,079,660. Average per capita income also is projected to increase 111% 
during that period. 

Total economic value of the buildings in the 39-county area is estimated at 
approximately $236 billion in the year 2000. This value is equivalent to almost 
$18,900 per capita, as an average value for the area. 
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POPULA110N 
COUNTY 

YEAR 1970 YEAR 2000 

AlalllPt1a 1,073,184 1,707,436 
Amador 11 ,821 15,935 
Butte 101,969 137,454 
Ca 1averas 13,585 18,313 
Colusa 12,430 16,756 
Contra Costa 555,805 884,286 
El Dorado 43,833 59,087 
Fresno 413,329 657,606 
Glenn 17,521 23,618 
Humbolt 99.692 114,487 
Kern 329,271 523,870 
Kings 66,717 89,935 
Lake 19,548 26,351 
Madera 41,519 55.968 
Marin 206,758 328,952 
Mariposa 6,015 8,108 
Mendocino 51,101 68,884 
Merced 104,629 141.040 
Monterey 247,450 393,693 
Napa 77 ,632 123.513 
Sacramento 634,190 1.008.996 
San Benito 18,226 24.569 
San Francisco 715,674 1,138.637 
San Joaquin 289.564 460,696 
San Luis Obispo 105.690 142,964 
San Mateo 556,601 885.552 
Santa Cl ara 1.066.421 1,696,676 
Santa Cruz 123,790 166,869 
Solano 171,815 273.358 
Sonoma 204.885 325,972 
Stanislaus 194,506 309,459 
Sutter 41,935 56,528 
Tehama 29,517 39,789 
Tulare 188,322 253,858 
Tuolumne 22,169 29.884 
Yolo 91,788 146,035 
Yuba 44,736 60,304 
Douglas, NV 6,882 7,914 

TOTAL 

8,079,660 12,536,593 

Source: County and City Data Book, U.S. Dept. of 
Commerce, 1972; and Obers Series E Projec
tions, U.S. Water Resources Council, 1974 

Plk CAPITA INCOML 
(1970 DOLLAP~) 

YEAR 1970 YEAR 2000 

3,914 8,541 
3,162 7,317 
2,942 6,767 
3,228 7,470 
3,421 7,869 
4,192 9,148 
3,472 7,986 
2,952 6,782 
2,961 6,811 
3,142 7,397 
3,017 6,932 
2,514 5,776 
2,931 6,395 
2,630 6,042 
5.069 11,060 
2.957 6,844 
3,070 6,700 
2.621 6,064 
3,317 7.237 
3,345 7,695 
3.609 8,302 
2.941 6,418 
4,475 9,764 
3.208 7.424 
3,014 6,759 
4.815 10,506 
4.063 8.866 
3.363 7.339 
3.268 7.131 
3.253 7,099 
3.063 7,089 
3.247 7,470 
2,977 7,267 
2,665 6,123 
3,186 7,373 

3,182 7,320 
2.521 5,800 
4,508 9,888 

AVERAGE 

3,942 8,320 

Table 6-10. Population and Per Capita Income for Thirty-nine 
Earthquake Scenario Counties, Years 1970, 2000. 
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Economic Loss Without Mitigation 

Summary Losses (1906 versus 2000) 

Reported losses from 1906 vary with the authors and are complicated by the inclu
sion of losses due to fire. However, the following figures seem to be a reason
able compromise: approximately 700 deaths, 200,000 people left homeless, and 
damage in the range of $400 million to property. The numbers available of those 
injured are too variable and vague to support an estimate. 

Projected losses for the scenario years 1970 and 2000, both economic and non
economic, are shown in Figure 6-23. Non-economic losses will be noticed more in 
those counties with the highest intensities .. The greatest unemployment is found 
in San Francisco, San Mateo and Santa Clara -- over 3000 per county in the year 
2000. Also, over 500 deaths might be expected in San Francisco county alone. 
Many counties will not suffer non-economic losses. These counties are generally 
the ones with MMI's in the range of 6 to 7--further away from the epicenter of 
the earthquake. Thus, care must be taken in assessing the impact of total losses 
from such a scenario in that the greater losses are concentrated in a relatively 
small area. 

39.9 ($3.186 PER CAPITA) 

20.9 

ECONOMIC LOSS 
(BILLION $) 

DEATHS UNEMPLOYMENT 
(PERSON YEARS) 

HOMELESSNESS 
(PERSON YEARS) 

-----------~-----------ECONOMIC NON-ECONOMIC 

Figure 6-23. Loss Comparisons - 1970 and 2000 
Scenario Without Mitigations 
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Per Capita Economic Loss 

Economic loss in the year 1970 is projected to be over 21 billion and in the year 
2000 to be almost twice that much. These estimates yield per capita losses of 
$2584 in 1970 and $3186 in the year 2000. However, losses vary greatly from 
county to county. In dollar amounts, the greatest losses will occur'in San Mateo 
($7555 per capita) and Santa Cruz ($7044 per capita). Figure 6-24 shows the 
variance. Table 6-11 shows that half the counties will experience a loss of 
under $lOOO--less than one-third the average figure. Because of high exposure 
values and concentrated population, only nine counties will experience losses in 
excess of the average, four of these over $5500 per capita. 

'000 

]000 

1000 

PER CAPITA ANMUAl 1"'11<[ 

(SRnO) 

-- TMJRTY IIiNE COlItTY AVERAGE 
(13186) 

111\ I I I • 

Figure 6-24. Per Capita Economic Loss Comparisons for Thirty-nine 
Counties Due to the San Francisco Earthquake (Year 2000) 

NINER PERCENT 
ECONOMIC LOSS OF OF 

COUNTIES TOTAL 

UNDER $ 100 7 17.9 
100 - 499 8 20.5 
500 - 999 5 12.8 

1,000 - 1,999 9 23.1 
2,000 - 2,999 0 0.0 
3,000 - 3,999 4 10.3 
4,000 - 4,999 2 5.1 
5,000 - 10,000 4 10.3 

TOTAL 39 100.0 

M£DIAN S 913 
AVERAGE $3186 

Table 6-11. Per Capita Economic Loss Without Mitigation, 
Distribution by County (1970$ - Year 2000) 
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Projected economic loss due to a San Francisco earthquake in the year 2000, 
without new mitigation measures, wo.u1d be close to 40 billion dollars in the 39-
county area. This is equivalent to about 38.3% of the per capita income in the 
area (projected to be $8320 in 1970 constant dollars). Figure 6-25 and Table 
6-12 show the variance in losses among the counties as a percentage of per capita 
income. 

ItJU. 

9U t-

70 

OJ 

40 

30 

20 

10 

- AVERAGE FOR 39 COUNTIES 
38.391 

1I111Ll 

Figure 6-25. Per Capita Economic Loss Comparisons as Percent of Per 
Capita Annual Income (Without Mitigation - Year 2000) 

NUMBER PERCENT 
PERCENT OF INCOME OF OF 

COUNTIES TOTAL 

UNDER 1. O~ 5 12.8 

1.0'. - 4. 9~. 8 20.5 

5.00. - 9. 9~, 2 5.1 

10.0', - 24.9', 13 33.4 

2". O~: - 49.9', 6 15.4 

50.0', - 100.0', 5 12.8 

TOTAL 39 100.0 

flEDIAN 14.0' 

AVERAGE 38.3'. 

Table 6-12. Per Capita Economic Loss as a Percent of Per 
Capita Income (Without Mitigation - Year 2000) 
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Distribution of Economic Loss 

In the 39-county area, approximately 45.5% of the $39.9 billion loss represents 
the value of building damage, the balance representing losses of building con
tents, except for food. Food would be considered part of building contents only 
if the damage were to a food establishment. Supplier loss and income loss are 
also included in the 54.5%. 

Economic Loss Distribution by Family Income Group 

Table 6-13 shows the percentage of the population in different income categories 
for the 39 counties. The loss is also distributed using the same percentage 
distribution by county as that used for the population. As can be seen from the 
table, the higher income groups are experiencing a slightly greater loss than the 
lower income groups; however, the percentage is very close. Actually, no single 
income group appears to suffer an extraordinary loss. 

POPULATION LOSS 
INCOME CATEGORIES DISTRIBUTION DISTRIBUTION DIFFERENCE 

(PERCENT) (PERCENT) (PERCENT) 

1. LESS THAN $3000 8.4 7.4 (1.0) 
ANNUAL FAMILY 
INCOME 

2. $ 3000 - $ 4999 9.0 7.5 (1.5) 

3. 5000 - 6999 10.2 9.1 (1.1) 

4. 7000 - 9999 18.1 17.1 (1.0) 

5. 10000 - 14999 28.0 28.9 .9 

6. 15000 - 24999 20.5 23.1 2.6 

7. 25DOO AND OVER 5.8 6.9 1.1 

TOTAL 100.0 100.0 0 

Table 6-13. Population and Loss Distribution, San Francisco 
Earthquake Scenario (Year 2000) 

Non-economic Losses 

Only three types of non-economic losses have been considered: mortality, unem
ployment, and homelessness. Consideration of other social factors was beyond the 
scope of this analysis. However, specific stakeholder impacts from general 
hazard and mitigation impacts are examined in a later chapter. 
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Mortality 

Mortality figures are projected at 2050 for the year 1970, and 3340 for the year 
2000. This means one in every 3750 persons may possibly die as a result of the 
earthquake in the year 2000. It is estimated that between 450 and 700 persons 
died as a result of the 1906 earthquake, It must be noted that the time of day 
when the event occurs is extremely important in estimating the number of deaths 
which may occur. For example, in a NOAA [1972J study of earthquake losses for San 
Francisco, it is estimated that a change in the time of occurrence from early 
morning hours to mid-afternoon hours would result in an increase in deaths by a 
factor of 4. Thus, if San Francisco Earthquake II were to occur in mid-after
noon, it is reasonable to expect life loss to be nearly 12,000. Moreover, NOAA 
also estimates an increase in hospitalized injuries from 10,800 to 40,360 for 
the same shift in time of occurrence. 

Unemployment 

Projections of unemployment due to the earthquake are unimpressive: 10,200 
person-years in 1970, and 16,100 person-years in 2000. In a population of 12.5 
million, normal unemployment at 5% would be about 250,000 persons per year. 

Home1essness 

As with unemployment, the projected figures are low: about 18,000 person-years 
in 1970, and almost 29,000 person-years in 2000. These figures may be viewed in 
different ways: (1) that almost 29,000 people will be homeless for a year--which 
is unlikely, or (2) that over 343,000 people will be homeless for an average of 
30 days--a more realistic conclusion. Thus, 2.7 percent of the people in the 
affected area will be separated from their homes for one month in the year 2000. 

Possible Mitigation Measures and Costs of Their Implementation 

The scenario mitigation utilized to reduce damage was one which involves an up
ward adjustment in the lateral force specifications contained in the 1973 Uniform 
Building Code for Zone 3 structures. Present design parameters require earth
quake resistance above magnitude 6 (based on a Modified Mercal1i Intensity scale). 
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Mitigation measures for this scenario require increasing this strength require
ment by two for all new construction starting in 1980. 

Because it is estimated that existing construction will represent about 40% of 
the total value at risk in the year 2000 ($94.1 billion of $236.1 billion), and 
because the study counties which will manifest growth are not currently highly 
developed, mitigations were not established for pre-1980 buildings. Figure 6-26 
shows cost of the mitigations as applied to new construction as $33.7 billion; 
a sum which would be expended over a 20-year period (1980 - 2000). At 10% in
terest, annual expenditures would total $3.37 billion. This amount when spread 
over the projected population comes to $269 per person [See Figure 6-26J. 

35 

30 

25 

20 

15, 

10 

Figure 6-26. 

TOTAL THIRTY-NINE COUNTIES 

$33.7 BllllO' 
52690 PER CAPJT~ 

TOTAL - 20 YEA~ ANNUAUZEO 

Costs of Mitigation (Structure Only) for 
San Francisco Earthquake Scenario (Year 2000) 

Per Capita Costs of Mitigation 

Figure 6-27 shows annual earthquake mitigation costs of $269 per person. The 
total estimated cost of mitigation--$33.7 billion--is approximately 14.3% of 
total building value at risk ($236 billion) in the year 2000. Annual mitigation 
cost of approximately $269 per person constitutes 3.2% of average per capita 

income. 
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The mitigation cost of $269 mentioned above compares unfavorably with the "normal" 
costs of providing municipal services: approximately $170 per capita. 

.. Levanoer Company, Economic Consultants 

PER CAPJT~ 
INCOM[ 

Figure 6-27. Annualized Costs of Mitigation (Structural 
Only) Per Capita Comparisons, Year 2000 

Loss Reduction From Structural Mitigation 

Expected dollar losses without new mitigations from a reoccurrence of the San Fran
cisco Earthquake in the year 2000 would total $39,943 million. By increasing 
building standards, losses could be reduced to $28,595 million; thus producing a 
savings of $11,348 million, or 28% [See Table 6-14]. 

Loss Without Mitigation (millions) 

Loss With Mitigation 

Say ings 

Percent 

(mill ions) 

(mi 11 ions) 

$ 39,943 

$ 28,595 

$ 11 ,348 

28~; 

Table 6-14. San Francisco Earthquake Building Loss Reductions, 
after Implementation of Structural Mitigation in 
the Year 1980, Year 2000. 
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The ratio between cost of mitigation and gross loss reduction is 2.97 [presented 
graphically in Figure 6-28J. Because projected costs are significantly higher 
than expected loss reduction, the mitigation requiring increasing the design 
lateral force requirements of the UBC by a factor of 2 for Zone 3 would seem to 
be economically disadvantageous to the vulnerable area. This conclusion is cor
roborated by Figure 6-29, which gives a cost/loss reduction ratio for each 
affected county. None is below one, which means that the cost is higher than 
the expected loss reduction. 
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Figure 6-28. Mitigation Costs and Savings for San Francisco 
Earthquake Scenario, Year 2000. 

Insurance Comparisons 

Constructing buildings to meet the more stringent code is estimated to cost $269 

per pe~son per year--l.4% of the estimated $18,836 per capita at-risk. This 
appears to be approximately the same as that for earthquake insurance available 
in California at the present time. Thus, the purchase of insurance at a cost of 
approximately the same as the annualized cost of the mitigation has an interesting 
public policy implication. Specifically, an insurance purchase is an individual 
choice selected by an individual for the purpose of reducing his personal risk of 
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loss; whereas a structural mitigation embodied in a building code is a public 
choice requiring compl iance by all. When considering a cost/loss reduction ratio 
of greater than 1 for all affected counties, it appears that insurance may be the 

best approach to individual loss mitigation. 
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Figure 6-29. Cost/Savings Ratios for San Francisco Earthquake 
Scenario (With Mitigation - Year 2000) 

6-38 

c( e:( e:( e:( e:( 
u u u u u 
C> >- N 0 0 
f- ...... :::> u ...... - '" '" Vl f-z '" u - e:( 
w f- U ::E 
CD z: e:( z 

0 f- e:( z: 
z: ::E z '" « 
e:( e:( "'- Vl 
Vl Vl 

z: 
e:( 
Vl 



Other Scenarios 

During the course of this project other scenarios also were prepared. Thus the 
computer models predict that Cook County, Illinois would experience ·$2100 mil
lion damage in 1980 and $3500 million in 2000 from a downtown center' strike of a 
Fugita Level 4 tornado [Hart, 1976J; that a repeat of the riverine flooding asso
ciated with Hurricane Agnes (1972) conditions under projected actual conditions 
of flood protection in 2000 in multi-state region #2 would produce damage to more 
than 151,000 structures and an episodic building damage loss of $1008 million 
[Lee, et a1, 1976]. 

Other researchers also have produced catastrophic loss scenarios for a variety 
of hazards and have predicted similar high episodic losses. Thus, White and Haas 
[1975J have prepared qualitative scenarios for the following conditions: 1) a 
major hurricane strike on Miami; 2) a riverine flood in Boulder, Colorado; and 
3) a repetition of the San Francisco eal·'thquake. The National Oceanic and Atmo
spheric Administration [1972, 1973, 1974] has prepared, for the Department of 
Housing and Urban Development, quantitatively-oriented scenarios showing the con
sequences of major earthquakes in San Francisco, Los Angeles, Salt Lake City, 
and Seattle. The Los Angeles scenario predicts 2790 (2:30 AM) to 12,385 (4:30 PM) 
deaths from an 8.3 magnitude earthquake on the San Andreas fault and 4090 (2:30 
PM) to 20,728 (4:30 PM) deaths from a 7.5 magnitude earthquake on the Newport
Inglewood fault. Dam ruptures could add 7520 deaths to the San Andreas quake and 
2200 deaths to the Newport-Inglewood quake, according to NOAA. Thus, a major 
quake at the appropriate hour on one of the Los Angeles area fault lines could -
according to NOAA - cause up to 25,000 deaths. Roughly comparable results were 
shown for San Francisco. 

Although no modern scenario writer has predicted hurricanes/storm surge deaths at 
a rate recorded during the 1900 Galveston disaster (6000 deaths out of a popu
lation of approximately 60,000) it does not stretch one's imagination to assume 
that 25,000 deaths could result from a "great" hurricane strike on a major Gulf 
or Atlantic coast metropolis. 
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Conclusions 

1. Major catastrophes associated with large losses of life and property may be 
expected in high hazard areas of the United States, with particular reference to 
the hurricane and storm surge zones of the Gulf coast and Atlantic, and the major 
earthquake-prone metropolitan areas of the United States. 

In terms of life loss, the largest U.S. natural catastrophe of this century was 
the Galveston Hurricane and coastal flood of 1900 which claimed the lives of 
approximately 10% of the Galveston Island population and therefore produced an 
episodic death rate of 1000 and 100,000 population. In contrast, this study sug
gests that an exact repeat of the great San Francisco Earthquake in 2000 would 
produce an episodic death rate of approximately 26.7 persons per 100,000 population 
and that an exact repeat of Hurricane Camille would produce a death rate of 
approximately 27.8 per 100,000 population, each rate relating to the total impact 
area of the occurrence. If a mid-day or late afternoon recurrence of the San 
Francisco Earthquake were to take place, death rates would increase by a factor 
of 4 to 5. Indeed, an even greater escalation could be expected were major 
potentially-hazardous facilities to be damaged or ruptured and if wide-spread 
failure of dams and reservoirs in an earthquake-prone city such as San Francisco 
were to take place. Similarly, if a hurricane of Camille's strength were to strike 
full force on the central city of a major metropolitan area the death rates could 
easily be increased by a factor of 5 to 10, or more. Even with the advanced 
warning systems and evacuation plans that characterize the state of today's disaster 
preparedness, it is nonetheless clear that a substantial fraction of the pop
ulation of hurricane-prone coastal communities do not respond to these warnings 
and do not evacuate themselves from hazard areas [Miletti, Drabek and Haas, 1975]. 

Chance, alone, has influenced the fact that no major U.S. city in this century has 
been struck - full force - with a hurricane of the magnitude of Camille or the 
devastating impact of the 1900 Galveston occurrence. Chance, alone, has influenced 
the fact that no earthquake of the highest magnitude that has occurred in the 
U.S. in the past 150 years has y~t occurred in a large earthquake-prone metro
politan area. Only chance, therefore, has thus far prevented in the current cen
tury the exposure of a large metropolitan-scale population to the kind of devas
tating, high magnitude, natural hazard occurrence which can be expected to occur 
once-or-more in a country of this size and geographic diversity over the period of 
100-to-150 years. 
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When such an exposure does occur, single episode losses in excess of $40 billion 
can be expected and life loss approaching - or exceeding - 23,000 to 25,000. per
sons can conservatively be predicted. 

2. Even if the occurrence of a Camille - magnitude hurricane or a IIgreat" San 
Francisco Earthquake is assigned a probability of lIone ll for a major ,impact area, 
the national application of the "most effective" mitigation or reduction of losses 
from such single episodes does not appear to be cost-feasible. 

At a 6.1 per cent interest rate, 4-foot flood proofing of new structures in surge
prone areas and imposition of wind resistance standards equal to 3 x UBC on new 
structures produce annual amortized mitigation costs which are nearly double the 
annual, non-discounted value of the anticipated single-episode loss reductions. 
Also, the annual amortized mitigation costs equal $255 per capita, about 4.0 per 
cent of per capita income, and exceed - by 50% - the normal annual per capita 
costs of municipal services. 

In respect to new structures in an area subject to a "great San Francisco - magni
tude earthquake ," a doubling of the lateral force specifications contained ir. the 
1973 Uniform Building Code for earthquake Zone 3 structures produces annual 
amortized mitigation costs (at 6.1%) of $269, a value which is equal to 3.2% of 
per capita income and is more than 50% above the annual per capita costs of all 
municipal services. These annual costs are in excess of expected annual loss re
ductions by a factor of 3. 

This conclusion does not mean to suggest that only economic criteria be employed 
in the mitigation decision-making process; but does suggest that decisions by 
higher levels of government may suppress local determination regarding the issue 
of making the severity of the regulation conform to the severity of the risk. 
Specifically, the potential for a large episodic loss, both economic and social, 
exists in many areas of the country; all areas are not uniformly susceptible 
nor will all communities place the same value on a given level of susceptibility. 
Accordingly, policy makers may wish to preserve the opportunity for local assess

ment of risk and for differential weighting of tests of cost feasibility. 
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Chapter Seven 

PAST AND PRESENT PUBLIC APPROACHES 
TO THE MANAGEMENT OF NATURAL HAZARDS 

Introduction and Summary 

Substantial annual investments are being made each year by federal, state, and 
local governments to deal with natural hazards.. These investments are aimed at 
a range of objectives, including those intended to protect communities from 
hazard occurrences, to force the use of loss-reducing technologies by builders 
and building owners, to reduce and spread the losses sustained by individuals 
exposed to hazards, to identify and promote th~ avoidance of high hazard areas, 
to warn exposed persons of impending hazards, and those related to advancements, 
in human understanding concerning hazard occurrences and possible mitigations. 

Taxonomy of Natural Hazard Mitigation Policies 

Public efforts to reduce the losses and to ameliorate the pain, suffering, and 
inconvenience produced by human and property exposure to natural hazards will 
inevitably involve some focus on the role of governmental policies and programs 
in this field. The range of possible policies and actions which may be imple
mented by the various levels of government may be grouped into several major 
classes, including the following: 

1. Action-forcing policies: those intended to force loss-reducing activities by 
various units and jurisdictions of government. 

2. Attention-focusing policies: th~se intended to stimulate citizen, group, 
and governmental interest in losses produced by natural hazards and to 
promote voluntary state, local, and private action to reduce such losses. 

3. Disaster recovery policies: those intended to assist personal, familial, 
neighborhood, community, and state recovery from the damages sustained as a 
result of exposure to a natural hazard. 
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4. Technology development policies: those focused on development of new knowl
edge concerning the subject and on the information and technology necessary 
to support the making and implementation of hazard-mitigating policies. 

5. Technology transfer policies: those which are focused on transfer of knowl
edge to consumers, governments and others; and on the development of user 
capacity to make effective use of that knowledge, both in the long term (as 
in hazard analysis programs) and in the short term (disaster warnings). 

6. Regulatory policies: those which involve regulating the decisions and behav
iors of private parties and other governmental entities to bring about the 
reduction of losses associated with exposure to natural hazards. Such poli
cies may involve avoidance, building strengthening, site preparation,and 
other methods. 

7. Investment and cost allocation policies: policies concerned with the acquis
ition and allocation of resources necessary to sustain the activities described 
above and below. Such policies determine how much will be spent, when, for 
what purpose, where, and at whose expense. 

8. System management policies: intended to fix responsibilities, to specify the 
means to be employed, and to define the restrictions to be met by hazard 
mitigation policies and programs. 

9. System optimization policies: intended to assure that other policies in the 
set are compatible with system aoals, effective, internally consistent with - . 
each other, and in consonance with other policies. 

10. Direct action policies: authorizing direct governmental action to implement 
a policy, such as physical construction or removal of structures (buildings, 
1 evees, dams). 

Each of the several classes of possible policies is functionally related to one 
or more of the other classes; any single type of policy may be described as be
longing to more than one class; and each class is distinguished by its own set 
of goals or target public problems. 
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Federal Natural Hazard Legislation and Programs 

Federal legislative responses to natural hazards have covered a broad spectrum, 
ranging from massive investments in area flood control facilities, through the 
operation of disaster warning~ systems, to extension of post-disaster assistance 
to loss-experiencing parties. Although numerous programs address problems posed 
by natural hazards as part of the broader mandate of an administering agency, 

specific natural hazard-related legislation has been limited. Major legislative 
actions specifically addressing natural hazards include: 

Flood Control: Because riverine and coastal flooding has long been a source of 
natural disaster in densely-populated areas, the federal government has taken the 
responsibility for constructing major flood control works since 1936. The U.S. 
Army Corps of Engineers is the one dominant agency operating in this field. In 
addition, a Dam Inspection Act was passed in Congress in 1972 to initiate safety 
inspections of private dams as a preventive measure against floods. Also the 
Federal Flood Insurance Program has been used to stimulate implementation of 
floodplain avoidance and flood proofing measures by local units of government. 

Disaster Relief: Federal disaster relief legislation was first enacted in 1950, 
and subsequently in 1966, 1969, 1970, and 1974. Once a disaster has occurred, a 
Presidential declaration renders the affected region eligible for special aid for 
relief and recovery. In addition, the designation as a natural disaster area makes 
the residents eligible for low-interest loans from the Small Business Administra
tion and the Farmers Home Administration for the repair and rehabilitation of 
damaged structures. 

Earthquakes: The signing into law of the Earthquake Hazards Reduction Act in 
October 1977 expanded funding for research into the prevention and mitigation of 
earthquake hazards. Previously, earthquakes had been addressed in disaster relief 
provisions, and funds had been appropriated to the National Science Foundation 
for the study of earthquake-prevention engineering ($8 million in fiscal 1974). 
This act represents the first broad federal mandate for earthquake mitigation 
efforts. 
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In addition, federal legislation has established a national coastal zone manage
ment program, a program of flood insurance, and several mortgage-subsidy programs 
which empower one or more federal agencies to specify the structural quality of 
buildings qualifying for a mortgage. Other programs have funded research, hazard 
area mapping, and hazard-warning service. Still other programs have authorized 
training, education, and public information programs which could - in part - be 
targeted on natural hazard management subjects. 

In addition to insurance, disaster relief, inspection programs and land use man
agement programs, the federal government has moved into the area of establishing 
structural design requirements for mobile homes. Specifically, mobile homes, in 
order to obtain the designation of "hurricane-resistive" must be designed to 
withstand horizontal wind loads of not less than 25 pounds per-square-foot (psf) 
and a net uplift of not less than 15 psf. HUD may establish more stringent re
quirements for exposures in the coastal zone. [Federal Register, 1975J 

Federal government hazards legislation of recent vintage includes the acts iden
tified in Figure 7-1 . 

TITLE OF LEGISLATION DATE ENACTED LAW NUMBER AGENCY BUDGETS 

I. DISASTER RELIEf ACT OF 1974 1974 PL 93-2B8 FEDERAL DISASTER $150,000,000 (fiscal 1978) 
ASSISTANCE 
ADMINISTRATIOII (FOAA) 

2. IlATIONAL FLOOD INSURAtlCE ACT 1968 PL 90-448 HUO, FLOOO INSURANCE $ 91,000,000 (fiscal 1978) 
ADMINISTRATION 

3. FLOOD 01 SASTER PROTECTION ACT 1973 PL 93-234 HUD, FLOOD INSURANCE $ 91,000,000 (fiscal 1978) 
ADMINISTRATION 

4. NATIONAL DAM INSPECTION PROGRAH 1972 PL 92-367 ARMY, CORPS OF ENGINEERS $ 15,000,000 

5. EARTHQUAKE HAZARDS REDUCTION ACT 1977 PL 95-124 TO BE DESIGNATED BY THE $205,000,000 
PRESIDENT 

6. COASTAL ZONE MANAGEMENT ACT 1972 PL 92-583 DEPT. OF COMt~ERCE, NOAA $ 27,436,000 (fiscal 1978) 

7. HOBILE HOME CONSTRUCTION 1974 PL 93-383 DEPT. OF 1l0US ING & URBAN $ 485.000 (fiscal 1978. 
SAFETY STANDARDS ACT OF est. ) 

1974 OEVELOPtlENT 

Figure 7-1. Major National Legislation Related to Natural Hazards 
(1968-1977) 
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As shown in Figure 7-2, major natural hazard legislation by the federal govern
ment encompasses all ten policy types listed under the taxonomy of mitigation 
policies. Most frequently represented in federal legislation are technology 
transfer and attention-focusing policies, and only in the Corps of Engineers 
flood control ac~ivities is the federal government engaged in direct action 
without rperating through other levels of government. The federal government is, 
however, engaged in direct action with respect to natural hazards as part of 
numerous other programs as discussed below. The Coastal Zone Management, National 
Flood Insurance Programs, and the Mobile Home Construction and Safety Standards 
Act are the only federal activities which involve action forcing policy. 

TYPE OF POLICY 
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NATIONAL FLOOD INSURANCE PROGRAM • • • • • • • 
NATIONAL DAM INSPECTION PROGRAtl • • • • 
DISASTER RELIEF ACT OF 1974 • • • • • • • 
EARTHQUAKE HAZARDS REDUCTION ACT • • • • • • OF 1977 

FLOOD CONTROL WORKS (USCE) • 
COASTAL ZONE MANAGHIENT ACT • • • • • • • 
~'OBILE HOME CONSTRUCTION & 
SAFETY STANDARDS ACT OF • • • • • • 1974 

Figure 7-2. Major Disaster-related Legislation by Policy Typology 

Flood Hazard Legislation 

Of the nine natural hazards examined in this study, riverine floods have received 
the greatest attention from the federal government. Legislation dealing with 
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riverine floods has included: (1) The Flood Control Act of 1936, et. seq., 
(2) The National Flood Insurance Act of 1968, (3) The Flood Disaster Protection 
Act of 1973, and (4) The National Dam Inspection Act of 1972. 

The first of these acts signalled the beginning of a massive federally-funded 
effort to reduce flood hazards through construction of dams, levees, floodway 
improvements, and other similar measures. The flood insurance and flood disaster 
protection acts signalled a shift in policy and a developing federal awareness 
that floodplain avoidance measures should be given a priority equal or exceeding 
the earlier commitment to structural approaches to the problem. 

Flood Control Act of 1936, et. seq. (Administered by the United States Army Corps 
of Engineers). The Flood Control Act of 1936 established the Corps of Engineers 
as the primary agency for the construction of flood control works. This program 
has been expanded through numerous other legislative actions to become part of a 
broader responsibility now labelled by the Corps, "water resources development." 
Under this program, the Corps expended a total of $1.8 billion in fiscal 1974 and 
$2.1 billion in fiscal 1975 on rivers, harbors, and flood control. In this two
year period the Corps undertook 24 major new flood control projects, and it esti
mates savings from flood losses generated by its flood control works as $22.5 
million during this same two-year period. The Corps estimates cumulative damages 
prevented by its flood control projects through June 1975 to be $59.5 billion, 

compared with a federal cost of $10.2 billion for those projects. During fiscal 
1975, the Corps worked on constructing 62 flood control lakes in all parts of the 
United States, and topped out two dams under construction in California. Other 
projects were for local protection including levees, dikes, flood walls, diver
sion channels, channel alterations, and pumping and land treatment to protect a 
local area. 

In addition, the Corps provides information, technical and planning assistance, 
and guidance to communitit:!s in identifying magnitude and extent of the flood 
hazard and in planning wise use of floodplains. The agency issues Floodplain 
Information Reports containing flood area maps, tabulations, hydraulic data, 
and narrative descriptions which include some flood history and estimates of the 
frequency of future floods. Non-structural alternatives also are part of the 
activities of the Corps, such as the acquisition of wetlands for natural storage 
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areas and the development of recreation facilities in flood-prone lands. [U.S. 
Corps of Engineers, 1974 and 1975J. 

National Flood Insurance Act of 1968 [PL 90-448J; Title XIII of HUD legislation, 
enacted August 1,1968, administered by the Flood Insurance Administration 
and the Secretary of the Department of Housing and Urban Development. 

Although no federal action was implemented until 1968, the possibility of insur
rance against flood hazard was considered after each major flood. Hurricanes and 
floods in California and the northeast in 1955 led to the enactment of the Fede
ral Flood Insurance Act of 1956 [P.L. 1016, 84th Congress, 70 Stat. 1078J, but 
because of disagreement with the insurance industry and doubts over the effec
tiveness of the proposals, funds were not appropriated. 

The Alaska earthquake of 1964 and Hurricane Betsy in 1965 provided the final 
impetus for federally-subsidized flood insurance [U.S. Congress, 1966J. With 
rising concern over the losses from natural disasters and increasing federal 
funds necessary for relief of victims, and the limited success of local communi
ties in managing their flood plains [Platt, 1976J, the National Flood Insurance 
Act of 1968 [P.L. 90-448, Title XIIIJ was adopted. Through it, the federal govern
ment became involved with the land use planning process on non-public lands, in 
what the Administrator of the National Flood Insurance Program called the IIfirst 
constructive land use bill in the Nation. 1I [U.S. Congress, 1975J 

The land use ramifications of flood insurance programs were recognized by the 
report to the President from HUD prior to passage of the 1968 Act. [U.S. Congress, 
1966J. HUD believed the best long-run solution to be a shift in land use - from 
residential to industrial or to recreational, or simply as overflow land to help 
contain floods. In a city with long-range economic land use plans, sUbstantial 
changes in land use could be made over time without severe hardship. HUD noted 
that zoning, building permits, extension of public services, and other public 
actions could provide guides to private investment which could work toward the 
same end. In HUD's view, the management of flood-prone areas went beyond flood 
insurance alone, but it suggested that flood insurance should be a facilitating 
force toward long-range land use policies. 
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Approximately seven percent of the land area of the United States is subject to 
flooding, and this land is under the jurisdiction of 17,000 local governmental 
units [Platt, 1976J. A United States GeologicalStJr.-ey study of 26 United 
States cities showed that over half their flood plain land, on the average, was 
developed at urban densities (Schneider and Goddard, 1974J. The USGS study [Table 
7-1J illustrates the extent to which flood plains can cover large portions of 
urban areas; of the cities studied, an average of over sixteen percent of their 
area is within a flood plain. Ten percent of Chicago, about 132 square miles, 
is subject to flooding, and that area includes some of the most densely-developed 
portions of the city. 

The increasing value of development in urban flood plains, plus continued urban 
expansion along rivers, as suggested in Table 7-1, corroborate Gilbert F. White's 
[1945J finding that to build dams and dikes without restraining further occupance 
of the flood plain was to invite greater losses upon the occurrence of a flood 
exceeding design limits. 

Urbanized ar ... 

Asheville; NC ______________ -________ _ 
Boise,ID ___________________________ _ 
Boston, MA _________________________ _ 
Charleston, SC ___________ . ----------Chicago, IL _________________________ _ 
Dallas, TX _____ . __________ .. _________ _ 
Denver, CO _______________ . _________ _ 
Fargo-Moorhead, ND-MN _________ _ 
Great Falls, MT _____________________ _ 
Harrisburg, PA _____________________ _ 
Lansing, MI _______________________ _ 
Lincoln, NB ___________________ - _____ _ 
Lorain-Elyria,OH _________________ _ 
Monroe, LA _________________________ _ 
Norfolk-Portsmouth, VA ___________ _ 
Omaha-Council Bluffs, NB-IA _____ _ 
Phoenix, AZ _- _____________________ _ 
Portland, OR _______________________ _ 
lteno, NV ___________________________ _ 
Richmond, VA _____________________ _ 
St. Louis, MO-IL ___________________ _ 
Salt Lake City, UT _________________ _ 
San Jose, CA _______________________ _ 
Spokane, WA _____________ . _________ _ 
Tallahassee, FL __________ '" __________ _ 
Texarkana, TX-AR ________________ _ 

Total ________________________ _ 
Weighted average _____________ _ 

rloocl plain 

Area 
("".mi.) 

1.6 
2.5 

62.4 
89.8 

131.8 
146.1 

30.6 
9.4 
2.0 
9.7 
4.8 

13.8 
5.3 

32.5 
59.2 
.50.6 
71.2 
14.5 

2.0 
12.9 

136.1 
12.9 
80.0 

1.9 
3.1 
4.7 

941.4 

Pen:entof 
urbanized 

area 

4.4 
8.5 
9.4 

40.1 
10.3 
21.7 
10.5 
40.0 

9.2 
12.4 
6.5 

26.5 
5.0 

81.0 
19.8 
33.5 
18.4 

5.4 
5.3 
8.9 

29.6 
7.0 

28.8 
2.4 

10.4 
13.8 

16.2 

Table 7-1. Areas of Selected Urban Flood Plains 
[Schneider and Goddard, 1974J 
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Developed 
Percent of 

Area flood plaID 
I"".mi.! total 

1.0 65.0 
2.1 84.0 

11.9 19.1 
21.2 53.3 
75.1 57.0 
28.0 19.2 
19.1 62.2 
5.1 54.3 
1.9 97.0 
8.1 83.5 

.9 18.8 
6.9 49.6 

.6 11.3 
26.8 82.4 

. 15.5 26.2 
23.1 45.5 
63.5 89.2 

8.5 58.7 
.9 45.0 

1.7 13.2 
91.7 67.4 
10.1 78.3 
67.9 84.7 

.9 47.4 
2.6 83.9 
2.1 44.2 

497.2 
52.8 



For 23 years after White wrote, there was no national legislation to carry Ol..t 
a policy of occupance restraint. During this period the only direct federal in
volvement other than in constructing flood control devices was to provide public 
relief. In a report to Congress [U.S. Congress, 1966], HUD suggests that these 
policies were subject to three criticisms: First, the various programs did not 
deal adequately with all needs or fairly with all groups within the disaster 
area. Even a loan at an interest rate substantially below the commercial rate 
still means an increased burden on the flood victim. Victims remained liable for 
all debts incurred before the disaster, and elderly people who were able to get 
along before the disaster were sometimes financially unable to carry any reha
bilitation loan. Likewise, many marginal small businesses may have been put out 
of business, despite loan availability. 

Second, much flood damage occurs under conditions that do not warrant a IIdisaster ll 

designation. For example, a relatively few homes may be destroyed; from a na
tional viewpoint, the loss is not a disaster, though it ~ay be to the individuals 
concerned. 

Third, public assistance was found to be repugnant to many people who highly 
valued their independence and self-reliance. 

Thus, the Flood Insurance Act was adopted,in part, to deal with this situation. 
Section 1305 states that IIflood insurance will be made available in only those 
states or areas which have evidenced a positive interest in securing flood in
surance coverage under the program". Section 1315 states: IIAfter June 30, 1970, 
no new flood insurance coverage shall be provided under this title in any area ... 
unless an appropriate public body shall have adopted permanent land use and 
control measures ... consistent with the comprehensive criteria for land manage
ment and use under section 1361.11 Section 1361 establishes criteria for land 
management and use, supporting development of local measures for land use, flood 
control, flood zoning, and flood damage protection. Procedures include: 

1) Adopting measures to constrict the development of land which is 
exposed to flood damage, 
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2) Guiding the development of proposed construction away from 
locations which are threatened by flood hazards, 

3) Assisting in reducing damage caused by floods, 

4) Otherwise improving the long-range management and use of 
flood-prone areas. 

This act also authorizes studies to determine lithe extent to which insurance pro
tection against earthquakes or other natural disaster perils, other than flood, 
is not available from public or private sources, and the feasibility of such in
surance protection being made available"; actual involvement in such studies has 
been limited, however. 

The insurance program is managed by a pool of insurance companies, the National 
Flood Insurers Association (NFIA), which jointly sell and service flood insur
ance, and share profits and liabilities. The Federal Government makes premium 
equalization payments to the insurers' pool to make up the difference between 
below-cost premiums received and the actuarial cost of the insurance. The federal 
government supports private firms by guaranteeing to pay claims in excess of the 
financial capacity of the privately-financed pool. A National Flood Insurance 
Fund was created with borrowing authority for the Secretary of HUD of up to 
$250 million and a ceiling on outstanding insurance was placed at $2.5 billion. 
The Act also made flood insurance available for the first time to owners of flood
prone one-to-fotlr family dwellings and to small bU'sinesses. 

Federally subsidized rates totaled about ten percent of actuarial rates, and were 
available only for existing structures in the flood plain; new structures could 
only be insured at the actuarial rates, which in fact are prohibitive. Thus, 
flood plains would eventually be cleared of structures subject to flood damage. 
I n order for a property owner to purchase federa 11 y- subs i di zed flood insurance, 
the entire community was required to become eligible for inclusion in the program 
by adopting flood plain management measures adequate to meet HUD standards. 
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However, two weaknesses in the 1968 act soon became apparent. First, the program 
was voluntary. Although it may have been in the long-term interest of the federal 
taxpayer to be partially relieved of the disaster relief burden, many communi
ties were apparently little interested in placing a short-term hardship on their 
residents living in exposed areas. And second, detailed studies of individual 
communities were required before rates could be determined. 

The Secretary was to identify flood zones, and within five years after enanct
ment, establish a set of actuarial flood insurance premiums based on the flood
zone statistics. As a result, of a total of 16,000 flood-prone commmunities, 
only four became eligible under the program during its first year. [Platt, 1976] 

In 1969 Congress set up an emergency program which is still in effect. It allows 
communities to take part in the program with reduced amounts of coverage while 
the lengthy rate-making study is under way. Under the regular program, coverage 
is double what it is under the emergency program, and premiums are based on actu
arial insurance rates. More stringent flood plain management procedures are also 
required. By May 1973, however, there were only 2,200 eligible communities in the 
program [U.S. Congress, 1975J. In order for the intent of the program to be 
carried out, the federal government believed that all flood-prone communities 
would have to participate and this participation was made mandatory by the Flood 
Disaster Protection Act of 1973 [P.L. 93-234]. 

Flood Disaster Protection Act, 1973 [P.L. 93-234] enacted December 31, 1973 
administered by the Flood Insurance Administration (HUD) in cooperation 
with the National Flood Insurers Association, a pool of 132 major property 
and casuJlty insurance companies. 

Under the provisions of the 1973 Act, no federally-related financial assistance 
shal~ be made for acquisition or development of any identified flood-prone pro
perty unless: a) the community in which it is located has entered the National 
Flood Insurance Program, and b) the applicant for such financing has purchased 
a flood insurance policy. Federally-related financing includes direct federal 
assistance of any kind and also loans by private banks and thrift institutions 

insured or regulated by federal instrumentalities such as the Federal Deposit 

Insurance Corporation [Platt, 1976J. 
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Title I is an expansion of the National Flood Insurance Program, covering losses 
due to erosion and undermining of shorelines. The bill more-than-doub1ed flood 
damage coverage for homeowners and businesses. Single family dwellings can be 
insured for up to $35,000, and their contents for up to $10,000. Other residen
tial buildings can be insured for up to $100,000, and their contents up to 
$10,000. Subsidized low-cost flood insurance ;s made available at 25 cents per 
$100 of coverage in most areas, with the federal government paying from 70-90% 

of the cost. 

Title II deals with disaster mitigation requirements. Th~ Secretary of the 
Department of Housing and Urban Development is l~equired to identify flood-prone 
communities and notify them of this designation. Upon notification the community 
must apply for participation in the flood insurance program or prove that it is 
not flood-prone. The identification of flood-prone areas and criteria for land 
use management are required to be established by the Secretary of HUD in consulta
tion with elected local officials. A community is designated as flood-prone if 
it has a 1% chance of being vulnerable to a serious flood in any year. Once it is 
so designated, it has one year to enter the flood insurance program before pen
alties are imposed. 

The bill retained a provision of the 1968 National Flood Insurance Act requiring 
communities, as a condition of their participation in the insurance program, to 
adopt land use and control measures to restrain construction projects in areas 
exposed to possible flood damage. 

In signing the bill, President Nixon said he expected it would help reduce losses 
from floods, which account for more than 90% of the nation's natural disaster 
property damage, and provide faster and fairer assistance to victims than was 
achieved under previou~ disaster relief loan programs. 

However, the mandatory penalties for noncompliance have stirred a great deal of 
controversy and opposition. Subsequent amendments have modified certain elements 
of this bill. Exemptions from the ban on mortgage lending were allowed in PL 94-
375 passed in July 20, 1976 when loans were: 
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1) used to purchase a residential dwelling occupied before March 1, 1976, 

2) available for up to $5,000 to improve existing residences, 

3) used to finance the purchase of a building occupied by a small business 
before January 1, 1976, and 

4) used to finance improvements for agricultural purposes on a farm. 

The bill was amended again in May 1977 to remove the prohibition of federally-in
sured lending institutions from making loans to property owners in HUD designa
ted flood-prone areas which were not participants in the flood insurance program. 
The amendment required for lending institutionsto notify the recipient that he 
or she would not be eligible for federal disaster relief and that the federal 
government could not assist individuals who undertook develo~ent in flood-prone 
areas without adequate flood-proofing measures. Despite the controversy sur
rounding this bill, more than 85% of designated flood-prone communities are par
ticipants in the program. 

The federal government has encouraged participation because the insurance and 
preventive land-use control measures are cheaper than general disaster relief 
made available after the fact. The Federal Water Resources Council has estimated 
that the government could save about $1 billion annually if all flood-prone 
communities engaged in flood plain management and if all of their residents were 
insured. The effectiveness of the flood insurance program as presently instituted 
is illustrated in Table 7-2, which compares the insurance indemnifications for 

Hurricane Agnes, which occurred before flood insurance was made mandatory, and 
Hurricane Eloise, which occurred after the passage of the Flood Disaster Pro
tection Act of 1973. Although the total flood da~age to all structures and con
tents was 2 ~ times greater in Hurricane Agnes, the insurance indemnification 
for flood damage was over eleven times greater for Hurricane Eloise. 

The federal government believes that the flood insurance program can realize sub
stantial savings both to the private sector and to the federal government through 
reducing the costs of disaster relief well below existing levels. The mechanisms 
for reducing these costs are primarily land use and building code regulations. 

7-13 



[Comparison of the actual insurance indemnification for flood damage under the national flood insurance 
program in which the insurance purchase requirement was optional with the insurance indemnification under 
the national flood insurance program as amended by the limited insurance purchase requirement contained 
in the Flood Disaster Protection Act of 1973] ._----_. 

rloo~ damage I 
Numt,er Of fi.)od insurance Amount Of insurance prote;tion 

policies in torce in force 

. State Agnes [Ioi~e Agoe! Eloise A,;n~s 

Pennsylvania ••••..•...•• $410,060,000 $112,800. 000 683 40,180 S8, 654. 000 
Virginia................. 69.650, OGO 6,000.000 6';7 9,224 13, (,QS, 000 
New york....... .... •••• tl, 3b, 000 27,420. 000 2. 0~6 25,121 43,657, COO 
Maryland........ •.•••.•• 15. 000, COO 8. oeo(). 000 E93 5,610 14, 3S5, 000 
Flond3.. ......... •••••. 11.207, ci)O 20, OGc, 000 21, !08 128, O~I 356. 755,OC3 
:"\ew Jersey. ............. 8,112.000 I, :00. COO 9,259 41, 059 193, 065. OJO 
Connecticut. ............ 3,000, 000 2, OilU, oao :15 4,875 1,997,000 
District of ColumbI3 ...... 1,00(1,000 400, 000 <') (') (:) 

All State$ ......... 569,741,000 228, 780, 000 61,228 258,744 I, 064, 140. C3~ 

Source: NatIonal Flood Insurers Association Insurance experi~r..e arod the American Insurance 
Association property claim services. 

I Flood damage to structures and contents . 
• Distnct of Columbia entered Flood Pro\lram on Oct, 31, 1975, no insurance in force durin\l 

Alnes and Eioise. 

Eloise 

$809. 576. 000 
302.217, COO 
704,264, 000 
176, no, 003 

3, 871, 5~9, 000 
1,206. 133. eGO 

135,383. 000 
(::) 

7,433,230,000 

Number of Oood ins"rance 
clJims fi:ed 

Agnes EI~ise 

146 8.0i)() 
209 4,0 

7 1,650 
99 600 

1,019 500 
107 375 

8 150 
(') (') 

1,614 12,375 

Insul,nce i:1derr,r.lh~at..:.., 
for flooj damaGe 

Agnes Eloise 

~m,250 $31. ~O: ~~C 
1, em, 35~ 4, 2C'; ~:'O 

~5, 000 2. ':33. (,j~ 
i 33.933 2. ~~ ':-:J 

1,778.059 2.(-~> ~~O 
SO. 511 :~2, =:~ 
40, ~~~ I. "~J.::~ 

(;i t·) 

5,146,717 58, OVO. cC:; 

Reprinted in U.S. Congress, Oversight on Federal Flood Insurance Programs, 
1975, p. 270 

Table 7-2. Agnes (1972) Versus Eloise (1975) 

According to J. Robert Hunter, Acting Director of the Flood Insurance Administra
tion, without meaningful flood management $3.2 billion of flood-related losses 
to structures would occur by the year 2000. With the present flood insurance pro
gram, including its provisions for flood plain management by local communities, 
this Icost can be held to $1.3 billion [U.S. Congress, 1975J. It should be noted 
that these estimates are less than those project~d by this study [Chapters IV 

and V]. 

