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I. INTRODUCTION

There is a general lack of information and understanding

about natural disasters and public policies surrounding them.

This study attempts to determine the actual cost of and damage

done to transportation facilities as a result of natural

disasters between 1971 and 1981. It goes beyond the standard case

study approach and uses instead national data and empirical

analysis to quantify the impact of various types of disasters on

transportation lifelines. As such the study contributes to our

attempt to develop standardized measures of impact and loss

associated with disasters. The determination of disaster impacts

on society and on various lifeline systems e. g. transportation

is a vital issue that must be addressed before appropriate

solutions can be found and pUblic policies identified.

Each year the human sUffering and property losses reSUlting

from natural disasters are enormous. In fact one study estimates

that the thirty most often occurring natural disasters have

direct costs equal to one percent of the gross national product

and will increase by over eighty-five percent between 1970 and

the year 2000 (Atkins and Pertak, 1980 ). Evidence suggests that

while the number of lives lost due to natural disasters has

varied widely over time the damage to property is increasing.

Between 1946-1955, 1956-1965, 1966-1975 and 1976-1981 the annual

average annual number of lives lost were 305, 217, 320 and 207

respectively. During the same period the average annual number of

1



property losses of $1 million or more due to floods were 335,

272, 1,022 and 1413 respectively, see Table 1. Thus the ability

to anticipate and develop appropriate strategies of intervention

is mandatory if we are to reduce the costs and losses reSUlting

from natural hazards. As such, improved monitoring of natural

disasters and their reSUlting impacts is of great benefit in

determining pUblic policy.

In order to reduce these disastrous impacts it is imperative

that we outline mitigation procedures that are potentially

helpful. Emergency management encompasses such procedures; it

requires assessing natural hazards and identifying ways to

minimize their impact. This includes hazard mitigation, disaster

response, and post-disaster recovery. Experience has demonstrated

that the best strategy for reducing the number of lives lost and

property damage is to reduce the exposure of the popUlation to

risk through land management and improved construction of the

built environment.

Need for and Purpose of the study

This study examines the vUlnerability of and impact on

transportation lifelines resulting from natural disasters.

Historically not much attention has been given to the general

vulnerabilities of such systems. Instead, the focus has been on

specific components such as bridges, tunnels etc. and as a

consequence there is little or no information on the general

vulnerabilities of transportation lifelines.
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Data for this research is extracted from records on disaster

declarations processed by the Federal Emergency Management Agency

(FEMA) under Public Law 93-288 and its predecessor the Federal

Disaster Assistance Administration (FDAA) and records of the

Federal Highway Administration (FHWA) on disasters processed

under Title 23 of the United states Code, Sections 120 and 125.

The time period covered is 1971 to 1981.

Data on disasters processed by these two agencies were

inventoried in order to identify those involving damage to the

transportation system. This information was collected by visiting

both FEMA and FHWA headquarters in Washington, D. C. and FEMA' s

region IV office located in Atlanta, Georgia. Disasters are

categorized by type i.e. flood, hurricane etc. and intensity in

order to better correlate the damage to transportation systems

with disaster types. Unlike previous efforts which have been

largely case studies, we are concerned with taking a broader view

of impact assessment. Our objective is to identify, define, and

quantify the impact of natural hazards on transportation

lifelines by disaster types.

A major contribution of the research is documentation of the

impact of different hazards on transportation. Increasing the

knowledge base for natural hazard mitigation procedures is also

an important result. However, the primary task is the collection

and evaluation of data on hazard related damages to

transportation lifelines. Ultimately this will allow planners to

identify the failure of various components in the system, improve
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design criteria for transportation facilities, enhance the

quality of planning for emerging response standards, establish

better criteria for evaluating existing facilities and improve

the budgeting process.

Aims:

-to define key issues of policy, and also data and knowledge

gaps in the field of disaster impacts

-to prepare a transportation damage data base

that can be used to shed light on key policy issues

-to conduct preliminary analyses of the data base

-to identify a set of important next-step research questions

-to identify the general vulnerability (i.e. damage) to

transportation systems and infrastructure resulting from

natural disasters.

Natural Hazard Assessment

There are a great variety of natural disasters but the fourteen

most common in the united states are:

Avalanche
Coastal erosion
Drought
Earthquake
Flood
Hurricane
Landslide

storm surge
Tornado
Tsunami
Unstable soil
Volcano
Windstorm
winter storm

The damage caused by these natural hazards (geophysical events)

varies according to the section of the country. Earthquake

hazards assessment requires specification of potential impacts

resulting from seismically-induced activity in proximity to the

5



earths surface. On the other hand damage due to floods is the

most common type and relatively easier to assess. Between 1971 and

1981 there were a total of 333 natural disasters involving

allocations by FEMA. Of these, 109 entailed allocations by both

FEMA and FHWA. Figure 1 illustrates the distribution of

occurrences of FEMA and FHWA disasters by type which are: Floods

with severe storms 62.04%, Tornadoes 12.04%, Floods with

snowmelts 7.41%, Typhoons and tropical storms 4.63%, Floods with

landslides 4.63%, Hurricanes 3.70%, Others, dam collapse etc.

3.70%, and Earthquakes 1.85%. Later in the study we will examine

the extent to which various regions experience specific kinds of

natural hazards and to attempt to anticipate the magnitude its

impact given that it occurs.

The location and construction of urban infrastructure will

have far reaching implications for the social and economic impact

of natural disasters. Within urban centers some buildings serve a

pivotal role in the conduct of the economic life of a community.

Increasingly the location of such critical facilities such as

hospitals, schools, churches, police and fire stations are

planned with a view towards reducing their vulnerability. The

threat posed to critical facilities by disasters is an essential

component in hazard assessment and is crucial information also to

counties, cities, the federal government, regional authorities

and private corporations.

6



FIGURE 1 OCCURRENCES OF FEMA & FHWA DISASTERS BY TYPE,
1971·1981 (TOTAL DISASTERS= 108)
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When a disaster occurs the Governors send requests for assistance

to the President who selects a Federal Coordinating Officer (FCO).

The Federal Emergency Management Agency then coordinates the

efforts of all federal agencies involved in Presidentially­

declared disasters while FHWA makes obligations for damages to

federal highway systems. Figure 2 summarizes the expenditures on

all disasters and transportation related damages for the years

1971-1981. Roughly $2 billion was spent by FEMA on all types of

disasters; of this FEMA allocated $366 million to transportation

damage. FEMA total damage expenditures consists of the total

amount of FEMA money spent as of May 16, 1984 on debris clearance,

emergency protective measures, road systems, water control

facilities, public buildings and equipment, pUblic utilities,

facilities under construction, private non-profit facilities, park

and recreational facilities, individual family grants and money

given to other agencies for the purpose. Additionally FHWA

allocated about $.5 billion to 098 expenditures (i.e. Federal Aid

Highways) and $91 million to 099 expenditures (other Federal roads

e.g. National Park roads). In total $936 million was allocated to

transportation related damage.

Lifelines Engineering

"Lifelines engineering" is concerned with the protection of a

community's lifelines from the dangers posed by natural hazards.

Lifelines include waste water systems, energy systems, water

8



FIGURE 2 SUMMARY OF FEMA & FWHA DISASTER EXPENDITURES,
1971·1981
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systems, communication and transportation systems. Generally,

lifelines have distribution systems, transmission lines, and a

storage capability. These require extensive financial investment

and are critical to a region's ability to survive a disaster.

Because urban areas could not function without lifelines it is

imperative that they be able to function in the event of a

natural disaster.

The failure of lifelines over an extended period may

significantly affect survival rates and the ability of the

community to respond to the disaster. On the other hand the

ability to protect and secure lifelines is made even more

problematic by the fact that both the pUblic and private sectors

own them. Hence extensive coordination is required when

developing policies and procedures to minimize their

VUlnerability.

Natural Hazard Research

There is a general lack of information and understanding

about natural disasters and the public policies surrounding them.

While pUblic sector data collection is formidable; the challenge

to access information held in the private sector is even more

stringent because insurance companies, mortgage lenders,

consultants and private land owners often hold such information.

Hence even where data has been collected it is not always

accessible or easy to locate. More importantly, the natural

10



disaster data bases are generally of poor quality, when they

exist at all, record keeping is inadequate and inconsistent and

there is a great deal of duplication of effort (Tubbesing, 1979).

The variance in the data we have for different types of disasters

is great. For example relatively good exists data on tornadoes

but not on floods; one of the most devastating types of

disasters. Thus it goes with saying that an improvement in the

quality of data is critical to our effort to better respond to

the impact of disasters on our society. Wiggins' (1980) "

Building Losses From Natural Hazards: Yesterday, Today and

Tomorrow" provides a comprehensive examination of building damage

and related losses resulting from earthquakes, landslides,

expansive soil, hurricane wind/storm surge, tornado, floods,

local wind , local flood and tsunami. Data from a number of

different studies are summarized and each hazard is modelled and

damages calculated. These are forecast and potential loss

reductions determined on a state and national bases if specific

mitigation procedures are implemented and pUblic pOlicy

implications are identified. Unfortunately fragmentary

information forces wiggins to construct different models for each

disaster. But his primary focus on building damage, expands

sUbstantially our knowledge about the impact of disasters on

structures. While tornadoes take more lives than any other type

of hazard, riverine flood were found to cause the most damage to

buildings although it is felt that hurricane wind/storm surge and

expansive soil may replace it in the future. Results suggest it

11



is possible to reduce building damage by approximately thirty­

five percent for some hazards and eleven percent for earthquakes.

