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ABSTRACT

THE LINKAGES BETWEEN INDIVIDUAL USE AND

PUBLIC MANAGEMENT OF FLOOD PLAINS

BY

David Freshwater

Flooding problems within the United States have caused

great damage to private and public property. These losses

have resulted in extensive attempts to prevent the recur-

rence of flood damage. The subject of this thesis is a criti-

cal analysis of the methods that have been used to achieve

this goal with a view to improving flood plain management

methods. This involves consideration of the linkages between

public management of flood plains and private decision making.

The research deals with the development of an understanding

of why existing flbod plain management strategies have been

characterized as ineffective and the proposal of methods

that will aid in the development of better management plans.

The approach employed stresses the importance of indi-

vidual choice as a mechanism for achieving social goals.

The public sector influences the individual by; providing.

information, constraining opportunities and providing incen-

tives. Flood plain use can be studied by using the methods

of decision making under uncertainty and location theory.

Consequently, the initial portion of this research analyzes
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both these topics in order to develop hypotheses with indi-

vidual flood plain use. Having developed an individual choice

model, a theory linking public and private choice in a flood

plain management context is required. This involves an analy-

sis of the question of subsidies to flood plain residents by

the general population and a description of the conflicts of

interest between flood plain residents and the remainder of

society.

Any flood plain management strategy involves the selec-

tion of a set of management tactics. The differing nature

and effects of these tactics are considered in terms of

their impacts on individuals. Tactics are described using a

four level taxonomy which employs; method of provision, na-

ture of influence on the individual, means of provision, and

physical type as a means of relating similarities and differ—

ences in management methods. A discussion of the elements

of a sound flood plain management strategy is undertaken and

three hypothetical examples are considered, showing the

applicability of different tactics to diverse situations.

These examples focus on undeveloped rural areas, suburban

transition areas, and highly developed urban areas.

The principle result of the thesis is an initial formu-

lation of a behavioral model of flood plain use. This model

stresses the importance of formulating management strategies

and tactics that take into account the behavior of individ-

uals. The failures of previous flood plain management

schemes are attributed, in part, to a lack of consideration
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of the impacts of different tactics on individual decision

makers. The single overwhelming requirement for an effec-

tive application of the management methods suggested by the

research is improved information. Both public and private

decision makers are incapable of making effective and ration-

al choices in the absence ofaccurate, relevant information.

Information improvement is not, however, an ultimate solu-

tion to the flooding problem. A range of management tools

are available and each is suitable to particular situations.

The design of a functional management strategy requires the

selection of an appropriate bundle of tools. The research

undertaken is designed to facilitate this selection process

and thereby reduce the costs of flooding.
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CHAPTER I

INTRODUCTION

The subject of this dissertation is flood plain manage-

ment. This introductory chapter specifies the nature of the

problem, the methodology employed and sets out the develop-

ment of the remainder of the study.

Identification of the Problem
 

Flooding and the possibility of flooding are important

elements in the lives of a vast number of individuals. With-

in the United States it is estimated that more than half of

the communities and seven per cent of the land area suffer

significant flood damage (White and Haas, p. 255). Flood

hazard is prevalent in every state, and threatens both urban

and rural residents alike. Whenever the use of a flood plain

is proposed, the question of flood hazard becomes an impor-

tant factor in determining the net benefits of such use.

Ever since man settled in flood plains there have been

attempts to minimize the costs of flooding. These attempts

have met with varying degrees of success, depending upon the

methods used, the nature of the flooding problem and the ac-

tivities carried out. In the United States major flood con-

trol programs began in 1917 (United States, Water Resources

Council, p. V-l). The major effort commenced with the Flood



Control Act of 1936 which placed the responsibility for flood

control in federal hands and began a series of structural con-

trol measures to reduce flood damage (James and Lee, p. 230).

Although these measures have significantly altered the nature

of the flood problem, the annual damage caused by flooding

has continued to increase over time. Floods are no longer

the major disasters they once were. Losses of human life

have been reduced greatly and major catastrophes are rare.

What remains is a growing problem of property damage result-

ing from moderate floods, particularly in areas lacking flood

control devices.

This continual rise in flood caused damage, despite

the expenditure of over ten billion dollars in the 1936-1966

period, has led to serious doubts about current use and man-

agement practices of flood plains (James and Lee, p. 230).

