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CHAPTER I
GEOGRAPHIC RESEARCH AND FLOOD DAMAGE REDUCTION

The way men view the risks and opportunities of their un-
certain environment plays a significant role in their decislions as
to resource management. Urban flood situations well illustrate
this relationship. The studies of hazard and choice perception
reported in this volume throw new light on the condltions under
which men occupy flood plains and, at the same time, yileld empiri-
cal evidence on the decision-making process.

This dual aspect Introduces a certain awkwardness and rep-
etition of elementary material for readers familiar with either
flood problems or decision-making theory. For this, the reader's
indulgence is craved, and as in all such multi-purpose endeavors,
it is hoped that the benefits wlll outweigh the costs.

To provide the perspective in which geographic research
into the human occupance of flood plains may be viewed, much of
this chapter is devoted to a restatement of the paradox of greater
flood control and increasing flood damages, and the ensuing search
for alternative measures of flood damage reduction. The next chap-
ter presents a general dlscusslion of the relevance of decision-
making schema in resource management for understanding flood plain
occupance.

Later chapters develop the empirical data from a detalled
study of one flood-prone community and from reconndlssance exami-
nations of flve others differing markedly in flood hazard and geo-
graphlc setting. Among and within these communitiles, there 1s
great varlablllity in perception of hazard and alternatives of flood
damage reduction. The differences are large even where there 1is a
sharing of common experlence with floods, and they are significant
among people acqualnted with advanced technical knowledge as well
as among those having only a rudimentary popular knowledge of the
situation.

The certainty of flood occurrence, as 1t differs from place
to place, appears to underlie thls dlverslty of perception and to
Influence the way men attempt to order their activitles to reduce
the threat of natural hazard.
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Twenty-Five Years of Flood Control Activity

On June 22, 1936, the Congress of the United States de-
clared that:

It is hereby recognized that destructive floods upon the
rivers of the United States, upsetting orderly processes and
causing loss of life and property, including the erosion of
lands, and impairing and obstructing navigation, highways,
railroads, and other channels of commerce between the States,
constitute a menace to national welfare; that it is the sense
of the Congress that flood control on navigable waters or
their tribuiaries is a proper activity of the Federal Govern-
ment. « . .

In the twenty-five years that have elapsed since the pas-
sage of the Flood Control Act of 1936, over four billion dollars
have been expended in pursuit of this "proper activity" and annual
appropriations now average 300 million dollars.2 Within the past
eight years, there have appeared a series of appraisals of the
efficacy of this expenditure and the massive activity so engen-
dered.5

Appraisals of the flood control program.--All evaluations
of the national flood control effort are obscured by serious de-

fects in data collection and interpretation, particularly esti-
mates of flood damage.4 Flood damages recorded by the Weather Bu-
reau are probably understated in toto and considerably exaggerated

149 u.s. statutes 1570.

2U.s. Senate, Select Committee on National Water Resources,
Floods and Flood Control, Committee Print No. 15, 86th Cong., 24
Sess., 1960, pp. 16-17.

3Appraisals and related information are included in the
following: William G. Hoyt and Walter B. Langbein, Floods (Prince-
ton: Princeton University Press, 1955), pp. 77-90; Gilbert F.
White, Wesley C. Calef, James W. Hudson, Harold M. Mayer, John R.
Sheaffer, and Donald J. Volk, Changes in Urban Occupance of Flood
Plains in the United States (ChIcago: University of ChIcago, De-
partment of Geography Research Paper No. 57, 1958), pp. 1-11l, 203-
227; U.S. Senate, Select Committee on National Water Resources,
Floods and Flood Control, Committee Print No. 15, 86th Cong., 24
Sess., 1960, pp., 3-7, 27-28; U.S. Senate, Select Committee on Na-
tional Water Resources, Flood Problems and Management in the Ten-
nessee River Basin, Commlittee PriInt No. 16, 86th Cong., 2d Sess.,
1960, p. 18; U.S. Senate, Select Committee on National Water Re-
sources, River Forecasting and Hydrometeorological Analysis, Com-~
mittee Print No. 25, 86th Cong., 2d Sess., 1960, p. 7; walter B.
Langbein, "An Assessment of Flood Control in the U.S.A.," Proceed-
ings of Royal Geographic Society of Australasia, ILXI (December,
19607, 9-1%; RoIanE C. Holmes, "Compos on and Size of Flood
Losses," Papers on Flood Problems, ed. Gilbert F. White (Chicago:
University of Chicago, Department of Geography Research Paper No.
70, 1960), pp. 1ll-18.

4See discussion in White et al., pp. 3-1l.
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in particular situations. Trends are obscured by the random ef-
fects of rare catastrophic floods and short-run increases in

the amount of flooding. Despite these problems, most appraisals
agree on the following relationships of flood control and flood
damages:

1. The large investment in flood control works have not

decreased the average annual flood demages. Data from Holmes

would suggest that average annual flood damage doubled since the
passage of the Flood Control Act of 1936 and now equals the aver-
age amount spent yearly in their prevention, $300 million.l

Since the Weather Bureau series used by Holmes probably under-
states damage, a recent Corps of Engineers presentation attempted
to estimate average damage potentisl which might be considered as
the estimate of average long-run damages (including damages not
actually recorded). The estimates for 1957 and a projection for
the year 1980 are shown in Table 1.2

TABLE 1

CORPS OF ENGINEERS ESTIMATES OF DAMAGE POTENTIAL®
(MILLIONS OF DOLLARS)

Area 1957 1980
Downstreamp ..... Ceerssevsssnnns 538 739
Upstream (total)® ..vvverenennnn 417 574

Total vovevns et reneens 955 1,313

87gken from U.S. Senate, Select Committee on Na-
tional Water Resources, Floods and Flood Control, Com-
mittee Print No. 15, 86th Cong., 24 Sess., 1960, pp. 3-7,
27-28.

bDownstream damages occur at points along stream
with drainage areas 1ln excess of 390 square miles.

®Total upstream damages represents the enlarge-
ment of a partial upstream damage inventory by the appli-
cation of some factor.

lHolmes, p. 11, computed total damages for 34 years from
1903-1936 as $4.1 billion, and for a 22-year period, 1937-1958,
at $6.6 billion in constant 1957 dollars. Average yearly damages
sre 2.5 times greater for the latter period.

2A comparison of the increase projected for 1980 of each
component, downstream and upstream, suggest that they were pro-
jected at the same rate, an annual average growth of 1.4%. To
the writer, thls 1s an unjustified assumption.
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2. Three factors have been suggested to account for the

increases in estimated annual damages: (a) improvement in damage
data collection, (b) a short-run increase in flooding, (c) the
expanding investment in areas subject to flood.1 After discount-
ing the effects of data collection and the increase in flooding,
the fallure of the flood control program to reduce damages 1s

primarily due to the steady pressure to occupy and develop flood
plaln land, particularly In urban and metropolitan areas. The
Corps of Engineers' projectlon averages a l.4 per cent annual In-
crease in flood damage potential, and White has estimated the an-
nual rate of Increase at 2.7 per cent.

3. There 1ls conslderable evidence that flood control,

while substantially reducing existing damages, actually encourages
an increase in damage potential.2 Almost all flood control works
provide only partial flood protection, there belng few known works
protecting against the maximum probable flood. Partial protectlon
oliminates damages from the more frequent floods, and in so doing,
may Intensify the ongoing trends to develop the flood plain re-
gardless of protection. When some of the rare floods occur that
are larger than the measure of protection provided for, cata-

strophic damages result. Furthermore, flood plain invasion has
been triggered by the mere anticipation of future protection.

4. The trend of increasing protection being offset by in-
creasing damage potentlal wlll continue into the future. At the
present rate of federsl investment in flood control, the United
States 1s expected to expend some $10 billion by 1980, but the
residual annual damage is estimated by the Corps to be only slight-
1y under the 1957 damage potential of $698 million. With a 1970
level of protection expenditure of $500 million, the Corps of
Englneers estimates that damage potential could be reduced to an
annual average of $483 million.

5. The paradox of greater flood control and increasing

damages strongly emphasizes the need to search for other alterna-
tives that might be combined with engineering works to develop
comprehensive prograsms of flood damage reduction. For over twenty
years, a theoretical statement by White of possible alternatives

lWhite et al., pp. 5-11.

The Corps of Engineers (Select Senate Committee, Floods
« « 4 Pp. 27-28) estimates that since 1918 $9 billion (current
dollars) of gross damages have been prevented by protection works.
However, gross damages prevented includes damage to both the ex-
Isting development at the time of the introduction of flood con-
trol works and the subsequent development of the flood plain,
some of which were induced by the protective works themselves.
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to engineering works has existed.1 These included: Bearing the
losses with or without public relief; permanent or emergency
evacuation of life and property and the rescheduling of produc~
tion; elevating land and making structures flood resistant; in~
surance; and the regulation and change of land use. However, it
is only within the last decade that there has been developed a
widespread interest in searching among such a theoretical array
of alternatives for those that most practicably might supplement
engineering works in a flood damage reductlon program.

A Future Flood Damage Reduction Program

The individual and community components of a flood damage

reduction program.--The elements of a flood damage reduction pro-

gram are still unclear, but might well involve a range of actions
as has been summarized in Table 2.

The first column of the Table presents the theoretical
range of cholce. In the second column, subsumed under each theo~
retical choice, are the individual actions presently available.
The third column suggests ways in which municipal, state, and
federal authority might be judiclously used to either encourage,
reinforce, or mandate the individual action.

Table 2 attempts to identify those components of a flood
damage reduction program that can be carried out by individusl
land users. In this format community action, be it on the federal,
state, or municipal level, can either encourage, reinforce or man-
date Individual actions. To illustrate, an individual might lo-~
cate a structure on a parcel of flood plain land to minimize his
hazard. This action can be encouraged by the availability of
flood hazard informatlon provided by a federal organization, re-
Inforced by regulations making home loan assistance contingent up-
on such structure locatlon, or mandated by a zoning regulation re-
quiring a set back from the stream channel or elevation above a
glven flood height.

In practice, the actual elements of a comprehensive flood
damage reductlon progrem will emerge from the interaction of the
alternatives described in Table 2, the need perceived by the

1611bert F. White, Human Adjustment to Floods (Chicago:
University of Chicago, Department of Geography Research Paper No.
29, 1945), pp. 128-202. Recently developments of this theme may
also be found in Gillbert F. White, "The Cholce of Use in Resource
Management," Natural Resource Journal, I (March, 1961), 30-36; and
Gilbert F. WhIte, "Strategic Aspects of Urban Flood Plain Occu-
pance," Journal of the Hydraulic Division, Proceedings of the Amer-
ican Soclety of Civil Englneers, IXXXIII (February, 1960), 99-100.
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program executors for governmental action, and the prevailling
trends of political organization.

The role of research.--The shape of a future flood dam-
age reduction program could be substantially altered if the po-
tential effectiveness of various damage reduction alternatlves
could be predicted. The appraisals of the effectiveness of engl-

neering works, which helped create a receptiveness for a broader
program, awaited many years of actual experience with protective
works in order to be heeded. Hopefully, the development of a

more predictive, though far from accurate, social sclence provides
the basis for identifying some of the more fruitful elements of s
flood damage reduction program.

To make effective predictlions requires a deeper under-
stending of the complex process of flood plain invasion and occu-
pance than presently available. Twenty years of geographic re-
search has striven for such an understanding, and the concluding
portion of this chapter will present a description of that re-
search.

Flood Hazard Information: The Foundation
of a Flood Damage Reduction Program

A research questlion with a vital but more limited import
relates to flood hazard information. A recurring theme through-
out Table 2 1s the provision of accurate flood hazard information
as a necessary if not sufficient condition for the installatlion
of many of the alternative measures of flood damage reduction.

The federal information program.--The federal sclentific
and engineering agencies have always made their data on floods

avellable to any who desired it.l Unfortunately, data on flood
hazard were seldom in a form usable by laymen, and often requilred
engineering interpretation. With the search for alternative
flood damage reduction measures, the need became apparent for
flood hazard data that could be used and understood by intelligent
laymen with a minimum of technical assistance.

The pioneering effort was made by the Tennessee Valley
Authority which had completed, by mid-1962, 97 flood hazard reports

1Among the federal agencies that collect data on floods
are the U.S. Army, Corps of Engineers; U.S. Department of Agricul-
ture, Forest Service and Soil Conservation Service; U.S. Depart-
ment of Interior, Bureau of Reclamation and Geological Survey; U.S.
Department of Commerce, Weather Bureau, Tennessee Valley Authority
and the International Boundary and Water Commission. For types of
data, see Walter B. Langbein and Willlam G. Hoyt, Water Facts for
the Nation's Future (New York: Ronald Press, 1959), pp. 2b3-258.
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for valley communities.l The U.S. Geological Survey has moved

in two significant directions. Flood hazard mapping (overprints
of topographic sheets) is underway in 21 communities.2 A number
of msps have been completed Including the first 6 of 43 sheets
partially defining flood hazard in the Chicago Metropolitan Area.
Simultaneous with its own mapping program, the Survey 1s issuing
a serles of regional flood studies, which combined with a recent
handbook makes flood plain mapping possible on a self-help basis
for many communities-3 Finally, and probably most significant,
has been the authorization by Congress under which the Corps of
Engineers 1is providing communities informatlion concerning floods,
flood damages, and engineering advice for the amelioration of
flood effects.4 As of this writing implementation of the program
has been somewhat slowed.

The expanding information program raises a number of ques-
tions. What is the relevance of various types of flood hazard
information to flood plain managers? Should information concern-
ing flood hazard be extended to include information on alterna-
tive ad justments to flood hazard? How may flood hazard Informa-
tion be presented in order to be most useful for managers?

The value of basic research applicable to these questions
made the study seem particularly timely.

Twenty Years of Geographical Research into
Human Occupance oI Flood Plains

Research and policy.--In the previous discussion, the on-
going shift from a policy of flood control to a policy which iIn-
cludes controlling floods and land use has been chronicled. This
shift in emphasis has been influenced by over 20 years of research,

lSee Select Senate Committee, Flood Problems . . . Tennes-
see River Basin, pp. 18-20 for general dlscusslon of program. Pres-
ent status ol program taken from a personal communication from the
Flood Relations Branch, Tennessee Valley Authority, July, 1962.

ZIan Burton, "Education in the Human Use of Flood Plains,"
Journal of Geography, IX (November, 1961), 366.

3For an example of a map see: Unlted States Geological Sur-
vey, Floods near Chicago Heights, Illinois, Hydrological Investi-
gation Atlas HA. 39 (Washington: U.S. Geological Survey, 1960),
(map with description). For the methodology of regional studies,
see: Tate Dalrymple, Flood Frequency Analysis (Washington: U.S.
Geological Survey Water Supply Faper 1543-A, 1960), pp. 25-48. For
methods of defining the flood plain, see: Sulo W. Wiitala, Karl R.
Jetter, and Alan J. Sommerville, Hydraulic and Hydrological As-~
pects of Flood Plaln Planning (Washington: U.S. Geological Survey
Water-Supply Paper 1526, 1961).

4section 206, Flood Control Act of 1960.
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primarily geographical, into the nature of the human occupance
of flood plains. Although foreshadowing the shift in policy,
the research also has evolved, moving from an earlier preoccu-
pation with physical factors of land and flood, towards a syn-
thesis of human behavior that might describe the occupance of
flood plains.

The shift in emphasis in geographical study.--In 1942, in

Human Ad justment to Floods, White was preoccupied with factors
affecting human adjustment, primarily,but not exclusively, physi-

cal variables of land and water. Fifteen years later White was
concerned with factors that enter into decisions as to flood-

plain adjustment. The focus of research had moved from a some-
what deterministic geography of the physical milieu of flood
plains, to an ingquiry into mants choice in the complex social,
economic and physical world that surrounds him. The change in em-
phasis has been accompanied by a series of recent studies.

Studies of changes in urban and rural occupance of flood

plains.-~A study of rural flood-plain occupance confirmed the
value of the change in emphasis by finding that the particular
manner in which flood plain utility is percelved depends in large
measure on the matrix of economic factors and agricultural organi-
zation in which the flood plain is found rather than on primarily
physical factors such as the frequency of flood.l

The urban study noted:

This process of continued invasion (of the flood plains)
was not everywhere of the same magnitude, it varied with con-
ditions of site and of gross urban growth, it unfolded in
different patterns of land use, and it involved a wide range
of managerial decisions as to the usg of flood-plain re-
sources in the face of flood hazard.

To better explain the variability in flood plain use noted,
as well as lay the basis for measuring the impact of flood hazard
maps, two related investigations were conducted of the attitudes
of flood plain dwe:Llers.:5

The attitude studies.--Roder in Topeka, Kansas, sought to
formulate the first descriptive statement of the relationship be-

tween attitudes towards flooding, soclo-economic class, and levels

lIan Burton, Types of Agricultural Occupance of Flood
Plains in the U.S. (Chicago: Unlversiiy of Chicago, Department of
Geography Research Paper No. 75), pp. 42, 150.

ZWhite et al., p. 203.

SWolf Roder, "Attitude and Knowledge on the Topeka Flood
Plain"; Ian Burton, "Invasion and Escape on the Little GCalumet,"
Papers on Flood Problems, pp. 62-92.
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of flood hazard and protection information. He classifled hils
respondents as optimistic, pessimistic, or neutral, depending on
whether the respondentts future flood expectancy underestimated,
overestimated or coincided with a prevalent sclentific expectancy
of future floods. Burton then conducted a similar study in the
Hammond-Munster area of the Little Calumet flood plain in Indiana.
In general, they found no associations between attitudes towards
future flooding and soclo-economic class or knowledge of protec-
tive structures.

The disaster studles.--In the course of seeking analogs
to the catastrophic disaster of nuclear attack, a group of be-

havioral scientists have carried out a series of studles into nat-
ural disasters, including floods, or the "behavior of people in
extreme situations."l The utility of such studies for explanatory
models of the human occupance of flood plains 1s limited because
of differing emphasis. Disaster studies of floods have focused

on the threat, warning, and impact of the disaster, and the subse-
quent recovery of individuals and community. Geographic research,
in contrast, has centered on the long-term ad justment to a recur-
ring hazard, in which disasters may or may not occur, and are of
limited import in most situations.

Decision-making studies.--St1ll another body of theory
which behavioral scientlists, among others, have helped formulate,
that of decision-making, contains much that may be useful in de-
veloping an increased understanding of the processes of flood
plain occupance. The continual invasion of the flood plain is
generally a summation of the many Individual decisions to locate
there. The selection of alternative measures of flood-damage re-
duction by an iIndividual or even the nation is also a process of
choice or decision. These and similar questions may be fruitfully
explored withln a framework of decision theory.

lAnthony F. C. Wallace, Human Behavior in Extreme Situa-

tions: A Survey of the Literature and Suggestlons Tor Further Re-
search (washington: Natlonal Academy ol Sciences-Natlonal Re-
search Council Pub. No. 390, 1956); Roy A. Clifford, The Rio
Grande Flood: A Comparative Study of Border Communities iIn Dis-
aster (WashIngton: Natlional Academy of Sciences, NatIonal Re-
search Council Pub. No. 458, 1956).




Kates, R. W., 1962, Hazard and Choice Perception iIn Flood Plain Management, University

of Chicago, Department of Geography Research, Paper No. 78.

CHAPTER II
DECISION-MAKING AND RESOURCES MANAGEMENT

Against the background of national flood policy and a se-
quence of geographlcal research which includes study of the cholce
avallable to occupants of flood plains, 1t 1s useful to examine
decision theory and decision-maklng schema. How relevant are they
to resource management study in general, and flood plains in par-
tlcular? Do they assist in arriving at more refined understanding
of why people do or do not occupy flood hazard areas?

Some Underlying Assumptions of
DecIsion-Naking schema

Decislon-making, in a broad sense, 1s the selectlion of al-
ternate courses of human behavior, and decision-maklng schema are
descriptions or prescriptions of this process. The study of
decision-making is a burgeoning, inter-disciplinary, and somewhat
confusing, area of research.

Declsion-making schema hold an intrinsic attraction for
students of resources menagement. The concept of the multiple
purpose use of resources, the variabllity of the perception of re-
sources from culture to culture, the differences in resulting
cholces 1n similar environments, all offer grist for the mllls of
declsion theory.

The writer has found 1t helpful to 1ldentify four of the
underlying assumptions found 1n almost all declsion-making schema
and 1in their applications to resource problems. These are: (1)
the underlying view of man's rationallty; (2) the types of decision

1In a recent review article, John W. Dyckman, "Planning and
Decision Theory," Journal of the American Institute of Planners,
XXVII (November, 1B61), B55-545, are llsted 110 works dealing with
decision-making including works by economists, statisticlans, oper-
ations researchers, psychologlsts, political sclentists, planners,
and sociologists. Ward Edwards'! review article, "The Theory of De-
cision-Making," Psychological Bulletin, Vv (1954), 380-417 llsts
some 218 items. ~ Pau asserman and rFred S. Sllander 1in Declsion
Making: An Annotated Bibliography (Ithaca, N.Y.: Cornell Univer-
sity, Graduate School of Business and Public Administration, 1958)
annotated over 400 references. The biblliography contalns a topl-
cal listing of declsion studles found to be useful as an intro-
duction to thls vast llterature. Only studies actually clted in
this chapter appear 1in footnotes.

12
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processes Involved; (3) the conditions of knowledge under which
choice is made; (4) the criteria that are used to guide such
choice.

Man's Rationality

The underlying view of man's rationality.--Rationality
may be used to simply describe that ability to choose clearly and
consistently those alternate courses of human behavior that are
most appropriate towards attaining some end or goal. Among the
difficulties in comparing inter-disciplinary research in declsion-
making are the conflicting assumptions as to mant's rationallty.
These have been sharply defined by Simon in the followlng manner:

The social sciences suffer from an acute case of schizo-
phrenia in thelr treatment of rationality. At one extreme we
have the economlsts, who attribute to economlc man a pre-
posterously omnisclent rationality. Economic man has a com-
plete and consistent system of preferences that allows him al-
ways to choose among the alternatives open to him; he is al-
ways completely aware of what the alternatives are; there are
no limits to the complexity of the computations he can per-
form in order to determine which alternatives are best; proba-
bility calculations are neither frightening or mysterious to
him. Within the past decade, in 1ts extension to competitive
game situations, and to decilsion-making under uncertalnty,
this body of theory has reached a state of Thomistic refine-
ment that possesses conslderable normative interest, but 1it-
tle discernlble relation to the actual or possible behavior
of flesh-and~blood human belngs.

At the other extreme, we have had tendencles in soclal
psychology traceable to Freud that try to reduce all cognition
to affect. Thus, we show that colns look larger to poor chil-
dren than to rich (Bruner and Postman), that the pressure of a
soclal group can persuade a man to see spots that aren't there
(Asch), that the process of group problem solving involves the
accumulation and discharge of tensions (Bales), and so on.

The past generation of behavioral sclentists have been busy,
following Freud, showing that people arentt nearly as rational
as they thought themselves to be. Perhaps the next genera-
tion is golng to have to show that they are far more rational
than we now describe them as belng--but with a ratlonality
less grandiose than that proclaimed by economics.

Simon goes on to offer his own alternative:

The alternative approach . . . is based on what I shall
call the princlple of bounded rationality:

The capacify of The human mind for formulating and solving
complex problems Is very small compared with the size of the
problems whose solutlon 1s required Tor objectively rational
behavior In the resl world--or sven for a reasonable approxi-
mation to such objectlve rationallty.

I the princIple T8 correct, then the goal of classical
economic theory--to predict the behavior of rational man without

lH. A. Simon, Administrative Behavior (2d ed.; New York:
Macmillan, 1957), p. xxIIT.
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making an empirical Investigation of his psychological prop-
erties--1is unattainable. For the first consequence of the
principle of bounded rationality is that the intended ration-
ality of an actor requires him to construct a simplified
model of the real situation in order to deal with it. He be-
haves rationally with respect to this model, and such be-
havior is not even approximately optimal with respect to the
real world. To predict his behavior we must understand the
way in which this simplified model is constructed, and its
construction will certainly be related to his psychologica}
properties as a perceiving, thinking, and learning animal.

Thus does Simon construet a trichotomy, fraught with per-
i1ls of over-simplification. By utilizing the extremes of eco-
nomic or psychological man, some scholars may insist that Simon
has caricaturized the mainstreams of economic or psychological
thought. Be this as it may, the writer in his review of the de-
cision-making literature of the social sciences has found few ex-
ceptions to Simont's description of the prevalent underlying as-
sumptlons of rationality. If one aclmowledges the descriptive
aptness of Simon's trichotomy, what of its preseriptive value?
Restated in another way: granted that decision-making analysts,
consclously or unconsciously, formulate an underlying assumption
as to man's rationality, is there one of these assumptions that
is more useful for formulating decision-making schema?

To the writer, the stance, or assumptions as to man's
rationality, from which the decision-making analyst prepares to
discuss the process of decision-making has utility only in terms
of the analyst's objectives and study matter.

One such objective 1s the intent of the analyst in terms
of the normative-behavioral dichotomy or, as the writer prefers,
those models of man that aspire to describe and predict his be-
havior as opposed to those that aspire to prescribe what his be-
havior ought to be. If the intention of the analyst is to de-
seribe correctly human behavior in decision-making situations and
to predict future behavior, then it 1s clear to the writer that

an assumption of omniscient rationality for economic man is at
variance with both the potential and actual behavior of men.

It must be recognized that there are many who have wearied
of the failure of behavioral theory to provide generalized de-
scriptions of human action. ©Stimulated by computer technology,
they are constructing a closer approximation of the rational eco-
nomic man by prescribing rules and routines to help men become
more nearly rational. These research workers appear ready to
leap-frog the question: How does man perceive cholce and act upon

lH. A. Simon, Models of Man: Social and Rational (New
York: John Wiley & Sons, 1957), p. 198,
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1t? and replace it with the question: How can he make his choices
and choice mechanisms better? For some the horizon is endless
and their ultimate goal might well be the following:

We assert that 1t 1s possible to describe analytlcally
any human functlon which can be reascnably deflned 1n objec-
tive terms--and we specifically include In such functions
"hinking" insofar as the term is definsble. If by "think-
ing" one means being able to do arithmetic, or play a good
game of chess, or learn from experience, or make optimal de-
clsions 1In exceedlngly complex situations, then we assert
that thinking can be described analytlcally, and there are
two important corollaries: 1f 1t can be described analyti-
cally, 1t can be simulated; ang if it can be simulated, 1t
can be performed mechanically.

Omniscient, rational economic man, is a viable model for
describing the behavior of a select group of human beings, though
thls group may be limited to the very proponents of the model.
With an objective of prescribing rules for making better choices,
surely one cannot argue that men ought not aspire to the very
heights of rationality. What makes this view so vulnerable to
Simonts attack is that 1ts proponents do not restrict themselves
to a prescriptive role, and often take the either/or position of
Marschak that:

The theory of rational behavior 1s a set of propositlons
that can be regarded either as an 1ldealized approximation of
the acjual behavior of men or as a recommendation to be fol-
lowed.

The wrlter would suggest Marschakt!s set of propositions
are indeed recommendatlions to be followed, but at best could be
an 1ldealized approximation of the actions of very few, if any,
men.

If the Intention of the analyst i1s to devise descriptive-
predictive models of human behavior, hils attention might be di-
rected to elther Slmon's stance of bounded rationallty or that of

psychological man dominated by affect.5 The cholce between these

lR. E. Machol (ed.), Information and Decislon Processes
(New York: McGraw H1ll, 1960)7 pp. vili-ix.

2Jacob Marschak, "Ratlonal Behavior, Uncertain Prospects,
and Measurable Utility," Econometrica, XVIII (1950), 111.

3John Krutilla and Leslle Curry have pointed out, quite
correctly, that many useful studies of a descriptive-predictive
nature have been carrled out wilthin the framework of traditional
economlc man or more commonly, a ratlonal man subject to a variety
of constraints including the costs of obtaining additlional infor-
mation, human falllbllity and lack of clalrvoyance, chance, and
the 1like.

The more constralnts placed on the omnisclence of the
rational man, the closer such a model moves to that of bounded
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two assumptions as to mants rationality 1s influenced by the sub-
ject matter under study. 1In the writer's view, bounded ration-
ality appears most appropriate for those situations in which one
can hypothesize substantial conscious choices and an underlying
view of psychological man lends 1tself to areas of decislon in
which there 1s evidence that less conscious, or instinctive
choice processes are involved.

A model of man's rationality for resource managers.--Re-
sources by definition are culturally determined, that is, a re-

source 1s a thing that becomes a resource when perceived as use-
ful to man. To understand, describe, and predict from the vari-
eties of ways that men manage resources implies a certain model

of man. In this model, men bounded by inherent computational dis-
abllities, products of thelr time and place, seek to wrest from
their environment those elements that might make a more satisfac-
tory life for themselves and their fellows. Simon's concept of
bounded rationality is a suitable framework for such a model.

On the other hand, there is the same pressure in resource
management as well as in other avenues of human affairs to leap=~
frog the need for patient understanding of complex activities and
prescribe efficient resource allocation systems. As has been
previously stated, the assumption of the maximum rationslity on
the part of man cum computer 1s almost inescapable in this field
of research.

In explaining mants behavior in the face of an urban
flood hazard the underlying assumption of man's rationality will
be that of bounded rationality and a prime purpose will be the
consideration of what the specific bounds might be.

Types of Choice Processes

Consclious decision-making provides but a fraction of the
welter of declisions that men make every day. The existential con-
cept of free and conscious choice 1is not only a "dreadful freedom"
but time-consuming as well. The bulk of man's daily decisions are
either habitual or so trivial as to teke on a random aspect; men
thus protect themselves from the burden of consciously choosing
amidst the minutiee of 1ife. The important decisions in 1life,

rationality until such time as the difference might be more se-
mantic than real.

Essentilally a matter of focus, the espousal of bounded
rationality found in this volume, is not intended as a denial of
the utllity of other formulations but rather to assert the utility
of focusing on the limitations in decision-making rather than on
an ideal from which men deviate.
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while relstively few in number, do involve conscious elements in
choice and often tend to be unique. In general three types of
choice processes might be distinguished:

The conscious choice process.-~-There is a general accepi-

ance that conscious choice processes involve some reflection on
the part of the chooser, a consideration of ends, and alternative
means of securing those ends. Churchman would distingulsh between
free cholce or how one would choose on the basis of their own
values; and a more restricted choice; the choices men make when
their own values are bound up with extraneous or irrelevant ex-
ternal factors.l Existential philosophers would deny for the most
part the distinction claiming that, in the last analysis, all men
are free to choose among some alternatives.2 The more psychologi-
cally orlented analyst might emphasize the impsct of the uncon-
scious on even the apparently conscious choice.s In any event,
many of the ilmportant unique decislons men make involve consider-
able amounts of reflection.