A primary conclusion is that much more data is required on all

natural hazards and a deeper study made of each. In Natural

Hazards Data Resources: Uses And Needs (Tubbesing, 1979)

recommends: improving current natural hazard data collection;

improving recording and storage of data; and increasing

cooperation between agencies collecting information on natural

hazards. One section of his study outlines the difficulties

encountered by a group of social scientists who undertook a

study very similar to our current effort. They wished to

determine the following:

1. Precise location of disasters

2. Magnitudes of Disaster Damage and Injury

3. Dates of Disaster Event Occurrences

4. Housing and Population Counts for Comparable SMSA's and

counties for 1960 and 1970

A major problem they encountered was the lack of a single source

for data at an adequate level of specificity. Because of this

they were unable to perform analysis at the disaggregated level.

Further hazards inflicting insignificant damage were not recorded

and it was difficult to determine exactly where disasters

occurred.

In "Urban Design Vulnerability Components" Lagorio,

(1984) assesses the components which must function when an

earthquake occurs. These factors, referred to as urban scale

12



Open Spaces

District Zoning

Street Patterns

Reservoirs/Dams

vulnerability components are detailed below. They constitute one

basis for assessing the vulnerability of metropolitan areas and

inadequate performance of any have tremendous consequences for

urban areas and their residents.

LISTING OF URBAN SCALE VULNERABILITY COMPONENTS

Component Function/Implication

Existing Building Stock Classes Urban Pattern

Adjacency of Buildings Urban Density

Hazardous Contents Fire/Explosion/Toxic Fumes

Location of Buildings/Systems Land Use/Site Planning

Emergency/Critical Facilities Response/Recovery

Lifelines Life Support/Circulation

Bridges/Overpasses Transportation

Communication Lines Mass Media/Public

Information

Urban Character

Access/Egress

Water Supply/Downstream

Population

Evacuation

Source: Eighth World Conference On Earthquake

Engineering, 1984, pp. 625-629
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II. THE NATIONAL DATA BASE

The impetus for aid to states is contained in Public Law 93­

288, the Disaster Relief Act of 1974. A major disaster is defined

as any " hurricane, tornado, storm, flood, high water, wind­

driven water, tidal wave, tsunami, earthquake, volcanic eruption,

landslide, mudslide, snowstorm, drought, fire, explosion, or

other catastrophe in any part of the United States which, in the

determination of the President, causes damage of sufficient

severity and magnitude to warrant major disaster assistance

above and beyond emergency services by the Federal Government to

supplement the efforts and available resources of States, local

governments, and private relief organizations in alleviating the

damage, loss, hardship or suffering caused by a disaster" (FEMA,

1980). An emergency is any situation where the different types of

major disasters necessitate Federal emergency aid to local and

state governments in order to assure pUblic health, safety,

protect lives and property, and reduce or lessen the danger posed

by the occurrence. When the state or local government resources

are inadequate the Governor may ask the President to declare an

emergency or major disaster. Once this occurs a number of

disaster relief programs are put into effect. The Federal

Emergency Management Agency (FEMA) is the Federal agency

responsible for coordination.

14



FEMA has regional offices throughout the country see

Figure 3 Regional Boundaries. Each of the ten regions has a

Regional Director who works very closely with the Governor's

office and other state disaster officials. A list of the states

by region is included in Appendix I. A Federal Coordinating

Officer (FCO) is appointed to identify the kinds of emergency
.

relief needed. Applications may be made to fund a number of

projects including: (FEMA,1980)

A. Clearance of debris on public or private lands or waters;

B. Emergency protective measures for the preservation of

life and property;

C. Repair or replacement of roads, streets and bridges;

D. Repair or replacement of water control facilities (dikes,

levees, irrigation works, and drainage facilities);

E. Repair or replacement of pUblic buildings and related

equipment;

F. Repair or replacement of pUblic utilities;

G. Repair or restoration (to pre-disaster condition) of

pUblic facilities damaged while under construction;

H. Repair or restoration of recreational facilities and

and parks, and

I. Repair or replacement of private nonprofit educational,

utility, emergency, medical, and custodial care

facilities, including those for the aged or disabled,

and facilities on Indian reservations.
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Federal assistance may be given in the Emergency Work or the

Permanent Work category. Typically Emergency Work involves an

action that is immediately necessary in order to save lives:

protect pUblic health and property and assure safety. Permanent

Work involves the restoration, repair or replacement of

facilities to pre-disaster standards. Road systems eligible for

assistance (Category C) on Damage Survey Reports, (DSR forms), "

include any construction features within the public right of way

that are essential to make the road or street itself a functional

whole. They include but are not limited to bridges, drainage

structures, traveled way, shoulders, embankments, and safety

features. This applies to roads not on the federal aid system or

on federal lands. Only those facilities regularly maintained and

kept in repair are eligible for disaster assistance, when damaged

or destroyed" (FEMA, 1981). Figure 4 is a copy of a Damage Survey

Report.

Surveys of damage are typically conducted by inspection

teams having both Federal and State representatives. Information

on their findings is recorded on DSR's. These form the basis for

determination of eligible work and must include information on

extent of damage; scope of work: description of damage and cost

17



of damage. These DSR forms are the primary source of FEMA data on

natural disaster damage to the transportation system.

Table 2 lists all Fema disasters by disaster number. Also

given are the declaration date, state and region of occurrence,

type of disaster, number of counties impacted, FEMA category C

expenditures, total FEMA expenditures, Category C as a percent of

total expenditures and capital outlays for highways and vehicles

registered in the state during the year the disaster occurred. In

all there were 333 FEMA disasters between 1971 and 1981 for which

$3.00 billion was allocated. Of this amount 18.9% or $568 million

was allocated to Category C damage. In subsequent sections we

will attempt to approximate the total damage on transportation

lifelines for disasters by type and region of occurrence and the

extent of transportation infrastructure development in the state.
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FIGURE 4 DAMAGE SURVEY REPORT

Form Appro....e<:'

OMB No 306'·0021

FEOERA~ EMERGENCY MANAGEMENT AGENCY 3. DEC~ARATION NO.

DAMAGE SURVEY REPORT
FEMA

DISASTER RESPONSE AND RECOVERY 4. INSPECTION DATE

(51, instructionl on IW..N,J- 5. WORI< ACCOMP~ISHED BY
1. TO" REGION ____ fEDERAL EMERGENCY MANAGEMENT AGENCY o CONTRACT
2. APPLICANT (SuI, A,."cy. Cou",y, Cily...c.J , PANO. o FORCE ACCOUNT

I

7. WORI< CATEGORY ,''X'' App'UbI. 80.1 ,DSR NO. 6. PERCENTAGE OF WORI<
o EMERGENCY oA DB , 100002 COMPLETED TO DATE

o PERMANENT oCOD DE o· oG oH 01 I %
8. DAMAGED FACILITIES fl._lion, id,nli(i~lion.nddacriplion) 8A. FACI~ITY IN OR AFFECTS

FLOOD PLAIN OR WET LANDS

DYES 0"10

9. DESCRIPTION OF DAMAGE

10, SCOPE OF PROPOSED WORK

11. ESTIMATED COST OF PROPOSED WORI<

QUANTITY UNIT MATERIA~AND/OR DESCRIPTION UNIT PRICE COST IrlolI.,,1
I.) (bl leI Cd) leI

12. EXISTING INSURANCE (Typol I AMOUNT
TOTAL • $

I'
13. RECOMMENDATION BY FEDERAL INSPECTOR ($i",.lura, AgoneI'. do..) ELIGIBLE ATTACHMENTS

oVESo NO

14. CONCURRENCE IN REPORT BY STATE INSPECTOR (Si,MIUfO, A,."er. do..) CONCUR ATTACHMENTS

oYESDNO

15. CONCURRENCE IN REPORT BY LOCAL REPRESENTATIVE (Si,MIUfO. A,..ncy, d.t,) CONCUR ATTACHMENTS

DYESDNO

16. FEDERAL REVIEW ($i,,,.'ure. A,..ncr. doleJ I FEMA REVI EW flni"'" and dot,l
I

FiMA F_ ~52. JAN 81IFMlT1Ofly HUe Form 4841

COpy 1: FIMA lEGION
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FIGUR'E 4· (Continlled)

INSTRUCTIONS

1. The Damage Survey Report (DSR) is not a Federal approval of this proposed project and does not obligate Federal fund~

DSR's are field recommendations which are attached as supporting justification to the applicant's project application,
which must be approved by the Governor's Authorized Representative and the FEMA Regional Director. The applicant
can be given no assurance of Federal reimbursement for any of the proposed work prior to approval of the project appli·
cation by the Regional Director.

2. Use this form for the Federal Inspector's Damage Survey Report when required for emergency assistance, dehris removal,
temporary housing, or permanent repairs, replacement, or other restorative work. Separate DSR's will be prepared for
emergency and for permanent work.

3. The Federal Inspector will attach properly captioned and cross referenced maps, sketches, or photos, as necessary to local·.
or describe the damages and the proposed scope of work. Additional sheets reporting comments by the DSR team
members or any other pertinent information may be attached by the Federal Inspector to the original DSR.

4. Description of damages and "Scope of Proposed Work" should be stated in quantitative terms. For example, provid",
estimated quantities of debris removal or earth movement in cubic yards or tons; provide paving estimates in square feet
or square yards; and provide principal dimensions of bridges, retaining walls or other structures as appropriate.

5. The Federal Inspector will attach his comments on each question of eligibility that arises. He should contact the Regionc'
Director for guidance when necessary.