These doubts are primarily phrased in terms of questions

about the desirability of introducing development in flood

plains and of the applicability of structural control measures.

Opponents of development argue that a full accounting of the

costs and benefits of flood plain use would find that the

costs exceed the benefits. They further argue that the pro-

vision of structural control devices leads to increased de-

velopment of flood plains, further increasing the potential

for flood damage and resulting in major distributional shifts

in wealth. These distributional shifts arise since flood con-

trol devices are financed from general revenues yet provide

benefits to only a segment of the population.



Analytical Framework
 

As the title of the study suggests, the methodology

employed will be an individualistic approach. The focal.point

of the analysis is the individual decision maker who must de-

cide whether to locate in a flood plain, or some other area,

and the nature of the activities to be undertaken at the par-

ticular location. The problem for the individual is to se-

lect an optimal location, an optimal activity, and to remain

at the location and carry out the activity an optimal length

of time. This problem although conceptually simple when ex-

pressed in an expected utility, general equilibrium frame-

work becomes rather intractable when confronted under a less

rigorous set of assumptions. Indeed, in operational terms

there is almost no likelihood that the individual can hope

to satisfy this three-fold optimization problem. This does

not imply that the conceptual approach of traditional theo-

retical economic studies is without value. Such a methodol-

ogy provides a starting point. The aim of this piece of re-

search is to make a marginal adjustment to the existing body

of knowledge by introducing institutional and environmental

variables to the analysis. This has the initial effect of

making the problem sufficiently obscure so that no absolute

solution exists, while still imposing a level of abstraction

that makes the analysis unrealistic, in the sense that it re-

lates to no particular situation. Despite these shortcomings

there are some advantages to the approach. First, the



complexity of the choice problem for the individual becomes

clearer. In addition, the importance of extra—market forces

can be brought out. Within the context of an individual

choice framework, the impact of group actions, both constrain-

ing and encouraging, can be shown, as can the importance of

historical developments.

The framework employed is that of an individual utility

maximizer operating in an uncertain world. The individual

acquires additional information over time and has the poten-

tial to adjust some of the probabilities and potential states

of nature through appropriate actions. The role of the group

is to apply pressure on the individual by altering the feasi-

ble states of nature the individual confronts. Groups are

composed of individuals each of whom seeks to maximize indi-

vidual welfare, but recognizing that higher level goals may

only be achieved by joint actions which require foregoing

other goals and acting collectively.

According to White and Haas (p. 1) this individualistic

approach is a relatively uncommon methodology. In a society

where the default methodology of social organization is still

to let individuals determine the choices and market forces

distribute the impacts, a methodologically individualistic

approach would seem to be of significant value, since it is

compatible with the existing social mores. As long as indi-

viduals retain the rights to develop flood plains any effec—

tive management scheme must take into account those forces

Vflhich affect individual choices and act upon them in a manner
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that is consistent with the management goals. An effective

management strategy can impact on individuals in the follow-

ing ways. These are; through the imposition of constraints

which limit choices, through the provision of incentives to

make particular choices more or less desirable, and through

the provision of information to make the choice process more

effective. The manner in which different flood plain manage-

ment methods impact on individuals is a crucial portion of

the research since the actual mix of methods selected deter-

mines the directions that individuals will be channeled and

depends on the goals sought.

Scope of the Study
 

The study proceeds from an analysis of individual choice

under uncertainty wherein the logical foundations of proba-

bility are considered. The point of this exercise is the

development of a logical foundation of two views of the nature

of the probability which can be applied to flood hazard. A

case is made that this fundamental distinction in the concep-

tual foundations of probability theory can explain, in part,

how individual decision makers and those responsible for man-

aging flood plains arrive at different evaluations of the

optimal use.

Following this, a development of location theory is

undertaken, again from an individual viewpoint. Traditional

location theory with its emphasis on cost minimization is

criticized as providing an inadequate explanation of



individual behavior. In its place an extended theory is sug-

gested which incorporates institutional and historical forces

as central elements in location choice. The location choice

of the individual is limited by these forces and within this

limited set certain points are emphasized or de-emphasized

according to social values. The individual makes the final

selection but the alternatives available are socially deter-

mined.

