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CHAPTER I: INTRODUCTION

BACKGROUND, OVERVIEW, LIMITS OF THE STUDY

Thi. re.earch appliea policy ana17.i. to the problem of de.igning a

pOlicy to mitigate the co.t. to re.ident. of Lo. Angele. of anyone of

.everal pro.p~ctive major earthquake. threalening the Los Angele.

ba.in. We develcp a model in the form of an accounting framework that

proce•• es data input. from a variety of .ource. and generate. policy

ranking••• output •• We view this model a. an attempt to .tart clo.-

ing the gap betwee~ for~al re.earch in the earthquake field and

applied policy te.ting.

Th~ model an.w~r. questions like the following: for each of a number

of .ugge.ted policie., are the co.t••aved worth the cost of .aving

them? if .0, which policy i. the mo.t efficient, offering 'the big-

ge.t bang for the buck'?

co.t. from .uch policie.?

who enjoy the benefit. and who bear the

Thi. p~licy analy.i- impo.e. fou~ technical re.pon.ibilitie.:

1. to identify a ••t of pro.pective policie.;

2. to determine the effect. of each on the anti~ipated level
of damage.;

3. to •••••• the worth of the•• effect.; and

4. to e.timate the co.t. to the co..unity of carrying out
th05e policie••
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Keeting the,e re,ponsibilities would make it possible to rank various

policies in terms of their re13~ive effici~neies. Yet, governments do

not always adopt the 'best' policy; efficiency is not the only (nor

eVen necessarily the dominant) criterion. Indeed, the most efficient

policy choice may have undesirable distributional cor-sequences. Host

limply, we tend to accept the notion that a new policy should not

'worsen' the distribution of income.

This adds another responsibility to the policy analyst:

5. to assess the losses and gains each policy promises
t~ impose on different group. in society

T~~ consequences of policy for individuals is the proper concern for

political representatives whose constituencies are defined by the spa-

tial of political district boundaries. A policy's ~itical feasibil-

~ depends on the li~elihood that it can gsrner enough legislative

votes to be enacted. Thus, treatment of political feasibility in our

policy analysis entail. y.. t another responsibility:

6. To determine the geographical distribution of affected
groups among the political relevant domains.

In short, the policy analysis of earthquake mitigation strategies con-

fronts us with six tasks.

Le.islators and public officials have interests in the prospective

consequences that would flow from the implementation of polici.s.

So.e plans and polici.. can be developed on a trial and error ba.is,

'llowinl a lovern.ent to 'learn' by it. mistake. and correct th•• 'in
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For other. which have ma•• ive initial commitment. of

re.ource. or lagged con.equence. that only become apparent after a

number of year. the learning mode i. too co.tly. To substitute for

the learning mode we have come to rely on model. of conditional E£!

dictio~. The.e model. do not 'cho.e' a be.t policy; they limply pre.

ent putative con.equence. flowing fr~m different .et. of a.sumption.

to which valuational notions can be applied.

In this re.ear:h we have developed a model of conditional prediction

for policies propo~ed to mitigate the d.mage. to be expected from the

occurrence of any of the major .eismic event. predicted for Southern

California. While we have nc policy tool. powerful enough to change

the likelihood that one or more .uch event. will occur, we can change

the exposure of property and per.ons to damage or injury. Thu. our

modeling of the problem take. the e.timated likelihood. of ground

.haking at various intensities at .pecific point. in the city a.

given. It then a.k. the queltion: how will the ex~ected lo••e. and

the co.t. of policy implementation vary by each of four pro.pective

policie.?

To anlwer the.e queltionl, we forecalt the annualized per capita COlt.

and benefit. of expected damage reduction for income group. a. well a.

for geographic di.trict••
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LITERATURE REVIEW

Current relearch on the relationlhip of development patternl to po.t-

earthquake recovery and of land u.e and development control. to

leilmic rilk i •• till in its infancy. Until very recently the bulk

of re.earch on earthquake hazard mitigation wa. devoted .olely to

buildina-Icale vulnerability, focu.ina on .tructural de.ign and life-

line engineering. Recent interelt in relearch related to urban-.cale

vulnerability i. encouraging.

three topicl:

Mo.t effort to date hal focused on

1. application of lei.mic and geological information and
micro-zonation technique. in land u.e planning:

2. ca.e .tudie. of anticipatory or pOlt-earthquake land u.e
planning and recon.truction effort.;

2. oraanizational and inltitutional context. of local
decilion-makina in dilalter mitigation.

The firlt category of relearch draw. on eriating .cientific and tech-

nical information related to local .ei.mic phenomena and aeololical

characteri.tic•. Studies for .ei.mic zonation in the San Franci.co

Bay area (Borchert, 1975: Brabb, 1979) provided important ground-work

for .ubaequent .tudie. by Blair and Spanale (1979), Erley and Kockel-

.an (1981) and Jaff. et al. (1981). The United State. Geololical Sur-

vey ha. played a leading role in generatinl technical and .cientific

infor.ation relat.d to .icrozonation atudie. and in di ••••inating thia

infor.ation. At leaat in the San Franciaco Bay area, the .ei ••ic

.icrozonation information made available by USGS ha. had 10•• i.pact

on city and county land u.e planninl (Kockel.an, 1980). What i. lack-



PAGE 5

ina i. • re.dy .ethodology for .icrozonation .n.ly.i. for .p.cifi~

site. and generalized performance characteristics of land u.e accepta

ble to .ites of different ri.k level ••

Under the .econd topic, syste••tic inventory of po.t-e.rthqu.ke lo.ses

and ~o..unity imp.ct. of recent earthquake. hal begun. The Jone. and

Avgar (1977) protocol on the Rumania earthquake, the Lagorio .nd Kader

(1981) and the Stratta et al. (1980) report. on the Campania-Basili

cata earthquake, and the excellent paper on Managua by Kates et .1.

(1973) are noteworthy example•. Preliminary reportl on the Coalinga

quake are a110 available (French, et al., 1984).

While most of the.e studies focus on the community con.equence. of

earthquake event••nd their implication. for .hort-term and long-term

planning, a monograph by Spangl~ et al. (1980) examinel .pecific.lly

the n.ture of recon.truction planning ba.ed on c•• e studies of e.rth

quake damaged cities (San Fernando, Anchorage, Valdez, Santa Ro.a).

It concludes that options for significant land ule change. after an

earthquake often are limited, which .ugge.t. that much greater empha

.i••hould be placed on anticipatory, pre-earthquake policy mea.ure.

for vulnerable .rea••

R••••rch on the org.nization.l and in.titutional context. of deci.ion

.aking relat.d to earthquake planning hal barely b.gun. There nave,

however, been .ever.l effort. to develop l.nd u.e pl.nning technique.

ba.ed on ••rthquake risk .~.ly.i.. French .nd I •••c.on (1984)

de.cribe. prob.bili.tic .ppro.ch to eart~quake ri.k an.ly.i. which

beain. by •• tiaating .nd .apping the expect.d lev.l of ground .otion

and geo10gic.1 vulner.bilitie. of .tudy .r.... o.••ge e.ti••te••re
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then .ade baJed on exi.ting land ule pattern. or future Icenario.. In

another .uch damage and 101. estimation .y.tem developed under the

au.picel of FEMA (Hoare et al., 1985) .evera1 type. of 101. e.timate.

were offered:

1. the expected phylic_l damage cauled by ground.haking:

2. the expected percent losl of function or usability;

•
3. the expected percent of population killed and injured;

4. expected lo••el due to collateral earthquake hazards .uch
al ground-failure, fire, inundation.

Thi. work i •• imilar, and presumably related, to a technically .ophi.-

ticated appr,)ach to earthquake damage evaluation developed by Rojahn,

Sharpe, Nutt (1984). In that study a fairly detailed inventory wal

developed to eltimate direct physical damage, death., injurie., 10••

of function and relocation time. Thul the Itudy attempts not only to

mealure direct phYlical 10.lel but allo collateral locial and economic

101.e•• The inveltigation combine. empirical with judgmental data;

the authorl emphalize that many of the damage eltimate. are baled on a

combination of judgmental and empirical input ••

It appear I from the previoul Itudie. of human loa. prediction that

re.ultl relied heavily on judgmental extrapolationl of li.ited empiri-

cal data. Some of thele effort. have tried to introduce gifferent

factor. or weightingl to reflect technological developmentl in build-

ing con.truction since much of the information i. dated.

al •• 1975).

(Whi tman et

We believe that our approach to the proble. il more elaborate than any

preceding it. Hunroe and Blair (1975) and Hirschberg et al. (1978)
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offer formal models which assess the costs and benefits of varioul

earthquake mitigation mealures. Rose offers an input-output model

framework to e~timate the role of utility lifelines in IUltaining eco

nomic ac~ivity after an earthquake. Eilion. et al. (1984) allo devel

oped an accounting .ystem to measure long-term economic e£~~ct. of an

earthqua~e in the Charlelton metropolitan are•. They concluded that

the economy was quite resilient and could abscrb the impact.

While our ~odel can be distinguished from these in many ways. the key

difference is ils ability to compute costs and benefit. by income

group as well as by geographic district. Our a~proach contains a dis

tributional dimension and il able to answer questions of who payl and

who benefits, as well as of total cost. and total benefits. This

capability makes it possible to achieve a balic purpose of policy

analYlil -- that efficiency and distributional patterns for a variety

of policiel and assumptions can be compared.

Several observations can be made from a review of some of the current

literature. Firlt. judgmental data and expert opinion continue to be

major input I to mOlt models of earthquake estimation and risk analy

sil. Second, no state of the art method for eltimating secondary and

collateral damages (loss of life, injury. etc.) exhibit much reliabil

ity or validity. Third, despite lome sophisticated modeling effortl,

impaction economic activities remain difficult to pin down. Fourth.

although some work hal begun in eltimating damageI to lifeline

infrMltructure,

building typel.

damage to the

little information exists on phylical damage beyond

In fact. there hal been no attempt to estimate the

non-building stock in the larger urban context.
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Finally, there hal been little work on the distributional -- by income

class or by geographical areas -- effects of the earthquake hazard

risk.
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POLICIES TO BE EVALUATED

A novel alpect of the research wal the need to delign a let of pro

spective 'new' earthquake mitigation policies to telt. The candidate

polici,. needed to be prolpective in the lenle that they fell within

the powerl normally available to local government I in California,

'new' in the lenle that they were not currently in place with conle

quencel already detectable.

We begin by reviewing the general policy instrumentl available to Cal

ifornia local governments. They may utilize their police power. (p)

to regulate the conduct of private parties to protect the health,

lafety, welfare and moral. of the community. They may tax personal

and real property (and other objectw as state conltitution and the

legillature permit) (T) to provide revenue for the operation of gov

ernment and the implementation of polic13'. Local government. may

allo purcha.e (0. acquire by eminent domain), own, and convey land and

.tructurel for proper public purpote. (L). They may enter into con

tracts and agreement. with private partie. or other public agencies to

carry out proper public purpo.e. (C). They may con.truct public workl

(infra.tructure) appropriate to the production of public goods and

lervices (I). Finally, they may do all things otherwise necessary and

proper to admini.ter the activitiel appropriate to luch matter. (X).

While thele six .ourcel of authority do not exhaust the menu of power.

available to local govern.ent, they are the mo.t important from the

standpoint of their potential for earthquake lo.s mitiaation.



PAGE 10

Another policy taxon~my il embedded in the nature of damages ~ttribu

table to a major setsmic disturbance. Structures collapse or are ren

dered uninhabitable or u.ele•• for their purpo.e. a. a re.ult of

.evere ,round-.haking, .ublidence or slides. Thele primary damages

occur in the fir.t few moments of the quake'l onlet. In the private

lector many residences, commercial buildings and industrial structures

will luffer damages depending in large part on their construction

(51). The 101.es here include the eosts of repair (or site clearance

and structure replacement). In the public sector it is the balic

infrastructure of the community which is damaged -- .treets, water

delivery and impoundment .yltems, bridges and overpa.les, power and

communicationa linel, natural gas pipelinel, lewerage IYlteml and

treataent plant., airport runways and traffic control Iyltem., al well

al hOlpital., Ichools, fire and police It.tionl (11). The loa.el from

luch damage may take the form of levere deprivation and hardlhip vi.

ited upon the community from the loaa of aervices dependent upon .uch

infra.tructure. Furthermore. the ultimate COltl of ~eplacin& .uch

facilitiea i. a major dimenlion of the.e lo••el.

Collapaing atructurea can kill and injure large numbera of people

(HI), depending on the moment the dila.ter Itrike.: early on a week

day afternon .chool., .tore. and place. of employment will be crowded

while the pre-dawn hour. will find mOf~ at home in bed. The morbidity

and mortality con.equence. of auch dia.ater. -- the human co.t. -- are

what really engage public concern. The value of live. lOlt i. diffi

cult if not impo•• ible to calculate: it would be virtually impo•• ible

to achieve any con.en.UI on luch a filure. The lo••el occalioned by
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they must ~lso

Also prominent among the losses would be thoae resulting from secon

dary damage to p~ivate property (52), infrastru~ture (12) and human

beings (M2J, caused by fire, looting, collapse of reservoirs, the

exposure of structure contents to the elementa -- all following the

initial aeismic thock.

Finally, large losses would result from the massive interruption of

the local economy (E). Enormoua stocks of capital are erased, the

transportation of goods and services brought to a halt, the delivery

of labor service. impaired. The output of goods and services may be

substantially reduced for weeks. An even more visible interruption in

the economy may take the form of large numbers of homeless people who

may become t~tally dependent on public support during the early stages

of recovery.

It is beyond the scope of this project to addrels the full catalog of

101lel pOllible in a major earthquake in the Loa Angeles area. Our

attantion wal foculed on direct and secondary impaction the private

building Itock.s well al on other elementl of the built environment

(ele.ents of public 'infrastructure'). The shaded areas of figure 1.1

denote the li.itl of the Itudy.
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The systematic procesl of identifying policies for study began with

the proposition that the mitigation of prospec~ive loss from a major

seismic event is an appropriate object of pub~ic policy for local gov-

ernments in California, including the il~vocation of the police powers

to protect the health, safety and welfare of the citizenry of Los

Angeles. We were then led to examine each of these powers, raising

the question each time: can this power support one or more ~ctivities

which might have the effect of reducing the losses the community would

suffer from a disaster event?

While the fundamental purpose of the power to tax is to raile revenue

for the conduct of the affairs of government, itl ability to create

incentives to induce private individuals and firms to conduct them-

selves in manners consistent with public policy has often been

exploited as a positive instrument of POliCY. With rel~ect to the

seismic threat, the induced behavior that would mitigate prospective

losles might he mahifested as private parties making Itructural

improvements in Ltructurel they own to increase the ability to with-

stand seilmic shaking. Accordingly, we deligned a policy which would

offer limited financial support to property owners to do thing. that

are both in their interests and those of the general public:

1. offer a tax subsidy of up to 20: of current local
property tax obligations to offset the costs to property
owners of improving the ability of residential structures
to withstand leismic shaking, subject to prior approval
by the appropriate city agency (ta).

The regulatory autllority available to local government under the

implicit police powers of the Itate i, the basis for negative incen-
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tive. with re.p.ct to private b.havior incon.i.t.nt with the h.alth,

•afety, walfar. and .oral. of th. co..unity. To .itilate the 10••••

fro••ei••ic event. that authority could .upport reaulation. 10Vernin&

..tter. ranlinl fro. con.truction .tandard. and zoniDI to tbe provi-

.ion for the .afety of .tructure occupant.. Our review of the .itiaa-

tory potential of public relulation. led u. to add th. followin& •••s-

ures to the project's policy .enu:

2. require retrofittinl and uPlradinl of all nonconforaiol
private buildinlS to current .tructural .tandards within
five year. (pa):

3. require every larle private e.tabli.haent in the city li.it.
to file with the City a 'private al.ncy cri.i. plan' to
.ini.iz. injuri~. and 10•• of life at .uch .ita. in the
event of a major aarthquaka (pb):

4. prohibit the .toraa. of aaterial. of pro.pectiv.ly hazardou.
to life and property within the city li.it. of Lo. Anaele.
(pc) :

5. rezone to low-den.ity u••• all area. witbin the city :i.it.
threatan.d by .lid•• , liquifaction, .ub.id.nce, or
inundation (pd):

6. re.trict the curr.nt occupancy of plac•• of public a••••bly
to reduce the .xposur. of individual. to death and injury
in the avent of a aajor earthquake (pe).

Th•••in.nt doaain power. of local loverna.nt would aak. it po.sibl.

both to take private .tructures for direct public ule and to take

property Which presented unu.ua1 h~zard. to tbe public in the avent of

an earthquake. To the li.t of po•• ibl. policie., we add ••a.ure. that

would:

7. ;at up within two yaar. 500 fu1\y equipped e.eraeney
.helter. around the city to take care of tho.e bo••le••
and di.p1.eed after aajor earthquaka. (ea):

8. acquire and de.oli.h oooconforaini .tructure. PO.iol
unu.ua1 tbreat. to life and property (eb);
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9. acquire land and .tructure. in hazardous areal lubject
to liquefaction and sliding to prevent further development
of .uch area. (ec).

The authority to u.e public fundi to do all things reasonable and

proper to implement p-'per public purpo.es provides the general power.

that lupport much local public pOlicy and is reatrained only by the

rule of reason. In the ca.e of earthquake lOIS mitigation we would

include in the lilt the following measures authorized by this local

government power:

10. provide standby capacity or redundancy at vulnerable pointl
in public infrastructure systems, ouch al roads, electric
power di s t r i but i on systems, lewerage, et c. (ia);

11. participate in joint power. agreements with other local
jurisdictions in the metropolitan area to pool emergency
powers, facilities, equipment and command responsibilities
(ib) :

12. co~duct in schools, neighborhood cent~r. and through the
media public information programs with respect to the threat.
po.ed to life, limb and property by a major earthquake and
to individual actions to minimize its effects on them,
their familie •• employees and ot.ner charges (ic).