6. Cost estimates must be realistic; based on local conditions for the eligible scope of work without any contingency
allowances. Cost breakdown should be sufficiently detailed for professional review including deductions such as salvage
or insurance when appropriate. Under DSR Item 12 record the type of insurance coverage in force such as flood
or casualty.

7. Under DSR Item 16, the "Federal Review" will be accomplished normally at the FEMA field office by a Federal
engineer designated by the Regional Director. The FEMA review will be accomplished prior to distribution of the
completed DSR's as indicated below. Based on these DSR reviews, a Federal1n&pector may be required to correct error,
in the DSR or to repeat field inspections when necessary.

8. Three copies of the DSR will be completed and signed at the time of the inspection. The applicant's representative will
retain copy 3. The Federal Inspector will submit copy 1 to the Regional Director for review and copy 2 for automated
data entry. The Regional Director will distribute two reproduced copies of the reviewed DSR to the Governor's
Authorized Representative and two reproduced copies to the Federal agency which provided the inspector. The original
(copy 1) will be retained for FEMA record rue.

9. Force Account in Item 5 means work performed by Applicant's own forces.
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FEMA Data: The Screening Problem

In order to better manage information resulting from the

disaster assistance program an automated data system was

developed, the Disaster Management Information System (DMIS). The

DMIS automates information on project financing, disbursements,

obligations, applications, and other prcj ect management data.

However, in collecting data from FEMA headquarters office a

number of limitations in data were identified.

Data was collected from both headquarters and the region

four FEMA office. The DMIS was the primary source of information

and six documents (printouts) were available from headquarters in

Washington, D. C. These are:

Document Number One: DSR Summary Report

Contains two pieces of information: Road system damage and the

number of deaths.

Document Number Two: DMIS 1.1 Disaster Declarations

Printout which identifies the disaster number, the date of

declaration, the state, the type of disaster, and the date the

case was closed.

Document Number Three: DMIS 1.4 County Designations

Identifies the Date of declaration, date the disaster occurred,

the type of disaster and the counties involved.

Document Number Four: DMIS 2.5 Amounts Approved List

Summarizes the amounts approved by work category.
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Document Number Five: DMIS D.1 DSR Summary

Identifies the federal agencies involved, number of DSR' sand

eligible surveys.

Document Number six: DMIS Report R.5 Public Assistance

Summary: Identifies the current estimate of eligible assistance,

DSR workload, and project applications and supplements.

Information was collected from the region four office in

Atlanta, Georgia. Individual files were evaluated and the

following data collected: date and type of disaster; counties

affected; damage to property and facilities; deaths and injuries;

estimate of resulting unemployment; transportation damage; number

of evacuees and estimates of damage. Thus there is a great deal

more information available at the regional level where we have

access to individual files. This capability does not exist at the

federal level. However, the kind of information available at the

regional level is more appropriate to the development of impact

scenarios for the transportation system.

FHWA's Emergency-Relief Program allocates monies to repair

damage to highways on the Federal-aid system and other roads on

federal lands. Damage must be the result of a natural disaster or

catastrophic failure. Approximately $100 million is appropriated

annually from the Highway Trust Fund for the program which

intended to supplement activities the state Highway Agencies

typically performs. State Highway Agencies (SHA) make application

to FHWA after the disaster through a Notice Of Intent (NOI). FHWA

has a division office in each state and it transmits information
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to the headquarters office. Field engineers from headquarters,

and representatives from the SHA and local government conduct a

preliminary field survey. Once FHWA receives the NOI it

authorizes the state to begin work which is compensated for later

through the Emergency Relief program. The SHA actually makes

application to FHWA for relief funds. The application must

include information on the governor's proclamation; the disaster

and the affected area; estimates of repair cost; and

identification of the type of damage done.

It is required that program data for Emergency Relief

projects be kept to a minimum focusing on collection of

information basic to a determination of eligibility. The FHWA

headquarters office obligates funds for each disaster based on

current needs. The program operates on a pay-as-you-go basis

therefore funds are dispensed as work is completed.

FHWA Data: The Screening Problem

The following data was available on computer printouts and

was collected from FHWA headquarters office. This included about

five documents. These are:

Document Number One: Emergency Relief by Flood Year

Includes information on type of appropriation: total cost

estimate for each disaster ., total obligation (actual

expenditure) and the number of disasters for each state.

Document Number Two: Historical Data
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Estimates of disaster cost for the state, federal government and

total cost. Information on emergency relief obligations by

state, and the federal government.

Document Number Three: Summary Data

Includes the number of disasters occurring in a specific year and

their estimated cost. The amount of money actually obligated in a

particular year and the amount congress authorized FHWA to spend.

Document NUmber Four: Fiscal Year Approvals

contains brief descriptions of the disaster and the state it

occurred in. Identifies the amount of money estimated for the

disaster.

Document Number Five: Allocation Data

Information on the amount of money allocated for each state for

each year 1971-1981.These are not expenditures.

In addition to the information listed in the five documents

data was collected from the disaster files kept in headquarters.

From these files, governor t s letters, and additional letters

written to or by FHWA information was collected on the type of

disaster, the incident period, the counties involved, the lives

lost, revised disaster figures, and initial estimates of disaster

cost. Extensive miscellaneous notes were recorded for each file.

Table 3 lists information on all FWHA disasters by state and

other relevant information. In all there were 158 disasters

receiving FWHA allocations between 1971 and 1981. A more

extensive analysis of these disasters is given in the empirical

section below.
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The kind of analysis undertaken is very much a function of

the kind of data available. One strategy employed in this study

is to examine other sources as well as collecting any relevant

information kept in FHWA headquarters files. A number of general

observations may be made. It is very likely that some of the

financial data is not totally accurate. In some instances it was

not possible to locate files at FHWA headquarters for each

disaster and where they existed they were in various states of

completion. For older files materials appeared to have not been

replaced or to never have been generated. This made it difficult

to compare information across years. A maj or issue was

transferring data from the files to forms so it could be

transported to Georgia Tech and placed on the computer. A number

of quality checks were implemented to assure accuracy.

From reviewing the letter files it was determined that a

change in funding occurred. Prior to 1973 program approvals

occurred in stages with itemized projects listed in each stage

while after 1973 lump sum funding appears to occur. Therefore it

was necessary to use lump sum funding for consistency. The most

consistent and best source of information were the approval

letters sent out by FHWA however some files did not contain

these. While some of the letters found in these files referenced

the FHWA Disaster Code Number some did not. It would be helpful

if all files referenced this number. Otherwise it is impossible

to conduct detailed scenarios of damage done to the

transportation system.
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Probing other Data Source

Additional data were explored in order to check the quality

and extent of the national FHWA and FEMA data bases and to

identify other sources of information on damage to the

transportation infrastructure. The purpose of this is to identify

and locate new and complementary sources.

The Corps of Engineers were contacted and they shared maps

outlining corps projects and district boundaries. Once specific

projects are identified it is possible to get general information

outlining the impact of natural disasters on these specific

project areas. For more detailed information we were referred to

FEMA regional offices. But the information at such offices

focuses on flood disasters only and gives great detail only on

damages and repairs for specific projects. The National research

Council was contacted and several reports published by them were

used in this study. Additional documents are available from the

National Technical Information Service in Springfield, virginia.

The national Oceanic and Atmospheric Administration (NOAA)

publishes very helpful information on earthquakes. For example the

damage survey tables contained in publications like Tornado

Outbreak (NOAA, 1974) provide measures for assessing earthquake

impact.

The New York Times Index was searched for data on natural

disasters and was found to be a relatively good source for

information on the three earthquakes occurring between 1971 and
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1981. Although its impact data is not recorded on a sUfficiently

consistent basis, it is very helpful in identifying other

agencies and sources involved in specific disasters.

The Eastern operations Headquarters of the American Red

Cross was contacted and this proved to be the most consistent and

substantial source of information on impact of natural disasters.

The sources of its information are the Red Cross Chapter reports

(903's). We collected information from its headquarters for

disasters occurring in region four. A list of all disasters

occurring between 1971 and 1981 was sent this to headquarters and

in turn it sent to us copies of as many 903 forms as could be

located. These forms contain information on the disaster relief

provided by the Red Cross and on the damage done. This

information was the basis on which it was possible to do more

detailed analysis for region IV. A more extensive discussion

occurs in section three of this report.

Several railroad companies were contacted but they were

unwilling to share information on damage to facilities or cost of

such damage.

Empirical Analysis of the Impact on Transportation Lifelines

The analysis of disasters below includes only those

occurrences where both FEMA and FHWA obligations were involved.

Disasters are classified into eight categories: earthquakes;

floods, severe storms; floods, landslides; floods, snowmelts;
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tornadoes; hurricanes; typhoons, tropical storms; and other

disasters such as dam collapse. Table 4 records each individual

disaster by type occurring between 1971 and 1981. In all there

were 108 such disasters. The table also includes other relevant

information such as the disaster type, incidence period, counties

that impacted, Category C damage expenditures, total Fema

expenditures and the number of deaths resulting from the

disaster.

Table 5 is a summary of FEMA and FHWA disaster expenditures

by program. FEMA total expenditures were close to $2,000,000,000

over the ten year period. FEMA transportati_on expenditures are

less than 20 percent of total or $366 million. Expenditures under

FHWA 098 (emergency relief on federal aid highways) is

approximately five times FHWA 099 expenditures (for other

federal roads). These were $479 million and $90 million

respectively while total transportation expenditures were $936

million.