Given the set of management tools available as policy

variables, it is important to determine the effect of each

of these tools on individual choice. Certain techniques can

be classified as reducing the available options to the indi—

vidual, others influence costs and benefits while others

alter the information available. These tools can also be

characterized according to the means by which they are pro-

vided. Some are provided privately while others are the re-

sult of collective action. Thus a management method can be

selected on the basis of its impact in terms of the direct

effect on the individual and on the relative mix of the public

and private sectors.

Previous mention has been made of the conflict between

private and social values in the context of an individual in

opposition to a bureaucracy. This conflict can be extended

to a group conflict between flood plain residents and non-

residents by considering the relative values of individuals

within each group and noting how costs and benefits of dif-

ferent actions are distributed. This latter conflict is



between private groups and is manifest in different ways.

Controversies over development activities in flood plains can

be usefully analyzed in terms of these two categories of con-

flict.

Research Objectives

The point of this analysis is to gain additional insight

into the nature of the development process in flood plains.

The use of an individualistic framework allows the analysis

to focus on micro-decision processes rather than on the macro

processes which have been the common method of analysis.1 By

considering the forces that shape individual behavior it is

hoped that it may be possible to design management practices

that encourage individuals to work in the "social interest"

rather than trying to force them into it by thwarting private

goals, with the expectation that the costs of providing in-

centives are lower, for the most part, than the costs of

regulation.

Further,it is hoped that by providing an analysis which

tries to introduce all relevant benefits and costs of flood

plain development a better perspective on how to use flood

plains will result. Only if management plans are designed

to take into account the full range of forces operating on

the individual can it be expected that the desired results

1Examples of the macro or social approach to flood

Pliain management are the works of Leopold and Maddock, Murphy,

anCi the United States Water Resources Council.



will occur. Full consideration of all the relevant costs and

benefits may also result in a different management strategy

than if only a partial set were to be considered. Finally,

it is hoped that the study will provide a means of linking

uncertainty theory and location theory from the perspective

of individual and social values. The optimal use of the flood

plain differs only in degree from the optimal use of any re-

source. In every case there must be a way of working out con-

flicts between individual and collective requirements that

take place in an uncertain world where spatial distributions

have important effects.

The preceding paragraphs provide a general statement

of the goals of the study. In terms of specific objectives

that will be employed, five distinct points can be distin-

guished. First, a review of the literature on decision mak-

ing under uncertainty and location theory will be undertaken.

This review will focus on the relevance of individual choice

particularly as it affects flood plain use. Second, alterna-

tive uses of flood plains by individuals will be appraised

in the context of different flood hazards and different his-

torical developments. Third, a relationship between individ-

ual and social choice will be developed. Fourth, individual

choice models of flood plain use will be defined to show the

linkages between private and social objectives and plans.

Last, an analysis of different flood plain management methods

WiJLl be undertaken using the concepts developed as a basis

for: comparison and evaluation.



CHAPTER II

THE FOUNDATIONS OF DECISION

MAKING UNDER UNCERTAINTY

Location decisions in flood plains obviously have much

to do with uncertainty. In addition to the normal levels of

uncertainty that pervade all phases of life there is an ad-

ditional element associated with the individual's location

choice. Clearly, a flood plain by its nature bears some

chance of being inundated, thereby destroying or damaging

economically valuable activities and structures in the area.

The analysis of this chapter seeks to provide a plau-

sible explanation of how the individual decision maker evalu-

ates this risk; and also to determine the relationship be-

tween social and private risk, in the context of location de-

cisions in flood plains. In order to undertake these tasks

some preliminary discussion of the nature and concepts of

probability is required. This work will comprise the first

section of the chapter. Following this a brief survey of

the expected utility approach for individual choice is pre-

sented. Then an extension, developed by Fellner, to expected

utility theory is considered. This will complete the survey

of background information required for the analysis. The

next stage involves a consideration of how flooding problems

_are related to the preceding discussion. This will then per-

lnit a conceptual model of individual choice to be developed.

9
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Having established the individual's decision making framework,

an attempt to relate individual and social choice under un-

certainty can be made. Finally a brief summary of the results

conclude the chapter.