The habitual cholce process.--Habitual cholce, or the re-

course to traditlonal or repetitive behavior, has a profound in-
fluence on the ordering of men's actlivitles. Geographers are
quick to note how many responses to man's environment take on as-
pects of habltual choice. The writer would suggest that most
habitual actions, be they trivial or importent, result originally
from more or less consclious decislons, made by some Individuals
singly or collectively interacting with soclety. Certain analysts
like Firey, think that long-term habitual response systems like
open-fleld farming represent not a habltual response to the en-
vironment as such, but "willing conformity" implying even in long-
established traditlonal systems some conscious choice.4
Unconsclous snd trivial cholce.--A detalled discussion of
unconscious cholce 1s beyond the ken, training, or inclination of
the writer. Most readers might confirm that choices of love, mar-
riage, and the llke, are poorly sulted for description by a ra-

tional conscious cholce process. Fortunately, resources

lc. West Churchman, Prediction and Optimal Decision; Phil-
osophical Issues of a Science of Values {Englewood CIliffs, N.J.:
Prentice Hall, 1961}, p. 18.

2Jean—Paul Sartre, Existentiallism (New York: Philosophical
Library, 1947), pp. 38-40.

aGardner Lindzey (ed.), The Assessment of Human Motives
(New York: Grove Press, 1960), p. 19.

4Walter Firey, Man, Mind & Land: A Theory of Resource Use
(Glencoe: The Free Press, 1960), pp. 111-130.
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management eppears to involve little unconscious choice, that is,
choice governed by ernds and means that are perceived dimly, 1f at
all, by the chooser. On the other hand, certain questions 1like
the propensity to gamble with nature, be it drought, flood, or a
home on Flre Island, might concelvably be described by unconscious
cholce processes. This theme will be returned to in later sec-
tions.1

Another type of choice recognized by the writer (but de-
nied by certaln schools of psychology) is that of trivial choice.
Many unique choices (non-habitual) are so trivial (either un-
important or the chooser 1s Indifferent) that the cholce takes on
a random aspect. Indlfference curves attempt to identify a point
at which a cholce between alternatives may be trivial, even though
the alternatlves themselves may have considerable significance.

The process of cholce in resources management.--Elements
of all three cholce processes enter into the decisions made in

the management of resources, but conscious elements appear to dom-
Inate. A mlne 1s opened because there is a need for metal; a hill-
‘side site 1s selected for a home because it overlooks the ocean;
water 1s added to a fleld because 1t has not rained. In others,
one finds habitual response as well; stockpiling or purchasing
sllver persists after the original need has been filled; a house
designed for a level lot is placed on a hillside; fields in an
arld area are watered on schedule whether it rains or not. Some
declsions perplex the analyst and one tends to ascribe to them
unconsclous or random influence. The shrewd small-town merchant
is entlced into Investing in a fraudulent mining stock; a particu-
lar hillside development takes place because the developer once
had a flat tire there; irrigation 1is encouraged because a people
ralsed In a humid clime associate green flelds and flowing water
wlth the good, fertile, and beautiful as opposed to a percelved
ugliness of arid grass lands or desert.

In a broad over view, cholce 1n resource management is
primarily conscious cholce and habitual choice which has been
routinized after a series of initial conscious choices. What are

1L. Wundheller, a psychologlst friend, suggests that the
distinction between unconscious and consclous decision processes
is best made not as a functlon of some class of activity, but
rather as a function of the amount of desire or motivation for a
certain goal. As such desire or motivatlon increases, so would
irrational behavior regardless of type of activity.

Nevertheless, the writer would maintaln that there are
classes of human activity in which most, but not all, behavior
can be explained in a rational, conscious framework, and others
in whilch such explanatlion appears much weaker.
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the bounds of such conscious choices? Firey likes to consider
them as choices coming from three sets; a set of physically pos-
sible alternatives, a set of culturally adoptable alternatives,
and a set of economically gainful alternatives.l White orders
his thinking by defining a set of theoretical choices and a set
of practical choices. These practical choices are controlled by
two principal factors of awareness and restraint.2 This study
will attempt to identify emplrically a range of cholce of flood
reduction measures as Individually perceived. Thls discussilon
will be found in the fifth chapter.

Conditions of Knowledge

Risk and uncertainty.--Choice, however it is made, 1is

made under a variety of conditions of knowledge as to alterna-
tives and outcomes. The best available information may only sug-
gest a range of outcomes, some with a known probabillty distri-
bution and others with an uncertain one. The first case, outcomes
with a lmown probability distributlon, has been distingulshed as
risk, the second case as uncertainty.3

Dlspersion of knowledge.--In the complex world, seldom is
the best knowledge ever able to be completely brought together, or

when this is done, assimilated. There is wlde disperslon of such
knowledge in any community of men. Thus, a descriptive theory of
cholce must deal with the well-informed and the poorly-informed
and the choices that men make under certainty, rlsk or uncertain-
ty. To complicate the matter further, such a theory must deal
with the eventuality that not only do the conditions of knowledge
vary, but the personal perception of the same information differs.
Thus, for an objective standard of knowledge there may be a sub-
stantlally different subjective interpretation of the same.

The conditions of knowledge under which resource decislons

are made.--Natural resource management involves a great deal of
uncertainty. It is first of all an economic activity, with uncer-
tainty slmilar to other economic activities. Secondly, it is a
field of human endeavor particularly sensitive to the great natural

1Firey, p. 37.
2White, Natural Resource Journal, pp. 26-27.

®Since F. H. Knight in 1921 (Risk, Uncertainty & Profit
[Boston: Houghton Mifflin, 1921], p. 233) coined these distinc-
tions, numerous writers have suggested that the division between
risk and uncertainty 1s at best hazy, a vlew concurred in by the
writer. However, whlle the division may be hazy, the distinction
bet¥ein the extreme cases of certainty, rilsk, and uncertainty is
useful.
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uncertainties of drought and flood, fire and disease, and the
like. Thirdly, uncertainty increases rapidly with time. Re-
source managers frequently plan for far longer periods (50-100C
years) than the managers of other economlc activities. Lastly,
1ts technology 1s not only subject to the uncertainty of pre-
mature obsolescence, but of uncerteln disbenefits, frequently of
a serious nature. There are few experts, elther here or in the
Soviet Union, prepared to forecast with assurance the disbene-
fits of the proposed shift from grassland rotation to intensive
farming in the Soviet Union, or for that matter even the long-
term benefits. How do resource managers deal with such un-
certainty? Cilriacy-Wantrup describes a series of measures for
dealing with risk and uncertainty primarily economic devices of
discounts, hedging, pooling, shifting risk, or greater flexi-
bllity In the management of resources. He then suggests that in
the face of great uncertalnty, managers abandon a calculative
approach and fall back on custom or tradition as "habit pat-
terns."l

The dispersion of knowledge in a community of resource
managers 1is related both to variation in the quality and com-
pleteness of the avallable knowledge and to differences in its
perception and interpretation.

One might &istinguish between the common knowledge dis-
tributed more or less normally among a community of resource
users and a dlstribution of technical knowledge. Common knowl-
edge among Illinols corn farmers would have a smaller variance

than a less homogenous group, for example, the worlé-wide commu-
nity of mining investors. The technical knowledge of corn farm-
Ing 1s diffused among a complex of individuals who range from
experts on hybrid seed corn to the entomology of the corn borer.

Glven these dispersions of knowledge or in White!s
terms, 1ts awareness,2 the subjective interpretation varies con-
siderably: Two farmers read the directions on a fertilizer bag,
then apply 1t differently. Two motorists drive the Logan Canyon
road in Utah; for one the sinuous curves following the river are
a pleasurable drive, for the other accident-prone obstacles inter-
fering with his desired speed.

A recent serles of studles of the Jowa Agricultural and

LS. V. Ciriacy-Wantrup, Resource Conservstion: Econouics
& Policles (Berkeley: University of California Press, 1952), pp.
ITI-128.

2White, Natural Resource Journal, p. 27.
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Home Economics Statlon are relevant.l One hundred and forty-four
farms in western Iowa were studied since 1949 for thelr progress
in reaching a public goal of soll conservation measured by a
maximum of five tons of soll loss per acre annually. This goal
was declded on by Soil Conservatlon Service technlclans who pre-
pared individual farm plans for each farm, designed to attain

the goal but without regard to economic analysis. 1In Firey's con-
struct these practices designed to effect such a goal are the set
of the physically possible.

The actual soll loss was measured several tlmes and the
results for 1949 and 1957 are shown in Flgure 1. Farmers were
interviewed at the same time as to those practices that they
thought were desirable to install. If such practlces were In-
stalled the Iowa study estlmated that the soil loss distribution
would appear as shown by the two other curves on Figure 1. Thus
the curves of actual soll loss can be taken to represent two lev-
ols of adjustment to the soll resource; the curves of desirable
practices represent two levels of rising asplration; and the tech-
niclanst! goal represents an arbitrary and economically unrelated
set of physlcally possible adjustments. 1In thls limlted sense,
the curves contrast one type of technical knowledge, and the dis-
tribution of perceived common or average knowledge at two states
of time.

A consideration of the conditions of knowledge under which
flood-plain decisions are made comprises much of what follows,
occupying the greater portions of Chapters Four and Five.

Evaluation Criterla

Given men with certain powers, these being ascribed to
them by the assumptlon made by the analyst as to their rational-
ity, and glven a cholce process functioning under certain condi-
tlons of knowledge, how do or should men go about making deci-
slons?

For certaln cholce processes or assumptlons as to mants
ratlonallty the criterla used to evaluate cholce are inextricably
bound up with the process. 1In habltual choice the criterion is

lJohn C. Frey, Some Obstacles to Soll Erosion Control in
Western Jowa (Ames: Iowa State College Agricultural ExperIment
Statlon Research Bulletin No. 391, 1952); R. Burnell Held and
John F. Tlmmons, S0ll Erosion Control In Process in Western Iowa
(Ames: Towa State Gollege Agricultural and Home Economics Experl-
ment Station Research Bulletin No. 460, 1958); Melvin G. Blase
and John F. Timmons, "Soil Erosion Control--Problems and Prog-
ress," Journal of Soll and Water Conservation, XVI (July-August,
1961y, T5%7-162.
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to do as one did formerly in a similar situation. The criteria
for psychological man dominated by affect would presumably be
such affect. It is for the consclous process of choice that one
might inquire as to criteria for decision making.

Prescriptive criteria.--The prescriptive studles flower

in this effort. To those who desire them, simple and complex
rules are avallable to gulde choices, to advlse when to secure

1 The writer
finds himself tempted to summarize the rules as: the optimists?

more information, to include hunches, and the 1like.

rules, those designed to meximize good fortune (money, best ex-
pectation, utility, or satisfaction); the pessimists! rules de-
signed to minimize 1ll-fortune (worst expectation, regret, ir-
reversible trends); and the neutralist rule of when uncertain
assume equal probablllity for all outcomes.

Descriptive criteria.--Most decislon-making studles are

either prescriptlve or theoretlcal, few being based on observa-
tlons of group or individual behavior. To these studies, one
might add the growing literature of experimental cholce situa-
tions developed malnly by psychologlsts and sociologists.

Taken overall, such studles seem inconclusive. They
yleld mainly negative 1insights by suggesting that decislon makers
do not adhere to many of the assumptions made in prescrlptlve or
theoretical works. 2

Among other things, there 1s some evidence that certain
probability distributions are Intrinsically valued in excess of
their mathematical expectation. Disturbing for game theory con-
structs 1is the finding that some men play not to wiln but because
they lilke the game or they ignore outcomes that appear threaten-
ing to them.

Many analysts adhere to "maximizing" rules, not only as
prescriptive criterla but as approximations of behavior. They
assert that despite thelr descriptive Ilmperfectlons such rules
best approximate and explaln many types of behavior.

Seeking a descriptive rule, Simon suggests that human be-
havior freguently satisfies a rule that he calls ”satisficing."5
In thls construct Individuals simplify the cholce of outcomes in-
to two or three classes: satisfactory or unsatisfactory; win,

lSee bibliography.

®Edwards, pp. 409-411; Herbert Simon, "Theories of De-
cision-Making in Economics and Bsehavioral Science,'" American Eco-
nomic Review, XLIX (June, 1859), 253-274.

5Simon, Models of Man, pp. 241-260.
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lose, or draw, and the 1like. Given such outcomes, Simon has
people seeking or evaluating alternatives until they find one
matchlng a broad class of satisfactory outcomes. In generel,
such an alternative 1s not the optimal one in the sense that 1t
maximizes some esteemed objective. Simon also introduces a dy-
namlc quallty to the construct: if alternative solutions are not
easlly found, then the boundary between what 1is satisfactory or
not might shift downward, and conversely, if a minimum solution
is found with ease, the boundary might shift upward in a fashion
analogous to the psychological concept of levels of aspiration.
Evaluation crilteria for resource managers.--Resource man-
agement contains a body of evaluation criteria, many of which
conflict. First there are the economic criteria of the market;
markets that frequently conform closer to the ideal competitive
situation than the oligopolistic markets of industrial socilety.
These are followed by a host of legislative prescriptions, such
as "that the benefits . . . shall be in excess of the costs" or
to menage for "multiple use" or "first in time, first in right,"
and the like.1 Overlaying this structure are the profound prob-
lems of measuring intangible or opposed values: scenic vistas vs.

water skling, salmon filshing vs. power generation, sand dune
recreatlion vs. steel mills, and the 1like.

A study by the Unilversity of Tennessee Agricultural Ex-
perlment Station into the organizational problems of small water-
sheds, attempted to explore the criteria used by farmers in three
sites of proposed P.L. 566 watershed protection projects, in ac-
cepting or rejecting such programs. They found that:

The results indicated that landowners did not consider
monetary costs and benefits alone when forming opinions about
the watershed program. A landowner's attitude towards the
program frequently was based on one or more of the following
conslderations:

1. Degree of confidence in the individuals or agenciles
supporting the program.

2. A belief that the program would cause a personal mon-
etary loss . . . that the money they would have to pay into
the program could be invested more profitably in other uses.

3. A fear that Individual rights might be iInfringed up-
one « . .

4. A fear that some friends and neighbors would be ad-
versely affected by the program. . . .

1A neo-classic view of the conflict between criterla 1is
the subject of a number of studies at the Unilversity of Chlcago
including: Rilchard S. Ablin, "Misallocation of Electrlec Power in
the Paciflc Northwest" (Unpublished Ph.D. dissertatlon, Depart-
ment of Economics, University of Chicago, 1960); B. Delworth
Gardner, "Misallocation of Resources of Federal Range Land" (Un-
published Ph.D. dissertation, Department of Economlcs, Unlversity
of Chicago, 1960).
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Many landowners had formed attitudes for or agalnst
the program on the basls of incomplete or inaccurate Infor-
mation about 1t.

Crane, in a recent study of the replacement of small pri-
vate dams breached in the 1955 flood In Massachusetts found pri-
marily non-monetary benefit criteria used to decide on replace-
ment.2 The decislons were Influenced by the rigidity of the
state laws on dams and respect, or lack of respect, for their en-
forcement. Where partial ponds survived the breaching, these
proved satisfactory, a finding relevant to the use of satlisfic-
ing criteria.

To the writer, some form of satisficing best describes
the variety of evaluatlon criterla used 1n reaching resource-
management declsions. However, thls 1s at best a weak observa-
tion. Evaluation criteria range from complex computer routines
to the "off-the-cuff" decision and conslderably more studies of
an empirical nature will have to be made before reaching more
useful generalizations.

Unfortunately this study does not contribute greatly to
that task. Its substantive findings, discussed briefly in Chap-
ters Flve and Six, are Inconclusive on this point and subject to
differences of Interpretation.

Declsion Studies in Resources Management:
A Gomparative Table of Underlying

Assumptions

To 1llustrate the use of decislon-making schema in re-

sources management and the variety of underlying assumptions
found in such studies, Table 3 has been prepared. Six works
have been chosen, representing that of a political sclentist, a
soclologist, two economists, and two geographers. Chronologi-
cally by publication date,s these are: S. V. Cirlacy-Wantrupts
Resource Conservatlon, a ploneer study of the economics of con-

servation; J. Blautts study of micro-economic geography, en-
titled "The Economic Geography of a One Acre Farm on Singapore
Island"; Leets Optimum Water Resources Development, which tenta-
tlvely sets forth a methodology for optimal water development in

lDavid W. Brown and Joseph E. Winsett, Organizational
Problems of Small Watersheds (Knoxville: Unlversity of Tennessee
Agricultural Experiment Station Bulletin No. 310, 1960), pp. 2-3.

2Donald Crane, "Small Dam Replacement In South-Central
Massachusetts” (Unpublished Mastert!s thesis, Department of Geog-
raphy, University of Chicago, 1962), pp. 47-48.

5See bibliography for complete description of publica-

tion.
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TABLE 3
COMPARISON OF DECISION-MAKING STUDIES IN RESOURCES MANAGEMENT
Examples
Stud Intent Decision or Rationality
J of Study Area Empirical Assumption
Studies
(1) (2) (33 (4) (8)
S.V. Ciriacy-
Wantrup Descriptive-
predictive Flow Diverse Bounded
Resource resources and minor rationality
Conservation Prescriptive
J. Blaut
"The Economlc Vegetable Bounded
Geography of Descriptive- Land farming rationality
a One-Acre predictive use in with emphasis
Farm on Singapore |on motivation
Singapore
Island®
I. Lee
Water Water
Optimum Water | Prescriptive resources use Economic
Resources in in rational man
Development California |California
E. Banfield
The Moral Descriptive~ [Soclal and |Village in | Bounded
Basis of a predictive economic Southern rationality
Backward activity Italy
SocIeEx
Bounded
W. Firey Descriptive- Polk, rationality
predictive Resources | feudal and with strong
Man, Mind industrial unconsclious
an an socleties |psychological
undercurrents
G.F. White
"The Choice Descriptive- Resource Flood Bounded
of Use in predictive use plains rationality
Resource
Management"
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Choice Conditions of Evaluation
Process Knowledge Criteria
(6) (7 (8)
"Best knowledge" avallable |Satisflcing: A safe min-
Consclous in given soclal group at a Imum standard of conser-
and given time. This knowledge vatlion by preventing ir-
habitual operates under risk and reversabllity of deple-
uncertalnty grouped to- tion
gether
Good knowledge of resource, |Maxlmlze net family in-
Inputs, etc. No distinctlon |come subject to non-
between risk and uncertaln- |economic value con-
Consclous ty. Short-term uncertain- straints
tles estimated and allowed
for and secular trends and
long~-term uncertainties 1g-
nored because of 1nability
to deal with them
Requires data as to physi~ |Maxlmize dollar measures
cal relations and time of net economic product
Consclous trends not yet available. forthcoming from alter-
Suggests devices for deal- native lines of water
ing with risk and uncer- development
tainty
A shared knowledge common "Maximize the material,
Primarily | to the soclo-economic group |short-run advantage of
conscilous within the village. A clear |{the nuclear family, as-
with preference for certainty sume that others will do
habitual and short-term horizons, likewlse. " Those whose
and risk and uncertainty is behavior is conslstent
unconscious | equated with celamity: a with this rule are call-
elements state that cannot be plan- ed amoral famllists

ned for or dealt with but
only feared

Consclous,
habitual,
unconsclous

A spectrum of knowledge but
concentrated in some cul-
turally determined norm.
Uncertainty dealt with in
part by "likelihood" esti-
mate

Satisficing; meeting
criterla of possible,
adoptable, gainful, and
likely to be done by
others

Conscious,
habltual,
unconsc ious

A broad spectrum of knowl-
edge ranging from the best
sclentific to almost total
ignorance. Rlsk with dis-
crete probvabilities de-
scribed as sensitivity
points

Some maximizing of net
present value of gains
over losses but ranglng
from "intuitive accept-
ance to highly sophisti-
cated computations™
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California; E. Banfleld's study of a southern Itallan village,
The Moral Basis of a Backward Soclety; W. Firey's Man, Mind and
Land, an overall theory of resource use; and G. F. Whitets "The

Choice of Use in Resource Management" which accounts for some of
the elements in decision-making as applied to resource use.

For each study certaln key features are shown in tabular
form. These, In most cases, were deduced by the writer as a judg-
ment of the work in question and may vary considerably from the
authors! own intentions, conceptions, and methods.

The features shown In the Table are: {(column 1) a judg-
ment as to the Intent of the study, that is, whether it was in-
tended to be descriptive-predictive or prescriptive; (column 2)
the area of human activity in which the declslons under conslder-
atlion are made; (column 3) whether examples or empirical find-
Ings are included; (colummns 4~7) the four underlying assumptions;
man's rationality, type of declslon processes being discussed,
the conditions of knowledge under which the declsions are made,
and finally the evaluation criteria used to declde cholice.

The slx studles were chosen, not to convey their sub-
stantive findings for Table 3 ill-serves such a purpose, but to
1llustrate the richness and variety of authorship, intent and
assumptions found 1In resource management decislon studies.

The intent of thls volume is narrower in scope and pur-
pose. Although 1t comments on varlous aspects of the declslon
process, lts focus 1s on the conditions of knowledge under which
flood plain resource decislons are made. What is the nature of
flood hazard Information availlable to flood-plain occupants?

What kind of choilces of adjustment do flood-plain users perceive?
What 1s the relationshilp between the perceptlon of hazard and the
cholce of action to reduce flood damage?



Kates, R. W., 1962, Hazard and Choice Perception in Flood Plain Management, University
of Chicago, Department of Geography Research, Paper No. 78.

CHAPTER III
THE STUDY: STRATEGY, SITES, AND METHODS

In tais chapter, the analysis moves from the general to
the particular. It shifts from a conslderation of national flood
problams to the floods of Blg Creek at LaFollette, Temnnessee. It
moves from hypothetical decision makers to the actual declslons
of 110 persons residing or working in LaFollette.

The research strategy called for a major study at LaFol-
lette, supplemented by a series of recomnalssance studles at Au-
rora, Indiana; Darlington, Wisconsin; Desert Hot Springs and El
Cerrito, California; and Watkins Glen, New York. Descriptions
of some relevant geographic, soclal, and economic factors for each
area follows, along with detalls of study method including the ex-
tended, intensive, interview.

The Strategy of the Study

As originally concelived, the study was vlewed as comple-
mentary to a series of related studies undertaken by the Depart-
ment of Geography of the University of Chicago to examine the
practicability of various alternative adjustwents to flood haz-
ard. It would continue the probe of attitudes, knowledge, and
experlence begun iIn the Roder and Burton studles, and 1t would
attempt to compare these attitudes with those held by technicians
and sclentists better Informed as to flood hazard.

The strategy of these combined investigations called for
two sets of simultaneous field observations. EEE%EEE§EE9§E§1 in
the flood plain would have potential flood damages assessed under
a variety of assumptlons. At the same time Intensive interviewing

lThe terms establishment and managers follow the scheme
of White, ¥atural Resource Journal, p. 25. In this study an
establishment Is a ground floor, functional land-use unit such as
a residential, business or public and quasi-public structure and
its surrounding lot. Structures occupled by a number of separate
functional units are designated as a separate establishment for
each use and the lot is pro-rated among the establishments. Busi-
nesses that occupy several structures form only one establishment.
The set of flood plain establishments forms the universe of the
companion study:.cited in n. 2, page 30.
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of the managersl of flood-plain land would help establlsh meas-
ures of thelr kmowledge, experlence, attltudes, and responses
towards flood hazard. The damage data provide the core materlal
of the companlon study;2 the interviews the core of thls study.

The area for the major study site was chosen on the basis
of the following criterla: (1) hydrologic, topographic, and engi-
neering data had already been developed for the site; (2) the
number of establishments on the flood plain was small enough to
permlit a complete damage inventory to be made as well as to pro-
vide a variety of land use; (3) the site had little prospect of
recelving protection from a flood control project;3 {4) respon-
sible local leaders in the study area were willing to provide
needed cooperation.

The net effect of these criterla was to center the cholce
of site on the Tennessee Valley where the Tennessee Valley Au-
thority had already developed the extensive supplementary techni-
cal data required. Further application of the criteria, particu-
larly varlety of land use and the negative prospect for protection

lI‘he mana%ers in this study are, for residential estab-
lishments, the actual residents, be they owners or renters; and
for commercial establishments, the owner or manager of the busi-
ness occupying that structure. (Managers of publlc or quasi-public
establishments have been grouped with commercial managers through-
out the study.) The set of flood plain managers forms the universe
of the respondents for the interviews conducted for this study.

2I‘he companion study 1s that study that was designed by
Gilbert F. Whilte to examine the practicality of various alterna-
tive adjustments to flood hazard. The data of that study includ-
Ing its compllations of the best technical and scientific knowl-
edge relevant to flood hazard at each site as well as its detailed
expert judgments provide in part the standard agailnst which the
knowledge and judgments of the interviewed managers are measured.
In turn, the writer will subject the "expert" standards to abstract
tests of the reasonableness and reliability of its assumptions.

By being part of the study group, the writer had the
unique (albeilt occasionally schizophrenic) experience of observing
and making "expert" technical judgments and at the same time com-
paring these decisions to those made by managers interviewed in
the field.

The companlon study will appear as a University of Chi-
cago Department of Geography Research Paper tentatively entitled
Cholce of Adjustment to Floods.

3The thinking behind these criterla is fairly self-evident
except for the requirement of a site not having protection in
prospect. The reasoning in thils case went something like this:
It has been long observed that flood prone communities have a great
deal of difficulty in giving serious attention to alternative meas-
ures of flood damage reductlion when elther awaiting or requesting
federal flood protection works. Further, some alternatives are
most applicable only where conventlonal engineering works cannot
satisfy a test of economic feasibility. Since the focus of the
study 1s primarily on alternative measures, 1t was felt that more
mlght be learned In a situation where engineering works were not
likely to be 1installed.
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narrowed the study site to LaFollette, Tennessee.

The reconnaissance sites were chosen to provide a wilde
range of situations of climate, land use, flood hazard, and ad-
Justment in which to compare the damage and attitude data from
LaFollette.

Study Sites: The LaFollette Area

Geographic and economic characteristics.-~LaFollette,
Tennessee (est. 1961 pop. '7,200)l lies at the base of the Cumber-
land Plateau some forty miles north of Knoxville. Cumberland
Mountain towers 800 feet above the town, plerced only by the gap
of the Big Cresk, whose flood plain is the focus of this study.
The Big Creek drainage basin (26.2 square miles) is "T" shaped,
with the horizontal member formed by the Junction of Big Creek
and O0llis Creek just above the gap. The combined stream then
turns sharply right and emerges through the gap to flow across
the grain2 of LaFollette to its junction with Norris Reservoir
just below the town. Its flood plain 1s the major area of level
land in a town marked by the low parallel ridges, so character-
istic of the area.

LaFollette was laid out in 1892 by Harvey M. LaFollette,
whose foundry was a principal source of income until its closing
in 1923.5 With an economy Intimately related to the declining
coal industry, the city has been the center of a depressed area
for many years. Since the early 1950's unemployment has been
chronic (11.2% in 1960)4 and the present opportunities are mainly
limited to shirt-making plants (primarily employing women) and
the trade activities of LaFollette as the major town in Campbell
County. Although the center of a county of out-migration (net
loss of population 18.7% in the 1950-60 decade),5 LaFollette

lEstimated by writer and includes area annexed after 1960
census.

2The predominant trend in this section of the ridge and
valley province 1s northeast-southwest.

5LaFollette Municipal Planning Commission, LaFollette
Land Use Survey and Analysis (Knoxville: Tennessee State Plan-
ning Commission, I961), pp. 5-6.

4U.S. Bureau of the Census, U.S. Census of Population:
1960 General Social and Economic Characteristics, Tennessee, Fi-
nal Report PC {1)-44c {Washington: Government Printing Office,
1961), p. 202.

5U.S. Bureau of the Census, U.S. Census of Population:
1960 General Population Characteristics, Tennessee, Final Report
PC (1)-44b (Washington: Government Printing Office, 1961), p. 28.
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itself showed a large increase in population due to rural in-
migration from farms and mining camps and a recent annexation
which added an estimated 926 persons to the population.l

Soclal characteristics.--One outstanding characteristic
of the population of LaFollette appears to be homogeneity. (Com-

parative data on age, education, income, and employment status
can be found in Table 4.) The impression formed by the study
group who worked in LaFollette was that this white, Anglo-Saxon,
Baptist comnunity was as homogeneous a community for 1ts size as
one might find in the United States.

Compared to the national population, the people of LaFol-
lette are, on the average, substantially older, poorer (and un-
employed) , and less educated than the mean of their fellow Ameri-
cans.

LaFollette is governed by a five-member City Commission,
one of whom serves as Mayor. Other governmental agencies poten-
tlally involved in aspects of water management are the LaFollette
Munlcipal Planning Commlssion which works in conjunction with the
Tennessee State Planning Commission, the Board of Public Utili-
ties which manages the munlcipally owned water and electric sys-
tems, and the Campbell-Claiborne Counties Area Redevelopment Com-
mittee which is the designated agency working with the Federal
Area Redevelopment Administration.

The future prospects for LaFollette.--The future of LaFol-
lette, considered in the 1light of historical trends, is not par-
ticularly bright. One of the first areas to qualify under the
Area Redevelopment Act, the net impact of federal aid is uncer-

tain.? Population in-migration has probably reached its peak,
the fertility ratio is 1ow,5 and the experience in attracting
Industry is not encouraging. Present efforts at industrial de-
velopment have brought low wage, female labor-oriented industry
and this trend will probably continue. LaFollette can provide a
satisfactory future for its present ageing population, but with
its poor schools and lack of amenities, it has not been able to
retaln 1ts young people, whose infusion of vigor 1s a necessary
i1f not sufficient condition for growth.

lEstinated by East Tennessee Office, Tennessee State Plan-
ning Comuission.

2pt present 110 area workers are being retrained in voca-
tional trades and federal aid for water supply and sewage proj-
ects has beon granted. To the writer, it is dublous if msasures
of this type can solve any of the area's basic problems, but they
can make LaFollette a more pleasant place in which to live.

5y, s. Bureau of Census, PC (1)-44b, p. 27.
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TABLE 4

SELECTED POPULATION CHARACTERISTICS OF
LAFOLLETTE AND UNITED STATES®

LaFollette
Characteristic U.s. Commer - Rosi-~
Total cial dential
Respond- | Respond-
ents ents
Age:
% Heads of household: b
Age 45 or greater ....... |53.9 | n.a. 65.1 76.3
Age 65 or greater ....... 116.7 | n.a. 10.1 28.9
Education:
% Heads of household:
0-8 years school com-
pleted ....cvviiene.. (4102 | 67.8 14.7 70. 2
2-12 years school com-
pleted seevveesvenseres (411 19.5 43.0 24.4
13 or more years school
completed sveevvvecaass {16.5 12. 3 41.2 5.4
Income:
% Families with:
Less than $2,500 ¢veveee. |26.1 | 33.7 3.2 72.1
Less than $4,000 ........ [41.1 56.6 17.4 83.1
Less than $6,000 ........ [63.8 74.6 31.6 97.0
Less than $10,000 ....... |88.5 | 95.1 70. 8 100.0
Employment:
% Heads of household:
Retired from labor force. |n.a. 43,1 e 47.4
Tnerployed ¢+vevececscees |Dotls ’ . 13.2
Employed c.citevtncerecnes [De8 56.8 100.0 39.5
Household size:
Mean numnber of persons .. 5.35 3.44 1 ... 3. 25

l

8Data are not strictly comparable as they include time
periods ranging from 1957-61 and are derived from a variety of
sources including: Donald J. Bogue, The Population of the
United States (Glencoe: The Free Press, 1959); U.S. Bureau of
the Census, U.S. Census of Fopulation: 1960 (Washington: Govern-
ment Printing Officeé, 1961); LaFollette Interview data by author
and assoclates.

bN.a.-—not available.