Table 6 lists disasters that have impacted transportation

systems. Over the ten year period Region 4 recorded the largest

number of natural disasters followed by regions 3, 5, and 8

respectively. Regions 1, 10, and 6 each experienced nine

disasters while regions 7, 2, and 9 had the fewest. Floods are

the most frequently occurring disaster with the largest number

concentrated in regions 3 and 4, see also Figure 5. Additionally

floods occur with a very high frequency across all regions, when

look at as a percent of all disasters.
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FIGURE 5: FEMA & FHWA DISASTER TYPES BY REGION, 1971-198
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Approximately $3.8 billion was spent on emergency relief programs

in total by FHWA and FEMA. Figure 6 gives the distribution of

these expenditures by type. Floods, severe storms accounts for

the largest expenditure or 39.11% of the total. Typhoons,

tropical storms is the second highest expenditure category

accounting for 27.19% and is followed by hurricanes at 10.7%. The

fourth largest expenditure category is earthquakes which is

followed by tornadoes, flood snowmelt, floods landslides, and

other types respectively. Of the $3.8 billion in disaster

expenditures, transportation damage accounts for $936 million or

25 percent of all money spent.

The regional allocation of these expenditures is given in

Table 7 and Figure 7. According to Figure 7, region 3 received

37.35 percent of all transportation disaster expenditures from

1971-1981. Region 4 received the second highest amount, 17.01

percent followed by region 10 with 10.75 percent, region 8, 9.25

percent, region 2, 7.16 percent and regions 9, 5, 1, and 2 in

respective order. The three regions with the greatest number of

transportation related disasters occurrences were 4, 3, and 5

Which combined accounted for 51 percent of all disasters and

received 58.6 percent of all disaster assistance.

Figure 8 shows the proportion of each $100.00 allocated by

region by region for disaster assistance of type 098, 099 and

FEMA. All regions received some amount of FEMA expenditures per

$100.00 allocated. This varied from a high of $70.00 per $100.00

in region 1 to a low of only $11.00 per $100.00 in region 9.
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FIGURE 6: SUMMARY OF FEMA AND FWHA DISASTER EXPENDITURES BY TYPE,
1971·1981 (TOTAl:$3.804 BILLION)
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FIGURE 7: PERCENT DISTRIBUTiON OF TRANSPORTATION DISASTER
EXPENDITURES BY REGION, 1971·1981
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FIGURE 8: ALLOCATION OF EACH $100 OF TRANSPORTATION
RELATED DISASTER ASSISTANCE BY REGION, 1971·1981
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Likewise all regions received 098 allocations per $100.00 varying

from a high of $68.00 in region 4 to $11.00 in region 8. Finally

only five regions received 099 allocations, regions 1, 4, 8 and

10.

Figure 9 charts total FEMA expenditures between 1971 and

1981 and the relative proportion allocated to transportation

damage. The abnormally large allocation in 1972 reflects the

damage caused by Tropical Storm Agnes between June 18, 1972 and

July 4, 1972. Figure 10 provides similar information for FEMA and

FHWA expenditures.

The information obtained up to this point was used to

develop regression models that estimate the impact of types of

disasters on transportation lifelines. The dependent variable in

the models is the logarithm of the sum of expenditures in

Category C FEMA, 098 FHWA and 099 FHWA. Category C expenditures

consists of FEMA funds spent for any construction feature within

the public Right of Way that is essential in making the road or

street functional. Only facilities regularly maintained and kept

in repair are eligible for disaster assistance when damaged or

destroyed.

FHWA 098 expenditures consists of FHWA appropriations for

emergency relief on federal aid highways while FHWA 099

expenditures consist of appropriations for emergency relief on

other federal roads such as national park service roads. Total

road expenditures equals FEMA transportation expenditures plus

FHWA 098 plus FHWA 099 and constitute the dependent variable.
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FIGURE 9 FEMA EXPENDITURES OVER TIME, 1971-1981 (WHERE FWHA
EXPENDITURES WERE ALLOCATED ALSO)
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FIGURE 10: TYPES OF EXPENDITURES OVER TIME, 1971-1981
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We use total government transportation expenditures as a proxy

for the total amount of damage accruing to the transportation

system from a natural disaster. Our reasoning in doing this is

that even though federal expenditures may not include all damage

costs, we believe the relation between federal expenditures and

all actual costs will remain constant over time. The model is as

follows:

Ln(X) of Totrdexp= Constant + a1(Counties) + a2[Ln(X) of Capout]

+ a3 [Ln(X) of Vehreg] + a4 (Type1) +as(Type2) + a6 (Type3) +

a7 (Type4) + as (Type6) + a9(Type7) + a10(TypeS) + all (Regl) +

a12(Reg2) + a13(Reg3} + al4(RegS) + a15(Reg6) +•••••.•.•.••+

a20 (Reg10) + e i

The independent variables are : 1. The number of counties

impacted by the disaster; 2. The log of total capital outlay for

highways by all units of government. Data is recorded at the

state level for the year of the disaster occurrence and measured

in thousands of dollars; 3. The log of motor vehicles registered

in the state. Note that variables 2 and 3 are included in order

to derive a measure of the extensiveness of the transportation

infrastructure. 4. Dummy variables are included in the model for

disaster type with type S (tornadoes) as the reference. Dummy

variables are included for regions with region 4 as the

reference.

Three regression models were run, see Table s. Model 1

contained 10 explanatory variables and excluded controls for

region. Model 2 contains 12 explanatory variables and excluded

87



controls for disaster type. The final model, whose results we

discuss here, had the best fit and controlled for both disaster

type and regions. It contains 19 explanatory variables.

The results given in Table 8 under model 3 are based on

pooling observations on disasters occurring in each state across

the range 1971-1981. The level of significance of the included

variable coefficients is given in the last column of the table.

The number of counties impacted and log of capital outlays are

significant at better than the .05 level and both have the

expected sign. Also the change in transportation disaster

expenditures for disasters occurring in region 10 as opposed to

region 4 is statistically significant. The adjusted r-squared for

model 3 is .35 and is higher than the same value in modell, .306

and model 2, .319.

The F statistic indicates that the regression equation is

statistically significant at better that the .05 level and the

standard error of the regression in model 3 is also the lowest at

1.073. Although the adjuster r-squared is .35, perhaps a better

measure of the goodness of fit of the model is the small size of

its standard error relative to the mean value of the dependent

variable. A desired value for this is 15% or less while our value

is 6.6%. The positive signs on all but vehicle registration

correspond to expectations. That is we would expect a positive

impact on the percent change in total transportation disaster

expenditures as the percent change in the number of counties

impacted and capital outlay on highways increases.
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The negative sign for the log of vehicle registration is

unexpected but statistically insignificant. Alternative model

specifications were tried to correct this sign but each produced

similar results. Yet we continue to include this variable because

it represents a good proxy for the extensiveness of the states

transportation network.

The coefficient for counties indicates that if a disaster

impacts one additional county there will be a 2.8% increase in

transportation expenditures. The coefficient of the log of

capital outlays indicates that if capital outlays increase by 1%

the total expenditures on transportation related damage will

increase by .93 of one percent. Capital outlays were included as

a proxy for the level of development of the transportation

infrastructure. The log of vehicles registered indicates that a

1% increase in the number of vehicles registered will cause a .59

percent decrease in transportation damage. As mentioned earlier,

we had expected this coefficient to be positive.

The dummy variables for disaster type are referenced to the

impact of tornadoes. All types of disasters except type 8 cause a

greater impact on disaster expenditures than do tornadoes.
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TA BLE 8 :M.OD EL 3

t1ulliple Regression Y1:In(x) or lolrdexp 19 X variables

OF: R: R-sguared: Ad j. R-sguared: Std. Error:

h07 1.682 \.466 1.35 1,.073

Analysis of Variance Table
Source OF: Sum SQuares: Mean Sauare: F-test:

REGRESSION \9 88.3 4.047 4.037

RESIDUAL 88 101.299 1.151 D· .0001

TOTAL 107 189.598

No Residual Statistics Computed 1

[7

Muiliple Regression Y1:In(x) of lotrdexp 19 X variables

Beta Coefficient Table
Parameter: Value: Std. Err.: Std. Value: l-Value: Probabilllv:
INTERCEPT 11.248

counties .028 .007 .377 3.959 .0002
lo(x) of capout .928 .409 .576 2.268 .0258
lo(x) of vehreo -.589 .324 -.401 1.818 .0724
tvpel .688 1.068 .07 .645 .5209
tVDe2 .337 .363 .123· .929 .3557
tvpe3 .617 .647 .098 .953 .3432

2

[7

Multiple Regression Y1:In(x) of lolrdexp 19 X variables

Beta Coefficleot Table
Parameter: Value: Std. Err.: Std. Value: t-Value: Probabilitv:
tvpe4 .508 .589 .1 .863 .3906
lype6 .849 .665 .12 , 1.276 .2054
lvoe7 1.293 .684 .205 1.89 .062
tvoe8 -1.212 .693 -.173 1.75 .0836
REG 1 .499 .564 .104 .884 .3792
REG2 .416 .589 .066 .707 .4815
REG3 .223 .38 .065 .588 .5578

3

[7
90



Mulliple Regression Y1:In(x) or lolrdexp 19 X variables

Parameter:
REGS

REG6

REG7

REG8

REG9

REG10

Value:
-.467

-.373

-.677

.554

.737

1.295

Beta Coefficient Table
Std. Err.: Std. Value:
.409 -.107

.424 -.078

.516 -.117

.532 .121

.745 .117

.492 .27

t-Value:
1.141

.88

1.313

1.042

.989

2.63

Probability:
.2S7

.3815

.1928

.3001

.3255

.0101

4

[7

Parameter:
INTERCEPT

Multiple Regression Y1:In(x) of loirdexp 19 X variables

Confidence Intervals and Partial FTable
95~ lower: 95~ UDDer: 95~ lower: 9S~ Upoer: Partial F:

95~ lower:

counties
In(x) of caoout
In(x) of vehrea
tvpel
lype2

lvoe3

Parameter:

.014 .043 .014 .043

.115 1.741 .115 1.741

-1.233 .055 -1.233 .055

-1.434 2.811 -1.434 2.811

-.384 1.058 -.384 1.058

-.67 1.903 -.67 1.903

Muiliple Regression Y1:In(x) of lolrd.xp 19 X variables

Confidence Intervals and Partial F Table
95~ UDPer: 95~ lower: 95~ Upper:

15.675

5.142

3.306

.415

.862

.908

Partial F:

5

[7

lype4

lvoe6
type7

tvoe8
REG 1

REG2

REG3

-.662

-.473
-.066

-2.59

-.623
-.754

-.531

1.678 -.662 1.678

2.171 - .473 2.171

2.652 -.066 2.652

.165 -2.59 .165

1.62 - .623 1.62

1.586 - .754 1.586

.978 -.531 .978

91

.744

1.628

3.574

3.062

.781

.5

.346

6

[7



Multiple Regression Y1:In(x) or toLrdexp 19 X variables

Parameter:
REG5
REG6

REG7
REG8
REG9
REG10

95~ lower:
-1.28
-1.214
-1.703
-.503
-.744

.316

Confidence Intervals and Partial FTable
95~ Uooer: 95~ lower: 95"0 Uooer:
.346 -1 .28 .346
.469 -1.214 .469
.348 -1.703 .348
1.611 - .503 1.6 11
2.218 -.744 2.218
2.273 .316 2.273

92

Partial F:
1.302

.774
1.723
1.086
.978
6.919

7

7



\, t:- ­
~'.-]"\

~•. TABLE. 8 : MODEL l

MulUple Regression Y1:In(x) of lolrdexp lOX v8rl8bles

OF: . R: R-squared: Ad i. R-squared: Std. Error:

1t07 1.609 1.371 1.306 11.109

Analysis of Variance Table
Source OF: Sum Sauares: Mean SQuare: F-test:

REGRESSION 10 10.259 1.026 5.111

RESIDUAL 91 119.339 1.23 0=.0001

TOTAL 107 189.598

No Residual Statistics Computed 1

[7

Value:Parameter:
INTERCEPT

Multiple Regression Y1:In(x) or lolrdexp

Beta Coefficient Table
Std. Err.: Std. Value:

12.295

lOX v8ri8bles

t-Value: Probability:

counties

InbC) of caoout

In(x) of vehreQ

type 1

tvpe2

lYDe3

.02

.877
-.622

1.51

.644

1.387

.007

.341

.307

.863

.348

.599

.269

.544

-.423

.154

.236

.22

2.936

2.569

2.028

1.75

1.85

2.317

.0042

.0117

.0453

.0833

.0673

.0226

2

[7

Multiple Regression YI:In(x) or lolrdexp 10 X v.ri.bles

Parameter:

type4

lyoe6

lype7

type8

Value:

1.344

.966

2.147

-.614

Beta Coefficient Table
Std. Err.: Std. Value:

.516 .266

.654 .138

.607 .34

.686 -.088

93

t-Value:

2.607

1.478

3.539

.896

Probability:

.0106

.1428

.0006

.3727

3

[7



Parameter:
INTERCEPT

Multiple Regression Y1:In(x) of lolrdexp lOX variables

Confidence Intervals and Partial FTable
95~ Lower: 95~ Upper: 95~ Lower: 95~ UDDer: Partial F:

counties
In(x) of capout
)n{x) of vehreo

lypel

tvoe2
lvoe3

.007 .034 .007 .034

.199 1.554 .199 1.554
-1.23 - -.013 -1.23 -.013
-.203 3.223 -.203 3.223
-.047 1.336 -.047 1.336
.199 2.576 .199 2.576

Multiple Regression Y1:In(x) of lolrdexp lOX variables

8.621
6.597

4.111
3.061

3.424

5.367
4

[7

Parameter:
tvoe4
lype6

type7

type8

95~ lower:
.321

-.332

.943
-1.976

Confidence Intervals and ParUal F Table
95r. UDDer: 95r. Lower: 95~ UPDer:

2.368 .321 2.368

2.265 - .332 2.265

3.351 .943 3.351
.747 -1.976 .747

94

Partial F:
6.796

2.183

12.525
.802

5
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TABLE 8: MODEL 2_

Multiple Regression VI :In(x) of totrdexp 12 X variables

OF: R: R-sguared: Adj. R-sguared: Std. Error:
1::;.;..,0:....7------1...:.::.6.:.::29~_ __L:1.=.:39;.:::.6__-JI...:.::.3~19~_--Lll~.0;.;;...:98~_--J

Source
REGRESSION
RESIDUAL
TOTAL

OF:
12

95
107

Analysis of Variance Table
Sum Sauares: Mean Souare:
75.029 6.252

114.569 1.206
189.598

No Residual statistics Computed

F-test:
5.185
D· .0001

I

7

t1ultiple Regression VI :In(x) of lotrdexp 12 X variables

Beta Coefficient Table
Parameter: Value: Std. Err.: Std. Value: t-Value: Probability:
INTERCEPT 10.421
counties .034 .006 .454 5.35 .0001
In(x) of csooul 1.214 .396 .754 3,066 .0028
In(x) or vehreQ -.767 .318 -.523 2.413 .0177

REG I .551 .556 .115 .99 .3246

REG2 .732 .557 .116 1.314 .192
REG3 .369 .348 .108 1.058 .2927

2

7

Multiple Regression Y1:In(x) of lotrdexp 12 X variables

Parameter:
REGS
REG6
REG7
REG8
REG9
REGIO

Value:
-.553
-.267
-.692

.843
1.163
1.401

Beta Coefficient Table
Std. Err.: Std, Value:
.407 -.126
.429 -.056
.52 -.12
.472 .184
.562 .184
.448 .292

95

t-Value:
1.358
.623
1.33
1.786
2.071
3.125

Probability;

.1778

.5348

.1868

.0772

.0411

.0024

3

7



Parameter:

INTERCEPT

Multiple Regression Y1:In(x) or lolrdexp 12 X variables

Confidence Inlervals and Partial F Table

95~ Lower: 95~ UDDer: 95~ Lower: 95~ UDDer: Partial F:

counties

In(x) of capoul

In(x) of vehrea
REG 1
REG2

REG3

.021 .047 .021 .047

.428 2.001 .428 2.001

-1.398 -.136 -1.398 -.136

-.553 1.655 -.553 1.655

-.374 1.839 -.374 1.839

-.323 1.06 -.323 1.06

Multiple Regression Y1:In(x) of loirdexp 12 X variables

28.624

9.402

5.825

.981

1.727

1.12

4

V

Parameter:

REGS
RfG6
REG7
REG8

REG9
REG10

95"- Lower:

-1.361

-1.12

-1.725
-.094

.048

.511

Confidence Intervals and Parlial FTable

95l1: Upper: 95l1: Lower: 95~ Uooer:

.255 -1 .361 .255

.585 -1. 12 .585

.341 -1.725 .341

1.78 -.094 1.78

2.278 .048 2.278
2.291 .5 1I 2.291

96

Partial F:

1.843

.388

1.768

3.191

4.287

9.765

5

[7



However none proved statistically significant. The types are: 1.

Earthquakes, 2. Floods severe storms, 3. Floods landslides, 4.

Floods snowmelts, 5. Tornadoes, 6. Hurricanes, 7. Typhoons, and

8. Others. The results indicate that the impact of all disaster

types on the transportation system is similar.

Regional impacts were referenced to region 4. The results

indicate that only region 9 disasters have impacts that are

significantly different than those of region 4.

III. THE REGION.IV DATA BASE

Region four encompasses the southeastern states: Alabama,

Florida, Georgia, Kentucky, Mississippi, North Carolina, South

Carolina, and Tennessee. An organizational chart for region four

is presented in Figure 11. The mission of FEMA' s Region IV

includes the following:

1. Development and implementation of a comprehensive

emergency management program.

2. Support of FEMA's national program and objectives.

3. Development and maintenance of emergency capabilities

at regional, state, and local government levels.

4. Provision of leadership and guidance in emergency

management program development within Region IV.

5. To assist the FEMA National Director in developing

overall policy and provide information about Region IV

progress.
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6. Evaluation, administration and maintenance qf emergency

operations capability within Region IV.

7. Provision of support staff to other federal agencies in

accordance with FEMA guidelines.

8. Provision of guidance and supervision of the

Regional Accomplishment of these goals requires great

coordination and responsiveness to issues affecting

preparedness at all levels of government in Region IV.

The quality of emergency preparedness is a critical factor

and, this is particularly true in Region IV which has less than

20 percent of the nations population; 10 percent of its land

mass; and more than 55 percent of all maj or disaster

declarations. Flooding is the most frequently occurring followed

by tornadoes (FEMA, 1979-1980) although hurricanes are the most

devastating. Seismic activity occurs along the Kentucky,

Mississippi, Tennessee and South Carolina fault lines.