The power to enter into contractl allow. the local government to

solicit commitment from private to· public) agenciel and group I to

carry out provision. of public policy not ea.ily achievable under

other powerl. For earthquake lOll mitigation, we add the following

mealure to policy list:

13. offer public .ubsidie. to firm. and other private agencies
to enter into emergeney respon•• t~aining programs for
employe••• student. and regular client. (ca).

Admini.trative powers offer a broad grant of authority to local gov-

ernments. Theae power. can provide substantive support for progra••

in term. of planning, coordination and con.ultation. Several .uch
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internal aeasures are appropriate to our policy menu:

14. JOln with the California Department of Tranlportation anu
other local transportation agenciel in the area to create
a regional emergpncy transportation plan (xa);

15. establish a working interdepartmental coordinating committee
to integrate plans for emergency public health and safety
services (xb);

16. purchase insurance on local public buildings and structurel
against 10•• attributable to earthquakes (xc);

17. develop a standby emergency communication. net among key
adminiltrator. within the city and among local governments
in Southern California (xd);

18. require all department. and agencies of the City to .ubmit
to the Mayor within lix monthl emergency management plans
aSluming a major earthquake within ten years (xe);

19. establish a crisis command Iystem within the City government
with appropriate standby emergency powers to deal with the
aftermath of a major earthquake (xf).

Our approach to generating a policy menu of nineteen elements wal to

take the policies generically rather than Ipecifically, ~ven though

the expression of them wa. made specific to give panelilts loae senle

of concretenel'. Figure 1.2 places these policiel in a matrix which

relatel the. to the policy taxonomiel disculsed at the outlet.
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The first talk for panelilta engaged in the policy review exercile wal

to help u. diltinguish policies-in-effect from the list in oreer to

identify candidate policies from which we would cho.e tho.e to telt in

the policy model. The concept of 'policy-in-effect' il more elu.ive

than at fir.t appea~••

meaningl:

To begin, th~ term 'policy' hal two common

1. a policy may be an authoritative .tatement about intention.
to pU~lue a certain COU~Fe of action;

2. a policy may allo me~n a public purpo.e toward achievement
of which activitiel have been organized and re.ources made
available.

Our app~oaeh was to invoke the jUdgment. of a panel of expert. on

.ei.mie ri.k in Southern California. We invited a number of officials

of Itate and local government agenciel and private firms who were

re.ponlible for randering advice to their institutionl on earthquake

preparecne'l to lerve on a Delphi panel to explore thil and other rel-

evant .atter.. Sixteen paneli.t. served throughout this exerci.e.

To help us identify the City of Lo. Angele.' policie.-in-effect to

mitigate los.el fro. earthquakel, we asked panelist. to examine the

policy menu to give UI their underltanding of the .tatul of each using

the key in Figure 1.3.



FlGURE 1. 3: POLICY STATUS KEY
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10. I know that thil (or a very limilar) policy hal been
adopted and il being aggrellively implemented.

9. I know that this (or a very limilar) policy hal been
adopted and ia being routinely i.plemented.

8. I know that thil (or a very aimilar) pOlicy IS on the
bookl but il not being currently implem~nted.

7. While luch a policy il r.urrently in effect,
I expect it to be relcinded or lubtll~ntially

modified within th~ next year or two.

6. While I d~ not know for sure, my imprealion 11 that such
a policy il in effect.

S. I know that luch a policy hal been adopted.

4. I know tJ•• t a policy very li.ilar to this is currently
being lerioully conlidered and there is a strong
likelihood that it will be adopted within the next year.

3. I know that luch a policy hal been serioully entertained
by relponsible authoritiel within the lalt two or three
yearl and rejected.

2. To the best of my knowledge luch a policy haa not been
aeriously conlidered for adoption in recent years.

1. In.y judlment such a policy il never likely to be a
lerious candidate for adoption.

O. I have inlufficient i •• for.ation to .ake any judg.ent
about the policy statuI of thil it•••
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Anlwers to thele queltionl generated a let of frequencies by catego

riel which reflected:

1. the nature of the relpondent's information;

2. his or her senle of certainty;

3. his or her conclulion about whether the policy was in effect.

Since thele categoriel were not so structured al to permit any direct

Icaling of the answers, we employed a set of weights designed: [1] to

distinguish judgments that a policy was in effect (+) from thole for

which that was not the case (-); and [2] to measure the conviction of

the relpondent about hil or her answer. Thil exercise result~d in an

interpretive Icale of positive values O<a<lO and negative values

O>b>-lO. From this we defined a mealure of the strength of conviction

(5). which wal siEply the Sum of the absolute values of the positive

and negative scorel:

o < S - lal + Ibl < 10

Low values of S represented uncertainty and lack of conviction on the

part of the panel al a whole. We then defined a mealure (I) of the

delree to which pOlitive relponses dominated the panel'l collective

opinion. That ii, relponsel asserting that the policy element wal,

indeed, part of the City'l earthquake damage mitigation policy were

defined:

1 - I_lIs.

This model sUIge.t. that if all of our policy element. were clearly

de.cribed, if all of the expert. were perfectly informed and if there
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was no ambiguity in the facts about policy elements, we would e:(pect

the following results:

l(j) - 1,

I (I) -0.

S(j) - 10, and

S(l() - 10

where, j designates a member of the let (m) of policiel-in-effect;

k designatel a member of the let (19-m) of policies-not-in

effect.

At the other extreme, the expertl could be ignorant but honelt, the

facti difficult to ascertain and the Itatements of policy elements

ambiguous. We would then expect to find;

l(j) - 0,

I(k) - 0,

S(j) - 0, and

sell) • O.

What we actually discovered in the relults is not the discontinuity

between J and K that the ideal cale would have us expect, nor the col

lapse of the distinction between J and K. but an irregular gradient

betw~en what .ppear to be 'j-cas•• ' and 'k-c.I•• •• J .nd K are

taken to conlilt of .ix and eight policy elementl respeetively, while

the remaining five cas.. fall between J and K. These five case:

reveal the effects of ignorance on the part of the panel, ambiguity ~n

the actual cas •• or a failure in our de.cription of the policies. The

relult. of thil analylil ar. in coluan 1 of Table 1.1.
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Policies on which the panel was unable to agree were defined a. thole

with .core. between 0.35 and 0.65, and identified with a question-

mark. Of the nineteen policies on our .enu the panel concluded that

eight were already in effect. These constituted our policy benchmark.

Of the remainder, the panel concluded that .ix were not now in effect

and that five mor .. might not be,

eleven candidate policie••

leaving a modified policy menu of

Columns 3 and 4 of Table 1.1 set out the panel's allellment of the

feasibility and the urgency of the various policies. Some of the con-

clulion. appear to be:

1. eight of the ten policiel rated 'urgent' by the panel
aC9 benchmark policies and all of the benchmark policies
were considered to be urgent;

2. only one of the .ix clear candidate policies wal construed
to be urgent by the panel; of the remaining five. four were
considered infeasible;

3. only one of the five uncertain candidate policies was
considered to be feaaible;

Overall the panel'. response leemed to tell us that the City of Los

Anlele. has done a good job of designing and adopting ar. overall

earthquake mitigation policy. It would, by inference, reco..end only

two additional policies from our policy menu a. being urgent acd fea-

.ible:

2. an emergehcy transportation pIar, for the region;

16. • require.ent that large private firml prepare crisis
response plans to be filed with the City.

Our review of the panel" judl_ent. lead. u. to the conclu.ion that it

is conservative with re.pect to pro.pective aitigation polici... Of
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the .ix policies li.ted in Figure 1.2 that required governmental

intervention in the exerci.e of private property right., five were

found to be infeasible and deferable. The .ixth, 'upgrading noncon-

forming building.', was found to be urgent if infea.ible (and probably

already in effect).

It was clear that we could not limit ourselves to those policies which

met the three-fold test:

1. is the policy already in effect?

2. is the policy feasible?

3. i. the adoption of the policy urgent?

No policy mfets that test beyond any doubt. Even .tretching thing.

would only have added #2 and #16. The.e a~e ba.ically planning activ-

itie. who.e con.equences for damage mitigation .trategie. would be

difficult to .pecify.

Once we made the deci.ion to confine this part of the re.earch effort

to policies which woul' have an effect on the pro.pective damage to

.tructures, our attention was drawn to the five polic~e. which dealt

with .tructure. and which were not in effect ('5' in column 5 of Table

1.1). From these we .elected three quite different polieie. to test:

1. 201 tax credit to earthquake-proof private re.idential
.tructure.;

8. prohibition storage of hazardous materiall within city limitl;

14. condemnation and demolition by the City of buildings non
conforming with r ••pect to capacity to with.tand .ei.mic
shaking.

In addition. we chose a policy which the panel took to be in effect:
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10. adding standby capacity to key infrastructure systems.

We added this policy because we found that we had not conveyed effec

tively to the panel what the policy should include and because we

wished to test our policy model on a more 'conventional' policy.

These four policies playa major role in the exercises discussed in

the following chapters and, of course,

model.

in simulations by the policy
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CHAPTER 11: DATA INPUTS

A major contribution of our model is to be found in itl accounting

framework which can process diverse kinds of available information to

develop outputs having a lubltantial policy interelt. From the begin-

ning we hypothesized that the data to implement luch a model are

available, even if from diverle and non-traditional lources.

prototype application of the model to the city of Los Angelel was an

attempt to telt that hypothelil. We can now report that enough infor-

mation does exilt and can be developed to implement the model. This

chapter reviewl the data sources as well al the data manipulations

that implemented the model.

For the policy model to carry out itl functions, itl accountl require

information on luch matters al:

1. the likelihood that maior seilmic events will occur
wihtin the regional fault Itructure within the near
future;

2. the ground-shaking that any luch event(.) will lenerate
in all oarts of the city;

3. the effectl of ground-shaking on all significant claise.
of structurel (privately owned and others) within the city;

4. valuation of various levels of damage to various clalsel
of structurel:

s. distributions of structure clall~s amonl various parts of
the city;

6. the effects of alternative policies ?n the expectation of
lOIS by the variOUI claslel of Itructurel;
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7. the cOlts to the taxpayers of carrying out such policies;

8. the income distribution of houleholds in the various partl
of the city;

9. the incidence of policy COlts on the taxpaying public,
by income clall.

Such a data Ipecification can only be satisfied by bringing into t~e

model data from a multitude of lourcel. In lome cases, the dat~ were

readily available in a form consistent with the model. The City's

LUPAHS file, for example, presented us with information about the dis-

tribution of structures in the various planning districts.

information had to be inferred fro~ data from more general sou~cel

such as that about non-private structure values and the incidence of

various taxes on income groups in the taxpayer population.

Some kinds of information, however, were not directly derivable from

data sourcel we had searched out, nor could they be ealily derived

from conventional information available to us. Algermiss.n et al. bad

lenerated the well-known Itructure-type damage curve I by KKI measurel.

To work within our model, thes. curvel had to be adjusted to basic

assumptions implied by the model and extended to account for damKge to

public facilities and infrastructure. W. also required general infor-

mation about the COlts, statuI and usefulness of various poliry

options; these would have been laborious and expenlive to esti.ate,

item by ite•• The need for information having these characteristiCI

was satisfied by employing judgmental inputs, disciplined by the meth-

odolo&y of the Delphi technique.

There il nothing arcane about the way in Which individuals or organi-

zationl deal with uncertainty when they have no easy way to reduce



that uncertainty: we ask those who are in a better position than we

are -- the 'experts' -- to give u. their best informed guess. We rec

ognize that the exrerts probably disagree to some degree on the mat

ters at hand. Given lome such 'dissensus' among experts. most of ~I

would like to think that judgments close to the center of the array of

opinion are lomehow more credible than those at the extremes, and thus

we would like 'our' e~pert to be in the middle. But how do we know

that until he or she has rendered judgment? We don't. So, to protect

our.elves from !nding out on a limb. we elect to conault either the

whole universe of experts or a carefully selected panel thereof. We

propole to consider that conlenaual value. elicited therefrom are

'truer' than the judgment of any individual. We could, of course,

allemble the panel in a hall and ask them to agree on the appropriate

answerl to the queltiona we put to them. These could be discuased,

debated and put to the vote. If the vote in favor were unanimous,

then the content of that relolution would represent the judgment of

expertl. But what if the vo.e were 56 to 441 The notion of majority

rule has some relevance to loeial preferencel but doe. very little to

validate the 'truth' or establish fact, per I.. In both of theae

cal.a polemic and perlonal force can count for a. much as reasoned

dilcourse.

The Delphi technique oEEers a meanl of minimizing these hazards. It

permitl us to interrogate each of the members of a 'panel' of expertl

in such a way that the judgments of each are treated confidentially

but are disciplined by the knowledge that the other aembers of the

panel will respond to the s ••e que.tion.. Typically, the analyst will

aggregate the panel's individual reaponsea into a two-dimensioned
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'panel relponle'. in term. of the central value of the panel'l answerl

and a mealure of di.perlal (dillen.ul). In the conventional Delphi

procedure su~h .ummary Itat:ltici are shared with each panelilt. who

il liven an opportunity to review and amend hi. or her an.wer in liaht

of thil information. Thil modified information i. analyzed and the

new central value conltrued al the panel'l anlwer. elpecially if

Imaller mealurel of d:.perlion .ullelt lome delree of 'converlence'

toward a concenlual value by paneliltl.

Needlel. to say. the outcome of luch a procedure depends heavily on

the ~ompoaition of th~ panel and on the breadth and complexity of the

matter of the inquiry. factorl which are not unrelated: the narrower

the queltion th~ ea.ier it il to Ipecify the relevant domain of exper

tise. Not only that. but the more Ipecialized the expertile appropri

ate to a collective belt judlment and the greater the degree of con

aenlul that one would expect to find. On the ot~er hand. broad. mellY

queltionl often involve .everal kindl of Ipecialized experience and

make appropriate a more heteroieneoul panel and a lower expeetation of

cO~lenau•• What become. important with .uch queltion. ia that the

panel be larger than one dealing with narrow que.tionl and be leleeted

without obvioul bial.

Our policy queltionl were broad and .el.Y••0 a .mall. profellionally

homogeneuu. panel would not have .erved UI well. We wanted judgmental

information about the curr.nt statu. of policie.. about their coat.

and benefit••nd the incidencel uf ••••••bout their fea.ibility. .nd

about their uraencie.. Enaineerl. plannerl. &eolo&i.t., eCQnoailt ••

and public official.. .11 have .omething to say on .atters de.lina
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with the mitigation of earthquake damagel, and the authority of no one

can be laid to preempt the authority of the other••

Accordingly, we firlt compiled a malter lilt of approximately lixty

experts in public and private lectors in Southern California identi-

fied by inquiries to the relevant agencies of local governmentl in

South.rn California and by our own experi.nce with the field. We then

alked each m.mber on the mast.r list indep.ndently to nominate a slat.

of exp.rts on local earthquake matterl, and the malter list wal reorg-

aniz~d by the frequency with which individual. were id.ntified in the

nomination exercile. We invited the thirty top-ranked experts to

serve on our policy Delphi panel; of these approximately twenty

accepted, and lixteen of the.e participated throughout the policy

inquiry. W. could perceive nothing in this panel lelection proees.

that would 'stack the d.ck' with respect to answer. to any of our

inquiries. At the same time we have no rea.on to b.liev. that the

panel was an ideal sample of the univer•• of the lixty expertl on the

master list.*

Th. form of the policy que.tions pos.d to the panel provid.d device.

by which pan.lists could di.qualify them••lve. from an.wering special-

iz.d qu•• tions on which they th•••elve. wish.d to deny any imputation

of expertise (th. 'O-option'). In a•••I.ing the private (nontaxpayer)

costs pan.lilts availed th••••lv.s of this option in approximat.ly

on.-third (32.21) of judgaent••0Ulht, while in .ating judg••nt. about

*Thi. procedure was
inquiri.s (b.low).
and ,eologi.ts from

modified .o••what with r ••p.et to the da...e curve
The panel was enriched by adding leveral .ngineerl
other parts of tbe state to the group.
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public (taxpayer-bcrn~) COlts leis than a fourth of the anlwers were

O. We accepted e,ch panelist'l implied judgment that he or Ihe them

selvel al expert on any matter on which they submitted a~ anlwer > 1.

We are not protected from the prolpect that some expertl ma!' overe.ti

mate their expertise, or that lose entering zero may underestimate

themselves and so deprive us of the value of theLr jUdgment.

The Delphi technique produces judgmentl not 'facts', but where 'facts'

cannot be established such judgments are the best informed guesses

about the facts that expertise in a particular matter h.s to offer.

Only history or the emergence of superior information can preempt

the••
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URBAN 'CONTEXTS'

Building damagel ulually attract much of the attention after major

earthquakel. Yet the ravages of a major earthquake are not limited to

buildings; they include significant damagel to the rest of the physi

cal city. While there are empirically based methods for predicting

damage I by different building types for different magnitudes of earth

quake, no lueh ~ethods exist for eltimating the relidual non-building

damage. In thil Itudy we are interested in both the building damage

and the re.idual non-building damaae lince the pOlicy evaluation mod~l

il predicated on damage estimates for the entire physical city. We

needed, then, to develop damage 1011 curvel limilar to thole exilting

for building types for the rest of the urba ~ physical stock

underpalses, retaining walll, ligns and billboardl, transmiSlion tow

erl, streets, pavement I , utilities, Itreet furniture" and the like.

Previous damage lOIS Itudiel (Algermillen et al., 1978; Spangle wnd

De&enkolb, 1984) have almost exclusivel~ foculed on building types,

belling the queltion of esti.~ting the relidual ~a.ages to the phYli

cal city. Yet, there is ••ple evidence that non-building stock da.

aael could be lubstantial.

