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The lives and affsirs of wmen constently interact with the natural

wortd, LElalborate technical and sccial mechaniems enable mon to seck in

ug

nature that which Lg cful and to buif: that which 1o harimful to wman.

-

"o cope with the harmfual of nature, sets of lowman

compler

adjustmznts arve found in all human use syetems, chance, or even by

r:

desipn, thesge adjustments can prove insullicicnt to cope with a given sot

0l natural events and o v

Y Thus

cricus and detrinontal eficd Ccnsve, i

SR ITTS

natural hazard is an interaction of main ~und nature, governcd by the

1

the

S

coexiotent state o in human usze = and thoe state of

yatom

natuxe in the natural events system, 1n this context, 1t is these

extreme events of nature that exceed the capabilities of the systom o

reflect, absorb or buffer them that lead to the h

N ariiful effects, ofttimes

dr:

ren
jages

K]

atic, that characterize our iuna of nacuvral hacards, Dot it is alco

the continuous pr

ocess of edjustmenl that enubles ca to survive and

indeed henefit from the natural world., Thevefore, the burden of hazard

e

o
(G4

is twofold: a continuing effort Co the huaan use systom less

vulnarable to the ol wan and

vagaries of naturc; and specific

his works arising from natural evonts that eveeed

incorporated irto the

synicm,

ast the acolleborators

For the p dozen

1
s

Research have

soughtt to ctudy this procoss of adju

impacte

the adjusiiants

[

in Ratueasl Hoacoard

slinent, Peginning



with floods, these studies were cxtendud o coastal storms, cavthquaie,
droughl, and snow hazarcd.,  Subecouently, tho list has been enlarped by

cal loapues and stoedencs Lo include tounomi, frest, coistal erosion, anpd

waten pollution hazoerds, ALl these varvied studics cmployed all or part

of a rescayceh pavadimn wivdich soupht to 1 tho extent of bhuwmnn

cccupance in havard zencs; 23 idenitify the full range of possible hunan
adjurtinent to the hazard; 3) study how men perceive ond cstinnte the

occurrence of the hazard; 4% describe the process of adoption of danage

reducing adjustuenta in thedir socisl oot

cesily and D) estimate the optimal

seb of adjustments in terme of anticipated social consecuonocy,

But it iz only now that wo can begin Lo structure a pyiwitive

genereal framevorl of human adjustront to nsturel hoverd, in which we tuy

to preserve ite human ccologs pevspective, in this perspective, with

its focus on man as the cculogical deadnant, the interactions Lhotween

wen and nature tend, over the short run, to be stable, bomeccstotic, and

self-reguloting and over the lory run dynamic, adaptive, and cvolutionary

in the direction of increasing control over nature's rescurces and buffering

2

P

from nature's Liazards,
A rudimentary wmodel of (he short-r1un proczss of adjusteent constitutes

the major focus of this paper, Qux present vpndersianding of this process,

See Tan Burton, Robert Xatcs, and Gilbext 1V, Vhite, "The Human
Ecology of bxtrcowe Geophveic i

2
sents ., VWorlidoe Paper No, 1, Hatnyal Bazard
Rescarch, Depavrtment of Goosrupl Viedivorait ‘

o)

roof Yovonto, 1908,

/
Given present, rapid yates of chanpe, the long run increasingly
shovtens, and it remoins o bo ceon whother (hat v oie seonmingly adaptive

will not prove wmaladaptive i the Jubuve



particularly in Nerth Awcvica, is
of the long-run adaptive process in the global content.  MNevertheless,
sone hypotheeges, having as their cere the man-noiuve interaciéion and an

- i

evolutionary szquence of {echuneo-social stages of adjustment, hiave been

develeped fraa the body of hazard-cpecific and place-specilic vesearvch,

of N

The prezent state of glebal uvndervstanding of natural hazasd
Phul"\"‘l"l]"{ iy oy iy l"‘ stated o8 a series 4§ ] inled aueeit XS ! t s oam J \ar
H [ACHUAYS EA N HE o Bhataed as o a series ol Lipked, Luccineu, bu comploex

hypotheses as to the nature of natural hazard, adiustimoents o it

>
1 . PR « w1 1 [ 1 fam e . N N e . . ) . ‘-‘ LA V. . -
clhipiec btlerleod made oy i menidn oceupanis O llx-v_:.'L(% [N R J,lL(Jy ])LI_’}\L)LL
to explain wajor sources ol vawriation 1u buwin bobavier, as hetween greatc

techno-social ctages, specific hazmards, speciii
decision-nalers, and between individaals within a spoeific group of

managerial decision-makers (thesce are linked as in Figure 1),

Man-nature din

action., Matural harzard is an asyccet of the interaction

of wman and natuvre avising from the ¢ e in which nmen seek in

MHON proce
nature that which is usceful and atteapt Co buffer that wvhich is harymfiul