When natural disasters occur the Disaster Response And

Recovery Division coordinates federal relief. In addition, its

staff provides on-going technical assistance to governments to

increase the survivability of pUblic buildings and facilities

undergoing restoration. It also responds to man-made emergencies

such as chemical spills. Figure 12 lists some of the coordination

activities undertaken by the Disaster Response And Recovery

Division.
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FIGURE lr REGION IV ORGANIZATIONAL CHART

FEMA REGION IV

DEPUTY
REGIONAL DIRECTOR

MANAGEMENT
COORDINATOR

PUBLIC AFFAIRS
OFFICER

EMERGENCY
ANALYST

INTER­
GOVERNMENTAL

RELATIONS

USFA
REPRESENTATIVE

ADMINISTRATION
DIVISION

:~ AUDITORS IREGIONAL
DIRECTOR I-- --

I
L RED CROSS

REPRESENTATIVE

OPERATIONS
SUPPORT
DIVISION

r I I 1
DISASTER INSURANCE PLANS AND TRAINING AND

RESPONSE AND MITIGATION PREPAREDNESS EDUCATION
AND RECOVERY DIVISION DIVISION DIVISION

DIVISION
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Figure 12

FUNCTIONS OF THE RESPONSE AND RECOVERY DIVISION

Temporary housing for victims

Assistance with mortgage or
rental payments

Low interest loans

Distributing food coupons

Legal services

crises/Mental Health Counseling

Veterans Assistance

Repair/replacement of roads,
streets,bridges and water
control facilities

Repair/replacement of private
nonprofit facilities

Repairs and operating assistance
to pUblic schools

Quick-fix repairs

Disaster unemployment assis­
tance and job placement

Agricultural assistance

$5000 family and individual
grants

Consumer Counseling

Social Security Assistance

Clearance of Debris

Repair/replacement of pUblic
buildings and recreational
facilities

Community loans

Source: FEMA REGION IV Highlights Of Activities 1979-1980
Federal Emergency Management Agency

There is need to better anticipate the impacts of various

disasters in order to better prepare for the negative affects

they have.

Region IV: Developing The Data Base

The ability to identify regional impact of natural disasters

is dependent on the data base linking disasters to impacts. As
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has been discussed the data to do detailed impact analysis of the

transportation system is not available. As a result it was

necessary to explore other sources of impact data. The most

substantial source was the American Red Cross. When a disaster

occurs the Red Cross is concerned with immediate relief

(providing immediate shelter, clothes, food etc.).

Once involved the Red Cross assesses damage and completes a

Chapter Disaster Relief Report on a county basis. This contains

information on the number dead, missing, homes destroyed,

injured, etc. Red Cross expenditures are also recorded. Relief

reports are revised as numbers change until a final report is

issued.

Mr. Ben L. Evans, Director of Disaster Services with the

Eastern Operations Headquarters was contacted in Alexandria,

Virginia. Disaster Relief Reports are located at the three

regional Red Cross headquarters. Several problems were associated

with the data collected from regional headquarters:

A. There were numerous reports for which it was not possible

to locate relief reports. In some instances counties are

declared disaster areas due to pUblic works damage and no

families are affected. The Red Cross would then have no

involvement. This fact might explain the lack of reports

for some counties located in presidentially declared

disaster areas.

B. All Red Cross records are filed by chapter name. It is
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possible for one chapter to have jurisdiction for

neighboring counties without being identified in the

chapter name. Therefore, where we only had county names

it was not always possible to identify the chapter and

therefore these reports were not collected.

C. Red Cross records utilize the date of the disaster and

not the declaration date.

Nonetheless, the disaster relief reports are the most consistent

and helpful source of impact data by which to gauge disaster

intensity. The kind of data collected by the Red Cross provides

more of an opportunity to support the development of regional

impact models particularly when coupled with data available at

the national level.

Table 9 lists all FEMA disasters occurring in region 4.

There is a total of 62 such disasters. Total expenditures for

transportation damage from 1971-1981 in region 4 was

$72,437,240. The column labeled % FEMA Transport. Of Total

Expenditure gives the percent transportation was of total FEMA

expenditures. For example, disasters number 318, 387, 332, 395,

331, 459, and 53 3 respectively were occurrences where

transportation expenditures were the highest percent of total

FEMA expenditures. Following is a list of the kinds of disasters

included:

1. 318

2. 387

3. 332

Heavy rains & flooding

Severe storms & flooding

Heavy rains & flooding
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4. 395 Severe storms & flooding

5. 331 Heavy rains & flooding

6. 459 Severe storms & flooding

7. 533 Severe storms & flooding

Thus, in the above instance we might conclude that flooding

results in a much larger percentage of expenditures allocated to

road damage. In this way it is possible to discuss road damage

within the context of specific types of disasters.

Table 10 summarizes FEMA data for region 4. Figure 13 is a

graphic summary of transportation damage as a percent of total

FEMA damage. Tennessee received the highest allocation of FEMA

transportation damage expenditures $20.5 million, followed by

Mississippi, North Carolina and Kentucky. Tennessee also

experienced the largest deaths resulting from disasters. Alabama

on the other hand received the highest total FEMA allocation

$239.2 million followed by Kentucky. Additionally, Tennessee was

the state where road damage was the highest percent of total

expenditures, 63.49 followed by North Carolina with 54.69

percent. Total FEMA transportation damage expenditures were

greatest in Tennessee, Mississippi and North Carolina

respectively. The states with the greatest number of deaths

resulting from disasters over the ten year time period were

Tennessee, Mississippi, Alabama, Kentucky, Florida, Georgia, and

North Carolina respectively.

Detailed information on the 23 region 4 disasters involving

both FEMA and FHWA expenditures are listed in Table 11 while
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Table 12 summarizes data in Table 11 by state. It indicates that

total transportation expenditures for FHWA were $107,412,828.00,

and $51,850,505.00 for FEMA. Table 13 lists detailed information

on FHWA allocations for region 4 disasters while Table 14

contains Region 4 Red Cross data in addition to FEMA data. A

comparison of the data under the FEMA columns with that under Red

Cross columns indicates Red Cross data is much more detailed than

is FEMA data. For example Red Cross gives detailed information on

deaths, injuries, damage to dwellings and businesses destroyed.
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TABLE 10: SUMMARY DATA ON REGION 4, ALL FEMA EXPENDITURES
1971·1981

STATE NO. COUNTIES TOTAL FEMA TRANSPORT. TOTAL FEMA
IMPACTED DEAD DAMAGE EXPEND. EXPENDITURES

AL 159 159 $10,101,125 $239,227,581
Fl 94 94 $2,989,630 $49,283,476
G\ 51 51 $1,206,607 $7,396,561
KY 132 132 $11,594,973 $128,981,374
MS 182 182 $13,419,235 $94,157,608
t-c 32 32 $12,580,364 $23,004,124
1N 189 189 $20,545,306 $32,359,672
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FIGURE 13: TRANSPORTATION DAMAGE AS A PERCENT OF REGION
FOUR TOTAL FEMA DAMAGE, 1971-1981
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IV. EARTHQUAKES: SELECTED CASE STUDIES

Earthquakes are particularly threatening due to their

ability to initiate activity on the part of other natural

hazards. Although they are typically of short duration they can

be devastating thus, there is tremendous need to better identify

areas of seismic activity and predict potential effect associated

with earthquakes.

Older structures are particularly susceptible to earthquake

damage and are prime hazards although some modern structures do

not meet seismic safety standards. Determination of appropriate

levels of construction to resist earthquakes is a critical issue

in lifeline engineering. The ability to identify these is of

vital importance to decision makers and planners.

within the context of urban areas lifelines represent a

substantial portion of economic investment susceptible to damage

in the event of an earthquake. Such damage may have a profound

impact on pUblic well-being. It potentially may result in:

A. Disruption and damage to the transportation system

thereby limiting the community's ability to respond and

survive.

B. Dangers posed by ruptured utility lines (fires etc.).

C. Isolation and inability to communicate.

Needless to say, the cost of repair is prohibitive. And even

partial damage means the lifeline may not be able to perform as a

system or network.
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Transportation Lifeline Performance During Earthquakes

There are a number of ways in which the transportation

system can be interrupted during an earthquake. During the

Miyagiken-oki Earthquake on June 12, 1978 in Japan the automatic

control of traffic lights was curtailed. This occurred during the

rush hour and resulted in massive traffic jams. Travel on major

roads was restricted to national highways and the Tohoku

Expressway. Table 15 contain information on travel restrictions

on national highways and roads administered by Miyagi Prefectural

Government. Rail service was suspended for a minimum of two days

to up to three and one-half weeks in other instances. Service at

the Sendai Airport was temporarily suspended ( Kuribayashi et.

ale , 1979 ). Figure 14 is a map of the transportation network in

Miyagi Prefecture.

September 19, 1985 an earthquake of 8.1 magnitude struck

Mexico. The ground motions associated with the 1985 earthquake

were possibly the largest to be felt in Mexico City. Despite the

great intensity transportation lifelines

The critical role played by transportation lifelines was

dramatically illustrated after the Tangshan earthquake on July

28, 1976. Disaster relief was severely hampered and external

traffic facilities were destroyed. Cracks developed in the

pavement between older and more recently filled roadbeds. River

banks adjacent to roads slid or settled unevenly. Bridges were

destroyed this included; droppage of lateral beams, collapse of
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FIGURE 14: TRANSPORTATION NETWORK,
THE MIYAGI PREFECTURE

L.er~nd

30
1; 500.000

10 20

N

t
T

::=r ==:"_lr~~OltUEX;lreS!·

Is.monol! Hl,nway

129



longitudinal beams, and significant displacement of piers. Roads

in the city sUffered much lighter damage than external ones.