Table 7-3 compares the Federal Insurance Administration's estimates of economic 
loss with and without the flood insurance program. Estimated savings by the year 
2000 under the program total $1,873 million. The reason for thpse widening dif
ferences, according to Hunter, relates to the distribution of new structures 
within the flood plains. Without flood plain management, the ratio of claims per 

100 flood policies is estimated to be about 2.3, with severity of structural 
damage increasing at an assumed 5% inflation factor per annum. Under the flood 
insurance program, claim frequency is calculated to fall from 2.3% in 1975 to 
1.9% in 1980, 1.5% in 1990 and 1.2% in the year 2000. 
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TOTAL ECONOMIC LOSS (MILLIONS OF DOLLARS) 
FISCAL 
YEAR WITHOUT FLOOD WITH FLOOD DIFFERENCE IN 

INSURANCE PROGRAM INSURANCE PROGRAM EXPENDITURES 

1975 471 471 0 

1980 726 571 155 
1990 1,572 903 669 
2000 3,209 1 ,336 1,873 

Source: U.S. Congress; Senate Committee on Banking, Housing, and 
Urban Affairs, Oversight on Federal Flood Insurance Programs, 
November 12 and 13, 1975, p. 185 

Table 7-3. Projected Economic Loss from Floods in the United States, 
with and without Federal Flood Insurance Program 

Additionally, there .should be some improvement in the severity factor because, 
as structures are eliminated from the housing inventory due to severe or irrepar
able flood damage, they will be replaced by structures built under safer flood 
management guidelines. 

The FIA's calculations further assume a 40-year life expectancy for the average 
structure built in the flood plain. Under such an assumption, by the year 2015 
there would be no further need for a flood insurance general tax revenue contri
bution or subsidy, except the possibility for some form of reinsurance for short
term catastrophic conditions [U.S. Congress, 1975]. 

In addition to its mitigating effects on total economic loss, the Flood Insur
ance Program is projected to alter the distribution of economic loss. As shown 
in Table 7-4, the program is projected to save significant amounts of both tax 
revenue and funds for the disaster victims' themselves. By the year 2015, the 
flood insurance program is scheduled to become self-sufficient, requiring no 
further funds from federal taxes. 
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A. NO FLOOD INSURANCE PROGRAM 

From Insurance Funds 
~ Premiums Less Expenses 

1975 0 
1980 0 
1990 0 
2000 0 

From Tax, Revenues 

$ 188 
290 
629 

1,284 

B. wITH FLOOD INSURANCE PROGRAM 

From Insurance Funds 
Year Premiums Less Expenses 

1975 $ 269 
1980 384 
1990 678 
2000 1,129 

From Tax Revenues 

$ 173 
158 
194 
176 

From Disaster Victims 
("Self Insura~ 

$ 283 
436 
943 

1,925 

From Disaster Victims 
("Self Insurance") 

$ 29 
29 
31 
31 

Source: U.S. Congress, Oversight on Federal Flood Insurance 
Programs, 1975, p. 186 

Table 7-4. Distribution of Economic Losses (In Millions) 

Although the National Flood Insurance Program directly affects land use, the 
Federal Insurance Administration points out that it"is not intended to be a 
federal land use program. In testimony before the Senate COlT)mittee on Banking. 
Housing and Urban Affairs, Acting Director Hunter emphasized that land use con
trols are state powers delegated to local communities. The National Flood Insur
ance Program only requires the local adoption of flood plain management regula
tions, addressing new construction within flood-prone areas only for the purpose 
of reducing future flood losses. The flood plain management standards are per
formance standards, according to Hunter, focusing on the ends of reducing or 
eliminating future flood damage to new construction--ends that the Congress cited 
as a primary objective of both the 1968 and 1973 acts. [U.S. Congress, 1975J. 

In summary, the National Flood Insurance Program is intended to reduce economic 
loss and the loss due to floods, and was implemented as a result of rising costs 
to the federal government in providing relief to flood victims. Although it was 
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not intended directly as a federally-monitored land use program, in effect the 
mandatory nature of the program after 1973 has put the federal government in the 
position of establishing performance standards for land uses and building con
struction requirements in flood plains. The 1977 amendments, however, reduce 
some of the action-forcing authority of the federal government. 

Two consequences, one hypothetical and one actual, of the flood insurance pro
gram are important for the public recommendations of this study with respect to 
natural hazards other than flood. First, the existing flood insurance program is 
intended to transfer flood-induced economic loss from federal disaster relief 
funds to municipalities and private property owners. However, for about the next 
half century, the federal government will be absorbing much of the cost of flood 
losses through insurance subsidy rather than through disaster relief payments. 
To the extent that property owners will take no additional action for flood pro
tection once they have purchased insurance, their vulnerability and higher value 
at risk may increase, thereby creating greater federal expenses rather than 
lessening them until such time as a structure is destroyed by flood and cannot 
be rebuilt. 

A second important consequence of the National Flood Insurance Program is the 
organization of groups opposed to required flood insurance. The Flood Insurance 
Litigaticn Coalition has been formed to challenge the constitutionality of the 
Flood Disaster Protection Act of 1973. The coalition was largely coordinated by 
the Texas Landowners Rights Association and residents of the City of Cape 
Girardeau, Missouri. By March 1977, seven month after the coalitions' founding, 
a total of $164,000 in contributions had been received, and litigation challen
ging the act was under preparation when the 1977 amendments were adopted to re
move the mandatory insurance requirements for individual property owners. 

Whatever the resolution of the flood insurance issue, it will stand as an im
portant model from which to judge potential mitigation policies with respect to 
other hazards. The question of the degree to whi~h government may reasonably 
intervene in traditional private sector decisions, with the purpose of protec
ting the citizenry from economic loss and bodily harm, must be uadressed in any 
natural hazard policy consideration. 
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National Dam Inspection Program [PL 92-367] enacted August 8, 1972 and 
administered by the Secretary of the Army 

This bill authorizes the Secretary of the Army to carry out a national dam in
spection program of more than 28,000 non-federal dams in the United States. It 
does not apply to dams under the jurisdiction of the Bureau of Reclamation, the 
Tennessee Valley Authority, the International Boundary and Water Commission, or 
the Federal Power Commission; dams which were inspected in the past 12 months; 
or dams which pose no threat to human life or property. The Secretary was direc
ted to issue a report to Congress by July 1, 1974 which would include an inven
tory of all dams, a review of inspections and recommendations and a suggested 
national program for dam safety regulation. 

A report by the House Public Works Committee [H Rep 92-1232] supporting the 
passage of the act noted that state programs for licensing and inspection of 
non-federal dams varied greatly in scope and effectiveness. It cited the dam 
failures at Buffalo Creek, West Virginia, and Rapid City, South Dakota, as ex
amples of disasters which might be prevented by passage of the bill. 

The report said the bill would "provide an accurate assessment of the scope of 
the problems and an appropriate sharing of responsibility between federal, 
state and local governments and public and private interests." The estimated 
cost of the program was $90 million. 

However, the implementation of this bill was delayed after its passage, due to 
the assignment of a relatively low priority by the executive branch. 

A major disaster due to dam failure occurred with the collapse of the Teton Dam 
in Idaho on June 5, 1976. Eleven people died, 1,000,000 acres were destroyed, 
16,000 head of livestock killed, and $1 billion lost in property damage. Pay
ment of claims arising from the disaster cost the U.S. $549 million. This was 
a Bureau of Reclamation project and thereby exempt from the dam inspection legis
lation. It was, however, the first dam failure in the Bureau's 75-year history. 
The investigation panel of the House Government Operations Committee issued a 
report [H Rep 94-1667] on Sept. 23, 1976, with the findings: 
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1) There exists within the Bureau of Reclamation a "bureaucratic 

momentum 'l to build dams,once construction is begun the 
decision to halt construction is no longer an option. Safety 
problems are generally met with unquestioned reliance on the 
Bureau's abilities to "engineer" workable solutions. 

2) The Bureau was deficient in its examination of the geologic site 
of the Teton Dam. 

3) The Bureau was deficient in responding to ~arnings that the site 
might be dangerous. 

4) The United States Geological Survey was deficient in withholding 
information about geologic hazards at the Teton Dam site from 
the Bureau for six months. 

Although this report and the disaster did not result in any legislative action, 
President Carter reactivated the 1972 Dam Inspection Program on November 28, 
1977, [Los Angeles Times, 1977]. Earlier that year, Congress took the initiative 
and voted $15 million for federal inspection of private dams, but it was the 

November 5, collapse of a never-inspected dam near Toccoa, Georgia that led 
President Carter to implement this program. Inspections were to be carried out 
by the Corps of Engineers; 2,000 dams can be checked with the $15 million con
gressional appropriation. The president indicated he was committed to a multi

year program so that all high-hazard dams could be inspected within the next 
four years. His administration seeks to encourage states to share responsibility 
for inspection. California's Dam Safety Program was cited as exemplary, spending 
about $2 million annually inspecting and regulating more than 1,000 private, 

municipal and state-owned dams. 

In addition these statutory flood-related measures, two executive orders partic
ularly address the flood hazard. Executive Order 11988, issued May 24, 1977, 
mandates that each federal agency "provides leadership and shall take action to 
reduce the risk of flood loss, to minimize the impact of floods on human safety, 
health and welfare, and to restore and preserve the natural and beneficial values 
served by floodplains" as a part of the regular activities of that agency. The 
executive order sets forth specific procedures for federal agencies in carrying 
out these measures. Executive Order 11990, of the same date, requires similar 
consideration for wetlands. 
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Coastal Hazard Mitigation 

Mitigation of the effects of coastal natural hazards is one of several objectives 
of the Coastal lone Management Act of 1972 [P.L. 92-583J. Among the elements re
quired to he addressed in a proposed coastal plan is the issue of "floods and 
flood damage prevention, erosion (including the effect of tides and currents 
upon beaches and other shoreline areas), land stability, climatology and meteo
rology" [Federal Register, January 9, 1975, p. 1685, section 923.4J. To meet this 
and other coastal planning objectives, Congress requires each coastal state to 
submit a proposed management program in order to qualify for administrative grant 
assistance under Section 306 of the Coastal lone Management Act. Proposed pro
grams should employ the following general techniques for control of land and 
water uses within the coastal zone: 

1) State establishment of criteria and standards for local imple
mentation, subject to administrative review and enforcement of 
compliance, 

2) Direct state land and water use planning and regulation, and/or 

3) State administrative review for consistency with the manage
ment program of all development plans, projects, or land and 
water use regulations, ... 

In the Coastal lone Management Act Amendments of 1976 [PL 94-370 Section 4J 
Congress required state "306 plans" to provide a planning pr:ocess for assessing 
the effects of shoreline erosion, and studying ways to lessen the impact of 
erosion, and to restore eroded areas. [NOAA, 1976J 

Nine natural hazards are of particular concern to NOAA under the Coastal lone 
Management (ClM) Act. In a 1976 report, Natural Hazard Management in Coastal 
Areas, NOAA notes the status of public policy with respect to these hazards, and 
the consequent role to be played by ClM: 
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Hurricane: More than 6 million* people are currently exposed to hurricane storm 
surge in areas where the population is growing at a rate 3-to-4 times as fast as 
the national average. Although warning systems are improving, expanding occu
pancy of vulnerable areas and the lack of hurricane experience by young persons 
and relative newcomers results in an enlarging naive population and volume of 
property subject to damage. Hurricane winds and tornadoes may extend the impacts 
to much larger populations. 

Flood: Valleys subject to fresh water flooding frequently enter the coastal zone 
and in some places have been protected by engineering works. The requirements of 
the Flood Insurance Act for local land use planning in vulnerable areas have 
spurred the delineation of flood hazard lands and the enactment of local land 
use regulations to curb the incre~sing trend toward expansion of property in 
lands subject to floods with annual recurrence probabilities of one per cent. 

Coastal Erosion: Coastal erosion is significant along a quarter of the national 
shore front, and in as many as 2,700 miles it is a critical problem. In addition 
to protective works, dune stabilization, and beach nourishment, a wide range of 
land use controls is available to cope with continued erosion. Currently there 
is a shift in emphasis toward land use management as an alternative strategy to 
erosion control. 

Landslide: Although landslides can occur widely, there is no explicit national 
policy for dealing with this hazard. Only recently and in a few states has there 
been extensive effort to combine land management with abatement of landslide. 

Earthquake: Accurate and consistent earthquake prediction has not yet been demon
strated. Other measures which promise major reduction in vulnerability to earth
quake damage include the requirement of earthquake-resistant construction, land 
use management, and preparedness planning. For most of the vulnerable areas of 
the country, and particularly those away from the Pacific Coast, little progress 
has been made in incorporating these measures into earthquake loss reduction 
planning. 

*For the baseline year of 1970 9.9 million people and 104 trillion dollars of 
building value were estimated to be expo~.ed to storm surge flooding in this 
study [S2e Table 7-4] 
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Tsunami: Except for an improved warning system and for pioneering efforts in 
Hawaii, there has been relatively little action in reducing vulnerability to 
tsunami waves. The amount of property and number of lives susceptible to this 
rare but catastrophic hazard is mounting. 

Volcano: The lava f1m-JS in Hawaii are relatively well defined and subject to 
prediction. Pyroclastic flows and ash flows resulting from violent eruptions are 
more or less predictable, are less frequent, and constitute a large but rare 
threat along the Pacific Coast and Alaska. 

Avalanche: In a few parts of Alaska snow avalanche is a significant hazard, and 
only recently has there been serious consideration of a variety of measures, in
cluding land management, to deal with them. 

Land Subsidence: In parts of both the California and Gulf coasts there is threat 
of increasing vulnerability to natural hazards from land subsidence resulting 
from pumping ~f water, oil, and gas. 

In developing state policies for the mitigation of these natural hazards, NOAA 
[1976] recommends the following general types of action by the individual states: 

1) Hazard areas along each section of the coast should be designated. 

2} Coastal management offices should assure that all parties concerned 
are aware of the range of adjustments to a hazard and of the costs 
and benefits related to each adjustment. 

3) Efforts should be made to find out which channels of information 
about hazards have higher credibility in the view of the people 
fQr whom the information is designed, and those channels should 
be used for disseminating information about the hazard. 

4) Descriptions of the proposed change in adjustments to hazards also 
should discuss the existence or creation of the necessary powers to 
promote the new work within state or local ogencies. Specific con
sideration should be given to ways in which planning for natural 
hazards in coastal areas can be linked with emergency planning for 
disasters under Section 201 of the Disaster Prepardness Act of 1974. 



The Coastal Zone Management Act is intended to provide an opportunity for state 
coastal zone management agencies to find effective ways of applying to coastal 
areas the concepts, information, and analytical methods previously developed in 
natural hazard studies. To do so, according to NOAA, can reduce the vulnerability 
of the nation to catastrophe and enhance the resilience of land and water uses 

along the coast. 

Disaster Relief Legislation 

Disaster Relief Act, 1974 [P.L. 93-288J, enacted May 22, 1974 
administered by the Federal Disaster Assistance Administration (FDAA). 

This legislation intends to alleviate the suffering and damage which result from 
disasters. It provides federal assistance for both public and private losses sus
tained in disasters and provides a long-range recovery program for major disaster 
areas. 

The Act applies to major catastrophes, defined as: hurricane, tornado, storm, 
flood, high water, wind-driven water, tidal wave, tsunami, earthquake, volcanic 
eruption, landslide, mudslide, snowstorm, drought, fire, explosion, or other 
catastophe which is so determined by the president. The program is initiated 
upon declaration by the president that a major disaster or emergency exists. 
Although primarily concerned with providing post-disaster· relief, this bill con
tains some disaster mitigation measures. 

First, states and local governments are encouraged to apply for and may receive 
up to $250,000 for the development of a comprehensive program for disaster pre
paredness and prevention, including mitigation, warning, emergency operations, 
rehabilitation, recovery, application of science and technology, and research. 
It also provides for development of an effective disaster warning program, uti
lizing Civil Defense or other communications systems. This element aims at im
proving disaster relief by supporting better coordination and responsiveness 
among existing disaster relief programs. The preparation of disaster preparedness 
plans was first written into the Disaster Relief Act of 1969; as of September 
1976, all but one state was utilizing federal funds for these studies. 
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Second, states, local governments, and individuals are encouraged to protect them
selves by obtaining insurance coverage to supplement or replace government assis
tance. Owners of property which has been repaired or restored with federal disas

ter relief funds are required to obtain disaster insurance as a condition for re
ceiving future federal disaster assistance. This requirement does not apply to 
lndividua1 homeowners, but only to state and local governments, non-profit in
stitutions and public works projects. 

The question of insurance was raised in a Senate committee report on the imple
mentation of the 1969 Disaster Relief Act following Hurricane Camille. A special 
subcommittee on Disaster Relief, under the Senate Public Works Committee and 
chaired by Birch Bayh (D., Indiana) recommended some form of all-risk insurance. 
Testimony taken by the committee indicated that existing insurance coverage was 
inadequate protection in disasters like Camille, and it was suggested that such 

programs might have to be supervised and financed by the federal government. 
Property insurance coverage for_extreme natural events was also recommended in 
President Nixon's message to Congress on April 22, 1970, on disaster relief and 
Hurricane Camille. 

Third, the law encourages hazard mitigation measures to reduce losses from disas
ters, including development of land use and construction regulations. It requires 
the reconstruction or replacement of federal facilities to be evaluated with re
gard to natural hazard exposure. In particular, any loans or grants made under 
the provisions of this act shall be made with regard to mitigating natural ha
zards through safe land use and construction practices. 

Under this provision, the FDAA provides technical assistance regarding codes, 
standards, and specifications for the repair or reconstruction of public and 
private structures. 

Other major provisions of the Act are: appointment of a federal coordinating 
officer to operate in the affected area, mobilization of federal personnel as 
emergency support teams, assistance of federal agencies in distributing food, 
supplies and medicine, removal of debris, etc., use of local firms for assistance 
and recovery work, provision for nondiscrimination in disaster assistance,pri
ority for public housing assistance, repair and restoration of damaged public 
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facilities, temporary housing assistance, unemployment assistance and increased 
benefits, relocation assistance, family and individual counseling for mental 
stress, and loans and grants to local governments for economic recovery. 

Amendments and supplemental appropriations are occasionally added to deal with 
special situations. Disaster relief amendments [PL 92-209] provide federal finan
cial assistance for private nonprofit medical care facilities damaged or de
stroyed by major disaster after January 1, 1971. This amendment made available 
to these facilities the same type of grants offered to publicly owned facili-
ties and resulted from the damage to seventeen hospitals in the Los Angeles 
area after an earthquake in February, 1971. 

Another extension of benefits to the private sector was a 1972 bill to permit tax 
deductions for disaster losses [PL 92-418]. Persons who suffer property losses in 
the first six months of a taxable year due to an event in a presidentially-de
clared disaster area could file an amended federal income tax return for the 
previous year, claiming uninsured losses as a deduction. Payments for the period 
1953 to 1973 under this and preceding acts are shown ;n Table 7-5. 

AGENCY 

1. Pederal Disaster Assistance Administration 
(FilM), f01"1ll0rly Off1~e of Emergency Plan
ning and Office of Emergency Preparedness 
(OEP) 

2. Small Business Administration 

3. Fa1"1!letB Ho.,. Administration 

4. Dep3ttment of Agriculture 

5. Federal Highway A.b1niatration, formerly 
Bureau of Public ROAds 

6. II. S. Army Corps of Engineers 

7. Veterans' Ad.,inistration 

8. Office of Education 

9. Federal Insurance Admini.tration 

Total 

AIfOIlNT 

$1,844,82,7,290 

809,254,922 

448,180,7~6 

18,415,159 

484,637,000 

299,341,940 

2,000,000 

102,330,691 

46,774,000 

$4,051,761,768 

Table 7-5. Direct Federal Expenditures for Disaster Assistance, 1953-1973. 
[Cochrane, 1975J 
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Earthquake Legislation 

Earthquake Hazards Reduction Act [PL 95-124] enacted October 1977; 
federal agency responsible to be designated by the President 

-This bill recognizes earthquake as a major natural hazard, and deals with pre
vention and mitigation methods in a comprehensive way. It authorizes appropri
ation of $250 million over three years to develop means of reducing the impact 
of earthquakes by improving methods of prediction, and by developing building 
and land use standards for earthquake-prone regions. 

Both the Senate and House versions of the bill authorized $102.5 million for 
earthquake research budgets of the United States Geologic Survey (USGS) and the 
National Science Foundation (NSF). The House bill also provided $5 million for 
other participating agencies, while the Senate put no ceiling on these authori
zations. The House bill also included language designed to increase participa
tion through an advisory committee. The committee's initial recommendation are 
presented in the report by the Working Group on Earthquake Hazards Reduction, 
[Steinbrugge, 1978J. 

The major elements provided by the bill are: 

l} An implementation plan to carry out a national earthquake hazards re
duction program. The plan, to be prepared by the executive branch, is 
to ensure informed coordination of land use, building design, public 
information, insurance, warning and relief activities by federal, 
state and local agencies. Eight federal agencies are to be involved 
in the plan in addition to the USGS and the NSF. The target date for 
a functioning program is 1985. 

2) Research by USGS and NSF into earthquake prediction, causes and 
mechanisms of earthquakes, zoning guidelines, preparation of seismic 
risk analysis for emergency planning, developing earthquake mitigation 
techniques in man-made structures and in social and economic adjust
ments. 
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The main objectives of the bill are: 

1) Development of earthquake resistant construction and design methods 
for public and high occupancy buildings in areas of seismic risk. 

2) Development of procedures for identifying seismic hazards and pre
dicting damaging earthquakes. 

3) Coordination of information about seismic risk with land use policy 
decisions and building activity. 

4) Development of improved methods for controlling the risks from 
earthquakes and planning to mitigate such risks; also planning for 
reconstruction and redevelopment after an earthquake. 

S) Public education regarding earthquake and ways to reduce the adverse 
consequences should an earthquake occur. 

6) Development of research on utilization of scientific and engineering 
knowledge to mitigate earthquake hazards. The social and economic, 
legal and political consequences of earthquake prediction, and ways 
to assure the availability of earthquake insurance or some functional 
substitute. 

7) Development of research applied to control or alteration of seismic 
phenomena. 

The role of zoning and building practices is of greatest interest in the context 
of this study. In a report to the U.S. House of Representatives by the Committee 
on Science and Technology (May 11, 1977), proposing adoption of the bill, zoning 
practices are discussed as follows: 

Of all the potential mechanisms to avoid earthquake hazards, the simplest 
and most direct would be zoning. Although cities cannot be relocated and 
undeveloped high-risk areas may be potentially very valuable, several 
courses of zoning action may by feasible: 

1. Risk zoning of critical parts of already-developed areas to 
turn them into park land or other nonhazardous use as opportunity 
arises. 
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2. Risk zoning of high risk undeveloped areas to prevent future 
hazardous development. 

3. Development of systematic techniques for collection and evaluation 
of data for use in microzoning (zoning of comparatively small areas) 
and the establishment of criteria for microzone levels of risk. 

4. Adoption of building codes which require higher levels of earthquake 
resistance in higher risk areas. . 

Since many areas of high seismic risk are already heavily developed and 
populated,the promotion of earthquake resistant building practices is 
receiving priority consideration as an effective approach to minimize 
earthquake damages from ground movement, which causes over 90 percent 
of the damages. Even if an earthquake is anticipated and residents have 
evacuated the area, there is still a need to reduce the damage to build
ings and other facilities. If there has been no advance warning and no 
evacuation, the need for safer 'building is obviously critical. 

Since the greatest earthquake hazards result from inadequacies in build
ing construction, this is obviously an area in need of close attention. 
The current state of the art in defining seismic design criteria and in 
earthquake resistant construction techniques leaves much to be desired. 
Therefore, additional research to advance the state of the art is of 
critical importance. Buildings not constructed in accord with adequate 
design provisions should be evaluated and, if found to be hazardous, 
should be strengthened or replaced. So that new construction should not 
add to the ea~thquake hazards , seismic design criteria providing appro
priate resistance should be incorporated in building regulations and en
forced. 

The costs of adopting building standards designed to reduce earthquake 
hazards vary considerably. Witnesses estimated that the implementation 
of seismic standards increase new building costs one-to-six percent. 

The costs can run much higher for special buildings such as hospitals. 
The earlier earthquake resistance is introduced into the construction 
process, the less the cost increase. 

Advocates of the legislation contended it was needed because more and more 
Americans live in high-risk areas on both coasts, because scientific advances 
make accurate prediction a real possibility, and because seismological data is 

needed to evaluate site selection for nuclear power plants. A prime example cited 
is the Diablo Canyon, California, nuclear power plant. In 1971, after work was 
well under way on the billion-dollar plant, a potential active fault was dis
covered under ,nearby coastal waters. An expert testified that the fault could 
produce an earthquake about double the intensity that the plant was originally 
designed to withstand; the utility company is now reanalyzing its design. 
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Although the debate over the proper approach to earthquake mitigation continues, 
the act offers the opportunity to search for far-reaching answers to the earth
quake threat in the United States. 

Other Hazard-Related Programs 

In addition to the major interests examined above, the federal government ad
ministered numerous other hazard-related programs. Figure 7-3 is a summary of 
current federal programs relating to each of the nine natural hazards studied in 
the current project. Included are predisaster functions (emergency preparedness 
to mitigate the effects of the disaster), post-disaster functions (emergency 
preparedness for disaster relief), and natural disaster warning activities. 

For example, the Farmers Home Administration (Department of Agriculture) adminis
ters Watershed Protection and Flood Prevention Loans; program number 10.419 in 
the Catalog of Federal Domestic Assistance. The "Uses and Restrictions" of such 
loans, as described in th~ catalog, read in part: 

Loan funds may be used to help local sponsors provide the local share 
?f ~he ~ost of ~atershed works 0: improvement for [Zood ppevention, 
lrrlgatlon, dralnage, water quallty management, sedimentation control, 
fish and wildlife development, public water based recreation and water 
storage and related uses. (Italics added) 

This program is indicated in Figure 7-3 as having a pre-disaster function (disas
ter mitigation) for riverine floods. Although there ,seems to be no prohibition 
in the program description against funds being used for storm surge mitigation, 
this use would seem to be highly unlikely and therefore it is not so indicated. 
FmHA also administers emergency loans lito assist farmers, ranchers and aquacul
ture operators with loans to cover losses resulting from a national disaster," 
which includes natural disasters. These loans are a post-disaster function, to 
provide disaster relief for victims. 

Other agencies with programs in flood hazard mitigation include the Bureau of 
Reclamation and the Soil Conservation Service, as well as some regional agencies 
such as the Tennessee Valley Authority. Most other federal programs appear to be 
directed toward disaster relief with the exception of the National Science Foun-



FEDERAL AGENCY OR ACTIVITY PROGRAM 

Farmers Home Administration Emergency loans 
(OOA) 

I~atershed Protection and 
Flood Prevention loans 

Agricultural Stabilization and Emergency Conservation 
Conservation Service (DOA) Measures 

Soil Conservation Service (DOA) Resource Conservation and 
Development 
water. ::,n~a_Protectl0n 
and Flood Prevention 

Aqriculture Research Service (DOA) 

Economic Research Service (DOA) 

U.S. Forest Service (DDA) 

Economic Development Administration 
(DOC) 

Bureau of ·Economic Affairs (DOC) Technical Services 

Department of the Army Flood Control Works (Rehabil itation) 
Office of the Chief of Engineers ~~ ood 19htlng and Rescue 
(DOD) Operations 

00 ., rVlces 
Emer ene 

rna 0 o ects 
Sn. in n 
Pl annlng Asslstance to states 
Dam Inspection 

Public Health Service (HEW) Emergency Medical Service 
Planning 

liousing Protection and r~ortgage 203h: f10rtaage Insurance: 
Credit/FHA (HUD) Disaster Victims 

Federal Disaster Assistance Oi saster Ass i stance 
Administration (HUO) 

Federal Insurance Administration National Flood Insurance 
(HUO) Program 

Defense Electric Power Admin- Electric Power Planning for 
istration (001) Emergencies 

Bureau of Reclamation (001) Reclamation Projects 

Bureau of land Management (DOl) 

Bureau of Outdoor Recreation Grants & loans 
(001) 

Forests & Wildlife Service (DOT) 

U.S. Coast Guard (DOT) 

Federal Aviation Administration 
(DOT) 

Federal Highway Administrations 
(DOT) 

Federal Railway Administrations 
(DOT) 

National Science Foundation Basic Research 

Small Business Administration Loans to Natural Disaster 
Victims 

Tennessee Valley Authority Water Resources Development 

Federal Crop Insurance Corp. (OOA) Crop Insurance 

U.S. Geological Survey (DOI) Prediction 
. _-- ... _-_ . 

National .'eather Services (NOAA) Hazard Warnings 

National Heterological Center Hazard ~larnings 
(NOAA) 

National Science Stonn Forecast Hazard Warnings 
Center (NOAA) 

Radar Report and ~larni n9 
Coordination Circuit(NOAA) 

Hazard Warni ngs 

GOES - Satelite System (NOAA) Hazard Warnings 

National Hurricane Center (NOAA) Hazard Warnings 

National Tsunami Warning Center Hazard Warnings 
(001) 

Office of Coastal Zone Management Coastal Hazard Mitigation: 
(NOAA) 11.418-11.424 

legef!d: 

• Programs with pre-disaster fUnctions (disaster mitigation) 
Programs with post·disaster functions (disaster relief) 
Programs with natural hazard research functions 

~ 
~ !:! ~ w 

~ 
w ~ ~ z > 0 
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~ 
wo we <~ z >0 ~~ 

>z ~-
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~" 
xo 

~~ w~ 

10.404 c c 0 c c 

10.419 · 
10.054 c c c 
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10.904 · 
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· 
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· • 
12.102 c c D C 0 

12.103 D c 

12.104 · · 12.105 D 
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.* · · 14.001 
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USGM 281 
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R 
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· · 
· · 
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59.008 
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• 

· 
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• · . · · . 
*mudslides only 

Figure 7-3. Current Federal Programs Relating to Natural Hazards 
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dation and the U.S. Geological Survey, which sponsor basic and applied research. 
Disaster relief programs include loans to victims, insurance for crops and build
ings, emergency physical rehabilitation programs, and planning for disaster pre
paration. 

The federal government, particularly the National Oceanic and Athmospheric Ad

ministration, also provides warnings for five of the hazards studied here (floods, 
(floods, hurricanes, tornadoes, tsunami, and severe wind). Although no earthquake 
w~rning system has been developed, the U.S. Geological Survey is performing signi
ficant research in this field and currently provides date relative to earthquake 
and landsljde prone areas. Storm surge warnings are included as hurricane warnings. 
~o warning is provided for expansive soil, since it poses no sudden and unexpec
ted threat. Figure 7-4 provides perspective on current warning systems and the 
NOAA administrative units concern~d with specific hazards. 

Proposed Federal Emergency Management Agency 

The federal administration has recognized the widespread activities of federal 
agencies with respect ~ natural hazards, and on June 19, 1978, President Carter 
proposed the creation of a Federal Emergency Management Agency. If adopted, this 
measure would merge five agencies into one new agency: The National Fire pre
vention and Control Administration would be transferred to the new Federal Emer
gency Management Agency from the Department of Commerce, as would the Federal 
Insurance Administration from HUD, oversight responsibility for the Federal Emer
gency Broadcast System from the Executive Office of the President, the Defense 
Civil Preparedness Agency from the Department of Defense, the Federal Disaster 
Assistance Administration from HUD, and the Federal Preparedness Agency from GSA. 

Several additional transfers of emergency preparedness and mitigation functions 
would be made to the new agency, including oversight of the Earthquake Hazards 
Reduction Program, now under the Office of Science and Technology Policy of the 
Executive Office of the President, federal dam safety activities of the same 
office, responsibility for assistance to communities in the development of readi
ness plans for severe weather-related emet'gencies (including floods, hurricanes, 
and tornadoes), coordination of natural and nuclear disaster warning systems, 
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and coordination of preparedness planning to reduce the consequences of major 

terrorist incidents. 

According to the president's proposal, this reorganization is based on the prin
ciples that, first, federal authorities responsible for actions related to major 
civil emergencies should be supervised by one official responsible to the presi
dent. Second, an effective civil defense system requires the most efficient use 
of all available emergency resources while, third, emergency responsibilities 
should, whenever possible, remain within the regular missions of federal agencies. 
And finally, federal hazard mitigation activities should be closely linked with 

emergency preparedness and response functions. 

The proposal suggests that cost savings of from $10 to $15 million annually can 
be expected, without significant reductions in program expenditures for the 

transferred agencies and authorities. 

State Land Use Regulatory Authority 

Although state level policies which specifically address natural hazards are re
latively limited in number, all states have adopted land use policies which may 
serve as a framework for natural hazard mitigation. J.A. Kusler [1976J summarizes 
and analyzes state statutes authorizing local governments and state agencies to 
adopt zoning regulations, subdivision controls, building codes, and special flood 
hazard regulations, with emphasis on land use control for the regulation of flood 
prone areas. The Seventh Annual Report of the Council on Environmental Quality 
[1976J summarizes state land use and planning authority in categories complemen
tary to those devised by Kusler. The CEQ noted that by mid-1976, most states had 
an active interest in land use controls -- something that was rare only five 
years earlier when The Quiet Revolution in Land Use Control was-published by CEQ, 
reviewing the "pioneering efforts of a few states and regions to restructure 
government and to fashion policies for improving land development decisions." 

Figure 7-6, developed from the Kusler and CEQ reports, summarizes the current 
statutory authority of the fifty states with respect to land use policy, with 
special reference to flood mitigation authority. The following is a brief dis
cussion of land use policies contained in Figure 7-5. Building code policies 
will be discussed in a later section. 
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General authorization - All states have authorized the adoption of zoning regula
tions, but only twenty have adopted requirements for sudivision regulations at 
the state level. Typically, these statutes require or allow the adoption of sub
division regulations by local government units under certain statewide guidelines. 
Thirteen of the states refer to the Interstate Land Sales Act (Arizona, Califor
nia, Colorado, Florida, Georgia, Hawaii, Iowa, Kansas, Minnesota, New York, North 
Dakota, Oregon, and Washington). To the extent that natural hazard policy is to 
be established at the state level, many important provisions can be inserted into 
existing statutes within the current regulatory framework, without having to pre
pare and adopt a basic legislative package. 

Home rule powers - Thirty-four states have allowed home rule for at least some 
local government units, and eight of these states make special reference to land 
use regulation in their home rule statutes. Some other states grant special powers 
to their largest cities. Home rule can be important for communities in adopting 
flexible and sensitive natural hazard mitigation policies for their jurisdiction. 

Extraterritorial controls - In addition to the strength of local statutory author
ity in natural hazard mitigation activities, the geographical extent of local reg
ulation is important in the ability of a governmental unit to establish an area
wide natural hazard policy. This geographical extent is usually expressed as 
extraterritorial controls over subdivisions, zoning districts, and building code 
provisions. Extraterritorial controls are important in influencing the develop
ment of lands wh.ich are presently outside a municipal boundary, but which may 
be annexed as the city expands. Through these controls, a municipality may be 
saved the burden of annexing haphazardly-developed land. Also, natural hazard 
conditions surrounding a city may influence the effects of an extreme natural 
event within the municipality. For example, inappropriate development on out
lying hillsides can pose a landslide danger which threatens transportation and 
communication networks vital to city residents. 

Of the fifty states, 31 grant extraterritorial subdivision controls to their 
municipalities, generally extending three-to-five miles beyond corporate limits. 
Twenty-one states grant extraterritorial zoning controls to their municipalities. 
In a few states, there is concurrent jurisdiction between municipalities and 
counties, and in others the county government has primary responsibility for 
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subdivision and zoning. Four states which authorize both extraterritorial zoning 
and subdivision controls also authorize extraterritorial building code author

ity. 

Prior planning requirements - The Model State Zoning Enabling Act, published by 
the U.S. Department of Commerce in 1926, directs that zoning shall be lIin accor
dance with a comprehensive plan,1I and municipal zoning ordinances typically have 
incorporated this terminology. A comprehensive plan. for a municipality is im
portant for several reasons beyond that of generally promoting lIorderly develop
ment. 1I Kusler [1976] points out that the extent of encroachment allowed in a 
flood plain depends partly on the availability of land elsewhere for similar pur
poses. If land elsewhere is available for, say, industrial uses, such should be 
excluded from flood plains even if the buildings could be floodproofed. Second, 
land uses in areas surrounding a critical area for natural hazards may help to 
define the boundaries of high risk areas. Again, it is a matter of relating the 
level of restrictions to the potential for loss resulting from a given occurrence 
of a natural event. 

In addition, a comprehensive plan may specify density of development and, to a 
certain extent, building types, to support development which will be less suscep
tible to damage during a given type of natural disaster. And the circulation 
element of the plan can help assure that the street network will not easily be 
disrupted in an emergency. 

Kusler notes that zoning in 32 states must be in accordance with a comprehensive 
plan, and ten states require even more explicit planning prior to the adoption of 
zoning regulations. Twenty-two states require a comprehensive plan, master plan, 
or at least a street or transportation plan prior to the adoption of subdivision 
regulations. And 27 states include specific flood or drainage language in the 
comprehensive plan enabling author'ity. In practice, however, a comprehensive 
planning requirement is nearly universal in the Unites States, since it has been 
an integral part of the HUD 701 planning process. 

Interim regulations - Another important tool for effective natural hazard miti
gation policy as discussed by Kusler is the authority to adopt interim regula
tions. Ordinances which suspend all development for a specified period of time 
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are the most common regulations of this type. Such ordinances, sometimes called 
"Holding Zones," establish that no new development may take place in a given area 
for a period ranging from six months to two years, until a comprehensive plan or 
acceptable compromise development plan can be adopted. Fourteen states authorize 
some type of interim zoning regulations, and three states have similar authority 
for subdivisions. Florida allows the adoption of interim regulations with respect 
to building codes. Interim regulations can be particularly helpful in a period 
of transition, when a municipality or county is attempting to prepare equitable 

regulations in the face of increasing development pressures or citizen contro
versy with respect to a hazard-prone area. Even without specific interim regu

lation authority, however, the zoning power generally allows for the designation 
of low-density special permit zoning districts, which ca~ serve a similar purpose 

if adopted prior to protracted controversy surrounding a site or development 
plan. 

Sensitive land uses - In addition to the general procedural and substantive regu

lations discussed above, detailed application of regulations to certain sensitive 
land uses can be directly applicable to natural hazard mitigation(such as the 
siting of power plants in hurricane, earthquake, and other hazard zones). In 
addition, some zoning and subdivision regulations specifically exempt uses such 
as public utilities or agriculture. Procedurally, such exemptions can offer pre

cedent for excluding important land uses from natural hazard mitigation policy 

based on land use criteria. 

From state subdivision enabling authority, four states exclude certain public 

utilities. These exemptions are significant because, as Kusler [1976J points 
out, public utility uses such as roads, bridges, and levees are major offenders 

in blocking flood flows. They can also pose threats in an earthquake and other 
extreme natural events. Seventeen states exempt agricultural uses from subdivi
sion regulation, and the same number (although not the same states) exempt them 

from zoning regulations. Agricultural fills, dikes, fences, and buildings also 
may block floodways and are subject to flood damage; and they can be hazards 

should an earthquake or tornado occur. 

The subdivision of large lots, often over 2-1/2 acres, is subject to regulation 
in only 29 states. If large lots are exempt, fewer regulatory measures can be 
applied to sensitive areas. 
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Non-conforming land uses, defined by the ASPO Model Zoning Ordinance [1966] as 
lots, structures, or uses lawful before the zoning ordinance was passed but which 
would be prohibited or restricted under the ordinance, are exempt from zoning re
gulations in 38 states. Such uses can pose particular hazards in an extreme na
tural event because the uses are generally unspecified~ the v tend to be older, 
unharmonious uses conflicting in intensity and scale with permitted uses in the 
zoning district. They may exist essentially unregulated until a natural disaster 
removes them, but in the meantime they affect development patterns and influence 

risk levels in surrounding areas. 

Although exemptions of these uses from zoning and subdivision controls may be 
supportive of equity, in avoiding the imposition of hardship on farmers and mar
ginal business, and although they may mitigate certain practical difficulties in 
land use management by allowing greater flexibility, they do reduce the effec
tiveness of natural hazard mitigation regulations. 

Other sensitive uses regulated by some states include. first, inland wetlands. 
Twenty-two states either have establ ished uniform permit procedures for these 
areas, or uniform regulations. All eligible states ( a total of 30) are partici
pating in the federally-funded coastal zone management program authorized by the 
Coastal Zone Management Act of 1972. Second, 34 states have the authority to 
determine the siting of power plants and related facilities. This is an important 
land use tool particularly with respect to earthquake mitigation. And third, 13 
states have established regulations for the identification and designation of 
areas of critical state concern, such as environmentally-fragile areas. 

In addition to the above policies, another important land use regulatory measure 
which can affect natural hazard mitigation is the requirement of permits for cer
tain types of development. Five states currently have such broad legislation. 
Similarly, 24 states have "coordinated incremental planning," or a state-estab
lished mechamism to coordinate state land use problems. And nine state require 
their local governments, not merely authorize them, to establish a mechanism for 
land use planning through zoning, a comprehensive plan, and a planning commission. 

Related to the direct regulation of land use are the financial policies which 
support certain land use configurations. For example, the unmitigated transfer 
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of agricultural land to suburban land on the outskirts of urban areas, resulting 
partly from increased assessments of peripheral agricultural land, can have 
serious consequences for a coordinated and comprehensive planning effort. At 
this time, 42 states have developed tax measures designed to give property tax 
relief to owners of agricultural or open space lands. A similar policy could 
help to regulate lands subject to hazards such as landslides, or along a seismic 
fault, subject to appropriate development by the property owners. 

Kusler and the CEQ report on those states which have authorized the adoption of 
flood plain regulations by state agencies. They indicate that thirty states have 
adopted regulations which may offer models for more general hazard mitigation 
measures. Finally, Kusler discusses those states which have included specific 
flood hazard regulations in various land use measures. A total of 39 states have 
zoning enabling legislation, and 34 states have similar language for subdivision 
control. The most common regulatory measure is the power to secure "safety from 
flood. II 

State Coastal Zone Regulations 

In addition to statewide authority for natural hazard mitigation, several states 
have developed regulation relating specifically to the coastal zones adjoining 
the oceans and the Great Lakes. These activities have been supported by the 
Federal Coastal Zone Management Act of 1972. 

As noted by Platt [NOAA, 1976J California, Washington, and Rhode Island have 
pioneered the concept of state coastal zone management. While there are major 
differences between the three states'coastal zone management programs, several 
common features may be identified. Firs~ relevant planning areas consist of en
tire shorelines, not simply discrete landform~ or problem areas. Second, adminis
tration is largely a state function with specific responsibilities delegated to 
certain local and regional entities (in the case of California and Washington). 
Third, state coastal authority extends inland to embrace activities and physical 
features associated with the coastline. 

These programs may, according to Platt, be readily adapted to incorporate new 
perceptions of natural hazards. The Rhode Island Coastal Management Council, for 
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example, denies permits for development on "undeveloped ll beach areas and seeks 
to limit construction on dunes or beaches anywhere in the state. [See Figure 7-7] 

Shoreline Zoning 

Similar to the above approach is "shoreline zoning" as practiced in Minnesota, 
Wisconsin, Michigan, and MaineJ Here, local governments must adopt land use re
gulations for their river and lake shoreline areas or such regulations will be 
adopted on their behalf by the state. In either case, administration of regula
tions remains with the local government. 

State Flood Plan Regulations 

New York has adopted mandatory flood plain zoning measures for all communities 
with recognized flood hazard areas. Eleven other coastal states, indicated in 
ngure 7-6, have adopted other forms of state-level flood plain management legis
lation. 

Critical Areas Programs 

The Model Land Development Code proposed in 1975 by the American Law Institute, 
suggested that states assume particular responsibility f~r "critical areas", by 
phYSical, cultural, economic or aesthetic criteria. As applied to coastal zone 
management, the critical areas approach is more restrictive geographically than 
the techniques described above, according to Platt. Critical areas programs have 
been adopted by Maine, Minnesota, Maryland, Florida, North Carolina. and Oregon. 

Coastal Wetland Programs 

Several states rely on their coastal wetlands permit program for CZM purposes, 
according to Platt [NOAA, 1976]. With the recent attention given to the impor
tance of coastal wetlands in the ecological food chain, and the extent of their 
loss due to development along the Atlantic and Gulf coasts, many states have im
plemented coastal wetland programs. 
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STATE 
COMPREHENSIVE FLOOD-

COASTAL SETBACK OR BEACH AND 
COASTAL SHORELAND PLAIN CRITICAL ENCROACHMENT SHORE 
OR LAND USE ZONING REGULA- AREAS WETLANDS LINES PRESERVATION 

TIONS 

Alabama a 
Alaska 
California b x 
Connecticut x x x 
Delaware c x x 
Florida d x x x 
Georgia x 
Hawaii e x x x 
Illinois 
Indiana 
Louisiana x 
Maine x x x x 
Maryland f x x x x 
Mass. x 
Michigan x x 
Minnesota x x x x 
Miss x 
N.H. x 
Nelol Jersey g x x 
Nelol York x x 
N.C. h x x x 
Ohio 
Oregon i x 
Pa. 
R. I. j x 
S.C. 
Texas x 
Virginia x x 
Washington k x x 
Wisconsin x x 

aAla . Coastal Zone Development Act of 1973. 

bCalif. Coastal Zone Conservation Act of 1972 (Final Plan adopted August, 1976).San 
FranCisco Bay Conservation and Development Commission Act of 1969. 

cDel . Coastal Zone Act of 1971. 

dFlorida Land and Water Management Act of 1974. 

eHawaii State Land Use Zoning Act. 

f Md . State Land Use Act of 1974 

~.J. Coastal Area Facilities Review Act of 
hN. C. Coasta"l Area Management Act of 1974. 
i Ore . Land Conservation and Development 

jR.I. Coastal Management Act of 1971. 

~ash. Shoreline Management Act of 1971. 

Act 

1973. 

of 1973. 

Source: Rutherford Platt, "Legal Aspects of Natural Hazards 
Regulations in the Coastal Zone," p. B-7 in NOAA [1976] 

Fi gure 7-6. State Laws Relating to Coastal Hazard Mitigation 
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While most state programs regulating wetlands are based on their ecological 
value, Platt asserts that such areas serve to mitigate the effects of coastal 
flooding and erosion. Wetlands absorb the energy of coastal storms and dampen 

tidal surges in estuaries. The filling and development of such areas not only 

destroys this effect but expose the resulting new structures to dir~ct assault by 

wind and waves. 

Mandatory Setbacks 

A mandatory setback or "encroachment line ll may be legally imposed to restrain 
all further development of fill within a specified distance of a body of water. 
In Connecticut, encroachment lines have been established to protect the lOa-year 
floodplain of portions of the Connecticut River and certain other streams. 

Great Lakes states are turning to mandatory setbacks as a response to severe 
erosion occurring due to high lake levels. Michigan is proposing a statewide 
setback for lakeside development equivalent to thirty years of erosion (the 
average term of a mortgage). Illinois is conSidering a 100 year erosion setback, 
a distance of possibly 200 feet along its IINorth Shore ll bluffs. 

Development Moratoria in Coastal Areas 

Most of the measures described above require extensive research and planning 
studies as a prerequisite to final implementation, notes Platt. Accordingly, 
some states have adopted an interim period of control through state legislation 
to be superseded by a final plan. This has been the case in Washington, Califor

nia, New York and Florida. 

Building Code Policy and Authority 

As with land use policy, building codes have traditionally been a local govern
ment concern. In his survey of flood-related statutory authority, Kusler found 
that only 23 states had adopted one building code to be used by all governments, 
or otherwise regulated building code provisions over the entire state. Twelve of 
these states specifically authorize flood hazard regulations, and four states 
extend building code authority of municipalities ot extraterritorial zones. 
Field and Rivkin [1970J, note that over 15,000 localities issue building permits, 

7-42 



and approximately 8000 have their own building code, either based on a national 

code or developed locally. 