Flood provlems of LaFollette.--The city limits of Lafol-
lette are located a stonets throw from a major reservoir, Norris

Lake, of one of the more regulasted rivers in the world. It is
thus grimly ironic that LaFollette 1s plagued with the whole
gamut of water management problems including floods, drought, and
the continuous pollution of Big Cresek.
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In the last ninety years for which some record is avail-
able, Big Creek has severely flooded twice; March 23, 1929 and
May 11, 1950.l The flood of 1929 was the higher, but increased
development of the flood plain caused the flood of 1950 to be the
more damaging. The TVA estimated dameges at the time to be
$97,000. The constricted arch bridge on Central Avenue increases
the naturasl effects of floods, causing an estimated 5.5 feet of
heading in 1950. Floods rise rapidly off the steep slopes of
Cumberland Mountain with the rate of rise In 1950 estimated to
have been three feet in forty-five minutes at the upper end of
town.

In addition to the flood plain inundated by the 1929 and
1950 flood, the TVA has defined overflow areas for floods that
have not occurred but might be reasonably expected to occur in the
future. The method used to calculate such floods will be de~
scribed in the following chapter.

The largest of such future rloods is called the maximum
probsble flood. It is defined as that flood that might be reason-
ably expected to occur as the result of storms that have occurred
previously in the LaFollette region or might be expected to occur
in the region.

The area subject to such an overflow is the working defi-
nition of flood plain2 in this study, and is shown on Figure 2.

Land use In the flood plain.--On the Bilg Creek flood plain
is found the greater portion of LaFollette!s commercial and indus-
trial establishments, but only a fraction of its residential es-
tablishments (see Table 5).

Most of the 87 residential structures are smell frame

buildings without basements. Three-fourths of these are owned
outright by the residents; a fifth are without bath facilities,
and two-fifths were classified by the study group as deteriorated
or deteriorating. There is no statistically significant differ-
ence between the quality and variety of housing available on and
off the flood plain, although there is a complete absence of high
income housing on the flood plein.

Three-fourths of the business structures are over twenty
years old. Brick builldings with basements predominate. There has

1Flood data are from Tennessee Valley Authority, Division
of Water Control Planning, Floods on Bilg Creek at LaFollette, Ten-
nessee (Knoxville: Tennessee vValley Authority, 1958).

2For discussion of other possible flood plains, see Robert
W. Kates and Gilbert F. White, "Flood Hazard Evaluation" in Papers
on Flood Problems, pp. 138-142.
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been some remodeling in the business district, and if 1t does
not present an outward appearance of overall prosperity, neither
does it have the shabby decaying look that one might assoclate
with a chronic depressed area.

TABLE 5
LAFOLLETTE ESTABLISHMENTS, BY TYPE AND FLOOD HAZARD

Subject to Hazard of

Total
in
Maximum Prob-
Type 1950 Flood able Flood® City

Num- |Per Cent | Num- |Per Cent Num-
ber of City | ber of City ber

Commercial, industrial,
public, and guasi-
PUDLIC cevecncrnsnane 82 31.2 150 57.0 263

ResS1dential eeeveevesn. 11 0.6 87 4.4 | 2,000°

8Includes establishments sub ject to 1950 flood.

bEstimated, other figures enumerated.

The residential establishment managers.--The residential
flood plain area, primarily below the Beach Street Bridge, is
home for some 320 persons. They are older, poorer, and less edu-
cated than their fellow LaFollette citizens. (See Table 4.)
Consistent with the age of its head, the average household is
considerably smaller than for LaFollette as a whols.

To the outsider, the flood plain area is not particularly
attractive. The area 1s damp and the creek, an open sewer, is
odoriferous. However, it would appear from the interviews that
to its inhabitants, by and large, it is a satisfactory place in
which to live.

The total shelter bill for over 75 per cent of the house=
holds in the flood plsin was under $50 s month and flood plain
location provides quick access for the aged population to the cen-
tral business district and the doctor's office. Living anywhere
else in LaFollette would involve some hill climbing and several
of the older respondents cited the advantage of residing on level
land.

For a dissatisfled minority the flood plain, with its
odors and dampness, proved quite unattractive. For the dissatis-
fied whose outlook for the future was optimistic, residence on
the flood plain was temporary, until something better came along.
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For those few, who because of unemployment or inertis saw them-
selves without alternatives, continued flood plain residence
augered a noxious and bitter future.

The commercisl establishment managers.--The managers of

the commercial establishments in LaFollette represent the ellte

of the town. From thelr ranks come all the city officials and mem-
bers of the various boards, the pillars of the churches, and the
organized leadership of all types. They are wealthier and better
educated than their fellow citizens and somewhat younger than the
residential managers. (See Table 4.)

These commerclal managers engage Iin a range of business
types consistent with those that are generally found in a town of
LaFollettets size and trade area.l Three distinctive local fea-
tures of doing business that were observed are: (1) Higher rates
of inventory turnover than the average for towns of the size of
LaFollette were found in a number of businesses. (2) Quite dis-
tinctive to LaFollette, and not to nearby towns, were the Satur-
day merchandising practices of street displays and sidewalk greet-
ing of potential customers. (3) A grocery row of five establish-
ments 1is clustered along one block of Tennessee Street.

Desplte the chronic unemployment, businessmen were by-and-
large optimistic. Since 75 per cent of them had been in business
over ten years, and given the lower failure rates for that class
of business,2 thelr optimism would appear to be confirmed by their
experience.

The interviews also Indicated a strong desire (30 per cent)
for relocation, preferably along the main highway south of town.
In all cases, such desire was associated with space needs, parking
problems, and the like, rather than response to flood hazards.

Contrast between commerclal and residential managers.--The

comnerclal and residentlal managers represent opposite poles of a
localized continuum.3 As an impression of the study group, the two
groups of managers might be placed on opposite ends of the power

lThe expectation of business types given a size of town and
trade area is from Brian J. L. Berry et al., "Retail Location and
Consumer Behavior" to be published in Papers and Proceedings, Re-
glonal Science Assoclatlon, Vol. VIII {1962].

21n 1960, of 7,386 retall business fallures in the U.S.
only 16.3% were firms in business over ten years. U.S. Bureau of
the Census, Statistical Abstract of the United States: 1961 (Wash-
ington: Government Printing Office, 1961}, p. 497.

3In terns of absolute difference, the length of such a con-
tinuum would be considerably less than that of the average of towns
of this size.
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structure, and of another imaginary continuum labeled social en-
ergy. If there are latent well-springs of soclal energy in
LaFollette, it 1s monopolized by the business community. On the
other extreme, old and retired, or prematurely retired by the
vicissitudes of an ailing industry, are the flood-plain residents.
They appear to be content to bestir themselves little, and to last
out their days in a resigned, but quietly dignified manner.

Study Methods in LaFollette

Two sets of observations were made in LaFollette; the dam-
age measurements and the intensive interviews.
The damage observations will be described in detail in
the companion study, and the interviews will be described here.
The pre-interview data.--By the time one of the I1nter-

viewers entered an establishment in LaFollette, a number of things
had alreedy occurred. The prospective respondent had been Iinformed
by letter of the interviewer'!'s coming and this had been reinforced
by local publicity in the LaFollette Press. The reason given for
the interview was that it was to aid "a study in urban geography

« « « in order to learn more about the ways in which land and
buildings are used particularly in areas adjoining Big Creek."
There was no mention of floods or the flood plain as such, as a
test of flood hazard concern was included at the beginning of each
interview.1

If the manager of an establishment was particularly busy,
an appointment had been secured in advance. The study group had
no difficulty securing responses and there were only two cases of
antagonism preventing completion of interviews.

The interviewer was also prepared with pre-calculated ele-
vations for every establishment giving the floor level and the
heights of various size floods. In some cases, preliminary esti-
mates of the size of inventory had been made as well as an assess-
ment of the value of the house and furnishings. Finally, the inter-
viewer had a sixteen-page questionnaire whose content varied de-
pending on whether a commercial or residential manager was being
interviewed.

lAt the outset, ten of the commercial managers learned the
full purpose of the study in their roles as local officials. The
study group had been quite candid with them in order to secure the
needed local cooperation. As the study progressed, it became more
widely kmown that the study was related to floods. Questionnaires
were checked against increasing knowledge of the study!s purpose and
there appearsd to be little difference in the answers received.
There were few respondents evidencing a high "flood hazard concern"
and these showed little sign of inflating their concern in response
to some interest that they might have attributed to the interviewers.
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The interview.--The questionnalre was loosely structured.
The emphasis in the interview was placed on problng and under-
standing the respondentts answers rather than the uniform admin-
istration of Interview schedules.

However, certain tests such as those dealing with concern
for flood hazard and with flood frequency computation ability
were administered in comparable fashion. A few questions were
glven priority and others were left to the interviewer!s judg-
ment during those interviews where time or the respondentts pa-
tience appeared limited.

The substantive materlal of the questionnaire is outlined
in Table 6, and the complete interview for commercial managers is
shown 1n the Appendix. Questions used In the supplementary recon-
nalssance studies are also indicated and their use is described
in the following section.

The interview ranged from thirty minutes to an hour and a
half, with the median interview taking forty-five minutes. An-
other thirty minutes were spent In inspecting the premises for
the damage measurements. Including the damage calculations and
interviewer's notes, an average of three hours were expended on
each interview. Interviewers averaged three interviews per day.
In all, 241 damage observatlions and 110 interviews were obtained
by the fivec-person study group in eight weeks (see Fig. 2).

Preparations for the interviewling included pre-testing
the questionnaire in the flood plain of the Little Calumet River
in northwestern Indiena; jointly conducted interviews in LaFol-
lette followed by comparative evaluations; and constant compara-
tive discussion throughout the study. While there was evident
the traditional bugaboo of comparebility, exacerbated by the na-
ture of a loosely structured interview, the findings do not rest
solely upon the statistical testing of uniformly obtained answers.
They depend heavily upon the understanding of behavior obtained by
the intervliewers as the day-to-day responses to the questlonnaires
were discussed and analyzed.

The Reconnaissance Studies: Strategy,
Sites and Methods

Strategy and methods.--The reconnalssance studles extended
the insights developed at LaFollette to a varlety of situations 1in
other parts of the country. The reconnaissance studles provided

a range of flood hazard in areas with differing socio-economic
characteristics. At each site answers were sought to the follow-
ing questions: (1) Are the damage estimation methods developed
in LaFollette applicable elsewhere? (2) How does information and
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attitudes towards flood hazard vary from those held by the man-
agers in LaFollette?

TABLE 6
TYPES OF DATA COLLECTED IN THE INTERVIEWS

Type of Interview
Type of Data Commer- Resi- Reconnais-
cial dential sance
Structure
Description of structure ....... X b d X
Tenure, rent, mortgage «voveeess b4 b X
Attitudes to structure ......... X X .o
Location
Description of location ........ X X X
Attitudes to location ..e.cvu.n. X b4 .
Business
Type and size of business ¢e.... X ‘e X
Time horizon for business ...... bd ‘e x
Attitudes to business .ceeeve. X . .o
Respondents
Family data vieeeveeenninanennnne .. x .o
Head of household data «e.veeann x x
Attitude towards fate and plan-
NING cvieerveccirsnnceacnnnnns b d b4 .
Personal time horizons of re-
spondent «.c.evetcnncciriiaoes b4 x .o
Church and club membership ..... b d .o .o
Communication and discussion
channels c.civereccnnecssnnass X X .
Soclo-economic data ¢oeeeveanne X x X
Floods known about or experienced. x X b d
Attitudes towards floods and
flood hazard ccevsseercnsosccces X b4 X
Alternative adjustments to floods
Ad justments installed and per-
celved soviviiinscntnnsnenannn b4 X X
Evaluation of alternative ad-
justments . iiiiiiiiieiienne X X X

8partial data only.

The first question is the property of the companion study.
To answer the second question flood plain managers at each site
were sampled and interviewed with a series of questions abstracted
from the standard questionnaire (see Table 6). These were so de-
signed to provide the needed comparability on certain key ques-
tions of attitudes, soclo-economic, and structure data.
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The reconnaissance sites.--The location and general ap-

pearance of the reconnaissance sites 1s shown in Figure 3. A

brief description of each site will conclude this chapter.l
Aurora, Indiana.--Aurora (1960 pop. 4,119) provides the

opportunity of observing in a town with a long history of flood-

ing (73 floods in 129 years) and an absence of protectlve works
the types of adJustments made to a well-known hazard.

It is built on a small terrace of the Ohio River and
Hogan Creek, some 26 miles below Cincinnati, Ohlo. Aurora is an
0ld river town, whose iIndustries no longer require riverine ac-
cess. Her population has been declining although neighboring
areas, as part of the Cincinnatl metropolitan area, have seen con-
siderable industrial expansion.

Within the flood plain inundated by the 1937 flood of rec-
ord (wlth depths of up to thirty feet) are the bulk of Aurora's
Industrlal and commerclal establishments and a considerable num-
ber of residences.

Darlington, Wisconsin.--Darlington (1960 pop. 2,347) lilke
Aurora has frequent flooding, but wilth modest growth providing
pressure to expand into an undeveloped portion of the flood plain.
Attitudes to flood hazard are complicated by the existence of a
P.L. 566 watershed protection project that lncludes the town.

Darlington lles in a bend of the Pecatonica River in
southwestern Wisconsin. The flood plain narrows through the city
averaging not more than six hundred feet in width.

It is the county seat of a prosperous farming area. About
half of its business section and a dozen residences lie in the
flood plain.

Floods are frequent from the 275 square mlle drainage area,
the most recent being in 1961. The 1950 flood of record inundated
some of the business establlshments to depths of 8-9 feet.

Desert Hot Springs, California.--Desert Hot Springs (esti-
mated pop. 3,800) combines the situatlon of a rapidly expanding
residentlal community and the highly erratic flooding of an arid
area.

The town ls located on an alluvial fan on the slopes of
the Coachella valley, 10 miles north of Palm Springs. There 1s no
manufacturing industry In this resort town and community for re-
tired "senlor citizens.” The average yearly rainfall is four
Inches a year. Floods are flash floods, products of intensive
highly locallzed rainfalls that produce in minutes heavy masses of

1More detalled descriptions will be found in the companion
study.
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sediment pouring down the steep ravines and out onto the alluvial
Tan. These floods are extremely erratic, and vary In intensity,
location, and time of year, although they often occur in the sum-
mner.

Desert Hot Springs is expanding at a heady pace from its
original square mile. Partial protection exists in the form of a
flood channel to pass flows from the mouth of Blind Canyon, but
development is placing a growing number of residences in the path
of potential floods from other dry washes.

Cerrito Creek, California.--Cerrito Creek presents a famll-
lar flood situation of a small watershed in a suburb of a major

metropolitan area subjected to moderate but steady pressure of
flood plain utilizsastion.

The Creek rises in a three-square mlle drainage area 1n
the Berkeley hills on the east shore of San Prancisco Bay. 1Its
lower 3,000 feet overflows onto a 55-acre plot whilch 1s divided
into an Industrial area in the city of Richmond (1960 pop. 71,854)
and E1 Cerrito (1950 pop. 25,437).

The flood plain includes three large Industrilal sites,
four smaller industrial plants, some 17 apartment buildings (14 of
recent vintage), and a 1l0-acre vacant tract. The 1958 flood of
record placed two feet of water in the industrial area. A preliml-
nary Corps of Englneers benefit-cost study re jected a program of
protective works for the Creek. There has been some local channel
clearing and diking, the efficacy of which 1s doubtful, and in any
case llmited.

Watkins Glen, New York.--Watkins Glen (1960 pop. 2,813)
provides a complicated flood hazard picture, having experienced a
flood greater than the maximum probable flood and ostensibly pro-
tected by channel Improvements likely to fail but at an uncertain
time and place.

Located at the head of Seneca Lake, largest of the finger
lakes of western New York State, Watkins Glen 1s traversed by Glen
Creek which emerges from a magnificent canyon site of a state park.

The 1935 flood of record covered most of the town but was
the product of an unusual impoundment and surge and is not likely
to be repeated. A definition of the flood plain is further compli-
cated by the exlstence of protective works In the form of an arti-
ficlal channel works, however, that, in the considered opinlon of
the Corps of Engineers, are subject to partial or complete failure.
In the flood plain that might be inundated by a total fallure of
protective works are some 73 structures, all but one being resi-
dentilal or residentlial structures converted to commercial use.

The population 1s steadily declining and needed improve-
ments on the channel fall to show a favorable benefit-cost ratlo.
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CHAPTER IV
PROBABILITY AND HAZARD EVALUATION

In each of the towns 1t 1is possible to discern the current
information on flood hazard and how it 1is evaluated or, in the
framework of decision theory, the conditions of flood knowledge.

The flood hazard information of each manager 1is compounded
of experience and knowledge, and such information, or the lack of
it, is known to be related to some perceived probablility distri-
bution of flood hazard. This relation, however, does not appear
to be a simple one. In each town the possession by individuals of
what appears to be similar information does not result in either
similar perceptions of hazard or of desirable behavior.

To help account for the varlation in perception and be-
havior, it 1s hypothesized that individuals behave as if they pos-
sess some underlying perception of the state of nature and that
this perception aids in an interpretive process through which in-
formation 1s transformed into a personal evaluation of flood
hazard.

Concretely, this chapter will examine for the six study
sites, the quantity and quality of information available in both
the common and technical variants of knowledge, the perceived
distributions of future flood hazard, and the implications of
such information for choosing between alternative measures of

> flood damage reduction.

Information and Flood Hazard Evaluations
In Larollette

The elements that are subsumed under the title of informa-
tion can be described in a variety of ways. This study will spec-
ify two such elements, knowledge and experience, and In such broad

terms as to include all the variety of information available to
respondents.
Common knowledge and experience.--A knowledge of floods In

LaFollette describes that part of the spectrum of information rang-
ing from a rudimentary awareness of flood events to a detalled
kmowledge of LaFollette's flood history. 1In acquiring such knowl-
edge, a respondent might have been exposed to a variety of channels
and messages ranging from an informative neighbor to a detailed

45
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exposition of flood problems presented to members of the Flanning
Commission.

Experience is that element of Information that describes
the presence of the managerts establishment on the flood plain
during the passage of a major flood. It implies physical pres-
ence only and not that the manager's establishment was necessarily
damaged or even inundated.l

The range of information in LaFollette.--The existence of
floods as natural phenomena 1s widely known, with only 8 of 109

respondents not sharing in such common knowledge (see Table 7).
Almost half the respondents had personally experlenced the flood
of May 1950, and for these at least, such experience implied knowl-
edge, that i1s, no respondent who experienced a flood in LaFollette
(by the presence of his establishment on the flood plain) failed
to dlsplay at least a rudimentary awareness of the passage of a
flood event.

The expectation of a future flood.--However widely flood
hazard information 1s distributed in LaFollette, its possession

does not imply a personal awareness of flood hazard in the sense
of a danger to person or property, or even the expectancy of a
flood in the future.

The simplest and most reliable estimate of hazard evalua-
tion obtained from respondents, the expectancy of a future flood,
was In reply to the following question: Do you think that you
wlll have, or there will be, another flood while you are (in busi-
ness) (living) here?"

The answers to the question, classified as yes, no, and
uncertain, are shown in Table 7. A substantial reluctance to
make even a simple dichotomous estimate of flood expectation
mlght be noted. With considerable probing, the uncertain cate-
gory had been reduced to twenty-four respondents, who represent
two types of uncertsinty. The first type of uncertalnty, verbal-
ized as "I just don't know," reflects a genuine puzzlement as to
the future. The second type of uncertainty, verballzed by "You
Just can't tell what's going to happen," reflects not mersly
puzzlement, but doubt as to the predictability of the future.

Table 7 suggests that the expectation of a flood in the
future is associated with a higher order of information and, as
an Individual moves up a knowledge-experience scale, his likelihood

1A further distinction is made between experlence onsite
at the present location of an establishment and experience else-
where at locations outside the LaFollette flood plain or at loca-
tTions on the flood plain not comparable to the present site, but
subject to flooding,
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for an affirmative future flood expectation increases. However,
such association, while statistlically significant for the com-
mercial and total group of respondents, is relatively weak when
measured by a varlety of approprlate correlation measures, and
is apparently lacking in the residential group.l

The differential measure of association between informa-
tion and future flood expectancy for the commercial and resi-
dential respondents can be ascribed in part to their qualitative
differences In experlence. Though the number of individuals in
each group who recalled having suffered any damage in the 1950
flood was roughly proportional to the respective group size, the
eleven individuals suffering substantial damage (in excess of
$150) were all commercial respondents. Ten of these eleven had
affirmative future flood expectations. Other commercial respond-
ents, who may not have suffered monetary damage, expended con-
siderable effort in flood fighting during the 1950 flood and this
action might have added to the lmpact of their experience. The
differences in soclo-economic status between the groups that were
discussed in the previous chapter would appear to little influ-
ence contrasts In future flood expectancy; the varlous measures
of socio-economic status including age, income, and education
showing no apparent association with future flood expectancy.

In consldering the total response, it is clear that de-
spite the widespread minimum level of knowledge displayed in

1In this volume, a statement that an association is sta-
tistically significant implies that such associlation (when meas-
ured by chl-square, representing the sum of the differences be-
tween the observed distribution and one that might be expected if
there was no association between the variables in question) had
but one chance in twenty or less of arising purely by sampling
varlability or chance (.05 level of significance).

In the example being considered, a condensation of Table
8 Into a 3 x 3 contingency table results in a measure of associa-
tion significant at a level that allows but one chance in a hun-
dred (.01 level of significance) that the apparent association
between Information and future flood expectancy for the commer-
clal and total respondent groups arose as a result of sampling
varlabllity or chance. For the residential group the chance is
in excess of one chance in twenty and not significant.

A statistical test of significance is primarily a meas-
ure of the presence or absence of a relationship. The strength
of such relationships can be measured by correlation statistics
based on chi-square, such as Tschuprow!s T in the case of 3 x 3
tables, and ¢ for a 2 x 2 condensation of Table 7. The values
of these measures range from .24 to .40, the largest value being
the value of ¢ for the 2 x 2 table associating onsite flood ex-
perience and affirmative expectatlons. It should be noted that
while these measures are analogous to more common correlation
measures, taking on the values of 1.0 for a perfect relatlonship
and 0.0 for the absence of any relationship, the interpretation
of the non-extreme values leaves something to be desired.
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LaFollette, almost 60 per cent of the respondents either fail to
percelve a personal flood hazard or are uncertain. It would fur-
ther appear that, although the propensity to perceive such hazard
is helghtened by flood experience and particularly either repeti-
tive experiences or those entalling personal loss or effort on the
part of the respondents, some 24 of the 54 managers experlencing a
flood fail to anticlpate another experience or are uncertain. A
precise understanding of the way managers evaluate flood hazsrd
requires more than the simple specification of their knowledge

and experience.

It seems likely that between the common kmowledge (or even
experience) of a flood event and the expectation of other such
events in the future a process that might be conveniently called
interpretation takes place. Interpretatlon describes that process
whereby informatlon is referred to an individualts underlylng per-
ception of the state of nature, and is assimllated in a unique
personal way.

While interpretation may help explain the relatlonship be-
tween flood information and flood hazard evaluation, it 1s not
suggested that the writer really knows that such a2 process takes
place, but only that the verbalizations and actions of the re-
spondents are those that one might logically Infer as being con-
sistent with 1t.

The variety of iInterpretations that might follow from sev-
eral perceptions of the state of nature and how these are related
to hazard evaluation willl occupy much of this chapter. However
an examination of the Interpretation of the respondents In LaFol-
lette might be enhanced by the prior consideration of the per-
ception of the state of nature held by the possessors of techni-
cal kxnowledge and the kinds of hazard evaluation they might make.

A Technical Perception of the State of Nature

One kind of hypothetical perception of the state of na-
ture can be illustrated by reference to a favored model for proba-~
bility illustration and experiment; the balls of varying color or
size in the well-mixed urn. It 1s hypothesized that nature has
filled the urn with a large number of balls representing future
annual floods and the volume of each ball is proportional to the
peak discharge of such floods.l The exact distribution of the

lA poak discharge is the largest momentary volume of water
passing a point along a stream and is generally expressed as cubic
feet per second, abbreviated cfs. An annual flood is the largest
peak discharge in a water year. A watér year 1s the twelve-month
period commencing on October 1lst of each calendar year.



50

balls is unknown, but one 1s consclous that a niggardly or ca-
pricious nature has filled the urn with a great many more smaller
balls than larger ones.

The contents of the urn are not lmmutably fixed and may
be changed by the actions of men, the size of the balls being
altered, but the process is viewed elther as uncertain or re-
quiring great effort. 1In this analogy, the annual flood for any
glven year is found by reaching into the well-mlxed urn and draw-
ing a ball, the choice being random and independent of any other.
A sequence of such draws might be conceived as a sample of the
urn or the historical record of floods at a point, similar to the
records presently avallable from some 7,000 sites in the United
States.

Given this simplified perception of nature, thres gen-
eral problems may be distlnguished that have caught the imagina-
tions of engineers, hydrologists, meteorologists, statisticians,
and mathematicians. They are:

1. Given a very large urn, and the relatively short
life of man, what may be safely Inferred from the small samples
that represent his prior experience as to the contents of both
the urn and future samples to be drawn from 1t?

2, Is it feasible to define the volume of the largest
and smallest balls in the urn?

3. GCan a basic underlying mathematical distribution
that would describe the contents of the urn be hypothesized on
an a priori theoretical basis?

The three questlons are not unrelated and for some re-
searchers reflect only differences in emphasis. At the risk of
doing considerable violence to hydrology's hard won body of
knowledge, as well as to the many divergent views in the field,
some answers might be suggested by a brief survey of the present
state of the art.

The sampling inference problem.--The record of past oc-
currences of floods is the best gulde to the shape of the total
distribution and predicting the composition of future samples.
However, extrapolation beyond the predictive power of small

samples 1is fraught with uncertainty. A recent study by M. A.
Benson provides some measure of that uncertainty. Benson found
that 1t would take at least a 39-year record to define the mag-
nitude of g fifty-year flood (probability of occurrence in any
year .02) within % 25 per cent accuracy, 95 per cent of the time.
To incrcase such accuracy to within * 10 per cent accuracy, 95
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per cent of the time, would take a record of 110 years.l

A number of techniques have been designed to reduce the
uncertainty connected with flood magnitude-frequency analysils.
Many of these are found in the current practice of the U.S. Geo-
logical Survey, which includes the following:2

1. Extending records backwards In time by historical
research.

2. Utllizing the mathematical distributlon of extreme
values as developed by Gumbel as a framework in which to place
small samples. However, the USGS relies on 1ts actual observa-
tlons where they do not plot according to the theory of extreme
values.

3. Improving the estimating power of small samples by
the pooling of records in homogeneous regions.

4. Limiting extrapolations to probabillities of .02 or
.01.

5. Using graphical rather than arithmetical procedures
to minimize the effect of extreme events 1n short records.

The application of sampling-inference techniques to the
LaFollette flood data.~-In the brief discussion of LaFollette
flooding contained in the previous chapter, it was noted that
Big Creek had flooded severely twice within the memory of local
resldents and that there was no provislon for the systematlc
recording of streamflow. This poses one of the more difficult
examples of the sampling inference problem; the need to make
Inferences without an actual sample.

While LaFollette lacks a stream gage, there are some

26 gages operated on the Cumberland Plateau, an area whose edge
forms LaFollette's watershed. It 1s from the pooled relation-
ships of these gages that a prediction of the discharge-frequéncy
relatlonship of Blg Creek can be made. The rationale for doing
80 1s the following: Over falrly extensive areas, physlographic
varliables and drainage area size can be related empirically to a
measure of the central tendency of flood flows, the mean annual
flood.3 The mean annual flood serves as an index flood related,

IM. A. Benson, "Characteristics of Frequency Curves
Based on a Theoretical 1,000 Year Record," Flood-Frequency Analy-
sis (Washington: U.S. Geologlcal Survey Water Supply Paper 1543-A,
T980), p. 64.

2Dalrymple, Flood-Frequency Analysis, pp. 1-48; M. A.
Benson, Evolution of Methods Ifor Evaluating the Occurrence of
Floods (Washington: U.S. Geologlcal Survey Water Supply Paper
1580-K, 1962), pp. 16-23.

3The mean annual flood 1s the arithmetlcal average of
annual floods o the grapnlc average represented by a flood with
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by dimensionless ratios, to a whole series of floods of varying
magnitude and frequency. The relationship of magnitude (ex-
pressed as a ratio to the mean annual flood) to frequency (ex-
pressed as a return period or recurrence interval in years) 1is
also constant for large areas. For Tennessee, one such curvi-
linear relatlonship for all small streams in the state has been
derived.

The discharge-frequency curve plotted on extreme value
probabllity paper and labelled USGS on Flgure 4 was derived in
thls way. From the 26 gaging statlons the mean amnual flood was
defined as:

Mean annual flood = 170 Drainage Area’
For LaFollette the USGS calculates 1ts value at 1,950 cfs. The
relationship of magnitude (expressed as a ratio to mean annual

77

flood) to frequency (recurrence interval) completes the data for
the plot.t

The plot 1llustrates well the USGS policy for minimizing
uncertalnty. The discharge-frequency curve is laid out on ex-
treme value paper, but curvlilinear and more in keeping with the
data than the theory. The curve represents the pooling of homo-
geneous records but is projected only to fifty years, even though
the discharge of the fifty-year flood so determined 1s actually
considerably less than the two observed LaFollette floods.

a return period of 2.33 years when plotted on extreme value prob-
ability paper, that being the return period for the mean of the
distribution. The return perlod or recurrence interval is a
measure of frequency and is the long-run average Interval of time
within which a fIood of a glven magnitude will be equalled or ex-
ceeded once. It 1s thus the reclprocal of the probability of
equalling or exceeding such a flood in any year.

An Important assumption of annual flood methods might be
noted here. By definition annual floods are derived using only
the largest peak in any year and infrequently omit second and
third largest peaks that are actually larger than many of the an-
nual peaks.

This objection might be overcome by the use of a partial
duration series in which all floods greater than some base are
Tfsted.” This method also provides problems particularly in de-
fining the independence of consecutive flood events.

A relationship between the two methods has been shown to
exist by Walter B. Langbein in "Annual Floods and the Partial-
Duration Series,” Transactions of the American Geophysical Union,
XXX (1949), 879-881; where the dlfferences in recurrence inter-
val appears to diminish for large floods.

2The actual plot of frequency-discharge was received by
personal communication from the Tennessee District of the U.S.
Geological Survey. The methods used in 1ts computation are fully
described in Clifford T. Jenkins, Floods in Tennessee, Magnitude
and Frequency (Nashville: State of Tennessee, Department of High-
ways, s Pp. 26=35.
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The problem of defining the extreme of extremes.--There
have been three main approaches developed for the problem of de-

fining the extreme of the extremes, or more practically defining
a maxlmum probable or possible flood. They are:

1. Assume that the magnitude of the largest possible
flood is finite and bounded by some theoretical limit of the en-
ergy exchange of earth and atmosphere over tne watershed.l

2. Assume that the magnitude of floods 1s infinite, but
asymptotically so, and that operationally the magnitude 1s limited
by the shape of the asymptotic distribution.

3. 1Ignore the guestion of the finite vs. infinite as-
sumption and try to define a maxlmum probable flood by the pooling
of analogous records, transposition of storms, and the like.