to man. This process, whether cuploying elaborete technical and social

rably sreater than our comprehe

naion

and the

o classes of decisions and

mechanisns on simple once, wakes poscible humsn occupance of ayecas of even

frequent and yecurrent natural hazard,

Thus it iLs rare to discovey in such arcas individuals in substant

;
<) s +
Walber Benning and O

Carlos Aloing haelped dovelop an ol T
hazand bypotheses, subscquontly relfioed din many discussions with projoct

collabovators,

inl
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igioratnce of the hazavd or unavave of alternalive locations,  Lothes

the view of their occuponts, their lucation

s s ocither offcr opportunitics

of relative oy abaelute suwsrwiotily, oy fess Chroclening from the

unique, terinal pervspoctive of the dadividosl thon frewm tha longer-run

viecw of the external obusrvoer,

Techno [hrdi rocnonss to natusrol

three distinctive

or pre-iundustr wodern Lachnoleslosl or indestrisl; and com

col-indusiirial, Lach sia

o
s
gvi
=
O

>

adjustments, dstinctivye process o

trerns

oL damage ocoeud

RO REN-IN

Follk or pre-indontrisl adjucismnts reguinve v

cliter

bohavior i bavwony with natues Uhen in centroel of nw

mystical and craticnal, ave {lexible and cavily abandoned, oyve low in

capital requiremoents, require action only by individonlce cr emall groups,

avd can vary drastically over shovt distances. irig nztural

+

evente appear to be frequent; the average loos per event is low, but

the ratio of deaths-to-don

Modern technolepical, or industrial, adjustments involve a wore
Timited ranye of technolopical actiecuns emphasicing control of natuve, are
flenible and difflcult to change, ewve high in capital vequircments, reouire

intevlocking and intevdopendevt social orvpanivation, and tend to be uniform,

Pawnge-causing natural events become Jess decih vntes diminieh

drastically, but averape dumzape loss per cvent {o extremely hish,

ol - 1 ! - e z P e s I 3 S T i ) - N
Comprononsiva, Oor posi- sCjusivneent o combine features ol
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both earlicr atages o as to invelve o larper vange of adjusiuents,

prester flexibility and vericly

and crponizationa! regquivewents,
Doamz e~ cnusing netural events increase gliphtly, death rates furtber
diminish, and average damnge lossss pory evenl decrease by vp to halfl the

mam potential domage,  HNevertholess, abs

remain high as a function of increacse in populetion and wealth,

Hazord differonces,  Within the content ol any of these tlirce patterns of

responés to nateral hazavd, considernable variation exists. Theve are

noticcaeble difi

Tences in the choice oxn adjustimints between various
herzards, and dificronces e wall beteeown doecisiorn-makevs,  These decision-
mukere include both collectivities swceh ss comuunitics, pabtic bodies,
and corporations and individuals who occupy o vee haeard areae,

Four critical features of natural hazazds give wise to different
choices of adjustiments. Three ave feastures of bthie vatural cvents:  the
frequency of occurrence, the wagnitude of ensrgy release, and the

suddenncss of onset, A fourth feature arises o the ecological setiing

namely whether the hazard ie intrinsic to the vse charactevistics or
locational advantepge of the site (e.g. drought in rain-fed apgriculture,
flood in flood-plain agriculture) or is not intimitely rcelated to
occupance activity (e.g. earthquake),

in the context of o single hazard, the

Decisfon-n
characteristics of the choice process vary with the mture of the decicion-

naker:  some choices being colleoctive actiong, olh

7s, individual actions,

aud many actions ave scquentially constrained by previous collective



(t

or individual choices, While diffeving in detadl and setting, our

aniration ond administration literature doos

reading of the cowaunity, «
not sugeast a fundacental discrepancy bhotoeen irctividual and colleciive

bebavior,  Thus while the anprepriate wmanag:

individunl, adainistvator, comuittee, legislative bodye-the wrys dn which
the choice of adjustment is made doce not fondswente?ly differ,

ce, Thue all mean who chooso--vhether ueery of a

consultant, single dndividuals

>

ces~-perccive harard, arve cwarn of o vance of adjusieints and

O cemlind

1

4
o
—
g
-~
r
v
o

evaluaie these adjustiments with refcrencs to U

S |

techinical feasibility, cconoria gainfulae

f)

arid cociol contonmity, ut

i the contexlt of a single haward considevable varlation cail be

1.

fustuents ond L

found iv the perception of horavd, the hrcwlodew of e

evaluaition critevia applied to these adjuciusinby,

v, Variation in tho peveeption of a cpeeific natural

hazard (cupoctation of

Tuture cccurrence aind of porsonsl vuluerability)
can b accownted for by a combipation of:  the way in which charvacteristics

of the natural event are pevceived, the nature of sonal encouwnters

wvith the hazard, and factovs of individusl pesrsonalily,  Such perception

1
!