Four national model building codes are available, from which states or local 
governments may choose rather than develop a local code. The four cqde associa
tions are influential in different parts of the country, although there is some 
overlap. (Figure 7-7) Field and Rivkin [1975] note: 

The International Conference of Building Officials (ICBO) claims is 
in the West, Building Officials and Code Administrators (BOCA) in the 
Northeast, and Southern Building Codes Congress (SBCC) in the South. 
In the North Central region, BOCA and ICBO actively compete against 
each other for city members. American Insurance Association (Alna), 
creator of the National Building Code, is active in three regions, 
but has no penetration in the West. AlnA, unlike the other three 
code associations, is not an association of building officials. 
Established in 1905, AlnA created the National Building Code as part 
of their underwriting procedures for ascertaining risk of insurance 
losses due to fires. Overall, model codes are most evident in the 
South and West. 

mUBe E;:lSSBe 

DBOCA ~NBC 

" ..... 

Figure 7-7. General Building Code Application by State 
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In 1970 Field and Ventre [repeated in Field and Rivkin, 1975J surveyed 919 cities 
in the United States with respect to building codes. At that time 73% of the 
cities in the survey based their code on one of the four national model codes. 
State based codes, themselves often based on one of the four model codes, were 
used by 1.3% of the cities, and locally-drafted codes by 10.8%. Only 2.2% of the 
cities surveyed,all of them small, reported having no building code. The results 
of this survey are presented in Table 7-6. Figure 7-8 identifies the code uti
lized by cities over 100,000 population in 1965. 

Wind 

Although building code policy can be important for the mitigation of several na
tural hazards, their widest application has been in preventing wind damage, in-, 

cluding hurricane winds, and earthquake damage. The four model codes specify 
minimum wind loads for design, in terms of minimum wind pressure for various 
heights above ground level. None of these codes provides for tornadoes. 

The methodology and design wind pressures vary among the four model building 
codes. The BOCA code wind provisions specify a single set of wind pressures that 
vary with height. The other three codes set forth several sets of wind pressures 
that vary with height; the set that is applicable for any given location depends 

upon the exptected magnitude of extreme winds for a given level of risk (such as 

once in 100 years). 

The National Building Code has patterned its wind provlslons after the recommen
dations of the American National Standards Institute [ANSIJ A58-1-1972 Building 
Code [1972J. First the basic wind speed must be identified for a municipality; 
this is accomplished by means of a map which has superimposed upon it isotachs 
or contours of the basic wind speed for a return period of 100 years. This map, 
first developed by Thorn [1968J, is shown in Figure 7-9. Design wind pressures 
are determined from the code for the appropriate basic wind speed. 

The Southern Standard Building Code (SSBC) of the Southern Building Code Congress 
also utilizes Thorn's 100-year wind speed map to determine the wind speed for a 
given locality. Wind load pressures are specified in the SSBC code for various 
values of the basic wind speed. The pressures specified in this code are how-
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ever, different than those specified by the NBC. 

As with the National Building Code and the Southern Standard Building Code, the 
Uniform Building Code also utilizes a map; however, the map defines minimum al
lowable wind pressures at a reference height of 30 feet [Figure 7-10]. From this, 
the wind pressures for different height zones are determined from a "table in the 
UBC. The 1976 UBC wind provisions have changed little over the years and are 
essentially the same as found in its 1961 edition [Buoh and Bihr, 1975]. 

The method by which the wind pressures are used to obtain design forces is the 
same for the building code with the exception of the NBC. The pressures obtained 
by the BOCA, SSBC, and UBC may be used directly for design while the pressures 
found by the NBC must be modified by external pressure coefficients before de
sign. For purposes of this study, the UBC has been chosen as the reference code. 

To obtain an approximate equivalency in design wind loads among the model codes, 
the wind pressures specified by the BOCA code must be multiplied by the factors 

shown in Table 7-7, to arrive at the same wind forces that would be calculated by 
the method used by UBC. Tables 7-8, and 7-9 are the multiplication factors that 
need to be applied to the wind pressures of the NBC method to obtain the equiva
lent design wind forces by the UBC. Tables 7-10, 7-11, and 7-12 show the multi
plication factors to obtain equivalency of the SSBC to the UBC design wind forces. 

Of the four model codes, the BOCA code specifies just a single set of wind pres
sures. These pressures are generally significantly less than that which would be 
required by any of the th~ee other codes. BOCA does not seem to recognize that 
higher design pressures may be required. Section 716.0 of the Code does state 
that" ..• for building and structures located ..•. in geographical regions sub
ject to higher wind loads than herein specified, the design wind load shall be 
determined by the prevailing conditions". However, no performance standards or 
guidance are provided as to what the wind loads should be or what regions may be 
subject to higher wind loads. 

The UBC, although allowing for geographical variation in the minimum allowable 
wind pressures, is based on wind information that was collected through 1951. 
This suggests that a re-evaluation of the UBC wind requirements may be in order 
so that more current wind data are included. 
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UBC WIND PRESSURE ZONE (psf) 

20 25 30 35 40 45 so 
1.25 11.5011.90 I 2.10 I 2.35 I 2.70 I 3.00 

Table 7-7. Multiplication Factors to BOCA Wind Pressures for Approximate 
Equivalency to UBC Design Wind Loads for All Heights 

NBC BASIC UBC WIND PRESSURE ZONE (psf) 
WIND SPEED 

(mph) 20 25 30 35 40 45 50 
50 1.90 2.20 2.80 3.00 3.50 3.90 4.40 
60 1.40 1.60 2.00 2.20 2.50 2.90 3.30 
70 1.00 1.15 1.44 1.60 1.80 2.05 2.35 

80 0.75 0.85 1.07 1.15 1.35 1.50 1.70 
90 0.55 0.65 0.85 0.90 1.05 1.20 1.30 

100 0.45 0.52 0.65 0.72 0.85 0.95 1.05 

110 0.40 0.45 0.55 0.60 0.70 0.77 0.85 

120 0.30 0.36 0.45 0.50 0.57 0.65 0.72 
130 0.26 0.30 0.36 0.42 0.47 0.55 0.60 

Table 7-8. Multiplication Factors to NBC Wind Pr~ssures for Approximate 
Equivalency to UBC Design Wind Loads for Heights Less than 100 Feet 

NBC BASIC UBC WIND PRESSURE ZONE (psf) 
WIND SPEED 

(mph) 20 25 30 35 40 45 50 
50 1.60 2.10 2.50 3.00 3.30 3.70 4.00 
60 1.20 1.60 1.90 2.20 2.40 2.80 3.00 
70 0.90 1.10 1.30 1.50 1.70 1.90 2.10 
80 0.65 0.85 1.00 1.10 1.30 1.45 1.60 
90 0.55 0.65 0.80 0.90 1.00 1.15 1.25 

100 0.40 0.50 0.65 0.70 0.80 0.90 1.00 
110 0.35 0.43 0.50 0.60 0.65 0.75 0.80 
120 0.30 0.35 0.42 0.50 0.57 0.65 0.70 
130 0.25 0.30 0.35 0.40 0.47 0.55 0.60 

Table 7-9. Multiplication Factor to NBC Wind Pressures for Approximate 
Equivalency to UBC Design Wind Loads for Heights Greater than 
100 Feet 
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SSBC BASIC UBC WIND PRESSURE ZONE (psf) 
WIND SPEED 

(mph) 20 25 30 35 40 45 50 
70 1.25 1.45 1.80 2.00 2.30 2.60 '2.90 
80 0.95 1.12 1.40 1.55 1.75 2.00 2.25 
90 0.75 0.90 1.13 1.25 1.42 1.60 1.80 

100 0.60 0.72 0.90 0.98 1.15 1.30 1.45 
110 0.50 0.60 0.75 0.82 0.95 1.07 1.20 
120 0.43 0.50 0.62 0.68 0.78 0 .. 90 1.00 
130 0.36 0.42 0.53 0.58 0.67 0.76 0.B5 

Table 7-10. Multiplication Factors to SSBC Wind Pressures for Approximate 
Equivalency to UBC Design ~Jind Loads' for Heights Less than 
100 Feet 

SSBC BASIC 
WIND SPEED 

UBC WIND PRESSURE ZONE (psf) 

(mph) 20 25 30 35 40 45 50 
70 1.10 1.40 1. 70 2.00 2.20 2.50 2.70 
80 0.85 1.10 1.30 1.50 1.65 1.95 2.10 
90 0.67 0.85 1.00 1.20 1.30 1.50 1.65 

100 0.55 0.70 0.80 0.95 1.08 1.25 1.35 
110 0.45 0.57 0.68 0.80 0.B7 1.00 1.10 
120 0.38 0.47 0.56 0.67 0.74 0.85 0.95 
130 0.32 0.40 0.50 0.57 0.63 0.73 0.80 

Table 7-11. Multiplication Factors to SSBC Wind Pressures for Approximate 
Equivalency to UBC Design Wind Loads for Heights Between 
100 and 500 Feet 

SSBC BASIC UBC WIND PRESSURE ZONE (psf) 
WIND SPEED 

(mph) 20 25 30 35 40 45 50 
70 1.00 1.25 1.45 1.70 1.90 2.20 2.40 
80 0.75 0.95 1. 10 1.30 1.45 1.65 1.80 
90 0.57 0.75 0.87 1.00 1.15 1.30 1.45 

100 0.47 0.60· 0.70 0.85 0.95 1.05 1.15 
110 0.38 0.50 0.60 0.70 0.75 0.87 0.96 
120 0.33 0.42 0.50 0.57 0.65 0.75 0.82 
130 0.28 0.36 0.42 0.48 0.55 0.62 0.70 

Table 7-12. Multiplication Factors to SSBC Wind Pressures for Approximate 
Equivalency to UBC Design Wind Loads for Heights Greater than 
500 Feet 
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As the NBC and the SSBC codes both rely on Thom's map of lOO-year return period 
basic wind speeds (which is based on extreme wind data collected through 1965) 
these two codes would seem to be the most up-to-date in relation to the deter
mination of design pressures. However, the SSBC design method after utilizing 

design pressures would be close to that used by the BOCA and UBC codes. The NBC 
code does seem to be a little more advanced in its recognition or inclusion of 
pressure coefficients which account for pressure variations on the exterior of 
the building. 

In addition to the wind provisions of the four model codes, local communities 
subject to severe wind levels have adopted building requirements to meet their 
local needs. For example, the Corpus Christi, Texas, building code specifications 
for wind standards were developed from their experience with previous hurricanes. 

Figure 7 -11 shows an approximate relationship among the wind pressure criteria 
of the standard codes. The precise relationship bet~veen code design level forces 
is somewhat more complex because the relative level of wind loads presented in 
various codes is a function of building height, wind speed,and experience. 

In addition to the wind provisions of the standard building codes, certain haz
ard prone states have developed extensive building code standards for natural 
hazard mitigations. The Texas Coastal and Marine Council [1976; 1977J and Lesso 
[1976J analyzed the natural hazard threat along the Texas Gulf coast and estab-

3 3.0 TIMES usc 

- - - - - - - - - - - - - - 1.5 TIMES UBC 
SSBC 

o 
20 30 40 50 

'-v---' '-v--' '-v--' ~~----~y~----~j 
PRESSURE RANGE -+ WEST MIDWEST 
CHARACTER I STl C OF AND EAST AND SOUTH 

ATLANTIC GULF COAST 
COAST 

Figure 7-11. Uniform Building Code Wind Pressure (Psf) 
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lished procedures for determining the degree of exposure to "reasonable probable" 

hurricane conditions. The council also developed a model minimum building 
standard designed to reduce hurricane damage if implemented as an adjunct to a 
standard building code. 

Earthquake 

The repeated occurrence of earthquake has also prompted governments in earth
quake-prone areas to incorporate lateral-force criteria in building regulations. 
According to Slosson and Krohn [1977], after the 1933 Long Beach earthquake the 
Uniform Building Code was amended in 1939 to include earthquake-resistant design. 
In addition, the 1933 Long Beach earthquake led to the passage by the Cali

fornia legislature (School House Safety Act) and the Riley Act. 

The Field Act required that school buildings be designed to sufficiently with
stand earthquakes so that no harm would come to the occupants. Steinbrugge et al., 
[1978J state that: 

The Act's principal provlslons require that all construction plans 
be prepared by qualified persons and that the designs be checked 
by an independent State agency. The independent review is gener
ally considered the most important part of the Field Act, aimed 
at catching design errors or omissions, or other inadequacies that 
might not provide adequate earthquake resistance, before construc
tion contracts are let. 
Another important aspect of the Act requires construction to be 
continuously inspected by a qualified person retained by the school 
board to see that all of the requirements of the plans are carried 
out. Moreover, all parties, including the architect, engineer, in
spector, and contractor, must submit verified reports stating that 
the approved plans and speCifications w~re complied with in con
struction. 

Knowledgeable observers consider the Field Act eminently success-
ful in assuring reasonable compliance with acceptable levels of 
earthquake resistance. Almost all Field Act schools have performed 
well in all earthquakes since the law's passage. While some experts 
anticipate that some Field Act buildings will be severely damaged in 
future great earthquakes, there is agreement that injury or life loss 
will, nevertheless, be greatly reduced because of the Act's require
ments. 
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The Riley Act extended the requirements for earthquake-resistant design to com
mercial and industrial buildings. 

Following the 1971 San Fernando earthquake in California, a series of new pieces 
of legislation were adopted by the California legislature, (A summary of this 
activity is contained in Figure 7-12). In particular, according to S'teinbrugge, 

et al., [1978]= 

Californials Hospital Act of 1972 was drafted using the Field Act 
(applying to schools) as a guide. The law requires that design work 
for new hospitals, or substantial additions to or alterations of 
existing hospitals, be done by qualified specialists. The design 
must be thoroughly reviewed for safety by the Office of the State 
Architect. 

Although the program has generally been regarded as successful, general adminis
trative problems have arisen, such as the definition of IIhospital ll and other tenns, 
the permit fee structure, and the appropriate level of construction standards. 

The 1971 earthquake also precipitated amendments to the City of Los Angeles Build
ing Code for residential structures requiring revisions in the design and con
struction of diaphragm sheathing, veneer ties, framing, reinforcing of concrete in 
masonary chimneys, anchorage of water heaters, and regulations related to cutting 
and notching of walls and studs. It is anticipated that these changes will greatly 
improve the safety and stability of residential structures with a cost increase of 
less than 1%. 

The City of Los Angeles h~s also rec~ntly enacted code changes for multi-story 

structures. These changes require site analysis and dynamic analysis with safety 
requirements for all additions to a structure. 

Expans i ve Soil 

Of the four model building codes, only the Uniform Buildir:lg Code specifically 
mentions expansive soils. Section 2904 specifies a standard test to determine a 
soil expansion index. In areas with expansive soil, the code only specifies that 
there shall be a IIspecial design consideration. II 
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Landslide 

Many landslides are man-induced chiefly because of a lac~ of adequate slope 
grading cjdes Qr enforcement of eXisting codes. In Contra Costa County. California. 
approximately 80% of the landslides are man-related [Nilsen and Turner, 1975J. 
The annual loss in the United States from landslide activity has been estimated 
to be at least $370 million [Slosson and Krohn, 1976J. 

The effectiveness of adequate grading codes as a deterrent against man-induced 
landslides is exemplified in the City of Los Angeles. Very high property losses 
and some lives lost from landslides and mudflows during the 1950 l s and 1960 l s in 
California prompted the introduction of local codes and land use regulations. The 
heavy rains of January 1952 callsed approximately $7.5 million damage within the 
City of Los Angeles. During the heavy rains of 1952 and 1955, loss or near loss 
of approximately 150 homes was due to the Portuguese Bend landslide in Palos 
Verdes Hills. Los Angeles County. Damages sustained at Portuguese Bend as well 
as other areas of Los Angeles brought about the first grading codes in 1952. 

The grading codes were subsequently updated and improved by the City of Los 
Angeles one year after the heavy rains in 1962.which caused flood, landslides, 
and mudflows. This final code change in 1963 greatly reduced the loss or risk 
factor from man-induced landslides. 

The new grading codes were given a test by the severe rains of 1969. An analysis 
of data collected by the Department of Building and Safety of the City of Los 
Angeles after the 1969 storm strongly suggests that landslide damage can be 
essentially eliminated by the proper use of scientific and engineering analysis 
in conjunction with realistic codes properly enforced. Statistics of damage to hill
side homes from the 50-year storm showed clearly the value of engineering geolo-
gy and soils engineering studies in preventing loss, (Table 7-13). The estimated 
cost of engineering geology and soils engineering studies in a typical housing 
tract is between $50 and $100 per home. which is economically sound when compared 
to the average loss per home inflicted by the 1969 storm. 
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Demaged hom .. 
Number Parcent 

Average Cost 
prorated for Construction dat .. and. 

legal Nqulremenb 
Number of hom .. 

built on hll~ 
aide alt .. 

of total 
,%) 

Total damage total number 

Pre - 1952 No legal requirement for soils 
engineering or engineering 
geology studies 

1952 - 1963 Soils engineering studies required. 
Minimum engineer ing geology 
studies. 

Post - 1963 Extensive engineering geology 
and soils engineering studies 
required 

10.000 

27.000 

11.000 

1040 10 

350 1.3 

17 0.15 

Data from City of Los Angeles Department of Building and Safety, 1969 

83.300.000 

$2.767.000 

$ 80.000 

Landslide and Flood Damage to Hillside Homes During January 

of homes 

$100 

$ 7 

Table 7-13. 
and February 1969 (50-Year Storm Event). Los Angeles County, CA 

Problems with Local Building Code Variations 

The standard building code tend to address natural hazards at certain generalized 
levels, but local variation~ in hazard levels and attitudes toward the role of 
building codes tend to vary widely. Certain areas subject to extreme levels of 
natural hazards have developed specific policies to protect the citizenry from 
those hazards, specifically in the area of potential wind damage reduction through 
the use of wind-resista~t building standards of the Texas Coastal and Marine 
Council, the Southern Florida Hurricane Standards, and the building code guide
lines for National Flood Insurance. The Federal Insurance Administration requires 
all living areas of flood-prone residences in a municipality participating in the 
National Flood Insurance Program to be at or above the base flood level as indi
cated on the FIA I s flood insurance rate map. [Department of Housing and Urban 
Development, 1976]. However, building codes as a general rule tend not to in
clude detailed treatment of natural hazards mitigation measures. According to 
Field and Rivkin [1970], part of the problem is the number of standards with which 
we have to deal and the derivation of those standards: 
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... there are literally thousands of standards in use today 
covering all aspects of housing. One estimate placed it between 
13,000 - 14,000, most having been developed by the various bui1d-
in trade associations. These associations, some 400 - 500 in 1968, 
represent specialized product groups. For example, the interest of 
the Cost iron soil pipe manufactures are represented thro~gh the 
Cast Iron Soil Pipe Institute, and wood interests are handled by 
the National Forest Products Association. While these associations 
conduct, through their membership, the actual research and testing 
to develop specific standards, certification comes from one of these 
standardization associations. Two of these, the American National 
Standards Institute and the American Society for Testing Materials, 
adopt standards through what is termed the consensus process. Spe
cial committees, representing industry and public interests, meet 
to consider a proposed standard and eventually reach a consensus on 
the acceptability of the proposed standard. 

Performance standards are extremely important in establishing objective criteria 
for product use in building codes. However, the trade associations are often con
sidered by some to be IIc10sed shopsll. Thus, building codes are partially the re
sult of supplier group_ influence and partially the function of local building 
code enforcement professionals who themselves have generally been recruited from 

the building trades. 
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Conclusions 

Project constraints prevented the study team from independently acquiring de
tailed data concerning organizational operations, budgetary and expenditure 
levels, and internal federal, state, and local governmental plans concerning the 
management of natural hazards. For many of these details we have been dependent 
on previ ous ly publ ished documents and sources of information whi ch are readily 
available to the professional and lay public. Nonetheless, the following con
clusions seem justified on the basis of the evidence at hand: 

1. The U.S. Congress already has authorized the Executive Branch to design and 
implement policies and programs which could provide most of the needed ingre
dients to a comprehensive, well-integrated, balanced, and rational national
level natural hazards management program. 

The disaster relief act of 1974 delivered to the Executive Branch the principal 
legislative authorizations necessary to the design and partial implementation 
of a comprehensive, well-integrated, balanced, and rational national-level na
tural hazards management program. 

The act defines "majordisasterll as meaning "any hurricane, tornado, storm, flood, 

high-water, wind-driven water, tidal wave, tsunami, earthquake, volcanic erup
tion, landslide, muds1ide, snow storm, drought, fire, explosion, or other catas
trophy in any part in the United States .•. ". The act authorized the president 
[Section 201 (A)] to establish "a program of disaster preparedness ll , utilizing 
"services of all appropriate agencies ll , such program to include IIpl ans for miti
gati on, warni ng, emergency operations, rehabil itation, and recoveryll as well as 
plans for IItraining ... annual review of programs .•. coordination of federal, 
state, and local preparedness programs ... application of science and technology .. 
research,lI The president was required by the act to "provide technical assis
tance to the states in developing comprehensive plans and practicable programs 
for preparation against disasters, including hazard reduction, avoidance, and 
mitigation ... [Added]. The act further required the president to IIconduct annual 
reviews of the activities of federal agencies and state and local governments 
providing disaster preparedhess and assistance, in order to insure maximum 
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coordination and effectiveness of such programs and ... from time to time report 
thereon to the Congress." [Section 316] 

Section 406 of the act requires that, as a "condition of any loan or grant made 
under the provisions of this act, the state or local government shall agree that . . 
the natural hazards in the areas in which the proceeds of the grants or loans are 
to be used shall be evaluated and appropriate action shall be taken to mitigate 
such hazards, including safe land-use and construction practices in accordance 
with standards prescribed or approved by the President after adequate consulta
tion with the appropriate elected officials of general purpose local governments, 
and the State shall furnish such evidence of compliance with the section as may 
be required by regulation. II Section 201 (C) of the act states that presidentially 
authorized planning grants to the states shall be used for the IIdevelopment of 
pl ans, programs, and capabil iti es for di saster preparedness and prevention" and 
requires states to submit, to the president, plans which shall "set forth a com
prehensive and detailed state program for preparation against and assistance 
following emergencies and major disasters". The president is authorized by Sec
tion 601 of the act to "prescribe such rules and regulations as may be necessary 
and proper to carry out the provisions of this act" and further authorizes the 
president to "exercise any power or authority conferred on him by any section of 

this act either directly or through such federal agency or agencies as he may 
designate". 

Thus, the Disaster Relief Act of 1974 provided the executive branch with several 
specific requirements which it was to meet and further authorized and encouraged 
action by executive agencies to develop plans for mitigating the risks associated 
with exposures to potential disastrous natural hazards, including all of those 
examined in this study, with the single exception of expansive soils. Interest
ingly, the United States Water Resource Council Report on a IIUnified National 
Program for Flood Plain Management" was submitted to the president in response 
to Section 1302 (C) of the National Flood Insurance Act of 1968 [PL 90-448] and 
does not indicate that the proposals in any way relate to the congressional 
charge upon the president under the terms of the Disaster Relief Act of 1974. 
Beyond the general authorities contained in the Disaster Relief Act of 1974 are, 
of course, the specific mandates and authorizations contained in the National 
Flood Insurance Act of 1968 [PL 90-448],the Flood Disaster Protection Act of 
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1973 [PL 93-234J, the National Dam Inspection Program [PL 92-367J, the Coastal 
Zone Management Act of 1972 [PL 92-583J, and the Earthquake Hazards Reduction Act 
of 1977 [PL 95-124J. Statutory authorizations which underpin the programs of the 
National Oceanic and Atmospheric Administration, the National Science Foundation, 
the U.S. Soil Conservation Service, the U.S. Corps of Engineers, a~ ~ther agen
cies also butress the existing legal capacities for hazard-related program plan
ning and development operations within the federal establishment. Also, of course, 
the specific authorizations contained in the Environmenta1 Education Act and 
other similar statutes provide a basis for extensive implementation of techno
logy transfer, and attention-focusing policies in respect to natural hazards 
management. 

2. Both past and current federal natural hazard management policies involve sub
stantial and increasing externa1ization of the costs produced by natural hazard 
risk takers. 

By June 1975, the multi-decade cost of flood control-projects completed under the 
supervision of the U.S. Corps of Engineers totaled $10.2 billion (in non-constant 
dollars). The overwhelming f:"action of these costs were incurred between 1936 
and 1975. Direct federal expenditures for disaster assistance totaled more than 
$4 billion between 1953 and 1973 [See Table 7-5J and from $158 to $173 million 
per year are currently being expended from tax revenues to subsidize flood in
surance programs [See Table 7-4]. Of course, additional substantial sums are 
being expended for the annual operation and maintenance of existing area flood 
protection facilities, for technology development and transfer operations, for 
administration of disaster relief and other hazard-related programs, and for 
other similar purposes. The evidence seems to be that annual expenditures for 
this mix of program purposes are increasing and will continue to increase for 
several decades to come. Although owners and renters of property within natural 
hazard zones clearly experience, and will continue to experience the 
major fraction of losses sustained as a result of their exposures, it also is 
clear that no-risk-takers residing outside these zones also are bearing a sig
nificant fraction of the cost of the risk taking. 

As noted above, project constraints prevented a detailed study of the present 
and probable future magnitude of the externalization of costs that result from 
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natural hazard risk taking, but the subject clearly is one deserving of future 
detailed study. 

3. In comparison with national annual expected losses from natural hazard expo
sures, comparatively small sums currently are being expended by the national 
government for technology development, technology transfer, and public attention
focusing purposes. 

Both the cost associated with natural hazard exposures and the costs associated 
with efforts to mitigate those hazards are sufficiently large to warrant the 
cost-effective creation of a national data base adequate to the demands of ratio
nal and compassionate decision-making by local, state, and federal policy makers 
as well as informed policy implementing activities by professionals and adminis
trators in both the public and private sector. Weighed against these costs, fed
eral expenditures for research, technology transfer, and attention-focusing pur
poses apparently have been rather small. Thus, White & Haas [1975J have observed 
that "natural hazards research in our nation is spotty, largely uncoordinated, 
and concentrated in physical and technological fields." Although the F-arthquake 
Hazards Reduction Act stimulates needed research in respect to that hazard, it is 
not at all clear that other areas of knowledge deficiency of equal or greater 
importance have been appropriately funded. 

Little documentation is required to assert that large technical assistance re
quirements are faced by understaffed and only marginally professional building 
regulation and planning agencies at local levels and even by the larger state 
level or regional planning staffs. Fully adequate and completely documented da
mage and damage reduction algorithms have yet to be developed for most of the 
major hazards, and hazard zone identification criteria having high predictive 
quality are all too sparce. Significant sources of non-catastrophic loss, such 
as expansive soils, have yet to be addressed through the kind of empirically 
sound and policy-useful research that the magnitude of the annual losses would 
suggest to be warranted The marginal cost-benefit relationship associated with 
incremental upward or downward shifts in model building code requirements has 
only been inadequately addressed. All too many hazard planning and policy in
fluencing documents generated at the federal level or funded by federal agen
cies are essentially "qual itative" in their approach to assessments of hazard 
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risks and program payoffs, suggesting the sad state of the data base in this 

field. 

4. There are numerous federal points of leverage which may be employed to support 
future action-forcing pol icies at the federal level in respect to th.e management 
of natural hazards. 

Without considering their political feasibility, there are numerous statutes and 
federally-financed programs which could be utilized to support the future adop
tion of action~forcing policies, and programs by the federal government. Adop
tion of appropriate hazard mitigation laws, regulations, and plans by state and 
local units of government can be made a condition for award of federal disaster 
relief funds. federal flood insurance subsidies, subsidies for hospitals, and 
other health care facilities enumerated in the National Health Planning and 
Resources Development Act [PL 93-641], and could further be made a condition for 
award of federally-supported or guaranteed mortgages under the programs adminis
tered by such agencies as the Veterans Administration, the Farmers Home Adminis
tration, and the Federal Housing Administration. It is more than conceivable that 
such disparate action-forcing policy could focus on land use planning and zoning, 
other forms of hazard zone avoidance, building codes, notifications of hazard 
exposures to buyers at time of transfer of property title, etc. (See discussion 
of legal constraints in Chapter 8), 

5. State and local action to promote the avoidance of development in natural 
hazard zones, to reduce the vulnerability of persons and property within such 
zones, and to otherwise miti~ate the risks associated with natural hazard ex
posures has been spotty, of widely-varying guality, and inconsistent with the 
dimensions of natural hazard exposure losses. 
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Chapter Eight 

CONSTRAINTS ON PUBLIC HAZARDS-MANAGEMENT POLICY-MAKING 

Introduction and Summary 

However severe or limited the impacts of natural hazard exposures may be, and 
however deficient or efficacious past public policies may have been in respect 
to such exposures, future public policy-making in this field will be constrained 
by a mix of legal, socio-political, and economic factors. 

The nature and importance of each of these three sets of constraints is reviewed 
in this chapter. 

Legal Constraints on Public Hazards Management Decision-making 

In terms of their domestic functions, governmental entities within the United 
States are viewed by scholars as engaging in the development and implementation 
of four broad types of public policies: allocative or distributive; regulatory; 
structural; and redistributive [Lowi, 1964; Salisbury, 1968; Anderson, 1975; 

Jones, 1977J. 

Distributive policies are those which confer benefits or services, which determine 
what types of service is to be provided to whom, where, and when. Nineteenth cen
tury land distribution policies of the federal government. as well as contemporary 
river and harbor improvements and agricultural and business subsidy programs, are 

exemplary of this class. On the other hand, redistributive policies are those which 
calculably are intended to transfer income or wealth from one or more groups of 
citizens or areas to other groups of citizens or areas. Such policies involve a 
IIconscious attempt by the government to manipulate the allocation of wealth, pro
perty, rights, or some other value among broad classes or groups in society.1I 
[Ripley and Franklin, 1976J. Structural policies establish organizations and 
systems for disbursing benefits (for implementing other policies) and provide 
guidelines for allocating such benefits [Salisbury, 1968J. 
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In contrast to the above, regulatory policies are those that are intended to es
tablish and enforce constraints on citizens and private organizational decision
making and behavior. 

Within the field of natural hazards management, examples of all four types of 
public policies may be found at federal, state, and local levels. In general, 
the power of all three levels to engage in these several classes of pol icy-
making is not questioned by the courts, but the specific details of any given 
policy in any class may be so questioned. For example, government's power of emi
nent domain is not questioned, in general, by the courts, but in any specific 
case this exercise may be found to be legally indefensible. For example, the pub
lic condemnation of a private beach-bordering home for the explicit purpose of 
later transferring title to the property to the son of the condemning jurisdic
tion's chief executive probably would be found to involve an illegal use of govern
mental power. Similarly, although a sea wall may be constructed by a governmental 
entity to protect a whole community or neighborhood, the courts are likely to 
look with disfavor on such action if the property to be protected is that of a 
single property-owner. However, so long as legitimate "public purpose" can be 
shown, the legal constraints on the making of the distributive. structural, and 
redistributive policies by federal and state governments are few, indeed. 

In respect to local governments, the constraints have primarily to do with the 
fact that, in the eyes of the courts, these units of government are subordinate 
creatures of the states and - in genera1- are vested only with such authority as 
that which has expressly been given to them by state constitutions or by state 
law making bodies. Thus, the ability of local units to make I structura1" policies 
concerning how they shall organize and staff to engage in the delivery of state 
sanctioned "distributive" services may be constrained by state-imposed "struc
tural" requirements or by the absence of expressly granted authority from the 

state for the local unit to engage in such decision-making. In respect to all 
forms of policy-making by local units of government, Mande1ker [1963J has ob
served that "l oca1 governments must find the source of their powers either in the 
home-rule enabling provisions of state constitutions, or in specific enabling 
statutes". 
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Dillon's rule frequently is offered as a general guide to an understanding of the 

powers of local government. 

The rule states: 

It is a general and undisputed proposition of law that a municipal 
corporation possesses and can exercise the following powers and no 
other: First, those granted in express words; second, those neces
sarily or fairly implied in, or incident to, the powers expressly 
granted; third, those essential to the declared objects and purposes 
of the corporation--not simply convenient, but indispensable. Any 
fair, reasonable doubt concerning the existence of power is resolved 
by the courts against the corporation, and the power is denied .... 
[Mandelker, 1963J 

At all three levels of government, special problems are posed by efforts to engage 
in regulatory policy-making. Such efforts involve two types of legal questions: 
one concerned with the general authority of the "regulating" governmental entity 
to act in respect to the focal matter and parties, the other concerned with such 
external constraints on the exercise of the authority as those that specify that 
the regulations must be reasonable and not arbitrary. 

All regulatory legislation at state and local levels of government may be traced 
ultimately to the "police power" of the states. Although this phrase is incapable 
of precise definition, the term has been "used and given shape by the courts in 
the course of thousands upon thousands of adjudications. The term identifies 
valid governmental actions undertaken to protect the health, safety, and welfare 
of the community" [Krier, 1970J. At the federal level, the "working equivalent" 

of the "police power" is the grant of power contained in Article III, Section 8, 
of the U.S. Constitution. 

At both state and federal levels, regulatory policy-making is constrained by 
specific constitutional prohibitions, such as those contained in the Fifth and 
Fourteenth Amendments to the U.S. Constitution. These amendments, respectively, 
state that: "no person shall be ... deprived of ... property without due process 
of law; nor shall private property be taken for public use without just compensa
tion". The Fourteenth Amendment goes on to state that " ... no state shall . 
deny to any person within its jurisdiction the equal protection of the laws". 
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These prohibitions have much potential impact on the making of natural hazard 
management regulatory policies. Such policies can be viewed as being expressed 
in several possible forms: (1) as land-use planning or zoning legislation, (2) as 
seller disclosure requirements, (3) as housing or building code standards, (4) as 
constraints on insurance systems, (5) as legislation establishing controls over 
subdivision practices, (6) as requirements that permits or licenses be secured 
from regulatory entities before construction or operation of facilities or before 
engaging in specified activities, (7) as legislation, regulations, or orders that 
impose specific conditions on a citizen's eligibility to receive a public service, 
such as those that require recipients of federally-subsidized or guaranteed mort
gages to demonstrate that the property in question meets specified wind resistance, 
building strength, or other standards. 

Subdivision regulation arose in the United States with the demand for simplified 
land conveyancing. Eventually the simplified method came to be not only a con
venient alternative, but a required procedure in certain circumstances. In either 
case, more is involved than conveyancing. Local governments have attached a vari
etyof regulatory policies to subdivision approval. In general, these policies 
have sought to pass on infrastructure costs to developers (and therefore to the 
eventual occupants of the development). Accordingly, developers have been re
quired to dedicate land for, and in some cases install, streets, parks, schools, 
etc. When this was impracticable, fees in lieu of dedication or installation have 
been imposed. 

The principal disadvantage of subdivision regulation, particularly that which does 
not involve fees, has been its inflexibility and dependence on the developer. 
Dedication and installation requirements may be exacted only once. Other means 
must be employed to control subsequent development. Moreover, whether dedication 
and installation actually take place remains wholly at the discretion of the de
veloper. If he chooses to abandon the project nothing can be done. 

The means which have been adopted to make subdivision regulation serve purposes 
other than simplified conveyancing have an obvious relevance to hazard abatement. 
Just as developers can be required to provide for streets and parks, so responsi
bility for hazard abatement programs can be imposed on them. Thus, for example, 
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special treatment of the land could be required to abate riverine flooding, 

storm surge, expansive soils and landslides. Similarly, installation of special 
facilities (like catchment basins) could be mandated. 

The permits required to engage in construction have expanded enormously in re
cent years. These permits are multifarious. They include permits to build, to 
occupy, to make water or sewer connections, to have vehicular access to the 
street, etc. The land development control purpose served by these permits is ob

vious. The existence of building and occupancy permits, for example, clearly en
hances zoning and building code enforcement. 

These construction-related permits can also be made to serve hazard abatement 
ends. They are in fact, in some areas of the United States, already used in haz
ard contexts. It is now usual in certain landslide prone areas of California to 
require a soil stability study as a condition of building permit issuance. 

Building permits, and other appropriate permits, could also be conditioned on 
abatement actions like those mentioned in the above discussion of subdivision 
regulation. 

Zoning was, of course, the forerunner in attempts to control land development. It 
has become so common that only a very brief description is necessary here. Zon
ing's principal thrust has been the segregation of incompatible uses. Uses 
thought to be entirely inconsistent, like most residential and industrial ones, 
have accordingly been separated most fully. Less inconsistent uses like residen
tial and commercial ones, have called forth less rigid segregation. 

Relative to subdivision regulation, zoning seems to offer greater temporal flexi
bility. As conditions change, zoning can change to meet them. The nature of sub
division regulation does not seem to permit this same accomodation to change, 
except on a project-by-project basis. All but very substantial subdivisions 
prompt discussions between regulators and developers. As a result, the regulatory 
purpose may be more effectively served. Zoning, however, prompts such discussions 
only when variances from the existing zoning are necessary--generally involving 
very substantial projects. In these cases, a common outcome is the imposition of 
exactions like those under subdivision regulation. 
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When variances are necessary, zoning can of course fulfill the same functions as 
subdivision regulation--both for hazard abatement and other purposes. Ordinarily, 
however, the most effective use of zoning in the hazard context is to foreclose 
hazard-sensitive activity in zones of high hazard risk. Thus, zoning has been 
already used to severely limit construction in areas subject to riverine flooding 
and storm surge; in general, only agricultural, recreation and park activities 
have been permitted. Restrictions like these, or other more appropriate ones, 
could,of course, be used to avoid activity in areas subject to the other natural 
hazards considered here. Seller disclosure requirements are widely imposed in 
modern economic life. In certain areas, like the issuance and sale of corporate 
securities, the requirements imposed are heavy. For others regulation is less 
intense, but still present. As in other areas. disclosure requirements are use
ful in the natural hazard context because they permit persons to rationally ad
just their activity to the circumstances present. Such requirements can be im

posed at several points. For example? there can be recorded in the land title 
records for areas of high hazard risk a notice of that risk. Persons entering 
into transactions involving land in such areas will accordingly be able to avoid 
or voluntarily assume it. Similar ends would be served by requiring brokers and 
other persons involved in the sale of land in areas of high hazard risk to ap
prise prospective buyers of its existence and extent. 

Building codes have a history almost as long as zoning and need little introduc
tion. They are intended to provide standards, often claimed to be minimal ones, 
for safe structures. Frequently, a distinction is made between building codes 
and housing codes, the former governing new construction and the latter existing 
structures. The standards of housing codes should presumably be, but are not 
always in fact, less onerous than .those of building codes--since it is generally 
less expensive to incorporate a given feature into a new building than to alter 

an old one to conform. 

Building and housing codes provide an obvious means for protection against na
tural hazards of all kinds. Standards can be varied to provide whatever degree 
of protection for buildings and their'contents is considered desirable. More
over these standards can be applied on a zonal basis. Standards for zones of high 
hazard risk can be made more severe than those for zones of lesser risk. 
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Insurance has long been used to mitigate financial 10$s to property owners 
(and those making funds available to property owners) from a variety of causes. 
In so doing it spreads the financial consequences of loss among a broad popula
tion of persons subject to loss. The risk-spreading effects of insurance are so 
attractive that it has even, in a variety of situations, been forced upon both 
insurers and persons subject to risk. In the area of automobile accident insur
ance, for example, some states have required automobile owners to carry such in
surance as a condition to licensing their vehicles, and also have required in
surance companies to insure all owners applying for it. The latter requirement 
is normally accompanied by permission for insurance companies to form a pool to 
insure high-risk owners. 

The attractiveness of the financial loss mitigation and risk-spreading features 
of insurance are apparent in the natural hazard area. While it might not be 
possible to go so far as with automobile accident insurance, and thus require 
every property owner to carry a hazard insurance policy, nevertheless insurance 
cover~ge could be required under more limited circumstances--for example, 
almost any form of public assistance to the property owner might be conditioned 
on such insurance. Hazard coverage, in turn, could be a required insurance 
company offering. In fact, it already is in some states. In California, for 
example, insurance companies are required to offer fire insurance to owners of 
property in high risk areas. 

All of these expressions of regulatory policy are subject to constitutional con
straints.* The nature of these constraints is suggested .by two polar hypothetical 
situations in which the constraints imposed by due process and equal orotection 
on pol ice power regulation ar.e.incompatible. 

Situation I: John Doe, owner of a ten-acre tract surrounded recently by an 
about-to-be-completed residential development, maintains there a slaughterhouse. 
Twenty years ago when he bought the tract and built the slaughterhouse, the near
est residential development was five miles distant. The district including his 

*For further discussion of the matters discussed in this section, see Bosselman, 
Collies and Banta, 1973; Hagman and Nisczynski, 1978; Kusler and Lee, 1972; 
and Michelman, 1967. 

8-7 



ten acres has just been annexed to a city which has an ordinance classifying 
slaughterhouses as public nuisances and prohibiting their operation in pre
dominantly residential districts. The city has just brought suit to enjoin oper
ation of the slaughterhouse. 

Situation II: Robert Roe is also the owner of a ten-acre tract surrounded re
cently by an about-to-be-completed residential development. He, however, has done 
nothing with the tract since he purchased it for speculation twenty years ago, 
maintaining its original condition as a partially wooded, gently rolling area of 
some natural beauty. The city which has recently annexed the district including 
his land has informed him that it may in the future be acquired as a park (al
though there are already several parks located i.n the district). In the mean
while, it is classified as a "holding zone," which means that the land must be 
maintained as it is, with no construction of any kind permitteq. In spite of 
this, and as the first step in his plan to make good on twenty years of hopes, 
Roe filed an application to subdivide for residential purposes. Upon denial of 
the application, he commenced suit to declare the holding zone invalid and re
quire approval of his application. 

As an initial matter it may be noted that both Situation I and II have certain 
things in common. In both cases that which the land owner ~eeks, to continue 
slaughtering animals or to turn his land into a residential SUbdivision, can be 
seen as harmful-- it would, in the one case, subject his neighbors to the smells 
and squeals of slaughtered and unslaughtered animals, and, lin the other, deprive 
them of a pleasant vista and place to picnic. Therefore, that which the city 
seeks would be clearly beneficial. Looking however at Situation I and II from the 
standpoint of the landowners, rather than from that of his neighbors, that which 
Doe and Roe seek is beneficial--to continue supplying meat to a hungry world in 
the one case, and to furnish it with shelter-in the other. Therefore, they argue, 
that which the city seeks is a positive harm. 

In spite of these two-sided similarities in the two situations, it is reasonably 
clear that they would be decided differently by the courts. The use being made 
of his property by the landowner in Situation I would be said to constitute a 
public nuisance in that it impairs the health and welfare of his neighbors. In
deed, had the city not acted, they or one-of them would have been able to enjoin 
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the slaughterhouse as an unreasonable interference with their own uses. Any con
tention by the landowner that the city ordinance deprived him of, or took, pro

perty because his slaughterhouse was thereby rendered valueless would be rejec

ted by the courts. 

The landowner in Situation II, on the other hand, would very likely be succeSs
ful in his litigation. The holding zone into which his land was classified would 
be said to constitute a taking without compensation under the Fifth Amendment-
because it precludes any use by the landowner -- and to therefore require a de
claration of its invalidity. Moreover, the invidious distinction between the 
development rights of other landowners in the neighborhood and those of the land
owners would also be said to require a declaration of invalidity under the Four
teenth Amendment. 

In the material which immediately follows, our overall concern is the justifi
cations that would or could be given by the courts to support these differing 
results in Situation I and II -- and how hazard-related regulatory policies would 
fare under those justifications. This will involve an analysis of the relatively 
few Supreme Court decisions in the area and a review of other court decisions 
bearing more closely on other matters. 

Tests of Constitutionality 

Fifth Amendment 

As emphasized above, regulatory policies involve an exercise of the state's police 
power. Constitutional exercise of that power, in the by now familiar litany (see, 
for example, Judicial Decision 13,20), calls only for findings that the "inter
ests of the public require interference ("public purpose"), that the means chosen 
are "reasonably necessary for the accomplishment of the purpose" (reasonableness"), 
and that the means are not "unduly oppressive upon individuals" ("undue burden"). 
These findings are remarkably uncomplicated to state. Their application, however, 
particularly in the context of situations involving the use of property (thus 
bringing in the Fifth Amendment), has not always proved so simple. In the case 
of hypothetical situations I and II, above, for example, the findings seem to be 
of little value. Certainly in both cases a public purpose (protection of the 
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public·s health and welfare) is being served, and certainly the means employed 
(prohibition of the current harmful use in the case of Situation I, and the pro
posed one in the case of Situation II) are reasonably calculated to lead to ful
fillment of that purpose. That the means are not unduly oppressive is less clear, 
but it is difficult to say they are more or less so in the case of one situation 
than the other. 

The findings called for then do not seem of any particular value in precisely 
identifying situations, like Situations I and II above, in which the courts would 
predictably arrive at different results. Something else is apparently at work. 
In order to identify that II something else ll we will examine a concrete application 
of the findings in a Supreme Court case decided more than fifty years ago. In 
spite of its age the case, Pennsylvania Coal Company v. Mahon (Judicial Decisions, 
27), remains important--if not quite so decisive as it once seemed--probably be
cause the majority opinion was written by one of the Court·s most respected 
members, Justice Holmes. 

Pennsylvania Coal was a case commenced by a homeowner, Mahon, seeking to enjoin 
the coal company from carrying on subterranean mining operations under his house. 
If continued, those operations would cause, as they had already caused to other 
property owners, subsidence of the land surface· and consequent damage to build
ings, and conceivably persons, there located. Mahon brought the action under the 
Pennsylvania statute prohibiting mining in such a way as to cause subsidence in 
urban areas. The statute had been enacted in response to widespread subsidence 
(the City of Scranton was said to resemble a battlefield II razed to the ground 
by shots from belowll), and after a previous statute req~iring support to be main
tained artificially had failed to cure the problem. One other fact is wortil 
noting, although it receives no explicit recognition in Holmes· rationale for 
the decision. It is that the coal company, in addition to owning the subsurface 
rights to minerals,was also the beneficiary of an agreement, made at the time 
Mahon·s predecessor acquired the surface rights, under which any future claim 
for personal injury or property damage attributable to subsidence was waived. 
From at least a strategic viewpoint it would have been preferable had a home
owner other than Mahon, one not subject to such an agreement, commenced the 
suit. This, however, was unlikely. In the coal mining regions of Pennsylvania, 
it appears that land was generally held subject to such an agreement or the coal 
company was the owner of both surface and subsurface rights. 
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Preliminarily,we can say the same thing about the factual situation of this case 
as was said about the hypothetical Situations I and II. The findings required to 
sustain an exercise of the police power do not seem of any decisive impact.In
deed, this must be the case since the case's factual situation is less extreme 
that the polar Situations I and II, and the required findings are of little 
value there. Accordingly, what Holmes had to do to construct a decision premise 
was to fill out the meaning of these findings. Since the factual situation pre
sented very little room for maneuver in the case of the first two findings -
public purpose and reasonableness -- it was on the third -- undue burden -- that 
he focused. He stated his test of undue burden as follows: 

Government hardly could go on if to some extent values incident to 
property could not be diminished without paying for every such change 
in the general law .... Some values are enjoyed under an implied 
limitation and must yield to the police power. But obviously the im
plied limitation must have its limits .... One fact for considera
tion in determining such limits is the extent of diminution. When it 
reaches a certain magnitude, in most if not all cases, there must be 
an exercise of eminent domain and compensation to sustain the act. So 
the question depends on the particular facts. 

The "particular facts" which Holmes singled out to sustain his holding that the 
Pennsylvania legislation had excessively diminished "values incident to property" 
used by the coal company, and was therefore constitutionally invalid as applied 
to it, was the completeness with which the legislation wiped out the coal com
pany's rights. It was the owner of only subsurface mineral rights, and the tech
nology of the day apparently did not permit those rights to be economically exer
cised without surface subsidence. Legislation which forbad subsidence, therefore, 
just as effectively stripped the coal 'company of the benefits of its property as 
if it had prohibited mining completely. 

Whatever may be thought of Holmes' test of undue burden, and we will consider it 
shortly, one may doubt its fulfillment in the situation of Pennsylvania Coal. 
Briefly put, his conclusion that the test was satisfied depends crucially on the 
uninvestigated, indeed unmentioned, state of technology at the time. Had it been 
shown that a technology was available, or was in the process of development and 
would shortly become available, permitting the coal company to mine underground 
without surface subsidence, it may be doubted that Holmes would so confidently 
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have found its rights wiped out. We will return to an examination of some other 
implications of this point below. 

Our evaluation of the merits of the test propounded by Holmes, that undue burden 
should be judged by extent of diminution, will be more effective if some of the 
other available tests are first brought in. Before doing this, however, we should 
clear some situations in which no test has been thought necessary. One of these 

involves physical occupation of the landowner's premises. Typical of this situ
ation are cases in which state (or state authorized) activity, like the construc
tion of a dam, has resulted in the premises being convered with water or some 
other substance so that any use of them is effectively precluded [See, for 
example, Judicial Decisions, 3, 21, 32J. The cases in which the activity is low 
and there are frequent airplane overflights may also be considered as instances 
of physical occupation [See, for example, Judicial Decisions, 14, 45J. What
ever the activity, however, its classification as physical occupation makes 
the search for the correct test of a constitutionally-sanctioned exercise of 
the police power irrelevant. Thus, physical occupation will trigger application 
of the taking clause of the Fifth Amendment and require the payment of compensation. 