During the 1971 San Fernando earthquake, for example, da.age to one of

the daml reduced its effective height by about 30 feet; dilplace.ent

along the fault line .heared or damaled underground water, sewer and

g.1 pip'l: forty-two bridgel or ove~palle. were da.aled of which five

collapl.d. Although dolla~ rOltl are not known for many of thele non-
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building Itock damages, it is known that damage to the highway and

road Iyltem alone amounted to over $36 million dollars.

We have found no damage ratiol for the non-building stock. There a~e

leveral realons for thil. It il pOllible that, given the milcellane

ous nature of tbe residual damage, es!imates are never quit~ complete

or systematic. Many of these items fall in the public sector so that

c~sts of repair or replacement are likely to be distributed among lev

eral agencies. Unlike individual buildings. these urban hardware

items may not alWAyS be covered by insurance. and hence may not be

subject to damage assessment. Furthermore, many of these elements are

not as discrete as indiVidual buildings. or are too numerous to be

categorized under manageable headingl. In other words, the ablence of

damage ratios for the non-building stock items can be attributed to

both inadequate data and an absence or methodology.

In the absence of objectively derived damage curves for non-building

Itock lossel. we adapted the Delphi methodology to generate damage

curves for such 10lses from expert judgments. It wal obvious at the

outset that some form of abstraction was necessary to describe the

variable features of the physical city. The critical assumption was

that given lome plausible global descriptions of urban settings. pane

lists would be able to estimate the overall residual environmental

damage by such types of urban settings. What was needed. then. was an

operational typology of urban settings similar to the widely uled

building typologies.

The development of such a conceptual model was considerably facili

tated by the availability of a citywide data file (LUPAKS; Land Use
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and Planning AnalYlil and Man~gement Systems) from the Los Angelel

City Planning Department. The LUPAHS file is a master data file which

coapilel information from records ~f the Los Angelel County ASlessor's

file, the City Clerk'. office, the City Planning Department and the

Coemunity Analysis Bur.au. It includes land use, property values, zon

ing. jurildictional and city services data for malt of the over half-

million parcel. in the city of LOl Angeles. A••hown in Table 11.1,

LUPAKS offered enormoul amounts of physical and wealth data. u.eful

not only in estimating value at ri.k, but also in constructing physi

cal descriptors of po.sible classes of urban area••

In Figure 11.1 we .how our general approach to develop the typology of

urban settings or context •• The methods for cla•• ification were Ita-

ti.tical, ba.ed on a set of relevant variablel taken from the LUPAMS

file. We chole censul tracts rather than individual parcels a. the

appropriate unit of analYlis .ince the .tate of parcel level data were

enormou.. Thi. required cr.ation of a new file of aggregated parcel

data by cen.u. tract. for selected variable••

Th.re was another ju.tification for u.ing cen.u. tract-level data.

For .11 of it. richne•• , the LUPAKS data file hal one deficieney -- it

do•• not includ. any a••••••ent-related information on parcel. under

public owner.hip or other parcels with tax-exempt statu.. At the cen

sus tract level proble•• of mi.sing data would be reduced.
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TABLE 11.1: GENERAL ITEMS OF THE LUPAMS FILE

LOI Angelel County Tax Allellor'l Secured File

1. Aiency clallifl~ation numbder
2. Allellor' mapbook, page and parcel number
3. "Market" land value
4. "Karket" imnprovement value
5. Perlonal property value and exemption
6. Inventory value and exemption
7. Fixture value and exemption
8. Other exemptionl -- real eltate and homeowner
9. Tax code area

10. Ownerl' name
11. Owners' mailing addrell
12. Parcel addrell (Situl)
13. Zoning
14. Allellor'l property ule classification
15. Building data line items (first five improve~entl)

(a) Des ign type
(b) Conltruction ciasl and building Ihape
(c) Year built
(d) Number of unitl
(e) Number of bedroom.
(f) Nu~ber cf bathroom.
(g) Grosl floor area

City Clerk'i Office

1. Parcel area
2. Censul Tract
3. CenlUI Block
4. Council District
5. Community Number
6. SCAG Land Use Code

Planning Department

1. PI.nned land use
2. Zoning correction.
3. Public owned land/land u.e
4. Home ownership code
5. Condominium indicatorl

Community AnalYlil Bureau

1. Police reporting diltrict
2. Fire engine firlt-in-diltrict
3. Corrected Dwelling Unit COuntl
4. We.d aoate.ent key
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Table 11.2 li.ts the variable. which were .elected from the LUPAKS

file. The parcel-level data were aggregated to the cen.u. tract level

for each of the.e variable.. Furthermore, population and acreage data

for cen.u. tract. were available from 19EO Census file. and merged

with the reduced LUPAKS file for the 734 cen.u. tract. which lie

within the city boundaries. Several new variables using derived mea.

urea were al.o created: the.e are explained in the note accompanying

Table 11.2.
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TABLE IT 2: LIST OF VARIABLES USED IN CLUSTER ANALYSIS

- Parcel Area (peL-AREA)
- Building Improvement Area (BDGIKPRV) 1<

- Clall "A" Structure. (BCA)
- Clall "B" Structures (BCB) 1<

- CIa.. "c" Structure. (BCC) 1<

- Clall "0" Structure. (BCD) 1<

- Clall "5" Structure. (BCS) 1<

- Building Quality 1 (BOCI)
- Building Quality 2 (BOC2)
- Building Quality 3 (BOC3)
- Building Quality 4 (BOC4)
- Building Quality 5 (BOC5)
- Building Quality 6 (BOC6)
- Building Quality 7 (BOC7)
- Building Quality 8 (BOC8)
- Residential Land U.e (ueO) 1<

- Commercial Land Use I (UCl) *
- Commercial Land Ule II (UC2) 1<

- Indu.trial Land U.e (Ue3) 1<

- Irrigated Farm Land U.e (UC4)
- Dry Farm Land Use (UC5)
- Recreational Land U.e (UC6)
- In.titutional Land Ule (Ue7)
- Kiscellaneou. Land Use (UC8)
- Structures Built Before 1935 (YRlT34) *
- Structures Built Between 1934 and 1973 (YR35T73) ;.
- Structures Built After 1973 (YR74T85)
- Property Value (VALPAR) *
- Floor Area Ratio (FAR) 1<

- 1980 Census Grosl Density (DEN80) 1<

- Year Built (BTEAR)

NOTE: (a) Property Value and Floor Area Ratio are derived mealures.
They were computed a. follows: Property Value - (Market Land Value +
Market Improvement Value)/Pareel Area. Floor Area Ratio • Building
Improvem.nt Ar.a/Parcel Area.

(b) Asteri.k. indicate variables with R-squared values greater
than .25 (See Table 11.3, R.sult. of the FASTCLUS procedure). Thes.
variables were used to name the six operational clusters (See Table
11.4 and Figur.s 11.3 and 11.4)
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Of the available Itatiltical clallificatior. techniques (Figure 11.1).

clulter a~alYlil is the most appropriate. It has emerged as a popular

Itrategy for taxonomic analysis in such widely div~rle fields as bot

any. education and clinical psychology. Recently it has been applied

successfully in urban locial area analysis (Kendig. 1976) using demo

graphic data at the census tract level. We uled the 'FASTCLUS' proce

dure of the SAS (Statistical Mlalysis System) package. whAch is belt

lui ted to large-Icale files.

fASTCLUS requires a priori Ipecification of the number of clusterl

desired. Our experiment with leveral different specifications indi-

cated the categories at the level of six clusters were consistent with

our operational point of view.

Results from the six-cluster FASTCLUS calculation are reported ir

Table 11.3.

The table shows that the bulk of the censul tracts were included in

the two m~in clusters -- one and six -- with memberships of 470 and

210 tracts, respectively. The next largelt cluster included 31 census

tract.. T~e remaining cluster. are much smaller; the fourth clu.ter

only contains one census tract. It should also be noted that only

about half of the variables played any significant role in differenti

ating cluster characteri.tici. Only the.e variables were uled to name

the clult~rl.
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In Table 11.4 we present the diltinguishing characteristici of the six

clusters in descriptive fashion Uling such terDS as 'few' or 'many',

'Imall' ,'mOderate', 'large' to make it easier for the reader to follow

the variable profiles of the six clustera. Thele descriptors simply

highlight the major f ..aturel or tendencies among the clulters, and

represent the mean cluster values of the fifteen critical variables

used in their identifica~ion.

It il evident from thele cluster summaries and the map of Los Angeles

shown in Figure 11.2, that the first cluster which includes more than

half of all census tracts in the city, essentially reprelents the

almolt ubiquitious lOW-density single family residential areas that

typify much of LOI Angeles' suburban 'sprawl'. In the areas charac

teriz&d by this cluster more than two-thirds of the buildingl are

likely to have been built after the Long Beach earthquake. About a

fifth of the buildings are likely to be of the pre-1934 era. Rela

tively few structures are li~ely to have been built since the San Fer

nando earthquake. Over ninety percent of these areas are in reliden

tial use. With a gross denlity of ten personl per acre, this cluster

can be best described as Low-Density Relidential Nei&hborhood.

The second cluster contains only three census tracts and represents

Medium-Density, Built-Uf, Mixed-Use Districts, typically found in the

inner city areas. This setting is characterized by older buildings,

about two-fifths of which were built before 1934. Kost of the re.ain

ing building stock were built between 1934 and 1973. About. third of
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TABU II.It: StDUtAlY Of SIX CLUSTElS
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fIGURE 11.2 (contd.) KEY TO MAP OF LOS ANGELES' PLANNING DISTRICTS
(ord~r corre.pond. to matrices in Appendix E)

1. Arleta
2. Brentwood
3. Bel Air
4. Boyle Height.
5. Canoga Park
6. Central City
7. Chat.worth
8. Encino
9. Gr.~ada Hill.

10. Hollywood
11. Ki •• ion Hill.
12. N.E. Central City
13 North Hollywood
14. Ncrth-Ea.t L.A.
15. Northridge
16. Palm.
17. Reseada
18. San Pedro
19. Sherman Oak.
20. Silver Lake
21. South-Central L.A.
22. South-East L.A.
23. Sunland
24. Sun Valley
25. Sylmar
26. Torranee Corridor
27. Van N'Jy'
28. Venice
29. Weat L.A.
30. Weat Adami
31. We.tchester
32. Westlake
33. Westwood
34. Wilshire
35. Wilmington



concrete block ma.onryall building. are brick or

than half of all building., hO',o/ever, are wood,
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.tructure.. "are

or wood and .teel

• tructoJres. Land u.e i. mi~ed• About a fourth of the acreage is

devoted to re.idential la"~ u.e. Stores, office., .hopping center.,

hotel., motel. compri.e about two-fifths of the acreage. Restaurant.,

bank., whole.ale and manufacturing outlets, service stations, .ervice

ShOpl, parking lot. and garagess, automobile and equipment salel and

lervice areal, conltitute more than a fourth of all land ule.

The third clulter is the third largelt cluster with a membership of 31

cenlus tract.. The.e letting. can be best de.cribed ai, Older, High

Density. Tranlitional Neighborhood. Hore than half of all buildings

in thele areas were built before 1934, and another two-fifth, since

1934. Delpite the large number of pre-1934 buildings, only about a

tenth of all Itructure. are brick or concrete ma.onry structurel.

Almo.t all of the relt are wood, or wood and steel structure.. Resi

dential u.e dominates, occupying over three-fourths of the land use

acreage. But the fact that almolt a quarter of total l.nd use acerage

is devoted to varioul typel of co_ercial and indu.trial u••s, lug

ae.t. that the area i. in tran.ition. With a gro•• den.ity of 54 per

lona per acre, this .etting represents a high concentration of resi

dent population.

The fourth clu.ter with member.hi~ of only one censul tract represent I

the very heart of tne downtown bu.inel. di.trict. It can be called

Hiah-Ri.e, Bilh-Value, BUline!! Di.trict. About two-fifth. of the

building_ were built between 1934 and 1973. Al_olt a quarter of all

buildings ar. reinforced concrete fire-proof .tructure., repre.enting
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the highest concentration of thil type of building among all settings;

.~st of the rest are wood or wood and steel-framed structures. Resi-

dential ule representl only two-fifths of all land use acrea~e.

Almost half of all land ule is characterized by Itores, officel, Ihop

ping centers, hotels, motels, restaur~nts, banks, wholesaling, park

ing, and the like. Both the value of real estate and the floor area

ratio are the highelt among all lix settings.

With a membership of seventeen censul tracts, the fifth cluster can be

seen al Mixed Industrial-Coamercial District. Three-fifthl of the

structures were built between 1934 and 1973. About a third were built

before 193~. Almost half of all buildings are brick or concrete block

masonry structures. Nearly two-fifths of the buildings, however, are

wood or wood and steel structures. Industrial and warehousing uses

dominate, aceounting for about two-fifths of land use acreage. Com-

mercial uses eover about a quarter of the area, while the resid~ntial

uses occupy another quarter.

The sixth setting is the second largest cluster, with a membership of

210 censul tracts. Thele areas can be best described as Older, Medi

um-Density,~ Neiahborhoodl. They have the largest concentration

of older buildinl .tock with about three-fifth. built before 1934.

About a third of all their buildings were built between 1934 and 1973.

AI.ost all of the structures are of wood or wood and .teel con.truc

tion. Residential u.e. dominate, with about nine-tenth. of the land

u.e aereage. The re.ainder con.ists of busine•• and eo..ercial e.tab

lish.entl. With about 26 per.ons per acre Iro.s den.ity they are

.edium-density neighborhood••
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The lu..ary characteriltic. of the six different letting typel are

included in .aterials in Appendix A3. Thele include clulter aean. for

variable. uled naming the clulterl and re~r.lentative aerial photo

graphl of each of the .ix settings.
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D~~GE-CURVE ESTIMATES

To describe the derivation of the damage estimate curves for different

setting types requires a brief review of the purposes and results of

our three-cycle Delphi exercise.

We began the Delphi exerciles by presenting the panelists a set of

damage curves by building types developed by William Spangle and Asso

ciates and H.J. Degenkolb Associates for the Los Angeles area -- the

Degenkolb-Spangle curves in what follows. They are apparently a mcdi

fied version of the well-known Algermissen and Steinbrugge (1978) d.~

age curves, whose classifications could not be applied to the taxonomy

of building types in the LUPAKS data file. We asked panelists to val

idate these curves in light of the information we had about policies

in-effect (Chapter I) in the City of Los Angeles (page 2, Question

naire A, Appendix AI.) Figure 11.3 summarizes the modified

Degenkolb-Spangle curves based on the collective judgments of pane

lists who were asked whether these curves were accurate given the

effects of current (tbaseline') policies-in-effect in Los Angeles.

The r.sulting curves should b~ only slightly different fro. the origi

nal D-S curve. shown in Figure 1 on page 5 of the Que.tionnaire A,

Appendix Al.
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FIGURE 11.3: MODIFIED D-S CURVES -- RESULTS FROM DELPHI CYCLE ONE·
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From these revised building damage curves and the known (from the

cluster analysis) di.tribution of building types by the six urban .et

tings (Table 11.5) we were able to develop 'composite' building damage

curves for each of the six settings (Table 11.6).

In the se~ond ~y~le of the Delphi exercise panelists were pre.ented

these composite curves and were asked to modify them to reflect addi

tional damages resulting from the interaction effe~ts between build

ings in close proximity and possible fires resulting from primary

ground shaking. Results of panel judgments are shown in Figure 11.4.

In this .econd cycle panelists were asked also to e.timate the damage

~o the non-building stock (infra.tru~ture. etc.) for each of the six

urban settings. The.e damage curves are shown in Figure 11.5.
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TABLE 11.5: DISTRIBUTION OF BUILDING TYPES BY URBAN SETTINGS

SETTING

1 2 3 4 5 6

BUILDING-TYPE:

good eoneerete 0 0.28 0 7.24 0.15 0.17

wood frame 99.27 24.53 94.06 65.52 32.84 84.92

steel buildings 0 15.09 0 3.45 0 0

modern masonry 0.40 29.97 2.43 3.65 43.41 5.11

fair eoneretl= 0 2.83 0 9.66 0.89 0.39

poor concrete 0 2.55 0 7.24 0.45 0.67

hazardous masonry 0.12 22.86 2.57 1.52 17.78 7.18

type-S 0.21 0 0.94 1.72 4.48 1.68

{columns should add up to 100%)
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TABLE 11.6: COKPOSITE BUILDING DAMAGE CURVES BY SIX URBAN SETTINGS

SETTING

2 3 4 5 6

KK INTENSITY:

V~ 0.5 2.0 0.6 1.0 1.8 0.9

VII 2.5 7.5 3.0 4.0 6.7 3.6

VIII 8.0 13.8 8.5 9.8 12.7 9.4

IX 11.0 19.3 11.6 13.8 17.7 13.0
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FIGURE 11.4: BUILDING DAMAGE INCLUDING INTERACTION EFFECTS -
RESULTS FROM DELPHI CYCLE TWO
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FICURE 11.5: DAMAGE TO NON-BUILDING STOCK -- RESULTS FROM
DELPHI CYCLE TWO

~+------+------+------+------r

l '30

~

~ ~~

8 MEI:>lvM 1> N61'Y
cL fX.J1l..-r.up l')(fD U'I
lU PI£TP-Ie,. ~.

~
0

~
MJ'I(in)

tr'H')~'A1--(;&)M!-\ IAI.
QS~C.T

lr;

Ul I+I~Jt·~
~ ~~·V~u •
.( ~,"/N~

~
\0 lS1P-tc-r -........

O'-OiEP-
M.:>IUM C~rN'
Ml~
N6J'114 HOO

5

v VI
MAJ\

VII vln
I N ~51'--1~ l-ry"

tx:



Finally in the third cycle of the Delphi exercile,
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panelilt. were

alked to conlider the mitigating effectl of the four suggested damage

mitigation policies derived in our policy exercile (Chapter I). They

were •• ked to adjult the building damage and the non-building Itock

damage curves accordingly.

through B.12 of Appendix B.