Collapsed buildings stopped traffic and further damaged the

roads.

For the railroad there was damage to the track coupled with

the derailment and overturning of both passenger and freight

trains. This resulted in more damage to the roadway. Bridges over

which the railroad traveled were not as severely damaged as

other bridges. Passenger depots and communications were damaged

extensively (Xunchu,1981). Following the earthquake the amount of

traffic was significantly reduced. Also disaster relief vehicles

had to use alternative routes that were much less efficient.

The airport was operational by July 29. By August 5, all

external facilities had been temporarily repaired

and were open to traffic and the railroad re-opened on August 10.

There are a number of implications to be drawn from this

experience:

1. Transportation lifelines must have the capability to meet

the demands placed upon it after the earthquake. This

implies that a great amount of redundancy must exist or

specific plans made to accommodate emergencies.

2. Highways connecting railroad facilities, freight

terminals, airports, etc. must be accessible and

operative. The design implications must be addressed.

3. Traffic control capability must be extensive.

4. Plans should be made for emergency repair of major
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transportation facilities.

5. Distribution capability must exist for food, drugs etc.

6. Inspection of transportation facilities regularly so we

can evaluate their vUlnerability and examine the possibility

of retrofitting.

James D. Cooper in " MITIGATION OF EARTHQUAKE DAMAGE ON

HIGHWAY SYSTEMS" outlines the likely damage to highways

resulting from a maj or eastern earthquake. Most research has

focused on improving the seismic safety of bridges connecting

highway systems. .Data on lifeline failure has generally been

collected in post-earthquake site visitations. Again, roadway

cracking, road closure, and sliding slopes/embankments are likely

occurrences although system redundancy will alleviate stress on

the transportation system. Bridges would probably experience

collapsed spans, column or pier movement, joint movement and

column or foundation failure. The failure of bridges in past

earthquakes suggest the need for an aggressive program of

inspection and improvement to those structures susceptible to the

great damage or the closure of those where costs are prohibitive.

No matter the approach taken what is desirable is the increased

seismic safety of the transportation network.

On September 19, 1985 an earthquake of magnitude 8.1 struck

Mexico. The ground motions associated with the earthquake were

probably among the strongest ever felt in Mexico City. Despite

the intensity, transportation lifelines performed extremely well.
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streets experienced only minor damage and the METRO was fully

operational although it was shut down for inspection immediately

afterward to assure passenger safety. METRO was designed so it

encompassed a number of seismic considerations. Airports were

also operational and did not sustain much damage. Thus, there is

opportunity to study good performance of transportation lifelines

during an earthquake of significant magnitude.

One of the more extensive analysis of transportation

lifeline performance (Kawashima et. a1., 1985) was detailed in

the joint U.S.-Japan Workshop on Urban Earthquake Hazards

Reduction. In
\

addition to examining the affects on the

transportation system in the Nihonkai-chubu earthquake in 1983

the performance in three other earthquakes are examined. The

Nihonkai-chubu earthquake ocurred in Japan and had a magnitude of

7.7. There was heavy loss of life (104 persons) and extensive

liquefaction.

There was great interruption of traffic flow on highways in

approximately 45 places however restoration was prompt. Ports and

harbors were damaged extensively and railroads were damaged in

approximately 693 places on 12 lines. However, railroad

restoration was accomplished in about three weeks. Table 16

compares four earthquakes affecting the Tohhoku Region within the

last twenty-five years. They are the:

Nigata occurring in 1964 with a magnitude of 7.5

Tokachi-oki occurring in 1968 with a magnitude of 7.9

Miyagi-ken-oki occurring in 1978 with a magnitude of 7.4
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Nihonkai-chubu occurring in 1983 with a magnitude of 7.7

Damage to civil engineering structures varies from approximately

ten percent to about fifty percent. Kawashima et. ale developed a

description of the damage pattern earthquakes follow ( See Figure

15). They suggest damage occurs in the four stages identified in

the figure.

Earthquakes: San Fernando, Hilor and El Centro

The three earthquakes named above occurred during the 1971­

1981 time period. The San Fernando earthquake occurred in San

Fernando, California in February, 1971. The Hilo occurred in

Hilo, Hawaii in April, 1973 and the El Centro in EI Centro,

California in October, 1979. A major issue in examining the

impact on transportation lifelines is identifying sources of

data. There is not good information available on the impact of

lifelines during these occurrences. As a result, many additional

sources were sought in an attempt to expand the information base

relative to these three disasters. The New York Times Index was

reviewed, as were earthquake journals, and data was collected

from FHWA and FEMA offices. In addition an extensive library

search was undertaken. The result of this effort forms the basis

for the following analysis. As is often the case with research of

this kind we raise many more issues than we have the capability

to answer or resolve.
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FIGURE 15 .. EARTHQUAKE DAMAGE PATTERN
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The San Fernando Earthquake

The information contained in this section was collected from

a review of articles identified in the New York Times Index

which lists articles carried in the New York Times. There was a

great deal of information that focused on impact with a very good

descriptive account of the disaster.

The earthquake struck at 6 A.M. on February 9, 1971 in San

Fernando, California. It had a magnitude of 6.5 on the Richter

Scale and lasted for approximately one minute. Aftershocks

occurred on February 15 all with magnitudes less than four. The

quakes epicenter was near Newhall about 40 miles north of Los

Angeles. Sixty-two people died in the disaster and tremendous

damage was done. Dams, runways, highways, freeways, and bridges

were badly damaged. Five major highways had to be closed this

included interstates 5, 405, 210, 14, and 2. In one instance the

freeway buckled and slabs tilted more than five feet above the

roadbed. A number of overpasses collapsed killing people and

disrupting traffic. Traffic jams were crippling and thousands of

people were evacuated. preliminary estimates set the total loss

at one billion dollars. A summary of information contained in

articles carried in the New York Times are located in Appendix

II. One difficulty in consulting newspapers is that coverage is

not ongoing and as statistics/information changes this is not

reported. For example the last newspaper account listed 62

casualties while numerous sources written since then list 64

casualties.
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FEMA records indicate a total commitment of $217,371,928 for

all work categories. These include:

Work Category Description Amount

A

B

C

D

E

F

G

Debris Clearance

Protective Measures

Road Systems

Water Control Facilities

Public Buildings and

Equipment

Public utilities

Facilities Under

$1,519,674

$3,179,430

$939,228

$1,363,719

$112,500,000

$67,292,238

H

I

IFG

Construction

Private Nonprofit Facilities

other damages

Individual Family Grants

$213,038

$348,479

$265,135

o

Agencies other Agencies Expenditures $29,744,300

Road systems are $939,228.00 or .43 percent of the total amount.

In his declaration of emergency then governor Ronald Reagen

said, " The County of Los Angeles and cities located herein and

the state have suffered serious damage to their road systems and

have sustained loss of bridges, drainage structures, roadbeds,

and road surfaces on the Federal-aid interstate, primary and
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secondary systems" ( FHWA, 1971 ). The declaration continued to

summarize in general the devastation to the transportation

system. It is interesting to note this particular lifeline and

the damage it sustained formed the basis of the proclamation. A

special report written immediately following the earthquake

described impacts in a fairly detailed manner. Of course the

obvious problem is that the impacts were in many instances still

unfolding. Also, documents like this one are not mandatory

therefore their availability is not assured. The estimate of

damage to the Federal-Aid System was $30, 000, 000. The actual

obligations shown on FHWA records is $19,292,004.47.

SUbstantially less than the initial estimate.

The Hilo Earthquake

The Hila earthquake struck on April 26, 1973 in Hawaii at

10:30 A.M. Its epicenter was under the Kilauea crater located

approximately 30 miles from the City of Hila. Several buildings

swayed and landslides occurred. One building was flattened, more

than 100 homes were damaged and eleven persons were injured.

Power lines, telephone lines and water pipes were damaged. The

initial estimate of damage was one million dollars.

FEMA records indicate a total commitment of $1,536,683
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for all work categories. These include:

Work Category Description Amount

A Debris Clearance $44,569

B Protective Measures $2,624

C Road Systems $928,751

0 Water Control Facilities 0

E Public Buildings and

Equipment $412,103

F Public utilities $136,662

G Facilities Under

Construction 0

H Private Nonprofit Facilities $1,125

I Other damages $1,350

IFG

Agencies

Individual Family Grants

Other Agencies Expenditures

o

$9,499

Road systems are $928,751 or 60.0 percent of the total amount.

There is no record of FHWA expenditures in the Hilo earthquake.

The El Centro Earthquake

The EI Centro earthquake struck on October 15, 1979 shaking

southern California and northern Mexico. It had a magnitude of

6.4 with an epicenter located 14 miles east of Calexico. Damage

was largely contained in the Imperial Valley. There was extensive

damage to pUblic utilities, buildings, and roads. Several
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aftershocks occurred on the same day and approximately 18 shocks

were felt within the 18 hour period following the main shock.

There was extensive property damage on both sides of the border.

The canal supplying water to Imperial Valley was damaged and had

to be drained in order to be repaired. The initial estimate of

damage was $20,000,000.

AmountDescription

FEMA records indicate a total of $8,219,811 for all work

categories. These include:

Work Category

A

B

C

D

E

F

G

Debris Clearance

Protective Measures

Road Systems

Water Control Facilities

Public Buildings and

Equipment

Public utilities

Facilities Under

$11,786

$171,800

$129,628

$325,365

$6,065,261

$993,017

H

I

Construction

Private Nonprofit Facilities

Other damages

$5,558

o

$56,196

IFG

Agencies

Individual Family Grants

Other Agencies Expenditures

$300,000

$161,200
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Road systems are $129,628 or 2 percent of the total amount.