The application of extreme of the extreme techniques to
the flood data at LaFollette.--The floods that the Tennessee Val-
ley Authorilty suggests might be reasonably expected at LaFollette

even though they have not as yet occurred are illustrative of the
third approach to defining the extreme of the extremes. The TVA
identifies In 1its flood reports two such floods; a regional flood
and a maximum probable flood.2 The regional flood is ostensibly

derived from a study of extreme floods that have occurred in a
reglon similar to LaFollette. The floods used to estimate the
reglonal flood for Big Creek are shown on Figure 5 by drainage
area slze and discharge. All are from observations within 110
miles of LaFollette and drain the Cumberland Mountains. A set

of floods and storms for a larger area is consldered in estimating
the maximum probable flood and this includes "floods that have
occurred elsewhere but could have occurred in the LaFollette area.’
These too are shown on Figure 5. (The discharge of the estimated
reglonal and maximum probable flood 1s also shown without fre-
quency on Fig. 4 for comparative purposes.)

Considerable engineering judgment appears to have been em-
ployed in the actual estimatlon of the regional and maximum prob-
able floods. An envelope curve, called by the TVA the "regional
experience line" is identified on Filgure 5. The actual estimated
reglonal flood is some 4,200 cfs. below such a line (17,000 cfs.)
and the estimated maximum probable flood 1s some 4,200 cfs. above
the 1line (26,000 cfs.). It might be noted also that the regional

1Herbert Riehl and Horace R. Byers, "Computing a Design
Flood in the Absence of Historical Records," Geofisica Pura E.
Applicata, XLV (1960), 3-14.

2All of the following flood data are from TVA, Floods on
Blg Creek, pp. 24-33.
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experlience llne would glve a good flt to all the non-reglonal
floods ostensibly considered in defining the maxlimum probable
flood except for the truly outstanding flood at Moorehead, Ken-
tucky in 1939 (not shown on Fig. 5).

The problem of identifying an underlying distribution.--
For many streams, an array of observed annual flood peaks closely
corresponds to those predicted by the theory of extreme values.l
When such an array 1s plotted on the special probability paper
constructed on the basis of the theoretical distribution of ex-
treme values, it tends to plot as a straight line relation be-
tween magnitude and frequency and the extrapoletion of such a
line enables one to predict the magnitude and frequency of floods
greater than have been previously recorded.2

For many streams a straight line plot of observed floods
may be at best an approximation and at worst a distortion of
what 1s essentially a curvilinear plot. One can elther ascribe
such variance to the Inadequacy of the theory or the violation

of the independence of events assumption, error of measurement,
rendom sampling varisbility, and the like.°

While confldence bands can be constructed around a
straightline plot of magnitude and frequency, the range of magni-
tude for floods of rare frequency becomes so great as to render
such a range worthless for predictive purposes.

The application of an extreme value distribution to the
LaFollette flood data.--By personal request, and not as common
practice of its flood information program, TVA prepared a dis-
charge-frequency plot for Big Creek. The result is quite similar
to the USGS plot.4 (See Fig. 4.) The TVA mean annual flood is
some 500 cfs. greater, but there is reason to think that a drain-
age area 2.3 square miles larger measured downstream from LaFol-
lette was used in the TVA calculation. The major difference is

lAn introductory discussion of extreme value theory may

be found in E. J. Gumbel, Statistlical Theory of Extreme Values
and Some Practical Applica¥lons (WashIngton: U.S. NatIonal Bureau
of Standards Applled Mathematics Series No. 33, 1954).

2Figs. 4 and 6 are examples of extreme value probabllity
paper with an arithmetlc ordinate of discharge and an abscissa of
probebillties derived from an extreme value function and express-
ing flood frequency either as an average recurrence interval (re-
turn period) or annual probabilities of a flood of given magni-
tude being equalled or exceeded.

5Benson, Evolution of Methods . . . , p. 9.

4Personal comminication from the Tennessee Valley Author-
ity, Local Flood Relations Branch, July 25, 1961.
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the TVA use of a straight line plot, an assumption lmplying that
in the 1limited range of frequency shown (50 years) the extreme
value distribution is the best guide to the discharge-frequency
relationship.

Accompanying the TVA and USGS plots come cautions that
they are not to be extrapolated further. If for reasons to be
discussed in the following section, one must throw caution to the
wind, the minor differences observable in this range between
straight and curvilinear plots take on considerable significance.

Technical Flood Hazard Evaluations

In the previous section, it was shown that technical and
scientific personnel seem to share a common perception of nature,
but often choose somewhat different techniques in seeking to re-
duce the uncertainty related to probability distributions of flood
hazard.

The problems of sampling and inference, defining the ex-
tremes of the extremes, and the underlying distribution of flood
events are challenging as abstract scientific questions. Solu-
tions to these problems also bear directly on practical matters.
In the work-a-day world a narrow but existent line is crossed be-
tween scientific enquiry into the nature of probability distri-
butions of flood events and the evaluation of flood hazard with
special constraints of time, money, and penalty for error. In
short, hazard evaluation, while resting strongly on the shared
perception of nature, and mathematical and hydrologic theory,
introduces another series of factors relsted to the perceived
hazards arising from floods and the skills and purposes of the
organization or individuals evaluating such hazard.

The use of flood hazard evaluation data.-~-Two generel

types of flood hazard evaluation are commonly made:

1. Flood hazard evaluations to be used as basic data and
not oriented to some specific application. Such data are most
frequently supplied by the USGS and in its region, the TVA, and
then reinterpreted for a variety of purposes. However, even
basic data are designed with a probable set of users in mind.

2. Flood hazard evaluations designed for specific appli-
cations, including engineering works, the planning and regulation
of land use, economic analysis, flood warning, architectural
flood-proofing, insureance, and the 1like.

Flood hazard evaluations cannot be separated from their
purpose. The design of a splllway for a great dam engenders a
more careful hazard evaluation than that of a highway underpass.
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The penalty for error 1s also considered greater in spillway de-
sign, but mainly in the direction of fallure, and the charge of
"overdesign" 1s common.

Basic data, with great potential for abuse, are cautiously
presented. Where magnitudes of floods are estlmated, magnitudes
that appear to be greater than the 50-100 year frequency range,
seldom 1s the frequency assoclated with such magnltudes stated
in print or even estimated. In general, the range of measurement
error and the degree of uncertalnty vary considerably with the
projected application of a hazard evaluation.

A fleld of research, as yet little explored, involves the
real and perceived costs of error in flood hazard evaluation.

The application of organization theory to research into the social
and organizational pressures that influence hazard evaluatlon
might prove useful. A csse study of a flood forecast might pro-
vide a start for such inquiry.

Though there may be a multitude of sins concealed beneath
the pat phrase "engineering judgment," a glaring one 1s the ob-
scuring of the probabillistic framework of flood hazard evaluation.
Such evaluations are derived from probability distributions, but
somewhere 1n the process of flood hazard evaluation the concept
of "engineering judgment" 1s often substituted for estimates of
sampling varlabillity, ranges of measurement error, or even the
high-median-low format that has become common in other types of
projection and extrapolation in the face of uncertainty.z

To be sure, faced with the great uncertalnties inherent
in flood hazard evaluatlon, the statement of ranges of error or the
quantification of uncertainty 1s a difficult task. However, the
general reluctance of engineering organizations to even attempt to
specify their doubt has led to scepticlsm on the part of water
management cognoscentl as to the relilability of flood hazard evalu-
ations, a scepticlsm that might be reinforced by examining some of
the flood hazard evaluatlions of Big Creek.

The evaluations of the flood hazard of Big Creek.--Evalu-
ations of the flood hazard of Big Creek have been made over the

lLuna B. Leopold and Thomas Maddock, Jr., The Flood Con-
trol Controversy (New York: The Ronald Press, 1954), pp. 147-148.

2When compared with other fields in which such formula-

tions are common, one 1s struck by the relative conservatism of
the engineering fraternity. Two reasons might be offered to ac-
count for their reluctance; the first deals with the origins of
much of civil engineering in a mechanical, deterministic physics
of the early 19th century, and the second, by a type of profession-
alism that fears the misunderstanding of the cllent 1f the engi-
neer were to volce hils real doubts, a fear which might have con-
siderable basis in fact.
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years by a number of organizations for a variety of purposes.
Table 8 presents a comparative summary of such evaluations, and
a brief discussion of their origins might be in order.

The evaluations of the USGS and the TVA were discussed
in the previous section as illustrative of varled approaches for
inferring the probability distribution of flood hazard (Table 8,
lines 1 through 6, 12, 13 and 19). The estimate of the Corps of
Engineers for the frequency of what 1ls described as "damaging
floods" 1s derived from a Letter Report of 1954 (Table 8, line
7).1 The estimate of the Schmidt Englneering Company 1s from the
most recent of two investigations Into water supply needs for
LaFollette (Table 8, lines 24 and 25).2 The estimate of the
LaFollette Planning Commission used for 1ts floodway proposal is
derived from the TVA estimate of the regional flood (Table 8,
line 14).°

The final set of estimates of frequency and magnitude,
those developed by White for the companion study's comparative
economic analysis of alternative measures of flood damage reduc-
tion, deserve further elaboration.

In general these estimates were derived by using the mag-
nitudes of three levels of floods distinguished by the TVA: the
experienced 1950 flood, the reglonal flood, and the maximum proba-
ble flood. Frequenclies were then attached to each of these dis-
charges on the basis of four different assumptions shown in Fig-
ure 6.

The "A" assumption or "common advice” is a graphic repre-
sentation of the lmpression of flood frequency that a LaFollette
citizen might glean from published sources and conversations with
Interested officials. As a technical estimate it probably severe-
ly overestimates the actual flood hazard. However in its esti-
mate of the recurrence Interval of the 1950 flood (20 years) and
in its approximation of the frequencies which zealous officlals
concerned with arousing flood awareness might attach to the larger
floods, it approaches the kind of flood hazard evaluation which

lLetter Report on Flood Conditions on Bilg Creek by Col.
G« M. Dorland, District Engineer of the Nashville District, Corps
of Englineers, n.d.

2Report on the Water Supply of the City of LaFollette,
Tennessee to the LaFollette Board of Public Utillties prepared by
the Schmidt Englneering Company, Inc. of Chattanooga, Tennessee,
February, 1960, p. 13.

SLaFollette Planning Commission, "Proposals for Adjusting
to Flood Conditions at LaFollette, Tennessee,' October, 1959, p. 5
(processed).
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might actually be used for decision-making, despite 1ts obvious
technical error (Table 8, lines 8, 15, and 20).

The "B" and "C" assumptions are derived by extrapolating
curvilinear plots.

The "B" is an extrapolation of a curve constructed in a
manner similar to that of the USGS in Figure 4. However it uses
a larger valued constant in equation 1, which in the engineering
judgment of TVA personnel, appears more suitable for Big Creek
hydrology (Table 8, lines 9, 16, and 21).

The "C" is an extrapolation of the USGS curve shown in
Figure 4 as an ogive or "s" shaped curve (Table 8, lines 10, 17,
and 22).

The "D" assumption based on extreme value theory is to ex-
tend the TVA plot in Figure 4 as a straight line on extreme value
probability paper (Table 8, lines 11, 18, and 23).

It might be recalled in connection with the last three as-
sumptions that both the TVA and USGS warn against extrapolating
their curves in such a manner. A realistic economic analysis,
that would take into consideration all floods weighted by their
probabilities of occurrence, requires frequencies to be attached
to large floods desplite the hazards of such a procedure. Though
the agencles rightly caution against extrapolation, they would
probably do the same or some variant thereof if called upon to
make a similar economic analysis.

A comparison of flood hazard evaluations of Blg Creek.--

The series of flood hazard evaluations presented in Table 8 might
be best compared as points in Figure 7.

Agencies and individuals using defensible logical methods
arrive at estimates of greatly varying frequency for the same mag-
nitude flood. When one considers the great uncertainty involved,
such results are understandable. Generally such uncertainty is
understated and what is in effect a "guesstimate" or in terms of
probability theory a "degree of belief'" is often stated as a fact.1
An extreme example is the following quotation from the report of
the Schmidt Engineering Company:

011lis Creek runs in rugged terrain with reasonably fast

runoff and approximately 50 inches of rain per year. A rec-
ord month of 14.51 inches of rain occurred at the LaFollette
gaging station in May 1950. Because the valley channel is

narrow, one of the physical problems to overcome in construct-
ing a dam is to provide adequate splllway capacity. For a

lFor a discussion of the kinds of probability, see I. J.
Good, "Kinds of Probability,” Science, CXXIX (February, 1959),
443-447.
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concrete dam it is possible to construct the splllway to
accommodate a 100 year flood. Thils would be 14,000 cfs. at

Site A. For earth fill or Nantahala rock fill dams it would

be necessary to design the spillway for a 1,000 year flood

because this type of structure must not be overtopped under

any circumstances. Therefore, the splllway for earth fill,

conventlional or Nantashala type rock fill dams would have to

be designed to pass a flood of 22,000 cfs.
By comparison with the other estimates, the ungualified estimate
of the 1,000-year flood is one and one-half times as large as
the maximum probable flood in cfs./sq. mile of drainage area.
While it 1s human to play it safe and overbuild, a more precise
statement of such humanity might be desired.

How good are the estimates of flood hazard made by posses-

sors of technical knowledge?~-A judgment as to the value of the
varying estimates of flood hazard might be formed on the basis

of the following considerations:

1. Big Creek places a special burden on any analytic
hydrology. It 1s a small drainage area, and much less is gener-
ally known about flood characteristics of small drainage areas;
1t has no gaging station, and only a short and spotty history of
flood occurrencs.

2. Relatively small amounts of time, money, and effort
have been expended in deriving estimates of flood hazard for
LaFollette. Concelvably a greater investment, including stream
gaging might have improved such estimates, but with limited suc~
cess.

3. For floods within the range of the fifty-year flood,
the estimates correspond falirly well, while beyond such a range
they diverge .greatly. An attempt to estimate magnitude only,
without frequency, while reflecting the genuine uncertainty of
the analyst, might generate considerasble ambiguity for a poten-
tial user of such estimates.

4. The method of statlng magnitude in terms of discharge
(volume flow) rather than stage (depth of water) exaggerated the
practical aspects of the divergence of estlmates of rare flood
events. In many valleys, slzable increases in discharge yield
only slight increases 1n stage particularly for the magnitudes of
rare events. Thus while estimates might diverge greatly, practi-
cally such differences might result in only a slight fluctuation
in stage for a given establishment on the flood plain.

5. Though the estlmates of rare flood events diverge
considerably, for many purposes greater accuracy might be unneces-
sary. If present value discounting is belng used in economic
analysis, the value of flood benefits from rare events quickly
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approaches zero. At the other extreme, highways and sewer struc-
tures are often designed for frequencies with high probebility
and more certain magnitudes.

6. Nevertheless, the large divergence of the frequencies
of floods of great magnitude engenders considerable confusion.
From a theoretical point of view, such confusion arises from what
is in effect a shift from one kind of probability formulation to
another, a shift from "relative frequency" probability to "degrees
of belief" probability. Floods of frequent occurrence can have
their probability of occurrence approximated by their relative
frequency or counting the number of floods of a given magnitude
or greater that occur iIn n years. Beyond this range of frequent
and actual occurrence, estimates as to probabllity are actually
"degrees of belief" held by the estimator as to what the objec-
tive probability in the long run might actually be and are conse-
quently subject to wide variation.

7. On balance, the estimates of more frequent evants
might prove quite useful. Even these, however, should be viewed
in terms of a range and recalling Benson's data should not be ex-
pected to have much grester accuracy than # 25 per cent. Beyond
the range of the 50- or 100-year recurrence interval lies a realm
of great uncertainty and the value of any estimate may be ques-
tioned.

The Interpretation of Flood Hazard
Information af TaFollette

In the previous section, a single perception of nature de-
scribed as a classic urn was sufficlent to account for the several
ways that possessors of technical knowledge interpret flood infor-
mation and make hazard evaluations. This section returns to the
problem of the interpretation of the common knowledge and experi-
ence, to attempt to make more precise the link between flood in-
Tformation and hazard evaluation.

Here, the actions and verbal assertions of the LaFollette
respondents suggest that information is interpreted with reference
to both a deterministic and indeterministic perception of the
state of nature.

The perception of a deterministic nature.--In this general-

ization a less capricious and more deterministic nature has pro-
vided a track, rather than an urn, from the end of which is derived
an annual flood. The mix of balls on the track 1s somewhat repe-
titious, albeit ilmperfectly so. The magnitude of the largest ball
is not much beyond the community's shared experience. Although
tending to supply floods in cycles, the track is particularly
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sensitive to the action of men, and iIn contrast to the previous
state of nature alterations in the mix are obtained with relative
ease.l

For those who act as if they perceive nature in this man-
ner, the perception has no iIntrinsic value as an intellectual
exercise and they do not share in the sclentist!'s preoccupation
with probing the nature of the distribution. For these, the ma-
Jority of respondents in LaFollette, thls perception, compounded
out of folklore, experience and intuition, made reasonable by a

strong motivation to simplify the uncertainty surrounding human
oxistence, serves as a personal framework with which to interpret
new incoming items of experience and knowledge.

Beyond the apparent need to assess the impact of mants
tinkering with nature, the concern of the LaFollette respondent,
of such concern is at all indicated, is to assess his personal
time path relative to the next cycle of events.

The perception of an indeterministic nature.--For these

managers, a distinet but relative minority, nature is indetermi-
nistic, and they perceive neither urn nor track.

For some, elther by ignorance or the denial of the com-
mon shared experience, floods do not exist at all. For others,
floods do not occur as repetitive events but as true acts of God
and are not subject to the ken of man. If an urn does exist, it
would be beyond thelr power to understand or control it. If they
have pondered their future personal relationship to a potential
hazard, it is only then to shrug it off. They have but pondered
one more of life!s many imponderables.

Interpretation and the determinate perception of the state
of nature.--A determinate perception of nature which implies a

track with cyclical or patterned flood events insures that for
these respondents the 1950 flood 1s interpreted within a framework
of repetitive events. The fact that the 1950 flood was practi-
cally the same size as the 1929 flood tends to reinforce such no-
tions (see Class I-A, Table 9.)

Within the group of respondents who seem to Interpret the
1950 flood as a repetitive event, two other assessments add vari-
ety to such interpretations. The first 1s an assessment of a

lIt is not entirely clear why a deterministic perception
should allow for such considerable influence on the part of man.
A likely explanation might lie in the fact that the largest ball
concelved of is qulte small compared to the magnitude of some of
the balls in the urn of the more probesbilistlc perception. There-
fore since timing is approxlmately known and magnitudes are small,
it is well within the powers of men in this case to do something
about 1t.
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secular trend for repetitive events, closely linked to an ap-
praisal of the effect of human action on the pattern of floods.
The second is an assessment of personal time path relative to the
percelived pattern of repetitive events.

Repetitive events constant in time.~--A majority of respond-
ents interpreting the 1950 flood as one of a series of repetitive
events foresee no secular change in time. Phrases used to verbal~

ize such interpretations included: "It seems to be a pattern" and
"Floods come in cycles" (see Class I-A-2, Table 9).

Repetitive events decreasing in time.--Eighteen respond-
ents while acknowledging the repetitive nature of flood events ap-

peared much impressed with the efficacy of a small creek dredging
effort undertaken by the city of LaFollette in 1956. They believed
that the effort to dredge the creek had resulted in either the com-
plete {or partial) elimination of future floods. Residential re-
spondents appeared more prone to this line of reasoning1 (see Class
I-A-1, Table 9).

Repetitive events increasing in time.--Seven respondents,

including some of the best-Informed perceived floods as repetitive
with an increasing secular trend due to human intervention in the
form of strip mining, timber cutting, and channel encroachment
(see Class I-A-3, Table 9).

Repetitive events with 1lttle indication as to expectancy

in time.~-Fourteen respondents whose interviews suggested that they
interpreted the 1950 flood iIn a framework of repetitive events gave
little indication of an assessment of secular trend (see Class
I-A-4, Table 9).

Personal excluslon.--The Interview attempted to focus the
respondent on his personal relationship to flood hazard and omit
the broader social role as a member of the community. With lead-

ing members of the community, who possessed well-defined social
roles, this was difficult; with others it was successful to an un-
foreseen degree.

Such respondents, while indicating a general notion of
floods as repetitive events, appear completely dominated by the
idea that they are personally excluded and cannot make other as-
sessments. The basis for believing that while the community is
sub ject to flood hazard, one is personally excluded, varied. For
some 1t was their short-time horizon, because of plans to move or

lor the 49 commercial respondents and 13 residential re-~
spondents familiar with the creek dredging, 18 per cent of the com~-
mercial as opposed to 69 per cent of the residential respondents
appeared to conclude that such dredging had a substantial effect
on future floods.
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retire from the management of an establishment. Others felt that
their particular location on the flood plasin obviated any need to
think of floods (see Class I-A-5, Table 9).

An outstanding example of such thinking was the manage-
ment of the local shirt factory, the major employer In town, and
subject to the highest potential damage. (The shirt factory, with
1ts absentee corporate ownership and its completely different
scale of operation, has been omltted from the respondent data as
it is part of a separate population of managers.)

The shirt factory is in the mlidst of plans and negotia-
tions with its present landlord, the Clity of LaFollette, to move
to a new location, which among other things would not be subject
to flood. Between the press of day-to-day production and the
anticipated move, the local management, while generally quite well-
informed, was unable to focus on some of the estimates and informa-
tion requested of them relative to flood hazard. With the antici-
pated move, such hazard had apparently ceased to exist.

Interpretation and the indeterminate perception of na-
ture.--The occurrence of the 1950 flood 1s consistent with a de-
terminate perception of naturs. For those who act as if they

possessed an indeterminate perception considerable stress is gener-

ated.l To return to the analogy, if no urn or track exists, a

flood must either not be acknowledged or so acknowledged as to

deny either its replication or the predictabillty of its replica-

tion. The LaFollette respondents do both; some by viewlng the

1950 flood as a unique case and others by denylng it the image and

quality of belng a "real flood" (see Classes I-B and I-C, Table 9).
The unique characteristic of a flood.--A persistent theme

in many interviews attributes the 1950 flood to some freak occur-

rence that turns a heavy rain or "normal high water" into a flood.
A variety of causes are cited by such respondents as freak
occurrences. The most common one 1s to attribute the flood to a
surge of water caused by the rupturing of a slate dam upstream,
the slate having been dumped into the river as a by-product of
strip-mining operations. The second most popular explanation is
to ascribe the flood to the damming of the Central Avenue Viaduct
by debris, whose precise nature variles from respondent to respond-
ent but includes bus bodies, beer cases, lumber and the like.
Other suggestions were the clogging of sewers along Central Avenue
and the rupture of a water supply dam (see Class I-B, Table 9).

1Such stress 1s akln to what Festinger calls dissonance.
See Leon Festinger, "The Motivating Effect of Cognitlve Dilsso-
nance," Assessment of Human Notives, pp. 65-86.
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Was the 1950 flood a product of some freak occurrence
and in some sense unique?

It might be first noted that every flood is unique, that
is, a given pattern of damage and overland flow, product of many
random factors, is not duplicated even by floods of equal magni-
tude.

If the exact pattern of a flood in time and space is not
predictable, the character of the flood and its damage 1s not
particularly baffling. The effects of such constrictions as the
Central Avenue Viaduct and their potentisl for temporary demming
are well recognized in hydrologic literature.

To account for the observed flooding upstream of the via-
duct, one does not have to hypothesize debris damming; the con-
stricted channel alone accounts for the five feet of heading on
the upstream side.

As for a surge, there was no suggestion from observed re-
ports that one took place, and certainly the one permanent up-
stream dam did not rupture. The final "cause," clogged sewers,
are effects, not causes of riverine floods.

The denial of flood characteristics.--An alternative of

ascribing the 1950 flood to some freak occurrence was to exclude
it and others in the region from some common Image of floods.
These "real floods" are modeled on the characteristics of the
Mississippi and its main tributaries. Their characteristics in-
clude rising waters presaging the arrival of floods that commit
great damage and do not run off quickly.

Respondents who desired to exclude the May 1950 flood
from such an image would either minimize it by calling it a
"flash flood" or a "cloudburst," or completely explain it away
by saying: "The creek gets up once in a while" or "It was just
water coming up." By calling the 1950 flood a flash flood, re-
spondents imply that flash floods as opposed to "real floods"
come quickly, are indeterminate, and run off quickly, doing little
damage. The second type of phrase denies to the 1950 flood any
quality of flood and implies that the water was just a little
higher than usual (see Class I-C, Table 9).

What merit lies behind this denisl of flood characteris-
ties? In a technical sense, floods on Bilg Creek have different
characteristics than those of the large streams. They are flashy;
that is, they have a short flood-to~peak Interval, they are less
predictable (but this is rapidly being lmproved upon by new tech-
nigques), and their quick rate of runoff lessens the type of



72

damage ascribed to prolonged inundation.1 It 1s not the charac-
terization of such floods as flashy that 1s 1inaccurate, but the
lmplication in the words of one respondent that "towns can live
with flash floods." To the contrary, there have been increasing
signs that damage has been Increasing faster along the tributary
streams than along the main stems? As for the complete denial of
any characteristics of flood, such actlon can be best explalned
in terms of '"wishing it away," but with one qualification: re-
spondents dwelling on the edge of the flood plain might well con-
sider a flood as "just water coming up" even though some of their
less fortunate neighbors had a foot of water on their floors.

The two tendencies: to see the 1950 flood as unique or to
deny 1t the characteristics of a real flood, were found in vary-
ing degrees among one-third of the respondents. However, only 18
of them were consldered to have thelr interpretative process domi-
nated by such tendencles. The distribution 1s not even, with
residentlal respondents more inclined to an Indeterminate per-
ception of nature.

This would appear to be consistent with the variation in
attitude towards fate and planning noted between respondent
groups; 50 per cent of the residential group displaying a skepti-
cism towards planning and a strong belief in fatalism as measured
by a fatalism test (Appendix, Questlons 34, 36, and 38) in con-
trast with 4.3 per cent of the commercial respondents displaying
similar tendencies.

Interpretation and future flood expectation.-«Given the
widespread common knowledge havling been interpreted in a variety
of ways, how do such Interpretations relate to the simple hazard
evaluation measured by future flood expectancy? Table 10 presents

a cross-classification of interpretations by future flood expecta-
tion, indicating an extremely high consistency between the two
characteristics.

lrhe flood-to~peak interval is that time 1nterval between
the rise of a stream to thé elevation at which damage ensues and
its peak crest.

The predictability of streams 1s more a function of their
observation than of their characteristics. Improved use of radar
holds out the prospect of providing warning systems for the small
tributaries comparable to those of large streams in accuracy but
not in time period between warning and flood.

2The shift in damage potential from the main stem of the
tributary valleys has not been studied comprehensively. It would
appear to come about through the increased levels of protection
along the main stems of the larger rivers and the growing attrac-
tiveness of tributary valleys as residential sites in rapidly ex-
panding urban areas.
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With but two exceptions, those respondents who interpret
past knowledge and experience in such manner as to imply a pat-
tern of constant or increasing repetitive events also indicate a
personal expectation of a future flood. Conversely, with three
exceptions, those respondents who interpret floods as decreasing
in time, exclude themselves, or are unaware of the common knowl-
edge, do not expect a flood in the future.

The tendencies to see floods as unique events leads to un~
certainty, and the denial of the characteristics of a real flood
leads either to a negative future expectation or uncertsinty.

The large number of uncertain expectations associated with re-
spondents whose interviews lack a secular trend suggests that
such failure may reflect the respondents own uncertainty rather
than an omission in the interview procedure.

Besides indicating the strong association between inter-
pretation and the expectation of a future flood, Table 10 also
probes the diversity of understanding that 1is concealed by even
the simplest of hazard evaluations.

In terms of their studies, Roder and Burton would probably
have classified a negative reply to the guestion: "Do you think
your house will be flooded in the future?" as unduly optimistic.1
In LaFollette there might be four types of replies, none of which
could be described as optimistic:

1l. No, they have cleaned the creek out.

2. No, I won't live here next year.

. No, we don't have floods here.

4. ©No, we only have cloudbursts here.

The association of interpretation and future flood ex-
pectancy expressed as a condensation of Table 10 into a 3 x 3
contingency table is quite high, with a correlation measure of
Tschuprow!s T of .72 in contrast with the association of knowl-
edge and experience in a similar 3 x 3 table that yielded a T
value of .24.

It should be emphasized, though, that interpretation has
not been presented for predictive purposes. The allocation of re-
spondents to various classes of interpretation is based on an
analysis of their entire questionnaire, interviewert!s notes, care-
ful study of their verbal assertions, and the specific answers to
nine questions. (The future flood expectation of an individual
respondent was not considered in allocating individuals to inter-
pretative classes and to the extent possible in an admittedly

1Roder, p. 68.
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sub jective process, a respondent!s interpretation class assign-
ment 1s independent of his future flood expectancy.) The classi-
fication of respondents by interpretative class, depending as it
does on intensive interviewing and analysis, is not replicated
with sufficlient ease to be useful as a predlctor of an Indlvid-
ualts future flood expectancy in other studies. It would be far
simpler to Inquire of managers directly regarding thelr expecta-
tions.

The high assoclation of interpretation class and future
flood expectatlon 1s most useful for its instruction as to the
varlety of ways information is assimllated and for the range of
reasons that underlie even the simplest of hazard evaluations.

A more refined hazard evaluation, estimates of frequency.--
The study posed an additional gquestion dealing with hazard evalu-
atlon to respondents.

If you were to live one hundred years, how many
floods would you expect to have here?

Respondents resisted making such an estimate, a finding
interesting in itself considering the ease with which some deci-
sion-making analysts assume the ability or willingness of indi-
vlduals to make complex probability computations. Some respond-
ents termed the question "silly" and only with considerable en-
couragement from the Interviewers were 57 per cent of the respond-
ents induced to make a "guesstimate."

These frequency estimates have been grouped by interpre-
tation class in Table 11 and future flood expectancy in Table 12,
and for each group the mean estimate has been computed. The use-
fulness of the data is limited because of the respondents! re-
luctance to make the estimates, the varied interpretations given
"floods" in response to the question, and the fact that some re-
spondents seemed to discount perceived temporal trends and others
ignored them. Thls was especlally true for the residential group,
over half of which made extreme estimates (either O or > 100
floods per 100 years) leading to erratic mean estimates.

Desplte these limitations the frequency estimates provide
several insights. The mean estimates shown in the tables do not
appear to be generally inconsistent with Interpretation and fu-
ture flood expectancy. The overall mean estimate for the commer-
clal respondents of 5.6 floods per 100 years closely approximates
the actual experienced flood frequency in LaFollette, that is, a
return perlod of twenty years. Finally the estimates indicate
that for those willing to make them, floods of the order of the
1950 flood are considered to recur more frequently than possessors
of technical knowledge would estimate.
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TABLE 12

HXPECTATION OF A FUTURE FLOOD BY FREQUENCY ESTIMATES
CF COMMERCIAL AND RESIDEZNTIAL RESPONDENTS

Commercilal Residential

Future Mean Mean
Flood Number (Estimate Number (Estimate

Expectation Number | Giving | Floods |Number| Giving | Floods
Estimate| Per 100 Estimate|{ Per 100

Years Years

Yes coeennns 34 27 7.2 11 6 47.9

NO seeveconse 23 13 3.1 17 10 4.2

Uncertain .. 12 3 2.7 10 ) 51.0

Total .. 69 43 5.6 38 19 25.4

Factors affecting flood hazard evaluation.--A varlety of
variables thought to bear on flood hazard evaluation were tested
for association with future flood expectancy. The results for

sixteen of the variables are shown in Table 13.