Resultl are summarized in Figure. B.1

These graphs then aerve as the ba.eline

damage data and damage mitigation-by-policy da<a inputs to the policy

m~del.

For the sake of the model, the damage estimate. and policy-contingent

mitigation estimates had also to be introduced via a matrix of thirty-

five planning di.tricts, eaeh of which included varioul .harel of the

lix urban lettingl. In Figure 11.2, the previous map, we show LOI

Angeles al a mOlaic of different urban lettings .uperimpo.ed on the

thirty-five planning districts. These damage curves contain at lealt

as much uncertainty a. the more familiar curve. which are .pecific to

building type. and which are silent on any policy context.

AI .uperior methodologies are developed to generate more reliable

curve I , thele can and should be entered into our evaluation model,

replacing the ones developed here. An interim procedure might b. to

make levels of uncertainty explicit. Thi. could be done if question-

nair••• imilar to thoae developed in this rel.arch were elaborated .0
that panelistl could pos~t levels of likelihood that might be associ-

ated with various curve shifts.*

* Si.ilar approaches have recently been implemented by Rojahn, et al.,
1984.



PAGE 56

TAX-INCIDENCE INFORMATION

The malt up-to-date and exhaultive review of Itate and local tax inci

dence is by Pharel (1980), who lought to determi~e who pays Itate and

local taxel; he develops incidence information for as many al ninety

three typel of state and local taxes for all of the fifty states.

Needlels to lay, Phares' work requires him to make a number of eco

nomic aSlumptions, all of which we accept by utilizing hil results.

Of the many taxes that we could have selected, we restricted ourselves

to: 1) the Itate individual income tax; 2) the state general salel

and groll receiptl tax; 3) total real property t4xel; and 4) the local

general lales and grols receipts taxes. Together, according to

Pharel, thele accounted for jUlt over 684 of the total Itate and local

tax liability of Californians. We limplifiad tax incidence calcula

tionl by dividing the amount that Californianl paid of ~ach of the

four taxes by the sum of the four. This 'normalization' ruled out

fi~ancing any of the earthquake mitigation policies via any but the.e

fOllr tax sources. We calculated that tax #1 accounted for approxi

!';at.ly l7t of the total (four-tax) lialoility of all Californians; tax

H 2 Ira. 26t; tax.. H3 and 114 accounted for 5It and 61, respectively.

All of Phares' incidence results were for fourteen family-income

group.. ¥opulation data for the thirty-five district. of our study

area were for s.ve~ h":.lsenold-income group.. Luckily, we were able to

collapse Phares' fourteen groups to our ••ven; there were no unco..on

group cut-~ff point•• Yet, we were forced to assume that the result-
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in& .even &roupi had the lame diltribution by familiel al by houle

holdl.

The tax-incidence information "hieh was finally uled il Ihown in

matrix TAX of Appendix E.
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PROBABILITIES

The poticy model reliel on annuat probability-of-rilk data for each of

the thirty-five analYlis zonel, with the likelihood of five levell of

(HKI) ground-Ihaking itemized.

The calculationl were developed by M.D. Trifunac and hi. al.ociatel.

Their method. are documented in Ander.on and Trifunac (1978a, 1978b).

The .ei.micity model which Trifunac'l group u.ed is made up of 29

faults that Ipan the Southern California region. Their program

('EQRISK') calculatel leilmic risk at the coordinatel of the centroid.

of the 35 planning areal .tudied. The probabilities produced are

shown in matrix PROB of Appendix F.
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VALUE OF CAPITAL AT-RISK

Data on the value of privately owned improvements are from the LUPAMS

file described in Chapter II. As luggelted there, the large LUPAMS

file wal reduced to 731 observations, aggregating to create census

tract-average value.. The .um of dollar value. for all tract averages

for each of the .ix clusters was multiplied by the number of parcel.

believed to be in each cluster. That dollar value was annuali~ed by

multiplying by lO~.

Valuations arrived at by this procedure for the each of the lix clu.

ter. are .hown in matrix V of Appendix F. According to LUPAMS (and

our procelsing), the sum of (unexempted) improvement value. for the

city (counting only the 'fir.t' improvement on each parcel) was

approximately $42 billion.

One of the innovation. of our approach il the inclusion of infraltruc

ture at-rilk. Dollar valuations of thele Itructurel are not included

in the LUPAKS file. Our approach wal to ule data from KUlgrave

(1980). These are data were allembled by the Bureau of Economic Anal

ys 5 of the U.S. Department of Commerce. The varioul BEA report.

offer time-.eriel information for the value of lovernment-owned fixed

capital for the nation. We selected the serie.: net value of total

(federal"as well al Itate and local) Itructurel in constant (1972)

dollars. Though including more than limply the value of public

infrastructure, this .erie. pick. up other government-owned buildin".
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Since thele were not included in the LUPAHS file, thil il an advan

tage.

KUlgrave'l leriel went to 1979. We extrapolated the trend to 1982 and

converted to current dollar•• The relultl were converted to a per

capita balil. Per capita valuel and 1980 population data were then

uled to as.ign thele wealth data to the thirty-five planning dil

trict ••

The relulting values ace shown in matrix W of Appendix E. The city's

total value of government-owned Itructurel i. Ihown to amount to

approximately $12 billion.

Flowchartl Ihowing model computations (lee Appendi:: C) reveal that

damage mitigationl to publicly owned and privately owned capital were

treated diff~rently lince the former were available for the .ix .et

tingl while the latter were available for the thirty-five planning

diltrictl. More troubling is the fact that the two source. were quite

di.tinct and conceivably not con.iltent. Probleml with value-of-capi

tal data make thele the weakelt link in the chain of information

inputl that were a'leabled.



PAGE 61

COSTS OF IMPLEMENTATION

A full accounting of the costs of carrying out local earthquake damage

mitigation policies would distinguish among three clas.es of bearers:

1. direct cOlta borne by private firms and individuals
in the local community;

2. outlays of state and local governments passed on to
taxpayers through state and local fiscal atructures;

3. subventions by the federal government in the form of
e.ergency relief grants and loans to private parties
and to local lovernment ••

The federal reaponsibility is limited to post-event emergency assia-

tance to expedite recovery and consequently is not relevant to our

concerns, but the property-oriented mitigation policiea we test in

thia model generate cost. which:

a. are unaabiguous charges against the general funds of the
city or the state, such as implementation costs;

b. can only be borne by parties in the private .ector, auch
as coat. of coapliance with building and zoning standards; or

c. can be borne either by individuals or be picked up by the
local govern.ent, as in the cas. where poor tenants would
be evicted from a nonconfor.ins .tructure to permit it to
be demolished who might thereafter be relocated or rehouaed
at public expense.

lnder ideal circu.stancea we would carry out a careful analysis of

each policy, tracing out its consequences and evaluating its iapacts

on both taxpayera ano citizena at-large, account for coata falling

under (a) and (b), and allow for a aore detailed exprea,ion of poli-

ciea to allow us to attribute each coat under (e) abrve lither to (a)



or (b).
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The term. of our proposal did not require luch intensive

policy Itudy fcr the purpose of simply telting our aggregate model,

nor would we have been jUltified in allocating any lub.tantial Ihare

of the re.ources lor the project to that end.

In.tead, we turned to our Delphi paJlel and a.ked it to ule itl exper-

tise to make lome general estimate. for UI on these matters, assuming

that each policy would be adopted in the near future and would be in

effect over the lucceeding twenty year•• In each eale, we provided

the panelists with a ganeral statement of each of nineteen prospective

policies and a suggeltive accounting structure to assi.t them in their

eltimation. Furthermore, we asked thr.m to al.ume that:

1. any capital expenditures will be amortized over
a twenty-year period;

2. future nominal interes~ ratel will remain near 10~;

3. the relative contribution of revenue .ourcel to grols
revenuel will not be influenced by the policy under
con.ideration.

The paneliltl were provided with a key that allowed them to 'default'

if they doubted their ability to render confident judgment, or if they

were convinced that the anlwerl depend~d on unlpecified future devel-

opmentl. Otherwile, they were to choole from the an.wer key the value

interval within which their estimatel of aggregate COlt. would fall.

The ~ntervall were Ipecified lo&arithmically rather than arith-

.etically as a reault of a judg.ent that 'order of magnitude' e.ti-

matea were .ufficiently preciae for our purpo.e.,

there wa. a comparatively high degree of con.en.u••

especially where
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Table 11.7 summarizes how the lixteen panelistl responded to our

inquiry. policy-by-policy for publi; and private costs. Tables 11.8

and 11.9 lummarize the actual estimates and their dispersion (ranked

by decreasing conlen.u. a. mealured by the .tandard deviation of the

estimatel for eacal). Table 11.10 repeats public COlt estimates for

each of the four policies we tested.
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TABLE 11.9: PUBLIC COSTS OF POLICIES
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TABLE 11.10: PUBLIC COSTS OF FOUR POLICIES TESTSD

MEAN PANEL ESTIMATE
POLICY DESCRIPTION OF PUBLIC COST

Storing Hazardous
Substances $7,700.

PAGE 67

Demoliah Nonconforming
Buildings

System Standby
Capacity

20t ,ax Credit

23,713,700.

38,986,000.

16,681,000.
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After a careful review of the cost results we decided to omit the pri-

vate cost calculations from the model exercise on the basis of two

considerations:

1. we deemed the basis we had provided the panelists inadequate
for us to have confidence that all panelists were approaching
each policy with the same 'model' of private COlts;

2. eltimating the incidence of private celtl was not an exercise
parallel to or consistent with our treatment of public costs
by way of tax incidence, and we required further study if it
were not to weaken our confidence in the policy outp~ts.

This decision in no way reflects any lense that such costs are unim-

portant in our analysis; it simply respects the complexity of the

problem involved. In its final form, our model should treat fully the

incidence of both costs and benefits. In its prelent form, our model

operates with the tax incidence, not the cost incidence of the tested

earthquake damage mitigation policies.

Finally, the reade~ should keep in mind that a city might adopt sev-

eral of such separate policy elements in its efforts to reduce earth-

quake damage. If so, estimation of costs and benefits would not be

simply additive. Both in terms of implementation and physical

effectl, aany of these policy elements are complementary. To explore

such combinations of policy elements would require us to treat each

feasible combination as a separate policy.

cognitive difficulty for the panelists.

This might present some

An alternative to addressing this issue is to include an additional

questionnaire for 'crols-impact analysis'. a common follow-up task for

Delphi-based studies. Panelists would be asked to indicate:
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1. the probabilitiel that policy i will have an effect on
policy j; and

2. the percentage by which effectl of policy j would be
enhanced or off let by policy i, if they were to interact.

The relultl are two contingency matrices, one Ihowing probabilitiel

and the other Ihowing percentage changes in the effectl. The informa-

tion available from the two matrices can be used in ~arioul waYI to

reflect the effectl of one policy or the cumulative effectl of n

policies on any other. Resultl could modify the mitigation effects of

rolicies firlt firlt made by panelilts.

Since one of the fundamental purposel of thil exercise wal to obtain

the judgment of experts on cost figurel which would be appropriate to

the project'l general cOlt-benefit framework, we now look kt the

actual aggregated eltimatel submitted by the panel. We use the rating

key meanS to reprelent the aggregated jUdgment of the panel. We are

comfortable with this definition where all members of the panel agree;

our discomfort growl with dislensus (measured by the standard devia-

tion of pareli.t relpon.es). If two arprailerl value a painting, one

saying it il worthless, the other maintaining its worth at $100,000,

it il hard to conclude th~ painting is worth $50,000 since both would

probably object. We would require more information to determine which

valuation il authoritative. In Tables 11.7 and 11.8 we identify three

point.: a mean value, which can be interpreted loolly as the lea.t

value that half of the relpondents would accept, the .ean minus one

.tandard deviation the lea.t value that roughly 5/6 of the

respondents would accept and the .ean minus one Itandard deviati In --



PAGE 70

the least value that roughly 1/6 of the respondents would accept. If

the standard deviation of the answers to a particular question is rel

atively low «I, lay) we ~an take the mean to represent the group's

estimate.

In other cases. we may be able to discern differenc~s in assumption or

perspective among panelists which account for the differences in their

answer.. We then find a position on one si1e aT the other of the mean

in accordance with ouc own point. of view. without such information.

we ace justified in adopting a c~nservative posture and finding a ten

tative figure on the high side of the mean.

In applying the valuation procedure pe need to distinguish trivial'

from 'significant' costs. If, al Table 11.9 suggests, the public

costs of achieving joint powers agreements among local jurisdictions

reach $36,300 at most, they would warrant little attention from the

City Council and have virtually no effect on any benefit-cost calcula

tions. On the other hand, the decision to construct an emergency

shelter system i. bo~nd to be significant in both fi.cal and welfare

terms. In Table 11.9 we have extracted the detail. from Table 11.8 of

the nineteen policies whose mean. exceed $1,000,000, or who•• _ean.

plus one .tandard deviation exceed $10,000,000. Such policies we con

strue as having fiscally .ignificant cost. attached to them. The pub

lic cost. of all other policies can be taken to be near zero.

One of the .even .ignificant pol)cies has already been identified as a

'benchmark'

Two others

#3,

Hll

upgrading .tructurally nonconfor.ing buildings.

emergency training and #19 the e.er.ency shelter
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Given our pre.ent concern about mitigating damage to phy.ical .truc

tures, three of our significant policies are addressed to such objec

tive. while the la.t is concerned with maintaining the local infra.

tructure.o that it would be operational in time of di.aster (tho.e

de.ignated 'p.' and 'pi' in the 'code' column of Table 11.9). The.e

have very sub.tantial co.ts associated with them at the level of the

mean. They also enjoy very substantial standard deviations.

The next chapter which describes the model's working••hows where and

how these cost data are utilized.
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CHAPTER III: RESULTS

L'YOUT OF THE KODEL

A flow-chart which summarizes computations is shown in Appendix C.

Wit~out going into all of the detail, here are the important steps:

1. A 5x5x6 damage matrix wal constructed (for private
structures) using results from the damage-curve questionnaires;
the dimensions were the six neighborhood types, five
KHI levels and five policy states -- the four policy
changes discus,ed in Chapter 1 as well al a 'baseline' of
current mitigation policies-in-place in Los Angeles;

2. A 6x6 diagonal matrix of dollar values denoting the
value of private structures at-risk in each of the
neighborhood types was used to convert all damage data
to dollar loss figures;

3. The results were converted to a thirty-five area format,
using information on the distribution of the six generic
neighborhoods through the city's thirty-five planning areas;

4. The (5x35) probability matrix converted all of the previous
results to expected (annual) values;

5. All of the data were converted to expected annual dollar
benefits by subtracting fro. the baseline-policy matrix;
the five dimensions of policy (II, above) were reduced to
four di.ensions by computing the difference that the four
policy innovations would .ake;

6. All of these (expected annual dollar benefit) data for the
thirty-five planning area. wer.. converted to per capita
information, u.ing 1980 population data;

7. The known distribution of each planning area's population
among .even income-groups wa. u.ed to collapse the benefits
information to a 4x7 matrix -- of expected annual dollar
benefits per c~pit.;

8. A 4x7 tax-incidence ..trix, .u..arlZ1nl our use of Phare.'
data was combined with the four (annualized) policy co.t.;
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9. Another four-dimensional (dia&onal) matrix (labeled TP)
included the proportion of Californians' (four-tax)
liability due to each of the four individual taxes;
these data (alona with the results from #8) allowed us
to compute a 4x7 matrix of annual dollar COlt per capita
-- for each of the four policies and .even income group.;

Ie. Annual costs per capita were subtracted from annual expected
dollar benefit. per capita (#7) to arrive at a (4x7) matrix
of net benefits -- or, annual expected net dollar benefits
per perlon -- for each of four policies. for each of the .even
income groups;

11. A .imilar (thou&h not identical) procedure Slnerated net
benefits data from reduced damaae to infrastructure -- were
the same four miti&ation pOliciea in place;

12. Results in #10 and #11 were combined to form a 'bottom-line'
matrix of net annual expected dollar benefits per person;

13. Bottom-line information was distributed to the thirty-five
planning areas -- using information on each income-ccoups'
prelence in each of the areas;

14. All of these stepa were reproduced with 'conaervative' benefits
estieatea; whereas panelistl' mean judgmentl of dama6e curve
ahifts from each policy were uaed in the three-dimenlional
matrix (in HI, above), a completely se~.rate calculat:on
was carried out with one-standard-deviation-Iess-than-the
mean damage curve shifts (actually, the latter curve. have a
slightly hisher displacement).

Great care .ust be taken in inter,retinc the .odel.' outputa. It

should be noted that none of the data on 'what is on the ground', e.g.

the LUPAKS and the censua data were updated or forecaat into the

future. That ta.k await. further work; our model has no real time

The mOlt appropriate interpretation of model result.

would, therefore, be along tbe following lines:

The model provides .ati••tea of net annual expected dollar
benefitl per perlon given the known ~iatributionl of structures
and people, prelueing that each of tbe proapective polici.s ia
fully in place and that its annualized (public) capital cost
il borne by taxpayers according to fundin~ a.,umptions we aake
explicit and civen the associated tax-incidence, a. described
in Chapter II.
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MODEL OUTPUTS

The policy model was structured in such a way that four sets of out

putl are emphasized for each 'run' (each sensitivity test). Thes.

are: 1) LASTAVI which is a 4x7 matrix showing net annual per eapita

expected dollar benefits of the four policies as they accrue to the

seven income groups -- using panelist,' average damage curve Ihift

a•• essments (Table 111.1); 2) LASTAV2 which i. a 4x35 rearrangement of

the same data -- the lame four pOlieies by thirty-fivE planning areas;

3) LAS TCON1, al.o 4x7 but u.ing 'conservative' benefits as.eslmentl

(Table 111.2); 4) LASTCON2, 4x35 also using 'conlervative' allell

ments.