Another situation in which the constitutional boundaries of the police power have 

been thought to be irrelevant is that involving state ~egulation of nuisance uses. 
Typical are cases exactly inverse to those of the previous paragraph, cases of 
land uses that threaten or cause destructive, if only temporary, physical inva
sion of nejghboring premises, including those resulting from smell diffusion as 
in the cases of a slaughterhouse. Examples are: maintaining a structure dangerous 

to passersby [Judicial Decisions, 5J or trees infested by a pest fatal to neigh
boring trees [Judicial Decisions, 22J. Just as nuisance use involves a factual 
inverse to the physical occupation cases, so is the conclusion of the courts 
generally the opposite. Such a use is (generally) not considered property of the 
kind protected by the Fifth Amendment. The qualification generally has been in
serted here because the use of the coal company in Pennsylvania Coal appears to 
be characterizable as a nuisance. Yet the Supreme Court invoked the Fifth Amend
ment to preclude State regulation. 
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Most situations with which the courts have dealt, however, do not fall neatly in 
the category of physical occupations and nuisance uses. Certainly the regulatory 
policies relative to national hazards management are not so easily disposed of. 
We must, therefore, return to a consideration of the correct test of police 
power exercise. 

As we have seen Holmes' test for distinguishing police power regulations imposing 
undue burden was extent of diminution. His test, however, did not pre-empt the 
field. Already present, and of continuing vitality today to judge from the extent 
it enters judicial opinions, was the harm/benefit test [See Freund, 1904, Section 
511; Judicial Decisions, 24J. This makes the validity of regulations depend on 
their effect -- if they prevent harm to the public they are constitutionally 
sanctioned; if they instead provide public benefits, they are not and the appro
priate means for supplying the benefit is eminent domain. 

The harm/benefit test, it is clear, contains an early expression of the func
tionalist analysis of the state. The "preventing public harm" element of the test 
would lead to description of the government's exercise of power as a regulatory 
function. Its providing of a "public benefit II would, on the other hand, be seen 
as an exercise ,of the allocative or distributive function. Whether in the form 
of harm/benefit or functionalist analysis, however, there is a fundamental prob
lem in using the test to determine constitutional validity. That problem was 
suggested in the above analysis of Situations I and II. It consists in a core 
reciproc;-ty in most situations of police power exercise: that which is preven
ting public harm, from the standpoint of the state of the offended public, is 
simply providing a public benefit at private expense, from the standpoint of the 
person regulated. A similar reciprocity also exists in many situations conceded
ly going beyond the police power and requiring eminent domain; when the state 
so restricts the use of the property as to effectively deny its owner any eco
nomic benefit, it thereby both provides the public benefit (at private expense) 
sought by the restriction and prevents the public harm that would result from 
the owner's proposed use. 

On this analysis we cannot expect the harm/benefit test to yield satisfactory 
results in litigation involving the constitutionality of police power regulation. 
Public harms and public benefits are both generally present and the test does 
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not tell us how to weight them or prefer one to another. The decision in situ
ations like Situations I and II. indeed even in physical occupation and nuisance 
use situations, would therefore be completely fortuitous. 

If the harm/benefit test is of no value in determining undue burden, what then 
of Holmes' test of extent of diminution? Clearly the test has an advantage over 
the harm/benefit formulation. It at least tells us what to look at. We are to 
consider the degree to which the "values incident to property" have been dimin
ished by the regulation. Beyond this, however, no guidance is provided--other 
than that the "question depends on the particular facts". Holmes seems to have 
been sure that, at least on the particular facts of Pennsylvania Coal, there could 
be no doubt that his test was satisfied--all that the coal company owned had 
been effectively taken by the regulation. While we cannot, for the state-of
technology reasons outlined above, be so sure; nevertheless, the factual situation 
he supposed to exist would seem in fairness to require compensation. If physical 
occupation may not be employed to make use of the land owner's premises, then no 
more should that state be permitted the same result by completely precluding 
their use. This, of course, is what is being attempted in Situation II above. 
Instead of taking the land owner's premises for park purposes under eminent do
main, the city seeks the same end through their inclusion in a holding zone. 

Short of complete preclusion of use -- regulations achieving this effect, 
Situation II to the contrary, are probably not very common -- Holmes' test is 
not very decisive. We are instructed to look at the extent of diminution, but 
that is all. We are not told how to look at it. Should it, for example, be meas
ured against the value of the property absent the police power regulation? And 
in that case, what should be done when the property is of no value but could be 
made to have some, absent the regulation? Or, to take another example. should 
extent of diminution be measured against the damage which could result without 
the regulation? 

Consideration of the extent of diminution relative to value absent the regulation 
at issue has been relatively common in the reported cases. Some commentators 
have tried to extract a decision premise from this consideration, concluding that 
a finding of invalidity is apt to follow from evidence showing a decline of more 
than two-thirds [Krasnowiecki and Strong, 1963]. That this conclusion is less 

8-14 



than compelling is suggested by Supreme Court approval (in a case decided 
before Pennsylvania Coal, but during Holmes' tenure) of regulations causing a 
decline of more thao 90% [Judicial Decisions, 15], and by the failure of other 
commentators to find any regular pattern [Anderson, 1968, p. 101J. 

Were the proper standard for measuring extent of diminution agreed to be the 
value absent regulation, we would still not be free of problems. A situation in
creasingly common in the 1970's illustrates the problem. Suppose the property 
sought to be regulated is under water or otherwise unusable. Absent the regula
tion,the property owner might be able, by filling or other appropriate action, 
to give the property a substantial value; but,it has none as it stands. How then 
are we to evaluate the constitutionality of a regulation seeking to perserve the 
natural state of the property? One answer to this 4uestion is that the situation, 
as described, improperly characterizes the property in its natural state as value
less. Ownership of property implies the right to alter it, and that right is valu
able even if taken by itself the property is not. Under this interpretation, 
the value absent regulation standard remains unambiguous. It can be applied with
out difficulty to a submerged-land situation. The courts, however, have apparent
ly not been accepting this analysis. Recent regulations involving submerged land 
have been uni,form1y sustained against constitutional attacks even though they 
preclude any alternative by the landowner (see, for example, Judicial Decisions, 
8, 13, 31, 36). The decisions have stressed, among other factors, the fact that 
the property as it stands is not commercially usable. 

Value absent the regulation, however, is not the only standard derivable from 
Holmes' opinion in Pennsylvania Coal. Holmes himself provided a hint that the 
appropriate standard was instead the damage ensuing in the absence of regula
tion. His opinion notes, without further comment, that Pennsylvania Coal was a 
case brought by the owner of a "single private house." It may be then that one 
of the factors influencing the decision was the balance of damage to Mahon's 
house were the regulation struck down,and product unproduced by the coal company 
were it upheld -- or, more appropriately, the balance of property damage from 
all subsidence and total unproduced coal. Some legal commentators have thought 
that this was, or ought to· have been, the test intended by Holmes. None, however, 
has gone so far ,as the economist, R.H. Coase, in his famous article on social cost 
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[Coase, 1960]. There Coase examines, from the standpoint of optional resource 
allocation, situations of reciprocal damage which ordinarily underlie police 
regulations or suits seeking to end nuisances. He concludes that 1 in a world free 
of transaction costs, the content of the decision premise adopted by the courts 
in nuisance suits is immaterial from the standpoint of the resource allocation 
optimum -- as long as a clear premise is adppted. Whatever the premise, the be
havior of the parties will be determined not by it, but by the balance of damages. 

Thus, if the demand and cost schedules facing the owner of a factory involving 
a nuisance use is such that all damage to others caused by remaining in business 
can be passed on to the consumers of the product, then the factory will remain in 
business even though the courts declare it a nuisance. 

Coase goes on to point out that this happy result is not common in the world 
as it is, one in which transactions are normally costly, or in situations in
volving exercise of the police power. In such cases, the behavior of the parties 
will be determined by the decision premise of the courts or the police power reg
ulations. Whatever the balance of damages, the parties will be constrained, either 
economically by costly transactions or legally by the state, to go along with the 
premise of the regulations. 

From the standpoint of optimal resource allocation, therefore, police power re
gulations and the constitutional rules governing their validity can have a deci
sive impact. Accordingly, Coase suggests that the proper judicial test in suits 
involving regulations (or nuisance uses) is optimality. The party representing 
the largest potential loss should carry the day. 

Sound as Coase's conclusions may be in guiding us to an allocative optimum, they 
are less persuasive in a legal context. We can question both the role which they 
would assign to the courts, and whether they properly frame the issue which is, or 
ought to be, of concern to the courts. The role assigned to the courts is ques
tionable because it may be doubted that a litigated case is the proper context 
for the determination of costs and benefits. 

More important than the role of the courts, however, is Coase's questionable 
framing of the issue before them in litigating involving the police power. Adding 
some additional facts to Situation II above will provide an excellent example of 
this. Let us suppose that the municipal regulations at issue there result in an 
allocative optimum. More fully, the supposition is that the damages which would 
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be suffered by the landowner's neighbors were his property developed are greater 
than the diminution of value he would suffer were development blocked. Under these 
circumstances the proper result under Coase's test is a decison sustaining the 
regulations. But this, it should be noted, is a result going far beyond the scope 
of the limited balancing standard of Pennsylvania Coal. It permits, as that stan
dard would not, the landowner to be effectively deprived the benefits of his 
property through complete preclusion of use. And it permits this because Coase's 
analysis and the test derived therefrom explicitly exclude a factor that must 
be considered by the courts: the fairness of depriving a few of their property so 
that others may benefit more. Putting this another way, Coase was solely concerned 
with rules likely to generate an allocation of resources yielding the largest 
total product, and not with the redistributional consequences of those rules. In 
passing on police power regulations, on the other hand, the courts are frequent
ly called on to consider both optimality and fairness. This is not, of course, an 
inevitable part of their deliberations. The legislature could provide for com
pensation to regulatory victims. Were it to do so, few judicial problems would 
remain. When, as is often the case, it does not do so, the courts must struggle 
with resolving the ultimately unresolvable. To prefer optimality in that struggle, 
as Coase would do, is no better answer than an unreserved preference for indi
vidual property rights. Resolution cannot be purchased so cheaply. 

Apart from the problem it raises in defining the boundary between constitutional 
and unconstitutional exercises of the police power, the damage absent regulation 
standard also poses a measurement problem. It is one thing, as in Situation I, 
to balance an unpleasant environment against unproduced food, but what if a fur
ther consequence of the activity sought to be regulated were personal injury or 
death? Unless life can be valued on the same basis as property, that standard is 
literally inapplicable. In Pennsylvania Coal, Holmes would have had to face this 
problem, sudden subsidence being after all as dangerous to life as to property, 
but for the fact that the Coal company had given notice of its prospective under
ground operations. The case, therefore, involved only competing property interests. 
Had it involved personal injury or death, we can be sure Holmes' opinion would 
have been quite different. 

Before turning to a more specific consideration of the constitutional constraints 
on the regulatory policies, it will be well to recapitulate the few guides that 
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the foregoing discussion has made available to us. These are the following: 

1. For a regulation to be sustained as a constitutional exercise of 
the police power, it must be shown to respond to a public purpose 

and to do so in a reasonable manner. 

2. Additionally, the constitutional validity of the regulation depends 
on it not being unduly burdensome. Undue burden is an ambiguous 
phrase. If the regulation leads to physical occupation of the land
owner's premises, or to his being denied all use of them, it will 
almost certainly be struck down. If it precludes uses that have 
traditionally been characterized as nuisances, it will almost cer
tainly be upheld. The constitutional status of regulations falling 
short of either of these situations will be determined by tests re
lating the diminution in value suffered by property owners either 
to the value of their property unrestricted by the regulation, or 
to the damages suffered by others absent its protection. 

First of all, then, constitutional regulations respond to a public purpose. The 
regulatory policies in which we are interested are those intended to abate, or 
mitigate the consequences of, the nine natural hazards with which the study is 
concerned. As such, they protect from loss one or more pf three identifiable 
groups. These groups are (i) persons subject to the risks of hazards, (ii) per
sons suffering loss as a consequence of their being group (i) persons -- that is, 
for example, persons becoming subject to a flood or landslide because group (i) 
persons have been permitted to locate, or build an unsafe structure, in a risky 
area, and (iii) persons suffering financial loss as a result of their being group 
(i) and group (ii) persons -- that is, for example, taxpayers sharing the costs 
of damage compensation paid to group (i) and group (ii) persons. It would be 
difficult to imagine regulatory policies more responsive to a public purpose than 
these and any court would so find them. 

The other findings required to constitutionally sustain police power regulation 
are of course reasonableness and no undue burden. Ideally, we would consider 

their features separately, but since the reported cases almost inevitably in
volve landowners suffering a greater than average burden, arguments about the 
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reasonableness of a regulation (or the opposite) are often indistinguishable from 
arguments about the burden it imposes. Consider for example a municipal resolu
tion prohibiting gravel mining. As applied to the owner of gravel-bearing land 
far removed from any competing uses and without any other economic use, would the 

issue before the court be reasonableness or undue burden? 

"Reasonableness" and "no undue burden" tests clearly are going to be more diffi

cult to establish for hazard management regulatory policies than IIpublic purpose ll 

tests. In order to evaluate them the courts need to know, in the words of the 
Supreme Court in Goldblatt v. Town of Hempstead [Judicial Decisions, 13J, one of 
its few decisions in the area since Pennsylvania Coal: 

II ••• such things as the nature of the menace against which ... (the 
regulation) will protect, the availability and effectiveness of other 
less drastic protection steps, and the loss which ... (the property) 
will suffer from (its) imposition ... 11 

Before going on to an analysis of the reasonableness of and burden imposed by 
the hazard management regulatory policies, it will be useful to expand on the 
above quotation with the factors considered important in the few reported cases 
involving policies intended to avoid or protect against natural hazards. We take 
up zoning policies first. 

The zoning response to natural hazards has come before the courts far more than 
other policies [See Judicial Decisions, 7, 11, 23, 34, 35, 38, 41,42, 43J. All 
the cases have involved the use of zoning to avoid the consequences of the haz
ard (uniformly riverine flooding and storm surge) by forbidding location 6f 
most uses in the higher risk areas. The zoning regulations under attack in these 
cases have had certain features in common. They precluded all but agricultural, 
recreational and park uses in the areas susceptible to flooding. Most of them 
also provided for a permit procedure under which owners could apply for variances. 

The two facts that have most interested the courts in the zoning cases are the 
historical extent of flooding and the amount of the landowner's property subject 
to flood control zoning. In only two cases [Judicial Decisions, 11, 38] were 
both these facts adverse to constitutionality -- that is, the landowner's proper
ty fell completely within the restricted area and nothing was presented to show 
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it to have been previously flooded. In both, the zoning was found to be un
constitutional as applied to the landowner. In another case the court redrew 
the boundaries of the flood control zone to conform with evidence on the extent 
of flooding in a previous storm [Judicial Decisions, 34J. In so dOing the court 
was not impressed with the state's argument that predicted future development 
in the flood control zone should be considered in the redrawing; it held that 
the extent of flooding was to be determined solely on the basis of contempora
neous conditions. In all the remaining cases, the flood control zoning was up
held as drawn. It should, however, be pointed out that all but one of these cases 
involved landowners with property partially within and partially without the 
flood control zone. The exception involved land which had been flooded four times 
in 45 years, the most recent occurrence having swept away a model home built by 
the landowner as part of his intended subdivision [Judicial Decisions, 41J. 

Building and housing code responses to natural hazards have not been considered 
by the courts at all. Constitutional challenges to these codes have generally 
involved provisions addressed to ordinary health and safety, and the issue of 
their validity as applied to existing buildings. Almost uniformly these cases 
have sustained the code's constitutionality [See, for example, Judicial Deci
sions, 8, 33J. One of the few cases to invalidate a code on constitutional grounds 
is of interest here because of the court's dicta on the finding that would have 
been required to sustain it [Judicial Decisions, 4J. The case was brought by a 
manufactured home builder to enjoin application of local code roof-decking and 
corner-bracing methods. Those it proposed to employ, were sanctioned by various 
model building codes and were, in any event, the structural equivalents of 
the methods required by the locality. This being so, the court found the local
ity's requirements unreasonable and therefore constitutionally invalid. They 
could have been upheld, the court said, only upon "strong proof of a peculiar 
extraordinary hazard in the particular area, necessitating the higher standard in 
Question." 

As with building and housing codes, no case challenging the constitutionality of 
subdivision regulations as a response to natural hazards has come before the 
courts. Most of the attacks on subdivision regulation constitutionality have in
volved regulations requiring dedication of some portion of the land proposed to 
be developed for street or park purposes. In these cases, street dedication re
quirements have been uniformly sustained, while park requirements have met a 
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mixed fate. Some courts have imposed the test that the recreational needs ful
filled by the required park be "specifically and uniquelyll attributable to the 
proposed development [See for example, Judicial Decisions, 30J. Other courts 
have been more lenient [see, for example, Judicial Decisions, 1,2J. 

Regulations expanding the approvals traditionally required in the construction 
process for areas subject to natural hazards are very common. Only infrequently, 

however, has the constitutionality of these regulations been considered by the 
courts. One of the few cases to do so involved conditioning building permit 
issuance on a soil-stability study [Judicial Decisions, 19J. An affected owner 
sought to have the condition declared constitutionally invalid. He was able to 
show that the cost of such a study would exceed the value of his land (because 
he had brought suit before applying for a permit, and therefore without commis
sioning such a study, no evidence was presented on the value of his land were 
the recommended modifications carried out), and that a similar condition had not 
been imposed for land apparently subject to equal risk of slide. Nevertheless, 
the court sustained the condition's validity as the "minimum" necessary to assure 
the safety of future dwellings; it stressed that no alternative means for accom
plishing this end had been shown. 

It remains to consider constitutional challenges to mitigating natural hazards 
through disclosure requirements and compulsory insurance. The reported cases 
contain no such challenges. There are two explanations for this. One is the 
recency of such policies. Potential challenges have yet to make their way 
through the courts. The other is the wide acceptability of analogous policies 

in other areas. Disclosure requirements in the corporate securities field and 
compulsory insurance (financial responsibility laws for drivers and assigned 
risk pools for insurance companies) in automobile licensing, for example, have 
long been part of the national scene. Their constitutionality, never much in 
doubt, is now fully accepted. It would no doubt also be accepted in the natural 
hazards area. 

In terms of hazard management policies which involve regulation of building 
practices and land uses, several comments are due concerning future juqicial 

assessment of the constitutional attributes of such policies. First, in view of 

the above-quoted portion of the Supreme Court's decision in Goldblatt and of 
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the cases which have been reviewed (particularly those involving zoning), we can 
say the extent of the hazard sought to be abated or mitigated will weigh heavily 
in any such assessment by the courts. Police power interference in other fields 
has sought to curtail or control behavior linked to contemporaneously-observable 
impacts. It has not always been possible to measure those impacts in money terms, 
but that they existed was undeniable. The behavior interfered with in the nat
ural hazard area, however, is innocent in and of itself. It can only be linked 

to an observable impact through the intervention of a fortuitous event: the 
occurrence of both the hazard itself and its occurring with sufficient severity 
to lead to the impact. Constitutional challenges to police power intervention in 
the natural hazard area, therefore, will be most successful when it can be shown 
that the probability of a sufficiently-severe occurrence of the hazard is low. 
Flood plain zoning in an area subject to a severe flood only once every five 
hundred years is not likely to receive favorable judicial treatment as we 
have already seen in the reviewed flood zone cases. It is likely to be seen as 
a cheap way to acquire a park. 

In addition to the extent of the hazard, the means chosen for its abatement or 
mitigation will also be carefully examined by the courts. They will seek assur
ance that, given the impact of the hazard absent abatement of mitigation, other 
equally effective but less drastic means are unavailable. Thus, for example, if 
it could be shown that expectable damage from the most severe earthquake could 
be completely mitigated by strengthening building structure, zoning of the 
affected area to preclude any building at all would be more vulnerable to con
stitutional challenge. An example of this kind of holding by the courts, in a 
non-hazard context, is the building code case reviewed above. The court there 
was willing to consider not only the equivalency of the builder's presumably 
less-costly alternative, but also its adequacy by the independent standards of 
model building codes. 

Finally, we can predict that the losses imposed on particular property owners 
will be of major significance in any constitutional challenge to regulatory 
policies. Based on the flood zone cases, owners with property completely with
in the region in which activity is restricted will be in the best position to 
raise such challenges. The likelihood of their success in this has already been 
considered generally in the above discussion of Pennsylvania Coal. That discus-
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sion furnished us with the minimal guide that denial of all property uses in

creases the chances of property owner success. We know from the reviewed flood 
zone cases, that restriction of activities to the relatively unremunerative ones 

of agriculture, recreation and parks does not constitute-- at least when the 
hazard is a sUbstantial threat -- a denial of all uses. 

Another point made in the Pennsylvania Coal discussion reinforces the conclusion 
that restriction of activities in the hazard context will be upheld. We said 
there that an activity characterizable as a nuisance, one that involves physical 
invasions of neighboring premises, is generally held to be constitutionally 
susceptible to state regulation. Natural hazard situations present exactly this 
feature. Otherwise harmless activities, building a house, for example, can upon 
occurrence of the hazard trigger physical invasions of surrounding premises, 
subjecting them to avoidable harm. 

Beyond the minimal denial of all uses test, the Pennsylvania Coal discussion 
instructed us to consider the loss suffered by property owners relative either 
to the value of their property or the damages suffered by others, in both cases 
absent regulation. Should the balance be too unfavorable to the property owners, 
a finding of constitutional invalidity would follow. What constitutes "too 
unfavorab1e," unfortunately, could not be specified with exactness. And neither 
could the content of the second standard, that of damages suffered by others. 
As noted above, in a situation (like that of a natural hazard) involving prob
able personal injury and death, the second standard does not tell us how to 
value those consequences on a basis commensurate with property damage. 

Notwithstanding some uncertainty about the exact boundary, we can say that under 
either standard the courts will tolerate balances substantially unfavorable to a 
property owner. Unless the risk of the hazard is unsubstantial or the damage it 
would cause very slight, restrictions all but wiping out the property owner are 
very likely to be sustained. The likelihood should be further enhanced upon a 
showing of probable personal injury and death accompanying the hazard. 
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Fourteenth Amendment 

We now consider briefly the constraints on hazard management regulatory policies 
posed by equal protection provisions like that of the Fourteenth Amendment to 
the Federal Constitution. The operative word in those provisions is, of course, 
"equal". The problem it poses in the regulatory area is that almost any regulation 
makes distinctions -- by geography, by function, by status, etc. -- and thereby, 
fails to treat everyone equally. Obviously, regulation would be impossible if 
simply making distinctions turned out to violate the Fourteenth Amendment. And 
so,of course,the courts have held. To make distinctions is not necessarily to 
treat unequally. 

In interpreting the equal protection clause, the Supreme Court has developed a 
two-tier test for regulatory distinctions. When those distinctions are made in 
an area involving a IIfundamental interest" (such as the right of free speech or 
the right to seek redress in the courts) or when they are made on the basis of 
"suspect classifications" (like skin color), the regulation is subjected to 
strict scrutiny. The state must show that the public p~rpose met by the regula
tion is compelling and that the distinctions it makes are necessary to further 
that purpose. When, on the other hand, neither a IIfundamental interest" nor a 
"subject classification" is present, the regulatory distinction is only re
quired to bear some reasonable relationship to a conceivable public purpose. 

Under this two-tiered test, regulations restricting the use of property on the 
basis of geographical or existential distinctions, such as are likely to be part 
of hazard management regulatory policies, clearly fall within the area of more 
relaxed scrutiny. All that will be asked of them is that the boundary and exis
tential lines drawn be reasonable in light of the public purpose. 

Obviously, the tests applicable to hazard management regulatory policies share 
certain formal characteristics with the Fifth Amendment tests already considered 
above. There, however, we were concerned with the overall reasonableness of the 
regulations in light of their public purpose. Here, we are concerned with cer-

tain distinctions they are likely to make. Perhaps the most likely of these is 
distinction by location. We will consider this first. 
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In drawing the boundaries of restricted use zones or in requlrlng special prep
aration for sites of a certain character (for example, those haying a slope of 
a certain degree), legislatures will be making,on the basis of available infor
mation, certain geographic distinctions. Inevitably, therefore, neighboring 
owners will be treated differently. As pointed out above, however, in and of it
self, this is not a sufficient ground for a finding of constitutional invalidity. 
Legislatures enacting regulations must draw lines somewhere, and begin regulation 
sometime, and their determination in this respect will not be casually upset. 
Thus,classifying land within a certain distance from the ocean as sensitive and 
subjecting it to a more onerous construction permit process Wudicial Decisions, 
39J, or, because of the greater availability of information, singling out one of 
various suspect areas for the imposition of-restriction [Judicial Decisions, 17J, 

has been sustained. When, however, a regulation makes no sense -- when, for ex
ample, nature to the contrary, it distinguishes invidiously between owners on 
both sides of a stream, it is not likely to fare so well. 

The other distjnction likely to arise under hazards management regulatory poli
cies is one treating existing uses differently than prospective ones. Suppose, 
for example, the regulations were to distinguish between structures constructed 
prior and subsequent to their becoming effective, subjecting the latter to more 
onerous restrictions. Once again the test is reasonable relation to a public pur
pose. The exact public purpose is of some importance here. In situations in
volving solely property interests, such as for example, a land development con
trol zoning ordinance, distinctions bearing more lightly on existing uses rela
tive to prospective ones are likely to be upheld. The greater expense which 
equal treatment would presumably impose on existing uses would constitute a 
sufficient basis for the distinction. If, however, the public purpose were miti
gation of a substantial risk of substantial harm to the health and safety of 
persons, the courts would be likely to take another view. Unless existing uses 
were to constitute a lesser problem for health and safety than prospective ones, 
an unlikely state of affairs, the courts might refuse to permit enforcement of 
the regulation until it had been extended equally to both uses. 
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Consequences of Unconstitutionality 

We want to consider here the consequences of the worst that can happen: the 
regulations have been successfully challenged as constitutionally defective. We 
begin with the consequences for the unsuccessful government. 

What happens to the unsuccessful government depends, in the absence of specific 
provisions dealing with this eventuality, on the type of suit brought by the 
property owner. From the standpoint of the government, the most favorable type 
of suit would be one seeking a simple declaration that the regulations are con
stitutionally invalid. Upon conclusion of this action, all that would happen is 
that the regulation would not be enforceable. We will shortly take up the further 
problem of the identity of the persons against whom it is unenforceable. 

Landowners in many states, however, are able to bring another type of suit that 
is of greater concern to the losing government. This is the action in inverse 
condemnation. Its theory is that the government's regulations have effectively 

, taken the owner's property -- by depriving him of its beneficial use-- and that, 
as with any explicit making under the condemnation power, compensation is there
fore owing. Upon conclusion of this type of suit, the owner would be entitled to 
the market value of his property, valued without consideration of the regulations. 
This, of course, would be a seriously adverse development from the standpoint of 
the government. Having set out simply to regulate the use of the owner's proper
ty, it would end up having to buy it. 

In an attempt to avoid the dilemma posed by inverse condemnation suits -- that of 
either not regulating fully or having to expend scarce resources in condemnation 
awards -- regulatory acts sometimes limit challenges of their constitutionality 
to a simple declaration of valid or invalid. Provisions of this type have been 
judicially sanctioned [Judicial Decisions, 12]. They should be part of any regu
latory act. 

It remains to consider the persons against whom a regulatory act found constitu
tionally defective is unenforceable. While they could in certain extreme situ
ations go further, courts in land regulation cases have generally limited the 
effect of their holding to the property owner or owners bringing suit. This is 
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simple prudence in most instances. Regulations affect different owners differ
ently. What is unconstitutionally burdensome to one may be beneficial to another. 

Application to Existing Uses 

Our discussion to this point has proceeded without specifying the existential 
status of the uses sought to be regulated. We have not, that is, generally dis
tinguished between uses existing at the time regulations become effective and 
those coming into being afterwards. The only exception to this statement was a 
brief consideration of existential distinctions in connection with the discus
sion of equal protection. There it was concluded that under certain circumstances 
the constitutional validity of a regulation might be questioned if it distin
guished between existing and prospective uses. 

Here, in contrast to the equal protection issue, we want to know if regulations 
may constitutionally be made applicable to existing uses. We want, that is, to 
know if the state can not only preclude building in hazardous zones, but also 
require removal of buildings already there, if it can not only specify hazard
proof standards for new construction, but also require existing buildings to be 
brought up to those standards. Were the state to do so, it would not of course 
constitute the first retroactive extension of regulations of this type. Zoning 
for the traditional purpose of use segregation has long wrestled with non
conforming uses and measures designed to eliminate them, just as ordinary housing 
codes have been the source of campaigns to bring older structures IIUp to code. 1I 

It will be useful to consider briefly how the constitutional constraints on 
elimination of non-conforming uses and code enforcement -- based on the same 
Fifth and Fourteenth Amendment type provisions already discussed -- have evolved. 

The first zoning acts in the United States were prospective in application only. 
No attempt was made to eliminate existing uses not conforming to the acts because, 
among other reasons, it was thought this would enhance their chances of success 
in the expected constitutional challenge. With the passage of time this initial 
deference for tactical reasons has, according to Donald Hagman, been taken by 

some courts as based on sound constitutional grounds [Hagman, 1973, Section 155J. 

They have accordingly invalidated extensions of the original acts designed to 
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eliminate or phase out non-conforming uses [See~ for example~ Judicial Decisions~ 

17J. This holding is, of course, not without its own logic. Most non-conforming 
uses after all are not serious interferences with the permitted uses of their 

neighborhood. A holding that public health, safety or welfare calls for their 
removal seems a bit harsh. 

In contrast to the typical non-conforming use in a zoning situation, deviations 
from housing code standards are more likely to involve potential risks to public 
health and safety. Housing code provisions, particularly those singled out for 
enforcement in the reported cases, theoretically incorporate minimal standards 
of public health and safety. Courts have been willing, therefore, to uphold not 
only prospective but retrospective applications of these codes [See, for example, 
Judicial Decisions, 8~ 33]. Some limit on this willingness is implied by their 
consideration~ even in ca~es involving clear threats to safety (like the lack of 
protection against fire in a hotel), of evidence relating the cost of compliance 
to building value. It is clear, however, that the limit is more likely to be 
reached in a case involving little or no risk of personal injury or death. 

Natural hazard regulatory policies are, of course, intended to mitigate damage, 
both to property and to persons, from natural hazards. They thus serve the pur
pose required by the courts in sustaining retrospective applications of ordinary 
housing codes. Accordingly,we can expect a favorable outcome in any consti
tutional challenge of applying retroactively those regulatory policies involving 
building strength. The expectation is more confident as risk of personal injury 
and death can be shown to be substantial, and as the costs of compliance are 
small relative to building value. 

To the extent that they serve health and safety purpose,favorable outcomes also 
can be expected in constitutional challenges to retroactive application of those 
regulatory policies precluding use through zoning. This kind of regulation, 
however, presents an element of difficulty not usually encountered in the non
conforming use abatement cases. There some kind of substantially remunerative 
use, although probably not the most remunerative, will be permitted upon abate
ment. Here, however, the regulations may permit only minimally-remunerative uses 
(farming, recreation, parks, etc.) upon abatement and, in addition,would pre
sumably impose on the property owner the costs of removing the offending use. 
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This additional factor may be expected to make the constitutionality of re

trospective hazard zoning more problematic. However, in addition to its health 

and safety purpose, two other factors will go far to sustain such regulations. 

The first of these is the nuisance character of uses violative of hazard zoning. 
As we have already pointed out, otherwise harmless activities trigger invasions 
of neighboring premises upon occurrence of the hazard. The relevance of nuisance 
characterization here is that courts have been far more willing to countenance re
trospective application of zoning in nuisance situations than otherwise [See, 
for example, Judicial Decisions, 29, 41]. 

The other factor which would facilitate the defense of hazard zoning is the 
presence of a grace period within which to remove the offending use. The provi
sion of such periods, generally referred to as amortization, has enabled many 
courts to sustain retroactive application of ordinary zoning against consti
tutional challenges [See, for example, JUdicial Decisions, 9,16]. In the hazard 
zoning context it will, a fortiorari, have this effect. 

Upholding Constitutionality 

Several factors may substantially affect the constitutionality of the regulatory 
policies on which we have targeted this discussion. We will consider the factual 
base of the regulatory policies, the preservation of administrative flexibility 
through a permit system,and the presence of a comprehensive plan for meeting 
hazards. The regulatory policy factual base will be taken up first. 

As an initial matter it is important to stress the presumptive constitutional 

validity accorded by the courts to police power regulations. In most contexts, 
certainly in that of natural hazards, the courts presume regulations, to meet a 
public purpose, to be reasonable in light of that purpose and to impose no undue 
burden [See, for example, JUdicial Decisions, 13]. As a practical matter, this 
means that to prevail, the affected property owner must establish the contrary of 
one of these presumptions. Unless he does this by a preponderance of the evidence, 
the state will carry the day. Evidence to this end introduced by the owner may 
of course be rejected or subjected to another interpretation as a result of evi
dence introduced by the state. 
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The existence of this validity presumption has made some legislative bodies care
less. The facts which a truly conservative, or even prudent, legislative body 
would require to be verified have been skimped. In part this is a product of 
economics. Verification of the facts is a time-consuming and expensive process. 
It is easier to follow precedents, neglecting the local peculiarities that may 
have shaped them. Fortunately (or in some cases unfortunately) for the regulations, 
this legislative carelessness is more than matched by property owner laziness. 
The reported cases contain relatively few instances of well-prepared factual 
attacks on police power regulations. 

When legislative bodies attempt to legislate with care, the facts requiring veri
fication are myriad. This is particularly true in the case of natural hazards. 
Most important would be a risk distribution for hazard occurrences of different 
geographic extents and physical intensities together with estimates of the prop

erty damage and personal injury associated with each occurrence and of the costs 
of mitigating that damage and injury. Evidence bearing on these facts may be 
culled from a variety of sources, most generally from the history of past occur
rences and from expert opinion. 

Legislatures that,in fact,seek to verify the facts outlined in the previous 
paragraph and then go on to establish the extent and intensity of the hazard 
occurrence to be abated or mitigated and the regulations thought appropriate to 
that end will provide themselves with the maximum possible protection against 
constitutional challenge. Against some property owners this may of course not 
be sufficient. The degree of regulation required by the hazard occurrence to be 
abated or mitigated may be so great as to effectively deprive them of all ownership 
benefits. In these situations it may be better to proceed by condemnation rather 

than tolerate the uncertainties of owner action. In most situations, however, 
the outlined procedure will protect the state. A court may find the evidence 
relied upon by the legislature to be weak, or it may disagree with the factual 
and policy conclusions based thereon, but it will be extremely reluctant to sub
stitute its own judgment for that of the legislature. It will be helped to this 
conclusion if the legislature in adopting regulations has given notice to all 
affected property owners and provided them with an opportunity to be heard. To 
then allow an owner the chance to argue again will strike most courts as unfair. 
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In some cases, of course, a legislature will not be able, or would find it waste
ful, to verify all the facts required for some regulations. For example, the leg
islature may not find it economical to trace with exactitude the boundaries for 
permitted uses in the hazard zones, but rather to describe generally the charac
teristics of the areas in which various uses are permitted. In these cases, 
instead of substituting a guess for the missing information, another procedure is 
available, a procedure which makes the regulations less vulnerable to constitu
tional challenge. Given that the legislature can with reasonable specificity 
provide criteria for decision--that it can, to continue the above example, specify 
by elevation or by soil or slope characteristics, or in some other manner the 
areas in which specified uses will be permitted--it can delegate to a permit is
suing body the task of making the impact of its criteria concrete. Such a pro
cedure is obviously less time-consuming and costly than one in which the legisla
ture makes all the required determinations. When those determinations would 
necessarily, or for reasons of economy, be based on unsatisfactory evidence, the 
procedure is also fairer (and accordingly provides some protection against con
stitutional attack). The requirement that the legislature provide reasonably 
specific criteria for decision is made, it should be noted, on the basis of con
stitutional principles. Delegations of authority are required to be made with 
reasonably clear guides for its exercise. The legislature may not delegate the 
whole authority to legislate. 

The last factor affecting regulatory policy constitutionality to be considered 

here is the existence of a comprehensive plan for meeting hazards. In order to 
see the effect of this factor we will consider the situation of a property owner 
subject to the hazard mitigation ordinance of one of the typically numerous mu
nicipalities in a hazard zone. If the other municipalities of the zone had either 
not enacted mitigation ordinances or had enacted substantially less onerous ordi
nances, the chances of upsetting the ordinance to which the owner is subject would 
be far greater. It would be open to him to argue that the ordinance was park 
acquisition under the guise of hazard mitigation. A similar argument is possible 
when the challenged legislation, although enacted by an entity with jurisdiction 

over the entire hazard zone, does no more than impose direct constraints on owner 
use and disposition of property. Were the jurisdiction truly concerned with the 
hazard, the owner can argue, it would also have adopted affirmative measures--such 
as those leading to more complete abatement of the hazard or to an adequate warn
ing system. 
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The vulnerability of regulatory policies to constitutional challenge, therefore, 
will be decreased in the pres~nce of a comprehensive--both in the geographic area 
and the subject matter covered--hazard plan. This will ordinarily require activ
ities by an appropriate regional entity. Municipal boundaries only fortuitously 
encompass entire 'hazard zones. No court, however, is likely to require the re
gional entity to possess police powers itself. It will be sufficient if local 
governments enacting regulatory policies are guided in their framing by a re
gional plan. 

Identity of Regulator 

In this section we take up some constraints, other than those posed by the Fifth 
and Fourteenth Amendments, on the adoption of regulatory policies. The con
straints to be discussed uniformly relate to the identity of the regulating gov
ernment, whether local, regional, state or federal. We will be looking at the 
differences in results and pitfalls which accompany the choice of regulator. We 
begin by considering the states as regulators. 

State Supremacy 

Under the Tenth Amendment to the Federal Constitution, the states are reserved 
all powers not granted to the federal government. One of these powers is that 
permitting them to regulate--subject to other provisions of the Federal Consti
tution and their own constitutions--the activities of persons and artificial en
tities subject to their jurisdiction. This power is commonly referred to as the 
police power. 

Many matters over which the police power would confer authority to regulate are 
commonly left untouched by the states. Some of these are unfettered because it 
is thought better that they be left to the discretion of individuals. As to cer
tain other matters, police power authority has been delegated, more or less with
out guides in its exercise, to local government units: cities, counties, special 
districts, etc. The usually unexplicated rationale for this delegation is the 
local nature of the matters. Since they principally affect the persons joined 
together as local governments, they can, both from the standpoint of efficiency 
and equity, be left to the discretion of those governments. 
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Finally, the states have, of course, exercised their police power authority over 
many matters. Sometimes these have seemed to coincide with authority granted to 
local governments. The controversies generated by these intended or unintended 
state preemptions, and their implications for natural hazard regulatory policies, 
will be briefly reviewed in the discussion that follows. 

Delegation to Cities and Other Local Governments 

There are two principal methods for delegating state police power authority to 
local government units. The most far-reaching permits local governments to draft 
and adopt charters for self-governance. This method, known as home rule, is 

sometimes amplified by an affirmative grant of power to legislate with respect 
to municipal affairs. 

The other method of delegating is a grant of power over specific matters. For 
example, state legislation frequently empowers local governments to adopt zoning 
ordinances. 

Both methods for delegating state police power have generated doctrines limiting 
the apparent grant of power. Specific grants, for example, have been limited by 
a doctrine, which has come to be known as Di11on ' s rule [Dillon, 1911]. This 
rule, as noted above, confines local units to just the expressed powers and to 
those additional powers necessary to give effect to the expressed powers. To 
this end, specific grants of power are interpreted strictly and any doubts are 
resolved against the local governments. 

Home rule charters, in addition to being subjected to Dillon's rule, have also 
been limited by a judicial prejudice against novelty. In 1920, when zoning was 
just coming into use, for example, home rule was held not to authorize a local 
zoning ordinance [Judicial Decisions, 10]. The decision was based on the "un
usual scope and far-reaching possibilities" of the ordinance. 

A third limiting factor can be seen at work in recent judicial consideration of 
home rule and specific grants of power. This is the hesitation to approve legis
lation which has effects extending beyond the boundaries of the enacting juris
diction [See, for example, Judicial Decisions 25, 44J. This hesitation is based 
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on the frequently undesirable economically-uncompensated costs that are imposed 
on outsiders--and on the fact that these costs are imposed without the partici
pation of the outsiders in the process leading to their approval. Some suburban 
zoning ordinances, for example, have been condemned because their lot size re
quirements effectively exclude relatively less well-off families residing else
where in the region of which the suburb is a part. The issue in such cases can 
be seen as one of intent interpretation: did the authorizers of home rule or 
the specific grant of power (either the legislature in the case of statutory 

legislation or the people in the case of constitutional provisions) intend it to 
be exercised in such a way as to have undesirable effects on persons external to 
the enacting jurisdiction, but internal to the authorizing one? 

Well-drafted state legislation. is the answer to the doctrines of limitation and 
the hesitations reviewed above. Dillon's rule is avoidable by making the grant 
of power in the subject under consideration comprehensive, and the novelty doc
trine of the home rule cases is, of course, avoided by the mere existence of 
specific enabling legislation. Judicial hesitation to uphold local ordinances 
with spillover consequences is less easily handled. The best solution would be 
the incorporation in the enabling legislation of evidence indicating legislative 
consideration of the problem. In some cases this will be achieved by tying the 
validity of local ordinances to compliance with procedures providing all affected 

interes ts an opportunity to i nfl uence the result. In the area of hazard miti ga
tion an example of this approach would be conditioning the validity of local 
government regulatory policies on their being consistent with guidelines estab
lished for an area co-extensive with that of the hazard in question. How those 
guidelines would come into being--that is, the nature of the regional body re
quired to establish them--would also be specified in the legislation. 

The imposition of state requirements designed to avoid spillovers from local 
government regulation raises an interesting consequence of home rule. Its intent, 
to give general purpose local governments a measure of autonomy in their local 
affairs, has been thought by some courts to call for constitutional invalidation 
of certain kinds of state requirements [See, for example, Judicial Decisions, 37J. 

To uphold them would, it is reasoned, interfere with the exercise of home rule 
powers. Such a holding is, of course, only possible in the states that confer 
home rule constitutionally. In those that confer it statutorily, the imposition 
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· of state requirements is merely the undoing or modification of what had come 
before, namely the award of home rule powers. Even in the constitutional home 
rule states, however, the basis for holding state requirements invalid is quite 
limited. For matters of governmental structure and organization--whether the 

municipality has a treasurer, or what council majority is required to override 
a mayoral veto, for example--there is clearly a substantial basis for such a 

holding. However, for matters affecting a more extensive constituency--minimum 
lot zoning or hazard mitigation regulations, for example--striking down state 
requirements because they conflict with local action under home rule is excessive. 
The conflict, after all, is a result of action taken locally but not having 
solely local consequences. Assuming the state requirements do no more than alter 
those consequences to accord with the needs of the state's wider constituency-
which includes all those affected by the local action--they can be upheld without 
threatening home rule. The alternative to upholding them is an unrealistic seg
regation of "state" and "local ll functions. Experience in the federal-state con
text has taught us the futility of such distinctions [See Grodzins, 1966J. 

Regional Authorities 

We have already discussed above the desirability of regional authorities in the 
natural hazard area. There they were of interest as factors likely to enhance 
the constitutionality of natural hazard regulatory policies. Here we want to 
consider briefly a possible challenge to the creation of regional authorities, 

whether with the power to engage in regulation itself or just to draw up a plan 
that local governments will be required to follow in framing their regulations. 

The basis of the challenge to regional authorities to be considered here is the 
one derived from the home rule grant of power already discussed above. As noted 
there, some courts have thought it necessary to invalidate state requirements 
designed to avoid spillovers from local government regulation in the name of pre
serving home rule. Obviously, a similar argument can be advanced against another 
means of avoiding spillovers--the creation of a regional authority. 

One of the most important cases to pass on a challenge of this kind involved the 
Lake Tahoe Regional Planning Agency [Judicial Decisions, 29J. The challenge 
there, made directly by local governments of the area falling within the agency's 
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jurisdiction, was rejected on the ground that the problems leading to the crea
tion of the agency were regional and, therefore, required a regional solution. 
The home rule grant of power was not interfered with because it comprehended 
only local matters. 

Federal Intervention 

The last matter to be considered is that of the federal-state relationship. As 
already noted above, the Tenth Amendment to the Federal Constitution is the ex
plicit source of state police power. By its terms, however, the amendment sub
jects the powers exercisable by the states, including the police power, to the 
powers granted to the federal government elsewhere in the Constitution. The most 
far-ranging of those granted powers is probably the power over interstate com
merce. Under its terms, federal interference in state affairs has been extensive. 

The source of the other major federal interference in state affairs has been an 
indirect one. Under the power to spend for the general welfare, the federal 
government has made grants to state and local governments for various purposes. 
Those grants frequently have been conditioned on compliance with ends the Fed
eral government would not be able to attain directly. One of the more extreme 
such conditions is that which prohibited employees of state and local agencies 
receiving federal assistance from taking active part in political campaigns. The 
penalty for non-compliance was a deduction from the assistance of an amount equal 
to the offending employee's salary for two years. Under this condition, there
fore, the federal government effectively regulated an almost purely local matter-
the political activity of local employees. The Supreme Court, however, was un
willing to find it an unconstitutional interference with state sovereignty 

[Judicial Decisions, 26]. Since that case, the challenges to federal grant con
ditions have been rare. Thus, while the theoretical possibility of federal over

reaching still exists, it is difficult to imagine an interference that Congress 
would countenance and the Supreme Court find invalid. 

Socio-Political Constraints 

However large may be the legal capacity of a governmental jurisdiction or 
entity to deal with a natural hazard impact, the willingness of governmental 
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decision-makers to deal with these matters may be influenced by a variety of 
socio-political factors. 

These factors have to do with the values, perceptions, motivations, priorities, 
and preferences of hazard-exposed populations, other involved parties, public 
opinion formers and leaders, political activitists, whole political constituen
cies, professionals and administrators, decision influencers within government, 
and--of course--the policy-makers themselve~. Additionally, of course, the rep
resentational foci of community and political leaders, policy-influencing parties, 
and the policy-makers themselves may be expected to influence the outcome of the 
policy-making process. 

The gross outline of the linkages between these many factors is depicted in Figure 
1-1. As suggested there, the activators of the public policy system are the set 
of phenomena referred to as "public problems," which--under appropriate circum
stances--may become the focus of "political demands" upon the policy system and, 
thereafter, may be escalated to the status of "public policy problems" and placed 
on the "public policy agenda II for action [Anderson, 1975J. 

The model, of course, denies the validity of "folk wisdom" concerning the Ameri
can legislative process: i.e., that public policy springs full-blown from the 
wisdom, compassion, public problem-sensing, and problem-solving skills of legis
lators. Without denying that legislator-initiated and engineered public policy 
sometimes--perhaps, frequently--emerges from the system, the model tends to accept 
the perspectives of Anderson [1975], Davies [1975J, Keefe and Ogul [1977J. 

As observed by the latter authors, 

... the fact that the legislature is empowered to make laws does not 
mean that it initiates the ideas for legislation. Indeed, for the in
fusion of ideas and the origination of most legislation, the legisla
ture is dependent upon familiar 'outsiders'. . . . Neither the wide 
perception of a social problem by legislators nor their recognition 
of a group's particular claims for governmental action is certain to 
lead to legislation. The chances ... increase when (1) influential 
pressure groups mobilize their members and seek a governmental solu
tion; (2) the unorganized public becomes intensely concerned with the 
matter or, conversely, is indifferent to the special measures sought 
by a pressure group; (3) the parties and powerful legislators take up 
the cudgels; and (4) the formation of strong counter-pressures to 
defend the status guo fails to materialize. 
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Both a law professor and a state legislator, Davies [1975J asserts that the suc
cess of a legislative proposal depends on action by outsiders; actions which both 
result in the formulation of a specific policy proposal and which make it possi
ble for legislators to support the proposal. Within the context of the Davies 
perspective, legislators are seen as functioning more as "judges" of proposal 
efficacy than as discoverers of public problems and as initiators of solutions 
to those problems. To legislative outsiders, according to Davies, falls the task 
of generating public and legislator interest in problems and problem solutions 
and the further function of creating a socio-political environment within which 
it becomes possible to design and enact public problem-focused public policies. 