appeare to be indupendent of copmon socicorccoromic indicate

sex, education and inceme. 0Of the many possible chavacteristics of natural

events, the perception of mngnivude, duraiion, frequuney and to

spacing of the naturzl evenl appeoars to be vost sicuificani,  Yor personal

exporicnee, it is the zecency, [requency and intonsity of such an expervience



that gppears most critical with interwediate frequency generating
greatest variacvion in hazayd invelpyetation and expectation, Of the
many pocsible personajity factors, fate contooel, di
nature and tolerance of disscrance-crenting information scem nmost
relevant, Risk-taking propensity, which appeaved logically relevant, has

not been shown to boe a consistent trait end has proved operaticnaily

difficult to measure,

Aviarencss of adjustments, of thieir number and

3

type, and thoe guality of kncesledge thereof, ds a function in the wmain of
the casual access to cosmunication networks and to a lesser degree to
motivaticn to scarch foy new wodes ol adjustwmoeni., Variation in awarenues
wight be accomnted for by factors controlling access Lo infeormation or
surropates theveof, such as age, cducation, income, travel and role-
related responsibility, Intensity of personsl experience or role-related
responsibility might provide motivation for increascd knowledge of
adjustinents when cncouraged by positive views of fate contirol and the
efficacy of action.

Lvaluation of adjnstmopts,  Ivaloation of known adjustients, with vefcerence

3
to envivonmental fit involves the conformity of the adjuctmnent to an

appraisal of site or situation for cevtain activities, Teehnical

Feasibility involves an assessment as to the efficacy of the adjust

venty

il

the availability of skilla, tools and waterisls, and the indivisibility

of the activity frow reloted procosses,  TNeonomic wain dnvolves an ecstivate

of anticipated costs and gains in the light of the porvecived time hovizony



1

the ratic of reserves to onticipated loss, and the dopiee to which the
choice is reguived, Sociol coadfermily involves a judivient of thoe degice
of conflice ow conformity wikh Tow, traditicy, oi cnpocted woros of

bolizvior.,

The forcpoing critevia for ove Tiustio i s exe not of cqual

importance snd vary as between major stopes, hasaras, snd iondividoals,

vnoncoal it oand coclal

For pre-indeatyial adjustwmente criic
conformity seem most important, while thase of technolopleal feasibility
and econcnre grintuloess appear wmore prowinent (n consideving indostrial
adjustments,  The centive gob of eritevia appar relevant for poests-
industsiel adjustments,

In the contexnt of 2 singlae Lazavd anc

C, o wevietion
in the dwmportence of critevia appecys velated both to the peyeeptiion of
the hezard and the rele tywining and responesilbality of the decision maber,
For cuawple, in modern industrial adjustwenties, for decision-wmakere with
hipgh hazard perception, technologicsi feasibility shoul! domivete vusstions
of economic gainfulness, In caces of moderate to Low hazard perception,
role inclinations towards technoleglcal or cconovdce considerationns deminate,
<O
The Toregoing hypotheses ranze from those of great culture realnn
The fore o hypotheses ranze f tl > of preat 1t I

of nations and history te those cxplaining the diversity of behavior of

individual farmers on the shores of Lake Vicltoris ov 1eosidents ol the flood

QT

plain of La TFollette, Tennessce. To move from a set of hypotheses to
theory of hazard behievior requires the caveiul yefivosnt ol quoesiionz and

the cxtensive vescarch for ansveve that will be vedertaken in a sevies of

—

comparative cross-culbursg]



contribute in a special way Lo the refinoment of pood qguuctions.

On Mododo

A pood nmodel of a systom is a theovy of that system. It purports

to identify major elements of the systew, describz the styengthe and

direction of the linkages between those elewments, and to simulate
dyvainically the procsssces that undexlie the eloncnts and linkages.,  Good

models seyve also as practical lebovatorics for sccial ccoicntists in vhich

the consequences of changes in process elenonts or lTinlages can be

exonined for their practical impove,

i«

HMost nodels fail to do either

~
!

fubction vell, Lackinyg a theoretical

understanding of procees, the model builder vevorts to black boxes,

{requently in the form of some probuability distribution., A wvorking nwdel

may ensue, even one uscful for prediction; but wnlecss one subscribes to
the fiction that equates prediction with understanding, thie wmodel itself
does not necessarily cnhance the state of thecry, Nor do wost models

succeed very vell in their practical simula tiouns, Tt is comaon to find

in the literature duthors who bewr

the absence of critical data, the

size of computer memory, or the fact that by the time the elaborate

simulation is coupleted, the real wvorld policics, towsrds which the model
was jntended to contribute, have changed several times ovoer,