The most striking a.pect of results 1n Table 111.1 i. that all of the

elements are positive; all of the policies impact all of the income

groups po.itively. Uling Itandard benefit-COlt criteria, the results

.ay: 'do something', even 'do anything'. Uling political criteria,

they .ay almolt the same thing .ince there appear to be no net 10ler

group••

Lookini more clolely. the results leem to make a great deal of .enae.

The poore.t do best under all four policy regimel. The model 'knou .'

where the mo.t vulnerable structures are; it also 'knowl' the ~r"as of

the City where the poorest people live; it lurmile. that the most da.

a&e-pro~e buildingl are likely to houae the poorest people. The aodel

.1so 'knowa' that all of the four taxel are progres.ive at the lower

end.
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TABLE 111.1: ANNUAL EXPECTED DOLLAR NET BENEFITS PER CAPITA
FOR ANY OF FOUR POLICIES -- ACCRUING TO SEVEN INCOME GROUPS

(average benefitl aSlell~ent of panelists)

annual houlehold income-group:

(~) (ii) (iii) (iy) (v) (vi) (vi i)

POLICY:

20~ tax credit 7.14 6.03 4.47 4.40 4.34 4.09 4.58

hazard. mats. Itorage 8.82 7.91 6.57 6.68 6.72 6.58 7.01

demolilh nonconf •• truc. 11.02 9.68 7.80 7.57 7.46 7.11 7.86

.tandby infrastruct. 7.74 6.52 4.89 4.52 ...41 4.06 4.95

income groups:

(i) le.s than $5,000

(ii) $5,000 - $9,999

(iii) $10,000 - $14,999

(iv) $15,000 - $19,999

(v) $20,000 - $24,999

(vi) $25,000 - $34,999

(vi i) greater than $35,000
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All of the incom~ groups do best under policy #3, 'demolish non-con

forming structures'. This also makes sense since it is well known

(Sarin, 1982) that lhese structures pose an unulual threat in Los

Angeles. The model doe. not 'know' who occupies the most hazardoul

structures; it simply contains data which denotes that thole areas of

the city with the oldest buildings are usually the areal populated by

lower income groups. Hence, the poorest benefit from policy #3 the

mOlt.

Matrix LASTAV2 shows the distribution of these benefits to the thirty

five planning areas. A discussion of the plausibility of these

resultl is beyond the scope of this report, requiring close acquain-

tance with the nature of each area. Nevertheless, we expect that

these results are of interest to political leaders.

As suggested earlier, a more elaborate ver.ion of this model would

proce.. probabilistic information on any damage curve shifts in

response the various policy initiative•. In the interim, we limply

telted more con.ervative panel relponles on damage curve Ihifts.

These utilize smaller-than-average curve shift.; we tested shifts one

Itandard deviation lell than the mean.

The 4x7 matrix of 'conlervative' reiults (Table 111.2) il interesting

lince it doel luggelt political trade-offl. Ther~ are negative al

well as pOlitive ele.entl IUlgelting gainerl al well al loserl.

Again, the model prelents UI with plausible relults: where there are

gainers and lOlers, the greatelt gains are to the lowest income

groups; the greatest loslel are to middle-income individuall, reflect

ing the diltrioution of tax burdenl al well al tne occupancy of the
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most perilous structures.

LASTCON2 .hows which planning areas gain and which lose under the

regime of 'conservative' benefits. Again, there are areas with

expected gains as well as areas with expected losses.
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TABLE 111.2: ANNUAL EXPECTED DOLLAR NET BENEFITS PER CAPITA
FOR ANY OF FOUR POLICIES -- ACCRUING TO SEVEN INCOME GROUPS

('conservative' benefits assessment of panelists)

annual household income-group:

(i) (i i) (iii) (iv) (v) (vi) (vi i)

POLICY:

204 tax credit 0.35 0.19 O.(H -0.15 -0.15 -0.21 0.10

hazard. mats. stor. 0.16 0.15 0.12 0.13 0.14 0.15 0.17

demolish nonconf.struc. 1. 40 1.07 0.67 0.37 0.28 0.13 0.49

standby infraltr. cap. 0.67 0.24 -0.27 -0.66 -0.74 -0.91 -0.30

income groups:

lUI than $5,000

(ii)

(i i i)

(iv)

(v)

(vi)

(vii)

$5,000 - $9,999

S10,000 - $14,999

$15,000 - $19,999

$20,000 - $24,999

$25,000 - $34,999

~reater than $35,000
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SENSITIVITY TESTS

A large number of sensitivity te.t. are, of cour.e, po•• ible. That i.

the attractivene•• of the model to policy analyst.. The 'te.t' that

hal already been described had to do with alternate a.sumptions on

(panelists' view. of) policy potency. In this section, we add another

test having to do with alternate funding proposals for the same four

policies.

Table 111.3 repeats output. already discu.sed ('ba.eline' funding) and

contrasts these with output. from four runs of the model which assume

that policies are funded wholly by each of the four taxes (.tate

income, .tate sale., local .ales, property), one at a time. Column.

'A' and 'C' repeat the distinction between the panel's ~vera&e and

conservative benefits judgments.

Re.ult. for each of the two sales taxes are practically identical;

the.e taxes have almo.t the .ame incidence. Funding for the second

policy appearl not to matter since this is the lealt expen.ive of the

four propolal.. AIIO, ~he 'A' columnl are only moderately .en.itive

to fundi g a'lumption.. In thele case., benefit, 10 dominate CO.tl

that it appear. to matter little how the ~oliciel are to be financed.

The 'C' column. do luggelt .ome contrastl. The relative progre•• ivity

of the state income tax accountl for the greater variability of net

benefitl were all of the public co.t. to be fina~ced by it. financing

via real propery taxes would di.tribut. net benefits Ie•• prcgre.-
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lively than for any of the other taxes.

We expect that policy makers would exploit the power of the model by

testing a large number of assumptions on funding levels as well as ta~

so~rce combinations.
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TABLE 111.3: SENSITIVI~Y TESTS -
ALTERNATE POLICY FUNDING ASSUKPTIONS

Sole Funding by:

baseline state state local real
funding inl~. tax sales tax sales tax prop. tax

A C A C A C A C A C
Policies

(seven rows: net annual exp,cted dollar benefits; from
lowest bracket in first row to highu t bracket)

201 tax 7.14 .35 7.46 .67 7.19 .40 7.19 .40 7.01 .21
credit 6.03 .19 6.4.') .61 6.00 .16 6.00 .16 5.91 .06

4.47 .01 4.81 .34 4.39 -.08 4.39 -.07 4.':.1 -.06
4.40 - .14 4.38 -.16 4.33 -.21 4.32 -.22 4.44 -.10
4.34 -.15 3.8~ -.61 4.34 -.16 4.34 - .16 4 50 -.00
4.09 -.21 3.40 -.90 4.12 -.17 4.13 -.17 4.29 -.00
4.58 .10 4.34 -.14 4.67 .19 4.67 .19 4.60 .12

hazardoul 8.82 .16 8.82 .16 8.82 .16 8.82 .16 8.82 .16
materials 7.91 .15 7.91 .15 7.91 .15 7.91 .15 7.91 .15
storage 6.57 .12 6.57 .12 6.57 .12 6.57 .12 6.57 .12

6.68 .13 6.68 .13 6.68 .13 6.68 .13 6.68 .13
6.72 .14 6.72 .14 6.72 .14 6.72 .14 6.72 .14
6.58 .15 6.58 .15 6.58 .15 6.58 .15 6.58 .15
7.01 .17 7.00 .17 7.01 .17 7.01 .17 7.00 .17

demolilh 11.02 1.40 11.47 1.85 11.09 1.47 11.09 1.47 10.82 1.20
nonconf. 9.68 1.07 10.28 1.67 9.61, 1.03 9.64 1.03 9.51 .90
structures 7.80 .67 8.28 1.15 7.68 .55 7.69 .55 7.71 .58

7.57 .37 7.55 .35 7.47 .27 7.47 .27 7.64 .44
7.46 .28 6.81 -.37 7.45 .27 7.45 .27 7.68 .50
7.11 .13 6.12 -.85 7.16 .18 7.16 .18 7.40 .42
7.86 .49 7.53 .16 8.00 .63 7.99 .63 7.89 .52

infrastr. 7.74 .67 8.48 1.42 7.85 .79 7.85 .79 7.41 .35
standby 6.52 .24 7.50 1.22 6.45 .17 6.45 .17 6.23 -.05
capacity 4.89 -.27 5.68 .52 4.69 -.46 4.70 -.45 4.74 -.42

4.52 -.66 4.49 -.69 4.36 -.83 4.35 -.83 4.63 -.55
4.41 -.74 3.34-1.81 4.40 -.75 4.39 -.76 4.77 -.38
4.06 -.91 2.45-2.53 4.15 -.82 4.16 -.82 :.. 55 -.43
4.95 -.30 4.40 -.86 5.18 -.08 5.17 -.08 5.00 -.25

note: Columns 'A' refer to ••an values of damage al aSlelled by pane
liltl; coluanl 'e' refer to conservative valuel, one Itandard devia
tion leiS aSlels.d .itig_tion.
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CHAPTER IV: CONCLUSIONS

We have tried to take a fir.t .tep toward 'clo.ing the gap' between

formal earthquake re.earch and applied policy analysi •. The model we

developed helped to illuminate the long chain of informational input.

required to sove u. to u.able evaluational a••e••ment.. We can report

that it i. pOf.ible to gather and manipulate available information to

provide output. which are a basis for policy contra.ts and ranking••

Exerci.e. such a. this have the added u.efulne•• that they help inve.-

tigator. focus on weak link. which de.erve further attention. In

fact, it can be argued that one of our model'. main eapabilitie. i. to

identify re.earch priorities f~r policy analy.i. in the earthquake

mitigation field.

Our own conclu.ion. on immediate priori tie. were formed with the help

of Ollr panelist. who met a. an Advi.ory Group to review an early draft

of this report (Appendix F). Of immediate concern are the following:

1. more elaborate damage curve e.timating procedure••hould
b. developed; experts .hould be prompted to indicate
.ubjeetive probabilities a••ociated with .ynthetic eurve
.hift.; model re.ult••hould be qualified by the appropriate
likelihood.;

1. more co.prehen.ive imple.entation co.t data should be gathered;
private a. well as public cost incidence .~ould be specified
as part of model output.;

3. a larler conception of 10•• and daaale .hould be eonsidered;
10•• of life, injurie., and .eeondary economic lo.se. must be
handled by the aodel.
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A number of other tasks will certainly emerge a. these three are

addre.sed. Vet, we are optimistic that useable result. will be forth

coming and that planning for earthquake damage mitigation can take a

large .tep forward. We hope that the idea. introduced in this

res.arch will form a basi. for the next generation of policy model •.
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Policy Delphi (queltionnaire and detailed ~elultl available
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Damage curves -- cycle J
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A P PEN D I X A 3

Damage curves -- cycle II
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NOTE: THE PROCEDURE MEANS USED 0.14 SEr.ONOS AND 232~ Ar~ PQINTEO PAGF 42
NOTE: SAS USED 240K MEMORY.

NOTE: SAS INSTITUTE INC.
SAS CIRCLE
PO BOX 8000
CARY. N.C. 21511-8000
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DATA fRU,", TASK ONE/SflIING ONE FRIDAY, AUGUSt ,j. 198~

OBS 10 MMV MMIII "VII MMIIII\ IolMIX C

BLANCK ,}2 5 26.00 32 5 35 0 35 0 a
~ ARNOLD 0.0 0.50 2.5 8 0 11.8 0
3 ASAI<URA 00 o 50 ;) 0 9.0 '31 ~ 0

4 BACHRACH 00 100 3.0 9 3 .3 0 0
5 BAAU(Io 00 1 50 5 0 16 a 21 5 0
6 GAll.AGH 0('\ o 4S 2 0; 9 a t I 0; 0
7 .JOHNSONG 00 0.50 3 0 g.!"J 12 5 0

8 JOHNSONR 0,0 0,45 2,5 8 (1 13.5 0
9 I<OCI(£L..... 00 100 3 0 10 0 16 5 0

10 MASRI 00 5.00 100 15 0 20.0 0

" MTT INGLY 00 2 50 6 5 " 5 15 0 0
12 SANOY 00 0.4S 3 0 10.0 15 5 1
13 WALLACE 00 0.45 25 10,0 15 0 0
14 WHITMAN 0.0 0,00 1,0 :) 0 6,0 1
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DATA FRON TASK ONE/SETTING ONF FRIDAV, AUr.UST 9, 1985 :>

-V FREQUENCY CUN FREO PERCENI CUM PERCENt

0 13 13 100 000 100 000

_VI FREQUENCY CUN FREO PERCENT CUM PERCENT

0 1 t 1 6')2 1 ~92

o 45 4 5 30.769 38.462
0.5 J 8 23 071 61 538

I 2 10 15.3A5 76.923
1.5 1 " 1.692 84 GIS
2.5 1 12 1.692 92.308

5 1 13 1 692 100 000

_VII fREOUENCY CUM FREQ PERr.ENT CUM PERCENt

\ 1 1 7 692 7.G92
2.5 4 5 30 769 38.462

::I 5 10 38 462 16.923
5 1 " 7 692 84 615

6.5 1 12 1 6'J2 92 308
10 1 13 7.692 100.000

_VIII FREQUENCY CUM tREO PERCENT CUM PERCENT

3 I I 7 ~92 7 692
8 :2 ::I 15.385 23077
9 2 5 n:'.3ft!> 38.462

9.3 1 6 7 692 46 154
9.5 1 1 1.692 53.846

10 ::I \0 23.071 76 !j:?3

" 5
1 11 7 692 84 6t5

15 1 12 1.692 92 308
16 1 13 7.692 100.000

_IK FREQUENCY CUM fREO PERCENT CUM PERCINI

6 I 1 7 692 7 fiq:l

115 I 2 7.692 15.385
11 8 I ::I 7.692 2J.071
12.5 I 4 1.692 30 769

13 2 6 15 ::185 46.154
1::1.5 I 7 7 692 53.846

15 2 9 15.385 69 231
15 5 I '0 7.692 76.92::1
16.5 1 It 7 692 84.615

20 I 12 1 692 92 308
2 1.5 I 13 1 Gq2 100 000
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DAlA fROM lASK ONE/SEllING ONE FRIOAY. AUGllST 9. 1985 J

VARIABLE N MEAN STANDARD MINIMUM MhlMUM S ro ERROR SUM IIARIANCE C II
DEIIIAJ ION IIAtUE VALUE Of M[AN

_V 13 0oooooס0.0 0oooooס0.0 o 0oooooס0 0oooooס0.0 0oooooס0.0 0oooooס0.0 o 000000OO
MNVI 13 0oooooס1.1 1.333:Z2916 0oooooס0.0 5 0oooooס0 0.36977124 14 0oooooס3 OOסס1.7175 121 203
_VII 13 3.65384615 2.32185B:Z3 1 000<l0000 10 . ()()()()()()()( 0.64396761 47 0oooooס5. 5 39102564 63 546
_VIII 13 9.8692;)017 3.19853733 0oooooס3.0 16 0oooooס0 0.88711464 I 28 :I()()()(XJOO 10 21064103 32.409
_IX 13 14.21538462 3.89162480 6 0oooooס0 21 0oooooס5 1 07934252 184 0oooooס8 15 14474359 27 376
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DATA FADM TASK ONE/SETTING TWO FRIDU AUGUST 9, 1985

OBS 10 IIIMV IIIMV I IIIMV I I IIIMVI I I """IX (

1 BLANCK 12 16.0 21 0 25.5 30.5 0

:2 ASAKIJRA 0 3.0 10.0 17 5 24 0 0
J ARNOLD 0 :2 0 7 5 14.0 20 0 0
4 BACHRACII 0 6 0 12 5 20 5 27 0 0

5 BRAUN 0 3 5 110 20 5 29 0 0
6 GALLAGH 0 2.3 7.5 14.0 20.5 0

7 JOHNSONG 1 3 0 10.0 1'1.0 25.0 0
II JOIlNSONR 0 2,3 7.5 13 5 22 3 0
9 KOCKEL'" 0 3.5 9 '5 15.5 22.0 0

10 MASRI 0 6.5 12.5 18 5 25 0 0
11 NTTINGLY 5 10.0 17.5 23.0 27 5 0
12 SANOY 0 2 3 8.0 16 2 23 0 1

13 WALLACE 0 2.3 10.0 20.0 30.0 0
14 IlIHITMAN 0 0,5 2.5 6 0 9 0 0



nATA r~OM TASK ONE/SETTING TWO JRIOAf. AUGUST 9 19Af') 5_v
fREQUENCf CUM FREO PERCENT CUM PERCENJ

0 , t " 84 615 114 61r;
I 1 12 1.692 9~.308

5 , 13 7 692 100.000

_VI FREQUENCf ellN FREQ PERCENT ClIM PERCENr

o 5 , I 1 G9:1 7 (;:;)
2 t 2 1.692 15.385

2.3 4 6 30 769 46 154
3 :I 8 15 385 61 538

3.5 2 10 15.385 76 921
6 1 " 7 692 84 615

6.5 1 12 7 692 92 1011
10 1 13 7.692 100.000

_VII FREQUENCY CUIII FREO PERCENT CUM PERCENT

2 5 t I 7 692 7 692
7.5 3 .. 23 077 JO 769

8 t 5 7.692 38.462
9.5 1 I; 7 Gq, .6 154

10 J 9 23 077 69 231
II I 10 7 &92 7G 923

12.5 2 12 15 385 92 308
17.5 I 13 7.692 100000

.-evIl I FREQUENCY CUM FREO PERCENT CUM PERCENT

6 I I 7 692 7 692
1J.5 I 2 7 692 15 385,.. 2 4 15.385 JO 769
15 !I I 5 7.692 38 462
16.2 I C 7 692 46 15~

17 I 7 7 692 53 846
17 5 I 8 7 692 61 531\
18 5 I 9 7 G92 G9 231

20 I 10 7.6':12 76 923
20 5 2 12 15.J85 92.301l

23 I 13 7 692 100 000

_I~ FREQUENCY CUIII FREO PERCENT CUM PERCENT

9 I 1 7.692 7.692
20 1 :I 7.692 15.385

20.5 I 3 7.692 23 077
22 I 4 7 692 30.7G9

22 J I 5 7.692 38.46:1
23 I 6 7 69:1 46 154
24 I 7 7 692 53.846
25 :I 9 15.385 69.231
27 I 10 7 69:1 76 923

27.5 I It 7 692 84 G15
29 I 12 7 692 92 308
30 I 13 7 692 100 000

---.....