Even if the above perspectives of the American legislative process are overstated, 
it is clear that public policies do not emerge full-blown from the head of Zeus; 
that policy-compatible socio-political environments must be fashioned; and that 
much time must be devoted by policy-sponsoring legislators to the guiding of pro
posals through the legislative process. In respect to the latter, Clapp [1968J 
quotes a u.s. congressional leader as having stated, II ••• I don't believe there 
is any man in the House who can do a really effective legislative job on more 
than two bills in a year. If you do that, you have a full-time job. II Commenting 
on the necessity for such activity, Keefe and Ogul [1977J observe that 

... the overriding strategy in the advancement of legislation, from 
introduction to final vote, is to fashion a bill that can attract and 
consolidate the necessary support, preferably with a minimum of con
cessions to opponents. The process of winning support calls for taper
ing demands from the optimal down to the acceptable--ranging from what 
is most desirable to what, if necessary, will do-- ... 

Within the limits of these perspectives and the general model presented in 
Figure 1-1, it, therefore, is important to dispose of the following questions: 
(1) What factors influence the social definition of a phenomenon as being a 
public problem? (2) What factors influence whether or not public problems become 
the focus of constituency development and political demand-generating activities? 
(3) What factors influence the placement of any such problem on the public policy 
agenda? (4) What factors influence policy-maker ranking of items on the agenda 
and the nature of the action which is taken to dispose of agenda items? 
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The development of answers to these questions seems to be particularly important 
in respect to natural hazard management policies. As noted elsewhere in this 
report, natural hazards do not necessarily exert their adverse impacts on signifi
cant elements of the public on a continuous or near-continuous basis. Neither 
are such effects necessarily visible to all segments of the impacted parties, nor 
are the causes and solutions to these impacts necessarily clearly perceived. In 
respect to the former point, such catastrophic occurrences as earthquakes, great 
hurricanes and storm surges, and devastating tsunamis do not occur very often. 

To the potential problem-impacted parties they are "unexpected" and "unfortunate" 
occurrences which reap their damage on the impacted parties as a result of remote 
chance and bad luck. Even when visited by such a calamity, the impacted parties 
tend to shrink from the conclusion that the phenomenon may occur again in the 
future and, instead, seek to continue with their lives as before [Mileti, Drabek, 
and Hass, 1975J .. 

Illustratively, the most devastating civil disaster in American history was the 
Galveston hurricane and storm surge of September 8, 1900. The tropical disturb
ance from which the storm evolved was first detected on September 1 and struck 
Galveston, full-force, on September 8 and then took another week to disappear 
over the Great Lakes. During the single night of its strike upon Galveston Island, 
hurricane winds and storm surge flooding claimed approximately 6,000 lives--or 
about 10% of the Galveston population--and left only a few undamaged structures 
standing upon the island [Halstead, 1900J. In the days following the strike of 
the hurricane upon the island, on-the-scene observers described the situation in 
words such as these: 

Fever is appearing among the survivors and the medical staff is unable 
to cope with it. What little water there is is polluted with disease 
germs, and the pestilence is spreading. Nothing can stop it but the 
arrival of doctors and supplies. Parents are warned to keep away from 
the dead wagons in which their children have been tumbled, and long
barreled rifles back up the warning .... The safety of the ... 
living necessitates this course, for the hot sun is already breeding 
disease and pestilence from the hundreds of decaying bodies. The city 
is a vast carnal house. The dead wagons hurry from place to place, 
filling with the awful cargo, and then speed away to the docks, where 
the bodies are dumped into scows and towed out into the Gulf. The 
waters of the Gulf float the bodies for a few minutes, then swallow 
them up. There are no services, no prayers, no tears--just a small 
'splash', 'sp1ash', as the corpses are thrown to their last resting 
place. Then the funeral cortege of scows returns to the docks for ano
ther load. 
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One week after the storm passed through Galveston, the community's Mayor Jones 

reported that: 

We are broke, the majority of us. I hesitate to say how much it will 
take to put Galveston where her people can care for themselves ... 
There is not a building but is damaged, not a house of those left 
standing but will have to be re-roofed, and few that will not need to 
be straightened on their foundations .... It is true Galveston is 
represented as being one of the wealthiest cities of the country. But 
our rich people had everything here and are crippled. The people of 
moderate means, who had homes and worked on salaries, are scarcely an 
exception, ruined •... The island in the sparsely settled parts seems 
to have been swept clean. [Halstead, 1900] 

Two weeks after the storm strike, a report from Galveston indicated that 

. many families refuse to leave. Scores of persons are living in 
their wrecked homes here. Many of these houses are without floors and 
devoid of all sanitary provisions ... The foul stench from the car
casses makes sleep almost impossible at night, and strangers who come 
here do not remain long on account of the terrible odor. The lime 
which was ordered a few days ago for disinfection purposes has not yet 
arrived •... The work of burning the decaying human bodies and other 
carcasses which are to be found under almost every pile of wreckage 
continues ... The waters of the Gulf are giving up dead bodies con
stantly and the shore of the mainland and the beach of the island are 
strewn with them ... There are only ten houses in a habitable con
dition south of High Island. .. [Halstead, 1900] 

On September 18, 1900, a correspondent from a Chicago newspaper reported from 
Galveston that the city 

... has been struck three times with floods and hurricanes, but even 
this experience is not enough to convince the residents that it will 
ever happen again. Only a few more cautious have any idea of taking 
steps to prevent a repetition of the recent disaster. Asked if there 
will be anything done to make future floods impossible, they will quote 
the old saw: "Lightning never strikes in the same place twice." [Hal-
stead, 1900] 

A representative of the U.S. Coast and Geodetic Survey reported from the disaster 
scene that some of the damage from the storm surge was due, in part, to removal 
of sand dunes that originally had protected the eastern end of the low, flat 
island on which the city was located. As the city expanded, these dunes had been 
leveled off and, thus, there was no break against a violent wind or sea moving 



from the east. Much of the post-disaster discussion focused on providing for the 
construction of a sea wall to protect the city from future occurrences and on 

means for advancing the reconstruction of the entirety of the area. 

Amid the scenes of the immediate post-disaster period, one of Galveston's best 
known citizens and merchants stood near the center of the devastation and said, 
.. . We are going to straighten out everything. We are going to stay here and 
work it out." A day later, the local newspaper stated: 

Galveston must rise again. The loss of life and property is ap-
palling ... but with resolute faces, the sentiment (is) ... that 
out of the awful chaos of wrecked homes and wrecked business Galveston 
must rise again. The sentiment (is) ... not that of bury the dead 
and give up the ship; but, rather, bury the dead, succor the needy, 
appeal for aid from a charitable world, and then start resolutely to 
work to mend the broken chains ... Galveston shall rise again ... 
The blight and ruin which have destroyed Galveston are not beyond 
repair; we must not for a moment think Galveston is to be abandoned 
because of one disaster, however horrible that disaster has been .... 
We will bravely undertake the vast work of restoration and recupera-
tion . .. [Halstead, 1900J 

Today, Galveston has, of course, been fully rebuilt and has, apparently, nearly 
forgotten this disaster in her past. From end to end, the 35-mile long island, 
which rises only a few feet above sea level, is marked by subdivisions and 
commercial establishments that reach out nearly to the mean high tide line. The 
devastation of the sand dunes appears to have continued unabated throughout the 
78 years that have' passed since the hurricane and storm surge of 1900. Stronger 
buildings have been constructed than were in place in 1900 and most beach-lot 
residential structures have been elevated several feet above the ground level. 
The area is an attractive site for second home developments and for permanent 
residents. There is little evidence that would lead one to conclude that any of 
the island's current inhabitants seriously believe that another disaster could 
strike again. The attitude is typical of that which prevails among disaster
struck populations. 

As near as one can tell, the "problems" that Galvestonians and others read into 
the great catastrophe of 1900 were phenomena that related to the availability of 
aid from outside sources during the post-disaster period, to the need for capital 
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to rebuild a disaster-struck city, and to the need for engineered systems that 
might reduce life loss during the actual hours when hurricane winds and storm 
surge waters sweep through a hazard-prone area. The diversion of capital, man
power, and other resources from non-hazard-prone areas was apparently never viewed 
as, itself, a problem, nor was the building of a city in such a hazardous area 
so viewed. Thus, all of the efforts in the public policy arena in the post
disaster period were directed to these phenomena, rather than to the underlying 
causes of the disaster. 

The response of Galveston to its disaster apparently is not unique. After hurri
cane Camille struck the Gulf coast in 1969, the slogan IIWe shall rise again" was 
emblazoned on automobile bumper stickers and store windows and was repeated over 
and over again in various mass media reports [Quarente1li and Dynes, 1973]. Ap
parently, the victims of community disasters usually see the post-disaster future 
in optimistic terms and do not seek to remove themselves from the hazard zone. 
With respect to victims in two tornado-impacted communities (Waco and San Angelo, 
Texas), for example. 52 to 74 percent thought their neighborhoods would be better 

in the long run [Quarente11i and Dynes, 1973]. Thus, a sense of optimism about 
the future and a willingness to rebuild seems to be characteristic of disaster 
victims. 

Within the context of the available evidence, therefore, it is appropriate to 
suggest that the socia11y-disva1ued aspects of major hazard-induced events are 
those which impede efforts to rebuild and to get on with life as it was before. 
The notion that the area might better be left in an undeveloped or less-developed 
state does not seem to be typical, and the possible need to avoid the hazard in 
the future does not seem to motivate the impacted population to make a social 
commitment to future hazard--avoidance. Indeed, regarding physical hazards, avoid
ance motivations are strongest among those individuals who have not previously 
experienced the hazard [Go1ant and Burton, 1970J. Apparently, the acceptability 
of any risk--including those associated with exposure to natural hazards--is a 
function of such factors as the extent to which the risk is familiar. known, vol
untary, controllable, catastrophic, and dreaded [Fischhoff. et a1 .• 1976J. Even 
when a risk meets the last two criteria, those who actually have experienced the 
consequences of the risk-taking view the possibility of future exposures with 
less apprehension than those who have not and--in regard to natural hazards--
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typically continue the pattern of prior risk-taking. However, the accuracy of 
hazard perception is influenced by whether or not one has "more", "recent", or 

lIintense" experience with the specific hazard [Kates, 1971; Burton and Kates, 
1964; Burton,et ~l., 1965; Roder, 1961; Saarinen, 1966J. Also, the preparedness 
level of individuals in communities seems to be higher among those with prior 
experience with the hazard [Kates, 1970; Russell, Areg, and Kates, 1970; Fritz, 
1961; Burton and Kates, 1964J. Rates of adoption of natural hazard adjustments 
.increase immediately after the extreme event [Saarinen, 1966; White, 1964J but 
decay thereafter. Hazards characterized by high frequency of impact are associ
ated with the use of more adjustments [Kates, 1971J, and low probability occur
rences motivate fewer adjustments than do high probability occurrences [Burton, 
1962J. Mileti, Drabek, and Haas (1975) summarize the available evidence as 

follows: 

... a general positive relation (exists) ... between perception 
of hazard and adoption of adjustments ... (It) is exceedingly rare 
for relevant adjustments to be adopted ... insofar as they are de-
signed to cope with highly unusual events such as damaging earth
quakes. But immediately following particularly dramatic disasters 
there appear to be . . . attempts at improving adjustments to the 
hazard .... (A) large-scale disaster in one locale stimulates for 
a time the serious consideration of adoption of relevant adjustments 
in nearby similar hazard locales. 

This tendency is clearly illustrated in the response to earthquakes in California. 
James Slosson, [1975J, suggests that a strong "emotion reaction" factor stimulated 
natural hazard mitigation actions in California. In a study of legislation in 
that state for three years before and after the San Fernando earthquake of 1971, 
he notes that during 1969 and 1970 ten earthquake-related bills were introduced, 
but only one passed. Immediately after the 1971 earthquake 47 seismic bills were 
introduced, of which 23 passed; and the following year, 24 bills were introduced, 
12 of which passed. During the next two years, 50 bills were introduced and 16 

passed; of these, the majority were amendments or corrections to bills that were 
passed in 1971 and 1972. Slosson interprets the results of this analysis as a 
response by legislators in California to the emotional desires of a public affected 
by major catastrophes. Between disasters, there is generally a lack of legis
lative action; but, during the emotional period following a disaster, many hur
riedly prepared and ill-conceived legislative bills are introduced, requiring 
corrective legislation. As indicated by the 1973-74 legislative results, he 
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found that good, well-prepared, and technically sound legislation generally fails. 
This sequence strongly suggests, according to Slosson, that it is the responsi
bility of concerned people in science and technology to have technically sound 
legislation prepared prior to a disaster and then be willing to volunteer time 
and effort to assist the legislators when the emotional reaction runs high. 

The earthquake-related legislation introduced into the California legislature 
between 1968 and 1974 is summarized in Figure 8-1. Figure 8-2 indicates the 
cumulative totals of the bills introduced and the bills passed during these 
years. In the seven years surveyed, approximately 160 bills were introduced, 
whereas slightly over 60 were adopted. 
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In a study by Solomon and Okrent [1977J of the reaction by public bodies in Los 

Angeles to the 1971 San Fernando earthquake, the failure by the Los Angeles City 

Council to adopt stringent protective legislative measures in the case of a seismic 
event is documented. In Los Angeles, there are approximately 14,000 unreinforced 
masonry structvres built prior to October 6, 1933. These structures are extremely 
vulnerable to destruction during an earthquake. However, after six years of 
debate regarding a seismic safety plan, the Los Angeles City Council was only 
able to approve a program of rehabilitation of these structures, rather than de
molition or significant structural reinforcement. The Council did not explicitly 
define "rehabilitation" nor did they indicate what would be an acceptable level 
of safety. These events are discussed in greater detail in Figure 8-3. Thus, 
in Los Angeles, a city with recent (1971) major seismic activity, as well as in 
California as a whole, significant seismic policy legislation has not readily 
been adopted. 

Consistent with the finding that parties inexperienced with natural disasters 
tend to exhibit more apprehension concerning such events is a further set of 
findings suggesting that "outsiders" tend to overestimate the recovery needs of 
disaster areas and to exaggerate the impact of a disaster on a community. Media 
exaggerations of disaster impacts apparently increase as a function of distance 
from the disaster site [Quarentelli and Dynes, 1973J. 

This situation undoubtedly contributes to the pervasive social tendency to over
state the impacts of hazards that produce death (rather than just injuries) and 
that take multiple (rather than single) lives and to a companion propensity to 
underestimate the risks from common, undramatic hazards that claim one person at 
a time [Slovic, Fischhoff, and Lichtenstein, 1976J. 

Thus, there is a general social or "outsider" tendency to overstate the impacts 
of hazardous natural events, to exaggerate the needs of those who are impacted by 
such events, and to understate the importance of less dramatic hazardous inci
dents and activities. Those who do not experience the disaster tend to deny that 
they, too, may be threatened by the hazard [Burton, Kates, and White, 1968J by 
denying its existence ("we don't have floods here; only high water"). Those 
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DATE EVENT OR ORDINANCE 

2/09/71 San Fernando Earthquake with magnitude 6.4, or with maximum 
modified Mercalli Intensity VII to IX in the San Fernando 
Valley and Mt·' VII in central Los Angeles. The earthquake 
severely damaged the Veterans Hospital and the Olive View 
Hospital in the north San Fernando Valley. There was 
moderate damage in downtown Los Angeles, especially to 
older buildinqs with brick and masonry facings. 

12/12/71 Geology Professor James Slosson warns California builders 
against forgetting the lesson of the 2/9/71 earthquake. 
He cites Los Angeles Ordinance forbidding building within 
50 feet of the San Andreas Fault as being arbitrary and 
based on old, unreliable data. 

5/20/75 Los Angeles City Council adopts May 20, 1975 Earthquake 
Safety Plan. The plan identified City's intention to 
eliminate hazards associated with older construction 
standards, (but did not impose specific requirements). 

9/20/75 Los Angeles City Council adopts September 10, 1975 Seismic 
Safety Plan. The objectives of the plan included: 

• Encourage public awareness of earthquake hazards 
• Assure minimum design standards against earthquakes 

for critical structures such as dams and hospitals 
• Ensure City's emergency communications network after 

a major seismic disaster 
• Reduce risk of life and property loss as a result of 

an earthquake 
• Evaluate levels of risk with respect to earthquake 

damage 
• Determine the relative seismic risk in various parts 

of the City as a guide to new development 

• Minimize nonstructural damage from ground shaking 
• Guide in the determination of future land uses within 

zones of potentially higher seismic risk 

• Facilitate post disaster recovery 
• Assure the sound and rational reconstruction of Los 

Angeles follO\~ing a major disaster 

The Seismic Safety Plan did not, of itself, impose any 
changed requirements, 

3/12/76 Seismic Safety Committee analyzes possibility that 4,500 
square mile crustal blister along San Andreas Fault may be 
premonition of impending major earthquakee 

3/17/76 Briefing given to Governor Brown by the UcS, Geological Survey 
regarding this blister. 

4/08/76 Los Angeles Times Editorial reports seismologists ability to 
forecast earthquakes as imminent. Comments that land swelling 
along San Andreas Fault may be precursor of extensive temblor, 
and that local government should therefore require 14,000 
unreinforced-masonry buildings to be either strengthened or 
demolished. 

SOURCE: Solomon, D.A. and"D. Okrent. Seismic Building Codes for the City of Los 
Angeles, California. Brief Case Study. Rand Report #P-60l8, November 1977. 

Figure 8-3. Significant Events and Ordinances Following the Feb. 9, 1971 
San Fernando Earthquake 
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DATE 

4/15/76 

8/28/76 

10/25/76 

11/27/76 

11/29/76 

1/25/77 

1/78 

EVENT OR ORDINANCE 

The Los Angeles City Council fails to approve ordinance by the 
Conservation Bureau of the Department of Building and Safety, 
which, if approved, would have required the owners of unrein
forced masonry buildings of 100 or more occupants and built 
prior to October 6, 1933, to either repair tpeir buildings in 
accordance with the seismic code or demolish themo 

The Los Angeles City Council approved changes in building codes 
policy which would require 14,000 old buildings to post public 
notices warning of risk of occupying unreinforced masonry 
buildings to improve structural standardso However, this 
policy has not yet been adopted and according to a City Council
person, it is not expected to be. 

The Los Angeles City Council's Building and Safety Committee 
recommends an ordinance requiring strengthening of all un
reinforced masonry buildings in Los Angeles within ten 
yearso They said that the Federal Government should be 
called on to provide loan and grant aid to prevent some of 
the major consequences of severe earthquake. 

The Los Angeles City Council failed to act on proposed 
ne~1 ordi nance that woul d apply current sei smi c safety standards 
to 14,000 earthquake-endangered buildings constructed prior 
to 1933. 

Los Anaeles Times Editorial claims that 75,000 to 100,000 
persons regularly use the 14,000 buildings in question. 

The Los Angeles City Council approves program of rehabilitation, 
rather than demolition, of 14,000 buildings which are made of 
unreinforced masonry and which would suffer major damage during 
an earthquake. The program also included a proposal of a 
two-year study to assess environmental impact, to identify 
buildings at risk, and to recommend those needed improvements 
to ensure safety. The Council did not explicitly define 
"rehabilitation" nor did they indicate what would be an accept
able level of safety. 

According to a Los Angeles City Council member interviewed by 
the author, the Council is expected to approve, within about 
a year, a building code amendment for earthquake safety 
for existing buildings. These amendments are expected (by the 
Council member) to be "moderate revisions" of those building 
code amendments defeated by the City Counc il on April 15, 1976. 
The nature of these "moderate revisions" was not explicitly 
defined; however, it was suggested that some City Council 
members are reluctant to require very stringent safety codes 
because the costs of implementing such codes may be unacceptable 
to the building's owner. 

SOURCE: Solomon, D.A. and D. Okrent. Seismic Building Codes for the. City of Los 
Angeles, California. Brief Case Study. Rand Report #P-60l8, November 1977. 

Figure 8-3. Significant Events and Ordinances Following the Feb. 9, 1971 
San Fernando Earthquake (continueCi) 
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actually impacted by a hazardous event tend to deny that a similar event will 
recur (Illightning never strikes twice in the same place"), to seek a restoration 
of things as they were before the event. Both groups apparently prefer to assume 
that others will take action to prevent recurrences (lithe government is taking 
care of itll). To the extent that either group is motivated to take action to 
prevent future occurrences, the motivation is highest in the immediate aftermath 
of a self-experienced or nearby disastrous occurrence. 

From the point of view of policy-makers--whether dealing with natural hazards or 
with other socially significant phenomena--there is a distinct preference for 
adoption of IIdistributive ll rather than IIregulatory policies ll [Mayhew, 1974; 
Vogler, 1977; Mann, 1975] and a propensity to evaluate proposals in terms of what 
they will do for their own constituencies and their own chances for reelection 
[Mayhew, 1974J. Proposals advanced by large constituencies command more atten
tion than those advanced by small or virtually non-existent ones [Schattschneider, 
1960; Greenwald, 1977; Dexter, 1969J. With respect to natural hazards--and other 
potential problems--advocates of public policies, therefore, must consider the 
need for a constituency to be associated with their proposals [Olson, 1971; 
Jones, 1977J. Further, of course, it is clear that members of a potential risk
exposed constituency must perceive the risk associated with a hazard exposure if 
they are, subsequently, to be willing to organize so as to support risk-reduction 
proposals [Cobb and Elder, 1972; Schattschneider, 1960J. 

Since almost none of the above evidence points to a very glowing picture concerning 

the readiness of groups and individuals to initiate and/or support economically 
optimal, IIcost-internalizedll,and loss-avoiding natural hazard management policies, 
it was assumed that--even in high hazard areas--loca1 communities probably had 
done little that was not required by the federal governm~nt in order to mitigate 
the risks associated with natural hazard exposure. 

To test this hypothesis and to gain a better understanding of actual levels of 
natural hazard policy and attitudes toward that policy by local officials, a 
systematic survey of a selected sample of 200 counties, chosen from the 500 counties 
with the highest expected damage rate from natural hazards as determined in this 
study [See Chapter 4J was conducted. From the 102 responses to the questionnaire, 
the number of municipalities indicating experience with natural hazard provisions 
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numbered about 40; thus, a meaningful statistical analysis of this experience 
would be difficult. Nevertheless, the responses indicate that local communities 
generally have not adopted natural hazard provisions. If a hazard is addressed, 
that hazard tends to be flood, often in response to the requirements for Natural 
Flood Insurance eligibility. 

Figure 8-4 indicates the range in damage rate of the 500 counties with the highest 
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Figure 8-4. Range of Expected Damage Rates for the 500 Most Hazard-prone 
Counties, All Hazards Except Riverine Flooding 

expected damage rate for all hazards other than riverine flooding; Table 8-1 pro
vides greater detail for the 10 counties subject to the greatest potential damage 

rate from these hazards. 

A primary concern in this survey was the perceptions of local officials of the 
natural hazards which they believe threaten their communities, compared to the 
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RANK 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

DAMAGE RATE INDEX VALUE AT POPULATION MORTALITY 3 COUNTY STATE (1) (2) RISK (THOUSANDS) RATE (x 10- ) (MILLIONS $) 

STODDARD MO .0351 18.00 161 25.7 .111 

NEW tloADRID MO .0345 17 .68 147 23.4 .113 

MONROE FL .0235 12.05 422 52.6 .168 

VERMILION LA .0198 10.15 285 43.1 .0116 

IBERIA LA .0186 9.53 380 57.4 .0121 

JACKSON MS .0184 9.43 582 88.0 .0120 

CAMERON LA .0174 8.92 54.2 8.19 .0106 

NANTUCKET MA .0151 7.74 39.7 3.77 .0148 

TERREBONNE LA .0147 7.53 619 76.0 .0102 

COLLIER FL .0144 7.38 306 38.0 .0107 

(1) Does not include riverine flooding 
(2) County damage rate + national average building damage rate for all hazards except 

riverine flooding in the year 1970 

Table 8-1. The Ten United States Counties with the Highest Expected Damage Rate 
for All Hazards Except Riverine Flooding 

calculated potential damage rates to their communities. Table 8-2 illustrates 
this comparison. If our predicted damage rate model reflects the actual level of 
hazard to these communities, this table shows that local officials tend to be 

unaware of the degree to which certain natural hazards threaten their communities. 

PER CENT OF 
MUNICIPALITIES 

RECOGNIZED RECOGNIZED BY RECOGNIZING HAZARDS RECOGNIZED BY 
BY JHW JHW MODEL AND ESTABLISHED IN THE RESPONDENT BUT 

HAZARD MODEL BY RESPONDENT JHW MODEL NOT BY JHW MODEL 

1 HURRICANE 34 31 (91%) 4 
2 TORNADO 98 78 (80%) 0 
3 SEVERE ,WIND 75 56 (75%) 10 
4 STORM SURGE 31 27 (87%) 0 
5 TSUNAMI 4 1 (25%) 3 
6 EARTHQUAKE 66 14 (21%) 3 
7 EXPANSIVE SOIL 101 18 (l8%) 0 
8 LANDSLIDE 100 4 (04%) 0 

Table 8-2. Recognition of the Threat of Natural Hazards by Local Officials, 
in Comparison to the JHW Risk Model (excluding riverine flood) 
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Whereas the responding local officials recognized the hurricane hazard to the 
community in 91% of the communities where this hazard was recognized in our damage 
rate model, and 87% for storm surge, the level of recognition of most other hazards 
was substantially lower. Our model recognized the landslide hazard in nearly 
every location, although only 4% of the respondents recognized this hazard in 
their comments. In this case, we suspect that our model may have been insuffi
ciently precise, geographically, to allow a determination of the landslide hazard 
for each individual community. Yet even in the hazards with wider impact areas, 
such as severe wind or earthquake, local officials seem to be less aware of the 
threat of natural hazard than our model would indicate justified. In particular, 
only 21% of the responding local officials in communities subject to earthquakes 
recognized this hazard in responding to our questionnaire. A tentative conclusion 
from this inquiry is that local communities are not aware of the threat from na
tural hazards which they face; therefore, they have not adopted mitigation policies. 

Building codes are important in determining the type and level of mitigation po
licy standardized among communities; 28% of our respondents have adopted the Uni
form Building Code and 23% have adopted the Southern Building Code (in addition, 
certain state codes such as North Carolina's are modifications of this code). 
Eight percent of our respondents indicated no building code in effect within their 
jurisdiction. However, fewer than half the respondents administer building codes 
that include specific natural hazard provisions, the most frequent of 

which is for flood. Other addressed hazards include hurricane, storm surge, wind, 
earthquake, landslide, and expansive soil. We asked local officials what the 
effect of natural hazard building code provisions has been on standard accepted 
building practices. Half of the respondents said that code provisions have no 
effect on building practices, and about one-third said that the provisions either 
hinder standard building practices or render them more expensive. It should be 
noted, however, that the low level of experience with natural hazard building code 
provisions suggests that the actual conclusion from this question is that we are 
still uncertain about what the effects of natural hazard building code provisions 
are on standard building practices. We suggest that experimental programs be 
undertaken to understand this effect in specific applications. 

When queried regarding the effectiveness of current building code regulations in 
providing protection from major natural hazards, the few local officials with 
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experience in this realm seemed to believe that the current building regulations 
offer some protection from natural hazards; approximately 75% of respondents 
noted that building regulations offer at least a medium degree of protection. 

About 80% of the respondents' municipalities have adopted a general plan, but only 
about 66% of that group include specific language addressing natural hazards. Very 
few respondents indicated that their general plans address hazards other than flood, 
although soils, seismicity, wind, tsunami, and slope are included in at least one 
general plan from municipalities surveyed.. Fewer of the respondents' zoning ordi
nances (38%) address natural hazards; in each case the hazard is flood, plus a 
handful of additional hazard treatments. About half of the respondents' subdivi

sion regulations address the flood hazard, although others are being brought into 
conformance with National Flood Insurance regulations. Of those respondents indi
cating that their comprehensive plan, zoning regulations, or subdivision regulations 
contain no special natural hazard provisions, nearly two-thirds also indicated 
that the level of hazard in their community does not warrant special consideration 
in these documents. This perception would conflict with the estimated damage rate 
for these counties established in the present study. 

If natural hazards are to be addressed in local level planning, one approach to 
understanding the nature and extent of the hazard and the effects of mitigations 

is to prepare a natural hazard impact assessment, similar to existing environmen
tal or social impact assessments. We, therefore, asked local officials about 
their experience with impact assessments and asked them to project the usefulness 

to their communities of a similarly-conceived natural hazard impact assessment. 
It appears that more local officials have had experience with environmental impact 
assessments than with social impact assessments, and about half of the respondents 
indicated that these impact assessments have made a contribution to urban plan
ning capabilities. 

In responses assessing the effects of impact assessments themselves, it was fre
quently expressed that the environmental impact assessment thwarts attempts to 
look at the long range effects and consider the full picture of impacts and miti
gating measures. At the same time, according to local officials, the procedure 
also adds to the data base and allows public involvement and understanding of the 
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decision-making processes. Only a few respondents noted the positive effects of 
environmental impact assessment output measures, such as the actual alleviation 

of problems while they are still manageable. A primary concern over environmental 
impact assessment practice was the time involved in the review process and the 
strict regulations regarding the entire procedure. It was frequently expressed 
that a major drawback of the procedure is that it can delay construction and, 
therefore, increase costs. 

These comments were generally directed not at the theory of environmental impact 
assessment but, rather, at its application. The more theoretical or intangible 
the assessment, the less useful it is, according to some officials, because it 
becomes more difficult to apply. Some officials also expressed the belief that 
their communities were already sufficiently familiar with the problems, rendering 
a full environmental impact assessment unnecessary. 

Similar comments were expressed regarding social impact assessments, although 
fewer officials have had experience with them; the most frequent response was 
that such an assessment is unnecessary in the small community. 

When it was suggested in the questionnaire that a social and environmental impact 
procedure be adapted for a natural hazard impact procedure, the response was gen
erally negative. Three concerns were noted in particular: first, the hazard 
assessment should be included in the environmental impact assessment or other 
regulations rather than established as a separate process; second, several com
munities already impose requirements which they believe ~re sufficient to negate 
the effects of natural hazards; and, third, there was concern that the procedure 
would further complicate construction procedures. There was also concern about 
the standardization of impact assessments and their insensitivity to local 
conditions. 

We also asked local officials who should be responsible for various phases of a 
natural hazard policy. Four suggested stages of involvement were policy setting, 
program planning, financing, and implementation. Their responses, shown graphi

cally in Figure 8-5, indicate that they believe the appropriate level of involve
ment for all phases of natural hazard policy, except finance, is local government. 
Such policy should be established at the local level, and programs should be 
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Figure 8-5. Comparative Levels of Appropriate Responsibility for Natural Hazard 
Policy - According to Local Officials in Hazard-prone Areas 

planned locally, but the federal government is the appropriate financing body. 
These funds would be provided for local governments, which could then implement 
the policy. The most frequent response by local officials in this survey was 
that implementation should be carried out at the local level. 

The conclusion from this survey, with respect to the perceived role and structure 
of natural hazard policy planning, is that local officials tend to believe that 
the most appropriate level for such planning is that of the local government; 
and comprehensive policy guidelines, such as those for a natural hazard impact 



statement, are not of great assistance at the local level. There is a reluctance 

to accept more requirements and guidelines for natural hazard planning established 

by higher levels of government; but, if such policies are established, local of

ficials believe they shoul~ have an important role in the planning and implemen

tation of natural hazard policy. 

However, in spite of the limited experience of local governments and in spite of 

limited involvement of non-flood hazards by state government, there has been con
cern expressed by numerous agencies and organizations to establish more fully a 
comprehensive natural hazard mitigation policy. 

The findings of this survey apparently are consistent with a larger but concurrent 

study conducted by James D. Wright, Sonia R. Wright, and Peter H. Rossi.* This 
survey involved interviews with about 2,300 politically-influential individuals 
in a sample of 20 hazard-prone states and 100 hazard-prone local communities. 
The complete results of this survey have not been formally published as yet, but 
they apparently suggest that natural hazards are not viewed as a very serious or 
high priority policy subject by local policy-makers and political influentials; 
that, to the extent a need for risk mitigation is accepted, preference is expressed 
for IIdistributive ll

, rather than IIregulatoryll, policies [Wright, Wright, and Rossi, 

1978J. 

Value Constraints 

Underlying the legal dicta and the personal, group, political, and policy-maker 

preferences which constrain natural hazards policy making are the value proposi
tions and systems to which individuals and groups within our society are commit
ted. A value proposition, of course, is both normative and prescriptive and 

defines an end that ought to be achieved or a course of action that ought to be 
followed. Although the correctness of value commitments cannot be determined 
through empirical methods, the consequences associated with the operationalization 

*This study is being conducted under NSF Grant No. ENV 76-15441 awarded to the 
University of Massachusetts. County level loss data developed under the early 
phase of this study were used by the University of Massachusetts study team for 
assistance in selection of the hazard-prone states and communities. 
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of values may be examined. The holders of values may, of course, be committed to 
more than one value proposition or set of such propositions; and these commitments 

may exhibit some hierarchical or preferential ordering. 

Great risk is incurred by anyone who presumes to assess the prevailing value com
mitments of a society. Values held by anyone individual may be in conflict with 
those held by another and, of ~ourse, there is a lot of difference between groups 
in terms of their ascendant value commitments. 

As the term is utilized in this study, an issue is a question so framed that it 
may be answered in either the affirmative or the negative and is, further, a 
question to which different parties will respond differently. Issues of fact are 
those which are capable of empirical resolution and deal with what ~ or what 
will be. On the other hand, issues of value are not subject to empirical resolu
tion and can only be examined in terms of the predictable consequences that may 
result from their operationalization. 

Numerous issues of value are associated with natural hazards management policy 

making. 

In terms of prevailing value commitments, which are so universal that they may be 

viewed as constituting the constraining "givens" within which natural hazard man
agement policy making will most likely be conducted, are the following: 

(1) Special protection should be given to the young, the disabled, and the infirm, 
who are unable to care for themselves in the event of a hazardous natural 
occurrence. 

This value proposition underlies such enactments as the California Field 
Act, which requires that schools and hospitals--both old and new--meet earthquake
resistant standards of a high order. Throughout our history, there seems to have 
been little social or political conflict surrounding the operationalization of 
this proposition. 

(2) Individuals, groups, and governmental entities should so guide their decision
making and behavior as to avoid the infliction of serious damage and injury upon 
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other parties--unless some overwhelming public purpose requires such a course of 

action. 
In its oldest form, this proposition is, of course, imbedded in the tort lia

bility dicta we have inr,erited from the English common law. Even without any 
statutory prohibition against such conduct, one who willfully and knowingly en
gages in a course of activity that will cause injury to others invites. a legal 
action by the injured parties that will be viewed with sympathy by our courts. 
One of the oldest expressions of this proposition is contained in the Code of 
Hammurabi, which was etched on the cliffs of ancient Babylon. In modern language. 
the code decreed that, if a builder was so careless as to construct a house whose 
walls collapsed and killed the son of the occupant, then the builder must-
himself--sacrifice the life of his own son. 

If anything, our social commitment to this propOSition has grown stronger-
rather than weaker--in recent decades. Thus, the 19th century slogan, "Let the 
buyer beware", has now essentially given way to the slogan, "Let the seller 
beware! II Product liability decisions made by the courts and product liability 
statutes enacted by legislative bodies throughout the country provide vivid evi
dence of this shift in social commitment. 

Its implications for builders, developers, and governmental units, in respect 
to natural hazards management, may be larger than the literature now reveals. 
Thus, there may be real question as to the liability of a local government entity 
which--knowing that development within a hazard zone will result in future harm 
and/or dollar loss to those who occupy the developed area--nonetheless 
permits such development to take place. Similarly, a builder or developer who 
knowingly constructs dwelling units within such a hazardous zone and then with
holds information from potential purchasers concerning those hazards may also well 
be inviting future tort liability actions. 

(3) Opportunities for personal choice and decision-making should be preserved, 

and governments should intervene in such processes only when required by some 
ascendant public purpose. 

Pervading our society is a strong and long-lasting social commitment to 
pluralism, to the right of individuals to ';do their m'm thing", as long as that 
"thing" does not do harm to others. Although specific applications of this propo
sition sometimes provoke social controversy--as in the case of "crines" involving 
acts between consenting adults--there is a general social willingness to gauge 
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the efficacy of proposed policies against this standard. Thus, however hazardous 
to its participants, we are reluctant to deny individuals the opportunity to jump 
out of airplanes with parachutes strapped to their backs unless such individuals 
choose to do so over populated areas where such activities may result in injury 
to innocent non-risk takers on the ground below. 

(4) The right of individuals to hold and use property is to be respected by their 
fellow citizens and enforced by government. 

Social commitment to this proposition predates the founding of this republic, 
is very much a part of the struggle to separate the state from the church, was 
deeply imbedded in the dogma associated with the protestant revolution, and is, 
of course, one of the cornerstones of modern capitalistic and democratic societies. 
When conjoined with a prevailing social commitment to the view that individuals 
have a right to engage in activities that do not cause injury to others, this 
value provides a major constraint to the governmental execution of policies that 
might otherwise prevent future injury and death arising from exposure to natural 
hazards. 

(5) Society should protect the rights of individual states and local communities 
to adopt rules and regulations which are considered in the best interests of their 
publics. 

The constitutional tradition of the United States has been to leave as much 

decision-making power as possible with the individual states. Thus, there has 
been a consistent value commitment to decision-making based upon grass roots 
politics and pluralistic democracy. Natural hazard emergency preparedness and 
mitigation practices have therefore traditionally been the responsibility of 
individual states, with county and local governments performing the actual work. 

When the Federal Government attempts to exercise its authority to engage in direct 
regulatory activity in this field or to establish action-forcing conditions upon 
the availability of federal benefits, loud complaints are voiced by 

local and state governments. The complaining states or local communities view 
these acts as a usurpation of or interference with their traditional rights and 
powers. This value therefore provides a major constraint to efforts to redefine 
the role of the federal government in respect to the management of natural 
hazard exposures. 
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Value Issues 

Although other value commitments of our society might be listed above, this brief 

recitation underscores some of the major value constraints within which natural 
hazards policy making will take place. Also of great potential influence on such 
policy naking are the following value issues, which, predictably, will comprise 
the focus of local, state, and national debates concerning natural hazards and the 

policies framed to deal with exposures to those hazards: 

(1) Shall the death or injury of an individual exposed to a catastrophic event 
be given a higher value than the death or injury of an individual exposed to a 
non-catastrophic occurrence? 

It seems undeniable that the American policy-making system responds more 
acutely and vigorously to catastrophic occurrences than it does to the less visi
ble, less publicized occurrences that inflict injury or death upon many more 

persons, but in events that produce these consequences on only one or a few per
sons at a time. If our ascendant value commitments are to prevent the greatest 
number of premature deaths and unnecessary injuries per million dollars of availa
ble resources, then catastrophic occurrences would receive far less policy 

attention than is now the case. Whether our social and policy reaction to cata
strophic and non-catastrophic events is due to our ignorance, to our mispercep
tions of reality, or to some underlying set of values that give greater weight to 
catastrophic than to non-catastrophic occurrences cannot be answered by these 
researchers at this time. Instead, the value issue can only be identified. 
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(2) Shall local governments be permitted to take action that is consistent with 
the interests of their current constituencies but antagonistic to the interests 
of their IIExtended ll and probable future constituencies? 

This issue is one that assumes that the failure to decide or the failure to 
act may, itself, be viewed as a decision or action. The question, also, 
takes into account the phenomenon of the IIshifting constituencyll and the further 
pheonomenon of the "extended constituency". By the former term we mean, simply, 
that the constituency of any geographically-constrained jurisdiction of govern
ment may change drastically with the passage of time. At one point in time, the 

majority of the electors within such a jurisdiction may be owners of large plots 
of land devoted to the growing of citrus crops; but, only a few years later, the 
majority may be residents of single-family homes built upon the sites once de
voted to the growing of orange and lemon trees. In a "representative" system of 
government, it is easy to suggest that elected policy makers must be responsive 
to the demands of those who have elected them and who constitute their contempo
rary constituency. But what about the constituents who have, at any point in 
time, yet to arrive on the scene? Similarly, actions taken by a local elected 
board in response to the clear interests and demands of citizens within the area 
may do damage to others beyond the jurisdictional boundary lines of that unit of 
government. Illustrative is the mix of actions that might be taken by a local 
unit to protect its citizens from the hazards posed by riverine flooding. The 
actions selected might well result in the mitigation of the local community risk 
but might increase stream flow within the floodways of downstream areas and, 
therefore, exacei~bate the ri sk faced by members of the communi ty' s "extended con
stituency". As posed, therefore, this value issue is one that pervades discus
sions of federalism and of intergovernmental relations. 

(3) Should voluntary risk taking that has a low probability of causing injury to 

others be prevented by the actions of local, state, and federal governmental 
entities? 
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This issue is one that presents markedly different implications, depending 

on the level of government to which it is addressed. Consistent with the pre
vailing U.S. social commitment to the notion of "pluralism", our segmented system 
of federal government, in theory, provides numerous opportunities for individuals 
with common interests and value commitments to come together in communities of 
their own choice. Some communities may opt for one style of life and one level 
of risk-taking, while others may reject such an orientation. When higher levels 
of government choose to act in certain areas, an inevitable consequence of such 
action is to push our system toward homogeneity and, therefore, away from plural
ism. The point is important whenever the question of voluntary risk-taking is 
considered. Without denying that some risk-taking is almost purely "suicidal" in 
its root impulse and apparent consequences, it must also be remembered that there 
is much voluntary risk-taking that is associated with the receipt of compensating 
~enefits. Thus, it would be folly to suggest that recreational parachutists are 

simply suicidal in impulse. Clearly, there is compensation to such individuals 
in terms of the sheer joy they derive from their hazardous sport. Similarly, the 
retired individual who builds his or her home on a beautiful, outcropping cliff 
above the blue waters of the Pacific may derive enormous joy from the taste of 
the sea and the excitement of the panorama, while at the same time be running the 

risk of losing his property and life through a slippage of the land into the sea 
below. A Midwestern couple that flees the hardships of the northern winters for 
the balmy climes of the Gulf Coast may be running the risk of death from storm 
surge but be experiencing the rewards of a ~ore salubrious climate and the joys of 
walks on the beach. If the risk is voluntary, which, if any, unit of government 
is the better to deal with constraints upon that risk-taking? 

(4) Shall government policy making in respect to natural hazards seek to serve 
"optimizing" (effective long term) or "satisfying" (short term partial solutions) 
goals? 

(5) Should one type of natural hazard (i.e., earthquakes) be given priority over a 
more comprehensive approach to natural hazard mitigation? 

(6) Should conventional criteria of cost effectiveness or cost feasible analysis 
be the principal basis for natural hazard policy selection? 

(7) If disaster assistance is to continue, should disaster assistance be given to 
"individua1 11 victims who have suffered natural disaster losses on the same basis 
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as now provided to whole communities which have suffered equivalent per capita 

losses? Where does equity lie in the current policy? 

(8) Once made aware of the risks from natural hazards, should the individual 
citizen be required to internalize any losses incurred as a result of a natural 
event? 

(9) Should local and state legislative bodies act as the "consciences" for their 
communities and select ~ policy risk level based upon informed analysis and 
testimony, as the basis for the adoption of natural hazard mitigation rules and 
regulations? 

(10) Should natural hazard exposures be considered a national problem and thus 
subject to regulation by the federal government? 

(11) Should the citizens of states who experience low damage rates, by virtue of 
the state's geography or managanent practices, be responsible through a federal 
taxing mechanism for the poor or improper land use and building code policies 
of another state? 

(12) Should states and local governments bear primary responsibility for the 
mitigation of natural hazards and for dealing with the aftermath of a natural 
disaster? 
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Administrative Constraints 

Whatever direction may be taken in respect to natural hazards management policy

making, the objective outputs of the policy-making process will also be influ
enced by constraints having to do with the characteristics, configurations, 

internal quality, authority, and resource availabilities of individual jurisdic

tions of government and of their organizational components. Thus, administrative 
constraints relate both to institutions and organizations and to the quality and 

quantity of the human and other resources that comprise their elemental building 

blocks. 

In respect to natural hazards management, the organizations of principal interest 

will be those concerned with land-use planning and zoning, development and en
forcement of subdivision and building regulations, hazard zone mapping, and 

policy analysis. Although there have been no major recent studies that have 

focused on the development of quantitative descriptors of the excellence and ca
pacities of these institutions and organizations in the several levels of U.S. 

government, three studies have been made of this general subject within the past 
decade: the report of the Municipal Manpower Commission [1965J, the research 
reports underpinning the activities of the National Commission on Urban Problems 
[1968J, and the study conducted by Field and Rivkin [1975J. Of these, the latter 

two seem particularly relevant to this report. 

In 1968, the staff of the National Commission on Urban Problems conducted a survey 

of a stratified sample of the nation1s 17,993 local governments. The sample con
sisted of 3,104 of these governments, of which 81.7% responded to the survey 
The principal findings of the survey by the commission1s staff were as follows: 

(1) Land use planning and building quality regulatory activities are widespread, 
directly affecting a high proportion of the nation1s population and involving 

many thousands of local governments. (2) Most of the regulating governments are 

relatively small--apparently too small in most instances to engage any full-time 
employees for such work. This, of course, is a reflection of the prevailing 

atomized pattern of local government under which, for example, one-third of all 
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the incorporated municipalities in metropolitan areas have less than 2,500 inhabi
tants and one-half are less than one square mile in area. (3) Even among the 
regulating governments that do have fUll-time employees for such work, pay rates 
are generally low~ and only the largest governments have top-ranking jobs paying 
enough to attract and hold well-trained professional or technical people. (4) 
Local expenditure for these planning and regulatory activities is not insignifi
cant--some $300 million annually. However, this sum is far less than one per
cent of all urban government expenditure and is even more strikingly dwarfed by 
the property values that are affected by such acti vities--more than $1,000 bi 11 ion 
worth of urban real estate and over $50 billion annually of new construction. 
(5) Similarly, local government employees engaged in these activities number 
only 33,000 (full-time equivalent) persons, compared with some 3 million persons 
employed in the construction activities affected by their work. (6) Control 
of land use through local zoning ordinances and subdivision regulation is wide
spread and expanding. Of all zoning ordinances, a large proportion originated 
since 1950, and many have been considerably revised in recent years. Also, 

most zoning governments have reportedly prepared "master plans" of prospective 
land use. (7) Zoning governments deal with large numbers of requests for rezon
ing and "zoning variances" and, on the average, reject less than one-fourth of 
such requests. (8) Nearly all municipalities in metropolitan areas and a major
ity elsewhere have a local building code, but a considerable fraction of these 
codes has not been materially changed in recent years. (9) Of the cities and 
towns of 5,OOO-plus that have building codes, about two-thirds report that their 
local provisions are based upon a national or regional "model" code. However, 
only about one-fourth of these have recently adopted at least 90% of the updating 
changes recommended by the model code organizations. (10) There is great diver

sity in local code regulation of particular residential building practices. The 
survey asked about 14 specific building practices, including 13 approved by all 
applicable "model" codes, and one practice accepted by some, but not all, the 

"model" codes. Of these 14 practices, one is prohibited by over half the munici
palities of 5,000-plus that have building codes, four others are prohibited by 



more than one-third. three by about one-fourth. and each of the remaining surveyed 
practices is rejected by some of these governments. Similar proportions of re
jection appear for the municipalities whose local codes are reportedly based upon 
some national or regional "model" code. 

The commission also examined procedures for enforcement of zoning and building 
laws and the processes for appeal from local findings. In respect to this subject. 
the commission commented as follows: 

The construction industry and related interest groups are extremely 
influential in the operation of appeal procedures. Representatives 
of the industry frequently are requested to recommend individuals for 
appointment to appeal boards. and codes and ordinances frequently re
quire that members of appeal boards be architects, engineers, and 
contractors. Such practices would not appear to provide adequate 
protection to the. public. 

In the Field and Rivkin study, the authors comment: 

Most cities offer a salary and budget that failed to attract good 
people into code-enforcement jobs. According to 1970 data. in only 
the largest cities do salary ranges for building officials provide 
monetary incentives for efficiency and fairness in code enforcement. 
The potential for salary growth is limited. In most cities surveyed, 
there is a narrow range between beginning and maximum salaries. For 
all cities, $7,490 is the median for starting salaries and $9,600 for 
maximum salaries. Only in cities with populations of more than 
500,000 did salary schedules offer much chance of job advancement. 
The overall median salary for chief building officials in 1970 was 
only $10.586. surely no incentive for aggressive leadership .... 
Building department budgets are generally too small to support ade
quate in-house training programs or to undertake ongoing code revi
sion ... To date the federal government has committed few of its 
resources to improving enforcement. 

The authors of this same study also observed that one chief building official in 
seven is over 60, and over half of all chiefs are past 50. 