Neverthcless, we do lcaun wmony Lhings fron models, cven in thedin

failuve, and that is why we turp to them again and agajn in ouy reccarch

4
strategiles, Faced with the ueced to wodel processcs thot we do not

. , . . . , .
That is, quite aside Lrom fads ov fun in reseaveh, which also
conteibute to the spate of woedel buildiag,
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nderstanc CCare given pause ¢ determiine whother we .i[](_‘ll:,( seell Lo
understand, re piven | Lo det ¢ whothe S Id el
understand thew belore procceeding further,  Then if we resort to a bhlack
box, dt may be because voe hove found that the process is noe: intrinsic
te wnderstanding the phencecnen divectly uwnder ctudy,  Or whoen laced
with the absencve of critvical data, we now might be cucouraged to try to

obtain it but with incio

oG confidence, having now cstablishod that in

trath the data ave critiical, Thus we can emerge with what s wmost

helpful for scicunce, a statcoment not of gress ipuciance but of highly

speeific ignovence, a veritable ane Jor reseaieh nceda,

us in cur dghorance but give us cournigs

the cventes that occoun, so

ocourrones, that the

at evey hoping Lo

capture any cotiples proczess in all its dimensicrns. When we mndel a

systoum, wve reduce it to a wosalo, with distippuicsbhable clewcnts,

:le characteristics which cowbiine to give a
representation greater than the sum of its parvis,  To make it dynamic,
we con animate the mosaic and 1if ite veprescentablion is still recognizable,
we hinve some reason to be cncouraged,

Based oi Lhese geneyodl observations, let me sugpest come specific

qualitics for a model urceful for havard vescarch-~it chould he parsimonious,

conservative, flexible, uscinl, and cesthetically pleasing., The model

should strip down the adjustuent process to its barest bones, it should

winfnize detail, subjecct only te the consuvaint of scwe veyviciwdlitude

towvards the real world. It should hoe conservative with what has been



done over the last tuolve years, utilizing vhovever possible accumulated

v

materials or doiva rather than demaadine foe

consiTvets or data. Lt
should be flexible in its ability o acecept now findinpgs and insight, such

as way be derived frow the cutehsive crossocultueral siudies planned or

undcéerway, It should be capable of providine procticnl nnowers by
! ) [ J

simulating desired patierns of adjustmont acd cveluating vampbiguously

the advantages and disadvantoges of each, To do so it nwst bLe programmable,

suitable to the simplistic linecar thinling (Loups notarithatending) of the
moderu computesr.  Finally, and perhaps most fnsortept, it should prove

aesthetic., None of us juvolved in haravds veeccarch {inde wmodel building

a pleaszant avocation for its cwn ceke,  1LE {6 15 to be jusiified it mast
hiave scethetic scientiiic avpeal, namely thei the fionl product has
ik 3 J 1

genuinely enhanced our understandivug in such @ way as to provide soms
sense of pleasure.
These qualities, desirvable in thomselves
! 3

, seviously compronise

reality, luman society or natural procesg are simplified in ways that

<
seldomn meet the approval of specialists in a specific arcae of study,
Subtle but cumulatively importavt procescos arce ignored, A comples,
subtle, varicgated, aluwost infinite process of adjustment is reduced to
a scquence of crude, iterative stoeps. Bul cven in its crude form a model

>f human adjustment iavolves a formidable underctanding of systems,
of huma Hjustment involves a formidabl sroetanding of tems

collection of data, and hnowledpe of functicna] relationships,



Modeling the lNeolonic:

within a

The wodel shown in outline fn Pigure 2 ig only a small clice of
the plobal systen for which the above hypetheses represent the {irst
step towerds a theoretical formulation. The systom wodeled ie o single
cross-section of space and tiwme: an area with a veletively hoaocopcous

.

expectation of a single havard and a dviation in tiws approprizie

the teanporal character of the natural evenis and the related bhumin
activity.,

For some Lit of the earih's surface, for cone spall womenl in
tinie

, man and nature, in the foon of a biron uge evn sud oa

events system, interact to pose a The existence of such

N

hazard gevevates & specific cei of ard its own hovzostatic

control in the guise of various adjustuants,”  The adjustment proress

control governs the adoption of adjuztments that wodily the hunen us

sysl

Pyt Aoy

i, that moedity the natuvra]l evente svalten and wodify the hasard
5 VS A Yy

effects through ¢ nt's., The characteristics of cachi of

the clements ave specific and the linkages are functional betwoeen

‘

“The notion of natural hazard as a joint probability of states of
natural events and human adjustmants to thew was daveloped with Clifford
Russell and David Arey in a study of humid arca droveht in Massachusetts,
See Clifford S, Russell, David Arey and Robart W. Yates, Drorht
\Jlt 0“_”%vap)‘7: INH?l'IPJ\_ILJ"k}V [ - i
P]:,hlh' (Baltimore: Johas Hopk ; :
Inc,, forthcoming), but a fuller app1(<xmtlan of the ecolopical

.

perspective avaitoed my reading of Kennoih Hewitt and Tan burton, The

counrces for Cha Tubuane

“avio (Teronbo:

fortheoming).
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elements,  These ave shown in preaten detail in Figure 3.