The Concept of Probability
 

The theory underlying decision making under uncertainty

has a long and somewhat complex past. It is rooted in the

nature of probability theory, which will be the starting

point of the discussion. Several schools of thought on the

nature of probability and its applicability can be distin-

guished. These various concepts are sufficiently contradic—

tory that the conclusions flowing from particular schools im-

ply different attitudes in decision making under uncertainty.

The Classical School
 

The first approach to be considered is commonly refer-

red to as the classical school. It represents the first com-

prehensive formulation of probability theory. The basic

tenet is that probability represents the ratio of the number

of favorable outcomes to the number of possible outcomes.

Laplace employs such a definition of probability in the

Philosophical Essay on Probability. An essential character-

istic of the classical framework is that it does not depend

on observation. The probability ratio is determined a priori

without recourse to experimentation or observation.1

 

1Fellner (p. 39) points out that Laplace, Bernoulli and

Bayes did not require either experimental verification or an
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Despite the lack of empirical verification in the clas-

sical approach many significant observations on the nature of

probability were formally postulated. Laplace sought to re-

late probability to human action in a manner that was con-

sistent with a basically uncertain world. If almost all

knowledge is problematic then probability deals with the un-

certainty of knowledge. In this respect the classical formu-

lation is very like that of the subjectivist point of view,

which will be discussed below. Laplace also postulated the

"Principle of Sufficient Reason" as a means to link the past

to the present and future. This principle presupposes a

causal relationship between events. Thus, by studying the

past, it is possible to make inferences about the present.

Knowledge is the understanding of those relationships and

probability results from the fact that only a partial under-

standing is possible. Laplace (p. 15) notes that such gen-

eralizations from the past to the present are possible only

when the underlying relationships have not changed. The

process of observing the past to gain information about the

future is very like the frequency school of probability, to

ibe considered below, but with the essential difference in

that probabilities are established a priori not by observa-

‘tion.

Laplace notes that as the probability of an event be-

<:omes arbitrarily close to one there may still be an essential

 

:Lnductive determination of probability ratios.
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difference between the two states of certainty and uncertainty.

This difference arises from the ability of the individual to

perceive even a small error as being significant (Laplace,

p. 8). Laplace thus may be thought of as anticipating the ex-

pected utility framework for analyzing uncertain events that

is commonly employed at present.

The Subjective and Frequency Schools

As has been indicated above two other schools of thought,

the subjective and the frequency, have their origins in the

classical conception of probability. They may be thought of

as extreme cases. There are two fundamental attitudes under-

lying probability which determine the applicability and the

nature of the concept. These two opposing attitudes are mani-

fest in the frequency or objective view of probability on the

one hand and degree of belief or subjective view on the other.

Gillies in the Objective Theory of Probability presents

a detailed comparison of the two approaches by concentrating

on the analysis of one of the leading proponents of each

school. The two authors considered are; John Maynard Keynes

as an example of the subjective school and Richard von Mises

as an example of the objective school of thought. The follow-

ing discussion of the two theories borrows heavily from this

work by Gillies although the usual caveat regarding misinter-

pretation must apply. The distinction between the two schools

is one of a philosophical basis. On matters of computation

and analytical techniques there is no difference between the
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two. However, philosophical distinctions are often crucial,

and are so in this case. The foundations of a conceptual

system say a great deal about the applicability and scope of

the system.

As will be shown below, it is possible to think of the

frequency approach to probability as an example of inductive

reasoning; which involves the process of reasoning from par-

ticular premises to general conclusions. By observing re-

petitive events it is possible to observe a convergence of

the ratios of outcomes to some limiting proportion, thereby

establishing the probability of any given outcome for an

event. There is a subtlety to inductive proofs that applies

to their relation to experience. Bertrand Russell shows that

probability is always relative to the data available. The

presence of additional data may refute expectations based on

a smaller data set but this by no means alters the validity

of previous conclusion (Russell, p. 153). As Russell notes,

”The fact, therefore, that things often fail to fulfill our

expectations is no evidence that our expectations will not

probably be fulfilled in a given case or a given class of

cases"(p. 153). Similarly, experience neither disproves nor

proves the inductive principle. Experience may confirm the

principle but the validity of any inferences drawn is based

on the principle alone, not on the events that are observed.

The point of this argument is that fundamentally any hypothe-i

Sis regarding future events must rely on an "act of faith."_

The inductive principle acts as a guide to decision making,
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revealing relationships that have held in the past, but it

is a matter of faith to hold that these relationships will

continue into the future.