An interesting finding is the lack of assoclation between
the expectation of a flood in the future and such diverse varia-
bles as: (1) a high score on a test of abstract flood knowledge,
(2) education, (3) the length of time that a manager has been on-
site, (4) a knowledge of floods at the time of the original deci-
sion to locate on the flood plain.

As to the demonstrable associatlons, a number of these
have already been mentioned. These include: (1) the association
between the yes-no-uncertain hazard estimates and the frequency
estimates; (2) the association between awareness of the creek
dredging effort and a negative flood expectancy for the resi-
dential respondents; (3) the association of experience and rela-
tive location on the flood plain, to an affirmative flood expect-
ancy for commercial respondents.

Assoclated with an affirmative flood expectancy and not
previously cited are: (1) the nine commercial respondents who re-
called having seen the TVA Flood Report, (2) the thirty-five com-
mercial respondents who recalled having discussed floods in the
past two years, (3) the seventeen cormercial and residential re-~
spondents who evidenced a heightened concern for floods in a flood
concern test.

Even where significant relationships are found, the
strength of the relationship is low, yielding values of less than
.40 for the correlation measure @ of 2 x 2 contingency tables.
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Interpretation and Hazard Evaluation at
the Reconnalssance Sites

The details of interpretation and hazard evaluation that
form the substance of this chapter have, in the main, provided
a portrait of complexity and diversity in a single flood plain
situation. The variation has been within-group variance, of in-
terpretation and hazard evaluation for a single group of flood
plain managers. The reconnaissance studies were designed to pro-
vide measures of between group varlance, comparing the set of
flood plain managers in LaFollette to managers in other situa-
tions.

TABLE 13

ASSOCIATION OF SELECTED VARIABLES WITH EXPECTATION
OF A FUTURE FLOOD

Commercial Exgegtati;; og
s a Future oo
Variables éﬂg:ig;gw
Residen-|Commer-
Numbera tial | cial
Flood knowledge and experience
Abstract flood knowledge ..... {33, 35, 37, 39 - -
Knowledge of £1loods seevvevsan 13 - -
Floods experienced elsewhere.. 18 - -
Floods experienced on site ... 14 - +
Dlscussion of floods in past
2 JEArS ceceicrctcnesrorancns 24 - +
Flood kmowledge at time of
original decision to locate. 27 0 -
Flood concern «.eeeveeseneenns 4 ~-14 + +
Awareness of channel dredging. 20 + -
Knowledge of TVA flood report. 23 0 +
Flood frequency estimate ..... 26 * +
Estlmated height of serious
flood vovvrneniennnnnanannns 50 - -
Respondent
Education sevivevsvncncnecnsae 85 - -
Personal time horizon ........ 93 - 94 - -
Time in residence, business
on site civieiiiiiiniiinns. 1 - -
Structure
Flood plain location sveesuvee - - +
Value of house and furnishings o - 0

8see Appendix for comnercial questionnaire.

+ Assoclation significant at .05 level.
- Association not significant at .05 level.
0 Not tested.




79

The classifications of experience, knowledge, interpreta-
tion and future flood expectancy have been fitted to the more
limited data of the reconnaissance sites and are summarized In
Tables 14, 15, and 16.7

The six sites, essentially chosen to provide diversity,
appear to group themselves into three distinct palrs of towns,
with the members of each pair presenting contrasts of physical
setting and social milieu, but strong similarities of flooding
and human response.

Darlington, Wisconsin and Aurora, Indiana, flood sites

of high certalnty.--In both Darlington and Aurora, with their
long history of flooding, managers are presented with a flood
hazard of high certainty. Most managers have had two or more
flood experiences, and have evolved elaborate and widespread ad-
justments to flood hazard.
In such a setting, most respondents expect a future
flood. This expectation is not diminished by the widespread
knowledge of imagined, installed, or expected protective works,
as in Darlington. 1In fact, both communitlies exhibit a strange,
somewhat defensive antagonism to protective works.2 The most
striking feature of all is the similarity of experience and out-
look on the part of managers, with little important variation.
LaFollette, Tennessee and Lkl Cerrito-Richmond, California,
flood sites of intermedliate certainty.--In LaFollette and El Cer-
rito-Richmond, flood plain managers are presented with a flood

hezard of Intermediate certainty. LaFollette has had two major
floods In 94 years and minor ones at an average interval of about
5 years; El Cerrito-Richmond has had one major flood in at least
25 years, and minor floods somewhat more frequently than LaFol-
lette. Cleaning and dredging of the creek bed has been carried
out at both sites, but the efficacy from a technical point of view
1s negligible and as perceived by managers, varied and specula-
tive.

In this type of setting, human response becomes more vari-
able. El Cerrito-Richmond is the site of the Jacuzzi Pump Plant,
the most flood-proofed establishment found in the entire study.

lThe reader 1is cautioned against making absolute compari-
sons between sites as the specificatlion of characteriatics such as
knowledge, experlence, protective works, and the like varles con-
siderably from place to place.

2The attitude towards protective works is better considered
in the setting of the following chapter which will also include de-
tailed discussion of adjustments to flood hazard developed in each
community.
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At the same time, it has been the site of newly constructed un-
protected multi-apartment bulldings.

TABLE 16

RANK ORDER OF STUDY SITES BY PERCENTAGE OF RESPONDENTS
DISPLAYING FLOOD KNOWLEDGE, EXPERIENCE, KNOWLEDGE OF
PROTECTIVE WORKS, AND EXPECTATION OF A FUTURE FLOOD

Expectation Knowledge
of Flood Flood of
Future Knowledge Experience Protective
Study Site Flood Works
Per Per Per Per
cent Rank cent Rank Cont Rank Cent Rank

Darlington . 100.0 1 100.0 1 92.3 2 92.3

Aurora ..... 86.7 2 100.0 1 93.3 1 13.3 6
El Cerrito-

Richmond . 45.4 3 90.9 4 72.7 3 8l.8 2
LaFollette , 43.3 4 92.7 5 49.5 S 59.6 4
Desert Hot

Springs .. 25.0 ) 31.2 6 12.5 6 56.2 )
Watkins Glen 10.0 3] 100.0 1 40.0 4 80.0 3

Future flood expectancy divides almost evenly between
affirmative and negative expectation with a substantial minority
uncertain. The lessened certalnty also seems to encourage senti-
ments that would credit protective works with substantial reduc-
tlon of future flooding. An outstanding feature of such sites is
the relative diversity of interpretation and evaluation engendered.

Desert Hot Springs, California and Watkins Glen, New York,
flood sites of uncertainty.--Desert Hot Springs and Watkins Glen
pose to their flood plain managers situations of great uncertainty.
In the former, such uncertainty is generated by the climate (4 in.
annual average rainfall), the physiography (alluvial fans at the
base of dry washes), and the relatively short experience of its

flood plain managers (average time on site, 5.1 years). The lat-
ter generates uncertainty by the paradox of almost universal
knowledge of a flood whose replication seems beyond the pale of
probability, and almost total ignorance of the ambiguous but real-
istic threat of the fallure of works that appear to protect against
floods of lesser magnitude.

In such a setting, negative future flood expectations are
common. Adjustments are seldom found, either because of ignorance
of hazard or its perceived catastrophic nature, in the face of
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which most adjustments would seem valueless.

In both communities, there 1s fairly widespread knowledge
of protective works, and these seem to reinforce the negatlve
flood expectations. However, so strong are the negative esti-
mates of hazard, that they appear to be independent of a per-
celved efficacy of protective works. 1In Desert Hot Springs, such
negative expectations are displayed by both respondents partially
protected by a flood channel and those outside the flood channel.

As in the situation of great certainty, one is struck by
the reduced variance of interpretation and evaluation, and the
high predictability of respondentst attitudes.

A Certainty-Uncertainty Scale

The six study sites, although too few in number to ade-
quately test a hypothesis, do suggest the following idea:

The certainty-uncertalnty scale hypothesis.--The most
significant differentiating characteristic of urban flood plain
sites 1s thelr location on a scale that might be labeled as the

certainty-uncertainty continuum. Such a continuum is related to

the frequency of flood events, but only partly so. It 1Is in a
sense the percelved frequency of flood events.l Such perceptions
might vary considerably from the best technical estimates, being
Influenced by experience, catastrophic events, the perceived
effectiveness of flood control works, and the like. Along such

a continuum, urban places or portions thereof might be located

as 1llustrated by Desert Hot Springs, LaFollette and Darlington
In Figure 8. (The actual location and spacing of sites along
such a continuum is of course unknown.)

As one shifts along such & continuum a series of observ-
able changes takes place 1n certain characteristics studled in
this volume. Some of these are shown in Figure 8.

With high certainty, as at Darlington, there is wide
knowledge of floods reinforced with many experiences. Most man-
agers expect a future flood and have developed elaborate adjust-
ments to meet this threat. Because of the greater certainty,
differences of personality and personal interpretation exert
little influence and the awareness of installed or prospective

lAlthough somewhat akin to subjective probability, the
implied contrast, that 1is, if there is a subjective probability
there 1s some real, knowable ob jective probability, does not fit
flood frequency data too well. Given the short span of man,
climatic change and the like, all flood frequencies are subjec-
tive probabilities beyond the range of the more frequent flows.
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protective works does not distort hazard evaluations. Finally,
the dispersion of all characteristics is quite small.

Moving along such a scale towards uncertainty, as at
LaFollette, the dispersion increases rapidly. Managers divide
more evenly as to their future flood expectancy and a larger num-
ber are uncertain. Extremes of concern and ignorance are ob-
served and establishments can exlist slde by side, some with elabo-
rate adjustments and others with none at all.

In this area of intermediate certainty, the influences of
personality or the perceived effectiveness of protective works
Increases. While individuals themselves may be quite firm as to
their response to flood hazard, the community itself presents a
portrait of ambivalence.

In the region of great uncertainty, as at Desert Hot
Springs, the dispersion of characteristics agaln shrinks, but is
oriented about negative or uncertain future flood expectations.
Adjustment to hazard 1s non-existent and concern, if it exists at
all, is directed towards the catastrophic event.

If this hypothesis 1s valid, then it suggests that the In-
conclusiveness of previous studles In assessing the impact of per-
sonal interpretation, personality, and awareness of protective
works arises in part from a need to observe these characteristics
in some framework of a certainty-uncertainty scale. It implies
that, depending on the location of a site on such a scale, the
observable impact of these factors would vary considerably.

It also offers an explanation for the high variation in
LaFollette. While some of the variation 1s a functlon of sample
size, the hypothesis suggests that it is also a function of
lesser certainty. In a town at elther end of the scale, such
variability would diminish.

Finally, the hypothesis suggests the Independence of flood
response from socio-economic factors. Each pair of sites provides
a wide contrast of socio-economic factors, while sharing a common
dispersion of flood characteristics. Darlington 1s a prosperous
regional farming center and Aurora is a fading river town; E1 Cer-
rito-Richmond are industrial-residential suburbs of a cosmopolitan
city, LaFollette the commercial center of a depressed area; Watkins
Glen 1is also a poor, population-losing community and Desert Hot
Springs a burgeoning senlor citizen retirement site.

Support for the hypothesis from an analysis of flood fre-

quency at urban places.--Support for the certalnty-uncertainty

scale hypothesis and promise for its conversion into an interval
scale 1s furnished by an analysis of unpublished frequency data
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obtained in an earller st'.u«:ly.:L

In this earlier study of 1,020 urban places with flood
problems, frequency data, expressed as the number of recorded
floods per ten years, were obtained for 496 urban places wilth
populations exceeding 1,000 persons in 1950.

TABLE 17

NUMBER OF FLOODS RECORDED PER TEN YEARS
FOR 496 URBAN PLACES

Number of Floods Number of

Per Ten Years Urban Places
DG J 48
0:69=1e9 &+ o o ¢ o o o o o s o 95
200209 4 v v b e w6 e e e 105
B300-3eQ o ¢ s 0 v b s e s e e 57
4.0-4.9 . . 0 4 e e e e e e e 29
5:0-5:9 ¢« ¢ o o ¢« 4 4 0 e s e 33
Be0-6eQ v v 4 4 4 4 e e e oo 20
TeO0=T7eQ ¢ v ¢ o v ¢« « o 4 o e s 20
BeO=8eQ v ¢ v 4 & 4 4 0 e . . 24
> 0.0 0 00 e e e e e e _865
Total . « . + « « + o« & 496

A plot on log-normal probabillty paper reveals that the
frequency distribution of the 496 urban places 1s approximately
normal with respect to the log of recorded floods per ten years.
The distribution approximates the curve shown in Figure 9. 1In
itself, this is a finding highly suggestive for future research.
While lacking any theoretical explenation for the log-normal dis-
tribution of clties on a physical varlate, flood frequency, the
empirical implications are important. The well-lknown character-
istics of the normal distribution may now be related to a popu-
lation of urban places with flood problems whose actual size 1s
unknown.

More relevant to the present discussion 1s the use of the
log of flood frequency as an approximation of the certainty-un-
certainty scale. It can only serve as an approximatlon for two
important reasons. As noted previously, the certalnty-uncertainty

Lrhe unpublished data are in the files of the Department
of Geography at the University of Chicago. A description of the
method of obtaining the information concerning the 1,020 places
may be found in White et al., pp. 33-35.
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scale 1s hypothesized as measuring the percelved flood frequency
which should vary at times conslderably with the recorded number
of floods per ten years. Moreover, the findings of the study indi-
cate the importance of major floods as opposed to minor or jJjust
over-bankfull floods. The data for the 496 places records all
floods and does not distingulsh between major and minor floods.
Desplte these drawbacks the use of the normal curve drawn
in Filgure 9 glves striking support to the hypothesls. The area
under the curve has been arbltrarily divided into three equal parts
and labeled according to the distinctions in the hypothesis; cer-
talnty, Intermediate certalnty, and uncertainty. The avallable
flood frequency data for LaFollette and the reconnaissance sites
were transformed into an equivalent expression with the urban place
data and located on the scale.1 In all cases the filve sites fall
Into place wilthin the areas for which they have been previously
classifled.

Perception, Hazard Evaluation, and Choice:
A Commentary on Flood Hazard Information

In exploring the nature of probability distributions held
by possessors of technical and common knowledge, it has been sug-
goested that the shape of such distributlons arise from underlying
perceptions of the state of nature, which might be thought of as
determinate, probabilistic, and indeterminate, with the parameters
of such distributlons dependent on the observation of the past and
its extrapolation into the future.

In the case of LaFollette, the evidence of past floods is
meagre and even technical extrapolations into the future show wide
divergence. The possessors of the common knowledge are strongly
conditioned by thelr lmmediate past and limit their extrapolation
to simplified constructs, seeing the future as a mirror of that
past, subject to the discounting of the perceived effect of man's
work. By contrast with technical estimates, the hazard perceived
in LaFollette 1s generally of greater frequency but of lesser mag-
nitude.

Figure 10 attempts to present these ideas graphlcally,
with each perception shown on an abscissa of past and future time,
and an ordinate of magnitude. The probabilities of floods occur-
ring In the past for all three perceptions are either 1.0 or 0.0,
derived from the observation that floods elther occur or do not
occur. For the future of the Indeterminate perception there 1s

1‘I‘he data for El Cerrito-Richmond were incomplete and
could not be transformed.
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only the unknown; and for the determinate position, a mirror of
the past, with some flexibllity as to year of occurrence. The
future of the probabllistic perception is an infinlte series of
annual probability distributions of magnitude.

If this presentation is a falr exposition of the proba-
bility distributions believed 1n by the possessors of the common
and technical lmowledge in LeFollette, how well might they serve
the needs of decision-making relatlve to flood damage reduction?

Three criterla can be suggested for guides to such judg-
ments: (1) scientific accuracy, (2) comprehensibility for man-
agers, (3) utility for choice.

Sclentific accuracy.--~The indeterminate perception would

deny to man the opportunity to fathom the natural phenomena of
floods and the deterministic perception would obscure the uncer-~
tainty such a process involves. Despite 1ts general probabilistic
orlentation, the techniclant's perception also wears a determinate
face concealed beneath englneering judgment, and an Indeterminate
face represented by the cautlous sclentist!s retreat from the fre-
quency calculation of extremely rare events.

The hydrologlc literature 1s replete with new methods be-
ing developed to extract from the avallable data the last full
measure of Information. WNevertheless, no amount of improved sta-
tistical technique can fully overcome the limitations that small
sample sizes of annual flood observations Ilmpose. They cannot
substitute for a well-designed program of observation and the con-
tinued passage of time.

Equally disturbing 1s the suggestion that even an extended
record has limited utility considering the artificial changes that
are occurring in the regimen of many streams.l These changes
introduce considerable bilas into stream-flow records and impair
their interpretation although with lessened effect on the analysis
of extreme events.

The comprehensibllity for managers of technical flood haz-
ard evaluations.--It appears that not only are there severe bounds

to the ability of managers to comprehend technical hazard evalua-
tions but that there are limitations on their motivations to do so
as well.

The experlence in LaFollette with the TVA report entitled
Floods on Blg Creek suggests these limits of motivation. The re-
port, typlcal of the genre of such reports, represents the best and

lyalter B. Langbein and G. N. Alexander, "How to Filgure
0dds on a River Project," Englneering News Record, August 28, 1958,
p. 36.
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most comprehensive effort to date to combine scientific accuracy,
attractive format, and non-technical presentation.

While preclse records were not kept, the TVA estlmates
that 28 reports were dlstributed in LaFollette.1 Based on the
interviews in which respondents were confronted with a copy of
the report, and considering the samplets bias towards including
prospective report recipients, the penetration was slight and the
recall even less (see Table 18).

TABLE 18
RESPONDENTS' KNOWLEDGE OF THE TVA REPORT

Nover saw Teport « « ¢ ¢ ¢ ¢ ¢ ¢ 4 0 o e v e e s 4 e 95
Evidenced no Interest In report . . . . . 35
Evidenced some 1nterest in report . . . . 52
Interest not ascertalned . . . . . . . .

Clalmed lmowledge of report . . . . . + « +

®

Could not remember contents . . . . . . .
Evldenced vague knowledge of contents .,
Evidenced falr knowledge of contents . .

[ I R

Knowledge of contents not ascertained . .
Not ascertained . . . . . . . . ¢ ¢« ¢ v o . ¢ . . 3
Total ¢« & ¢ & & ¢« 6 v v v + ¢ e o« e« o & o 109

One-third of the respondents showed no interest 1n the
report, a finding in keeplng wlth the lack of Interest in the
flood hazard map of Topeka.2 Thus any evaluation of flood hazard
information must grapple with evidence from two locales suggesting
that there 1s a silzable portlon of managers who lack sufficlent
motlvation to even expose themselves to the Informatlonal mate-
rials presently avallable.

For the flood plain manager who 18 willing to at least ex-
pose himself to such informstion, there is a further set of ob-
stacles. Limltatlons of vocabulary and inability to read graphs
are blocks to comprehension. The reluctance to make computations
of frequency may also apply towards trying to understand the com-
putations of others.

Two other substantlal blocks might be suggested. The
first 1s the 1nability of individuals to conceptualize floods

1Personal interview with John W. Weathers, Local Flood
Relatlons Branch, TVA, July 16, 1961.

2Roder, p. 80.
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that have never occurred.1

The second major block is the difficulty individuals have
in grasping the independence assumption of random events. As an
indicator of belief or disbelief in the independence of flood
events, the following statement was read without comment to re-
spondents who were polled as to their agreement with 1it:

If you have a flood this year, chances are that you

would not have another for some time.
Only 14 of the 109 respondents disagreed with it. To disagree
would fly in the face of both intuitive and experiential percep-
tion. LaFollette, when it did have a flood, did not have another
for some time. Yet agreement with the statement denies the inde-
pendence of flood events for that assumption asserts the absence
of relation between a flood this year and any other occurrence.
The difficulty of intuitively accepting the independence of flood
events 1s widespread, for example, the following quotations from
a public administration-sociologlical study:

"Floods occur in cycles," the author asserts. But immedi-~
ately following, a perfectly clear but obviously misunderstood
statement: "As Hoyt and Langbein explained, 'We speak of a ten-year
flood or a hundred-year flood, measuring in each case a flood of
such magnitude that it occurs once in ten years or a hundred years
on the averageJ"e

While the evidence suggests that such notions as to inter-
est, abllity to conceptualize floods that have never occurred, and
the acceptance of the independence of events should be reconsid-
ered, little is known about the effectiveness of different presen-
tations. 1In LaFollette, the penetration of the flood report was
limited, and in Topeka, no one recalled seelng the flood hazard
map prior to the time Roder interviewed them.3 A fresh opportunity
for practically testing the impact of flood hazard informstion is
the program of flood hazard mapping in the Northeastern Illinois
Metropolitan Area. The mapping program is being accompanied by an
aggressive program of Introduction to the public and an impact

lThe TVA, having long recognized this difficulty, goes to
considerable length to try to bring home the graphic reality of
potential floods. It draws analogs from reglonal experiencs,
plots potential floods on easlly read maps, and shows flood heights
on photographs of familiar buildings. A well-designed study might
usefully test the effectiveness of such measures.

2s., Welsman, Case Study of Flood Stricken City (New York:
by author, 1958), p. 3.

SRoder, p. 80.
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study of such hazard information 1s being planned.1

Despite the effectiveness of presentation designed to
circumvent limitations of managers to comprehend hazard evalua-
tions, 1t appears that a genuine conflict exlsts between sclen-
tific accuracy and comprehensibillity of evaluations. There is a
great gulf between the language of sclence and lay language. The
scientist learns to live with uncertalnty, the layman appears to
have need to eliminate or ignore 1it.

Because thls gulf 1s real, and technicians sense it, there
i1s generated a powerful pressure to simplify statements, eliminate
probablilistic constructs, and in general provide a more limlted
range of choice for managers to choose from.

The utility of hazard evaluations for choice.--Glven the
comprehensibility of a flood hazard evaluation, can it readlly be
used as a basls for cholce in flood damage reduction?

For this discussion it would be best to consider but one
common form of hazard evaluatlion, the magnitude-frequency plot.

Immediately three problems present themselves, whose inadequate
solution severely restricts the utllity of such plots as a basis
for cholce.

The cholce posed by a contlnuous function.--The first such
problem is that of the continuous function that such plots pre-
sent. For many resource management students 1t has been an arti-
cle of faith that broadening the range of choilce 1s desirable.2
However, a range of cholce broadened to a continuous function
faces one with the paradox of the infinite range of cholce poten-
tially reducing one to impotency. 1In the face of a continuous
functlon of alternatives, decision-makers, be they possessors of

technical or common knowledge, shrink from the task and reduce
such functions to a few discrete choices.

Acceptability of risk.--Related to the problem of contlnu-
ous functions, but applicable to discrete situations, 1s the prob-
lem of decidling upon an acceptable risk level. Given some manage-
able range of cholce, what kind of an acceptable level of risk
should an Individual decision-maker tolerate? Three approaches to
the problem may be examined in search of guldes.

Acceptabllity of risk, rules of thumb.--For some readers
a discussion of risk levels immedlately conjures up images of the

1Personal conversation with John R. Sheaffer, Northeast-
ern Illinois Metropolltan Area Planning GCommission, July 18, 1962.

2G. White, "Broader Bases for Cholce: The Next Key Move,"
Perspectives on Gonservation (Baltimore: Johns Hopkins Unlversity
Press, 1958), pp. =205-226.
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statisticians!' conventions of significance levels of .05, .01
and .001, and their wide adoption in science. For much of the
world of science, risk is not a continuous function, but depend-
ing on the perceived seriocusness of rejecting a null hypothesis
when 1t 1s actually true, seems to move in discrete jumps from 1
in 20 to 1 in 100 and in rare cases 1 in 1,000, when one wants
to be "really sure." If flood plain managers might be induced,
as their more technical brethren do, to accept such conventions
it would simplify the risk problem considerably.

Acceptablility of risk, minimum costs and maXimum bene-

fits.--A more sophisticated economist!s and statisticlant's ap-
proach would seek to identify some point along a continuous risk
function which maximizes, in some fashion, the benefits from a re-
duction of a given risk level of hazard.2 Such processes while
provliding useful information for managers of establishments with
long planning horizons or at an aggregate level in benefit-cost
analysis, still depend on long-run averages to maximize such
benefits. The variabllity of technical estimates of magnitude
and frequency, the uncertainty of damage data particularly on an
individual basis, and the potentially prohibitive cost of secur-
ing adequate Information, further limits such an approach as an
operational solution for the small individual decision-maker.
Acceptabllity of risk, behavioral analogs.--The first two
approaches are essentially normative, suggestions of rules for

selection of acceptable risk levels. Are there behavioral guides
to acceptable risk levels, that 1s, regularities of acceptable
risk for floods or other hazards that can be detected in the be-
havior of individuals?

Previous flood studies fall to provide clear guldes. 1In
both urban and rural situatlons, given some percelved reason for
locating on a flood plain, the tolerance for risk levels varles
conslderably above some threshold. In Burton!s agricultural flood
plain studles, filelds were found to be planted regularly subject
to flood hazard with recurrence intervals ranging from 3-6 years

lIt 1s curious that the writer who chose a .05 level of
significance for this volume would balk at adopting a standard for
a floodway that had one chance in twenty of proving inadequate.

2Essentially this i1s a more sophisticated version of bene-
fit-cost analysis where the risk level that maximizes the net
benefits discounted to the present might prove acceptable or that
risk level that provided the highest return per unit of capital
invested to obtain such hazard reduction.

The companion study will attempt to identify frequency
polnts at which net benefits discounted to present value are maxi-
mized for a variety of alternative flood damage reduction meas-
ures.
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to extremely rare and such frequencies are best understood when
considered in a matrix of other factors.l

In seeking elsewhere for analogs that would suggest be-
havioral guides for risk levels, fire or accident hazards might
be considered. However the statistics for the occurrence of such
events are not easily interpreted as frequencles of hazard partly
because of the exposure frequency problem. For example, from
statistics of fire in residential buildings by class of city, one
might estimate that the relative frequency of fires In towns of
Larollette's class are of the order of 1 1n 100.2 However, this
is not the probabllity of a fire 1n any year in a house in LaFol-
lette, for surely few would argue that the probability 1s the same
In a home with good safety hablts as opposed to one without such
preventive measures. The problem of determining the frequency of
exposure has led a leadlng hazard investigator to declare:

How does one measure exposure? That is, how does one de-
fine the condltions that characterize a class of risk situa-
tions? How does one measure the frequency of occurrence of
risk situations? . . . Faillure to recognize and deal with
this problem has resulted in an unfortunate research situa-
tion. Analytical results which possess no more than specula-
tlve value are being constantly generated. Desplte the seem-
ing simplicity of these research problems, we still do not
know whether men are safer drivers than women, whether it is
more dangerous to cross the street with the 1light or against
it, whether girls are stronger swimmers than boys, or whether
aspirin is a more deadly accldent hazard than lye. We do not
know whether excessive speed is a factor common to turnpike
accldents or common to turnpike driving. Despite the fact
that turnpikes tend to have fewer fatalities per vehicle mile
than ordinary roads, we really do not know whether turnplkes
contribute fatalities or prevent them. In short, there 1s a
ma jor problem In separating those circumstances that are asso-
cilated with the occurrence of an accident in a glven risk
situatlon from thosg that are assoclated wlth the occurrence
of risk siltuatilons.

Hazard research 1s also plagued by the differential per-

ception of culturally allowable risk, succinctly described as fol-
lows:

A report of a few cases of pollo will empty the beaches,
but reports of many more deaths by automoblle accidents on
the roads to the beaches wlll have 1little effect. The mother

lBurton, Types of Agricultural Occupance . . . , pp. 42-

138.

®Insurance Information Institute, 1960 Property Insurance
Fact Book (New York: by author, 1960), p. 6.

sHerbert Jacobs, "Conceptual and Methodological Problems
in Accldent Research," Behavioral Approaches to Accldent Research
(New York: Assoclation Tor the AId oI Crippled Children, 1961,
p. 9.
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who would not think of exposing her family to the risk of a
polio M"accident" does not apply the same logic to the risk
of automobile accidents.

The idea that there are culturally allowasble levels of
risk would further limit analog-seeking that might describe
generalized risk tolerances, for even should such be found, there
would always be a serious question as to theilr cultural compara-
bility with flood hazard.

Long-run averages.--All expressions of frequency are sub-

ject to the law of large numbers, implying long-run averages, and
one can note with I. J. Good, quoting J. M. Keynes! grim reminder,
that "in the long run we shall all be dead. "2
avereges mean to a manager of a flood plain establishment?

What can long-run

A manager knows that people experience floods or they
don't. He has never seen an average annual flood, received aver-
age annual benefits, or suffered average annual damage. Floods
arrive in discrete packages, levy lmmediate discrete dasmages; and
benefits in the conventional terms of damages averted, appear
somewhat ludicrous. To the individual such a definition of dam-
age provides the shallow consolation that some ill happening ex-
pected over a period of years did not happen to him this year.

From the broad view of nation or community the long-run
average frequency has definite meaning. For an individual it may
only serve as a source of bewilderment. Thus while the concept
of the "100 year flood” represents a marked advance compared to
such phrases as 'Who knows?" or "Floods come in cycles," ways
still need to be sought to make flood hazard evaluation suitable
for individual choice. One such approach that might be explored
follows.

A Probability Construct for the Individual
Decislon-Maker

What would be an effective method of presenting flood
hazard information to the individual private decision-maker with
a limited time horizon? It should be designed to make maximum
use of technical hazard evaluations. It should seek to overcome
the difficulty individual decision-makers have in using long-run
statistics and to satisfy the need for simplifying continuous

choice functions into discrete choices.

LEdwara A. Suchman, "A Conceptual Analysis of the Accl-
dent Phenomenon,” Behavioral Approaches . . . , p. 40.

2Good, p. 445.
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A simplified probabilistic perception of the state of na-
ture.--A return to the analogy of the perceptions of nature will
best illustrate such a method. In this perception, there is still
an urn, but a friendlier nature, aware of human computational
bounds, has thoughtfully colored the balls with three colors,
green, yellow and red. Each flood plain manager has a personal

urn in which the mix varies slightly from manager to manager. The
green balls are those floods whose volume 1s smaller than that
required to just lnundate the manager's establishment, given hils
location on the flood plain. The yellow balls represent floods
that would 1nundate hils establishment but not cause, by some de-
fined standard, a serlous flood. The red balls, quite few in
number, represent flood flows that would cause a serious flood

or greater, posslbly a catastrophe.

Al]l managers are human beings with limlted life spans and
are spatlally quite mobile. They often change locatlion, and each
such change provides a new urn, which seldom contalns a large num-
ber of red balls. Thus for each manager, for any location, the
number of draws of red balls and possibly yellow balls as well,
is not only finite but small 1n number. Each manager has only
passing Interest 1n the shape or parameters of the distribution.
His interest, 1f 1t exists at all, 1is directed to the number of
red and yellow balls that might be expected In hils relatively
short sequence of draws. He has observed that many managers on
many flood plains never experience a serilous flood in thelr short
fluctuating periods onsite.