the Cyatonm,  Whatt constitoles a minimal

but suffjicient descripticn of the humzn use characteristics of a

relatively small, howoporeously hazardous arca? To evade a clacsic

gquestion iu regional descyiption (snd in all bolinvicral and social

science), we define sufijicicney in terw

W

of asdjvstmant capability and
hazavd effects. Thus we describe the bhuwezn use in terms of managerial
untits; the smallest units of occupance capable of indepondant and

14 "

indivisible decision-making relative to adjustmont adoption. And for cach

managerial unit we those characteristics wivieh capture the wmost
significant of hazard effoccls,

With these general but lwmprecise pguides wanagervial units

would comprive in wost societics houschelds, bLus include as well all

of com

legd
QO
=
-~
[

crcial, industyial and governmontal units, and on the

highest level in the wodel comprise an apcrecate hased on the nation-

state, Unfortunately one cannot aggregate the swaller unite to arrive

[e=R 8l

at the higher levels of hieraxchy, where very different nsnagerial

o
responsibilities are found.

For each unit, a minimal set of descriptive data would include:
1} the specific human occupance in terms of the number, age, sex and

diurnal or seasonal occupence, of thce hazard arca, 2) activities, with

material- or scrvice-prodective achivitices denceribed simply in terms of

1 -

their outputs and factor and proce

o

&5 inputs; and non matewial-productive,

but important socinl and personal activitics, described in tevms of
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their age-sexn participaticon rates, and 3) an invencory of domageable

Ihe study of the naturdal

processes Lhat govern the goencration of narzard-causing cvenis is the

subject of entire disciplines: ceismolory, hydrolooy, meteorology,

vulceenolosy, parasitolopgy, just to nanc a few,  Each discipli

e dovelops
key indices to degevibe lvs eventz and theoe arye not pecessarily
transferable. Rovertheless in a current attewmpt Lo deseribe all types
of envirompental hazands tvelve cuitical indices are being used, ceven
of whrich ave primavily chavecteristics of the natural cvent system:
epatial ailstribution, magnitude, [requoncy. duratioun, arveal extont,
forececast copualiility, and warning time,

In the model fwriher redvction ie suppesied. hvents can be described

{
s

in tesms of

mitude cxpressed as a dimension, voluwe or cnergy cxnivession;

frc

mencv oypresced as a probability of ocourvence in a uiif eof €iwn or

a return or yecurvence poriod of tiue; deratid

n oexpreescd as temnporal

periods ranging from seconds sporal epocine desceribing
the occurronce of the eventt in time: random, even (season~l or regularv
periodic), or clustered (sexially correlated),

It should Le ncoted that the measurement of these charactevistics

are indeed perceptions, those of the scicutist cnd engincer. Other

6

The rewsining five ivndico:
URELCO axe:  damage potential,

perception of bazard and peorception of cdjustnent,

ned for

Siments,

N

Ledng ueed for oo study

. U

adjustoents ption of
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perceptions exist, thooe of the manager, and these may employ different
chavectesrisliice and yeoasurcrentys,  These anter the wmodel in terms of
wenagerial decision-nsliingg for the description of events we scek the

best technical ) albeii sublective, appraical,

Matuy

A natural hazard is a threatoning state to man,

compoundod of zn expectation of the future cccurrence of natural cevents
which impinge on a humcn use system that ie provided, throuph adjustmznts,
with a caortain capacity to absorb these events, In the context of the

model, natural hazaird takes on woand as a sct of functioncl statoments

that rvelats jor each level

16, fov cach set of hueon
uses, aid for each pattorn of event cccurrencs, a set of possible hozard
effects,
Such functional statements are available for certain charactevistics

of flood plain occupance (productive and residential sctivities and

R ; 1 P - IS AN 1+ L N T . 7 7. 4
damageable material wealth) onder differcntial adjustwante, Thus we
have generalized functions that relate stage of fleood ( a dimencional

g (

measure of maguitude) to the structure, conients, and productive

activitics of manufacturing

(o8]

comraree and residence to yield wonetary
damage effects, But for most other hazards, relationships with predictive

potential ave rare.

7Scc Gilbert F.
University of Chicago,
1964) and Robere W, «©
the Tobd b vYaliew (O]