The total cost according to FHWA records was $37,493,325.48.
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v. STUDY IMPLICATIONS AND CONCLUSIONS

The major objectives of the study were accomplished. These are:

To prepare a national transportation damage data base that can be

used to shed light on policy issues; To conduct preliminary

analysis on the data base; To identify data and knowledge gaps in

the area of transportation damage impacts; To identify what kinds

of research issues should follow from the study; and To identify

the general vulnerability (damage) to transportation systems

resulting from natural disasters. The concept of deriving a

general vulnerability of our transportation systems is a unique

departure from standard practice. In this regards, our results

confirm the general lack of information on natural disasters and

their impacts on transportation system. There is a distinct need

to extend the knowledge base. We must identify the kinds of

disasters likely to occur at specific locations, their

characteristics and consequences, and the vulnerabilities

transportation lifelines at specific regions. This study is

distinctive in that it generates a national data base that allows

the creation of measures of general vulnerability.

Data is available on all natural disasters that have

impacted transportation lifelines. In this regard our sample

actually turns out to be a census. However the amount and quality

of data available on each disaster varies significantly. As a

result only a few variable are available across the entire
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population of disasters. This limits the general analysis to a

relatively small number of categories such as types of disasters,

damage expenditures by FHWA and FEMA, location and date of

occurrences number of deaths, number of counties impacted, etc.

conspicuously absent is information on the economic impact of

transportation damage, characteristics of the transportation

network relative to the damage it experiences, data on private

sector damage/costs, injuries and transportation system

performance during disasters. In many ways the structure of the

Damage Survey Report contributes to this limitation because of

the information it contains. On the other hand data contained in

the DMIS permits a much more detailed analysis of disaster

impacts. At the regional level there is more data available in

file folders. However the inconsistency of its quality does not

allow it to be used for general analysis.

Over the ten year period examines, region 4 recorded the

largest number of natural disasters followed by regions 3, 5, and

8 respectively. Floods have the greatest impact on the

transportation system, accounting for almost 40% of FEMA and FHWA

disaster expenditures. They occur most often in regions 3 and 4.

Attempts to model the impact of disasters on transportation

damage turned out to be moderately successful. When variables

such as disaster type, region, size of the impacted area, and

measures of the extensiveness on transportation infrastructure

are controlled we are able to explain 35% of the variance in

damage related expenditures. However when this variance is
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compared to the mean value of disaster expenditures it was found

to be particularly small. Overall however the results indicate

that either other important factors are missing from our model or

that it is difficult to model disaster damage with high degrees

of accuracy. In general our results found no significant

difference in the impact of disaster types on transportation

damage expenditures.

Region 4 has less than 20% of the nation's population but

experience more than 55% of 'all natural disasters. During a

special study of this region the American Red Cross was to have

the most substantial data available on natural disaster impacts.

Its data includes more detailed information on injuries,

dwellings destroyed, more accurate counts of deaths, businesses

homes, and apartments destroyed and dwellings rebuilt. Although

richer in content, the absence of its general availability and

small sample size means that it can not be used to analyze

general impacts.

Because the number of earthquakes occurring in the U. S .

between 1971 and 1981 were very limited, we drew upon the

experiences of locations outside of the country to gather

information on impact damage to transportation lifelines. Systems

experienced damage and disruptions in a number of ways including:

massive traffic jams, disruption of rail service, loss of

mobility, destruction of the roadway system including bridges,

flooding and sinking of roads, upheaval of the road surface,

damage to passenger and freight trains, damage to piers and
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drainage structures and disruption of emergency service and food

distribution. finally our research suggests the following points:

1. More research is needed in assessing the general vulnerability

of selected facilities and vUlnerability at the regional level.

One way of summarizing this information could be through the

development of vUlnerability maps.

2. Once general vUlnerability is determined it is appropriate to

develop more refined measures of system vUlnerability. This will

allow a more precise implementation of mitigation procedures.

3. Policies must reflect anticipated disaster impacts.

4. There is a need for greater cooperation with respect to data

collection between FEMA and FHWA to document transportation

system damage.

5. Information collection from private agencies must be

undertaken to document damage. Since anonymity is important to

businesses, the government is the most appropriate agency to

facilitate this.

6. Given the frequency of flood damage to roadways,

reconstruction should be allowed so as to enhance the quality and

standard of the damaged facility.
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7. As depositories, regional offices should become more active

and better organized.

8. Better initial estimates of damage should be an agency goal as

there currently exists great variance between initial damage

estimates and actual expenditures.

9. Red Cross Chapter Reports are examples good examples of

detailed impact data and can complement FEMA and FHWA sources

quite well. Much more attention should be given to exploiting

these sources.

10. Planning for disasters in high frequency areas such as Region

4 could be greatly facilitated through the development of

vulnerability maps.

11. The fact that transportation damage accounts for 25% of all

disaster expenditures means that much more attention and policies

should be oriented to this direction.

12. Since our empirical research did not find any significant

differences in damage caused by various types of disasters (other

things equal) a major consideration then is determining the

frequency of occurrence of various types.
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13. The overwhelming impact of floods means that much more

attention and research should be directed here. Reconstruction of

damaged lifelines should be done at a level which improves the

quality and standard of construction.
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APPENDIX I

OFFICIAL TWO LETTER STATE ABBREVIATIONS
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APPENDIX II

COMMENTS FROM NEW YORK TIMES ARTICLES

NYT

ARTICLE DATE: 2/10/71
QUAKE INSURANCE IS CARRIED BY FEW, COVERAGE IS COSTLY

Few people have earthquake insurance because it costs twice as
much as other insurances and has a substantial deductible,
usually 5%. NYT

ARTICLE DATE: 2/11/71
DEATHS RISE TO 51 IN QUAKE ON COAST, CLEANUP STARTED

Death toll increased on 51

10 still buried at Sylmar VA Hospital

80,000 people being asked to stay away from their homes as a
precautionary measure due to a weakened dam at the Van Norman
Lake Resevoir

Aftershocks reaching as high as 5 on Richter scale

Gas main rupture and exploded injuring 6 people in a Westwood
Restaurant

Difficulty in compiling statistical estimates

Property damage is expected to exceed 1 million

675 privately owned homes suffered major structural damage, 199
declared unsafe for occupancy

17,000 residents in town of San Fernando were w/o water

Golden State and San Diego Freeways still blocked by torn
pavement a~d falling debris from falling overpasses

At least 7 school buildings that didn't meet building code
standards received damage NYT
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ARTICLE DATE: 2/11/71
MOST ARE PATIENT, OTHERS ANNOYED

This article dealt with the 80,000 people evacuated from the Van
Norman Lake Resevoir area

Strict patrol had to be maintained to keep looters away

Entrance to unsafe area was allowed on a limited basis-­
emergencies only

Schools closed

Contamination of water

Damage to water mains

A 70 year old man brought from a nursing home located in the off
limits area suffered a heart attack during one of the after
shocks NYT

ARTICLE DATE: 2/11/71
HEAVY VOLUME OF CALLS SNARLS PHONE CIRCUITS TO LOS ANGELES

Concerned relatives calling Los Angeles overloaded telephone
circuits.

Delays of two hours or more before people could get through

LA operations usually handles 95,000 calls - it had to handle
800,000. This means that they handled a volume, 8.5 times more
than normal

An additional 300 operators were brought in on an emergency basis

Red Cross had to handle a bag percentage of. the volume of calls
through its emergency teletype communications system - even this
system was overloaded NYT

ARTICLE DATE: 2/12/71

THREAT OF FLOODING EASES IN CALIFORNIA; 57 NOW DEAD IN QUAKE

People found it difficult to return to normal patterns of life

Rescue crews generally had to search for bodies believed to b~

buried under the debris

Fresh water still unavailable

Major freeways still blocked
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Prediction of traffic jam for outgoing traffic onthe weekend

Workmen had to pumpwater out of cracked dam

Overcrowding in evacuation camps

Confusion among non-english speaking residents as they did not
know that was going on

Difficulty anticipated in future selling of houses in the
affected areas because of skepticism in buying a house in the
earthquake-prone area NYT

ARTICLE DATE: 2/13/71

80,000 ARE PERMITTED TO RETURN TO
THEIR HOMES IN LOS ANGELES

Water had to be pumped out from the dam for four days to bring it
to the safety level

Several people were killed, buried by the debris

Some persons still missing

The earthquake created fissures in the dam

Water supply still inadequate (broken main)

Families still camped out

At least a year before damage to Golden state and Foodhill
freeways could be repaved (crumpled pavings and collapsed
overpasses)

Schools suffete:l serialS st:rucb.Iral c:lani:qeNYT

ARTICLE DATE; 2/14/71

QUAKE-DAMAGED MISSION ON COAST NEEDS EXTNSIVE REPAIRING

Damage to historic buildings of great value--mostly cracks in
walls

Damage to statues and other artifacts

ARTICLE DATE: 12/16/71

LOS ANGELES AREA HIT BY MINOR QUAKES

After shocks were felt on February 15th
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Three aftershocks recorded measuring 3.9, 3.7, and 3.5 on the
Richter scale

Several homes were declared unsafe

Evacuation camps set up in schools

still no water, gas or telephone or sanitation facilities

Death toll up to 62

This article cites the # evacuated from the Van Norman Lakes Area
was 1.20,000

Nearly 200 homes have been declared unsafe in the communities of
Sylmar, sunland and Tujunga
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