--l:....
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OAf A FAOM TA~K ONE/SETTING fWO fRIDAY. AUGU:;T 9. 198':>

VARUBLE N MEAN STANDARD MINIMUM MU'''JM STO ERROR SUII' VARIANCE C V
DEVIATION VALUE VALUE OF MEAN

.-V '3 0.4&153846 1.39136531 o 0oooooס0 0oooooס5.0 0.38589531 6 0oooooס0 I 93589744 ]01.4"2
~I 13 3.63076923 2 49645903 0oooooס0.5 0oooooס10.0 0.69239316 4 1 2CJOOO()()O 6.2]230169 68.758
~II 13 9.69230769 ].!)091455fi 0oooooס2.5 17 500000OO o 97326187 126 00000000 12 ]1410256 36 205
~III 13 16.6307692] 4.3240]8]5 0oooooס6.0 2] 0oooooס0 I 19q21246 2 16 0oooooס2 18 1;97]0769 26 000
_IX 13 23.40769231 5.]29]9]58 0oooooס9.0 0oooooס300 1.41810183 ]04 J()(){)()()()() 28 4024]590 22 1b8
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DATA FROI4 TA~I< ONE/SETTING 1I1R[[ FRIDAV. AUG~ST a. 19R'"

OBS 10 MMV MMVI MMVII MMVIII "'MIX C

1 IllANeK 14.5 1/.00 22 .5 2!>'5 28 ° 0

2 ASAKURA 0,0 0.0'1 4 0 10 0 14.0 0

3 ARNOLD 00 o 80 3 0 9.0 13 4 1

4 BACHRACH 00 2 20 5 0 11.0 14 0 0

5 BRAlJI\, 00 1 50 5 0 14 5 10 0 0

6 GALLAGH 00 1 00 3 5 9 5 12 0 0

1 ,",OHNSONG 0.0 2.00 1 0 15.0 23 ° f)

8 ,",OHNSONR 0.0 0.80 3.0 8 5 14 2 0

9 l<OCKElMN 00 1 50 6.0 12.0 16.0 0

10 "'ASRI 00 0.80 3.0 12 2 20 0 0

11 "'TTINGlY 00 3 50 6.0 II ° 16 0 0

12 SANOY 00 1 00 4 5 12 0 16 5 1

13 "'AU.ACE 00 o 80 5 0 15.0 20 0 0
14 Wttl ''''AN 0.0 0,50 1.5 4 5 9.0 °
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OA TA FROM 1ASK ONE !Sr TT I NG ItiREE FRIDAV. AUGUST g ~ r,8~ Ii_II
FREQUENCY CUM FREQ PERCENF r.U/lo PERCENI

0 13 13 100 000 100 000

MNVI FREQUENCY CUM FREO PERCENT CUM PERCENT

009 I 1 1 692 1 692

0.5 I :1 1 692 15 385
0.8 4 6 30 1£;9 4" 154

I 2 8 15.385 6. 5.18

1.5 :1 10 15 3B5 76 923
2 I • I 1 6C12 84 615

2 :1 I 12 1.692 92.308
3 5 I 13 1 692 100 000

_VII FREQUENCY CUM fREO PERCENT CUM PERCENT

.5 1 I 7 692 7.692
3 3 4 23 077 30.169

3 5 I 5 7 692 38 462
4 I 6 0' 692 4C.154

4 5 I 1 7.692 !i3 846
5 3 10 23 011 76 923
6 2 12 15 385 92 308
7 t 13 7 692 100 000

_VIII FREQUENCy CUM FREQ PERCENr CUM PERCENT

4.5 1 I 7 692 7 692

8.5 I 2 7.692 15 J85
9 I 3 7 692 23 077

9 5 I 4 1 692 30.169
10 1 5 7.692 38 462
II 2 7 15.385 53.846
12 2 9 IS 385 69 231

12.2 I 1O 7 692 16.92J
14 5 I II 7 692 84 615

15 2 13 15 385 100 000

MMIX FREQUENCY CUM FREO PERCENF CUM PERCENT

9 I I 7 6'12 7 692
12 ; 2 7 692 '5.385

13 4 I J 7.692 23 077
14 :1 5 15.385 38.462

14.2 I 6 7.692 46.154
16 2 8 15 385 61 538

16 5 I 9 7 692 69.231
20 J 12 23.071 92 308
23 I j3 7 692 tOO 000
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O~IA FROM TASK ONE/SETTING TtlRH FRlrlAY. AUGlJSr 9. 19!!'> 9

VARIABLE N MEAN STANDARD MINIMUM MAXINUM sro ERROR sU'" VARIANCE C V
DEVIATION VALUE VALUE OF "'EAN

....V 1:1 0oooooס0.0 o .()()()()()()()( o 0oooooס0 0oooooס0.0 o 0oooooס0 0oooooס0.0 o 0oooooס0

""VI 13 1.26846154 0.88934289 0.09aooooo 3 0oooooס5 0.24665934 16 4900Q000 0.19093077 70 '.12
....VII 13 4.34615385 1 53276188 1 0oooooס5 7 0oooooס0 o 42~11166 56 ~0000000 2 34935891 35 267
WlVI 1 I 13 11.09230769 2.93441122 4 0oooooס5 1~ 0oooooס0 o 81385924 144 20000000 8 61016923 26 45-1
....1X 13 Ui.OO169:lJI J. 87566J7 I 9 0oooooס0 23 0oooooס0 107491571 208 0oooooס1 15 02076923 24. J II
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lJAlA FROM 1ASK ONf/5£TTING lOUR FRIlJAV. AUGUST 9. 19E15 10

OBS 10 IilMV MMVI IilMVII MMVI II MMIX C

1 BLANCK :I 1 2;1.50 21 0 30.Q :14.0 0

2 A5AKURA 0 1.75 5.0 12 0 110 (l

3 ARNOLD 0 0.00 " 0
10.0 14 () a

4 BACHRACH 0 2.00 5 5 11 5 t6 0 0

5 BRAUN 0 2 00 5.0 12 5 19 0 0

6 GAlLAGH 0 1.50 4.0 10 0 14 :I 0

1 -JOHN$~G 0 2.~O G 0 12 5 "'.!J 0

8 JOHNSONR 0 1 50 40 100 18 S 0
9 KOCKELMN 0 1.00 4 '5 100 IG 0 0

10 MASRI 0 2.00 6 0 12 0 16 0 0

11 MTTINGLY 0 3 50 6 0 105 14 0 0

12 SANOY 0 I 50 4 0 100 15 0 1

13 WALLACE 0 1.50 10.0 20.0 25.5 0
14 WHITMAN 0 o 50 1.5 3 5 9 0 0
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DAIA FROM TASK ONE/SElrING rOUR r RWAY. AUGUST 9. 19B~ 11

MMV FREQUENCV CUM fREO PERCENI CUM PERCENI

0 13 13 100 ()()I) 100 ()()()

MMVI FREQUENCV CUM FREO PERCENT CUM PERCENT

0 I 1 7 692 7 6~'2

0.5 I 2 7 692 15 :JA',

1 I 3 7 6CJ' 23 077
1.5 4 7 30.769 5J.846

I 75 I 8 7 692 61 538
2 3 II 23.077 84 615

2.5 1 12 7 692 92 30H
J 5 I IJ 7 6'l2 tOO 000

MMVII FREQUENCY CUM FREQ ~~RCENT CUM PERCENT

.5 1 I 7.692 7 69:>
4 4 '" 30 769 38 4(.2

4 5 I 6 7 692 46 1~4

5 2 8 15.J85 61.538
5.5 1 9 1.692 69.231

6 3 12 23 071 9:2 308
10 1 IJ 1 692 100 000

MMVIII FREQUENCV CUM fREO PERCENT CUM PERCENf

') '" 1 1 1.692 1 692
10 5 6 38 462 46 1!)4

10 5 1 7 7 6'l2 53 846
tl 5 1 8 1.692 61.538

12 2 10 15.385 76 923
12 5 2 12 15 385 92.308

20 1 13 1.692 100.000

MMIX FREOUENCY CU~ FREO PERCENT CUM PERCENI

9 1 I 7 692 7 692
14 2 3 15.385 23 077

14.2 1 .. 1.692 30. 'Tf;9

15 1 5 7 692 38 462
16 3 8 23 077 61 538
17 I 9 7 692 69.231

17 5 1 10 7 692 76 923
lB.5 1 11 7.692 84.615

19 1 12 7.692 92 308
25.5 1 13 7.692 100 000
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OAU FRO~ TASK ONE/SETTINI; fOUR fRIDAY, AUGUsr 9. 1qA r.." 12

VAAl ABLE N ~EAN STANDARD ~INUIUM MAXIMUIiI STD ERROR SUIiI VAil lANCE C II
DEVIATION VAlUE VALUF OF IiIEAN

"" 13 0oooooס0.0 0oooooס0.0 o 0oooooס0 0oooooס0.0 o 0oooooס0 o 00000ooo o 0oooooס0

"VI 13 1.63461538 0.86971849 0oooooס0.0 3 0oooooס5 0.24121651 21 25000000 o 75641026 53 206
"VII ;3 5.03846154 1.93069006 1 0oooooס5 10 0oooooס0 o 53547108 65 5()()o()()()() 3 72756410 38.319
-.vI II 13 11.11538462 3.52463855 3 0oooooס5 20 0oooooס0 0.97755885 144 5000u000 12 42307692 31 710
"I)( 13 16.28461538 3 15207635 0oooooס9.0 25 0oooooס5 1 04063814 2 I 1 0oooooס1 14 01801692 23 0<"
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OATA FROM TASK ONE/SETTING' IVE FII IDA Y. AUGIJ51 9. 1985 11

OBS 10 MMV MMVI MMVII MMVIII _IX C

1 BLA:JCK to 13.00 16 5 20.5 25.0 0
2 .. RNOLD 0 2 30 1.0 12 A In 0 0

3 "S"KURA 0 2 15 8 0 15 5 225 0
4 BACI1R..CH 0 3 25 8 5 ,~) 0 20 0 0

5 BRAUN 0 J 50 10 0 IS 0 35 0 0
6 GAllAGH 0 2.50 1 0 13 0 1& 0 0

1 JOHNSONG 0 3.50 10.0 20 0 21.0 0
8 JOHNSOMl 0 2 50 1.0 12 & '0 0 0

9 KOCK£L_ 0 2.50 1 5 14.0 20.0 0
10 ....SRI 0 600 11.5 110 22 0 0

11 .. lTINGlY 0 &00 9 0 14 5 20 0 0
12 SANOY 0 2 50 1 0 14 0 20 0 1
13 lIALLACE 0 2.50 100 20.0 25.0 0

14 lIHITMAN 0 050 2.5 4 5 1 0 0
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OATA FROM TASK ONE/SETTING FIVE FRIIlA I. AlJGUS T 9. \"lA< .4

'"''"'II FREQUENCY eu,", FREQ PERCENI eu,", PEReENI

0 13 I :I 100 OlXJ 100 000

MNVI FREOUENCY CUM FREO PERCHIT CUM PERCENT

o 5 I 1 1 692 1 692
2 3 I 2 1 6'J;J 15 385
2.5 5 1 38 467 53 846

2.15 I 8 1.692 6\ .538
3.25 I 9 1 6'32 69 231

3 5 2 1 \ 15.385 84 615
5 I 12 1.692 92 308
6 1 13 1.692 100.000

"""'VII FREQUENCY eu,", FREr) PERCENT eu,", PERCENT

2.5 I 1 1 692 1 692
7 4 5 30.769 38.462

7 5 1 6 1 692 46 !54
8 I 7 7.692 53 846

8 5 I B 1.692 61.538
9 I 9 1.692 69 231

10 3 12 23 071 92 '08
I 1.5 I 13 1 6']") 100 000

"""'VI JJ fREQUENCY CU,", FREQ PER(UH CU,", PERCENT

4.5 I I 1 692 1 6'l2
12 5 1 2 1 692 15 385
12.8 , :I 1 692 23 0.,1

13 I 4 1 69;1 30 769
14 2 Ii 15.385 46 154

14.5 I 7 1.692 53.846
15 I 8 1 692 61 538

15.5 I 9 1 692 69 231
17 I 1O 1 6'12 16 923
18 I " 1 6'l2 84 615
20 2 13 IS 385 100.000

MNIX FREQUeNCY CUM FREO PERCfNT eu,", PERCENT

7 I I 1 692 7 6'l2
18 2 3 15.385 23.077
20 5 8 38.462 6 1.538
22 I 9 7 692 69.231

2:2.5 1 10 7 69:2 76 9::>3
25 I 11 7 692 84 615
:27 I 12 1 692 92 308
35 I 1:1 1 692 100 000
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DATA fROM TAS~ ONE/SETTING fIVE f II lIJA Y • AUGUST 9. 198<; 15

YARUBLE N IIiI[AN STANDARD IIiIINI~U~ NAXlMU~ STD ERJlOR 5U~ VARIANCE C V

DEVIATION VALUE VALUE OF "'fAN

_V 13 0oooooס0.0 0oooooס0.0 o 0oooooס0 0oooooס0.0 o 0oooooס0 0.00000000 0ooooo...,1ס00 13 3.02307692 1.34189160 0oooooס0.5 6 0oooooס0 o 37217317 39 30000000 , 80067308 44 388
_II 13 8.07692308 2.23463414 2 SOOOOOOO I I S()()()()()()() o 61977600 lOS 0oooooס0 4 99358974 27 661
_VIII 13 14.67692308 3.91369556 4. SOOOOOOO 0oooooס20.0 1 10210485 190 80000000 15 79025641 27 07.'
"UX 13 21 . 11538462 6.25883990 0oooooס7.0 35 0oooooס0 I 13588986 274 0oooooס5 39 11301692 :29 64.
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DA lA fROM r A51< ONE I A rT 1He S I X f R WA ¥ • AUGIJ51 9. 1985 16

OBS 10 "'V ...VI ...VII 101101\/111 1011011 X C

1 BLANCI< 26 5 28.0 32 0 35.0 3~ 0 ()

:2 ARNOl.D 0.0 1.0 3.9 9 7 14 0 0

:I ASAI<URA 00 1 0 4 5 10.5 \5 0 0
4 BACHRACH 00 1.5 5 0 12 0 16 5 0

5 BRAUN 0.0 2.0 6 5 14 a 20 0 0
6 GAl.LAGlI 0.0 1.0 40 \00 13 0 0
7 <JOHNSONG 0.0 2.5 10 0 20.0 25.0 0

8 \JOHNSONR 0.0 1.0 4.0 9.5 17 5 0

9 1<0cl<ELMN 0.0 10 4 0 10.0 15.0 0
10 MASRI 0.0 4.5 90 15.0 20 0 0
It MTT INGLY 2.0 6 5 10.5 16 0 :20 0 0

12 SANOY 00 1.0 4.5 12.0 20.0 \

13 WALLACE 00 1.0 7 5 15.0 20.0 0
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OAr A FROM TASK llNf (Sf TT I NG ~ I X fIHlJAV. AUGlJS T 9. 198':") U

_II FREQUENCY CUM FRf(J PERCENr CUM PERCFNI

0 11 11 91 661 91 661
2 1 12 8.:!]3 100.000

_III FREOUENCY CUM FREO PERCENl CUM PERCENT

I 7 1 58 3:13 58 :J:J:J

1.5 1 8 B 333 66 661

2 1 9 8.:!3:! 15.000
2.5 1 10 8 333 83 333
45 1 11 B3JJ 91. &61
6 5 1 12 8 333 100 000

_1111 FREQUENCY CUM FREQ PERCEN! CUM PERCENI

3.8 1 1 8 333 8 333
4 3 4 25.000 3] 3J:l

4 5 2 6 16.661 50 000
5 1 1 8 333 58 333

I) 5 1 8 8.333 66 661
7.5 1 9 8.333 75.000

9 1 to 8.3H 83 233
10 1 11 8 333 91 661

10 5 1 12 8.333 100 000

"VIII FREQUENCY CuM FAEQ PEACENT CUM PEIlCEN!

9.5 1 1 8 333 II 333
9 1 1 2 8 333 16 661

10 2 4 16 .,67 33 333
10 5 I 5 8 333 41 667

12 2 1 16.661 58.3J3
14 1 8 8.333 66.61>1
15 ::I 1O 16 667 113 333
16 1 11 8 313 91 661
20 1 12 8 313 100 000

"IX FREQUENCY CUM FAEO PERC EN! CUM PERC EN!