Rese o,
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Havaxd s, The occurrence of a specific patural event may or way

not have any impact on the humou use system, this being a function of
the sive of the event and the charncier of adjustment. The cost of
adjustuent, which can vory drastically, may be a continuing levy on the
wealth cud cencergies of the managevial unites,  These effccts are registoered

in their divect impacts on the health and well-being of the human

occupancae, in the loss of wealth from curtailment of productive activities

and demage to wmaterial we and in logcses in the opportunity to
participate iv dnportaut seocial and personnl activities., There are
gainess as well, those who by work ov location are well-placed to profit

from a hazard: the farsmor who benefits in higher prices boecause of another's

loes, the well-digper in time of dwvought, Finally, there are intanpgible

impacts, scme unidonti o ddentifiatle, for which

able, and others, thour

the consequences ave not casily assessced,  The model needs to identify

these contrasting impects, cumulate aud store Lhon,

—
=

lel. The

E

presence of a natuval hazand encourages human action to minimize its threat
and wmitigate its cffects., TFor any individual wanagerial unit the docision

e, and it has been o focus of hazard

process is a compley but intevesting on
research for many years,

A model of decisiopn-waking applicable both to the clhioice of resource
- - S et o e Tt _ .8
end natural hazard adjustment has boen developed., This wodel by White

Gilbext F. White, Y“The Choice of Use in Resource Managemant,' Natural
Resources Journal, I (March, 1961), 30-36,
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is heavily inf{luenced by the vork of Simon particulaxly in the notiones

O

" 124

of "bounded rvationality" and "satis icing, The wark aloo parallels

the complex model of recounres use doveloped by Firey.lo
Over the years, variants of this appreach have becn faested in
different tacard and rescuves ucge situations,  Two emphases can be found
in this work: to develop a sharper, wore predictive decision-making model
and to incovporate individual personality charscievistics into it.  This
is a continuing task, providing new challenge in the cross-cultural context.
The sub-nodel prosented in Figore 4, thop, ig really the current
state of ouv decicion-making theory, strung together in an operstive

sequence,  The is as follorsr for the munngey of cach unit thore

is a threshold of buzard perception below which he dees not seck nor
evaluate adjustwents, Thie threshold ig in turn a fuaction of the way

in which the wmanager perceives natural events, his pzrsconal hazard
xperience nd specific perscnality charvacteristics that include attitudes

towarde fate and the efficacy of action, differential views of nature,

tolerance of dissonance and risk-takin

Y
2

propensity. ‘the perception of

events and perscendl hazard expericnce can chonge at each itevation,

C
personality traits ave fixed for the duration of a model run.

The initial set of known adjustments is also a function of an

individual manager's atiributes, specifically his cagual and specialized

9

H. A, Simon, Mod
Wiley and Sounu, 1957).
10

Walter izcy, Min
The TFree Press, 1960).

of Man: Social and I'stional (Mow York: Jobn

Mind and Toaad: A e oy of ace Tae ((-IIL‘HC\)(’:




to communicslion

accegs

by socio-cconeomic indications of age, cducation,

specialized access by uniquo

When the hazard perception threshold reaches a

search of known alteruatives be

reference to

1. Is it suitable {for

4

2., 1s

tools, skills,
3. 1Is
unit's time horizon,
choica?

it economically ¢4

Does

4.

norms of boehavior?

The ques
allow sequencing thew or giving
It is clear for example ;hat in
problem of adjustment usce techn
prime criterion and cmploy cons
the like a

s constraints,

did-~is a basic guide in many

the onder of critexvia is

networks,

ging, and
four basic qgquastion
the

it technically cf{flicacious
2le and the indivisibility oi

maltoris

it conform to sccial guiaos

tions are not of equal

iderations of cost
Similarly,
areds.

probably a
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Genersl access can be approsinated

income end travel,

role responsibilitics and training.

certain value, a

cach is evaoluated iu turn by

=3

eavirenneutal seciing?

ible cvailable

tivity?

. 1 .
arad feas

given

SIS

inful in the context of rhe mancperial
resexve-louss ratio, and constroints on

of law, twradition, or oxpected

vould

priority however and the model

the evaluaiion criteria differvent vorth.

mueh of the world enpincers faced with a
ical feasibility~-will it work?--as their

;s foclal conformity end

soCLal

conformity--to do as my father

in the context of a specific avca,

function of haward perception and

role responsibilify and training,

The actual application of
primarily of the human use chavacteristics for the managerial

on the evaluation, a decision to adopt oy not

the evaluation criteria 1is function

a
unit.

is mede, 1 vejected,
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provision is made Lo feed this bhack into the process. We know from the
concept of satisficing and from copnitive consistency theories, that in

the face of eithery case or difficulty in developing problem solutions,

men will often change their cvaluation of the preblem, seck new alternatives,

or modify their standards of acceptance of & solntion, Provision is made
for each or all of these modes of copnition,

Thie is truly a compler sub-model reilecting the complexity of
real-vorld processcs,  But the overall model doss not require suvccessful
simulation of cach individual decision; en alternative path of adjustuwnt

control is provided,

Adiust

I'n any
hazaxrd area, the Irveqguency of adophion of adjustmounts appears to be a
function of the hazavd frequoncy . The vaviation ir adoption between
individual managerial units is alco velated to frequency, but varjation
is highest in areas of intemacdiate frequency.