Given this argument, what may be said regarding the

frequency point of view? It would appear that a belief in a

concept of probability based on repetitive events that leads

to predictions of future events is no different at its roots

than a subjective view of probability that starts from the

initial assumption that probability is a relative concept

measuring degrees of belief. The important distinction

arises over the admissible scope of probability. Adopting-

a frequency theory restricts the applicability of the con-

cept of probability to a restricted range of events, while

providing a very definite meaning to the form.

Von Mises claims that the purpose of "...probability

theory is to determine from the given probabilities in a num-

ber of initial collectives the probabilities in a new collec-

tive derived from the initial ones" ( Gillies, p. 7). A col-

lective is defined as an infinite sequence of elements of

elements which are members of some arbitrary attribute space

(Gillies, p. 3). Probability thus becomes an empirical theory

based on the law of the stability of statistical frequencies

which states that as the number of events increases the prob-

abilities converge to a limit. Probability is therefore only

useful when it is possible to undertake repetitive experiments

30 that the limits of the frequency distribution can be es-

tablished. Problems that do not meet this criterion are
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incapable of being analyzed in a probabilistic framework. The

great advantage of adopting such a belief is that probability

becomes an unambiguous concept that is agreeable to all rea-

sonable individuals. The objective nature of probability

allows a consensus in decisions where expected values are the

deciding criterion.

What then is the subjective interpretation of probabil-

ity? The subjective view of probability is that it is a

branch of logic indicating a relationship between two propo-

sitions. Probability is a conditional relation which is de-

termined by the available evidence, i.e. a measure of the-

degree of rational belief. Given two propositions, a and h

and if knowledge of h gives a belief of oiin a then there is

a probability relation (Gillies, p.8). The way a probability

relation is formed is by direct acquaintance or logical in-

tuition. Thus the subjective view of probability can be seen

as a direct application of Russell's Principle of Induction.2

There are no restrictions as to the applicability of the

 

2The Principle of Induction as stated by Russell in "On

Induction" consists of the following: (a) When a thing of a

certain sort A has been found to be associated with a thing

of a certain other sort B, and has never been found dissoci-

ated from a thing of the sort B, the greater the number of

cases in which A and B have been associated, the greater is

the probability that they will be associated in a fresh case

in which one of them is known to be present; (b) Under the

same circumstances, a sufficient number of cases of associa-

tion will make the probability of a fresh association nearly

a certainty, and will make it approach certainty without

limit.
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of probability using a degree of belief approach. Given two

propositions it is possible to assign a probability relating

the two. The magnitude of the number assigned is a direct

relation of the subjective degree of belief in the postulated

relationship. Keynes notes that not all probabilities have

numerical values. Only when it is possible to apply Laplace's

Principle of Insufficient Reason to a set of finite and in-

divisible outcomes can numerical values be obtained (Gillies,

p. 11).

The Laplace Principle of Insufficient Reason is a de-

cision rule to be applied when faced with a choice where no

information is known about the likelihood of any possible

outcome. It states that, given a state of complete ignorance

about the probabilities of different outcomes the decision

maker should assign equal probabilities to each outcome.

The concepts of probability considered so far have

been polar cases. It is possible to caricature them as; the

frequency belief, which restricts probability to a class of

uninteresting games of chance where all knowledge but the

particular outcome is available, and a subjective point of

view where probability is a measure of how any particular

individual chooses to relate two events. Clearly neither is

a sufficient theory, by itself. The first is unable to ad-

dress interesting questions, while the second provides un-

interesting answers. What is needed is a theory that pro-

vides a measure of the interpersonal transmissability of

jProbability values associated with the frequency approach
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yet is able to address a wide range of problems as does the

subjective approach. As Gillies (p. 14) notes, there are no

computational incompatibilities between the subjective and

objective methods. The difficulty arises over the scope and

nature of probability. At this point in time it is wise to

recall Laplace's reminder that no matter how close an uncer-

tain event becomes to a certain one there is still a percep-

tion of the possibility of the other outcome occurring, dis-

rupting the individual's plans. This provides a clue as to

the psychological elements underlying human decision making.