13 1 I 8 333 8 333
14 1 ::I 8 333 16 66'1

15 ::I 4 16 667 33.333
16.5 1 5 8 333 4 I .661
17 .5 1 to 8.333 so. 000

20 5 II 41 667 91.667
25 1 12 8 333 100.000
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DATA rROM TASK ONE/SETTING SI~ FRIDA •. AUGUST 9. 1"18<; '"
VARIABLE N MEAN ~TANOARD NINIMUN NA~IMUN ~IO EIlROR ,>UN VARIANCE C V

DEVIATION VALUE VALUE or ",rAN

_v 12 0.16666667 o 57735027 o 0oooooס0 0oooooס2.0 o 16666661 2 OQ()()Q()()() () :11333333 346 410
_VI 12 0oooooס2.0 I 15809815 0oooooס1.0 6 0oooooס5 o 50751922 24 0oooooס0 3.09090909 87 905
_VII 12 6.11666667 '}.51:15391O 0oooooס3.9 10 0oooooס5 o 12559624 73 40000000 6 31181819 41 09:1
"'10'111 12 12.80833333 3 24666496 0oooooס9.5 20 0oooooס0 o 93123144 153 70000000 10 54083333 25 3-18
NMn 12 18 0oooooס0 3 44436298 13 0oooooס0 25 0oooooס0. o 99430195 2 16 0oooooס0 11 86363636 19 115
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DATA rJHJN TASK TWO/SI TTING ONf fIlIOAY. AlJGIJ c, T '1 lqH~ 1'1

OBS ID MMV MMVI _VII _VIII _Ix

I ARNOlD 0.0 o 0 0.30 o 9 , }

2 ASAKlJRA 00 1.'1 500 15.0 '1 0
3 BACHlUCII 00 2 5 GOO 11 0 15 0
4 BLANCK 5 0 7 0 II 00 14 0 16 0

5 BRAUN 00 00 2 50 18 0 IJ 0
6 GAll AGil
7 .JOHNSON(; 0.0 o 5 3.50 9 0 12 5
8 ..JOHN <;ONR 00 o 5 o 50 I C; l'j 0

9 ICOCIC[L..... 00 1 0 4.50 12 5 21 0

10 MASRI 00 :J 0 6 50 In 0 15 0

II MTTINGLY '1 5 Ii 0 9 50 14 0 17 5

12 SANDY \) 0 00 o :15 J 5 6 U

13 WALLACE 00 o !\ :1.50 5 0 100
14 WHrTllllAN 00 0.5 2 &0 9,0 11 5
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DAIA IROM TASK 'WO/SE'IING ONe I RIDA\' . AUGUS' 9. 1985 :10_v
I III f)llfNC Y CUM IRED PfRerN' CUM PFRCENl

1

0 II II 84.1>15 84 61'1

25 1 12 7 692 92 J08
5 1 13 7 6Y2 IOU O<XJ

_VI IRE !JUENCY CUM FREO PERCfN' CUM PfRCENI

1
0 :I :I 23 017 23 077

o S 4 1 :10 169 S3 846
I 1 8 7 .')2 61 53R

1 2 1 9 7 69] 6<; 231
2.5 1 10 7 692 76 921

3 1 11 1.692 84.61~

6 1 12 7 692 92 308
7 t 1'3 7 692 100 O<XJ

_VII FREQUENCY CUM FREO PERCENT CUM PERcEN!

1
o 25 1 1 '7 692 7 692

o 3 1 :2 7 6q2 15 :l8S
o 5 1 3 1 692 n 017
:2 5 3 6 23 017 46 15~

3.5 t 1 1.692 53 846
4 S 1 8 7.692 61 5JR

S 1 9 7 6')2 69 231

6 1 1') 7 692 16 9:!J
6 5 1 II 7 692 84 615
9 5 1 12 7 692 92 JOB

11 1 13 7 692 100 ()(X)

_Viti fREQUENCY CUM FREO PERCENT CUM PERCENT

1
0.9 t I 7 6'32 , 692

I 5 1 2 7.692 15 385
:I 5 1 ;) 7.692 23.017

5 1 4 1 692 30 169
9 2 6 15 385 46 154

10 1 1 1 692 53 846
11 1 8 1 692 61 538

125 1 9 1.692 69.231
14 2 11 15 385 84.615
15 1 12 1 692 92 308
18 1 13 1 692 100 000



',.,,-
••J

DATA fROM lASK TWO/SElliNG ONE ERIVAY. AUGlISl 9, 1985 2 ,

_IX FREQUENCy CUM fREQ PERCENT CUM PERUNI

1
2 1 1 7.692 7 69:>
5 1 2 7 692 15 385
6 I 3 7 692 23 077

10 1 4 7 692 30 769
12.5 1 5 7 692 38.462

13 1 6 7 69: 46 1':14
13 5 I 7 7.692 53,846

15 2 9 15 3B5 69 231
16 1 10 7.692 76 923

17 5 I 11 7 692 84 615
21 2 13 1~. 385 100.000



~

----

OAT' fROM TASK TWO/~ETrING ONE TRil'A,. AUGUST 9. 1985 22

VAlUABLE N MEAN STANDARD MINIMUM MAX 11011:101 SID ERROR SUM VARIANCE C V
OEVIATION VAlUE VALUE Uf "'ft.'"

"V 13 0.57692308 1.49786172 o 0oooooס0 0oooooס5.0 o 41543210 7.5000()()()O 2 2~158974 259.629
"VI 13 1.74615385 2.31034463 0oooooס0.0 1 0oooooס0 0.64017431 22 10000c~'-:: 5.33769231 132.310
"VII 13 4.19615385 J 38196575 o 25000ooo 1 I 0oooooס0. o 93198853 54.55000ooo 11 0769231 80 591
"VIII 13 9.49230169 5.39451288 0oooooס0.9 0oooooס18.0 1.49616868 123 . 0oooooס4 29 10076923 56 6Jv

"IX 13 12 82307692 5 96226381 1 0oooooס2 21 0oooooס0 1 65363445 166 7()()()()()()() 35 '>4858914 46 491,



..........
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DATA fROM TAS~ TWO/SETTING TWO f RIOAY , AUGUST 9, \985 23

08S 10 "" IIIMII I '.WII ..11111 _IX

1 A~NClI_O 0.0 0.0 O. J 1 ::I ::1.5

::1 ASAKURA o 0 6 0 15 0 27.5 40 0

3 BACHRACH 0.0 9.5 17.5 25.0 31.0
4 BLANCK 100 13 5 19.0 130 29 {}

5 BRAUN 00 0.0 3.0 23 0 45 0
6 GALLAGH
7 ,JOHNSONG 0.0 2.5 90 15 5 22.5
8 ..JOHNSONR 00 o 5 2 0 4.5 100

9 KOCJ<ELMN 0.0 6.0 13.0 20 0 26.0

10 MASRI 00 4 5 100 16 0 no
11 MTTINGLY 7 5 13 0 17 5 23 5 29 0

12 SANOY 00 1 0 5 0 \4 0 2\ 0
13 WALLACE 0.0 ::1 .0 5.0 100 15.0

14 WHITMAN 00 ::1 0 8.5 \6.0 26 0



'-\. 1
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DAIA fROM TASK TWO/SElTING IWO FRIDAY. AUGUST 9. 1985 24

IiIMV FREQUEPoiCY CUM FREQ PERCENT CUM PERCENT

1
0 11 11 84.615 84.615

7.5 1 12 7.6~2 92.308
10 1 13 7 692 100 000

MMVI FREQUENCY CUM FREO PERCENT CUM PERCENT

1

0 :1 2 15 385 15 385
o 5 1 3 7 692 23.077

1 1 4 7.692 30 769
2 2 6 15 385 46 154

2.5 1 7 7 692 53 846
4 5 1 8 7.692 61. 538

6 :1 TO 15 385 76 9:13
9 5 I 1\ 7.692 84.615

IJ 1 12 7.6'J2 92.308
13 5 1 13 7 692 100.000

MMVII FREQUENCY CUM FREO PERCENT CUM PERCENT

1
0.3 1 1 7 692 7 692

2 1 2 7 692 15 385
3 1 :I 1.692 23,011
I> 2 I> 15.385 38.462

8.5 1 6 1 692 46,154
9 1 7 7 692 53.846

10 1 8 1 692 61 538
13 1 9 7.692 69 231
15 1 TO 1.692 16.923

175 2 12 15.385 92.308
19 1 13 1 692 100 000

MMI/III FREQUENCY CUM FREQ PERCENT CUM PERCENT

1
1.2 1 1 1.692 7.692
4.5 1 :1 1 692 15 :IllS

10 1 3 1,692 23.071
14 1 4 1 692 30.769

15.5 1 5 1 692 38 462
16 2 7 15 385 53.846
;w 1 8 7 G92 61.538
23 2 TO 15,385 76 923

23.5 1 11 " G92 84 GIS
25 I 12 1 692 92 308

2;.~ I TJ 7 692 100 000



~
--i-.

OATA fROM TASt< TWO/SEll TNG TWO fill DAY. AUGUST 9. 'Cla5 7!1

_IX fREQUENCY eu", fREQ PERCENT eu... PERCENT

1
:I 5 ; 1 1.6!!2 7.e9;>

\0 1 2 7 6'12 IS 385
IS 1 3 7 692 23 077
21 1 4 7 6C12 30.769
22 1 5 1 692 38 462

22.5 1 6 7 6'12 46 1~)4

26 :I B 15.385 61. SJ8
29 2 10 15 385 76.923
31 1 11 7 692 84 615

40 I 12 7 692 92 308
45 1 13 7 692 100 000



'v-

DATA fROM lASI< IWO/~[T fl~ IWO fRIlJA~. AU<.1J5[ 9. 1985 ;>1,

"ARUBLE N MEAN STANOARO MINIMUM MAXIMUM STO ERROR 51JM VARIANCE C V
DEVIATION VALUE VALUE OF MEAN

.., 13 1.34615385 3.32531086 o 0oooooס0 0oooooס10.0 o 92227529 17. 0oooooס5 II 11576!'P31 247.011
_VI 13 4.65384615 4.72310198 0oooooס0.0 .3 0oooooס5 1.30995280 60 0oooooס5 22.30769231 101 488
...1111 13 9 0oooooס6 6 36238949 0oooooס0.3 19 0oooooס0 I 16460930; , 24 BO()OOOOO 40 48000ooo 66 215
...11111 13 16.86153846 1.98639869 I 0oooooס2 21 0oooooס5 2.21~02846 219 200uoOOO 63 1l!256410 41 365

"'X 13 24.53846154 11.38248204 2 0oooooס5 45 0oooooס0 :) 1569325' 3 19 0oooooס0 '~J 56089744 46 386



\:::
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UArA fROM I~~K TWO/~El riNG 1I1Rll FRlilA V. AUGlJo! 9. 1~8~ '21

OB5 ID MM" """"I MMVII MMI/III MIll I x

1 ARNOLD 0.0 00 0.5 1 0 :I 0
:I ASAKLJRA 00 2.5 7 5 14.0 22 5
J BACHRACH 1.0 3 5 eo 13 5 17 0
4 BtANCK 6 5 8 0 1 , 0 15 5 19 0

5 BRAUN 00 00 J.O 19 0 J!') 0

6 GAllAGH
7 JOHNSONG 0.0 1 5 5.~ 9 0 :II 5

8 JOHNSONR 00 0.5 I 0 2.5 8.0
9 KOCKHIiIIl 0.0 ::I 5 90 15 0 21 0

10 MASRI 00 0.8 J.O 9 5 17 0

II MTT INGLV I 0 3 5 I> 0 11.5 16 0

12 SANOY 00 0.0 00 2.0 4 5

13 WALLACE 0.0 o 5 3.0 B 0 II 0

14 WHITMAN 00 1.0 4 0 14.0 29.5



""
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DATA FRON TASK TWO/SETTING THREE FI<I.)'" . AUGU'ST 9. 19R5 78

MMI/ FREQUENCY CUM FR~O PERCENT CUM PERCENT

1
0 10 10 76.923 76.921
T 2 12 15 385 92 308

6 !J 1 lJ 7 692 100 000

_VI FREQUENCY CUN FREO PERCENT CUM PERrrNT

1
0 3 3 23 077 23.077

0.5 2 5 15 3RS JR 462
o 8 1 6 7 692 46 154

1 , 7 7.6n 53 846
1.5 1 8 7.692 61 538
2 5 , 9 7.692 69.231
3.5 :I 12 23 077 92 308

8 1 1:J 7 692 100 000

...VII FREQUENCV CUN fREO PERCENT CUM PlRCENf

1
0 1 I 7 692 7.692

0.5 I 2 7 692 15 385
1 t 3 7.692 23.077
:J 3 6 23 077 46 154
4 I 7 7.692 53.R41';

5.!) I 8 7.692 61.538
6 1 9 7 692 69 211

7 5 t 10 1 692 16.923
8 1 1 , 7.692 84 615
9 1 '2 7 692 92 308

II 1 t3 7.69:2 100.000

_VIti FREQUENCY CUM FREO PERCFNT CUM PERCFNT

I
I 1 I 7 692 7 692
2 I :I 7.692 15.385

2.5 , 3 7 692 23.071
8 1 4 7 692 30 769
9 I 5 7 692 38.462

9.5 1 6 7 692 46 154
11.5 1 7 7 692 5J.846
135 I 8 7.692 61.53R

14 2 10 15.385 76.923
15 t 11 7 692 84.615

15.5 t 12 7 692 92 308
19 I 13 7.692 100.000



'
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0"'" FRON TASK HiO/SEllING "IIlEE If/WAY, AUGUST 9. 1985 ]9

IIMI. FREQUENCY CUN FREQ PERCENT CUfol PERCHH

1

2 1 1 7.692 7.6g2
4.5 1 2 1 692 15 385

8 1 J 7 (,')2 23 077
11 1 4 7 692 30.769
16 I !i 7 692 38 462
17 2 7 15 JIl5 53 846
19 1 8 7.692 61.538
21 1 9 1 692 69231

21.5 1 10 7.692 76 92J
22 .5 I 1 t 1.692 84 615
29 5 1 12 7 692 92 308

35 1 13 7.692 100 000



')
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DAU FIlOM TASK Two/sETTINCi THRH FRIOAV. AUGUST 9. 1985 10

V"RIA!!!..~ N MEAN STANOARO MINIMUM MA"IMUM SIO ERROR ~UM VARIANCE C V
DEVIATION VALUE VALUE OF MEAN

.-v 13 0.65384615 1.19565001 0oooooס00 0oooooס6.5 049802371 0oooooס8.5 3 22435897 274.629

.-vI 13 1.94615385 2 21582051 o 0oooooס0 8 . ()()()()()O()(l 0.63119904 25 0oooooס3 5 11935897 116 939
_VII 13 4.73076923 3.43763112 o .0<'0000OO I 1 0oooooס0. 095342733 61 !JOOOOOOO 11 81730769 72.6G~

"VIII 13 10.34615385 5.68398560 0oooooס1.0 19 0oooooס0. 1 57645396 I 34 0oooooס5 32 307692JI 54 938
_IX 13 1"'.23076923 9 35105917 2 0oooooס0 :I 5 0oooooס0. 2 59351118 224 0oooooס0 87 4-1230769 54 270



"-...
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DATA fROM TASK TWO/SETTING fOUR f RIlJAl. "UGUST 9. 19B~ 31

OBS 10 MMV MMVI MMIIII -11111 MMIX

1 ARNOLO 00 0.0 0.5 I 0 20
2 ASAKURA 00 2 5 9 5 19 0 JO 0
3 BACHRACH 0.0 3.5 9.0 14 5 20 0
4 BLANCK 16 0 19 5 23.0 26 0 30 0

5 BRAUN 00 0.0 2.5 13 0 40 0

6 GALLAGH
1 JOHNSONG 0.0 2.0 4.5 100 15.0

8 .JQHNSONR 00 0.5 10 3.5 10 0

9 KOCKELNN 0.0 2.5 6.5 12 5 19.0

1O MASAI ° ° 3.0 7.5 13 5 19 a
11 MTT INGL V 2 5 55 100 14 0 :;>0 a
12 SANOV 00 1 0 1.5 5 0 6 0
13 WAlLACE 0.0 1.5 5.0 IS 0 20.0
14 lIIHl TMAN 00 1 2 4 5 10.2 15 5



OAIA fROM TASK TWO/SEITING fOUR flHOAY. AUGUST 9. 19B5 1~

",,",1/ FREQUENCY CUM fREQ PERCENT CUM "FRefNT

1
0 1 I '1 84.615 801 ""0;

2.5 1 12 7 G"l2 92 308

'6 1 13 7.6'12 '00 000

_VI fREQUENCY CUM fREO PERCINT CUM PfReFNT

1
0 2 2 15 365 '5 385

0.5 1 3 7 6'12 2:1 077
1 1 4 7 692 30 769

.2 I 5 1 692 38 462
5 1 '" 7 692 46 154
2 , 1 7 692 53 846

2.5 2 3 15 385 69 231
:I I 10 7 692 76 923

3 5 1 II 7 692 B4 615
5.5 I 12 7 692 9~ 308

'9 5 t 13 '1 692 '00 000

_1111 fRFQtJENCY CUM FREO PERCENT CUM PERCfNT

I

o 5 , I 7 692 7 692, , 2 7 692 IS 3Bo;
I.S I 3 7.692 23.0r1
2.5 , 4 7 6'12 30 769
4.5 2 6 'S 385 46 154

5 t 1 7 692 53 846
6.5 I 8 7 692 61 538
75 , 9 7.692 69.231

9 1 10 7 6'l2 76.923
9.5 , 11 7 692 84 615

1O 1 12 I 1>92 92 308
23 I 13 7 692 100 000

_VIII fREUUENCv CUN FIUQ PERCENT CUN PERCENT

1
1 1 I 7 6'12 7 692

3 5 1 2 7.692 IS 385
5 1 3 7 692 23 071

10 1 4 7.692 30,769
10.2 1 5 7.692 38 462
'2.5 1 6 7 692 46 154

13 1 7 7 6'l2 5J 8·16
'3.5 I B 7 692 61 538

'4 , 9 7 692 69 231
14 5 1 10 7.692 76.923

15 1 I' 7.692 84 615
19 1 12 7.692 92 308

'-. 26 I 13 7 692 100 000

*"