Information requlred to make hazard evaluatlions based on

a slmplified probabilistic perception of nature.--To move from

the perception to hazard evaluation, four 1tems of Information
are needed:

1. A stage-damage relatlonshlp for the establishment,
that would provide dollar estlmates of damage for each increment
of higher water.

2. The 1dentification of two elevatlons: that marking an
establishmentts flood (Just being inundated--yellow balls) and
that defining the elevation of at least a serious flood (red balls).
In thils study, the beglnning of flooding has been defined as the
first floor elevatlion of each structure. Deflning serious flood-
ing is far more complex and, since dsmage is measured in dollars,
related to the difflculty of comparing the utility of money from
one person to the next.

Two separate approaches were developed for thils problem
and both will be used in the 1llustrating case.

In the interview, managers were asked to ldentify in feet
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and inches, the height that water would have to reach in their
establishments to cause a serious flood. The first approach
takes the manager!'s own estimate of a serlous flood and converts
it into stage.l

For the second approasch, a serilous flood is defined as
some dollar equivalent of rent for the establishment and this
is converted into stage using the damage-stage relationshilp.

The rationale for such a process rests on theoretlcal assumptlons
that a flood 1s a natural rent or surcharge extracted by nature
for flood plain location and that if the disutility of a serlous
flood 1is to be compared, it might be compared by some multiple

of the actual or estimated rent of an esteblishment. The differ-
ences of such rents would reflect the value of the land and
structure to the manager and thus provide some measure of sur-
charge to be tolerated by each establishment before 1t becomes
"serious. "

In the 1llustration that follows, a serious flood 1s de-
fined as that flood that could cause damage equivalent to a year's
rent. For actual decision-making, a small range of such rents
might be provided.

3. A frequency or probablility of occurrence in any year
for the two stages previously identifled, that where flooding be-
gins, and that where serious flooding begins. Note that an en-
tire dilscharge frequency curve need not be developed, and in gen-
eral the two points might 1le in the area where technlcal esti-
mates prove most accurate (=.01 probability).

4. A time horizon expressed in years or the number of
‘draws. Such horizons might be the manager's planning horizon, an
average length 1n resldence or business, mortgage loan perlods
for commerclsl or residential structures, and the like. In the
example that follows, 25 years 1s used, a substantlal planning pe-
riod for any commercial venture.

Given the above 1tems of information, 1t 1s a relatilvely
simple task to compute the cumulative probabilities of drawing
various numbers of yellow and red balls during the manager's tlme
horlzon by referring to the cumulative blnomial probability dis-
tribution.2 Such calculation might best be 1llustrated by using

lIt might also be noted that some managers argue that
"any flood 1s a serious flood," however, even managers who state
this argument do not appear to behave as 1f they belleve 1t.

2Presenting flood probabilities in terms of the cumulative
chances of recelving various numbers of discrete events 1is not
common practlce in flood frequency enalysis. Walter Langbein has
suggested a number of papers that have used such presentations for
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an actual store in LaFollette in which the dollar expressions
have been altered to preserve the confidentlal aspects of the
data.

A flood hazard evaluation for a store in LaFollette.--
The specifications of the needed information are as follows:

l. The stage-damage relatlonshlp based on a survey of
the establishment 1s shown 1n Figure 11l.

2. The two elevations, actually three, and their corre-
sponding dollar damages are the following: TUsing increments of
a tenth of an Inch, flooding would begin at .10 foot above the
first floor elevation. Such a flood would be equivalent to the
1950 flood and, at present, without any damage reduction meas-
ures, would cause an estimated $4,000 in damages, primarily to
the basement and its contents. From a low of $4,000, damage
might rise as high as $55,000 from the maximum probable flood.
The damage required to equal one year!s rent would be $7,200 or
equivalent to that caused by .5 foot of stage. The damage equlva-
lent of the manager's estlmate in stage of a serious flood, 1.1
feet, would be $13,000. Both the rent and managert!s estimates
are used for defining a "serious flood."

3. The probabilities of .1, .5, and 1.1 feet of stage
occurring in any year, or on any draw from the urn, are derived
from the stage frequency plot of Figure 12, which presents the
stage frequency relationship for the store iIn question based on
the four assumptions used by White in the companion study. 1In
the 1llustration, only the median assumption, the "C" curve is
used and for the three stages glve frequencies of .0125, .0l and
006 respectively of occurring in any year.

4. As stated previously the time horizon in this 11llus-
tration 1s fixed at twenty-five years.

Given the above data and using the Poisson approximation
of the cumulative bilnomial expression of the probability of hav-
ing 0, 1, 2, and 3 or more floods of a given magnitude or greater
during twenty-five years, Table 19 has been computed.

discussion of various problems. See: American Society of Civil
Englneers, Sub-Commlttee of the Joint Divislonal Committee on
Floods, "Review of Flood Frequency lMethods," Transactions of the
ASCE, CXVIII (1953), 1221; R. W. Davenport, "DIscussion on Sta-
TIstical Analysis by L. R. Beard," Transactions of the ASCE,
CVIII (1943), 1139; W. Potter, Pesk Rates of Runolil from Small
Watersheds (Washington: Government Printing Office, 1961}, p. 17;
H. KA. Riggs, "Frequency of Natural Events,"” Journal of the Hy-
drgulics Division, ASCE, IXXXVII (January, 1961), 1I5-27; Harold
Thomas, Jr., "Frequency of Minor Floods," Journal of the Boston
Soclety of Civil Englneers, XXXV (October, 1948}, 425-44Z.
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TABLE 19

EVALUATION OF FLOOD HAZARD AND SERIOUS FLOOD HAZARD
FOR LAFOLLETTE COMMERCIAL ESTABLISHMENT DURING
A TWENTY-FIVE YEAR PERIOD

Stage-damage data:
Stage (Above Estimated

1st Floor) Damage
FLOOA evvevnnnnnsossnssnaansssanes 0.1 feet $ 4,000
Serious flood (1 yr. rent) ..... .. 0.5 feet 7,200
Serious flood (manager's estimate) 1.1 feet 13,000

Frequency data: (Based on "C" curve)

Probabllity of a flood in any year «.ccieeveesiensns .o .0125
Probability of a serious flood (rent) in any year .... . 0100
Probability of a serious flood (manager) in any year . . 0060

.

Frequency-damage data:
Estimated average annual damage «...... creesssecresees $ 106

Time period:
25 years
Flood hazard evaluation:
The probability of a manager having in the next 25 years:®

Serious Floods Serious Floods

Floods (Rent) (Man. Est.)
None . 7408 . 7788 . 8607
Exactly 1 .2222 .1947 . 1291
Exactly 2 . 0333 .0243 . 0096
3 or more . 0035 . 0021 . 0005

aComputed by use of Polsson approximation of cumulative
and indlvidual binomial probabllity from E. Molina, Polsson's
Exponential Binomial Limit (New York: Van Nostrand Co., 1inc.,
1942).

Included in Table 19 1s the estimate of average annual
damages of $196.00 derived by conventional benefit-cost analysis
techniques. 1In a sense, this figure 1is the commonly used alterna-
tive presentation of flood hazard evaluations in economic terms.l

It tells the manager, that if his present mode of business is pro-
Jected infinltely into the future, the expected damages expressed
as an annual figure would average $196.00.

In the writer's view, this type of presentation 1s 1ill-
suited to individual decision-making. It implies a relatively

1This by no means exhausts alternative economic flood haz-
ard evaluatlons. One such alternative, discounting a stream of
average annual damages to its present value is used in the com-
panion study.
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small annual charge extracted by nature for the flood plain loca-
tion of this establishment. 1In dolng so, 1t disgulses the fact
that this charge results from the averaging of chances of about
3 out of 4 or not having any floods at all, and much smaller
chances of having 1 or even several large floods.

The presentation of cumulative probablllties for seversal
discrete levels comes closer to conforming to managers' intultion
and experlence and the bounds to thelr rationality that are posed
by continuous functions, the absence of guldes to acceptable risk
levels, and long-term averages. The actusl form of presentation
would have to be substantially different than the technical for-
mat In Table 19 and 1s one for experimentation and research,
there being little kmown about the best means of presenting proba-
bllities to the general public. The meaningfulness of cumulative
probabilitles for indivlidual decision-making as opposed to average
annual damages and the presentation of flood magnltudes without
frequency 1s also a matter that might await a future test specifi-
cally designed for that purpose.

However, regardless of its normative value for cholce, the
calculation of the cumulative probabilities dilsplayed in Table 19
may be important in pointing out the high probability of never
belng flooded during limited time periods. This would imply that
underlying the wildely observed penchant for doing nothing about
floods, which 1s often attributed to lgnorance, foolhardiness, or
other irrationality, lles a rational probablility distribution of
limited risk. It 1s a matter of speculation as to whether managers
somehow Intuitively recognize the large short-run probabilities
that they may never be flooded, and the even larger ones that they
may never had a serious flood. In any event, alongside other ex-
planations for the widely observed failure of managers to react
strongly to flood hazard, must be placed an explanation that 1is
fully in accord with a theory of bounded rationality.



Kates, R. W., 1962, Hazard and Choice Perception in Flood Plain Management, University
of Chicago, Department of Geography Research, Paper No. 78.

CHAPTER V

THE PERCEPTION AND ADOPTION OF ALTERNATIVE
FLOOD DAMAGE REDUCTION MEASURES

It is 1lluminating to examine not only the way in whilch
flood plain dwellers perceive the flood hazard but the ways In
which they can deal with flood loss. The theoretical range of
cholce available for a flood damage reduction program was out-
lined in the opening pages. This chapter will examine in detail
the portion of that theoretical range of cholce perceived by
elther respondents or technical personnel as applicable to the
conditions of LeFollette and the other study sites. These might
be conslidered the practical range of choice.

These alternatives may be reviewed under six major group-
ings: bearing the loss, emergency actlons, changes 1in structure
or land elevatlion, changes in land use, flood control and abate-
ment, and lnsurance. Many alternatives have both individual and
community varlants, often qulte different, though not mutually ex-
clusive, and in general distinguishing the major responsibility or
capabllity for effectuating the alternative between the individual
manager and community in 1ts broadest sense.

Respondents and technical personnel may perceive alterna-
tives, perception being the specific indicatlon by word or deed
of an awareness of some alternative actlon without interviewer's
suggestion.l The array of percelved alternatives might be thought
of as the perceived range of cholce. Perceived alternatives can

be adopted. Adoption 1s the partial or complete installation of
any actlon. PFlgure 13 attempts to present schematlically these
relationships.

The Practical Range of Cholce at LaFollette

Bearing the loss.--The most common human adjustment to
flood hazard is for an individual to bear the loss when 1t occurs.

1Reference might be made to the flve-stage scheme used by
rural soclologlsts and others to describe the adoptlion of new
ldeas and practices. Perception might be considered akin to the
first three of these stages: awareness, interest and evaluation,
while adoptlon describes the final stages of both trial and
On-

adopti ee Herbert F. Lionberger, Adoption of New Ideas and
Practices (Ames: Iowa State University Press, 1960), pp. 22-20.
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In general such losses may or may not have been expected, but
even where some losses are expected, their frequency or magni-
tude is often underestimated.

The individual bearing of losses can result in reducing
flood damages only from the broad view of the community. This is
the case when the sum of the individual losses 1s less than the
expenditures of the community on measures designed to prevent such
losses.

Though the expectation of future losses does not reduce
flood damages for the individual directly, it 1s a necessary con-
dition that encourages the search for other alternatives.

Therefore, a comprehensive flood damage reduction program
would sttempt to insure that no mesnager suffered an unexpected
loss. It would do this by providing information regarding the
magnitude and frequency of such losses.1 To date, the only au-
thoritative effort at informing managers as to potential flood
loss is the TVA volume, Floods on Big Creek, the limitations of
which have already been discussed.

That & considerable effort to inform managers might be re-
quired is indicated by Table 20 which shows that both now and in
the past a majority of LaFollette managers do not expect to bear
losses by virtue of their failure to perceive a flood hazard.

While one might logically infer that 1f a respondent does
not expect a flood, he does not expect a flood loss, the converse
1s not necessarily true for some managers do expect to avoid
losses when a flood occurs. Since there were no questions asked
of respondents that distinguished between the expectation of a
flood and of bearing a loss, the 45 respondents who expect a fu-
ture flood might include all those who expect to bear a loss as
well as some who do not. Of these 45, 22 have adopted some mini-
mum action designed to reduce flood damage, 15 others perceive
such actions but have not adopted any, and 7 either faill to per-
ceive any actions or have rejected them.

Presently, upwards of 45 managers expect to bear a loss
and this might be compared with 46 who held & similar expectation
when they made their original decision to locate on the flood
plain. Since the two sets of dats are statistically independent,

they suggest an addition to the certainty-uncertainty hypothesis.
This would say that the expectation of bearing a loss 1s a function

lA comprehensive flood damage reduction program is pre-
sented in the companion study. As the final program depends heav-
1ly on still uncompleted economic analysis, reference to it is of
a general rather than specific nature.




107

of the location of an urban place on the certainty-uncertainty
scale, and if such location were approximately constant through
time, then the number of persons expecting to bear a loss would
also be constant through time.

TABLE 20
EXPECTATION OF BEARING A FUTURE FLOOD LOSS

At Time of Orig-

inal Decision to

Locate on Flood | AP Present Time

Actlons Plein
Num- Per Num- Per
ber Cent ber Cent
Bear unexpected loss ........ 56 54.9 40 38.1
Uncertaln seeesececanvonenasns cee e 20 19.0
Might bear expected loss .... 46 45.1 45 42.8
Total eevesvnsonennsoanss 102 100.0 105 99. 9

Might bear expected loss and:
Adopted minimum action to

reduce lOSS sesecscvsrens ‘e e 22 48. 9
Perceived minimum action

to reduce 1oSS ceesveeans 15 32.6 15 33.3
No action perceived or ac-

tion rejected «cccevineens 23 50.0 7 15.6
Action not ascertained .... 8 17.4 1 2.2

Total seveasvonanoconenans 46 100.0 45 100.0

From the overall view, flood losses in LaFollette have
been modest. A generous estimate of 497,000 accounts for the
damage from the 1950 flood as estimated by TVA. From the inter-
views only one in five respondents recalled having sny loss at
all (compare with the 50 per cent who experienced the flood) and
for only one in ten these losses exceeded #150.

Related to the alternative of bearing a loss are the re-
lief activities of the community, for these activities make bear-
ing the loss a more attractive alternative. They tend to miti-
gate some of the physical suffering and discomafort related to
floods and their monetary assistance for rebuilding and refurbish-
ing structures seems to place a celling on losses, particularly
those of the lower income flood plain manager. The consclence of
the community seldom permits any flood victim to be completely
destitute. The net lmpact of relief activitles on flood damage
reduction is somewhat speculative, but from a community point of
view they tend to increase the toll of flood losses.
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The Red Cross, the major community organization charged
with relief activities, has no specific plan for coping wilth
disasters in LaFollette.l A minister serves as locsl representa-
tive and assistance 1n case of dlsaster would have to be lmpro-
vised according to established natlonal guldes. No asslstance
was rendered after the 1950 flood, and 1In any event no respondent
indicated that the prospect of obtalning relief consclously en-
tered his decislon-making.

Emergency actlons.--Almost all floods 1nvolve a seriles of
emergency responses. These generally are 1ln three directions:
(1) flood fighting involving elther keeping the water out or
hastening 1t through the establishment; (2) the temporary evacu-
atlion of men and materlal from the path of the flood; (3) the re-
scheduling of activities, mainly economic, to minimize disruptive
and damaging flood effects.

The complexlty of the responses varies considerably, de-
pending on prior thought and preparation and the quallty of the
flood warning.

A comprehensive emergency plan for reduclng flood damage
in LaFollette might start with extending the warning period to
provide the maxlmum of two hours that a year-round warning system
with radar equipment might provide.2 Given a two-hour warning
prior to major floods, an organized community might first see to
the evacuation of persons from the flood plain, the disconnectlon
of utilities (a major source of damage), and other measures de-
silgned for the protection of equipment. Then, depending on the
helght of the flood and the location of an establishment, an at-
tempt might be made to keep the water out of well-constructed
brick buildings and to remove or elevate machinery and goods in
others. Materlals such as sand bags for flood fighting would be
provided beforehand and individual establishments would have
seml-formal plans for flood fighting and the removal or elevation
of goods from the path of the flood.

Some emergency actlons are widely percelved and acted
upon, others dimly perceived and even rejected. A quotation from

the TVA report might convey the quality of the emergency actions
undertaken during the 1950 flood:

1Interview with rrs. Abble Houston, Director of Home Serv-

ices, Knoxville Chapter, American Red (Cross.

2The Weather Bureau suggests that the maxlmum warning that
might be provided would be between one and two hours for a flood
of the size of the 1950 flood. (Fersonal communication to G. F.
White from Willlam E. Hiatt, U.S. Weather Bureau, Hydrologle Serv-
ices Division, July 27, 1961.)
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Although the high stage of the creek flood occurred after
closing time, many merchants had been alerted by the surface
water flood accompanying the Intense downpour. As a result
they had been busily engaged in trying to block out the water
with bags of flour, feed, fertilizer, old rags and other
handy materials. Some closed their doors and stuffed cotton
under them to keep out the water. These expedients were suc-
cessful at a number of stores along the south side of Central
Avenue where the water reached only the front of the stores.
Here the water was one foot to eighteen inches deep on the
street side of the stores but 5 to 6 feet lower under the

bulldings. Realizing this, the merchants simply tore out
their wooden vestibules or cut holes in the floor near the
front of their stores and let the water drain out as fast as
it seeped in.

On the north side of Central Avenue, on the east side of
Tennessee Avenue and elsewhere in the business section the
situation was more complicated. Water completely surrounded
these buildings, entering not only through the front and back
but in some cases coming up through the wooden floors. As a
result sand bagging operations were of little value.

The experience described in the previous paragraph weighs
heavily on the perception of emergency actions today. The meas-
ures undertaken then were rudimentary, improvised, but effective
for many establishments. Managers were gquick to acquaint inter-
viewers wlth thelr successful experiences in flood fighting point-
ing to an ever-ready supply of flour sacks in grocery stores or
to holes that were drilled in the vestibule floors to drain water
to the basements. Table 21 summarizes the perception of emergency
actions to be employed in some future flood. In the case of emer-
gency actions their perception implies adoption, for adoption in
the formal sense must await a future flood.

Comnercial and residential managers have markedly differ-
ent perceptions of emergency action alternatives. Whereas 81.9
per cent of the commercial respondents perceived at least one
emergency actlon that they might undertake, only 23.7 per cent of
the residentlal managers did likewise.

This difference 1s 1n keeplng with the differences between
both structures and resources available to the two groups. The
commercial respondents are housed mostly in brick buildings, and
have available manpower and transport. 1In contrast, the resi-
dential managers reside In wooden structures and lack both man-
power and transport to plan for the elevation or removal of their
furnishings.

Thus 1t was not surprising to find that the most common
actlion cited by the residential group (although of doubtful worth
as a flood damage reduction measure) was to "get out."

1TVA, Floods on Blg Creek, pp. 16-17.
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TABLE 21
PERCEPTION OF EMERGENCY ACTIONS

Commnercial | Residential Total
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Actions perceived not re-
quiring prior preparation:
Elevation and removal of
BOOAS eevssenssrmmnonannse 35 53.9 2 5.3 37 36.0
Flood fighting ......ce0.. 33 51.6 2 5.3 35 34.3
Protection of equipment .. 8 12.7 5 13.1 13 12. 9
Actions perceived requir-
ing prior preparation:
Stock materials for flood
fighting ¢veveeveneenns 12 18.8 .o .. 12 11.5
Community warnlng system . 1 1.6 1 2.8 2 1.9
Total, at least one
of the above ..... 54 8l.9 9 23.7 63 60.5

To help people "get out” was the role perceived by the
LaFollette Rescue Squad, a recently organized group of volunteers
equipped with boats, ambulances, and emergency equipment of all
types, and whose headquarters 1s located on the flood plain. The
Rescue Squad recently evacuated, during a minor flood, several
residents who live right alongside the creek. The only other com-
munity organlzation with a perceived role in flood damage reduc-
tion was the Fire Department whose pumper had assisted merchants
in clearing basements of water in 1950.

It would be quite possible for the combined forces of the
Fire Department and Rescue Squad to provide consilderable strength
for an emergency flood plan that would go far beyond the evacua-
tion of persons and would include the disconnection of utilities
elevation of furnishings, and assistance to the merchants in the
elevation and removal of stock. Such plans, which have been in-
stituted elsewhere in the nation, depend conslderably on an ade-
quate warning. A comprehensive radar system or a more limited
program involving the cooperatlion of the fire control radio net-
work of the State Forestry Division could provide such a warning.

The ma jor obstacle to such a program is that not only do
few persons percelve the need for an lmproved warning system but

b
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there is actually serious opposition to one. In part people feel
they are protected, citing the fire department, the radio, and
Rescue Squad as sources for early warning. Paradoxically, while
some are convinced they have ample warning, others doubt the
efficacy of any warning system on a stream whose rate of rise is
as fast as that of Bilg Creek. When questioned as to the desir-
ability of an improved warning system 28 respondents rejected it
out of hand.

Another obstacle to more reflined emergency actions lies

in the progressive atrophy of any disaster preparations with
timne. A number of commerclal respondents cited to Interviewers
their immediate post-flood stocking of sand bags, then gradually
getting rid of the sand and saving the bags, until now they were
even uncertain as to the location of the bags.

Structural change and land elevation.--One of the most
ancient of man's responses to flood hazard 1is the design and con-
struction of his structures to minimize damage or the elevation
of his site above the flood. Somewhat paradoxically, the appli-
catlon of modern architectural and engineering skills to the de-
sign of such structural innovations has been quite limited. A
revival of interest in thils approach to flood hazard reduction

is discussed comprehensively in a recent work by Sheaffer.l

A comprehensive flood damage reduction program in LaFol-
lette would consider the elevation on block foundations of the
older wooden homes in the flood plain as well as provide for the
elevation of the sites of new buildings. If site elevation would
not prove practicable for new bulldings a considerable variety
of architectural techniques would be availlable for virtually
flood-proofing such buildings depending upon the magnitude and
frequencies of floods to be encountered.

In the older commercial buildings minor openings can be
bricked shut and temporary bulkheads placed across permanent
openings. Backup valves, pumps, and tuckpointing would help con-
trol seepage. For almost all commercial ventures, some reorgani-
zation of contents can minimize damage. The comprehensive pro-
gram would make available information as to sources of specialized
equipment, their use, and installation.

Although the formal applicatlion of architectural and engi-
neering skills has lagged, it would appear from the LaFollette
data that managers do give thought to reducing flood damages by
changes in the structure, organization of contents, and in the

1J. Sheaffer, Flood-Proofing: An llement in a Flood Dam-
age Reduction Program (Chicago: University of Chicago, Department
of Geography Research Paper No. 65, 1960).
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design of new structures or remodeling. Table 22 indicates the

range and particlpation in the perception and adoption of such
actions.

TABLE 22

PERCEPTION AND ADOPTION OF STRUCTURAL CHANGE
AND LAND ELEVATION ACTIOWS

Comilercial | Residential Total
r____._
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Individual structural and
elevation actions adopted:
Brickwork and other meas-
ures to keep water out . 3 4.5 .. . 3 2.8
Sump pumps and water
Adisposal sviesnsnernnans 3 4.5 3 7.9 6 5.7

Reorganization of contents 4 6.0 . .. 4 3.8

Land elevation +....cuuun 5 7.5 1 2.6 6 5.7
Sub-total ... ..0h.n 15 22.5 4 10.5 19 18.1

Individual structural and
elevation actions per-
ceived: .t Not ascertailned
Community structural and
elevation actions adopted:
Land elevation of munici-
pal building ........... 2 3.0 . .. 2 1.9
Sub-total ..eiiiiensnn 2 3.0 . .o 2 1.9
Commmunity structural and

elevation actions per-

celved:

Miscellaneous actions .... 3 4.5 3 7.9 6 5.7
Sub-total ssesescrnnne 5 7.5 3 7.9 8 7.6
Total, at least one of

the above actions .. 19 28.4 6 15.8 25 23.8

The actlions themselves range from the minimum provision
of a sump pump or bricking up a basement window, to such rela-
tively complex actlions as the installation of terrazzo flooring
to facilitate cleanup or the replacement of subfloor wiring to
prevent shortecircuits of key motor units in a millwork shop.
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Any actions taken appear to be home grown with no evidence that
they were inspired by or involved any considerable technical ad-
vice, although a few persons undertaking these minimal actions
did possess some construction skills. The one exception was the
construction of the variety store built over the creek on steel
piles; this having been done on the basis of advice sought from
TVA englneers.

The major tools that a program of flood damage reductlion
might use to effect structural and land elevation changes were
not perceived at all by respondents. The elevatlon of existing
houses by jacking them up and replacing their foundations was not
considered by residentisl respondents who in the main perceived
no possible structural changes that they might undertake. The
commercial respondents also seemed totally unaware of the use of
bulkheads in permanently installed frames as a major tool for
keeping water out of solidly constructed buildings. This is not
surprising consldering the small number of such installations
found in the entire country.

S1x respondents perceived various minor changes that the
comnunity might install or pay for and two respondents claimed
credit for the elevation of the municipal building (constructed
in 1950) one foot higher than the projected grade.

As to the willingness to consider structural changes, the
following question was posed to commercial respondents:

If you found that at the cost of several hundred dollars
you could make some small changes to the building that would
protect your stock from most floods, would you make these
alterations?

Almost half the respondents replying answered in the affirmative
and seven others indicated that they would consider it but that
they needed the approval of landlord, owner, or the like. An
equal number felt they knew of sources where funds might be bor-
rowed for such a purpose.

The question was not posed to residential respondents as
there are no small changes that might protect them from flood haz-
ard., Prelimlnary data from the companion study indicate that the
question might prove unrealistic for many commercial managers as
well. The cost of protecting stock would be considerably in ex-
cess of several hundred dollars. Thus the response 1is at best
interpreted as providing a measure of the maximum number of man-
agers that mlight be interested in flood proofing, being in this
case no more than 50 per cent.

Changing land use.--A most effective, albeit costly, flood
damage reduction alternative is a dramatic change in land use by
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the permanent evacuation of the flood plain. 1In a somewhat less
drastic fashion, a variety of regulatory means are at hand to en-
courage or mandate a shift in land use from high to low flood dam-
age uses.

A comprehensive flood damage reduction program would uti-
lize the regulatory powers of the LaFollette City Commission to
amend the present zoning ordinance to provlde a floodway zone for
the unobstructed flow of water and a flood fringe zone in which
new constructlion would be prohiblted unless elevated above a glven
flood level. Non-conformlng uses in these areas would be elimi-
nated through time and new construction controlled by the 1ssuance
of building permlts. These powers would be reinforced by the
application of the loan activitles of the FHA and VA 1n such man-
ner as to Inhlbit an increase 1n damage potentlal. Finally, in-
formation would be avallable that would enable managers to evalu-
ate the benefits of complete evacuatlon from the flood plain.

Since the 1950 flood there have been extensive changes in
land use, but unfortunately not in the direction of reducing flood
damage. In that time 15 new commerclal structures or addltilons
and at least 2 new homes have been built 1n the overflow area of
the 1950 flood. There was also 1 case of a structure being
demolished and the land shifted to an open use--a parking lot.

While 1t 1s relatively easy to measure the increase 1ln en-
croachment upon the flood plain, 1t is difficult to obtain data on
those who left the flood plaln because of their assessment of flood
hazard. Using the only 2 avallable city directorles, 15 flood
plain dwellers who had moved between 1955 and 1959 within LaFol-
lette were identified.l Four of these moved to other locations
on the flood plain, 5 could not be located, and of the remalning
6, none had considered floods in deciding to evacuate the flood
plain.

In the course of the study, only 1 individual was found
in the entire town who had moved off the flood plain because of a
fear of floods. (She 1s actually on the fringe of the flood plain
but does not know it.}) Of the 1l respondents with concrete plans
for moving off the flood plain, only 1, a residentlal respondent,
indicated that flood problems had entered into the decislon.

In summary, then, the decade following the 1950 flood has
seen intensified use of the flood plain and no major compensatory
movement towards reduction of damage potential by shifts in land
use or voluntary evacuation.

lbaFollette GClty Directory, 1956, 1960 (Chillicothe, Ohio:
Mullin-Kille Company, 1956, 1960), passim.




115

At present, the governmental financing policies that
would serve to reduce flood damage potential in other areas are
not operative. Although both the FHA and VA have adopted poli-
cies in thls area that would discourage an increase in construc-
tion of new residences In the flood plain, neither agency has
had an opportunity in recent years to put such policies into prac-
tice.l What construction goes on, and there is a new residence
now under construction along the creek, is financed by private
capital, bank loans, or by the purchase of materials on credit.

Much real estate that changes hands in LaFollette 1s by contract,
and auction sales are common.

The major legal control in LaFollette on land use is the
present zoning ordinance passed in 1947 and not revised since.2
Using a common forumat it provides for residentlal, local and gen-
eral business distrlets, 1light industry, and industry districts.
Enforcement through the years has been spotty, there belng no
official Municipal Building Inspector as provided for in the ordi-
nance, the chores being shared by the City Recorder and the Street
Superlintendent. Bulldlng permlts are lssued for only some of the
new constructlon and only in cases of strong complaint or flagrant
vlolatlion might they be denied. Non-confirming uses are commonly
found even in new construction.

An amendment to the present zonlng ordinance has been
pending for a considerable time, having been passed on first and
second reading In August of 1960, but still awaltlng final action.
The amendment, its purpose, and some of the considerations in-
volved 1n 1ts drafting can be best presented in the words used by
the LaFollette Planning Commlssion ltself:

A study of the available flood data suggests that there

1s a need for maintaining at least a minimum "floodway" for
Big Creek. The purpose of the floodway is to assure that
flood waters whlch can be reasonably expected may be accom-
modated within the limits of the stream and its flood plain.
This suggestion is based upon two major considerations.
First, land fill, structures and other restrictlions to the
flow of water placed 1n the stream or on the flood plailn
could cause lncreased flood elevatlions upstream . . . .

A second consideration on the need of a floodway is that

areas subject to flood are hazardous to 1life and property.

Authoritles agree that the really dangerous flood areas are
those covered by two or more feet of water and located in

1Communication from Charles M. Johnson, Veterans!' Admin-
istration, Nashville, Tennessee, and Interview wlth Gray McCar-
roll, Federal Housing Adminlstration, Knoxville, Tennessee,
July 13, 1961.

2LaF'ollette City Commlission, Zoning Ordinance of City of
LaFollette (LaFollette: City of LaFollet¥te, 1947).
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the main stream of the flood plain where water velocitles
are likely to be high . . .

To meet this problem it 1s recomnended that the zonilng
ordinance designate a floodway sufficient to pass floods
down Blg Creek without unduly increasing flood heights up-
stream, and within which flooding 1s dangerous to life and
property. Areas where flood waters tend to eddy and would
not materially help the flow of water through the area would
not be included in the floodway.

The three categories of floods have been considered as
to their applicability for this purpose. It is belleved
that the maximum probable flood is too large . . . the maxi-
mum flood of record is considered low . . . . The regional
flood 1s considered a more reasonable basis for determining
elevations and delimiting a floodway.