In areas of low freguency, most pecple adopt foew, Lf any, adjustments,
In areas of high frequency, widespread adoption is found. These relation-
ships are modeled by simple functional relationships in the aggregate
adjustment decision model, which is also capable of accepting simulated
adjustuwent distributions,

Adjust 28 _to natural hezavd,  Three distinct sets of adjustments are

postulated in the wmodel: those that seck to modify the natural events

gystem, those that attempt to mwodify the Lomen u

syaten, and a set of

pus t-cvent cemergency adjustyonts,

The most ceomnon adjusinont of the set desipned to wmodify the natural
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events system is an appeal to, or activity for, some supranatural power,
In the face of calamily or to prevent 1t, men everywheve appeal to
whatever Gods may be, " Mor are such practices limited to non-literate
peoples; witness the videspread practice of water well dowsing in MNorth
America.

Fer some hazards, an attempt can be nade to affect the natural
process as Iin foy or hail dispersal by seeding or othev forms of weather
modificaticn., More common is to seel to shift the spatial or tewpoeral
distribution of the natural events to a more favorable onn, Barriers
of all sorts seek to limit the spread of a hazardous event and water
storage and retavdation structures are familiar means of dealing with
floods arnd dyoupghts.  Finally, sowme adijustwents affect the internal or
chemical structuve of the event as in the case of snow melting adjustments,

An ecven wider avray of adjustments affcct the human use systom.

Some seek to raise the damage tbhreshold, the point at which damage begins,
while othere tend to change the ecantire damage potential distribution,
LExamples of the former would be the flocdpreofing of bascment areas, and
of the latter, the uvse of a drought~resistant crop variety, Fvacuation
and related adjustments may lead to climinating entirely some damage
potcential, while conversely the process of restoration and rehabilitation
of previous hazard effects may add to or diminish the domage poteuntinl,
Finally the wmost cowmon of all adjustments is the bearing of losses when
they occur., But the bearing of thisg burden can be shaved., Indeed all
hazards effects can be externalized, spreading them over a wider space,

gpreater time, or broader society by insurance, rclick, extendad fomily
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relations, and the like,

Finelly after a specific event ensues emergency adjustments can
diwminish its effeets, scue and relief operations can save lives and
reduce the burden of the hazavd; flood- fighting, fire-fighting, evacuation,

emergeney repairs, cte, prevent greater losses from occurring.

The General Model i

Apnlicd to Bast

frican Aericuttural Droucht

By way of illustraticn, let me briefly note the progress being made

in wodeling drought in a specific context--East African smallholder
. o Lo . . .

agricul ture. [his agriculture is characterized by markedly scasonal
rainfall, a hoe-based cultivation system with litile or no capital inputs,
whicl mixes crops and cattle, family food and commorceial creops, and
perennial and annual crvops, depending on locale, Tor all but the most
well watcered mountain arecs, drought and adjustmonts to drought are
essential featuresof the agricultural system., As the rains come late,
arc sparse, or fail altogether, varvied and widespread suffering is
reported. If we would seck to model this system, basced on our present

knowledge, what would its components look like?

The hrean use svstem,  The managerial unit of the hwnan use system is the

household in almost all cases. The productive acltivities of such a

bouschold are very complex., Up to 25 different crops ox trees will be

1 . : . :

Work undertaken in conjunction wvith Len Parey, Dirvector of the
burcau of Resource Asvessirent and Land Use Planning, Universiiy Colloge,
Dar cs Salaam, Tanzania,
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grown-~many occupying the same plot of land., MNevertheless wmuch progress
has been wade in describing the nature of the apricultural system, a dozen
or more detailed studies exist today, where there were but one or two

five years ago, In these recent studics in Tanzania, it has been found
poseilble to describe crudely the major factors of production, land and
labor, with some precision; but accurate description of crop yields still
seems to cscape us, In terms of nen-productive activities we know little
of their velationship, 1if any, to drought; and of material wealth, only
animal wealth seems particularly sensitive to the phenomanon,

The nataral cvents svelem. T now appears possible to provide a rather

Vo

sophisticated descyipiion of the natural events system in terms of the
water balonce, Rednfall data, estimates of poltential evapotranspiration,
and cowputer prograns exist capable of providing probsbility estimates

of soil moi

cure surplus or deficit by ten-day or monthly periods for

- . 3 .
selected arcas of East Africa. Both periods appear te be adequate for
capturiny both variations in wcather, the growth cycle, and the human use
system durxing the growing season. With little carryover for soil moisture,

random tecmporal spacing or the independence of growing season rainfall can

be assumed (intra-seasonal rainfall, however, is serially correlated),

Tor a review of many of these studies, see N, Ruthenberg, Small-

holder Farming and Smallbolder Vovelopment in Tanzapia (Flunich:
Weltforum Verlag,

n

lJUnpuh1ished researvch of Philip Porter and M, Dagy, A Rational
Appreach to the Selection of Crops foxr Arvcas of Marginal Reinfall in East
Africa, ™ Dot Africen Auricultural end Torestry Jdompal, vol. 30 (1965),
pp. 296-300,
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Navural hazard,  The essential features of the natural and hwwin usc