Limited budget, limited salaries, and limited prestige add up to un
inviting job opportunities for bright young professionals eager to do 
a job. Even those willing to accept the unattractive entry inducements 
are handcuffed by lack of funds for professional training, comprehen
sive code revisions, and evaluations of their own enforcement 
activities. 
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The authors of the same study also observed that 

Most officials come out of the local construction industry trained as 
members of building trades ... or as general contractors .... It 
is not surprising that inspectors by work and social habit are tied 
to their localities. The officials themselves acknowledge that their 
most frequent work contacts are with local builders, local building 
material suppliers, local architects, and local engineers. Their 
social relationships follow the same pattern ... Thus, the parochial 
view is reinforced; it is seldom modified by contacts with people out
side the community who might hold more cosmopolitan views on construc
tion technology ... The evidence indicates that building offic1als 
are sensitive to both the political structure and the interests of the 
construction industry in their communities. 

In the recent report of the Working Group on Earthquake Hazards Reduction [Stein
brugge, et al., 1978J, the group concluded that even professionally-trained indi
viduals in today's world are not fully prepared to deal with natural hazards. 
Thus, in respect to the earthquake problem, the group concluded that 

Many universities and professional schools simply are not preparing 
their students to deal with the earthquake problem. Many universi
ties, even some in 'earthquake country', are graduating struc-
tural engineers without providing them with course work on seismic
resistant design. Similarly, schools of architecture generally do 
not provide courses on seismic-resistant design for their students. 
This problem is sometimes further compounded by the fact that in many 
communities building officials, who are expected to enforce seismic 
regulations, often have less training than building designers .... 
[P]rofessionals frequently have insufficient backgrounds to incorporate 
the available information into their decision-making. In all of the 
relevant areas--seismology, geology, earthquake engineering, the 
social sciences--knowledge is expected to expand even more rapidly in 
the future. 

The working group went on to recommend an aggressive, federally-sponsored program 
of personnel upgrading and a federally-financed program of educational services to 
meet these needs. The working group also focused separately on the professional 
preparation of land-use planners to deal with natural hazards and concluded that 
"professional land-use planners do not have the training or experience to under
stand and apply earthquake hazards information." The group noted that "few aca
demic curricula introduce urban and regional planning students to, or train them 
in, avoiding or mitigating natural hazards." 
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Although the study team undertook no independent efforts to determine the current 

attributes of planning and building regulatory bodies at local and state levels 
in areas with high hazard risks, the foregoing suggests that such study is war
ranted as an adjunct to the ongoing federally-sponsored natural hazards management 
program. How much of the nation's past failure to develop means for curbing 
losses from natural hazard exposures may be charged to the oversights, limited 
capacities, organizational disabilities, and staffing problems of land-use. 
planning, program development, and building regulatory agencies at local and state 
levels cannot now be judged; but certainly these disabilities may v/ell have played 
a part in bringing about the current national situation. 

Economic Constraints 

Another set of factors that will constrain the capacity of national, state, and 
local bodies to implement loss-reducing natural hazard mitigations is that which 
may be judged to be economic in character. Quite aside from limited tests of 
cost feasibility, there are other economic questions whose consideration may well 
be important to natural hazard management programs. Thus, it seems clear from 
the evidence presented in Chapter Five that many natural hazard mitigations have 
the potential to substantially increase both the initial and the annual amortized 
cost of new housing and other structures. Yet, as a result of other factors 
within our economy and society, the median cost of new housing starts has been 
increasing more rapidly than has median family income. Without belaboring this 
point, it seems undeniable that the nation rapidly is approaching a point where 
we may be pricing our housing stock beyond the reach of those who most require 
decent or expanded housing. To the extent that our concern for natural hazards 
losses triggers further escalations in the cost of housing and other structures, 
the existing problem may well be exacerbated. 

Moreover, since logic would suggest that both the sale and rental value of exist
ing structures may be influenced by the total supply of such structures, as well 
as by the cost of new and replacement facilities, increases in the cost of new struc-

tures may well exert substantial IIripple ll effects throughout the entire economy, 
thus fueling inflationary pressures already all too apparent within the economy. 

This highly speculative perspective is offered~ not as a definitive judgment con
cerning the pot~ntial impacts of natural hazard mitigations on the U.S. economy, 

8-67 



but, rather, as a cautionary note. Project constraints have not permitted any 
sophisticated study of this question and, yet, the question clearly is of impor

tance to the making of public policy in this field. 

Federal Constraints on State and Local Decision Making 

The characteristics of the major federally imposed constraints on state and local 
policy making in respect to natural hazards management were discussed in Chapter 

Seven. 

These constraints stem primarily from: 
(2) the National Flood Insurance Act of 

and (3) the Coastal Zone Management Act 

(1) the Disaster Relief Act of 1974; 
1968, as subsequently amended [PL 90-448]; 

of 1972 [PL 92-583]. 

In each of these acts, Congress authorized certain benefits to be bestowed upon 
state and local units of government, but only if specified conditions are met by 
these jurisdictions. In addition, provisions within this set of acts also enable 
federal authorities to withhold benefits to private parties and local and state 
governments that are authorized by other statutes in the event that the condi
tions contained within the set, and in enabling regulations issued thereunder, are 
not met by the applicant state and local jurisdictions. 

In the case of the Disaster Relief Act, the major benefits explicitly authorized 
to be dispersed by federal authorities under the terms of the act are: (1) plan
ning monies intended to facilitate state preparation of comprehensive disaster 
preparedness and prevention plans, (2) federal disaster relief funds and services 

that are available to qualifying communities and states upon presidential decla
ration that a disaster has occurred within those areas, and (3) federal funds and 
services for promoting the economic recovery of areas following the onset of a 
disaster. 

Under the terms of the National Flood Insurance Act, the benefits that are explic

itly made available to state and local communities are those associated with 
federally-subsidized flood insurance to occupants of riverine and coastal flood 
plains. 
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Under the terms of the Coastal Zone Management Act, Congress has authorized a 
total of $864 million for grants and loans to states and other entities for the 
purpose of facilitating more effective management of the coastal zone. Section 
302(h) of the act states: 

The key to more effective protection and use of the land and water 
resources of the coastal zone is to encourage the states to exercise 
their full authority over the lands and waters of the coastal zone by 
assisting the states, in cooperation with federal and local govern
ments and other vitally-affected interests, in developing land and 
water use programs for the coastal zone, including unified policies, 
criteria, standards, methods, and processes for dealing with land and 
water use decisions of more than local significance. 

The act also permits states that qualify under its terms to participate more di
rectly in license, permit, and other regulatory activities affecting the coastal 
zone, which are otherwise assigned by federal law to the responsibility of such 
agencies as the U.S. Environmental Protection Agency, the U.S. Army Corps of 
Engineers, the Bureau of Land Management, the U.S. Coast Guard, and the Department 
of Energy. 

Regulations issued pursuant to the Coastal Zone Management Act [15 CFR 923J spec
ify that states seeking to qualify for participation under the act must develop 
comprehensive programs of coastal zone management, elements of which are to foclls 
on such phenomena as floods, erosion, land stability, climatology, and meteorology. 
The regulations further require that states identify coastal zone areas of par
ticular concern, including hazard areas due to storms, slides, floods, and erosion, 
and require states to identify the hazard potential of such areas insofar as such 
potential "affects reasonable and safe use of resources ll

• 

Under the terms of the Disaster Relief Act, states seeking to qualify for its 
benefits must develop "comprehensive plans and practicable programs for prepara
tion against disasters including hazard reduction, avoidance, and mitigation .. 
Section 406 of the act declares that 

as a ... condition of any loan or grant made under the provlslons 
of this act, the state or local government shall agree that the natu
ral hazards in the areas in which the proceeds of the grants or loans 
are to be used shall be evaluated and appropriate action shall be taken 
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to mitigate such hazards, including safe land-use and construction 
practices in accordance with standards prescribed or approved by the 
president ... 

Under the terms of the National Flood Insurance Act, states and communities are 
required to develop land-use and control measures for the management of their 
riverine and coastal flood plains. That act, even with its more recent amend

ments, contains additional teeth intended to stimulate more effective flood plain 
management by states and local communities. Although amendments made in May 1977 , 
removed from the earlier provisions of the act a prohibition for any federally
insured lending institution to make loans to property owners in HUD-designated 
flood-prone areas that were not participants in the flood insurance program-
and, therefore, occupants in a "managed" flood plain--the amendment, nonetheless, 
required lending institutions to notify loan recipients that they would not be 
eligible for federal disaster relief and that the federal government could not 
assist individuals who undertook development in flood-prone areas without ade
quate flood-proofing measures. Recently, the federal government has called for 
comment from the public as to the content of regulations to be issued pursuant to 
the terms of Section 406 of the Disaster Relief Act; the full nature of federal 
constraints on state and local decision-making in respect to hazard zones, there
fore, is not now known. 

What is clear is that the federal government currently possesses considerable 
leverage power to influence state and local decision-making in respect to hazard 
zones in coastal areas and other flood plain areas and in respect to any other 
hazard zones whose occupants might seek post-disaster relief from the federal 
government under the terms of the Disaster Relief Act of 1974. 

Conclusions 

The following assumptions and conclusions seem supported by the materials pre
sented above: 

1. Constitutional constraints on the exercise of the police power by state 
governments pose no serious barriers to the regulation of natural hazard expo
sures by these entities. 
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In 1 aw, state governments are vested with the "police power" of 
government which authorizes them to adopt regulatory and other 
policies to protect the health, safety, and welfare of the com
munity. So long as such enactments are directed to the accom
plishment of a public purpose, observe the constitutional re
quirements for due process of law, do not deny to any person 
the equal protection of the laws, and observe the admonition that pri
vate property shall not be taken for public use without just 
compensation, these enactments will generally be found to be 
valid by the court. 

Although the constitutional validity of a regulatory statute 
depends both on it being "reasonable" and not "unduly burden
some", these con$traints are comparatively easy to meet if 
statutes are appropriately drafted and the. facts bearing on 
the focal situation are clearly established. In respect to 
factual findings, the courts are reluctant to substitute 
their judgements for those of the legislature; in respect to 
legal questions, the courts began their inquiry with the 
presumption that the statute is constitutionally valid. On 
the whole, the burden of establishing the unconstitutionality 
of a regul atory statute fall s upon the aggri eved party rather than 
the enacting legislating body. 

2. No serious legal obstacles are posed to the design and implementation, 
by the federal governll1ent, of policies intended to "force" state and local 
units of government to engage in natural hazard management and regulatory 
programs. 

The United States Congress is comparatively free to establish 
qualifications and conditions that must be met by state and local 
governments in order to qualify for the financial and other benefits 
otherwise authorized by statute. These qualifications and conditions 
may require states or local units of government to present plans or 
programs which demonstrate that they have initiated and will continue 
to enforce appropriate regulations over natural hazard exposures. 
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3. Legally, the federal government may, itself, adopt and enforce a limited 
but important set of natural hazard regulatory policies. 

Under its constitutional power to regulate the flow of interstate 
commerce, to engage in treaty making, and to accomplish the pur
poses of Article III, Section 8 of the U.S. Constitution, the federal 
government has engaged in a wide range of regulatory activity, in
cluding, for example, the establishment and enforcement of air pol
lution emission standards governing discharges from fixed sources 
of air pollution. Within reasonable limits, the federal government 
may also engage in direct regulatory activity in the field of natural 
hazard management. Of course, it may not deal with matters of a 
purely local concern, nor may it engage in activities which are 
alien to the constitutional charges and authorizations placed upon 
the federal level of government. 

Also, powerful political and other constraints operate to pre
vent the U.S. Congress from regulating matters which, by tradition, 
are viewed to be matters of peculiarly local or state concern. 

4. Typically, local governments can engage in effective regulatory activities 
to control natural hazard eXQosures only when authorized to do so by: (a) 
state constitutional provisions, (b) enabling legislation enacted by their 
state legislatures, or.(c) "home rule"grants of power from the state government. 

Although municipalities are comparatively freer to enact and enforce regu
latory policies than are counties, both units of government are subject to 
the constraint enunciated in the above statement. Both units of govern
ment may, if authorized by state government, engage in the enactment and 
enforcement of building codes, land use planning and zoning regulations, 
housing codes, and subdivision regulations. Typically, however, these 
regulations are applicable only to land areas within the geographic juris
diction of the concerned local government. Thus, the applicability of a 
county's regulations typically would be limited to the unincorporated terri
tory of the county, while the applicability of a municipality's regulations 
would be limited to lands within its corporate boundary lines. Some states 
have, however, vested muni c i pa 1 it i es with the power of "extra territori a 1 
jurisdiction" which permits such cities to enforce their building, housing, 
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and land use regulations on unincorporated territory bordering the 
boundaries of the city. 

5. Although the legal barriers to the adoption of effective natural hazard 
regulatory oplicies are few and may be readily overcome, carelessly drafted, Eoorly 

poorly supported, and inappropriately focused enactments may be found invalid 
by the courts. 

Although the courts begin their inquiry into the validity of an 
enactment on the presumption that it meets all constitutional tests, 
and although the courts are reluctant to substitute their own judg
ments for the factual findings of a legislative body, the courts will 
not hesitate to strike down an enactment if it is so carelessly drawn 
as to suggest that constitutional prohibitions may have been violated. 
Thus, regulatory statutes may not be used for the IItaking of private 
property without just compensation ll and must further meet such consti
tutional tests as those related to equal protection under the laws, 
reasonableness, and the prohibition against the imposition of lIundue 
burdens. II 

6. Natural hazard regulatory policies may be directed at a large number of 
potentially-desired ends, including: (a) the strengthening of new and old buildings, 
(b) the avoidance of certain kinds of uses of specified land areas, (c) the legally 
mandatory purchase or offering for sale of natural hazards insurance, (d) manda-
tory notification of potential property purchasers or users of the hazard-proneness 
of a land parcel or structure on the land;and (e)restrictions on·iha.conduct of 

poJicy-maki~~zard increasing activities by individuals, corporations, business, and 

governmental entities. 

7. The primary constraints on the adoption of effective natural hazard regu
latory policies by any level of government are those of a political and social 
nature. 

The primary impediment to the adoption and enforcement of effective 
natural hazard regulatory policies has to do with the "willingness ll 

rather than the IIcapacity" of governmental law-making bodies to act. 
Typically, some political constituency must be present to advance the 
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need for a proposed regulatory enactment, the enactment must clearly 

be directed at resolution of a state of affairs which is generally 
recognized to constitute a problem to some significant population 
subset, and the cause must rank comparatively high on the political 
agenda of the community and its lawmakers. The probability of 
enactment is lessened if other political constituencies are opposed 
to the measure. Also, lawmakers - and their constituents - seem to 
prefer problem-solving strategies which involve IIdistributive ll as 
contrasted to IIregulatoryll policies. 

8. Among populations at-risk of exposure to natural and other physical hazards, 
avoidance motivations are strongest among those individuals who have not pre
viously experienced the hazard, and the primary motivation of those who have 
recently experienced the hazard is to support efforts aimed at rebuilding the 
damaged area and which enable hazard zone occupants to get on with life as it 
was before. 

9. Hazardous events which produce multiple, rather than single, deaths and/or 
which inflict property damage on many rather than few persons tend to evoke more 
immediate and vigorous responses from policy makers and concerned publics than_do 
the cumulatively larger losses which may be sustained by individuals one or two 
at a time as the result of less dramatic hazardous occurrences. 

10. Individuals and groups inexperienced with natural hazards tend to exhibit 
more apprehension concerning them than do those who have experienced such occur

rences; IIOutsiders ll tend to overestimate the recovery needs of disaster areas and 
to exaggerate the impact of a disaster on a community; and media exaggerations of 
disaster impacts on a community apparently increase as a function of distance 
from the disaster site. 

11. Local officials tend to be unaware of the degree to which their communities 
, 

are threatened by natural hazards, particularly non-flood hazards. 

Local officials tend to resist the imposition of natural hazard management 
and other policies by federal and state authorities and to support the 
proposition that local governments should be responsible for natural hazard 

po 1 i cy-maki ng. 

8-74 



12. The contents of building code, zoning, and other community development 
and hazard abatement reQulations at local levels appear to respond more sensi
tively to economic and political pressures than to objective standards of safety 
or health. 

This conclusion, though not one independently framed by the study 
team, is one which has been advanced by such researchers as Field 

and Rivkin [1975J and Siegan [1976J. This conclusion also is one 
which may reasonably be viewed as having been advanced by the 1968 

National Commission on Urban Problems. 

13. Thet'e is a pressing need for a contemporary study to determine the staffing 
capacity of state and local units of government to undertake the drafting and 
implementation of effective natural hazard management and regulatory policies. 

Various studies which have been conducted over the period of the 
past 15 years have suggested that the staff of local building 
departments and planning agencies are of such limited size, so 
poorly paid, and so over-burdened with a range of functions as 
to limit their capacity to engage in fully comprehensive and 
technically-sound regulatory and planning activities. Also, some 
observers have suggested that the prior education and training 
of such staff members may be inappropriate to contemporary natural 
hazard management and environmental quality improvement needs. 

14. Additional study is needed to determine the possible broad-scale economic 
effects which might be produced by hazard mitigation-induced escalations in the 
costs of new housing and buildings. 

Project constraints prevented this study from examining the possible 
IIripple ll effects which might be induced on the economy as a result 
of the broad scale application of costly building strengthening 
strategies to mitigate the risks associated with natural hazard 
exposures. However, the subject is important and further study of 
this matter seems to be warranted. 

8-75 



JUDICIAL DECISIONS 

1. Associated Homebuilders v. City of Walnut Creek. 4 Cal 3d 633, 484 P 2d 
606 (1971). 

2. Aunt Hack Ridge Estates, Inc. v. Planning Commission of the City of Danbury, 
160 Co-no 109, 263 A 2d 880 (1970). 

3. Baker v. Planning Board of Farmington, 353 Mass. 141, 228 N.E. 2d 831 (1967). 

4. Boise Cascade Corp. V. Gwinnett County, 272 F. Supp. 847 (N.D. Ga. 1967) 

5. Boyle v. Nelsner Bros., 230 Mo. App. 90, 87 S.W. 2d. 227 (1935). 

6. Candlestick Properties, Inc. v. San Francisco Bay Conservation and Development 
Commission, 11 Cal. App. 3d 557, 89 Cal. Rptr. 897 (1970). 

7. Capture Realty Corp. v. Board of Adjustment of Borough of Elmwood Park, 
133 N.J. Sup Ct. 216, 336 A. 2d 30 (1975). 

8. City of Bakersfield V. Miller, 64 Cal 2d 93, 410 P. 2d 393 (1966), cert. denied, 
384 U.S. 988 (1966). 

9. City of los Angeles v. Gage, 127 Cal App. 442, 274 P. 2d 34 (1954). 

10. Clements V. McCabe, 210 Mich. 207, 177 N.W. 722 (1920). 

11. Dooley v. Town Plan and Zoning Commission of Town of Fairfield, 151, Conn. 304, 
197 A. 2d 770 (1964). ; 

12. Gaebel v .. fhornbury Township, 8 Pa. Comm. Ct. 399, 303 A. 2d 57 (1973). 

13. Goldblatt V. Town of Hempstead, 369 U.S. 590 (1962). 

14. Griggs v. Allegheny County, 369 U.S. 84 (1962). 

15. Hadacheck V. Sebastian, 239 U.S. 394 (1915). 

16. Harbison v. City of Buffalo, 4 N.Y. 2d553, 132 N.E. 2d 42 (1958). 

17. Jones V. City of Los Angeles, 211 Cal 304, 295 P. 2d 14 (1930). 

18. Just V. Marinette County, 56 Wis. 2d 7, 201 N.W. 2d 761 (1972). 

19. Kopetzke V. County of San Mateo, 396 F. Supp. 1004 (N.D. Cal. 1975). 

20. Lawton v. Steele, 152 U.S. 133 (1894). 

21. .Lorio V. Sea Isle, 88 N.J. 108, 237 A. 2d 881 (1965). 

22. Miller v. Schoene, 276 U.S. 272 (1928). 

23. McCarthy V. City of Manhattan Beach, 41 Cal. 2d 879,264 P. 2d 932 (1953). 

8-76 



24. Mugler v. Kansas, 123 U.S. 623 (1887). 

25. National Land and Investment Co., v. Kohn, 419 Pa. 504, 215 A. 2d 
597 (1965). 

26. Oklahoma v. Civil Service Commission, 330 U.S. 127 (1947). 

27. Pennsylvania Coal Co. v. Mahon, 260 U.S. 393 (1922). 

28. People v. Miller, 304 N.Y. 105, 106 N.E. 2d 34 (1952). 

29. Pelple ex rel. Younger v. County of El Dorado, 5 Cal 3d 480, 487, 
P. 2d 1193 (1971). 

30. Pioneer Trust and Savings Bank v. Village of Mt. Prospect, 22 Ill. 2d 
375, 176, N.E. 2d 799 (1961). 

31. Potomac Sand and Gravel Co. v. Department of ~Iater Resources, 270 Md. 
652, 313 A. 2d 820 (1974). 

32. Pumpe11y v. Green Bay Co., 80, U.S. 166 (1871). 

33. Queenside Hills Realty Co. v. Saxl, 328, U.S. 80 (1946). 

34. A. H. Smith Sand and Gravel Co. v. Department of Water Resources, 
270 Md. 652, 313 A. 2d 820 (1974). 

35. Spiegle v. Borough of Beach Haven, 46 N.J. 479, 218 A. -2d 129 (1966). 

36. In the Matter of Spring Valley Development, 300 A. 2d 736 (Me. 1973). 

37. State ex rel. Arey v. Sherrill, 142 Ohio St. 574,53 N. E. 2d 501 (1944). 

38. Sturdy Homes, Inc. v. Township of Redford, 30 Mich. App. 53, 186 
N.W. 2d 43 (1971). 

39. Toms River Affiliates v. Department of Environmental Protection 

40. Township of Farmington v. Smith, 374 Mich. 536, 132 N.W. 2d 607 (1965). 

41. Turner V. County of Del Norte, 24 Cal. pp. 3d 311,101 Cal. Rptr. 93 (1972): 

42. Turnpike Realty v. Dedham, 362 Mass. 221,284 N.E. 2d 891 (1972), 
cert. denied 409 U.S. 1108 (1973). 

43. Vartelas v. Water Resources Commission 146 Conn. 650, 153 A. 2d 882 (1959). 

44. Vickers v. Township Committee of Gloucester Township, 37 N.J. 232, 
181 A. 2d 129 (1962). 

45. United STates v. Causby, 328 U.S. 256 (1946). 

8-77 





Chapter Nine 

POLICY-MAKERS, STAKEHOLDERS, AND 
CANDIDATE PUBLIC PROBLEMS 

Introduction and Summary 

In the previous eight chapters, the general and specific natural hazards problems 
facing the United States have been detailed. This chapter discusses the major 
questions confronting policy-makers as they seek to deal with these problems. 
These policy-makers must identify and address: 1) the public problems associated 
with specific situations, 2) the needs and demands of various stakeholder groups, 
and 3) the alternative possible solutions to the identified problems, needs, and 
demands. 

This chapter identifies the major stakeholders whose interests are involved in 
either natural hazard exposures or natural hazard mitigation measures and further 
identifies a specific set of candidate public problems. It also outlines the 
considerations which might be of importance to policy-makers in: 1) deciding which 
jurisdiction of government should take action, and 2) choosing between competing 
problem-solving priorities and competing problem solutions. 

The Plight of the Policy-maker 

The situations to which many citizens are so casually prepared to refer as "public 
probl ems" can be remarkably difficul t for the publ ic pol icy-maker to define and 
act upon. For example, a situation, impact, or set of effects which may be defined 
as a problem by one group may be regarded as a solution by another; one person's 
cost can be another person's benefit; an action which solves one problem besetting 
a given group may impose yet a different problem on that same group. It is the 
function of the policy-maker to· resolve these dilemmas; to determine whose 
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interests are to be served -and to what extent-, and whose are to be ignored -and 
to what extent; who is to receive a benefit, and on whom is a cost to be imposed; 
when is it appropriate to act, and when is it best to do nothing. 

Problems do not occur apart from real time and space. They affect real people, 
at some time, in some real location, under some real condition. However, most 
problem situations are not well-defined; they tend to be characterized by clusters 
of related phenomena. In such instances, it is necessary to specify problems 
carefully so that they can be dealt with. The problems must be operationalized; 
that is, they must be defined in terms of what the disvalued attributes 

of a situation are and how important those elements may be to specific 
people in specific places under specific conditions. 

The first matters to consider in defining problems operationally are 
what potentially adverse impacts are occurring, who is being affected by those 
impacts, the geographic areas within which the impacts are being felt, and the 
values that ~re being affected or are otherwise involved in these situations. 

ltJho is Affected? Who or what is being affected by some set of impacts or effects? 
Home owners? Renters? Investors? Employers? By speCifying as precisely as 
possible who is affected, one begins to specify the possible character of the 
problem. If it is residents of the Gulf Coast or farm families in Kansas, then 
one can begin to add a geographic dimension to the analysis. By assessing how 
many people are affected directly and how many are affected by second order effects, 
and how many can be expected to be affected in the future if current trends con
tinue, ultimate definition of the problem is further operationalized. 

What is the Extent of the Impact? With natural hazards, as with most other situa
tions with which public officials concern themselves, there is a geographic dimension 
that can be delineated. 14isconsinites donlt worry much about being injured by 
hurricanes and earthquakes, Southern Cal ifornians don It worry much about tornadoes 
and ice storms. Impacts and potential problem situations may be defined in terms 
of specific types of locations, such as all inner cities or all peripheral suburban 
areas; or they may be location-specific, such as the Gulf Coast, the Atlantic sea
board, or the Pacific Coast. They may be confined to coastal counties, and within 
such counties to specific zones such as tsunami inundation areas. 
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Which Values are Being Affected? It;s one thing if a household is inconvenienced. 
It ;s quite another if a member of that household dies or ;s threatened with death. 

In order to help specify problems, we consider which values are being affected by 
some impact or effect and with what intensity. Among values -- or things that are 
valued -- are economic, physical, and mental well-being. Effects on values may 
range from minor inconvenience to severe deprivation. We may be able to tolerate 
a fairly large number of persons being slightly inconvenienced, when we would not 
tolerate situations where several are likely to be killed. 

What Will Happen if Nothing is Done? It is important to incorporate a time 
dimension when seeking to define public problems. In most instances, it is 
possible to forecast what is likely to happen in a situation if current trends 
continue and if no policies are changed. SurpriSingly, perhaps, no action is 
sometimes preferable to some action. A principal question to ask is whether the 
situation will get better or worse all by itself, without any additional public 
action. How much better or how much worse would the situation become without 
additional action? Is there a significant benefit to acting now as opposed to 
acting at some later time? That is, is it possible to exert a small amount of 
leverage at this time on the impact-causing or problem-causing system that will 
have significantly greater influence on mitigating the situation than leverage 
exerted at some later time, or that will produce fewer unwanted side-effects than 
later action of some other type. 

What are the Elements of the Suspected Problem-Causing System? Mitigating the 
effects of natural hazards exposures requires intervention in extremely complex 
social, geophYSical, and technologic systems involving the natural environment, 
social interaction, and the distribution of costs and benefits. As a general rule, 
it is better not to intervene in a system if one cannot accurately predict the 
consequences of such intervention. Unless one understands the cause and effect 
relationships within a system, intervention can lead to adverse consequences and 
to unanticipated and undesirable byproducts that may far outweigh the intended 
consequences and that may sometimes be sufficient to lead to total destruction of 
the system being influenced. Therefore, it is critically important to understand 
situations in their systemic relationships -- how they fit together, what causes 
what, and the extent to which interdependencies exist. If one does not understand 
systemic interrelationships, then it is impossible to predict, with any degree 
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of certainty, the consequences of action or inaction. Unless the probable con
sequences of a recommended action are known, then it does not make sense to imple
ment that recommendation. 

Where one does not understand systemic relationships or where the probable conse
quences of action are unknown, then it makes sense to conduct research to learn 
more about those systems. If one is in doubt about what the real problems are -
and what causes them - the best action may involve the development of further 
knowledge about the system. 

Can the Impacts of Some Obvious Solutions be Predicted? Frequently, this prelimi
nary stage in a pol icy-maker's examination of a situation can yield suspicions or 
assumptions concerning some major or obvious types of possible solutions. A 
listing of these can then be used to make some guesses about the impacts that may 
be produced through use of such solutions, who will experience them, to what extent, 
where, and what values may be affected by those impacts. 

All of these inter-related, first-pass inquiries into situations in which l1impacts", 
from some set of causes have been observed are intended for but one purpose: to 
gain some insights as to who is being affected - or ;s likely to be affected as a 
result of problem-solving efforts - and what values, motivations, attitudes and 
interests of these parties are likely to be of governing importance to the speci
fication of selected impacts as being "problems". It is this process which leads 
one to the identification of stakeholder groups. 

Stakeholders in Natural Hazard Policy 

As discussed in Chapter One and as shown in Figure 1-2, all problems may be said 
to be the product of four factors: human perceptions of empirical reality; human 
desires and expectations for the future; values that justify and define the de
sired future; and the human perception of gaps between the desired future and 
the present. Whenever a gap has been perceived to exist between a desired and 
a perceived state of affairs, and whenever that gap has been disvalued by the 
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observer. then a problem may be said to be present. Thus, any responsible analytic 
and intendedly value-neutral effort to identify candidate lists of public problems 
must at some point reflect a comprehension of the distinguishable groups of indi
viduals whose interests are involved in the situation under analysis. Only by 
comprehending the characteristics of and distinctions between these groups may 
the analyst be led to tentative but intendedly objective assumptions concerning 
how each of those groups may perceive the value factors present within the 
examined situation. It was, therefore, out of the above-described conceptual 
perspective that the list of stakeholder groups was identified and the selected 
comments regarding each are offered. Our interest was not in judging the fac
tual or value merits of the motivation and activities of any group but rather in 
sketching -- however briefly -- some possible key attributes of the group that 
might influence the final social resolution of the following questions: What are 
the public problems that are associated with the exposure of people and property 
to natural hazards? What are the problems that are associated with efforts to 
mitigate the risks associated with such exposures? What are the ascendant 
questions of fact and value that inevitably will be required to be considered by 
policymakers? What are the political and social factors that will constrain the 
efforts of any given group of value holders to operationalize their values and 
reality perceptions respecting natural hazards through the vehicle of the Ameri
can public policy system? 

The search for the possible publ ic problems \'/hich may be imbedded in those 

situations involving either the exposure of people and property to natural hazards 
or attempts to control such exposures may be facilitated through a focus on 
thirteen possible stakeholder groups: 

1. Populations currently at risk of exposure to hazardous natural events. 

For each of the nine natural hazards identified in this study there is a companion 
set of identifiable hazard zones within the United States, the residents of which 
may be viewed as being at risk of experiencing the consequences associated with 
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the occurrence of the hazard. The sum of the individuals who are in residence 
within these zones, or who own property, or have other financial interests within 
the zones, may be viewed as constituting the current population at risk of exposure 
to hazardous natural events. Clearly, this major stakeholder group consists of 
at least two component sets of parties: (a) individuals who currently are exposed 
to the hazards as a result of voluntary choice on their part, and (b) parties 
who are involuntarily exposed to the hazards. The former group includes those 
who, having knowledge of the fact that they were entering into or remaining within 
a hazard zone, nonetheless choose to do so; while the latter includes parties who: 
(a) either entered into or are remaining in the hazard zone out of ignorance con
cerning the risk they are running, or (b) are aware of the risk they are running 
but lack an ability to remove themselves from the hazard zone because of such 
factors as the demands of their employment or their financial inability to move 
elsewhere. 

No independent research was conducted by the study team to assess the size 
of these two groups of risk-takers in respect to any hazard zone. However, 
other research suggests that substantial numbers of individuals who risk 
exposure to hazardous events are ignorant of the risk they are incurring. 

Thus, studies by White, et al. [1958J, Kates [1971J, Roder [1961J, and Burton, 
et al, [1~65J suggest that a significant fraction of occupants of riverine flood 
plains are comparatively unaware of the risks they are running and of the adjust
ments they may make to reduce those risks, whereas residents of coastal areas 
exhibit comparatively good knowledge of the risks they are running and of the 

effects of past storms. Mil eti, Drabek, and Haas [1975J suggest that "most 
persons simply do not know the character and extent of the hazard(s) for the 
area in which they reside or work". They further comment that "realtors and 
civic leaders tend to suppress discussion of flood hazards, refuse frequently to 
recognize, even privately, the dangers of encroaching development, and sometimes 
reject flood protection works to avoid admission of the hazard's existence." 
Although much more needs to be known concerning this subject, it seems safe to 
state, especially with regard to less studied hazards (i.e., expansive soil), 
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that comparatively few occupants of significant hazard zones are fully aware of 
the magnitude of the risks they are incurring and of the adjustments which 
they may make to mitigate those risks. Similarly, it seems clear there is little 
impulse on the part of sellers and transferors of property to inform property 
purchasers and users of the risk they are running by locating within a hazard 

zone. 

The threat of a substantial loss of property or life is faced by occupants in 
many hazard zones, such as high-frequency coastal and riverine flood plains, 
tsunami inundation zones, and tornado-prone areas. Expansive soils, landslides, 
earthquakes, and other hazards all exhibit varying annual expected loss burdens 
to occupants of the appropriate hazard zones. [See Chapters 4 and 6J. As noted 
in Chapter 8, however, hazard zone occupants who have experienced the consequences 
of hazardous occurrences do not -- in any great numbers -- exhibit a willingness 
to remove themselves from the hazard zone. Instead, they wish to get on with 
life as it was before the event occurred, tend to deny that a recurrence of the 
event will heap any substantial consequences upon them, and seek support from 
government and other parties to make the area II sa fer ll should the future bring 

a recurrence of the event. 

2. Investcrs in hazard zone lanG and structures. 

Owners of developed lands within hazard zones have a keen interest in maintaining and 
accelerating the value of their holdings. To the extent that notifications to 
potential hazard zone property purchasers shrink the market for such properties, 
it seems likely that investors would oppose these measures. Similarly, it is not 
difficult to imagine that owners of such properties would prefer the use of area 
protection systems to mitigate against the risk associated with natural hazards, 
particularly if all or part of the costs of such protective works are externalized 
to parties outside the hazard zones. 

Similar comments may be made in respect to undeveloped lands within hazard zones. 
Since many hazard-prone lands - particularly those on hillsides and in coastal 
and riverine flood plains - may be blessed with a high-than-normal proportion 

of scenic and recreational amenities, it is not difficult to imagine that the 
potential rewards for development of such lands may already have led to much land 
speculation within such zones. Major opposition to hazard zone land planning and 
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hazard management schemes may be expected from such parties. Moreover, to the 
extent that the interests of land speculators coincide with those of businessmen 

and other economically motivated parties whose future economic well-being may be 
tied to rates of development within hazard-prone areas, it can be expected that 
highly organized and vocal opposition will emanate from such quarters in respect 
to proposed hazard zone avoidance and risk reduction schemes. 

3. Potential future occupants and investors in hazard-prone lands and structures. 

Three demographic facts about the U.S. population suggest the quantitative 
importance of this stakeholder group: (1) the population is growing older and 
the proportion of the population above the "working agel! is increasing; (2) 
the population, in all age groups, is increasingly mobile and given to compara
tively frequent changes in their place of residence; (3) much interstate migration 
has been occurring, particularly from inland to coastal and from cold weather to 
warm weather climates. 

As noted above,many high hazard zones exhibit a higher than normal mix of bio
physical and recreational amenities. Precipitous and slide-prone slopes may 

offer occupants stunning vistas of cities and natural terrain; coastal and 
riverine flood plains may offer relief from the congestion and polluted air of 
cities and easy access to water-based recreational activities of a wide variety; 
and mountain vistas and easy access to a variety of recreational areas 
may be the rewards of those who enter into areas of high seismic activity. These 
potential lures to entry into areas marked by an abundance of "high hazard zones" 
may be accompanied by an absence of knowledge of the potential purchaser or resident 
concerning the characteristics of the hazards within the area and the magnitude of 
the risks which are incurred by occupants within those areas. Similarly, the 
types of adjustments which mayor should be taken by hazard zone occupants may 
be totally unknown to such individuals. The conviction that a "benevolent and 
all-knowing government" will protect the citizen from harm may dampen the concern 
of those who have some meager knowledge of the hazards associated with a potential 
living or working place, and such groups may find it inconceivable that the govern
ment would permit their entry into areas where there are substantial risks. 
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The findings which led to the adoption of the Interstate Land Sales Act might 
well be considered as evidence in support of the assumptions offered above. 
Numerous property transactions are made within our society by parties who, impru
dently and at great risk to themselves, place their faith in the integrity of land 
developers and property sales enterprises. 

It is to the knowledge,deficiencie~ and possible choices of this group of stake
holders that evidence and proposals concerning hazard zone avoidance might well 
be more properly and directly addressed. 

4. Visitors or workers in high-hazard zones. 

Although the permanent resident population of U.S. central cities has been 
declining, it is very likely that the "non-bedroom," transient populations of 
the same places have been increasing. Workers, shoppers, and tourists clog the 
streets of major central business districts during daytime hours throughout the 
nation, while conventioners, theatergoers, window-shoppers, and urban entertain
ment seekers may be found in great numbers in the same places during the evening 
hours. 

Hospitals, nursing homes, and places of work draw hundreds of thousands of tran
sients into potentially hazardous areas during selected hours of the day. 

Most of the deaths produced by the San Fernando earthquake of 1971 occurred within 
a Veterans Administration hospital whose occupants were drawn to the facility out 
of a concern for,rather than a rejection of, their longevity. 

Scenarios depicting the plight of the above population subsets are not difficult 
to write. Surrounding the high-rise megastructures of many cities in seismically 
active areas are literally thousands of individuals each noon hour. Imagine 
a high magnitude earthquake which rocks and stresses the structures, releases 
parapets from their mountings, shatters the acres of glass enclosing the buildings 
and sends tens of thousands of sharp and heavy missiles down upon the unwary 
population below. Or, imagine the hikers and campers in the inundation area 
below Teton dam in Idaho at the time of the dam failure,or the vacationers jammed 
into a seashore hotel in a tsunami inundation area. There is no end to the 
examples one may cite. 
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Ignorance of their risk-taking, trust in the protecting influences of government, 
and a concern for the objectives and interests of the moment are more likely the 
concerns and perspectives of this group than the manipulation of some risk-taking 
calculus. 

5. Insurers and reinsurers. 

Tax code-enforced restrictions on maintenance of liquid reserves, problems 
associated with the non-liquidity of investments, and the sheer magnitude of the 
episodic losses which may be sustained during a major hazard catastrophe consti
tute severe impediments to the willingness and capacity of insurers and reinsurers 
to engage in potentially-needed risk-distributing systems for occupants and 
investors in high-hazard areas. 

6. Second home owners and developers. 

In recent years both the absolute and proportionate number of second homes in 
the United States have been on the increase. Increased affluence among some 
segments of U.S. society and increased discretionary income has fueled this trend. 
Much of this second home development has occurred in high hazard areas, such 
as the coastal flood zone. Members of the study team have examined, on-site, 
several colonies of second home developments along the Gulf Coast. One such 
colony, located on the Bolivar Peninsula near the Houston metropolitan area, 
is in a site which has been subject to frequent devastating storm surges and 
hurricane winds. The major fraction of the developed properties were given over 
to "weekend" and vacation cabins, virtually all of which were elevated several 
feet above ground level. Most, however, were observed to be structurally 
inferior construction with large spans between floor joists, unfinished interior 
walls, poor wiring, and a minimum of structural amenities. Although no scientific 
sample of cabin owners was drawn in this colony, discussions with several indicated 
their keen awareness that their properties were located in a high hazard area 
and most reflected little concern over this fact. The typical view was "when the next 
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hurricane strikes, weill simply rebuild." Several expressed the view that low
cost loans from the government would aid them in the venture,and several indicated 
that their existing cabins had been constructed in part with debris scavenged 

from the area after the last destructive storm. 

It would seem prudent to view second-home owners as a distinctly different group 
of stakeholders than those who are in permanent residence within a high-hazard 
area. Similarly, second-home owners may well be viewed as consisting of two 
major groups: those who frequently rent their properties to others and those 
who reserve their second homes primarily for use by their family members. The 
interests of both groups clearly will be influenced both by the risks associated 
with hazard exposures and by the consequences associated with rigid, legally
enforced risk mitigating requirements. 

7. Local policy maker~. 

As noted in Chapter 8, the local policy maker rides the horns of a dilemma. On 
the one hand,the ethic of representational government decrees that he or she 
faithfully represent the views of the electorate, and on the other hand the 
interests of countless other parties may be tied up and adversely impacted by the 
prevailing views of that electorate. Non-voting second-home owners, the interests 
of potential future residents, the interests of outside investors, and the 
interests of vacationing and transient populations may be affected by local policy
making decisions; but the local policy maker is held accountable only to the 

resident electorate. Similarly, the policy maker - particularly in small 

jurisdictions - is frequently not a full-time or technically-trained individual. 
He or she is beset by competing demands from adjoining and higher jurisdictions 
of government, from the variety of constituents to which he or she is accountable, 
and is asked to make decisions involVing complex questions of facts and values 
which cut across numerous technical and scientific fields. 

8. Financial institutions and mortgage guarantors. 

Whether their seats of business activity are inside or outside hazard zones, 
financial institutions and mortgage guarantors clearly have a stake in the 
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structural integrity and life span of buildings located within hazard zones. The 
costs and benefits associated with mitigations intended to protect and extend 
structural life - at least through the life of the mortgage - are clearly of con
cern to these enterprises. 

9. Tax-paying subsidizers of hazard mitigations. 

Taxpayers within and without hazard zones have been prolific sources of funds for 
the construction and operation of intendedly hazard-mitigating facilities. Tax
payers within hazard zones may support, through their tax payments, the construc
tion and operation of local flood protection works; while taxpayers far removed 
from hazard zones may contribute to the pools of money which are transferred from 
county to county and from state to state in order to provide the major area pro
tection facilities to which local systems are linked. 

The many recent battles which have been fought at the local level over bond issues 
and property tax rates suggest the lively nature of taxpayer inquiry that may be 
directed, at the local level, to projects of general benefit to the community but 
which impose tax burdens on the members of that community. How many major hazard
mitigating area protection facilities would now be provided were the primary and 
intended local beneficiaries of such projects to bear the entire burden of costs 
associated with such works cannot now be quantitatively estimated. However, the 
Ca1ifornia "Proposition 13" syndrome seems now to have become a growing national 
phenomenon; general taxpayer concern over mounting tax burdens is both a present 
and probable future fact of public policy within the United States. Of course, 
there are no major, popularly-supported, and aggressive national constituencies 
concerned with this matter, although at numerous local sites throughout the 
United States, they can be identified and the consequences of their public acti
vities more directly assessed. 

Each of these major subsets of taxpaying citizen groups constitutes a theoret
ically distinct stakeholder group whose potential interests, perspectives, and 
activities may well constrain future policy making targeted on the management of 
natural hazards. 
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10. Local and state ~anners and building officials. 

As noted in Chapter 8, respectable publications offered over the past decade have 
suggested the large knowledge deficiencies, and technical assistance and training 
requirements of this group of essentially underpaid, but extraordinarily important 
officers of local and state governments. Wedded to their local turf and to the 
interests of their local communities, this group of stakeholders - like local 
policy makers - ;s beset by numerous competing demands from adjoining and higher 
jurisdictions of government, many of which are abundant in their procedural (as 
contrasted to their substantive and technical) content. Limited by time, interest, 
constituency requirements, past training, and by their current willingness and 
capacity to acquire knowledge concerning new subjects, a major burden of future 
natural hazard management activities will fall upon this group. Far too little is 
known about the characteristics and perceived needs of these stakeholders, but it 
seems safe to suggest that their needs are large and - as yet- essentially unsatis
fied. 

11. Advocates of environmental protection and conservation. 

The popular outpouring of concern for environmental quality and the renewed interest 
in resource conservation and protection of the natural environment which charac
terized the late fifties and sixties has been wedded generally to natural hazards 
management policy concerns. Those who wish to protect estuaries, the natural 
habitats surrounding rivers and coastal zones, or who wish to extend the oppor
tunity for recreational pursuits in essentially primitive areas,find their interests 
conjoin with the interests of those who - for other reasons - wish to engage in 
more vigorous management of properties within high hazard zones. 

It seems prudent to recognize the possible differences in motivations which may 
characterize the activities of this stakeholder group and the possible propensity 
of members of this group to place emphasis on the hazard potential of an area 
when the real interest is in the preservation of its primitive character. 

To the extent that a constituency for natural hazard management policies must be 
developed as a necessary condition for further public activity in this area, 
advocates of environmental protection and conservation may well constitute one of 
the focal groups around which such constituencies may develop. 
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12. Researchers and professionals in the field of natural hazards management. 

Within recent years a growing number of professionals, researchers, regulators, 
engineers, and officials have concerned themselves with the identification, assess
ment, and control of natural hazards. To the extent that members of this group--
like members of other groups that are oriented toward other ends and interests-
are committed to and involved in the subject matter of their studies and activities, 
it seems safe to suggest that some imbalance in their perspectives may take place. 
To some extent each of the professions and fields of inquiry and practice functions 
with its own set of lib 1 i nders II and tends to overstate the importance of its 
activities. 

In an adversary-like process, groups with different interests contest with each 
other for available public resources and for public support for their activities. 
Hyperbole, imbalanced public expressions, and other similar manifestations of 
their focal concern may thus come to characterize the outputs of the group. This 
very human and unavoidabl e propensity nonethel ess may present hazards to fully
rational and comprehensive public policy-making that is intendedly oriented 
toward the maximization of public benefits per unit of available public resources. 

The possible characteristics and motivations of the stakeholder group should there
fore be kept in mind as the task of acquiring new information concerning all types 
of environmental hazards, a11 risks to life and property, and all threats to an 
expanded quality of life witnin this country goes forward. It seems not imprudent 
to suggest that mechanisms might well be employed to insure that the conceptual 
structures and policy perspectives emerging from the several contesting groups are 
faithfully and objectively integrated into some responsible and comprehensive 
whole so as to better and more professionally serve the needs of the concerned 
public and their elected policy leaders. 

13. Code writers and criteria developers. 

I 

As noted in Chapters 7 and 8, numerous groups are engaged inthe development of mOdel 
building codes) suggested planning and zoning ordinances,and other documents which 
are widely utilized in official policy-making efforts at local, state, and federal 
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levels. In this effort the assumptions, perspectives, and motivations of numerous 
individuals play important roles in the quality, efficacy, and cost-feasibility 
of the outcome. Functioning in a world of imperfect knowledge, much emphasis is 
placed on past experience and informed guesswork. The need to empirically verify 
the assumptions upon which such documents reside may be of far less importance 
than "getting the job done. 1I 

Candidate Public Problems 

In general, it may be said that the rational capacity of the public policy system 
may be increased if that system is provided with two types of inputs: public 
problem analyses and public policy analyses. Problem analyses identify: (1) prob
lem states of affairs, (2) networks of causes and effects to which these states 
are linked, (3) underlying values associated with the states, and (4) value-holders 
and problem-experiencing populations and areas. Policy analyses identify: (1) al
ternative problem-solving strategies and policy choices, (2) criteria for the 
selection of policy alternatives, including those of a political, economic, ethi

cal, and technical character, (3) decision-influencing constraints, and (4) the 
payoffs, outcomes, and side effects that may be expected from each policy 
alternative. 

As noted above, the states of affairs that are conventionally referred to as 
"prob1emsll are as much a product of human values and of human perceptions as they 
are of the empirical reality to which they are presumed to relate. Because these 
states of affairs require acts of human valuing, they must be viewed by an analyst 
as being potentially different from th: states of affairs that may be identified 
objectively as "impacts", "consequences ll , or "effects". Objectively, an analyst 

may state that the effect of activity "A" will be to increase the cost of product 
IIB" by an amount "C" to a consumer "0" and therefore consume "E" percent of "OSII 

family income. Whether that increased cost produces a "problem" for "0" is a 
question that hinges on the values and reality perceptions of "0" himself, or 
some other value-holding party who presumes to fix the values by which the affairs 
and life situations of others are to be judged. 
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Moreover, as noted in Chapter One, there may be further important distinctions to 
draw between the class of events that are viewed as "problems" and those that are 
viewed as "public problems". In our society, not all problems are viewed as being 
public problems, nor are all public problems necessarily placed on the agenda for 
public policy action. Some are simply acknowledged as being extant but as being 
either too trivial or too politically infeasible to warrant the concern of the 
community and/or government. These distinctions, too, are based on resolution 
of mixed questions of fact and value. 

Accordingly, considerable peril is faced by the analyst who presumes to state what 

"public problems" are associated with a particular situation or set of situations 
under examination. For this reason, the following list is to be viewed as consist
ing of candidate states of affairs each of which may, by some significant group 
within the public or the public policy system, be viewed as constituting a public 
problem. 