Fellner's Semi-Probabilistic Approach
 

William Fellner in Probability and Profit provides an
 

approach that meets the desired criteria. Fellner character-

izes the approach as being semi-probabilistic and an exten-

sion of Bayesian decision making.

The approach incorporates the possibility of a set of

probabilities, attached to various outcomes, which exhibit

the desirable property of being reasonable to a large group

of individuals. However, Fellner argues that these proba-

bilities are not directly employed by the individual in the

decision process. The probabilities are adjusted by the de-

cision makers conception of how stable they will be over time.

frhus there can be a great deal of difference in behavior in

situations where the attached probabilty is, say, 0.3 with

gjreat confidence and one where the probability is 0.3 with

very little faith in the stability of this value. Fellner
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e1Ilploys the term "slanting" to incorporate the individual's

sllbjective evaluation of the stability of the probabilities.

AS a further example; consider a case where Laplace's Prin-

ciple of Insufficient Reason is applied. In this case the

individual has no reason to assign anything but equiprobable

Weights to the possible outcomes. However, it would be very

likely for that individual to have very little faith in the

Stability of those weights. Consequently the slanting fac-

tor in this case is quite large.

Expected Utility in a Semi-Probabilistic Context

It has become a matter of course in economic research

into uncertain events to adopt an expected utility framework.

A question that needs to be addressed at this point is how

the semiprobabilistic approach fits into the expected utility

frameVVork, and more to the point whether anything is to be

gained by employing it.

T
.

‘£51~3§EESpected Utility Approach

The basic argument of the expected utility framework

res . . .

ts on three ax1oms and a theorem. From these 1t 13 pos-

sible to develop a utility ranking that is in a sense meas-

urab 1e, in that utility values are defined to Within some

arbitrary constant. This assumes that a person behaves ra-

tlohally
which in this case requires that Preferences

satisfy

certain consistency assumptions.

In order to present the theoretical basis of the theory

lt -

is necessary to introduce certain notation. Let fi(x)
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represent a probability distribution f over outcomes x = (x:L

X2 xn) . Thus each fi(s) represents some prospect and

its associated outcomes. Given m possible outcomes then

Clearly;

II
M
B

H
!

m
V

II 1 in the discrete case,

or

g fi(x) dx = l in the continuous case

Axiom 1: For any prospect f(x) in the set there cor-

reSpornds a certainty equivalent SE. This axiom ensures that

for any gamble there can always be found a given certain

amount for which the individual is indifferent.

Axiom 2: Given a binary choice where there are two pos-

sible outcomes; M with probability p, and O with probability

1.9- As the probability, p, increases from zero to one the

certaj_nty equivalent correspondingly approaches M from 0.

It is possible to find some probability p such that the in-

dividual is indifferent between any particular outcome with

certainty and a binary prospect with outcomes 0 or M and as;-

sociated probabilities l-p and p.

Axiom 3: Given some prospect f(x)it is possible to define

a n
.

e i", prospect fr(x),say, where fr(x) is identical to f(x)except

fo:

the fact that outcome xr has been replaced with an equiva-

len

t binary prOspect. Then the individual shall be indif-

th between prospect f(x) and fr (x) . By successive ap-

Pl;

Qation of axiom 3 it is possible to reduce any complex



Ni
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Euospect to an equivalent binary prospect.

These axioms enable any complex prospect to be reduced

first to a simple binary choice and then to a corresponding

Thus any number of arbitrary prospectsCertainty equivalent.

can be reduced to certainty equivalents and then ranked on

through the usethe liasis of these certainty equivalents,

0f scxme preference ranking commonly termed a utility function

It can be shown that the utility functionand denoted, u(x)-

That is u(x)is defined up to a monotonic transformation.

a + bu(x) where a and bcannot be distinguished from v(x)

are Eirbitrary constants and b is greater than zero. These

results can be stated as a theorem.

Theorem: A preference function satisfying the three

aXiorns can be represented by a utility function unique up to

a linear transformation.

The proof of the theorem follows directly from the

 

axioms and is reproduced as an appendix in the Theory of

G . . .

Eun‘eiss and Econom1c BehaV1or. These three ax1oms and the as-
\

s -

<><=31Mated theorem are the basis of the expected utility frame-

Iv

ork , which may be represented as

U (f) E u(x) f(x)

x

The actual properties of this utility function, u(x)

41) shows that, as a general

a:

kg of interest. Borch (p.