« « + Assuming that structures and/or earth fills would
be built to cover the entire fringe area just outside the
floodway . . . the regional flood height for Blg Creek would
be increased about 2 feet . . . . It is not possible to have
a reasonable floodway through LeFollette which would not in-
crease the height of large floods unless the creek channel
was widened.

Within the floodway district subdivision of land would
not be permitted and all buildings for human habitation would
be prohibited. Agriculture, recreation, parking and other
open-type uses not damaged by floods would be permitted . . .
£1lling of land would be prohibited.

Outside the floodway all legal uses would be permitted,
provided that the first floor of structures is above the ele-
vation subject to flood. Land could be fllled or foundations
of structures ralsed to these elevations.

The initiative for the amendment comes from the Jjoint
program for flood damage prevention of the TVA and the Tennessee
State Planning Commission which supplies professional planning
services to LaFollette through the LaFollette Planning Commis-
sion. Out of 97 communities with completed TVA flood hazard
studies some 25 have already adopted regulations based on these
studies and numerous other regulations are in various stages of
study or adoption.2

Since the floodway amendment is the major form of comu-
nity action pending before LaFollette the circumstances surround-
ing the proposal might be examined with some care.

On the surface, it would appear that there is much that
would favor its passage. A number of creekside managers expressed
strong concern over the alleged encroachment activities of their
neighbors. Figure 14 records their asttitudes in a generalized
diagram. Five of the 13 managers who perceived of the floodway
as a flood loss reduction alternative are located at creekside,
and include a number of civic-minded and influential men.

lraFollette Planning Commission, pp. 3-4.

2Commun1cation from Local Flood Relatlons Branch, TVA,
July, 1962.
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TABLE 23
FLOODWAY ATTITUDE AND STRUCTURE DATA

Commercial | Residential Total

Ttem Num-| Per Num~} Per Nun~1| Per

ber Cent | ber Cent | ber Cent

Attitudes by floodway re-
spondents:

Perceive floodway sececee 4 44.4 .o .e 4 30.8

Approve £loodwWay seececes 11 11.1 2 | 50.0 3 | 23.1

Dubious about floodway .. 3 33.3 2 50.0 5 38.5

Attitude not ascertained. 11| 11.1 .. .o 1 7.7
Total eeeceacansons 9} 99.9 4 [100.0§ 13 {100.1

Attitudes by non-floodway

respondents:

Percelve floodway +...... 9 | 14.5 ve .. 9 9.4

Approve floodway ec.ecess 28 45.2 22 64.7 50 52.1

Dubious about floodway .. 17 | 27.4 10 29.4 27 28.1

Attitude not ascertained. 8 | 12.9 2 5.9] 10 | 10.4

Total covevesnacnes 62 1100.0 34 |100.0 96 |100.0

Floodway structure data:

Structures extending 50%
or more into floodway:

Constructed: Pre-1945 . 5 4 9
1943-1950. 4 5 9

Post-1950. 3 1 4

Total esevncscsncns 12 10 22

The general attitude towards the floodway proposal is al-
so favorable (see Table 23). Although a larger proportion of
floodway respondents are dublous over the proposal compared with
those whose establishments are out of the proposed floodway, given
the small numbers, this proportion is not significant. More im-
portant, no substantial overt opposition to the proposal could be
found in the entire town. The only case of heated verbal opposi-
tion was initiated by the study itself, when one respondent out-
spokenly in favor of the proposal was shown the map of the pro-
posed floodway. When to his surprise he found that a vacant lot
he owned was Iincluded in the proposal, he quickly reversed him-
self. However, desplte the unanimous support for the proposal
evidenced by influential managers, interviewers found managers
alluding to the opposition of others. Whille ostensibly support-
ing the proposal himself, each of these managers would attribute
opposition to some other, and particularly one who was suspected
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of having designs on the creek for further encroachment.

Therefore, while the overt oppositlion appears negligible,
the perceived opposition appears large to certain of the decision-
makers. Given the political balance outstanding in LaFollette at
the time, a perceived opposition, even if not real, is enough to
slow down any decision, especially when it concerns a proposal
the fruits of which are only tenuous. The tenuous nature of the
proposal 1lles not in 1ts Intrinslc merit, for there 1s strong
feeling for preventing encroachment. The uncertalnty lies in
the previous experience experience with other regulation, in an
unsureness whether passage of the ordinance would ever involve
effective enforcement or be a paper gesture.

Another simpler explanation as to fallure of passage of
the proposal favored by some informed persons was that it was
merely oversight. As support for this explanation, the study
found that a number of officials and others actually thought that
the ordinance had been passed. If this simpler explanation is
valid, then an external nudge might be all that would be required
to secure passage.

Leaving aside the decision-making aspects of the proposal
and speculation as to whether its passage would lead to its en-
forcement, certain beneficial actions have already resulted from
the discussion of the ordinance and the presentations of the TVA
and the Temnnessee State Planning Commission in this regard.

The interest generated at the time led to the temporary
withholding of at least two building permits, leading in one case
to negotiation that resulted in placing the variety store on piles
rather then solid fill, and in the other case to the manager's
plan for f£ill being held in abeyance. In another action, the
LaFollette Housing Authority is using the proposed floodway line
to gulde its construction of a housing project for the aged that
will overlook the creek. Thus, while formal passage of the ordi-
nance has lagged and formal enforcement would always be Iin doubt,
the flood hazard report and the floodway amendment proposal would
appear to be Informal inhibitors to encroachment.

As a final observation on land use in LaFollette it might
be noted that,although there has been considerable flood plain ex-
pansion in the past decade, the continuance of such in the future
would appear to be severely limited by non-flood related consider-
ations. Highway-oriented sites are becoming increasingly attrac-
tive to local business men. The shirt factory has concrete plans
to move off the flood plain and this would remove the major
source of monetary damage potential. The future relative decline
of LaFollette would inhibit any consliderable economic expansion
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and the supply of attractive flood plain sites 1s quite limited.
Flood control and abatement.~--The most prevalent method

of flood damage reduction 1s the use of various engineering and
land treatment works to restrain or control flood waters.

A comprehensive flood damage reduction program would sub-
Ject to a variety of economic and engineering feasibility tests
the potentlal of engineering works for reducing flood damages in
LaFollette. Practically these would center around an upstream
reservolr and a serles of channel ilmprovements 1lncluding the
elimination of the bottleneck created by the Central Avenue cross-
ing.

The only actual flood control measures adopted in LaFol-
lette have been the sporadic clearing of the channel. Channel
clearing, consisting of bulldozing debrils from the rock base,
clearing brush, and bullding up the banks, has been done in 1948,
1951 and 1956. According to local reports $790 was spent on the
1951 work and $960 on the 1956 work. While townsfolk appear to
be considerably Jmpressed with the efficacy of such work, TVA data
suggest that the effect of such clearing on the 1950 flood would
be negligible. In addition to the community sponsored channel
clearing, two riparian managers clalm that they regularly keep
their property free of brush and debris.

Levees have never been seriously considered by many in
LaFollette. The old LaFollette Coal and Iron Company elevated
right-of-way acts as a partial levee between Central Avenue and
Beech Street. (See pattern of 1950 flood on Fig. 2.) The Corps
of Engineers Report dlscusses both levees and channel improvements
as follows:

Channel rectification to the extent which would be neces-
sary appears lmpractical due to the cost of rock excavation
Involved and the fact that a number of buildings for which
flood protection 1s desired, would have to be demolished.
Protection by means of a system of levees or walls is also
considered lmpractical due to physical limitatlions of right-

of-way. The most feaslble method of,control seems to be by
means of a reservolr above the clty.

A reservoir above the city for water supply purposes has
been considered in reports by two engineering firms, the present
28-foot dam having proved inadequate. The Corps Letter Report,
using data from an early englneering study for water supply, esti-
mated that (in 1961) a dam that might completely control the 1950
flood and pass safely a considerably larger one would cost
$1,125,000. Assuming a twenty-year return period for the 1950

lLetter Report on Flood Conditions . . . , p. 3.
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flood, the Corps estimated that this project would return but
24 cents for every dollar of cost.

During the period of the study, there was lively interest
in a flood control dam as an appendage to a water-supply dam that
might be constructed with the help of the Area Redevelopment Ad-
ministration. However, judging from local accounts since that
time this has been dropped and a dam to be bullt with an A.R.A.
grant will provide only water supply storage.l

One further action that might be considered to reduce
flood damages 1s the replacement of the Central Avenue Viaduct,
the constriction of which in 1950 raised flood heights behind it
an estimated 5.5 feet. Although clearly recognized by the towns-
people for its constricting effect, and despite major highway
improvements in 1961 along Central Avenue, its replacement has
never been considered by the State Highway Department which main-
tains Central Avenue as part of State Route 63. The resident
engineer claimed that he had never seen a copy of the TVA Flood
Report and showed little interest in its data regarding the via-
ductts flood constricting effects, being only concerned with its
vehicle-carrying function.

Despite the general reluctance of technical personnel to
support flood control and abatement measures, on either engi-
neering or economlc grounds, these form the most common alterna-
tives perceived by LaFollette residents. This finding is in keep-
ing with experience across the country.

Table 24 summarizes this perception. One out of every
five respondents has taken action, either individually or in a
soclal role to encourage flood control activity. Two out of three
respondents perceive the desirabllity of flood control measures.

The large number of individuals perceiving the desira-
bility of channel improvements appear strongly influenced by what
might be called the heightened reality of channel improvements.

Fifteen mlles to the south of LaFollette, at Lake City, a
recently completed channel improvement project of the Corps of
Englneers bears continuous witness to the potential of channel
improvement. The dredging of the creek on all three occasions
created quite a stir In a town where nothing that stirs goes un-
noticed. How impressive this 1s, was brought home to the study
group In the following way. While the study was going on, a ri-
parian manager hired a bulldozer to build up the banks and fill
low spots in preparation for more Intensive use of his land.

Irhe LaFollette Press, August 24, 1961.
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From that day on respondents cited the bulldozerts operatlons as
a new creek dredging effort that would reduce the flood hazard,
when actually the converse 1s more probable.

TABLE 24

PERCEPTION AND ADOPTION OF FLOOD GONTROL
AND ABATEMENT ACTIONS

Commercial | Residential
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Individual actlons adopted:

Cleared and cleaned ri-
parilan channel ..... oo
Contributed financially to
channel clearing «.ece.. 2 3.1 .o .. 2 2.0
Encouraged and promoted

community actlion in:
Role as public offi-

oV}
w
]
.
.
oV}

2.0

clals cesviecnnncons 11 17.2 oo .o 11 10.8
Assoclation with pub-

lic officlals ceesses ) 4.7 .o .o 3 2.9
Urglng action by pub-

1ic officials svveue 4 6.2 2 5.3 6 5.8

Total, at least
one of above ... 20 31.3 2 5.3 24 23.5

Community actions percelved:

Channel Iimprovement ...... 46 70.7 | 14 38.9 | 60 |59.4
Enlargement of Central

Avenue Viaduct ......... 15 24.8 1 2.8 16 16.0

Upstream reservolr ....... 14 21.5 1 2.8 15 4.7

LOVOO scevecsssersncnnrans 8 12.3 2 5.3 10 10.1
Total, at least

one of above ... 52 8l.4 16 42.1 68 67.5

Insurance.--From the individual point of view, Iinsurance
is an effective way of dealing with flood damages by spreading
the risk in time and space. From a natlonal polnt of vlew insur-
ance adds to the toll of flood losses,1 for in addition to the

1An exceptlon might be an insurance scheme which was so
administered as to encourage the reduction of flood damage poten-
tial to the extent that this reduction in damage exceeded the
costs of administration.
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total flood losses are the costs of management that in the case
of fire insurance creates a ratio of premiums to pald losses of
2:1.1

Insurance is only obtalnable under speclal condltions.
Local 1insurance agents in LaFollette were ignorant of these con-
ditlons and advised cllents that Insurance was unobtainable. One
agent had kept a flle of newspaper dlscussions on flood insurance
for several years.

A comprehensive flood dasmage reduction program might con-
slder insurance for certain managers. Insurance might prove a
viable alternative for an extremely large establishment such as
the shirt factory or for branch establishments of reglonal or
natlonal firms who might secure comprehensive pollcles with ease
for all breanches. Insurance would probably be prohibitive for
all other managers.

Desplte the difficulty of securing Insurance 21 respond-
ents thought they were covered by Insurance through their exist-
ing policles. Considering the number of managers who shared this
misconceptlion up until the 1950 flood, this 1is a very high fig-
ure. The net effect of managers believing they are covered by
Insurance when they are really not is to reduce the 1likelihood
that such managers would adopt more reallstic damage reduction
alternatives.

The Perception and Adoption of
Alternatlves at LaFollette

Three questions should be ralsed concerning the alterna-
tives percelved and adopted by technical personnel and LaFollette
flood plain managers: (1) How does the practical range of choice
of technical personnel compare with that of the flood plaln man-
agers? (2) Is there any discernible order in the perception and
adoption of alternatives? (3) How does the perception and adop-
tion of alternatives relate to the other flood characteristics
studled?

The practlcal range of choice of technlical personnel and

flood plain managers.--A comparison of the range of choice of

flood plain managers and technical personnel suggests lmportant
similaritles and differences. The major simllarity lles 1n the
overlap of such ranges of choice when these are organized under

1National Academy of Sciences, Natlonal Research Coun-
cll, Committee on Fire Research, A Study of Fire Problems (Wash-
ington: Natlonal Academy of Sclences-Natlonal Research Councill
Publication No. 949, 1961), p. 33.
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ma jor categories of action. Flood plain managers and technical
personnel perceive some variant of alternative in every major
class of damage reduction measures.

The main difference lies in the quantity and quality of
these perceptions. Among flood plain managers, knowledge con-
cerning alternatives that are perceived as most effective in re-
ducing flood damages by some technical personnel is thinly dif-
fused and 1its quality is at best sketchy. Thus only a minority
of LaFollette managers would bear an expected loss, foresee the
substantial gains that might be made by a community flood warn-
ing system, the stockpiling of sandbags, the use of the organized
manpower and transport of the Rescue Squad, or the enlargement of
the Central Avenue Viaduct. Conversely such measures deprecated
by technical personnel, as the clearing of brush and debris from
the channel, the mistaken belief in insurance coverage, and the
efficacy of improvised flood-fighting are held in high esteem by
many managers.

Both the perception of technical personnel and respond-
ents are weighted heavily by experience and observation. Techni-
cal people draw on the experience of a hundred communities.
LaFollette managers draw only on several at best. Professional
flood-fighters have seen towns earnestly barricade their doorways
with flour sacks and rags, only to be overwhelmed by an additional
foot of water. 1In LaFollette, such action was successful in 1950,
and for managers who perceive no larger flood than suffered in
the past, these improvised measures are a sufficient solution to
an occasional problem.

That flood problems are occasional is at times forgotten
by technical personnel who are always preoccupied with some flood
problem, somewhere. For many technical people, aspects of flood
damage reduction have been the focus of much of their working life
and they consistently brihg to bear on them all their reasoning
powers. In contrast, the flood plain manager only focuses a small
portion of whatever bounded rationality he possesses on flood prob-
lems. PFlood hazard, even when perceived, i1s but one of a host of
problems requiring solution, and except for those moments of dis-
aster, is quickly submerged beneath the requirements of paying the
rent or hiring help. The flood of 1950 lasted for two weeks on the
pages of the LaFollette Press, yet for technicel personnel it is of
a genre of concern that finds it the focus of several reports and
provides source material for the greater portion of two books.

It is therefore not surprising to note the differences
between alternatives perceived by technical personnel and by flood
plain managers. Despite the casualness and improvisation employed
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by managers in searching and evaluating alternatives, one 1s
nevertheless struck by the variety and ingenuity displayed in
the process.

The ordering of perceived alternatives.--In reviewing

the perception of alternatives, it appears that managers do not
percelve a range of alternatives in a random manner, but rather
as 1f such alternatives were spaced along a continuum ranging
from no perception to adoption.

Using Guttman scaling techniques, the perception of al-
ternatives appears to pass through a hlerarchy of no perceptilon,
common perception, uncommon perception, and adoption. The per-
ception or adoption of any one of the grouped alternatives in
either its individual or community variants advances an indi-
vidual's ranking on the scale. The path an individual respond-
ent might choose to obtain such ranking is shown on Figure 15
along with the numbers of respondents that qualify at each stage.

A scale implies a hierarchy of values, that is, an indi-
vidual who adopts an alternatlve also perceives at least one com-
mon and one uncommon Iindividual or communlty alternative. It
should be noted that within each group of common or uncommon al-
ternatives, all are consldered equal, that 1s, the perception of
a channel lmprovement is nelther higher nor lower on the percep-
tlon scale than the perception of a levee. A further assumption
is that Individual and community variants are also equal and an
individual might percelve, for example, a common individusal vari-
ant and an uncommon community variant.

The test of a scale 1s the abllity to reproduce the indl-
vidualts characteristics from its final score or classification.
In this scale an individual who 1s an adopter must possess at
least one common or uncommon perceptlion, and uncommon perceivers
must have at least one common perception. If they do not, then
in the practice of scallng they are in ”error."1 There are six

1A few notes concerning scaling may be in order. Each

classification of a respondent might be considered as a score
ranglng from 0,1,2,3--and 3 representing adoption. A score of 3
would then indlcate or reproduce the other items leading to adop-
tion--a common perceptlIon or an uncommon perceptlon. The coeffi-
cient of reproduclbility is a measure of the success one would
obtain by reproducing the components of perception-adoptlon from
the final score. For the LaFollette data 1t is 96.1%. This is
qulte high and should be iInterpreted in the 1light of two other
conslderations.

First 1s the constructlon of the scale itself. Anyone
who had iInstalled a structural change provided primas facle evi-
dence of perceiving structural change. There are nine individuals
who only qualified as adopters in thils manner, and for these, they
scale correctly by definition.

Secondly, all coefficients of reproducibillty should be
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respondents with error, five of whom are residentiszl respond-
ents. This reflects the weakmess of applying the scale to resi-
dential respondents. For example, unlike the commercial respond-
ents, the elevation and removal of goods would be an uncommon
perception for them.

It is not, however, the ranking of the alternatives them-
selves in a hierarchy that 1is important but the existence of the
scale itself. It implies that managers who are sdopters have not
become so without a more intensive canvas or awareness of alter-
natives asnd that they possess a wider range of choice. Of the 46
respondents who perceived at least one uncommon alternative, Z1
went on to become adopters. This may be compared with the 4 re-
spondents who perceived only common alternatives, and only 3 of
whom became adopters.

The relationship of perception-adoption to previously

studied flood characteristics.--Adoption, which represents the

higher end of the perception-adopticn scale, is also associated
with various flood characteristics that have been previously
studied. These are summarized in Table 25.

The adoption of an alternative is associated with the ex-
pectation of a flood in the future, and its relzted variable of
interpretation. The low values of # indicate that the relation-
chip is weakened considerably by the substantial number of non-
adopters who expect a flood and a much smaller number who don't
expect a flood because of the perceived effectiveness of their
adopted alternative. Adoption is not significantly assoclated
with experience, although most adopters have had experience.

Adoption is associated with a number of minor variables,
minor in the sense that only a small number possess these char-
acteristics. Recalled knowledge of the TVA report and of £150
or more flood damage is associated with adoption but an above
average score on the flood concern test is not.

Perception and adoption in LaFollette, a summary.--In

LaFollette, while many managers might bear a loss, less than 40
per cent actually expect to bear future losses.

compared with a measure called minimum marginal reproducibility
which for this data is 67.6%. This means that if instead of the
Individual scores, only the modal frequency of yes or no for
each class was used to predict the components for every individ-
ual, then this would insure 67.6% correctness. Thus the differ-
ence between the minimum reproducibility and the coefficient of
reproducibility is a measure of the gain to be gotten by using
an individual's score as a predictor, the gain coming in part
because of the effect of the scale.

A more lucid discussion can be obtained from Allen L.
Edwards, Technigues of Attitude Scale Construction (New York:
Appleton-Century-Crofts, Inc., 1957), pp. 184-1097.
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TABLE 25

FLOOD CHARACTERISTICS ASSOCIATED WITH THE ADOPTION
OF SOME FLOOD DAMAGE REDUCTION ALTERNATIVE
(2 x 2 Contingency Tables)

Significance Value
Characteristlcs Level of ¢
Major characteristics:
Affirmative future flood expectsncy. . 001 » 35
Flood interpretation of floods con-
stant or increasing in time ...... .02 .25
Flood experience v..eeeeuvinsss +sees | Not significant
Minor characteristics:
Recall damage in excess of $150 .... . 001 W33
Recall having seen TVA report ...... . 001 .53
Evidence above-average flood concern | Not significant

Many managers learned in the course of the 1950 flood
that 1t was possible to keep water out of buildings by impro-
vised emergency measures and that losses could be reduced in
others by the elevation and removal of goods. However, with
some exceptlons, they have glven 1little thought to the possibil-
ity of a future flood in whilch such measures might prove inef-
fectual. Residential managers have done even less, thelr prime
concern being to leave the premlses in case of flood. The po-
tential for an organized warning and evacuation service in LaFol-
lette 1s not perceived by respondents.

Simllarly, whlle some managers have adopted a variety of
mlnor measures designed to reduce flood damage by structural and
land elevation changes 1n their estsblishments, none share with
technicians the more recent sophistlicated techniques of flood
proofilng.

In changing land use, the direction has been mainly to-
wards Increasing flood damage potential, although the flrst steps
have been taken toward regulation.

The most popular alternative would be some community spon-
sored flood control activity. This feeling is not shared by tech-
nical personnel either on engineering or economlc grounds or both.
Insurance is actually non-exlstent, but the illusion of being
covered by insurance is falrly widespread.

There 1s a clear order in the perception and adoption of
alternatives. Managers who adopt some alternative would appear
to possess a wider range of cholce than the manager who does not.
They are also more Inclined to expect a future flood and to




129

interpret floods in such manner as would lead them to that ex-

pectation.

The Perception and Adoption of Alternatilves
at the Reconnalssance Sites

The abbreviated interview used at the reconnaissance sltes
does not permit the delimitation of the entire range of cholce.
However, an attempt was made to classify those adopted and per-
ceived alternatives that were recorded for each respondent on a
fourfold scale as in LaFollette but in terms of the particular
range of cholce that would appear to be practicable for these
areas. This 1s presented on Table 26 and has been shown graphl-
cally on Figure 8.

TABLE 26

DISTRIBUTION OF RESPCNDENTS ON SCALE OF PERCEPTION-ADOPTION
OF FLOOD REDUCTION MEASURES AT LAFOLLETTE
AND RECONNAISSANCE SITES

None Percelived Adopted
Common Uncommon
Sites Num- | Per Num- | Per
ber Cent | Num~- | Per Num~ | Per ber Cent
ber Cent | ber Cent
Darlington,
Wisconsin «s¢... .e . .o . 2 15.4 11 84.6
Aurora,
Indiana eeeeees .. . ‘e . .. . 15 {100.0
LaeFollette,
Tennessee ..... 17 16.7 36 35.3 17 16.7 32 31l.4
El Cerrito-
Richmond, Cal.. 5 50.0 3 30.0 1 10.0 1 10.0
Watkins Glen,
NeYe wevvneenns 1 12.5 5 62.5 1 12.5 1 12.5
Desert Hot
Springs, Cal... 11 73.3 2 13.3 1 6.7 1 6.7

A survey of the kinds of alternatives adopted at the vari-
ous sites, while lacking the detail of the LaFollette data, might
prove useful.

Aurora, Indiana.--The outstanding and effective flood dam-
age reduction alternative in Aurora is the widespread and elaborate
elevatlon and removal of goods, furnlshings, and the like. Respond-
ents, when quizzed as to how high a serious flood would have to
come, reply that they are more concerned with time than with height.
Given enough time, they felt prepared to cope with any silze flood
below second floor elevation. The second floor elevation is
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crucial, for many managers commonly elevate to the second floor.

Structural changes observed include the raising of floor
levels, use of water-resisting floor materials, sump pumps, and
back-up valves.

Near Aurora is Lawrenceburg, a town protected with a ring
levee. Aurora had been studied for a similar levee project but
failed to pass the test of economlic feasibility. While some
younger respondents perceived levees as a viable community alter-
native, the memory of the levees that falled at Lawrenceburg in
1937 1s still strong. The Interviewers encountered a consider-
able skepticism as to the value of levees, bordering on a 'levee-
phobia."” Given the limited number of respondents, it is only
speculation as to how widespread are such feelings. However,
residents at Aurora might reasonably be willing to suffer the
greater frequency of flooding rather than hazard the danger of a
rare catastrophic event caused by the overtopping of a levee.

Darlington, Wisconsin.--Flood plain managers at Darlington

also make common use of emergency measures of elevation and re-
moval. However Darlington cannot avall 1tself of the developed
Ohio River forecast system, as Aurora does, so it has with some
pride developed a local warning system in conjunction with the
Weather Bureau. Expected warning is 6 to 8 hours and local man-
agers have informal plans for the elevation and removal of goods
and furnishings. Tanks at the bulk oill plant are kept reasonably
full and vats at the creamery are filled to prevent flotation.

Permanent structural changes in the form of floor and
stock elevatlion are common. The local auto dealer maintains flood
Insurance on his stored vehicles; sump pumps and sewer valves are
common. Considerable interest has been generated in flood control
but a feasible levee plan of the Corps has met with only 1limited
interest. The Soil Conservation Service has upstream work in
progress and some managers see in this rather than in a levee,
hope for reducing damages. Others do not want to see any part of
the relatively narrow flood plain sacrificed for leveess and still
others may oppose the levee for reasons similar to those of re-
spondents in Aurora.

El Cerrito-Richmond, California.--El Cerrito-Richmond pre-
sents the contrast of the widespread failure of residential re-
spondents to adopt flood damage reduction alternatives and the
complex system of adjustments installed by the leading industrial
flood plain manager, appropriately a manufacturer of pumps. This
complex of adjustments includes (1) a retaining wall, (2) sand-
bagging, (3) plant fabricated redwood bulkheads with rubber seals
for all major doors, (4) permanent elevation of all materials
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subject to damage, (5) moblle and permanent sump pumps that can

be operated under flood conditlons to control any seepage, (6)
outlets for all internal dralnage elevated above flood levels,

(7) annual inspection of all emergency and structural measures.
The type of adjustments adopted for the plant represents a natlon-
al pblicy, and the bulkheads were originally designed for the St.
Louis plant, which was Inundated at one time by 40 feet of water.

Having failed to qualify for protection by a federal
project, the community has done a certaln amount of work in clear-
ing brush from the channel and building an Intermittent foot-high
asphalt embankment.

Watkins Glen, New York.--Except for one installed sump
pump there were no alternatives adopted by the respondents in
Watkins Glen.

Most of the community perceived itself protected by the

levees and concrete ecribbing along the creek. None of the man-
agers appeared to be aware of the Internal weakness of the earthen
levees which are actually spoil heaps. The only respondent con-
cerned with the conditions of the levees at all was bothered by
thelir unsightliness as a background for her flower garden.

Desert Hot Springs, Callifornia.--Here, too, perception and
adoption is almost non-existent. The only alternative adopted was
the reported elevation and landscaping of a new home so as to fa-
cllitate drainage.

The main portion of the town 1is partially protected by a
concrete lined flood control channel designed to bypass the town
with the runoff from Blind Canyon. In addition, as a conscious
process, the asphalt streets are constructed with high crowns,
deep gutters and with slope conforming to the alluvial fan in order
to facilitate runoff.

The perception-adoption scale and the certainty-uncertain-
ty hypothesls.--The data iIn Table 26 and the descriptive material
Just presented indlcate that levels of adoption appear to respond
to greater certainty and to shrink as uncertainty increases. The
only anomaly, the low number of adopters at El Cerrito-Richmond
is the result of the failure to include the industrial plants in
the formal interview. For towns of intermedlate certainty such as
LaFollette or El Cerrito-Richmond, the hypothesis would suggest
that examples of adoption of elaborate alternatives for flood dam-
age reduction would exist side by slde with establishments whose
managers perceive few, and adopt even less, alternatives. This is
certainly the case at El Cerrito-Richmond.
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Decision-Making and the Perception and Adoption of
Alternative Flood Damage Reductlon Actions

What generalizations about decision processes might be
made from this review of perception and adoption at the six
towns?

Rationality in flood plain management.--The evldence over-
whelmingly bespeaks a boundedly rational declsion-making process
once the analyst frees himself from the assumption that common
knowledge of past floods means expectation of future floods, and
that the expectation of future floods implies the expectation of
bearing a loss. It is only in areas of high certainty that there
is widespread expectation of bearing a future loss and because
flood plain managers are rational they do something about it. 1In
areas of Intermediate certainty probably no more than 40 per cent
of the managers actually expect to bear a future loss (for all
the involved reasons that have been presented), but these managers
also appear to do something about it. Therefore, the first gener-
alization that emerges from the study 1s that those managers who
actually expect to bear a future loss try to do something about it.

The prison of experience.--However, the urge to do some-
thing about the flood may not be fully realized, being limited by
the bounds of a managert's rationality. The outstanding limit to
his rationality, that is, the choice of the best means of reducing
his expected losses, is that he 1s a prisoner of his experience.
(Here experience 1s being used in an expanded sense, including the
experiencing of a flood as well as the events surrounding it.)
Flrst, his expected losses are products of his experiences, few
managers showing any abllity to visuallze losses or floods greater

than commonly experienced. Secondly, much of human response to
flood hazard reflects a satisficing or learning process. If ex-
perience has shown that rags and flour sacks keep the water out,
they will suffice agaln. It 1s only in areas of great certainty,
where elaborate adjustments have evolved by repeated experiences,
that one feels that experience has been not a prison, but a teacher.
There, if engineering works are rejected, the choice lies in a
risk preference for the more frequent but less ambiguous risk.
Everywhere else the predominance of personal experience acts as a
prison, denying to flood plain managers the accumulated experience
of other managers in other places.

Latent opportunities and the atrophy of time.--Except for
areas of high certainty, it is only at the moment of flood and
shortly after that the full attention of the manager is brought to
bear on the flood problem. The atrophy of interest in flood damage
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reduction alternatives with time from the last flood is a well
kmown phenomenon to technical persomnel and politicians. How-
ever, the data also suggest that despite the atrophy of intense
interest, there is a considerable latent interest that is will-
ing to selze opportunities long after a passage of a flood to re-
duce personal hazard, when those opportunities are either self-
perceived or brought to the managerts attention.

Most of the structural changes appear to come about in
that manner. An old building may not be elevated, but when a new
addition is constructed another foot of fill i1s added. Normal
remodeling provides new opportunities for flood damage reduction.
An expansion provides the opportunity for a complete Internal re-
organization of stock.

It should also be noted that these latent opportunities
in no way reflect optimal ad justments. One foot 1s a convenlent
number and three structures at different sites in LaFollette were
elevated one foot despite the variation in hazard. The latent
opportunity is seized upon, but in a casual manner almost as an
afterthought.

The use of economic criterias in the flood hazard evalu-
ation process.--An initlal hope of the study was to provide fur-
ther insight into the role economic criteria play in individual
decision-making, in view of their Iimportant role in community
declsion-making through the benefit-cost ratio. The findings to
date are mixed and inconclusive. No evidence was uncovered in the
study that indicates a responsiveness in land values or rents to-
ward flood hazard. In LeFollette rent might actually show an in-
verse trend increasing with flood hazard. Where expenditures for
flood damage reduction have taken place these have been modest
and with 1little sign of maximizing benefits in excess of cost.l
Lastly, the decision to locate seems little affected by flood haz-
ard information.