The list of candidate public problems has been divided into two major sections 
conforming to the study team's assessment as to whether or not the focal states 
described may be classed essentially as being "intrinsic" or "instrumental" prob
lems. Intrinsic states or problems are those that are disvalued in and of them
selves because of their incongruence with the value orientation and/or aspirations/ 
expectations of some valuing agent. On the other hand, "instrumental" problems 
are those states of affairs that are disvalued, not in and of themselves, but 
because they lead to, or are perceived to lead to, still other states of affairs 
that are intrinsically disvalued. 

Intrinsic Candidate Public Problems 

Ten states of affairs have been identified by the project team as comprising the 
major candidate "intrinsic" public problems associated with natural hazard expo

sures or with efforts to mitigate such exposures. The first seven of these prob
lems are intended to represe~t the publicly disva1ued situations that comprise 
the essential justification for natural hazard management policy-making, particu
larly at the national level. The remaining three problem statements are intended 
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to represent the primary constraints to be met by decision-making aimed at the 
resolution of the first seven problems. Considered as an interlocked whole, the 
suspected existence of these ten problems explains why the situations described ~s 

lIinstrumental problems ll are viewed as IIdisvalued ll situations or states of affairs. 

The relationship of each "intrinsic ll public problem to the several stakeholder 
groups identified above is depicted in Figure 9-1. In each case, the matching 

of a stakeholder group with a problem through the note liP" is meant to suggest 
that the identified group is the problem-impacted party. The note 118+ 11 is meant 
to suggest that the identified group is a IIbenefici ary ll or lIaffected ll party whose 
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interests may positively be served by problem-solving activities, while a "8-" in

dicates that group interests will be negatively served by such problem-solving 

activities. 

The failure to describe possible mitigation-induced losses to some business
oriented groups as constituting "public problems" is borne not out of any bias 
of the project team but out of its interpretation of what constitutes the endur
ing and prevailing values of the society and of our governmental and economic 

systems. 

1. Many individuals are now in residence within natural hazard zones and are at 

risk of experiencing disfunctional--even catastrophic--personal and familial 
economic and other losses as a result of exposure to natural hazards. 

In 1970, annual expected total dollar losses arising from the exposure of 
buildings and their contents to nine natural hazards totalled approximately $8.1 
billion. These same exposures also were expected to yield 979 deaths per year, 
a loss of 114,000 housing units, 129,850 person-years of homelessness, and nearly 
80,000 person-years of unemployment [See Table 4-1]. Approximately 33% of flood 
losses were sustained by less than 8.0% of the U.S. population [See Table 4-5J. 
At the scale of whole counties and states,annual expected per capita losses from 
natural hazard exposures range from nearly $220 for the highest damage rate 
county to only $16.86 in Vermont. Within the nation's 500 most damage-prone 
counties (for all natural hazards except riverine flooding), annual expected per 
capita losses ranged from $21.18 to approximately $220 in 1970. In terms of more 
finely-drawn hazard zones, annual expected losses totalled slightly more than 
$402 per capita for occupants of riverine Flood Zones A to C in communities not 
protected from 50-year floods; $121 per capita per year in the storm surge flood 
plains of Georgia; $24 per capita per year for the three counties exhibiting the 
highest average annual number of tornado strikes; $28 per capita per year for oc
cupants in states with the highest annual expected damage rate from earthquakes; 
approxinately the same for individuals in the state exhibiting the highest hurri
cane wind hazard; and $26 per capita per year for occupants of intra-county areas 
that are within high expansive soils zones. Occupants of 500-year tsunami inun
dation plains in 1970 were found to be at risk of experiencing annual expected 
losses totalling approximately $37 per capita [See Table 4-22]. 
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In single catastrophic events, such as major earthquakes or hurricanes, residents 
in the counties experiencing the highest magnitude of the occurrence were found 

to be at risk of experiencing per capita episodic losses in excess of $16,000 [See 

Tables 6-3 and 6-11J. 

2. Because of the substantial fraction of their population, building wealth and 

land area located within natural hazard zones, many whole communities are at risk 
of experiencing either economically disfunctional or catastrophic losses as a 
result of natural hazard exposures. 

Although recent studies have shown that few long-te~m economic impacts have 
been incurred by communities as a result of their exposure to hazardous natural 
events, it is also clear that the recovery capacity of these communities has been 
greatly influenced by the infusion of disaster relief funds from outside areas 
and jurisdictions. Also, natural hazard exposures of the high magnitudes that 
can be expected to occur in this country in one or more major metropolitan areas 
have not yet been experienced during the current century. 

In 1972, the Office of Emergency Preparedness reported to the Congress that, 
along the Atlantic and Gulf coasts, increasing population density, inadequate 
evacuation routes, ineffective building codes, and insufficient provision of safe 
refuges are increasing the probability of a major hurricane catastrophe [Office 
of Emergency Preparedness, 1972, p. 47]. The report noted that some states vul
nerable to hurricanes do not have statutory authority to order evacuation on the 
scale and at the time a hurricane advisory might indicate the need for such action; 
that numerous local communities and large jurisdictions lack adequate knowledge 
concerning their vulnerability to natural disasters; that both private citizens 
and local public officials are not aware of the natural disaster hazards existing 
in the area in which they live, the likelihood of their occurrence, and the meas
ures that property owners can take to avoid or mitigate them; that comparatively 
few vulnerable communities have prepared effective plans for dealing with tsunami. 
In a more recent report by the Working Group on Earthquake Hazards Reduction of 
the Office of Science and Technology Policy [Steinbrugge, 1978], it was noted 
that, at present, federal and state earthquake contingency planning is inadequate 
to respond effectively to a large magnitude earthquake in or near a heavily-popu
lated region; that tsunami flood zones have not been adequately defined and that 
mitigation practices within tsunami-prone areas are deficient; that inadequate 
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action has been taken to cope with the ha,zards posed by non-earthquake-resistant 
older structures (generally buildings constructed of unreinforced masonry) in 
cities at high risk of seismic disturbances; and that existing information about 
earthquake hazards is generally neither sufficiently detailed nor in a form that 
can be used in land use planning and in implementing plans for avoiding hazards 
and mitigating damages. 

3. Interstate and intercommunity migrants, as well as out-of-area employees, 
customers, and visitors, are incurring a substantial level of "involuntary risk" 
because of their entry into, or purchase/rental of property within, natural hazard 
zones and because of the withholding of information from them concerning the level 
of risk within the area or because of a general lack of knowledge concerning those 
risks by both "insiders" and "outsiders". 

When the general attitude of the public that "government will protect them" 
is combined with the high level of residential mobility, intercommunity migration, 
and away-from-home shopping, working, and vacationing habits of that population, 
and when these factors are further associated with the fact that there is an ap
parent low level of knowledge among hazard zone occupants--much less outsiders-
concerning the magnitude and consequence of natural hazard risk-taking within the 

zone, it seems clear that a substantial number of non-hazard zone residents are 
being exposed unknowir.gly and, 'therefore, involuntarily to risk-taking within 
natural hazard zones. At present, those parties who sell, offer to sell, or par
ticipate in the transfer of property from one owner to another are not generally 
required to disclose to the possible new owner information concerning the hazard-

, proneness of the property. 

4. Annual economic losses in excess of the probable annual amortized costs of 
mitigations are being experieneed by parties located within many natural hazard 
zones. 

In approximately 230 U.S. counties, the application of building-strengthening 
strategies is capable of reducing annual expected natural hazard losses by amounts 
greater than the annual amortized costs of the mitigation [See Table 5-22]. In 
num~rous riveri~le flood zones, coastal storm surge areas, and other hazard zones, 
combinations of building-strengthening, area protection, and avoidance strategies 
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also may reduce annual expected natural hazard losses by amounts greater than the 

annual amortized costs of the mitigation [see Table 5-1J. 

Therefore, to the extent that economic "efficiency" is, itself, a deeply 
rooted value and motivation of this society, this situation, must be 
viewed as a public problem. 

5. The probability of payoff of some loans and mortgages to private financial in
stitutions, public entities, and mortgage guarantors is being reduced by continuing 
imprudent investments in high hazard zones. 

The magnitude of this problem cannot readily be identified through 
the data generated in this study; study outputs, nonetheless, suggest that the 
situation described in this problem statement is real and probably expanding. 

6. Unless appropriate corrective measures are taken, the above problems will 
increase in magnitude between 1980 and 2000. 

Improvident patterns of interstate, intercommunity, and intracommunity resi
dential change and capital investment are increasing the size of the nation's 
population at-risk of exposure to natural hazards. The projected increase in 
total natural hazard economic losses between 1970 and 2000 is in excess of the 
annual expected loss in 1970 [See Tables 4-1 and 4-2J. 

7. A significant fraction of the costs of voluntary and involuntary natural hazard 
riSk-taking is being transferred to the general body of non-risk-taking taxpayers. 

Because of the numerous aids and subsidies contained in current federal natu
ral hazard mitigation and relief legislation, a significant and growing national 
annual cost of natural hazard exposures is being transferred to parties who do 
not reside within the hazard zones in which these losses are incurred. Although 
the 1936 Flood Control Act provided for cost sharing by state and local govern
ments in federally-initiated flood control projects, that provision was dropped 
shortly after the enactment of the statute,and the bulk of flood control costs 
subsequently have been borne by the general body of taxpayers. Similarly, numerous 
occurrences now qualify for disaster designation under the terms of the Federal 
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Disaster Relief Act, and parties experiencing losses during such events are en
titled to a wide variety of benefits from the federal government, including for
givable loans, interest-free loans, direct recovery services, and federally
financed reconstruction of community lifelines and other infrastructure. 

The availability of these benefits has sometimes been cited as constituting 
an incentive for individuals to enter intq high hazard zones ~nd as a deterrent 

to local and personal initiation of more economical hazard avoidance, hazard mi
tigation, or hazard adjustment activities. 

8. Purchasers and users of property face an escalation in the initial and annual 

amortized cost of such property as a result of governmentally-required building
strengthening and other hazard-mitigating requirements. 

This study has made clear that overzealous, across-the-board strengthening 
of building codes may well increase by a substantial amount the net annual burden 
associated with natural hazard exposures [See Table 5-31J. Other studies per
formed within the past decade or so also have suggested that building code require
ments in many areas may exceed the objective needs of public health, safety, and 
building life, and be imposing unnecessary cost burdens on a housing-hungry popu
lation [National Commission on Urban Problems, 1968; Field and Rivkin, 1975]. 
More recently, the Working Group on Earthquake Hazards Reduction has noted that 
current seismic codes do not adequately balance the risks of quake-inducing damage 
against the cost of applying mitigations, and further observed that some building 
codes do not reflect the current state of the art in respect to earthquake
resistant design. 

A more careful study of current building code requirements and the empirically
defensible cost-benefit and cost-risk reduction relations implicit therein seems 
clearly to be warranted. However, present evidence suggests that the problem 
statement, as composed, is a fully-defensible interpretation of the current state 
of affairs. 

9. The ability of individuals and whole communities to engage in courses of per
sonal and community action compatible with their own values is threatened by 
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action-forcing and regulatory policies adopted by state and federal governmental 

entities. 

From a national, regional, or state perspective, the data presented in this 
and other similar reports does not make it easy for any compassionate or rational 
analyst/observer to determine "what is right?" Indeed, the data suggests that 
there may be many "rights", many possible courses of action that are consistent 
with the objective realities of the natural hazard situation and the prevailing 
values of specific communities and of the nation as a whole. Decision-making by 

higher units of government that require uniform or near-uniform application of 
limited perspectives and value choices across the face of the country, therefore, 
run the risk of overlooking both empirical and value-oriented lIacceptable al
ternatives" that might be applied in specific locales by men and women guided 
both by intelligence and good will. 

A leading nineteenth century political and legal philosopher once observed 
that the "public interest requires that we do today what men of intelligence and 
good will would wish--five or ten years hence--had been done". From this perspec
tive, natural hazard situations are so complex, the values contained within them 
so numerous, and the possibilities for action so various, that it seems clear that 
there may be many "rights ll

, and many ways to fulfill the "public interest" as that 
interest is perceived in many specific places and in varying specific times. 

10. Achievable improvements in human longevity and life quality are being impaired 
by current and possible future allocations of public resources. 

Like other nations, the United States is plagued by a long list of public 
problems and by an expanding agenda of public wants and goals. Given limited 
knowledge concerning the costs and benefits associated with the expanding variety 
of policies and actions that may be taken in respect to these problems and goals, 
beset by competing claims from politically-organized groups, and further limited 
by objective evidence and perceptions concerning the interrelationships between 
the whole, the major actors within the American public policy system are now--as 
in the past--in continuing danger of misallocating limited available public 
resources. 
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As compared with other problem situations, it is easy for researchers, ac
tivists, regulators, and technical advisers to overstate the importance of the 

phenomena that are the focal points of their professional lives. So it is in 
respect to natural hazard exposures. 

It seems clear that additional study and information synthesis should take 
place to identify and priority-rank the numerous natural and man-made hazard zones 
within which both resident and transient populations are at risk of experiencing 
consequences of various magnitudes, frequencies, and importance to themselves and 
to the nation as a whole. If our system-spanning national objectives are to 
achieve the greatest extensions in human longevity, the maximum improvements in 
life quality, and the largest gains in the economic efficiency of our society per 
million dollars of available public resources expended, then the subject of human 
hazard exposures would profit from inquiry conducted within larger contexts. 

To the extent that the "Proposition 13 syndrome" is one that may beset most 
regions of the country and all levels of government, theQ it may well be that 
public expenditures at all levels will be constrained more severely in the future 
than they have in the past and that the need for such comprehensive problem assess
ment and policy planning will be even larger than intimated here. 

Instrumental Candidate Public Problems 

Situations or states of affairs whose existence contributes to the occurrence lof, 
or impedes the mitigation of, "intrinsic" problem states are here referred to as 
"instrumental" public problems. In these terms, their solution is justified only 
in terms of the extent to which they contribute to the solution of "intrinsic" 
problems. The assumed relationship between the candidate "instrumental" problems 
identified below and the "intrinsic" problems identified above are depicted in 
Figure 9-2. 

The candidate list of instrumental problems was developed using the project gener
ated data and the conclusions and recommendations of both the government and 
recognized experts in the field as the principal guidelines.* 

*see Advisory Commission on Intergovernmental Relations, 1966; National Commission 
on Urban Problems, 1968a, 1968b, 1969; Office of Emergency Preparedness, 1972; 
Office of Disaster Relief, 1976; United States Water Resources Council, 1976; Dacy 
and Kunreuther, 1969; Field and Rivkin, 1975; Hhite, 1974, 1975,1976; Williams, 
et al, 1968; and Wright, et a1, 1978. 
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1. Hazard Zone Identification, Mapping, and Classification: The past rate of 

progress in identifying, mapping,and classifying natural hazard zones has been 
inadequate; too few zones have been mapped, and inappropriate or incomplete 
information has been provided map users concerning the frequency and magnitude of 
hazard occurrences within such zones. 

Timely, effective, and rational natural hazard management activities are de
pendent on the availability, accessibility, quality, understandability, and com
prehensiveness of information concerning the metes and bounds of local natural 
hazard zones and their component sections (classified by frequency or magnitude of 
occurrence), and the frequency and magnitude of hazardous occurrences expected 
within the various sections of the zone, and concerning the hazard-relevant geo
physical characteristics (such as soil type) of elements of the several sections 
of the zone. 

Thus, the Working Group on Earthquake Hazards Reduction has observed that 
current seismic risk maps are in conflict with each other; do not present alterna
tive levels of risk; do not adequately incorporate "engineering considerations"; 
and are not available for a sufficient number of areas within the nation. The 
group noted that existing information about earthquake hazards is generally neither 
sufficiently detailed nor in a form that can be used in land use planning and in 
implementing p1ans for avoiding hazards and mitigating damages. Agreeing with the 
Office of Emergency Preparedness, the group noted that tsunami flood zones have 
not been adequately defined. Virtually all those who have examined natural hazard 
occurrences within the United States have noted the need for hazard zone and risk 
mapping and have commented on the general lack of such information. This informa
tion deficiency may well lie behind the generally uninformed level of public and 
policy-maker understanding,of natural hazards within local communities and even 
larger jurisdictions. In respect to the mapping of riverine flood plains, the 
General Accounting Office has noted the formidable mapping problems associated 
with meeting the statutory objectives of the Federal Flood Insurance program [Comp
troller General of the United States, 1976]. 

Cost requirements associated with high-quality and timely hazard zone mapping 
activities, together with the human and technical resource requirements associated 
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with this function, suggest that central federal priority-setting should take place 
in respect to this matter. 

Whatever the final priorities may be, it seems appropriate to suggest that 
they should be fixed in consonance with the annual expected losses associated with 
exposures within the various types of hazard zones, the sizes of the populations 
currently at risk, and with the growth in losses and population exposures expected 
between now and the year 2000. Moreover, it may be well to reconsider the ap
propriateness of the past federal role in this process and to place greater empha
sis on federal establishment of criteria and standards to be employed in such 
mapping and zone-classifying activities, as contrasted to direct federal--or fed
eral contract financing--of these operations. Expanded roles for state and re
gional planning agencies are not difficult to conceive, nor are requirements for 
public hearings and technical review of map outputs prior to their official pub
lication and endorsement. 

2. Inadequate methods and data now are available for use in operations targeted 
on the development of empirically defensible mitigation criteria. 

As utilized in this problem statement, the term criteria is meant to refer 
to a predictive or descriptive statement that describes the level of loss or 

damage reduction at any given level of intensity or frequency of hazard occurrence 
that may be derived from use of any specified mitigation. For many hazards, such 
as expansive soils, the current data base is woefully inadequate. For almost all 
hazards, some additional data are required. 

3. Inadequate procedures and pools of data have been provided to permit concerned 
technical and regulatory bodies to establish empirically-defensible statements con
cerning the cost-loss reduction or cost-damage reduction ratios associated with 
the use of specific mitigations in specific types and sections of natural hazard 
zones. 

4. In respect to natural hazard mitigations, significant differences can be noted 
in the content of "model building codes"; and too little empirically-defensible 
information is available to support the numerous judgments that enter into the 
specification of "model code" requirements. 
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5. Local building codes are generally of uncertain guality, too infreguently re
viewed and revised, and sometimes based on motivations and purposes that may not 
clearly be in the public interest nor compatible with the ends of rational natural 
hazards management. 

The Working Group on Earthquake Hazards Reduction noted that some building 
codes do not reflect the current state of the art in respect to earthquake-resistant 
design and further observed that some of the model building codes may not be com-

\ 

pletely adaptable to all areas of the United States, with their different degrees 
of seismic risk. The group further observed that these codes do not adequately 
balance the risks of quake-induced damage against the costs of mitigation. They 
further noted that inadequate action has been taken to implement building code or 
other regulatory provisions intended to deal with the hazards posed by older, non
earthquake-resistant structures. Similarly, the Office of Emergency Preparedness 
reported in 1972 that state and local legislation has not kept pace with the grow
ing problems of natural disasters and that lIineffective building codes ll in com
munities along the Atlantic and Gulf coasts are exacerbating the probability of a 
major hurricane catastrophe in that area. The National Commission on Urban Prob
lems reported in 1968 that IIbuilding code jurisdictions are thousands of little 
kingdoms, each having its own way: what goes in one town won't go in another-
and for no good reason. 1I The Commission concurred with the claim that lithe pro
visions in codes are antiquated and outdated and that the procedures for moderniz
ing and amending them are slow, laborious, and lacking in objective standards ll

• 

The Commission was so concerned with the quality of local building codes that 
their recommendations called, in part, for IIminimum standards below which no com
munity might fall and maximum limits in order to prevent restrictive practices ll 

[National Commission on Urban Problems, 1968, p. 265J. 

6. Local planning and building regulation departments and professional staffs 
exhibit limited capacity to engage in effective natural hazard policy planning 
and implementing activities. 

The staffs of building departments at the local level generally are drawn 
from local construction trades, are paid extraordinarily low salaries, and--ap
parently on the whole--lack the time and training to engage in the technically 
demanding function of hazard-related building code review and planning. Similarly, 
land use and regional planners typi£ally have not received academic training on 
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subjects related to natural hazards; and even professionally-trained architects 
and engineers frequently exhibit the same incapacity. 

Although' quantitative defense of this view is rarely offered, most groups 
that have examined this subject seem to be in agreeement with the assumptions im
plicit in this problem statement. If true, the statement suggests the need for 
much technical assistance and training support to these staffs by state and fed
eral entities. At a minimum, there appears to be a need for a well-executed and 
unbiased study of this situation. 

7. There is a comparatively low level of public and policy-maker perception of 
the natural hazards that exist within their communities and of the consequences 
associated with continuing exposure to those hazards. 

8. There is no apparent "political constituency" that has emerged to argue on 
behalf of comprehensive and rationally conceived natural hazard management poli
cies at any level of government; but limited constituencies have developed that 
argue against imposition of natural hazard management action-forcing policies upon 
local governments by state and federal units of government. 

9. The major public and policy-maker 
ment policies are tilted in favor of: 
to disaster-impacted pcrties; and (b) 
as a whole. 

demands in respect to natural hazard manage
(a) financial and other forms of assistance 

area protection works funded by the nation 

10. Inadequate coordination has been provided to past and current federally con
ducted hazard management and hazard-related programs. 

Several reports of recent vintage have noted the absence of central leader
ship and coordination of natural hazard management programs within the federal 
structure; the lack of coordination of flood plain-directed programs; and of pro
grams intended to develop public and policy-maker understanding of the extent of 
the natural hazard problem and of appropriate natural hazard mitigations. Accord
ing to the Working Group on Earthquake Hazards Reduction, there has been virtually 
no integrated coordination of federal land use planning and development programs 

with those more pointedly related to natural hazard exposures. Similarly, there 
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seems to have been little integration of employment programs for the chronically 
or occasionally unemployed (such as CETA) with the aims of natural hazard manage
ment activities (such as removal of structures from high hazard zones). 

The recent presidential announcement that accompanied the proposed reorgani
zation of federal disaster management functions provided an acknowledgment of the 
need for at least a more comprehensively-and centrally-oriented organizational 
structure to cope with the mix of functions related to the initiation of hazard 
mitigation programs and to the provision of relief and recovery services after 

the occurrence of hazard-induced disasters. 

11. In general, populations at risk of exposure to natural hazards do not now 
have the opportunity to purchase insurance of appropriate coverage at desirable 
rates so as to spread the risk of their exposure-induced losses among the relevant 
population of risk-takers. 

Although federally-subsidized flood insurance is now available and even though 
commercial insurance against selected other natural hazards is now offered by SOme 
companies in some parts of the United States, it is not generally possible at 
present for property owners to purchase all-purpose natural hazard insurance cov
erage and, therefore, to take advantage of this means for avoiding catastrophic 
losses arising from natural hazard exposures. The absence of this opportunity 
probably directs undue attention to other methods for mitigating potentially cata
strophic natural hazard losses, including those related to provision of area pro
tection facilities and to use of building-strengthening technologies. From a cost
benefit point of view, insurance coverage may well be a better solution to some 
aspects of the loss problems associated with natural hazard exposures than other 
approaches. At the very least, insurance can be an important partner in a compre
hensively-oriented loss-reducing strategy. 

A variety of factors may be influencing the lack of these insurance opportuni
ties, including some having to do with tax code constraints on maintenance of 
liquid reserves: the difficulties and risks faced by insurers and re-insurers in 
meeting the "unusual" financial requirements associated with possible catastrophic 
occurrences, and other similar factors. There appears to be a sUbstantial need 
for a thorough, empirically-sound study of this entire subject. 
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12. Even where natural hazards insurance is available, public interest in the 
purchase of such insurance has not been particularly high. 

13. Federal research and technology development expenditures have not exhibited 
an appropriate match with the annual expected losses associated with exposure to 
various hazards nor with the size of the populations at risk of exposure to such 
hazards. 

However laudable, natural hazards research and technology development efforts 
within the federal structure have tended to respond to the "na tura1 disaster of 
the moment" rather than to the total mix of potential natural hazard exposure 
problems. Thus, however well advised the research expenditures authorized under 
the Earthquake Hazards Reduction Act, it appears that far more attention is being 
given to this hazard than to other types of hazard exposures of equal or greater 
national importance. Thus, apparently large annual losses are being sustained as 

the result of property exposures to expansive soils, but comparatively little is 
known about this phenomenon. Similarly, too little research and technology devel
opment is being directed toward means of coping with coastal flooding, landslide, 
and wind hazards. The whole subject of cost-benefit relationships in building 
code standards has for too long been ignored; and the substantial technical assis
tance and training requirements of state and local planning, hazard management, 
and building code agencies and personnel have gone too long unattended. The re
ports by Steinbrugge [1978], the National Commission on Urban Problems [1968], 

and White and Haas [1975J provide a context for future deliberations on this 
subject. 

However, none of the reports examined by the study team have clearly, ex
plicitly, and rationally offered defensible criteria through which the desirability, 
feasibility, and priority of alternative research, technology development, and 
technology transfer opportunities could be judged. Certainly, such factors as the 
scope of the problem addressed, the need for the information, the loss-reducing 
potential of new knowledge, and the state of the current knowledge base are factors 
that should be utilized to judge such matters. Moreover, it would appear that 
there has been too little effort made by federal funding agencies to comprehensively 
assess research and other needs related to human and property exposures in all 
types of hazard zones, including those of natural and man-made origin. For example, 
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all too little is known concerning the comparative risks incurred by individuals 
and property exposed to conditions in a variety of natural and man-induced hazard 
zones. 

The Search For Policy Solutions 

If the candidate problems identified above are those which are accepted by a 
policy-maker, then two other questions must quickly be addressed: (1) What prior
ity should be given to the solution of each problem, or any component thereof? 
(2) What types of policies may be employed to deal with each priority problem? 

Establishing Priorities 

It is necessary to establish priorities because resources are scarce. When it is 
impossible to meet all needs, then a determination must be made concerning the 
appropriate allocation of resources among the problems being considered. Typically 
the priority question is a matter of relative emphasis, not a matter of which 
problem is treated first to the exclusion of others. 

Generally, priorities should be based on the magnitude of the problem faced, or 
the ease with which the problem may be solved. More important problems should 
be addressed with more resources than should less important problems, and those 
problems which are most amenable. to solution should be tackled before those which 
are believed to be "impossible" or highly difficult to solve. 

The establishment of these priorities is as much an exercise in making "value 
choices" as it is one in responding to objective evidence. For example, if 
the total loss of life sustained by the nation is the primary criterion which ;s 
to be used by a policy-maker to judge the relative priority of natural hazard 
exposures, then the exposures of greatest year-to-year importance are tornados, 
riverine and coastal flooding. 

If, however the greatest value is to be placed on the phenomena which involve 
the largest life loss in a single event - regardless of their frequency - then 
priority would have to be given to major earthquakes, tsunamis, and hurri
cane wind/storm surge occurrences. 
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If total economic loss is to be the guiding - or major modifying ~ criterion. 
then emphasis would have to be placed on wind hazards, coastal and riverine 
flooding, earthquakes, and expansive soils. 

If the immediate technical and cost feasibility of solutions ;s to be emphasized. 
then priorities should be given to mitigation of landslides and to the future 
avoidance of flood zones. 

If the annual magnitude of future losses is to be given greater weight than those 
of the present, then priority would be given to those phenomena and hazards 
that are associated with the largest fraction of the projected increases in 
natural hazard costs of all types. 

In general, problems can be operationalized and their rel~tive priorities can be 

determined by addressing four questions: 

• How many people or how much area is adversely affected? 
• How intensely are these people and these areas being affected? 
• 'Will the problem situation get better or worse if nothing is done? 
• Is the greatest gain to be derived from dealing with existing exposures 

or from preventing future ones? 

However these priority questions may be resolved, the policy-maker will face the 
further task of determining the applicability of each general type of policy 
to each specific problem - whether of an intrinsic or instrumental character. 

This report identifies several types of policies that offer a range of potential 
approaches to decision-makers: 

1. Those intended primarily to force loss-reducing activities by state and local 
jurisdictions of government (action-forcing policies); 

2. Those intended to stimulate citizen, group, and governmental interest in 
losses produced by natural hazards and to elicit voluntary state, local, and 
private action to reduce such losses (attention-focusing policies); 

3. Those intended primarily to assist personal, familial, neighborhood, community 
and state recovery from the damages sustained as a result of exposure to a 
natural hazard (disaster recovery policies)~ 

9-33 



4. Those focused primarily on development of new knowledge concerning the subject 
and on the information and technology necessary to support the making an1 
implementation of haza~d mitigating policies (technology development policies): 

5. Those focused primarily on transfer of knowledge to consumers, governments 
and others and on the development of user capacity to make effective use 
of that knowledge (technology transfer policies); 

6. Those intended to regulate the decisions and behaviors of private parties 
and other governmental entities so as to bring about the reduction of losses 
associated with exposure to natural hazards (regulatory policies); 

7. Those intended to fix responsibilities, to specify the means to be employed, 
and otherwise to define the restrictions to be met by federally-sponsored 
hazard mitigation policies and programs (system management policies); 

8. Those intended to assure that other policies in the set are compatible with 
system goals, effective, internally consistent with each other~ and in con
sonance with other national policies (system optimization policies); and, 

9. Those focused on the acquisition and allocation of resources necessary to 
sustain the activities described above (investment and cost allocation poli
cies). 

The applicability of each of these types of policies to each of the candidate 
public problems is depicted in Figure 9-3. As shown in the figure, and in 
terms of the t'lme frame immediately surrounding the policy, a "0 11 is intended to 
suggest little or no direct impact on the problem state of affairs, a "+" suggests 
a high degree of problem resolution, and a "_" suggests that a worsening of the 
problem might result from use of that type of policy. To be noted, of course, 
is the fact that "avoidance"policies do nothing for those that are now exposed 
to hazards: the construction of a dam may do much to reduce losses for a cur
rently-exposed population group, but serve to entice other.s into situations 
of higher risks than necessary; a federal regulatory policy may produce 
immediate impacts on a hazardous natural situation, but weaken the quality of 
intergovernmental relations and depress the capacity of local governments to 
deal with such situations in the future. 

What seems clear from examination of the figure is: that a mix of policies are 
probably required, that both short-and long-term consequences should £overn 

policy designs, that both system improvements and direct hazard reduction 
policies should be executed concurrently, and that no single value should govern 
all policy choices. 
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The Federal Role 

Even if agreement can be reached concerning the "problems" which are implicit 
in natural hazard management, even if agreement can be reached as to which 
of those problems are "public" in character) and even if agreement can be reached 
concerning the best mix of policies to deal with those problems. the question 
then remains: To what level of government falls the primary responsibility for 
dealing with each problem? What is the role of the federal government in respect 
to the entire mix of problems and to any specific problem within the set? 

Throughout U. S. history, there has been a broad continuing shift in public 
opinion with respect to the proper role of the federal government within the 
federal system. In the post-revolutionary period of U.S. history, the checks 
and balances. the pluralistic federal system of government, and the safeguards 
against governmental intrusion on personal choice which were built into the na

tional constitution and those of the states were no accident. They were responses 
to the deep-rooted philosophic, ethical. political. moral, and economic values 
of society at that time, and a response to the perceptions of that public. That 
a limited. but very important, role for the federal government was imagined by 
the framers of those documents and the publics they represented cannot be denied. 

Neither, however, can it be denied that 1ater events in United States history 
recurrently altered the public mood and buttressed arguments in favor of expanding 
federal roles in respect to many problems. When states and local governments 
were either unable or unwilling to cope with problems affronting the conscience 
and problem perspectives of the national public, general willingness to alter the 
federal role was expressed. Although the general social commitment to IIstates' 
rights", "grass-roots government", "pluralism", and "freedom of choice" remained 
intact throughout social confrontation with the events altering the federal role, 
there was nevertheless a willingness to get on with the tasks of both a substan
tively-and a procedurally-democratic society. Frequently, these underlying value 
orientations - such as II s tates'rights" - became the slogans of campa igns conducted 

I 

by stakeholder groups whose interests were less oriented toward the expressed 
value itself than toward some "selfish ll cause that could be served if that value 

were protected. 
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This expanding federal role has been the case - through an almost unbroken chain 
of developments - since the days of the Depression and the presidency of Franklin 
Delano Roosevelt. Now, however, it appears that a variety of circumstances are 
leading to a period of public reappraisal of the federal system. In spite of such 
evident problems as those associated with erodinq enviornmental quality, social 
inequity, inequality of opportunity, consumer abuse, and impediments to the 
personal pursuit of longevity, security, and self-actualization~ there seems to 
be a growing public disenchantment with the effectiveness and cost of the federal 
government's current role in public choice-making operations. Althouqh public 
concern for the problems toward which federal action is directed may be high, it 
seems reasonable to state that the public is no longer sure that federal domination 
of the decision-configuring system is the correct or desirable approach to the 
problem solutions. 

Federally-imposed policy and program priorities have obfuscated the agenda of 
local governments throughout the United States, have produced a wave of local 
policy-maker involvement in procedural detail rather then the substantive merit 
of program content. and have frequently produced pro9ram mixes and expenditure 
balances which have been inconsistent with the preferences and priorities of the 
folks who inhabit the local units of which this nation is constructed. As a result, 
we may now be entering into a period of growing opposition to an extension of 
federal action-forcing policies, but on grounds other than those which more typi
cally have motivated the resistance of regulated parties-to-be to oppose such 
actions in the past. So complex and numerous are the facts and values that sur
round generally recognized ~pulic problems~, that many cannot be - and perhaps 
should not be - resolved at a level which imposes homogeneity upon a people who 
have been nurtured in the tradition of pluralism. It is, in short, no easy task 
in the contemporary world to determine "what is right". The answer to this ques
tion may require that facts unique to a particular time and place be integrated 
with the society-consistent but slightly different values which are operative 
within that situation, in accordance with a calculus in which there is no national 
agreement. 

If we are correct in this non-quantative assessment of a public mood and directionJ 
then the architects of natural hazard management policy may well wish to pointedly 
consider the question "What is the proper role for the federal government in 
natural hazards management"? 
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The raising of this issue is prompted not by any philosophic or political bias 
on the part of the study team but rather out of a sense that the changing attitudes 
and moods of the national public will exert powerful constraints on whatever de
cisions are made concerning the role of the federal government in natural hazards 
management. Within this context, it may be appropriate to re-examine some old 
assumptions concerning that role and to reappraise their contemporary validity: 

1. State and local communities lack the numbers and quality of human resourcejs 
to innovate solutions to important problems. 

This assumption may well have been correct in the early days of the Republic. 
For example, the 13 colonies contained only 3.5 million persons when the Constitution 
was written, and the human resources of the entire nation had to be tapped in order 
to identify and recruit into government service such talents as those exhibited 
by Washington, Jefferson, Hamilton, and Madison. Today, however,numerous local 
communities exceed the total population of the initial 13 colonies. In the 
contemporary world, few states are so sparsely populated that larg€ reservoirs of 
outstanding talent cannot be discovered within their borders. 

2. State and local communities lack the fiscal resources necessary to deal with 
such major problems as those posed by natural hazard exposure. 

In an earlier period of our history the onset of a major flood was viewed 
virtually as a "Act of God; II as an unexpected and unpredictable oC,currence that 
could not be planned for, and whose occurrence sometimes signaled a devastating 
impact upon the economy of the affected area and its component families., 
Today, we understand that such occurrences can be predicted - if not in terms 
of the precise hour and exact place of their occurrence - then, at least, in 
terms of the areas that will be affected with some magnitude of occurrence, at 
some predictable level of frequency, and within reasonably definable geographic 
boundary 1 ines. If it was impossible in an earl ier era for states and local 
governments to prepare themselves in advance for such occurrences, this charge 
can no longer be,made. In terms of the individual states in the union, the 
annual expected building damage and total damage rates presented in Chapter 4 
suggests that any state could well establish actuarially-sound reserves of 
sufficient magnit,ude to permit it to cope with the consequences of any natural 
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disaster that might occur within its borders. Although it cannot be denied 
that the build-up of such reserves might involve difficult and unpleasant challenges, 
including new and continuing cost burdens, neither can it be suggested that states 
are utterly lacking in the capacity to carry such burdens. In today's world, it 
may well be that state and local planning of this type is not engaged in for the 
simple reason that such action is unnecessary; the field has been preempted by the 
federal government, and it is far easier to rely on that institution and the re
sources of the entire nation than to tackle one's own problems with one's own 
resources. One consequence of this, of course, may be a propensity on the part of 
state and local official s to favor "disaster" declarations for numerous happenings 
of all types, regardless of whether or not they fit past definitions of truly 
"disastrous" occurrences. 

3. If the federal government doesn't exercise leadership in solving a problem, 
then the problem will not be solved at all. 

The implication of this assumption is that most of the major problems of our 
time were first identified by the federal government and that the primary means for 
solving those problems were first invented by that jurisdiction. The facts, of 
course, are to the contrary! For example, federal intrusions into the field of air 
quality management were accomplished only after long years of campaigning by 
western - primarily Californian - legislators, local officials, and community 
leaders. The broad outlines of the national attack on air quality problems were 
drafted outside of any federal building and were "sold" to major actors within 
the federal system. Approaches to problems of the coastal zone were pioneered by 
one or two states, and the major elements in the nation's attack on urban problems 
were derived from the pioneering experiences of numerous local units of government. 
That it may be more convenient for the federal government to draw together the 
ideas generated by numerous institutions within our society than for any single 
local or state unit of government to do this job, cannot be denied. However, 
neither can it be charged that all of the major problems will go unaddressed if 
the federal government fails to consider them. 

However, even if some of our oldest assumptions concerning the need for federal 
activity are in error, it is also clear that the federal government can undertake 
some types of activities and handle some problems more effectively, economically, 
and efficiently than can the individual states or local units of government. 
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Technology development and transfer programs are illustrative. Fifty natur
al hazards research institutes in the United States do not appear to be an effi
cient alternative to a more centralized hazards research operation supervised 
and/or conducted by such a distinguished central institution as the National 
Science Foundation. Also, few would deny that the federal government must continue 
to stand in readiness to act because of the oversight, imprudence, or caprice of 
state or local policymakers to deal with problems of concern to more than their 
own constituency. Equal opportunity laws are illustrative here. Thus, it is 
important to seek the most appropriate balance among governmental jurisdictions 
for the management of natural hazards and other policies. 

One criterion that might be util ized to determine the "federal ness" or "local
ness of a problem is this: to what extent is the problem infused with value ques
tions and value conflicts? The higher the value content, the more numerous the value 
conflicts between problem-impacted parties, and the more intense the feelings of 
those parties concerning these questions, then the more "local" is the problem. 
But its very nature, public policymaking is concerned with reconciling competing 
claims and value conflicts within a relevant community. The greater the number 
of value conflicts and the larger the number of value-holding groups, the more 
difficult is the task of reaching equitable and effective decisions. Localization 
of decision-making responsibility and authority in theory permits holders of 
value premises to more directly make their views known to decision makers and
because of the sheer number of local points at which such decisions can be made-
permits much pluralism within the system and much opportunity, therefore, for 
citizens to seek and find a community whose values conform to the taste of the 
individual seeker. 

In short, it appears that the range of information which is necessary for 
rational decision making - from the objective to the subjective, from the value
free to the value-laden - may well influence the "correctness" of any decision 
concerning the locus within the federal system at which primary responsibility for 
decision-making should be assigned. The importance of this general question -
where to assign responsibility and authority within the federal system - has been 
recognized by the Office of Technology Assessment, which has observed - in a 
recent report - that: 
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The federal government has the overall responsibility for 
conducting the Implementation Plan (for the Earthquake 
Hazards Reduction Act of 1977) because earthquakes and 
other natural hazards are national problems. However, 
when all decisions are made at the federal level, local 
and state governments tend to adopt a resigned or des
perate attitude of I/letting George do it," and gradually 
abdicate responsibility at their own levels. This tension 
between paternal federal government and maturing local 
governments must be resolved. 

Goal Setting 

Policy-maker choices in respect to the resolution of jurisdictional questions, and 
those relating to the relative importance of problems and problem-solving strategies, 
are resolved, in part, though policy-maker definition of the purposes and goals that 
are to comprise the targets of any designed set of public policies. 

Accordingly, the following chapter outlines some goals, purposes, and policy actions 
which seem consistant with the stakeholder interests, decision constraints, loss 
and cost analyses, and candidate problems which were identified above and in 
Chapters 4-8. 
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Chapter Ten 

PUBLIC POLICY OPTIONS 
AND 

RECOMMENDATIONS 

Introduction and Summary 

In theory, public policy makers at all levels of government currently face at least 
three major policy options in respect to the management of natural hazards: (1) 
adopt no new legislative policies or major administrative policies but continue 
to implement--as at present--federal, state, and local policy requirements that 
already have been enacted into law and/or incorporated into administrative regu
lations and other binding policies, (2) adopt no new public regulatory policies 
at this time and make no major changes in public distributive policies, but con
centrate instead on improving the implementation of existing policies and programs 
through a focus on natural hazard-related system management, system optimization, 
attention-focusing, technology development, and technology transfer policies, 

programs, and operations, or (3) initiate proposals for major changes in current 
public regulatory and distributive policies in the field of natural hazards 
management. 

This chapter uses the findings contained in the previous nine chapters of this 
document as a basis for examining the feasibility of these major policy choices and 
the alternative goals that might serve as the focus for such policy-making. Policy 
recommendations are presented for each of the three major levels of government and 
for private organizations and institutions. Also, the chapter relates all policy. 
recommendations to the intrinsic and instrumental public problems to which they are 
addressed, considers the political and social feasibility of each major set of 
recommendations, and suggests the future time periods within which action to implement 
the recommendations appears to be most feasible on the basis of current evidence' 
concerning the social, technical, administrative, political, legal, and economic 
constraints associated with natural hazards policy-making. 
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General Policy Options 

ORti on 1: "00 Nothing! II 

Continue Current Practices and Policies as They Are 

This option appears to be unacceptable for the following reasons: 

1. Continued implementation of already-enacted policies in accordance with past 
administrative and organizational approaches would be inconsistent with current 
demands being voiced by critical actors within the public policy system and by 

outside parties. [See the President's r~essage to Congress. May 23, 1977J 

2. As noted in Chapters Four and Five [see Tables 4-1, 4-2.5-1, and 5-31J a mere 
continuation of existing policies and administrative-organizational approaches 
could result in the escalation of total annual expected economic losses from nat
ural hazard exposures in the year 2000 to a level of approximately $17.8 billion. 
Also, annual expected deaths from natural hazard exposures could increase to a 
level of 1,790 in that year; and such exposures could yield the loss of approxi

mately 172,000 housing units, 168,300 person-years of homelessness, and more than 
200,000 person-years of unemployment in that year. 

3. The confusion and uncertainty associated with past and current efforts to im

plement federal policies would continue, and much imbalance would continue to be 
exhibited in the distribution of federal resources to technology development, tech
nology transfer, and mitigation activities associated with the several natuy'al 
hazards. 

4. The natural hazard exposure costs to the general body of non-risk-taking tax
payers would continue to increase in magnitude, leading to mounting, and perhaps, 
imprudent pressures to drastically reduce the magnitude of the federal effort in 
this field. Alternatively, or perhaps concurrently, the occurrence of a major 
catastrophe as a result of a high magnitude earthquake or hurricane could stimulate 
imprudent legislative responses not consistent with th~ larger needs of the nation 
and the objective requirements of natural hazard mitigation efforts. 
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5. IIDoing nothing" would be inconsistent with the announced goals of the current 

administration. Thus, a reorganization of the federal disaster management pro
gram was recommended by the Pres i dent on June 19, 1978, in the form of Reorgani za

tion Plan No. 3 of 1978. In submitting the plan, the President suggested that 
\tby consolidating emergency preparedness, mitigation, and response activities it 
cuts duplicative administrative costs and strengthens our ability to deal effec
tively with emergencies tl

• The plan establishes the Federal Emergency Management 
Agency and transfers to that agency the National Fire Prevention and Control Ad
ministration and the Federal lnsurance Administration, as well as all authorities 
and functions vested in the President or other federal agencies under the terms 
of the Disaster Relief Acts of 1970 and 1974, the legislation and orders estab
lishing the Civil Preparedness Agency, and the Federal Preparedness Agency in the 
General Services Administration. The proposed reorganization would assign to the 
new agency the oversight responsibilities for the earthquake hazards reduction 
program being implemented under the terms of PL 95-124 and would vest the agency 
with responsibility for coordination of federal activities relating to dam safety, 

natural and nuclear disaster warning systems, assistance to disaster-struck com
munities, and the development of readiness plans for severe weather-related 
emergencies including floods, hurricanes, and tornadoes. 

The President also announced in the reorganization plan his intention to establish, 
by executive order, an Emergency Management Committee to be chaired by the new 
agency director and to consist of the assistants to the President for national 
security, domestic affairs and policy, and intergovernmental relations, as well 
as the Director of the Office of Management and Budget. Significantly. the Presi
dent noted in the proposal his commitment to the view that federal hazard-mitigation 
activities should be conducted under an organizational structure that permits Il more 
rational decisions on the relative costs and benefits of alternative approaches to 
disasterslt. He noted his view that lithe focal point of all federal hazards and 
mitigation activity (will be concentrated in) the Federal Emergency Manage-
ment Agency". 

Thus, it seems clear that a continuation of past policies. approaches, and ad
ministrative methods in the field of natural hazards management is unlikely_ This 
policy, therefore, should be viewed as being both infeasible and contrary to the 
public interest at this time. 
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Option 2: Initiate "Dramatic New" Initiatives 
and Changes in Current Policy 

If a lido n'othing" policy is currently infeasible, so, also, is one that involves 
immediate and dramatic changes in current basic regulatory, distributive, and 
action-forcing policy. The current political and social climate of the nation 
appears to be such that dramatic new federally-initiated approaches to natural 
hazards management problems would not receive appropriate support by broadly-based 
political constituencies nor by important policy-makers at any level of government. 
Convincing evidence is at hand that suggests that community-level opinion leaders 
and policy-makers do not currently assign a very high priority to natural hazards 
management activities and that their understanding of the dimensions of natural 
hazards threats to their communities is far too limited. When this fact is con
joined with the economy-in-government campaigns that are sweeping the nation, with 
the fact that a sufficiently precise and broad-based pool of data is not yet availa
ble to assist in rational and comprehensive natural hazards decision-making at all 
levels of government, and with the current wave of professional and public concern 
over the burdens produced by governmental regulatory programs, the overall infeasi
bility of this policy option seems clear. However, this conclusion is not meant 
to imply that it would be imprudent in the present to establish the general out
lines of possible future major changes in natural hazards management policies and 
programs. Indeed, near-future activities might well be directed to the develop
ment of such outlines and to the establishment of the base of policy-maker under
standing and support which is a necessary condition for the adoption and imple
mentation of any substantial new proposals. 

Option 3: Concentrate Current Activities 
on a "Fine Tuning" of the Current System 

Given the above observations, it would appear that the most feasible option for 
the present is to concentrate on design and implementation of changes in system 
management, system optimization, attention-focusing, technology development, and 
technology transfer policies and operations to the end that a more effective, ef
ficient, balanced, publicly supported, and internallY tonsistent cipproach. to 
natural hazard problems may be mounted by the federal and other levels of government. 
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Candidate Policy Purposes and Goals 

As used here, a policy purpose is a very loosely defined end state that establishes 
the future direction of movement for subsidiary and related decision-making and 
other activities. A ~oal, on the other hand, defines the general characteristics 
of some future state of affairs that is to be achieved and is sufficiently pre
cise so as to permit a neutral analyst to determine the presence or absence of the 
state. Within the context of these definitions~ objectives may be defined as pre
cisely defined states of affairs that are to be achieved at stipulated dates. Ob
ject; ves typi ca lly aredefinabl e in quanti tati ve terms, and goals are usually 
sufficiently precise as to permit further inquiry concerning the quantitative pa
rameters that may be utilized to translate them into more precisely-worded 
objectives. 

Consistent with these definitions, the general purposes of the possible changes 
that might be considered in current natural hazard management programs are distin
guishable in the form of the following goals: 

1. Future involuntary exposures to natural hazards should be reduced to an effec
tive level of zero. 

One of the oldest and least controversial functions of any government is to 
protect its citizens from those threats to their health, longevity, safety, and 
general welfare that are of such a nature that the individual citizen can only im
perfectly--if at all--take action to protect himself or herself. Involuntary nat
ural hazard risk-taking borne out of the ignorance of the risk-taker or the 

inability of the risk-taker to adopt a risk-avoidance strategy, or out of the de
liberate withholding of hazard exposure and risk-taking information from the par
ties who are or might be exposed to the hazard, or out of the organizational and 
technical disabilities of specific community governments are situations that 
clearly qualify as targets for governme'ntal activity under this traditional role 
and responsibility of federal Rnd state governments. 