"-l...
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DAIA FPO... TASK 'WO/SETI J~G lOUR FRIDA¥ . AUGUST 9. lCJR'i J1

_IX F'UUUENCY CU'" FAlQ PlRClNI CU'" PFRCENI

1
2 I 1 1 .M)] 1.I1Q]
6 1 2 1 692 15 385

10 I 3 7 6!/2 23 077
15 1 4 7 6!12 30 769

15.5 1 5 7 692 38 46]
19 :2 7 15.385 53.8~6

20 3 10 23.077 76.923
30 2 12 15 385 92.308
40 1 13 7 692 100 000



'
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DATA fROM TASK TWO/SETTING rOUR rRIO~~. AUGUSr 9, ,qR~1 34

VARIABLE N MUN SUNO&IlO MINllilUM MAX I MUM SID fRROIl SUM VARIANCE C V
DEVIATION VALUE VAlU[ or MEAN

_v 13 1.42307692 4.43398877 0OOOOOOOO 16 . OOOOOOOO I 229767:12 18 50000000 13 66025641 311.578
.-vI 13 3.28461538 5.10666985 0.OOOOOOOO 19 500000OO 1,41633538 42 700000oo 26.07807692 155.472
.-vII 13 6.53846154 5 90360603 o 500000oo 23 OOOOOOOO I 6:1736571 85 (JOO(X)OOO :14 85256410 90 2QO
.-vIII 13 12 09230769 6 56460986 1 OOOOOOOO 26 ()()(,()()()()( I 82069519 157 :moooooo 43 09410256 54 287
-IX 13 18.96153846 10.21938831 2 oooooooo 40 00000000 2 8343483~ 246 50000000 104 43589744 53 89~



.--....
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DATA fROM TASK TWO/SElliNG r IVf fRtr.AI. AUGUST 9 1911'> 15

OBS 10 ,.V ,.VI MMVII MMVIII MMlx

1 ARNOLD 0 0.0 0.3 0.8 I 0

2 ASAKlJRA 0 4 0 14.0 24.0 34.0
:I BACHRACII 0 5 0 11.0 18 5 230
4 BLANCK 10 13 0 16 5 20 S :lS (\

5 BAAUN 0 00 2 5 18 5 35 0
6 GAll AGII
7 <lOHNSONG 0 3.0 9.0 170 2S 0

8 oJOHNSONA 0 o 5 1 5 5.0 l2.5

9 I(OCI<ELIIlN 0 4.5 9.0 16 0 23 5

1O MASRI 0 4 S 9.5 14 5 19 0

It MTTlNGL V 3 4.1 9 0 14 2 20 0
12 SANOY 0 O.S 2 0 4.5 b 0

13 WALlACf 0 2 5 ~ 0 100 15 0
14 WHITMAN 0 2 0 7 0 13.5 20.0



DATA FROM lASI< TWO/SETTING FIVE r RlOA V. AUGUSI 9. 1985 3G

MIIlV FREQUENCV CUIOI FREO PERerNT CUM PERCINI

I

0 11 11 8~.615 84.J;15

3 1 12 7 692 92.308
10 1 13 7.r;~2 100 ()()()

MMVI FRlQUENCY CUM fREU PERCUIl CUM PERCENT

1
0 2 2 15 385 15 385

0.5 2 4 15 385 30 769
2 1 5 7.692 38 462

2 5 I 6 7 692 46.154
3 I 7 7 692 53 ""'1;
4 1 8 1.692 61.538

4.5 2 10 15 385 16 923
4.7 I II 7 692 84 615

5 I 12 7 692 92 308
13 I 13 1 692 100 000

MMV 1( FREQUENCY CUM FREO PERctNT CUM PERClNT

I

0.3 I I 1 692 7 692
1 5 I 2 7 692 15.385

2 I 3 7 697 23.011
2 5 I 4 7.692 30.769

5 1 5 7 692 38 462
7 I 6 1 6q2 46 154
9 3 9 23 011 69 :131

9 5 , 10 7 6')2 76 9;;>3
11 , 11 7.692 84.615
14 1 12 7.692 92.308

16.5 1 13 7.6!J2 100 000

MMVIII FREQUENCY CU'" FREO PERCENT eu". PERCENT

I
o 8 I I 7.6!J2 7.692
.... 5 I :1 7 692 15 385

5 I 3 1 692 :13 017
10 I 4 7 692 30 769

13 5 I 5 7 692 38 462
14 2 I 6 1.692 46.154
14.5 1 7 7.692 53 846

16 I 8 1.692 61 538
17 I 9 7 692 69 231

18.5 2 11 15.385 84 615
20 5 I 1:1 1 692 92 308

24 I 13 1.692 100.000

--..
--l:-
..')
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DATA fROM rASK TWO/SETTING fiVE fRIDAY. AUGUSr 9 1C'lJiI :17

liIlMi X FRElJUENO CUM fREQ PERCENT CUM p~RCENr

I
1 1 1 7 692 7.692
6 1 :2 7 692 15 385

12. !i 1 J 7.692 23 077
15 1 4 1 692 30 169
19 I 5 7 692 38 462
20 2 7 15.385 53 846
23 1 8 7.692 61.538

23.5 1 9 7.692 69 231
25 2 11 1~.385 84 615
34 1 12 7 692 92 308
35 1 13 7.692 100 000
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DATA FROM TASK TWO/SETTING FIVE FRIOA¥ . Al:GUST 9. '985 18

VARUBLE N MEAN STANDARD MINIMUM "'A~IMlIM STO ERROR SUM VARIANCE C V
DEVIAT ION VALliE VALUE ur "'LAN

_If 13 1,OOOOOOOO 2.82842112 0.OOOOOOOO '0.00000000 o 1844645" , :J . 00000<l00 B ()()()()()()()( 282.8~3

_VI 13 3.400000oo 3."4068792 0.OOOOOOOO 13 . OOOOOOOO 0.95421513 44 200000oo II BJ8JJJJ3 101 197
_VII 13 7.40769231 4 96428~6B o 300000oo 16 . 50000000 1 3168442q 96 10(JOOOOQ 24 64410256 61 015
_VIJI 13 13.61538462 680598342 0.800000oo 24 . OOOOOOOO 1 88764017 '77 OOOOOOOO 46 :J2 14 1026 49 98-'
_IX 13 19.92307692 9 71005955 1 OOOOOOOO 35 OOOOOOOO 2 69308591 259 00000000 94 28525641 48 7J8
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DATA FRo~ TASK TWo/SETIING 51. fRIDAY, AUGUST 9, 1985 39

::ISS ID "*1/ "Nil I "'41111 ""'1/11 ( 1011011.

1 ARNOLD 0.0 0.00 0.5 10 I.':>

2 ASAKURA 00 200 7 0 17 5 24 0

3 BACIlRACli 0.0 2.00 l> 5 17.5 25.0

... BLAW;I< 5 0 10 00 15 U 19 0 no
5 BRAUN 00 0.00 2 5 19 0 35 0

6 GALlAGH
1 .JOHNSONG 00 2.00 9.0 11 5 n 5

e ,JOliNSONR 00 o 25 o 5 :1.5 10 0

9 NASAl 0.0 2.50 1.5 12.5 17.0

1O MTTINGLY 1 5 6 50 I' 0 16 0 20 0

II SANOY 00 0.00 3 0 5.0 6 0

12 WALLACE 00 100 5 0 100 15 0

13 WHlTNAN 0.0 LOO 4.5 12 0 220
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DATA fROM TAS~ TWO/SETTING SIK fR IDA •. AUGUST 9. 1985 10

MMV fREQUENCY CUM fllEO PERCENT CUM PERCENT

I

0 10 10 83.333 83.3J:l
.5 I 11 8 333 91.667
5 I 1:2 8 33:l 100 000

MMVI FREQUENCY CUM fP.EQ PERCENI CUM PERCENT

I

0 J 3 25 ()/)() 25 000
o 25 I 4 B 333 33.333

1 2 6 16.667 50000
2 3 9 2'5 000 7'5 000

2.5 I 10 8.333 83.333
6 5 I II 8.333 91.667

10 I 12 8 333 tOO 000

MIIIIVII FREQUENCY CUM FREO PERCENT CUM PERnNT

I
o 5 2 :2 16.667 16.667
2.5 1 J 8 333 25 000

3 I 4 8 313 33 333
4.5 I '5 8.333 4t 667

'5 1 6 8 333 50.000
6.5 I 7 8.333 58.133

7 I 8 8.333 66.667
7.5 1 9 8.333 75 000

9 I 10 8 331 83 333
11 I 11 8 333 91.667
15 I 12 8 333 100 000

"III II fREQUENCY CUM fREQ PE~('ENr CUM PERCENT

I
I I t 8 333 8 33J

3 5 I 2 8.3U 16 667
5 I :I 8.333 25 000

10 I 4 8.333 33.333
12 1 5 8 333 41 667

12.5 I 6 8 333 50000
16 I 7 8.333 58.333

11 5 3 10 25.000 83.331
19 2 12 16.667 100.000



O.T. FRON TASK TWO/SETTING Six FRIO.'. AUGUST 9. ~98!> 41

.... 1X FREQUENCY CUM FREQ PERCENT CUM PERCENT

.......
v,
".2.

5 I I 8.333 8.333
6 1 2 8 33:1 16 6f>7

10 I 3 8 333 25 000
IS I 4 8 333 33 :lJJ
17 I 5 8 333 41 661
20 I 6 8 33J 50000

22 t 7 8.333 58.333
22.5 I 8 8 333 66 661

23 I 9 8.333 75 000
24 I 10 8 333 83 3J3
25 I It 8.JJJ 91 667
35 I 12 8.333 100 000



~-....

OArA fROM TASK TWO ~ETTING SIX fRIIlA t. AUGUST 9. 198~ 42

VARIABLE N MEAN STANDARD MINIMUM MAXIMUM STO ERROR SUM VARIAN(;[ C V

DEVIATION VALUE VALUE Of MEAN

"V 12 0.54166667 1.46873993 o OO()OOOOO 0oooooס5.0 o 42398870 0oooooס6.5 2 157(9697 271.152
"'vJ 12 2.21083333 3.02538189 0oooooס0.0 10 O()()OOO()() 0.81335253 27 25000000 9. 15293561 133 228
"'VTJ 12 6 0oooooס0 4 30116263 o 0oooooס5 15 0oooooס0 1 24163870 72 000000OO 18 0oooooס5 116AG
...vJI1 12 12.54166661 6.31986291 1 0oooooס0 l'.l . 0oooooס0 I 841707110 150 5<XJOOOOO 40 70265152 50 8b'j

..IK 12 18.41666661 9 18208010 0oooooס1,5 35 0oooooס0. 2 650638:18 :2 :2 1 0oooooס0 114 31060606 49 115'/



A P PEN D I X A 4

Damage curves -- cycle III
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DAU FROM TASIC ONE/SITTING ON£

VAlli ABU N IUAN STANDARD MINI ..... lUlU..... STO £RRDR SUM VAil I ANC£
DEVIATION VALUE VALUE OF _AN...... "' ..; ..)".;

\.

0. CIOCOOOOO O.~*" it 0.00000OOI) O.OOOOODOO 0oooooס0.0 0oooooס0.0 Do 0DD0C:l000
*WI •• "to 0oooooס, 1.:13122'" OoOO()OOOOO ••OOOOOQOO O••'77tU ' •• 300000OO •• 117SlOOO
...,11 13 :1 .•53.4... 2.32185823 0oooooס0.' '0. 0oooooס0 0 .•43"'.1 4' . 500000OO '.,.102••
...,111 13 •.•••23011 3. '''':'1:13 0oooooס3.0 0oooooס5.0' 0."" 1454 .2•. 300000OO '0.2~4'O:l
_Ill .:1 14.2.5314.2 3 .••1.2480 0oooooס0.• 2.' . 5COOOOOO '"0"34212 •••• 1000OOOO '1"~·l4~'

2

c.v.

.a•. 103
.:1.5••
32.4011
27.378

.......

~

-< ...;:'" "\." v "



DATA F,oM TASK ONE/SETTING TWO
:I

oes 10 -.v ..,,1 -.vII .-vIII _IX C

• ' .."'CK t. ...., fl.O :".0 21.' 80.' G
2 AsllCUt'A 0 ...• '.0 '0.0 n.' 24.0 0
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A P PEN D I X B

Damage curve shifts to reflect policy mitigation effects
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FIGURE B.l: POLICY EFFECTS ON BUILDING DAMAGE INCLUDING INTERACTION
LOW-DENSITY RESIDENTIAL NEIGHBORHOOD
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FIGURE B.2: POLICY EFFECTS ON BUILDING DAMAGE INCLUDING INTERACTION
MEDIUK-DENSITY, BUILT-UP MIXED-USE DISTRICT
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FIGURE 8.3: POLICY EFFECTS ON BUILDING DAMAGE INCLUDING INTERACfION
OLDER HIGH-DENSITY TRANSITIONAL NEIGHBORHOOD
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FIGURE B.4: POLICY EFFECTS ON BUILDING DAMAGE INCLUDING INTERACTION
HIGH-RISE HIGH-VALUE BUSINESS DISTRICT
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FIGURE B.5: POLICY EFFECTS ON BUILDING DAMAGE INCLUDING INTERACTION
MIXED INDUSTRIAL-COMMERCIAL DISTRICT
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FIGURE B.6: POLICY EFFECTS ON BUILDING DAMAGE INCLUDING INTERACTION
OLDER MEDIUM-DENSITY MIXED NEIGHBORHOOD
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FIGURE B.7: POLICY EFFECTS ON NON-BUILDING STOCK DAMAGE
LOW-DENSITY RESIDENTIAL NEIGHBORHOOD
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FIGURE B.8: POLICY EFFECTS ON NON-BUILDING STOCK DAMAGE
MEDIUM-DENSITY BUILT-UP MIXED-USE DISTRICT
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FIGURE B.9: POLICY EFFECTS ON NON-BUILDING STOCK OAHAGE
OLDER HIGH-DENSITY TRANSITIONAL NEIGHBORHOOD
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FIGURE B.10: POLICY EFFECTS ON NON-BUILDING STOCK DAMAGE
HIGH-RISE HIGH-VALUE BUSINESS DISTRICT
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fICURE B.ll: POLICY EFFECTS ON NON-BUILDING STOCK DAMAGE
MIXED-USE INDUSTRIAL-COMMERCIAL DISTRICT
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FIGURE B.12: POLICY EFFECTS OF NON-BUILDING Sl~r.K DAMAGE
OLDER MEDIUM-DENSITY MIXED NEIGHBORHOOD
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Flow-chart of the model

pink boxes inputs
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white boxes panel inputs
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ROW t .96 .878 t .459 1 .:n88 .9t9

.8319 0 .834t .8232 1 .42tt .787
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tl.0t. '.6818 7.8003 7.573 7.4607 7.t065 7.8609
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A P PEN 0 I X F

Workshop of January 24, 1986, Participants and Panelilt.

A number of the panelists met as an Advisory Committee at USC in order
to help us evaluate an early draft of this report. Attending were:

Allen A.akura
Chief, Earthquake Safety Division
Department of Building and Safety
City of Los Angeles

Henry Bachrach
Risk Han~ger, Chief Administrators' Offiee
County of Los Angeles

Lou Blanck
Engineering Geologist, Building and Safety Department
County of Riverside

David Brauns
S~nior Civil Engineer, Bureau of Engineering
City of Los Angeles

Paul Flores
Director, Governor's Office of Emergency Services
Southern California Earthquake Preparednell Project

Lawrence Gallagher
Risk Kanager, Metropolitan Water District of Southern Ca!ifornia

Jeri Hartman
Disaster Preparedness Operations Officer, Department of Disaster

Preparedness
County of Riverside

Marvin Hopewell
Senior Civil Engineer. Department of Planning and Building
City of Long Beach

Glenn Johnson
Principal City Planner, City Planning Department
City of Los Angeles

Kargarita KcCoy
Profeslor, Department Urban and Regional Planning
School of Environmental Design
California State Polytechnic University

Kathleen Tierney
Adjunct Alsistant Profelsor. Institute of Safety Sy.te.s Hanage.ent
University of Southern California



The following panelists did not attend the worklhop yet participated
in varioul cyclel of the Delphi lurveys:

Christopher Arnold
Prelident, Building Systeml Development, Inc.
San Kateo

Sharon Frank
Emergency Kanagement Divilion
Orange County Fire Department

R.oy Johnlton
Vice-President, Brandow and Johnston and Associatel
LOI Angeles

Art Jones
City Kanager (ret.)
City of El Segundo

Keith Julian
Kanager, Economic Development Program
Southern California ASlociation of Gover~ments

William Kockelman
Earth Sciences Applications Planner, U.S. Geological Survey
lienlo Park

George Kader
President, William Spangle and Alsociates
Portola Valley

Sami liasri
Profellor of Civil Engineering
University of Southern California

Shirley Kattingly
Chief Administrative Analylt, Chief Adminiltrator'l Office
Lo. Angeles

Willi.m J. Petak
Profellor, Inltitute of Safety and SYltems Management
Univerlity of Southern California

Baush Shab
Profes.or and Chairman, Department of Civil Engineering
Stanford University

Robin Shepherd
Profeslor, Department of Civil Engineering
Univerlity of C&lifornia, Irvine



Robert E. Wallace
Chief Scienti5t, Office of Earthquake Studiel
U.S. Ceololical Survey
Kenlo Park

R. V. Whit.an
Profellor, Depart.ent of Civil Enlineerin&
Kallachulettl Inltitute of Technolo&y

The inveltilatorl exprell their deep appreciation to the collealuel
lilted in the previoul palel. Their patient help and advice was
indilpenlible. They are, of courle, not relponlible for any errorl in
thil Itudy.