On the other hand, there is evidence that monetary damages
do affect the adoption of flood loss reduction alternatives. Where
perceived future losses or experienced past losses are great the

1Here might be noted a question raised by a number of schol-
ars. How does one tell ex post that a manager has not attempted to
"maximize" albeit ineffectually, because he lacks skill, informa-
tion, or foresight? In reply it may be stated that while the ad-
mittedly meagre findings do not preclude the judgment that less-
than-optimal actions are really unsuccessful Optlimally-intended ac-
tions, neither do they encourage the view. Qulte relevant are the
instances where managers conslidering or having just consldered
flood loss reduction measures showed 1llttle Interest in the im-
proved flood hazard data proffered to them by interviewers.
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motivation for expending money and effort in reducing future dam-
age 1ls stronger and there 1s an association between substantlal
past damage and flood damage reduction activity.



Kates, R. W., 1962, Hazard and Choice Perception in Flood Plain Management, University
of Chicago, Department of Geography Research, Paper No. 78.

CHAPTER VI

INFORMATION AND DECISION-MAKING IN
FLOCD DAMAGE REDUCTION

Having run 1ts course of interviews, observations and mis-
cellaneous data, this final chapter comes full circle, reconsider-
ing in the light of the findings decislon-making and the role of
information in individual flood damage reduction. But first an
attempt will be made to answer a basic question.

Why Do They Live There?

Almost anyone who has studled flood problems has been
asked, usually informally, the peremnnial query, "But why do they
live there?"

The question ought not to be taken at face value. People
live and work in flood plailns for a variety of locational reasons
including certain intrinsic advantages to flood plain location.
Therefore, the question might better be rephrased as follows: ™Why
do people persist iIn living and working in areas subject to re-
peated floods?"

This study has provided raw materilal with which to under-
take an answer. It has found that people persist in areas sub-
ject to flood hazard for any of the following reasons:

1. They do not know about the flood hazard and are there-
fore not unduly concerned.

2. They lknow about the flood hazard, but personally do
not expect a future flood, and therefore are not unduly concerned.

3. They expect a future flood, but do not expect to bear
a loss, and are therefore not unduly concerned.

4. They expect to bear a loss, but not a serlous one, and
are therefore not unduly concerned.

5. They expect to bear a serious loss and they are con-
cerned. Therefore they have undertaken or are planning to under-
take some actlon to reduce such losses.

The flrst four states lead managers to 1lgnore rationally
flood hagzard desplte the opinions of technical personnel or even
repeated flood experlences. The fifth state in which managers
are found leads to their taking action to reduce the flood hazard.
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However, such action may be casual, improvised, ineffective, and
far from optimal.

This 1s a major finding of the study. 1In the face of com-
munity lmowledge and experience, there 1s a varlety of personal
perceptions of hazard and potential loss that rationally leads man-
agers to ignore flood hazard.

A second major finding is that there is strong evidence
for an underlying orderliness in the proportions of managers that
hold a particulsr perception in any small urban area. It seems
likely that a certainty-uncertailnty scale, measuring In part the
perceived frequency of floodlng at a place, accounts for thils ob-
served order.

In areas of high certainty, both the expectation of bear-
ing future losses and the perception and adoption of alternatives
to reduce such losses are wildespread. In areas of lesser certain-
ty, knowledge of a past flood might be widespread, but only a
minority would expect to bear a future loss, and fewer still a
serious loss. Filnally in areas of great uncertainty, any lmowl-
edge of floods (and certainly the heightened sense of bearing a
future loss) might be absent among managers.

Thus the answer to the original query, "Why do they live
there?" will vary from place to place. 1In Darlington one could
answer that people persist in living there because, having recog-
nized the potential for serious loss from repeated flooding, they
have evolved a satisfactory series of adjustments to reduce such
losses. In Watkins Glen the answer might be that managers do not
expect a future flood. In El Cerrito-Richmond a complex answer
would be required. Some managers don't lmow about floods, others
don't expect to bear a loss, and at least one who 1s quite con-
cerned has effectively protected his establishment against most
floods.

Declision-Making by Flood Plain Managers

The attitudes and behavior of flood plain managers now
may be examined In the light of the major assumptions of decision-
making analysis that were discussed in the second chapter.

The rationality of man.--Almost all the findlngs confirm
the a prlorl assumption of a boundedly rational man. This ration-
allity 1s not overly impressive, being contained by the limits of
a manager's experlence and leading to less than optimal behavior.

Rational behavior appears to be weakened according to the
location of a place on the certalnty-uncertainty scale. The

tendencles for differences of personality to create behavioral
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differences 1s most pronounced in areas of Intermediate certainty.
An example might be those respondents who for a varlety of motiva-
tions deny to a flood the characteristics of a real flood. In
areas of high certainty, each new occurrence would make such a
denial more difficult. 1In areas of uncertalnty there may not be
any known floods to which characterlistics might be denled.
Processes of choice.--Following from the boundedly rational
behavior observed in thils study, the most common cholice mechanlsms

appear to be conscious ones. However other processes are present.
The response to frequent flooding in Aurora or Darlington almost
appears hablitual. There 1s also a minorlty whose reactlons to
flood hazard might result from an unconsclous cholce process re-
lated to a need to eliminate that which 1s uncomfortable and
threatening from their world.

In ascribing such unconscious processes to a minority, the
study does not ignore the many managers who share 1n a desire to
bring order to theilr future and eliminate uncertainty. However, in
most cases such desires are 1n accord with both the common experi-
ence and knowledge, and the consclous goals of the possessors of
technical knowledge as well and does not lead to the denlal of un-
pleasant facts.

The condltlons of lmowledge.--The condltions of kmowledge
under which resource management declslons are made are tradition-
ally distinctions between known and unknown probabllity distribu-
tions described as certainty, risk, and uncertainty. For those
familiar with these concepts flood hazard is usually considered a
risk. It 1s a hazard with a known probabllity distribution. In
the 1ight of this study, the assumption is questionable. It would
be better to think of flood hazard as lying somewhere between risk
and uncertainty, that is, as having an ill-deflned probability
distribution best described within a range.

If on careful scrutiny flood hazard 1s closer to uncertain-
ty than to risk, only a minority of managers appear to behave as
if they operated under such a condition of knowledge. This minor-
ity finds flood hazard actually less risky, and closer to certaln-
ty, than the conventional assumption of the economic analyst. They
do this by perceiving nature In a deterministic fashion, being
oblivious to the Independence of flood events, and falling to per-
celve the probabillity of floods occurring which are much greater

than recent common experience.

Thus both engineers, economists and flood plain managers
appear to ignore some of the uncertalnties of flood hazard; the
former for the practical needs of thelr analyses and the latter
for what appears to be a consclous effort to order their environment
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in a deterministic and comprehensible way.

A second concern related to the conditlons of kmowledge
might be recalled: the varlation of information within a commu-
nity of individual managers. Agaln, the findings In LaFollette
and the other sites suggest the iInfluence of the certainty-un-
certainty scale, with the variation greatest in areas of inter-
mediate certainty.

The improved quality of Information iIs exemplifiled by pos-
session of a broader range of choice that 18 loosely scaled and
Increases in complexity up to the adoption of some flood loss re-
duction alternative.

In terms of broad alternatives flood plain managers share
between them as wide a range of choice as possessors of technlcal
knowledge. However, no single manager would perceive all the
possible alternatlves and In general the quallty of such percelved
alternatives 1s of a lower order than the technical perception.

Evaluation crilterila.--It has been difficult to define the
evaluation crilterla used by managers to choose between alterna-
tilve loss reduction measures. There 1s no simple format or set
of rules.

At best it mlght be sald there are few signs of consclous
optimizing or maximizing, and the conslstent application of any
economic criteria 1s in doubt. Alternatives adopted under the
momentary stress of a flood can be described by Simon's satis-
ficing. After repeated experiences, a stable habitual seriles of
ad justments appear to be evolved.

Decislon-making analysls in resources management.--All
decision-making analyses suffer from the need to abstract the de-
clsion process from the context of dally 1life and being ends-
means schemes tend to simplify real 1life sltuations. The ends of
one endeavor are the means of another and frequently means become

ends 1n themselves. For flood-loss-reduction declsions such prob-
lems make it extremely difficult to make meaningful analysls. Ex-
cept for the short period in which a flood occurs this entire area
of declslion-making is relegated to mlnor status.

Many areas of declslon-making In resources management are
simlilar. Most resource actlvitles mlght be broken up Into com-
ponents that would appear to be minor when considered individually
and yet whose sum 1s a major llivelihood actlvity.

In considering the utllity of this type of analysis, 1t
mst be judged flnally by 1ts results--the degree to which it has
helped 1lluminate the process of resource use. If new and valued
insights have been derived then desplte conceptual problems of
appllcatlon 1t 1s a useful approach, having focused on aspects of
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resources problems too frequently ignored in other types of anal-
ysis.

The types of perception described in the previous para-
graphs ere derived from a description of the behavior and atti-
tudes of flood plein managers. But the world in which flood plain
managers make decisions 1s not a static one. A host of factors
change. The perceived frequency can change dramatically with the
occurrence of a series of floods in rapid order. The percelved
utility of flood plain land might change; witness the Interest
in evacuating the flood plain at LaFollette to secure a highway
oriented location. The social rules with which decisions must
conform might change, or the information upon which such deci-
sions are based. It 1s to the last factor to which the following
will be addressed.

Information and Human Ad justment to Floods

In the light of what has been learned of decision-making
in urban flood plains it may be asked what effect improved Iinfor-
mation might have on managers! actions to reduce flood damages.

An lmproved Informatlion program would share wlth flood
plain managers the best Information that men possess concerning
the flood hazard of the area in questlon and the possible adjust-
ments to it. It is the writer's conclusion that the yleld from
such a program in terms of managers taking Individual actlons to
reduce flood losses would be negligible in the face of the rapid
increase of damage potential. For on close scrutiny, it appears
that the Information would be least accurate in the area where
the greatest opportunities for damage reduction exist and even
foregoing accuracy, managers may not be able to use the informa-
tion.

Flood frequencies.--This study has Included a series of
examples 1llustrating varlous approaches taken by technlical per-
sonnel to flood frequency analysis. All such analyses suffer the
limiting effects of small samples of extreme events. In the range
of probabilities smaller than .02 or .0l these limitations become
aggravated and the varlance of probabllity estimates becomes so
large as to cause great difficulty in interpretation. Yet floods
having these probabllities are those that Holmes 1ldentifled as

lThis conclusion refers to a program of improved flood
hazard informatlon. Most persons concerned wlth the rising toll
of flood damages view lmproved hazard Information as but one item
in a comprehensive program of community and 1ndividual activity.



140

contributing some 50 per cent of all flood losses. !

Further, even if frequencies had a higher order of accu-
racy than they now possess, there 1s considerable doubt as to
their utility In thelr present form given the fact that they are
based on long-run averages, while iIndividual short-run use of
flood plains is the predominant occupance.

The prison of experience.--A major limitatlon to human
abllity to use Improved flood hazard Information is the baslc re-
liance on experlence. Men on flood plains appear to be very much
prisoners of their experlence, and the effect of such experience
is not consistently in the direction of taking indlvidual actlon
to reduce flood damage.

Improved flood hazard iInformation would include data on
floods greater than those flood plain managers have experilenced.
The observatlons In LaFollette and elsewhere suggest that man-
agers have a great deal of difficulty conceptualizing and acting
upon thils Informatlon.

Floods need to be experlenced, not only in magnitude, but
In frequency as well. Wilthout repeated experilences, the process
whereby managers evolve emergency measures of coplng with floods
does not take place. Wilthout frequent experience, learned adjust-
ments wither and atrophy with time.

Conversely, limlted experience encourages some managers
to feel that floods are not so bad after all and they lose their
motlvation to seek further for alternatives. With limlted experi-
ence, other managers appear to declde that they have received the
flood that nature has had in store for them and that they will
not have another flood for some time.

Recently experienced floods appear to set an upper bound
to the slze of loss with which managers belleve they ought %o be
concerned. Since much flood damage 1s caused by floods greater
than have recently been experienced, thils experience serves to
negate the effect of improved information that seeks to expand the
expectatlion of the flood plain manager.

The simplification of cholce.--Compared to the kinds of
information that managers presently use in LaFollette and else-
where, lmproved Information will be considerably more complex.

Yot both managers and technical personnel share in the widely ob-
served need to slmpllify cholce processes. Whether such actlon is
thought of as simplifying, abstracting or constructing models, it
usually results in the bolling down of masses of Information and

the reduction of a large number of cholces.

1Holmes, p. 17.
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This tendency works adversely on flood hazard informatilon
in several ways:

It may emasculate flood hazard information by so simpli-
fying it that the very qualitles that provide the lmprovement are
removed. Complex data, when reduced to essentials, might provide
1little improvement over what was previously known.

More commonly 1t might cause managers to abdicate all indi-
vidual decision-making and "leave 1t to the experts." Faced wlth
a need to simplify for himself complex data that he feels unable to
understand or that leaves him confused and uncertain, a manager
might find himself unable to take any individual action based on
such Information.

Of course improved information does not have to lmply more
complex informatlion. The process of simpliflcatlon can be done by
technlcal personnel. Continuous functlons can be made into dis-
crete cholces. Arbltrary or intultive risk levels can be chosen.
An average of contrasting frequency estimates can be used. How-
ever, when thils is done by technical personnel, and 1t 1is being
done, a new element has been introduced into Individual decislon-
making. Technleal personnel of public agencles, unlike private
consultants, are gulded by what they perceive as broad community
requirements. They Interpose their judgment into the decision
process. The judgment 1s related to the percelved long-range
needs of the communlty and may not be in the best short-run Inter-
est of a particular individual decision-maker.

When the TVA offers communities data on three groups of
floods, having distilled these from a mass of collected data,
these levels might actually be quite unsuitable for use by an in-
dividual decision-maker planning to take actlion to reduce his
flood losses.

The need to simplify the world in order to deal with 1t
can also lead to distorting the content of iInformatlon as well as
removing detall. Flood plain managers are more prone to doing so
than technical personnel who seem to have a higher tolerance for
uncertainty. For some managers, a belief that floods come in
cycles reduces an uncertain world into a more predictable one.
They might be expected to develop interpretive mechanisms that
would enable them to transform any hazard Information by selec-
tive abstractlion into a buttress for theilr existing‘belief. Man-
agers in LaFollette appear to do thils with thelr observed experi-
ence and might find 1t even easier to do so with Information con-
veyed by maps or printed word.

The effect of the certalnty-uncertainty scale on Informa-
tion.--All the previous tendencies that lessen the utllity of
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information are aggravated in areas other than those of certainty.
But 1t 1s in areas of certainty like Darlington and Aurora that
managers actually have a reduced need for additlional or lmproved
information to encourage them to take individual actlion to reduce
flood damages. Such actilons are already highly developed. In
the other areas, where the opportunity to reduce flood damage 1s
groeatest, the inaccuracles of the data, the restralnt of experi-
ence, and the need to simplify choice, all act to reduce the
effectiveness of lmproved flood hazard information.

Improving the effectiveness of information for individual
flood damage reduction activity.=--Desplte the general gloomy con-
clusion about the effect of improved information Inducing indi-
vidual flood damage reduction actions, a number of Insights were
obtained in the study that point to minor ways of increasing the
ef fectiveness of such data.

A major consideration in the presentation of flood hazard
data might be to ask how such data might enlarge the prison of ex-~
perlence and make more real the experience of others.

The approach that the TVA has evolved along these lines
has much to recommend 1t although subject to criticism on other
grounds. For the people of the Valley, many still with strong
tles to the land, pointing out floods that have occurred on such
and such a creek can be quite effective. For the new urbanite,
wlth creeks burled beneath a maze of concrete, making real any
flood experilence other than his own becomes a difficult task.

This task 1s complicated by the lag between peoples' per-
ception of a more real past and the realities of the present day.
The great floods of the depression era still provide the basic
reference for a flood perception which 1s perpetuated by the use
of rural-oriented books and films in present-day conservation edu-
cation or by such venerable and moving products of that era as the
Pare Lorentz film, "The River." The complexity of water manage-
ment problems posed by any metropolitan area 1s of a different
qualitative order than the popular image of flood problems.

With its accent on forested uplands, great engineering
works, and the llke, the perception of the great river flood can
only serve to discourage individual action to reduce flood dam-
ages.

Flood hazard information could seek to change this per-
coeption--to focus on the tributary streams of the nation where
damage potentlal 1s being spurred by the suburbanization of both
resldence and industry and 1s very much the product of individual
locational decisions.

The actlons taken by managers in LaFollette to elevate
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sites or make structural changes long after the 1950 flood sug-
gests that a neglected opportunity for flood hazard information
might be to seek to exploit the latent opportunitles for flood
damage reduction that expansion and remodeling present.

On one level, detailed technical data might be channeled
into professional architectural and construction activities. On
another level, popular material can be made available to lumber
and building supply dealers, the how-to-do-it magazines, newspaper

columns and the like, introducing simple practices designed to re-
duce flood damages and to be undertaken when remodeling or new
construction 1s being planned.

A further opportunity to make information more effective
might be to help dispel the widely held illusion that comprehen-
sive household policies insure against flood losses, while con-
versely making known the actual opportunities that do exist in ob-
taining insurance.

The three suggestions cannot result in any massive activity
to reduce flood damages by individual action. The leadership, en-
couragement, and mandate to reduce flood damages must come pri-
marily from the community and there is a considerable distinction
between private and community decision-meking.

This study has been preoccupied with individual decision-
making. Individuals play a social role as well as having a private
1ife and their social role in the community has been a part of
this study. However the writer is convinced of a deep hiatus be-
tween individual and community interest. The calculus of individ-
ual decision-making when summed over all the individuals in the
community does not equal the costs and benefits (in their broadest
sense) of the community. 1In this case the whole is not equal to
the sum of its parts.

Three reasons might be suggested for this state of affalirs:

1. Spillover effects or social costs and benefits that
cannot be allocated or captured by the market may not be reflected
in individual decision-making.

2. Substantially different probability distributions of
risk exist for commnities and individuals. The mobility and
short planning horizons of Individuals provide for the lower prob-
abilities of discrete flood events. An iIndividualts probability
is compounded of the probability of his being on the flood plain
and the probability of there being a flood.

3. Communities are subjJect to a political process that
creates demands on the community for flood protection on the basis
of considerations that individuals making such demands would not
employ themselves. Individuals demand flood protection that they
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are unwllling to pay for directly, or even indirectly through
their local community. Such demands are perfectly rational

from the individual point of view as the cheapest means of pro-
tecting one's self from flood losses. For the ciltizens of the
national comminity they might prove to be a costly and uneconomic
means of dealing with the problem.

Therefore a community might be motivated to seek flood
damage reduction alternatives, not because the toll of 1lndlvid-
ual flood damages seriously places a burden on the community, but
because they gilve rise to irrational demands on the part of the
individual members to have the communlty provide protection all
out of keeplng with the magnitude of the losses.

There are other distinctions between the stance upon
which community and individual decislon-making rests, but these
wlll suffice to warn the reader not to extend any conclusions de-
rived from a study of 1lndividual decision-making to flood loss
reduction for the community as a whole.

In the last analysis, there is a justification for better
information not contingent upon the reduction of flood losses.

It would follow from a philosophy of an open soclety that no cit-
lzen suffer an unexpected loss if the opportunity for informing
him 1s avallable. It may be an act of faith to feel that infor-
matlon, even 1f not sultable for flood loss reduction, will in

the long-run contribute to a more informed community decision-
making. If 1t is an act of faith, it 1s one the writer feels
little need to apologize for. Despite the limits of human abil-
1ty to handle certain levels of information, as a soclety we
should aspire to an ever-increasing ability for rational decision-
making. However, Information that frankly acknowledges some human
limits and seeks to relate to this frailty would probably prove
most effective.

And so full circle 1s reached. The paradox of rising
damages with increased flood control with which this study began
will probably exist for some time. It is not a major problem as
problems go--the catastrophe of floods and the magnitude of flood
control expenditures are dwarfed by the accepted realities of the
nuclear age. Yet In the need for new approaches, insights, and
actlons, 1t is symptomatic of a varlety of resource problems ac-
companying the Increase of man's numbers and the spread of his
works.
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APPENDIX
COMMERCIAL QUESTIONNAIRE

How long have you been connected with this business estab-
lishment? years

What is your exact position in thils business? Owner

Owner-Manager Manager Other (specify)
Did (the owner) (you) start this business at this loca-
tion Move it from some other Or (purchase) (rent)

it alFeady established here?

Why (did you) (do you think the owners) (start) (move) (buy)
the business at this location?

Accessibility to: customers passers-by delivery
linkage economics status Other

What do you think are the advantages in using the buillding
or the store itself?

Construction appearance in-out Space: sell-
ing storing display other space economics
equipment Other

What do you think are the disadvantages to doing business
at this location?

Poor accessibllity to: customers passers-by deliv-
ery poor linkage economics low status
Other

What do you think are the disadvantages in using the bulld-
ing or the store itself?

Poor construction: poor appearance in-out Lack
of space: selling atoring display other space
Economic: Poor equipment Other:

{ALL QUESTIONS ARE ASEED UP TO THIS POINT)
(If floods are mentioned pass on to )
Do you have any special problems with your business location?

{If TIoods are mentiIoned pass on to )

What days of the week do you get your largest amount of busi-
ness?

What seasons of the year do you get your largest amount of
buginess?

Does the weather interfere much with business?

Is this tornade country?

What about rain?

Do you have any floods?

Have you had any floods while you have been in business here?
What was the worst flood that you have experienced in the
course of your (living here) (business experience here)?
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Probe:

Key Items: Month Year Ht. In street Ht. in
basement Duration Hrs. Ht. 1st f1. Damage
description:

Have you experienced any other floods at this location?
Probe: (as in question )

Have you read, heard, or learned about any others in this
nelghborhood?

Probe: Year, description
Have you been through a flood elsewhere?
Probe: Year, location

Do you think that you will have, or there will be, another
flood while you are (in this business) (1living) here?

Probe: Why?
Do you know of anything being done to reduce flood damage?

Channel:

Reservolrs:

Levee:

Investigations and Surveys:
Land regulatlions:

Local citizen or govit. actlon:
Other:

Have you done anything about it? (averting danger or reduc-
ing damage)

Volunteer work (physical) Structural changes Dis-
cussion: Leadership Agitation

Do you know of anybody who has investigated the flood situ-
ation?

Army TVA State Clty county Somebody
Other:

Have you seen a copy of this report?

Probe: If yes, what do you think the report sald?
Probe: If no, does respondent show interest?

Do you remember hearing people discuss floods in the past
two years? Probe: Who?

Famlly Friends Customers Neighbors Assocl-
ates Public officlals Others

Probe: What did they talk about?

Compared to others in this town, do you think that you talk
about floods more often , less often » or just about
the same s, as others?

If you were to live one hundred years, how many floods would
you expect to have here?

100 50 25 10 )

Additlonal comments:

Probe: If discrepancy with question 19 then ask: you sald
before that you « « « « + . + . . . . . ..o e e .
Jet now you say . . . . . .. 44 . . .. . Why*?

Try and remember back. Did you know anything about the flood
problem, when (you) (the owners) decided to (do business)
(move) here?
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Probe: If yes: Do you remember how you felt about it at the
time? What you felt you might do if a flood came?

Knowing what you now know, would you (buy) (start) (locate)
(advise your employer to locate) here again?

NO: Then why don't you leave?

Never thought about it No place else to go Costs too
much to move Like it here Other

YES: Have (you) (they) ever considered leaving In the past?
Probe: Then why didntt you?

If you had your choice, what city would you like to (live)
(do business) in?

Where in LaFollette would you like to (live) (do business)
in?

Would you like to be in some other business?

Probe: What kind?

Now, I would like to read to you several statements and ask
your oplnilon as to whether you agree with the statement or
dlsagree with 1t. The statements are all different and I
would appreclate 1t if you listened to them carefully:

Probe for positive answer. Do you agree, dilsagree?

If you have a flood thls year, chances are that you would
not have another for sometime.

Planning only makes a person unhappy since your plans hardly
ever work out anyhow.

The only sure thing that you can say about floods 1s that 1if
you walt long enough, you will always get a bilgger ome.

When a man 1s born, the success het's going to have 1s already
In the cards, so he might as well accept it and not fight
agalnst 1t.

Floods, like trouble, come 1in threes.

Nowadays, with world condltlons the way they are, the wise
person llves for today and lets tomorrow take care of itself.

A flood that will cover the handrail of Central Avenue Bridge
would occur on the average, only at rather long intervals of
time, but it could occur in any year.

Additional comments:

Now we have found that in asking gquestions, 1t 1s often very
hard to remember things on the spur of the moment and that it
often helps 1if you try to do 1t in the course of a 1little
story. So, I am going to sketch some situatlons for you and
I'1l ask you to tell me what you would do i1f you were in the
situation? OK?

Well, first I want to ask you 1f you usually listen to the
evening weather report?

Suppose, about two months ago, you were listening to the
weather report before going to bed, and the announcer says
that heavy thundershowers are expected in the Cumberland Moun-
tains. What do you do?

Go to bed Stay up a whille longer Close wilndows
Other -

Well, you decided to go to bed, and at 2:00 in the morning,
you wake up because of the heavy thunder and lightning. Do
you get up?
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Probe: Why do you get up?

Personal Look out window Call someone Get dressed
and go downtown Radio TV Other

If you were worried about the possibility of Bilg Creek flood-

ing, do you know anyone that you might call in the middle of
the night for information?

Probe: Any other way to find out about 1t?

Now, let!'s suppose that the same thing happened on a Satur-
day afternoon, when you are at the (store) (home). It begins
ralning again very heavlly about noon and the sewers cantt
take 1t and the water beglns backing up in the street. What
do you do?

Note: If he suggests action, let him continue. If he does
not, probe to find out what indications are needed to signify
flood, note down, and then ask, that 1f that happened, what
would he do?

Alternative Flood Indicator:

Note: Classify all answers according to this chart, noting a
brief description of all 1tems suggested by respondent, then
probe for mlssing 1tems and classlify responses.

Code: (1) Respondent suggested (2) Probable (3) Pos-
sible (4) Uncertain (5) Re jected

Do nothilng:

Standby preparations:

Prevlous structural changes:

Keep water out:

Let water run through:

Utilitles and motors:

Elevation or removal of possessions:
Others:

Well, the water keeps coming up untll 1t reaches about as
high as the 1950 flood. How high would that have been in
your place?

feet, In basement 1st floor yard
street

If discrepancy from flood report:

Probe: I thought 1t was feet? (Just note down answer.
If asked for source, cite report)

Anyway, if it = feet, do you think that you would have
more less or the same damage as in 19507

The water goes down 1n an hour or two, what do you do now?
Cleanup: Other actlon

Would you be back in business the next day?

How much higher would the water have had to come to cause
you serious trouble?

Do you have Insurance on your property?
Does 1t cover flood damages?

Well, In 1956 Congress dld pass a law to set up a Federal
Insurance System but they must have had some second thoughts
about it because they never got around to appropriating the
money to get it started. But if they do get started some
day and could offer you insursnce for, let!s sey, your per-
sonal possessions and furniture, would you be Interested?
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Yes:
Would you be willing to pay $100 a year for a $1,000 pro-
tection? How about $25? How about $107?

Now that we have talked about what you would do before and
after a flood, let!s imagine that a {neighborhood) (busi-
nessmen) meeting is called to discuss ways of reducing flood
damages and the chairman calls on you to speak. What would
you say?

Now, if you were the mayor, what do you think you would do
about the flood situation?

Note: Following is a checklist of possible adjustment for
any items not volunteered in the previous two questions.

The checklist should be used as a probe. Ex.--What do you
think of a dam and a reservoir to store the flood waters?
The answers should be coded with combinations of the follow-
ing.
1. Respondent suggested 2. Probable 3. Possible 4. Un-
certain 5. Rejected

Use additional blank space to quote

interesting comments, if any.

On same checklist for coded items 1, 2 ask who installs ad-

Justment ?

Also ascertain willingness to pay increased taxes for 1, 2

coded purposes. Willingness
Code Who Installs to Pay

Reservolr:

Channel improve-
ments:

Central Ave.
bridge openings:

Levee:

Structural change:

Floodway:

Better warning
system:

Other:

What is the exact name of your business firm?

How would you describe, to somebody, the nature of your
business?

How many full-time and part-time employees do you have?
How long has the business been located on this spot?
How long has the business been located in LaFollette?

Could you estimate what percentage of your customers come
from LaFollette? Out of town?

In which of the following classes would you put your aver-
age weekly gross recelpts?

Under $1,000 $1,000 - $2,000 $2,000 -$3,000

Cver $3,000

Do you think that your business will have increased

b
decreased or stayed about the same ,; a year fTrom
now?

How about five years from now?

Bow many buildings do you occupy for business purposes and
what are they used for?
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68. Do you know the outside dimensions or the sq. footage of
the main bullding here?

69. How much space do you use for selling and how much for
storing?

70. Do you have a basement:
Probe: What do you use it for?

Utilities and heat only

Storage space: High value low value other use
71. Do you own outright own with mortgage or rent

this building?

72. Renters: Who 1is your landlord?
Name and address:
Do you have a lease? How long? years
What is your monthly rent?

75. All owners:

74. What are the real estate taxes on this property?

$ Of fhand, do you know the assessed valuation?

75. What do you think is a fair rent for the land and buildings
(without fixtures, good will, etc.) $ per month

76. Do you need more space for selling storing ?

77. If you had the money and/or the authority to improve your
place of doing business, would you build a new store
here s ©6lsewhere s, repalr the present one or
Just use what you have ?

78. Por all except last choice: What kind of improvements would
you make?

79. If you found at the cost of several hundred dollars you
could make some small changes to the building that would pro-
tect your stock from most floods, could you make these alter-
ations?

Probe: Whose approval would you need?

80. Do you know of any agency that lends money for such a pur-
pose?

8l. For managers only: Name and address of supervisor:
82. What 1s your home address?

83. What is the grade of the last full year of school that you
attended? grade

84. What kind of previous business experience have you had?
Where?

85. What clubs do you belong to?
86. Are you a member of a church?
Probe: Which one?

87. You mentioned before (such and such special problems). Who
would you discuss such a matter with?

88. In which of the following groups would you place your total
vearly family income?

Under $2,500 $2,500 - $4,000 $4,000 - $6,000
$6,000 -$10,000 —  Over $10,000 ~ —

89. In which of the following age groups would you place yourself?
0-17 __ 18-24 25-44 _ 45-64 65 and over ___
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If, for some reason or another, you had to get out of this
business and you knew of a friend who was interested in 1it,
would you advise him to (buy it, apply for the job)?

Do you think that it is likely or unlikely that you
will be (owner) (manager) of this store one year from now?
What sbout five years from now? Likely Unlikely

Probe: If unlikely: Do you know of anything now that might
change your personal situation?

Do you think that it is likely or unlikely for this
business to be hers five years Trom now?

25 Years? Likely Unlikely

Probe: If unlikely: Do you know now of anything that might
affect the business In the future?
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