system can be captured in the water-yicld relationship, and thin can be
used to describe the natural hszavd,  In practice, the nost significant
rangez of hazanrd lies between the wilting point and potential evapotrans-

piration. Ve know little about this range of the relaticnship although

we do know something about the optimal and minbazl water needs at each

—

point of the plant grewth cycle, A distinchtive water yicld relationchip
is needed for cach variation in crap, location, cultivation and tillage

practice, cussentially for e

ch variation in adjuvsiment, 1t would bo
pethaps posuible ro obtain such rzlationsbips for a sinpgle ploce--the
Last Africa Agricultural and Torest Rescavch Orpanization station at

Mpuge, Kenya--but extremely difficult to obt:

such data elsgewhere. An
additional problem with thege experimental duta Is the execellence of the

agricuvlture; the level of practice employed at the station far exceceds

that of the general level of agricultural practice,

Hazayd eff-cts, Three kinds of drought effcels are considered: effccis

on. health, wealth and movement. We know very little about the relatienchip

between variation in crop yicld and death and

~

iisease, economic gains and
losses, or movements of population; estimating the impacts of these elfccets
is a major research task.

Adjustirnt s, Pilot studics of adjustment involviug interviews with 460
Tanzanian fammers have indicated the range of adjustwent and have provided
a rudimentary conceptuslization of thie process., There is widesprcad

resort to supranatural appeal, to bearing locses or exfternalizing thom

in time by using stored food or woncy in the form of cattle, or Ly moving



to seel work or land. HMore rarcly employed ave on-farm adjustments that
manipulate the hwian use system by changing crop varietics, cultivation

practices, planting detes, and the Tike.

Adjust:

1 'nt process control.  The adoption of adjustuents appears, as

elsevhere, to be a function of the frequency, but not a simple one,

and much more needs to be learnad in this vespect. We think that we

now know how Lo better ask farmers for the data required to simulate
wanagerial decisions., Recent trials in Yucatdn were encouraging in this
respect, including the use of a projective psychological senitence
completion test for eliciting hazound feelings and attitudes towards

fate, But these trials also sugsost the iwportance of speciflic localired
beliefs, which are difficult to generalive about in as mixed an avea of
culture or cnvironment as Fast Afvica,

In operation of such a model, different adjustments affect either
the available moisture, the water~yield relationship, or the harard
effects., With a simulated or historical trace of precipitation employed
as an independent variable, it is possible to cvaluate the longer tern
effects of clhanges in adjustment or the decision process itself. For at
least one or two placcs, where the complex data assembly needs can be
met, the model can provide an agenda of research needs, serve as a test

of our decision theorvy when compared with observed behavior, or provide

a simulation for the potential outcome of our policy suggestions,



Concluzion
The general and specific models hercin bhave focused on the inter-
action of man and pature, as a continuous process wvhose cxnirems
concurrences are identifiable 2s hazards of natural origin and haraful
to man, In addition to modeling this precess from a hunan ecological
perspective, the models seck to fashion najor hypotheses of harard
behavior into structures capable ¢f computer simulation., At this point
I i
in theiv development, their heuristic value scems established Lul the

capability for relatively efficient and mearingful simulation ie still
in doubt,

But more important and still debricble is the desinobility of the
geneval perspective, A case can be made that many of the real determinants
of human behavior velated to natural hazard lic ouvtside the interface of
the natural and human systems modeled lmre, TFor cexamnle, the simultancous
occurrcence of the droughts and floods with econonic depression in the
1930e surely led to development of policies different from those that might
have prevailed in the absence cf the depression., 4And the encouragemont
of cash cropping and the prohibitions on migration by the colonial
adninistration in East Africa probably intensified the effects of the
disastrous drouphts occurring theve in the thirties, Critical events such
as these, secen as important with hindsight, are not easily handled by the
model,

An alternative would be to model in much greater detail the specific
buman use system related to a particular hacard: e.p., cmzllbolder
agriculture, urban residential dcvelopmént, municipal water supnly

, and
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the like, In this context natural hazard would be but one of a serics
of concerns facing the manager and the ways in which he dealt with other
forms of uncertainty would surely affect the ways in which he deals with

the natuval hazard, A greater fideli of the system Lo reality would

be obtaincd at the cost of comparative generalization,

This is, of course, an old dileirna and one familiar to many. llow
guickly have models of systematic systems become regicnal systems? One
begins to moedel the transportation and ends up modeling the city, the
region, its activities and growth. In my earliest introduction to
modeling, in vorking with the Havvard Water Pregram, T learned that
decision cones from the latin verb "to cut," The decision as to where
to make the cut that severs the decilsion-wmoedel {rom tha-mutrix of reality
comes no more casily than do the decisionsof even the most knowledgeable

in the facce of an uncertain natural world,