2. Future possible increases in the risk of life loss from natural hazard expo
sures should be avoided. 
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On the face of it, this goal is one to which most parties would readily assent. 
It should be given high priority, but the substantial political and economic ques
tions involved in selection of means for its implementation should be frank1j a~
knowledged. If a real commitment is made to the accomplishment of this goal, then-
it is clear--a new level of concern should be given to use of avoidance and other 
preventive strategies for dealing with life-loss problems. 

3. The current and probable future levels of natural hazard costs to non-risk
taking taxpayers should be substantially reduced. 

4. Substantial reductions should be made in the level of the projected increase 
"" 

in annual expected losses that are expected to arise from natural hazard exposures 
in the year 2000. 

The projected 1970 to 2000 increase in annual expected natural hazard losses 
is in excess of the level that was actually tallied in 1970. However important 
the current level of loss may be that is associated with the exposure of existing 
populations at risk of loss from hazardous natural occurrences, wisdom suggests 
the importance of a new and higher level of concern for the projected increases 
in the sizes of the populations at risk of such exposure. 

5. Expanded opportunities should be provided to populations currently at risk of 
exposure to hazardous natural events to reduce the current level of risk associated 
with such exposures -- knowledgeably, economically, and in full consider~~i~ 

of relevant costs and benefits. 

Accomplishment of this goal is the target of numerous federal, state, and 

local action programs, including those related to construction of flood control 
works, disaster relief, disaster warning systems, earthquake prediction, and the 
strengthening or modification of existing buildings. This goal is worded, however, 
so as to give clear acknowledgment to the fact that numerous trade-offs are neces
sary in the processes of decision-making targeted on reduction of the risks in
curred by current populations exposed to the conditions within major natural 
hazard zones. As worded, the goal implies that there may be no single "right" 
level of risk reduction nor any single IImost feasible" strategy to be applied to 

achieve that risk level. 
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6. The capacity and readiness of local, state, and federal governmental entities 
to curb the present and future risks associated with natural hazard exposures 
should be expanded. 

7. The capacity and readiness of individual citizens, groups of citizens, and 
non-governmental organizations and associations to knowledgeably participate in 
decision-making activities targeted on dete~wination of the levels of risks and 

types of mitigation appropriate to deal with natural hazard exposures should be 
expanded. 

Recommendations for Federal Action 

Recommendations for federal action are presented in three groups, each conforming 
to a particular time frame. Phase 1 recommendations are those that are believed 
to be most feasible for the present to the near future and that provide a founda
tion for imple~entation of recommendations intended for later periods. Phase 2 
recommendations are those that are intended for implementation in the near to 
middle range future, while Phase 3 recommendations are those intended for con
sideration and implementation only after all other recommendations have been ap
propriately implemented and their outcomes evaluated. In view of the constrained 
focus of this study, no recommendations are offered in respect to emergency warn

ing systems, earthquake prediction, evacuation plans, relief operations, emergency 
medical and social services, and post-disaster recovery operations. Neither are 

the full set of research needs in the field of natural hazard management addressed. 
Instead, the recommendations are confined to topics that are primarily or neces
sarily a part of the essential focus of this study: structural losses and miti
gations associated with natural hazard exposures. 

Phase 1 Recommendations 

During the period of the near future, it seems most appropriate that the concerned 
federal agencies give priority to the development and implementation of improved 

system management, system optimization, attention-focusing, technology development, 
and technology transfer policies and programs. Such changes should be designed 
to correct suspected current substantive, coordinative, and administrative prob
lems associated with the implementation of existing congressional policies and 
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mandates. Although many of the recommendations that are advanced below are re
lated to the responsibilities of the new Federal Emergency Management Agency, 
others in the set are targeted on "non-catastrophic" losses associated with pres
ent and possible future population and building exposures to hazardous natural 
occurrences. 

Recommendation 1. Under the terms of the Disaster Relief Act of 1974 [PL 93-288J, 
Sections 201, 302, 316, 406, and 601, consideration should be given to the 1S-
5uance of executive orders and/or administrative regulations to accomplish 
the following: 

(a) An integrated, centrally-coordinated, appropriately-budgeted, 

and appropriately-phased program of hazards zone mapping and 
classification should be designed and implemented as a joint 
venture of the several federal agencies responsible for this 
function under the terms of the Disaster Relief Act of 1974, 
the Earthquake Hazards Reduction Act, and the various statutes 
concerned with flood insurance and with the mitigation of flood 
hazards in coastal and riverine flood plains. 

Rationally-conceived hazard management activities are dependent on precise 
understandings of the metes and bounds of the geographic areas within which specified 

hazard occurrences of particular intensities and frequencies may be expected. 
Virtually all groups and ~esearchers who have examined the subject of natural 
hazard exposures have recommended an expanded, more timely, more comprehensively 
conceived program of hazard zone mapping on the part of the federal government. 
Such activities, we believe, should go substantially beyond the mere mapping of the 

turf upon which a particular hazard, such as damage-producing expansive soils, 
may be expected to occur. In addition, such activities should include a scheme 
for classifying hazard zones by type, frequency, and expected intensity or magni
tude of hazard occurrences. Thus, in respect to such a well-studied phenomenon 
as riverine or coastal flooding, this recommendation is meant to suggest that 
riverine and coastal flood plains should be precisely identified as to their 
metes and bounds; classified as to the frequency with which flooding is expected 
in the various sections of the plains (Flood Zones A,B,C,D,E,F); and that each 
such section should further be classified and coded by height or damage-producing 
magnitude of the floods expected therein during any flood of a specified frequency. 
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Thus, such a mapping and classification system would require use of a 
standard and easily understandable coding system which would be consistent 
across the range of types of hazard zones. 

This recommendation is further intended to suggest that; (1) a priority 
set of areas should be identified for federal designation as hazard zones; 
(2) such areas should include zones in which both natural and man-made hazards 
are expected to occur:(3) the classification and coding system utilized for 
such zones should be in conformance with technical criteria to be developed 
through consultation with experts from research, mapping, planning, engineering, 
and user enterprises and fields; (4) the classification system should extend, 
where appropriate, to such subjects as the soil characteristics of sub-sections 
of each hazard zone. Some hazard zones would encompass the whole of existing 
counties or major sections thereof (as in the case of major wind hazards) while 
other zones would encompass micro areas internal to single communities (as in 
the case of lO-year flood return zones of specified magnitudes). Of course, 
any mapping and classification system which is established should be designed 
so as to permit identification of parcels of land which fall within more than 
one type of hazard zone. The classification methods developed through an earlier 
grant by the National Science Foundation to the Southwest Center for Urban 
Research (Houston, Texas) may well be adaptable to this purpose. 

In view of the loss estimates presented in chapters 4 and 5, priority 
in establishment of areas to be subject to the proposed system as well as 
priority for completion of the mapping and classification program should be 
assigned so as to deal first with: (1) those hazards which exhibit the largest 
current and projected losses, (2) those areas which are believed to be within 
hazard zones which are now highly populated or which are expected to receive a 
substantial number of migrants between 1980 and 2000, and (3) those areas which 
exhibit the highest annual expected per capita losses of either life or property. 

(b) Hazard exposure criteria should be developed for use in association 
with the hazard zone mapping and classifications system discussed 
above. 

As used here~ha~ard exposure criteria are defined as predictive or 
descriptive statements which describe the consequences expected from the exposure 
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of people or property of specified types to specified natural hazards at 
specified levels of intensity and frequency of occurrence. This definition, 
therefore, is one which is consistent with the definition of Air Qual ity Criteria 
in the Clean Air Act of 1970 as amended. 

The recommendation contemplates that such criteria would be quantitative 

in form, that the use of a variety of expert panels would be necessary to their 
preparation, and that each criteria statement would be based on empirical evidence 
or subject to empirical verification. The recommendation further contemplates 
that the criteria statements would be composed without regard to normative 
criteria or influences and that they would be composed as statements of probably 
relationships rather than expressions of what "ought to be. 1I 

The process of developing such criteria should serve to resolve many of the 
issues of fact which now surround the field of natural hazards management and . 
standard setting, and should further serve to identify gaps in our present 
understanding of the relationships between natural hazard exposures and specified 
sets of consequences. 

(c) ~azard Mitigation Criteria should be developed which specify 
the reductions in damages or other consequences that may be 
expected from the application of a specified building or 
other mitigation to a specified set of objects expose_d to. 
a natural hazard. 

Hazard mitigatio.n criteria are here defined as statements that predict or 
describe the reductions in damages or o.ther consequences which may be expected 
from the application of a specified mitigation to a specified area or class of 

buildings exposed to a given level anrl frequency of hazard occurrence under a spec
ified set of geophysical conditions .. As in the case of hazard exposure criteria, 
these statements are viewed as being the product of scientific inquiry, technical 
panel activities, and empirically defensible information, rather than as state
ments which reflect political, social, or economic biases. 

(d) Cost-feasibility criteria should be developed which express 
the cost-damaqe reduction ratios expectect from application 
of a specified hazard mitigation criteria to a set of hazard-
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(e) The National Science Foundation should be authorized. funded, 
and directed to undertake the preparation of such critical 
literature reviews and the conduct of such research and loss 
analyses as may be necessary to assure the timely, objective, 
and effective accomplishment of the above projects in respect 
to the full range of natural hazards to which the U. S. popu
lation is exposed. 

Recommendation 2. Hazard zone occupancy and risk analysis studies should be 
undertaken as the basis for establishment of a national hazard zone model 
which can be used on a continuing basis to present information concerning 
the size of the human and building populations which are exposed to the major 
types of hazards (by frequency and magnitude level). 

A comprehensive, balanced, and cost-effective approach to continuing decision
making is necessary to maximize the benefits qained per unit of resources expended 
on hazards zone research, technology development, and management programs. The 
proposed national hazards zone model is intended to facilitate the accomplishment 
of this end by providing, on a near continuous basis, quantitative information 
concerning the sizes of the populations at risk of exposure to the full range 
of important natural and man-induced hazards in the numerous hazard zones of the 
U.S. The recommendation contemplates that: (a) the model would be capable of 
revealing the sizes of the populations at risk of exposure in such zones, by type, 
magnitude, and frequency of hazard occurrence~ (b) the level of risk associated 
with such exposures, expressed in terms of annual expected dollar loss, life loss, 
injury, and morbidity; (c) the model would be capable of expressing the above 
in respect to populations and/or land areas which are located within more than 
one type of hazard zone. 

We recommend an early identification and review of current federal efforts 
and information systems which are relevant to this proposal, a critical review 
of literature bearing on this subject, and the preparation of a more-extended 
document which would examine the utility, feasibility, and possible cost of such 
a model. 
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Recommendation 3. A study should be conducted to determine the capacity of state 
and local units of government and their professional staffs to engage in the 
development and implementation of natural hazards management policies and 
programs, with particular reference to those having implications for building 
codes, subdivision regulations, housing codes, and land-use planning or zoning 
standards. 

A decade has passed since the report of the National Commission on Urban 
Problems was developed. With the exception of the study by Field and Rivkin 
[1975J, the recommendations more recently developed by other groups are not 
generally linked to objective and quantitatively-oriented study findings con
cerning the current administrative, organizational, and staff capacities of 
local and state governments. The recommendation assumes the need for such a 
study and assumes that~ (a) such a study would be directed at cities, counties and 
states exhibiting the highest potential for natural hazard losses;(b) the study 
would include an examination of plans and programs developed under the terms 
of the Coastal Zone Management Act, the Disaster Relief Act of 1974, and other 
similar statutes. It further assumes that such studies would focus on explication' 
of user agency perceptions of the quality, thoroughness, utility, availability, 
and consistency of current federal regulations, guidelines, technical assistance 
documents, and other similar materials. 

Recommendation 4. A comprehensive study should be undertaken to determine the 
substantive content and appl icabil Hy to natural hazards management of: (a) 
the several model building codes, (b) the several "model" or recommended" 
state and local hazard-related building, zoning, and subdivision ordinances and 
state hazards management acts, (c) regulations and standards of federal agencies,and 
(d) state, county, and local building codes, subdivision regulations, housing 
codes, and planning ordinances in areas most impacted by potential natural 
hazard probl ems. 
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This recommended study would provide the information base necessary for 
development of agency and area-specific recommendations concerning possible 
modifications in natural hazard management policies and structures. The rec
ommendation. contemplates that exemplary enactments by local, state, and 
other bodies would be assembled; that objective criteria would be developed 
for classifying the sum of the regulations examined; and that the output of the 
study would be useful for a mix of policy-planning, technical assistance, 
and staff development purposes. 

Recommendation 5. Current federally-sponsored and/or financed training and tech
nical assistance programs and activities in the field of natural hazards management, 
and in related fields, should be identified, their r~spective contents and clientele 
determined, and their compatibility with current and future needs assessed; 
a comprehensive, well-integrated program of training and technical assistance 

in support of natural hazard programs at local and state governments thereafter 
should be developed. 

As used here, the terms "training" and "technical assistance" are meant to 
include training institutes, symposia, newsletters, manuals of instruction, and 
other materials and services intended to facilitate the conduct of technically
competent activities, operations, and decision-making by personnel of local and 
state governments. 

The recommendation contemplates that activities funded under the terms of the 
Environmental Education Act, the Intergovernmental Personnel Act, and the statutes 
relating to natural hazards management and urban or community development would be 
included within the scope of this recommendation. The suggested study should 
focus, in part, on identification of possible revisions in the guidelines govern
ing these existing activities so as to increase their utility to the field of 
natural hazards management. 

The recommendation further contemplates that training and technical assistance 
activities should be targeted on such groups as: (1) elected policy-making 
officials of local and state governments; (2) technical personnel of land-use 
planning, regional planning, resource development, building regulation, and 
subdivision control agencies and organizations. 
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Recommendation 6. A comprehensive, well-coordinated,and continuing program of 
public information and education should be conducted so as to acquaint national, 
state, and local publics and public policy-makers with the essential facts and 
alternatives concerning natural hazard exposures and their consequences. 

It seems clear thatresponsible and informed future decision-making in the 
field of natural hazards management will require the active participation of an 
informed publ ic. Yet, the evidence is overwhelming that even the residents of 
high hazard areas do not fully comprehend the extent of their risk, the consequences 
associated with exposures. and the types of adjustments that may be made to mitigate 
the effects of those exposures. Of course, the design of such a program would 
require the identification and review of the numerous segmented public information 
and educationefforts in this field that are sponsored by the panoply of federal 
agencies whose responsibilities impinge in one way or another on the subject of 
natural hazard exposures. 

Some specific possibilities for such a program are as follows: 

(a) A "White House" or "National Conference" on Management of 
Environmental Hazard Zones could be conducted. 

When the federal air quality management effort was little more that a loosely
coordinated committee effort within the U.S. Public Health Service. Los Angeles 
County officials requested President Eisenhower to convene a White House 
Conference on Air pollution. The resulting series of National Air Pollution 
Conferences which were conducted by the Department of HEW accomplished 

several ends: (1) the attention of the national media, influential private asso
ciations and organizations, educators and researchers, and policy-makers at all 
levels of government were drawn to the air pollution problems of the nation, 
(2) issues and ideas concerning the mitigation of the problems were ventilated 
before the public eye, and (3) major policy alternatives were identified and 
examined by a national group of interested parties. 

Similar benefits might well result from such an effort in respect to the 
potential problems posed by continued exposure of people and property to the 
numerous types of hazard zones within this nation. 
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(b) Conferences, workshops, and symposia might be conducted for 
community leaders, influentials, and m~dia representatives of 
high damage-rate states and counties. 

(c) Highly-readable and objective brochures on each of the study 
hazards could be prepared for distribution to lay publics in 
areas exhibiting moderate to heavy annual expected losses 
from exposures to such hazards. 

(d) Objective, highly-readable illustrated feature articles on this 
subject could be prepared for distribution to community (weekly 

and semi-weekly) newspapers in moderate to high hazard areas. 

(e) A series of documentary films could be prepared for broadcast by 
the Public Broadcasting System and for use by commercial stations. 

(f) Under the auspices of a university or some other institution, a 
series of objective, empirically-defensible, highly-readable 
hazard-specificllPubl ic Pol icy Reports ll could be prepared for 
distribution to state and local public policy-makers representing 
hazard areas in which cost-feasiblemitigat;ons can be put to use. 
As sugqested by this study, the prime candidate subjects for such 
a series of reports ?re: tsunami~ landslide. wind hazards, coastal 
and riverine flooding. 

Recommendation 7. In cooperation with elements of the American insurance industry, 
a comprehensive, well-budgeted study should be undertaken to (a) determine 
the possible utility of both comprehensive and categorical hazards insurance systems 
in the mitigation of the consequences associated with natural hazard exposures, 
(b) identify the present public policies that constrain the development and 
extension of such insurance services, (c) review--and possibly develop new--
data concerning the factors that influence consumer attitudes toward such in
surance, and (d) identify the possible functional and disfunctional consequences 
associated with legal requirements calling for mandatory purchase of such policies. 
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In view Qf the cost-feasibility problems that may be associated with other 
loss-mitigating strategies in the field of natural hazards management, the poten
tial utility of risk-spreading insurance systems should be determined. Although 
this subject was not pointedly addressed in the inquiry that resulted in this 
report, the subject is one whose large importance to natural hazard management 
'programs was suggested by project data outputs. Consideration should be given to 
a preliminary feasibility study aimed at capturing and assessing existing litera
ture in this field and at identifying information requirements that are perc~ived 
to be important by knowledgable members of the insurance industry, insurance regu
lating enterprises, and natural hazard management authorities. 

Recommendation 8. A comprehensive study should be conducted to identify the past, 
present, and alternative future annual costs of natural hazard exposures which 
have been or will be externalized to non risk-taking parties. 

Recommendation 9. The findings of the study concerning the specific counties in 
which cost-feasible natural hazard mitiqationsmay be employed should be util ized 

by federal agencies reviewing coastal zone plans and by those federal officers 
responsible for the conduct of hearing~ and the draftinq of regulations to implement 
Section 406 of the Disaster Relief Act, 1974. 

Coastal zone management programs already have been approved for two states 
(Washington and Oregon), approval of two others is expected shortly, and nine 
others currently are at the point of being submitted [CEQ Annual Report, Dec 1977J. 

Similarly, the Dept. of HUD recently has announced its intention to conduct 
public hearings to determine what provisions to include in the regulations to be 
issued to implement Section 406 of the Disaster Relief Act of 1974. 

Phase 2 Recommendations 

Following the accomplishment of all or part of the recommehdations for Phase 
1, it may become technically, politically, and socially feasible to consider the 
adoption of the following alterations in current federal distributive, regulatory, 
and action-forcing policies. 
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Recommendation 1. The federal government should require the sellers, and others 
involved in the transfer, renting, or leasing of propert~ to engage in full 
disclosure of the natural hazard-related risks associated with occupancy of 
structures and places within hazard zones. 

This recommendation contemplates ultimate legislation that would require 
IIfull disclosure 11 on the part of those who sell or .offer to sell and of those 
who offer for rent or lease any parcel of developed or undeveloped property 
within the United States when such property falls within an area that the federal 
government has determined to be bounded by a federally-designated hazard zone. 
The recommendation contemplates that potential purchasers, renters, and lessees 
of such property be advised by the seller, lessor, or any agents thereof of the 
nature and classification of the hazard zone within which the property is 10-

cate~ and that this assertion be verified (in the case of property sales) at 
time of title transfer by the title insuring agency. Although the adoption of 

t 
a direct federal legislative requirement of this type may exceed the constitutional 
authority of the federal government, it would appear that adoption of such legis
lation by state legislatures could well be IIforced ll by the federal government 
through federal insistence that the adoption of such legislation be a necessary 
pre-condition to the establishment of the eligibility of the state, any portion 
thereof, or any citizen thereof for any benefits under the terms of the Federal 
Disaster Relief Act of 1974; the Federal Flood Insurance Act, as amended; the 
various federal flood control acts; and those acts that authorize the activities 
of such agencies as the Federal Housing Administration and the Federal Home Loan 
Admi ni stration. 

In respect to regulations issued under the authority of Federal agencies en
gaged in morgage transactions, it should be noted that Executive Order 11988 (May 
24, 1977) now requires that "agencies which guarantee, approve, regulate, or insure 
any financial transaction which is related to an area located in a flood plain 
shall, prior to completing action on such transaction, inform any private parties 
participating in the transaction of the hazards of locating structures in the flood 
plain. 11 [Federal Register, Vol. 42, No. 101, May 25, 1977] 

Recommendation 2. The federal government should continue to sponsor and fund feas
ability studies in respect to area flood protection works, should continue to 
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engage in the design of such works, but should alter past policies so as to permit 
and require the participation of beneficiary parties;n the funding of the capital 
and operating costs associated with such facilities, and so as to prohibit federal 
participation in any project in which the required benefit-cost relationships can 
be demonstrated only under conditions of increased flood plain occupancy. 

By and large, past federal policies have involved an all-or-nothing approach 
to the provision of coastal and riverine flood control facilities to communities 
and states. If such projects were deemed necessary and qualifying under appropriate 
pol iei es, then the federal government picked up the 1 ion's share of the bill s for 
the project. The recent study of the U.S. Water Resources Council found that only 
11% to 20% of the mean, effective, composite cost of rural and urban flood damage 
reduction facilities and programs, respectively, is being borne by non-federal 
ent it i es [U. S. Ha ter Resou rces Counc i 1, 1975]. 

:I,. " ... 

This recommendation contemplates an end to these past pol icies and assumes 
that not only the beneficiary states would be partners in the financing of future 
flood control projects, but the further requirement that precise boundaries be 
drawn by federal authorities to reveal the land areas and property owners who 
are the real beneficiaries of risk reductions associated with each flood control 
project, and that all or a substantial fraction of the capital and operating costs 
of such facilities be imposed on such land areas and parties. The intent of this 
recommendation is both to limit past externalization of flood control costs and 
to provide an opportunity for existing hazard-exposed populations to conveniently 
exercise the option of mitigating their local risks through use of flood control 
works, but only under conditions where the project beneficiaries internalize a 
large fraction of the costs associated with such such flood control activities. 
Such an amendment of pol icy could be 1 inked to further requirements intended to 
prevent future build-ups in flood plain occupancy to levels which might boost 
total flood-induced costs as a result of enlarged population exposures to greater
than-project flood magnitudes. 

In its major thrust, this recommendation is consistent with the spirit and 
purpose of the several recommendations and declarations advanced by the United States 

Water Quality Council [Council, 1973; Council, 1976J, the U.S. Congress 
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[P.L. 93-251, Section 80J, and the President. In his message to the Congress on 
r1ay 23, 1977J the Pres i dent observed tha til ... it is essent i a 1 to confi ne the 

public works efforts of the water development agencies to projects that can 
meet such defensible criteria as economic efficiency, safety, environmental pro
tection, and fair distribution of project benefits.1I 

This recommendation contemplates that: (a) the major fraction of the costs 
associated with constru(.tion of area hazard protection works (dams, levees, sea 
walls, etc.) should be internalized to those who receive the benefits from such 
expenditures, (b) the construction of such works should be justified in terms of 
the need to reduce the risks associated with the exposure of existing populations 
and property to the hazard, and should be so controll ed and managed as to prevent 
unreasonable increases in the sizes of the populations at risk as well as increases 
in the absolute level of losses resulting from such exposures,and (c) the opportunity 
for current natural hazard risk-takers who employ this approach to reduce their 
levels of risk should be preserved, but in a context in which such risk-takers 
must w~igh the costs, benefits, and tradeoffs associated with this approach. The 
idea that local beneficiaries should share in the costs of federal flood control 
projects and activities was endorsed by several national groups during the 1975 
public hearings conducted by the U.S. Water Resources Council. [The Council, 1975] 
During those hearings the following positions were taken concerning these matters 
by spokespersons for the indicated groups: 

American Society of Civil· Engineers: "Reimbursement and cost-sharing pol icies 
should be directed generally to the end that identifiable beneficiaries bear 
an equitable share of cost commensurate with beneficial effects received in 

accordance with the project planning objectives. 1I 

American Water Resources Association: liThe AWRA concurs in general with 
recommendations for increased non-federal cost sharing. Thefederal share 
of financing of water resource programs is often unduly generous, to an 
extent which results in uneconomic expenditures. II 

Hildl ife Management Institute: " ... inadequate cost-sharing pol icies have 
promoted unwise development of flood plains and led to overemphasis on 
ecologically damaging structural solutions to flood problems." 
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League of Women Voters Education Fund: " ... the League has long supported 
user charges and the general principle that benefici~ries should share ;n the 
cost in proportion to benefits received ... many projects receive community 
support because 1 ittle community investment is required. II 

Recommendation 3. All federal highways and all other highways which were constructed 
and/or are maintained in whole'orin part with federal funds should be eguipped with 
signs which indicate the points at which those highways transect major natural 
hazard zones, including ~ but not limited to - tsunami innundation areas and 100-
year, 50~year, 25-year, and la-year costal and riverine flood plains. Such signs 
should further indicate, in areas subject to flooding, the flood heights expected 
at those points during a flood of lOa-year frequency. 

The purpose of this recommendation is to stimulate the development of improved 
publ ic understanding ,of the location of 1 ife and property-threatening natural hazard 
zones-and thereby to both reduce involuntary risk taking and to increase the use 
of ri sk-reducing adjustments by res; dents in and users of such zones. In its major 
thrust, the recommendation is consistent with the spirit of Section 3 (c) of 
Executive Order 1198 (May 24, 1977), which states, in respect to federal property, 

as follows: 
"If property used by the general publ ic has suffered flood 
damage or is located in an identified flood hazard area, the 
responsible agency shall provide on structures, and other 
places where appropriate, conspicuous delineation of past 
and probable flood height in order to enhance public aware
ness of and knowl edge about flood hazards. II 

Recommendation 4. Building standards enforced by federal lending and mortgage 
guarantee agencies should be amended so as to require the use of building strength
ening mitigations (for wind, flood and earthquake hazards) on new structures in 
those counties and sub-county areas in which the use of such mitigations has been 
found to be cost-feasible. 

It is the intent of this recommendation that federal lending and mortgage 
guarantee activities be utilized to foster the use of loss-reducing building 
strengthening and/or floodproofing/elevating mitigations in those areas and under 
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those conditions where the use of such mitigations is both cost-feasible and 
contributory to the production of net reductions in the annual expected losses 
from area natural hazard exposures. This requirement should be extended to 
expansive soils and other hazard mitigations as rapidly as warranted by available 
evidence. 

Recommendation 5. Federal regulations issued under the terms of Section 406 of 
the Disaster Relief Act of 1974 should be designed to foster the use of the 
lhighest net savings" mitigations identified in Figure 5-4. 

Recommendation 6. Hazard impact and mitigation' statements should be required 
additions to the Environmental Impact Statements currently required in respect 
to federally-conducted or federally-financed projects. 

As used here, the term "hazard impact and mitigation statement" is intended 
to mean an objectively-prepared statement which: (a) identifies the natural 
hazard zones or areas in which capital facilities are to be located and/or in which 
programs are to be conducted, (b) specifies the mitigations which will be employed 
to reduce the adverse impacts otherwise associated with exposure of project-
related persons and properties to the hazards within the area; and (c) identifies the 
hazard adjustments whose use will be fostered through use of program funds. 

It is the intent of this recommendation that such statements be prepared 
for such critical capital facilities as schools, hospitals, nursing homes, com
munity health centers, and other facilities whose location might well increase 
the size of the involuntary population at risk of exposure to natural hazards. 
It is the further intention of this recommendation that such statements be employed 
to determine the extent to which federally-funded education and other programs 
have been appropriately adapted to the natural hazard needs of specific areas. 
Thus, in respect to educational subventions to the states, such statements might 
well deal with such questions as those relating to the extent to which public 
school curricula have been designed so as to foster community use of life-saving 
and injury-avoiding adjustments to such natural hazards as tornadoes, coastal 
floods, riverine floods, and earthquakes. 
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Phase 3 Recommendations 

In most cases, the recommendations which are advanced for Phase 3 are dependent on 
prior implementation of the technology development, technology transfer, syste~
improvement, and loss-reduction recommendations which were recommended for Phase 
1 and 2. They assume completion of appropriate assessments of the outcomes 
dssociated with implementation of these earlier recommendations. Thus, at this 
time, one cannot predict with any high level of certainty the extent or signifi
cance of the state and local-initiated natural hazard mitigation programs which 

might well be produced through implementation of the technology development, 
technology transfer, and attention-focusing recommendations which were advanced 
above. 

Nonetheless, the following possibilities are of sufficient importance that they 
are offered here as guides for possible Phase 3 action by the federal government. 

Recommendation 1. A comprehensive, federally-administered or initiated national 
program of natural hazards insurance should be designed and implemented. 

Should the cost-feasibility findings of this study remain essentially 
undisturbed after full implementation of Recommendation #1 (Phase 1), then widely
available, affordable, comprehensive natural hazard insurance would have to be 
viewed as a leading strategy for reducing the potentially-catastrophic personal 
and familial losses otherwise associated with continuing future exposure of those 
population subsets which now are at risk of incurring such loss as a result of 
past locational decisions. 

Recommendation 2. The terms of the Federal Disaster Relief Act of 1974 should be 
altered so as to stimulate and require state and/or local cost-sharing in the 
post-disaster relief and community rehabilitation services now being funded by 
the federal government under the terms of that act. 

Under present conditions, local politiCians, state governors, and other 
actors within the American policy system face unusual pressures and motivations 
to declare a wide variety of natural occurrences as "disasters" and thereby to 
qualify the populations impacted by those events for a variety of federal 
subsidies and services. At state and local levels, it can be argued that there 
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is little present incentive to abridge appropriately the circumstances under which 
such declarations are madeJnor is there much incentive for state and local com
munities to build actuarially-sound funds which can be used to deal with the needs 
posed by future hazardous occurrences within their jurisdictions. The result of 
this situation has been an apparently mounting federal cost burden for relief and 
rehabilitation efforts associated with the occurrence of natural disasters. 

Recommendation 3. A National Natural Hazard Management Act should be adopted to 
replace the existing separate enactments dealing with floods, flood insurance, 
earthquake hazards, and disaster relief-recovery. Such an act should include 
provisions providing for the implementation of all Phase 1 - 3 recommendations 
and should further require that: (a) states seeking to qualify for comprehensive 
natural hazard insurance and other benefits related to disaster relief and re
covery be required to meet specified conditions; and (b) the state-qualifying condi
tions should include a showing that the state has enacted a natural hazards 
management act which provides for the specification of intra-state natural hazards 
management zones, for effective use of federally-developed hazard zone mapping 
and classification information as well as hazard exposure, hazard mitigation, and 
cost feasibility criteria. 

Recommendations for State Action 

The following recommendations recognize that: (a) the primary responsibility for 
the management of natural hazard zones now resides with state and local units of 
government, (b) much responsible action can be taken by these units through use 
of information which already is generally available; and (c) the long-term efficacy 
and cost effectiveness of state/local action will be influenced by the extent 
to which the recommendations for federal actions are implemented. 

Recommendation 1. Coastal states exposed to tsunamis should promptly: (a) identify 
tsunami inundation areas within their borders, (b) provide for appropriate marking 
of these areas, and (c) prohibit any new residential development within the 
boundaries of such zones. 

The technical mitigations which have been proposed for tsunami in this 
study are based on the assumptions that: (a) there are no effective building
strengthening mitigations which may be employed to protect residents of non-

10-23 



engineered dwelling units from the threat of injury and life loss posed by this 
hazard, and (b) the primary methods for reducing or preventing future injury and 
life loss from this hazard are those which involve the application of avoidance. 
hazard warning, and population evacuation systems. The only structures which 
should be located in such areas as those which meet three tests: (1) they are 
ectnomically necessary to such places, (2) they cannot be located in other areas, 
and (3) they are engineered structures. 

Recommendation 2. All states abutting the Gulf of Mexico and the Atlantic Ocean 
should enact legislation and/or take such other action as may be necessary to 
secure the mapping of coastal flood plains (by frequency and magnitude of expected 
floods) and the early use of appropriate risk-reducing mitigations within those 
areas, including; (a) avoidance of all new and replacement construction within 
the more hazardous of these areas; (b) the avoidance of net new growth in all 
areas in which there is a moderate or high-risk of property and/or life loss; 
(c) the use of area protection, building strengthening, and building elevation 
mitigations for those portions of the flood plains in which low to moderate risks 
are faced, in which the use of such mitigations are cost-feasible, and in which 
there is some ascendant need for further development and/or for the protection 
of existing populations and properties. 

Recommendation 3. All states should adopt Natural Hazard Management Acts which 
require the mapping of natural hazards zones within their boundaries and which 
require the parties involved in the sale, transfer, renting, or leasing of 
property to engage in full disclosure of the natural hazard-related risks associ
ated with occupancy of structures and places within natural hazard zones. 

In respect to the second portion of this recommendation, some states may 
wish to consider the enactment of amendments to their business and licensing 
codes so as to also incorporate the recommended requirement in those codes which 
govern the conditions under which business or professional licenses may be 
awarded or periodically re-awarded to persons engaged in the development, sale, 
transfer, rent, or lease of property. 

This recommendation also contemplates that state Natural Hazard Management 
Acts also should require Departments of Public. Instruction to assure that public 
school curricula include instruction which fosters student understanding of the 

10-24 



adjustments which are appropriate to minimize the risks of injury and life loss 
associated with exposure to the major natural hazards which are endemic to the 
state. 

Recommendation 4. All states should adopt legislation which either imposes minimum 
and maximum building and housing code requirements on all appropriately-populated 
local areas, or which requires state-conducted audits and public reports concerning 
such enactments and the effectiveness of related local enforcement efforts. 

Assuming the contemporary correctness of the findings which were offered 
elsewhere in this report concerning the quality and effectiveness of locally
enacted building and housing codes, and the enforcement programs related thereto, 
it seems clear that such codes and enforcement activities may well be of uncertain 
quality in many areas of the nation and inconsistent with local needs for the 
mitigation of natural hazard risks. 

This recommendation assumes that there are three major options which are 
open to state governments for dealing with this possible problem: (a) ignore the 
problem: (b) solve the problem by providing for a state-enacted and enforced 
system of building, housing, and sub-division codes, or (c) take more limited action 
which preserves local choice over this important subject but which provides 
maximum assurance that such decisions are based on the current state of related 
knowledge and are made under conditions where full public participation in the 
process is assured. 

Recommendation 5. All states should adopt or amend state sub-division statutes 
so as to require that all sub-division applications submitted to any local or 
state entity must include a hazard impact or mitigation statement, the contents 
of which must also be provided to all prospective purchasers of such property 
prior to consummation of title transfer. 

This recommendation contemplates that the required IIhazard impact and 
mitigation statements" would conform to the description in Federal Action Recom
mendation No.6 (Phase 3). Implementation of this recommendation by state govern
ments would provide an immediate mechanism for dealing with exposure problems that 
otherwise might arise until that future time when the natural hazard zones of the 
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nation have been fully mapped and appropriately classified. It requires the 
sub-dividers of property to appropriately examine the major natural hazard 
features of all potential sub-division sites and to demonstrate that site and 
construction practices will conform to appropriate hazard-mitigating criteria. 
The recommendation stops short of suggesting that any specified set of mitigations 
should be required for sites of particular types, but does contemplate that the 
infonnation provided in the "impact and mitigation statement" would prompt 
appropriate regulatory activity by local and state entities charged with responsi
bility for reviewing and approving such sub-division applications. 

Recommendations for Local Units of Government 

The following recommendations are intended for implementation by those local units 
of government whose location, current population size, or anticipated future 
growth rates suggest the wisdom and feasibility of local action to mitigate the 
risks associated with natural hazard exposures. At a minimum, such local units 
of government are defined as including those: located within coastal counties 
adjacent to major inland lakes, to the two oceans, and to the Gulf of Mexico, 
subject to riverine, coastal, and other flood problems, located in areas at 
risk of seismic activity, in which a significant fraction of the land area or 
population is exposed to expansive soils or landslide hazards, and located in 
sections of the United States which are particularly vulnerable to wind-induced 
damage from hurricanes, tornadoes, or other severe wind storms. 

Recommendation 1. Each local unit of government should identify the natural 
hazards to which the human or building populations within its jurisdictions are 
exposed, the boundaries of the zones within which such exposures take place 
(natural hazard zones); the magnitude and frequency with which hazardous occur
rences are expected within each such zone; and the type and extent of damage, 
injury, or life loss which is expected within each such zone. 

It is the intention of this recommendation that the governing body of each 
local unit of government should, after receipt of appropriate technical counsel 
and the conduct of appropriate public hearings, determine the hazardous natural 
occurrences which are significant enough to the population of that community to 
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warrant public mitigating actions and/or the drawing of natural hazard zones for 
each such hazard. In those circumstances where such action is deemed appropriate, 
boundaries would be fixed for natural hazard zones in which such occurrences as 
expansive soil activity, riverine or coastal flooding, other flooding, earthquake 
fault activity, landslides, local winds of high velocity, and other similar occur
rences are expected. 

A wide variety of data currently is available to support local activities 
of this sort. Thus, the National Oceanic and Atmospheric Administration (NOAA), 
the u.s. Geological Survey (USGS), the U.S. Army Corps of Engineers, and the u.S. 
Soil Conservation Service are now engaged in the identification and mapping of 
hazardous natural areas, including those susceptible to earthquakes, tsunamis, 
landslides, volcanic activity, coastal flooding, and riverine flooding. In 
addition, one or more of these same agencies engage in the preparation and publi
cation of maps and other data concerning local soil characteristics. These may 
be utilized to assist local jurisdictionsin identifying those areas in which land
slide or expansive soil activity may be expected. 

Recommendation 2. The master land use plans which have been adopted by local 
units of government should be modified to include an identification of the natural 
hazard zones for which boundaries have been drawn as a result of the implementation 
of the above recommendation. 

Recommendation 3. Each local unit of government should prepare and adopt, 
following appropriate review by local, state, and federal agencies, and following 
the conduct of appropriate public hearings, a local Natural Hazards Management 
Plan and Program. 

As used here, the term "Natural Hazards Management Plan and Program" is 
intended to mean a document which: (a) specifies the criteria followed in drawing 
the boundaries of natural hazard zones; (b) identifies the policies which are to 
be observed in managing the exposure of people and property to hazard occurrences 
within such areas; (c) identifies the effects which are expected to be achieved 
through implementation of the plan; and (d) the residual effects which are 
expected to continue if all elements of the plan are implemented. 
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It is intended that such a plan should provide specific technical and 
policy guidelines to all local agencies and private parties who are engaged in the 
development and implementation of sub-division regulations, land use plans, 

building codes, housing codes, activities related to the warning and evacuation 
of populations from hazardous areas, or in the extension of post-disaster relief 
and recovery services to such popUlations. 

Recommendation 4. Local sub-division ordinances should be amended so as to 
require: (a) hazard impact and mitigation statements to be filed with all sub
division applications by applicant parties, (b) prohibit new sub-divisions in 

high-hazard zones and (c) soils testing, site stabilization, site avoidance, or 
other site modification activities in specified hazard areas, such as those 
associated with potential landslide or expansive soils activity. 

The suggestion that sub-divisions be prohibited in high-hazard areas is 
meant to provide a means for implementing the study-identified technical mitigation 
for landslide, and to provide local units of government with the means for avoidance 
of new construction in such high-hazard areas as tsunami inundation zones and the 
high-frequency/magnitude segments of riverine and coastal floodplains. 

Recommendation 6. By local ordinance, provision should be made by local governing 
boards for the mandatory and periodic review of: (a) the natural and other hazards 
for which zonal boundaries have been set by the jurisdiction; (b) the accuracy of 
current boundary lines for such jurisdictions; (c) the hazard-mitigating efficacy 

and cost-feasibility of the jurisdictio~'s natural hazards manaqement plan or 
program. 

Recommendation 7. Local units of government should review their use of IPA and 
CETA funds to determine the extent to which those funds now are being appropri
ately used to meet local natural hazard management requirements. 

In many local communities, CETA funds might well be used for such purposes 
as the removal of particularly vulnerable structures from such high hazard areas 
as those subject to frequent coastal or riverine flooding. Similarly, CETA 
personnel could be used to assist low income families in the' floodproofing of their 
properties. 
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IPA funds may be used by local jurisdictions to send the technical staff 
of their planning, building, and other hazards management agencies to short
term training institutes concerned with natural hazard management subjects. 

Recommendations for Action by Private Entities 

The more rapid and effective amelioration of problems posed by natural hazard 
exposures may be fostered if appropriate private organizations and associations 
take action to foster improved public and policy-maker understanding of exposure 
problems and of the major problem-mitigating opportunities. Illustrative of the 
possibilities are the following recommendations. 

Recommendation 1. The American Association for the Advancement of Science should: 
(a) appoint a multi-disciplinary Commission on Management of Environmental Hazard 
Zones, and (b) charge the Commission with responsibility for preparation of a 
report on the subject which is of the scope and quality of the report issues by 
the AAAS Commission on Air Conservation. 

Recommendation 2. An inter-society committee on National Hazard Management Criteria 
and Research should be sponsored by appropriate national professional societies. 

The memberships of a number of professional societies are professionally 
involved in operations associated with the identification of: (a) natural hazard 

areas, (b) natural hazard effects, and (c) natural hazard mitigations, costs and 
consequences. Among such societies are: the American Meteorological Society, 
the American Society of Civil Engineers, the American Institute of Architects, 
the American Institute of Planners, the American Public Works Association, the 
National Association of Insurance Commissioners, the International Conference of 
Building Officials, and others. 

A joint committee representing these several societies could profitably be 
employed to review the need for, and to develop specific recommendations concerning 
the several proposals in Recommendation No.1 for federal government Phase 1 
activities. Such a committee could continuously concern itself with identification 
of the types of criteria needed in the field of natural hazards management and 
with the type and scope of research necessary to the development of such criteria. 
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Feasibility and Problem Relevance 

The intended problem targets of the several recommendations which were advanced 
above are depicted in Figure 10-1, while their relationship to the policy 
taxonomy employed in the study is depicted in Figure 10-2. 

Considered as a whole, the recommendations assume that current preference 
and priority should be given to action which: (a) expands the capacity and readi
ness of state and local governments to engage in technically-sound and pub1icly
responsive natural hazard management activities, (b) provides the base of infor
mation necessary to accomplish this purpose, (c) buildsgenera1 public knowledge of 
and interest in natural hazard exposures and the mitigation of risks associated 
therewith, (d) expands the need for hazard-exposed populations to fully consider 
the cost-benefit tradeoffs associated with alternative natural hazard mitigation 
strategies, and (d) limits the future numbers of individuals who will be exposed to 
involuntary natural hazard risk-taking. These purposes are listed in descending 
order of our judgement concerning their current political and social feasibility. 

The balance of the recommendations which have been offered (Federal Phases Two and 
Three, state, local) must be assigned generally lower rankings on the scale of 
political and social feasibility. Current evidence suggests that: (a) problems 
other than those associated with natural hazard exposures are currently assigned 
a much higher priority by policy makers, hazard-exposed populations, and the 
general public, (b) public and policy maker understanding of natural hazard 
consequences and mitigation alternatives are at a generally low level, (c) state 
and local jurisdictions exhibit substantially less than an optimal capacity to 
engage, at present, in expanded natural hazard management activities, and (d) no 
easily-identifiable political constituency has yet emerged to sponsor and/or 
support improved natural hazard management undertakings. 

" 
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RECOMf1ENDATlONS FOR FEDERAL ACTION 

PHASE 1: 1. a Hazards zone mappinq and classification 
b Develop hazard exposure criteria 
c Deve 00 hazard mitiC'\atlon criteria 
d Develop cost-feasibility criteria 
e NSF authorized to aCcDmD1ish the above 

2. Establish natural hazard zone model 
3. Study state and local hazards manaqement capacity 
4. Determine content and aool; cabil it v 0 codes and reaul at; cns 
5. Develop state and loca traininq oro rams 
6. Natural hazard publ ic ;nformatlon program 
7. Determine feasibilitv of natural hazard insurance 
8. Identify costs externalized to non-risk-takers 
9. Specific measures for high~hazard counties 

PHASE 2: J. Revuire full disclosure of natural hazard risks 
2. Require participation of beneficiary parties 
3. Hiohway 51 ns lndlcatlnQ hazard zones 
4. ReQuire buildin(l stren thenino where cost~feasible 
5. Foster use of "highest not savings" mitiQatl"ons 
6. Require hazard impact and mitigation statements 

PHASE 3: 1. lmplement natural hazards insurance DrOqrom 
2. R"eQUlre cost sharing of "post-disaster relief services 
3. Adopt natlonal natural hazards manaoement act 

RECOMMENDATlONS FOR STATE ACTlON 

1. Protect Tsunami inundation area 
2. Apply mitiqations to coastal flood lains 
3. Adoot state natura hazard management acts 
4. BUllding and housing code requirements 
5. Subdlvls10n app lcatlOns to inc ude hazard impact statement 

RECO~MENDATIONS FOR LOCAL UNlTS OF GOVERNMHIT 

I. ldentify natural hazard zones and eXDosures 
2. Identify natura hazard zones in master plan 
3. Ado t local natural hzards mana ement orOQram 
4. MitrQation policy as part of SUbdivision ordinances 
5. Periodlc reVlew of hazard zones and management plans 
6. Identify natural hazard uses of lPA and eETA funds 

RECOMt'ENDATlONS FOR Acnor: BY PRIVATE ENTITIES 

1. AAAS COITlTlission on Manaoement of Environmnetal Hazard Zones 
~2. Comm,ttee On Natural Hazard Management Crltena and Research 

INTRIN,IC PROBLEM, 
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Figure 10-1. Intended Candidate Public Problem Targets 
Natural Hazard Policy Recommendations 
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RECOMMENDATION FOR FEDERAL ACTION 

PHASE 1· 1. a Hazards zone mapping and classification a a a 0 i 0 

b Develop hazard exposure criteria 0 a 0 
~~~e10p hazard mitiqation criteria 0 0 0 

d Develop cost-feasibility criteria 0 0 
~ . NSF authori zed to accompl i s.,!h_tlo!h~e'-..f'a",bobL'v~e'--_______ -+ __ +_-1 __ +--,,-o_!-_+ __ t--_-t-__ t---'0'-i 
~~ablish natural hazar~d~z~on~e~m~o~d~el~_, ____ ~ _____ 4-__ !-_~-_t--~o~+-_-t-_-+-_-+ __ ~_o~ 

3. Sl~..QJ state and local hazards manaQement capacity 0 0 I 0 
t-t-D~termine content and applicability_ of codes and reou1ations 0 II a 

5. Develop state and local trainina programs 0 0 0 '0 0 --, 0 
_~. Natural hazard public information program a a 0 : 0 0 0 

lriietermine feasibility of natural hazard insurance 0 0 0 
~entlfy costs externalized to non-risk-takers 0 0 0 c 

9. Speciflc measures for high-hazard counties 0 0 0 0 0 

PHASE 2: 1. Require full disclosure of natural hazard risks 
2. Require participation of beneficiary_~arties 
3. Hi hway si ns indicatinQ hazard zones 
4. Require building strengthening where cost-feasible 

r 5. Foster use of "highest net savings" mitigations 
I 6. Requlre hazard impact and mitigation statements 

PHASE 3: 1 1. Implement natural hazards insurance~rQgram 
I 2. Require cost sharinq of post-disaster relief services 

3. Adopt natlOnal natural hazards management act 

RECOMMENDATIONS FOR STATE ACTION 

o 
o 
o 
o 
o 
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o 
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o 0 
o 0 
010 

I 
r 1. Protect tsunami inundation area 0 0 0 0 0 0 0 0 

2. Apply mitlgations-tocoastal fiQOdiilafns· 0 0 0 0 0 0 0 0 
3. Adopt state natural hazard management acts 0 0 0 0 0 0 0 
4. BUlld~~~nd housin9'~c~~;de~r~e~a~u:~ir~e~m~e~n~t~s~~------------------------~~o--}----+----+-~o~+-~o~+-~o~+-~o~4--o~+--o~~ 
5. Subdivision applications to include hazard impact statement 0 0 0 0 I 0 0 i 0 

RECOM~ENDATIONS FOR LOCAL UNITS OF GOVERNMENT 

RECOMMENDATIONS FOR ACTION BY PRIVATE ENTITIES 

1. AAAS Commi ~u.on on IlI£I@g~lIlel}t"--,o"-f-"-eu:nvuiC':r-"oC!!nm",e,:"n:,-,t",ac.:-l_h",a""z"alJ..r",d_z"'o"'n"e"'s.,.-_____ +_-1--'..lL"--+ ___ !-...iL"--~-...iL"'-+--t_i' --t----+--"-0--1 
2. Committee on natural hazard management criterid and research 0 0 0 0 

KEY: 0 Policy can contribute to implementing this action 

Fi gure 10-2. Relationship of Natural Hazard Policy Recommendations to Nine 
Public Policy Types 
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