Q

lass, mean-variance decision rules fail to satisfy the three

a; -

kloms and are hence inadmissable. Another property follow-

:LhQ from Axiom 2 is the re ' ' ° 'quirement that the f1rst derivative

(3 , ,

IE 'U'be p031t1ve so that as x 1ncreases u(x) also increases.
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Finally, interpersonal utility comparisons do not follow from

EXpected utility computations since the individual's prefer—

ence function determines rankings.

'The value of the expected utility approach is that it

Provides a logically consistent method of ranking uncertain

Choices while employing only a small number of assumptions

that are intuitively appealing. As Luce and Raiffa (p. 38)

Point out: "One alternative possesses a larger utility than

another because it is more preferred, not the other way

around." Thus expected utility analysis may be thought of

as a convenient sununary of individual preferences. Thus‘in

order to specify a utility function it is necessary to obtain

some measure of individual preference.

Mignificance of Fellner's Approach

By introducing Fellner's slanting factor as a measure

0f confidence in estimation the expected utility formation

incorporates an additional term. Given the discrete form of

the expected utility formulation

U(x) # Z u(x) f(x)

ttlea . . x . .
1ncorporation of the slant1ng factor gives a form

2 u(x) f(x) s(x)

x

G(x)

whfire: u(x) is the individual's utility function, f(x) is

the estimation of the prospect, and s(x) is the measure of

the individuals confidence in the stability of the prospect.

What must be shown is, that it is preferable to isolate

t

he slanting factor as a separate variable rather than to
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incorporate its effect either in the individual's utility

function or in the specification of the prospect. In the

first case, the slanting factor does not reflect the indi-

Vidual's attitude toward the outcomes but is a measure of

Since the utilityconfidence in the estimated probabilities.

function reflects preferences it would seem undesirable to

place the slanting factor there. In the second instance,

the probabilities estimated by the individual reflect the

available information at that time. As Russell (p. 153)

poiriizs out in his discussion of induction, probability is

re12112ive to data. Thus the individual has made the best

estimate possible but recognizes that these estimates may be

subject to change. In effect, what the individual is doing

is performing a complex decision with compound probabilities,

i-e- , a probabilistic confidence value is attached to the

original probability estimates. By the axioms of the expect-

ed utility hypothesis it is clearly possible to reduce a com-

plex prospect to a simple one-but is it desirable. Fellner's

a . . . .
r911ment is that 1t 15 advantageous to separate the two Since

1:

hey reflect different things. The probabilities associated

w ‘ '~

1th the prospect reflect an estimation of the likelihood

of . . . . .

the various outcomes. The probab111ty assoc1ated Wlth

t

he slanting factor reflects the degree of confidence in the

PI: . . . .
lections wh1ch can be a funct1on of an entirely different

8

Qt of variables.

Since the nature of the slanting function differs from

3:

hat of the prospect, combining the two will give a hybrid
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which will give the same final result but with a loss of in-

formation. The value of maintaining this distinction will

become clearer in latter portion of the analysis where the

difference between social and private risk is considered.

The Importance of Uncertainty in Economics

Given the desirability of using the expected utility

hYPotheSis as a technique for analyzing uncertain situations

it is now important to show why the concept of uncertainty

is relevant to economics in general and to this work in par-

ticular. The general applicability of uncertainty theory

has loeen justified many times and should be apparent to the

reader. Some'of the lucid rationalizations are to be found

in the work of Knight, Mack and Borch.

Wtainty and Flooding

In the particular case of flood plain use it can be

seen that not only do the standard levels of uncertainty as-

soc:iated with life apply, but also there is additional un-

certainty arising from the possibility of flooding. Floods

may be thought of as one member of a class of natural dis-

Other members of the class

a

s‘zers that are site specific.

In each case

3r

e : earthquakes, forest fires, and volcanoes.

1;

here is some level of information regarding the likelihood

0:5
the disasters' occurrence at any given location. These

11

athral disasters add an increased element of uncertainty to

t

he individual choosing to locate in an area where they occur.

T

11113, location in a flood plain carries, in addition to the
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normal uncertainty associated with any activity, an increase

in uncertainty attributable to the possibility of a glood.

Indeed, the levels of potential flood hazard are used to

distinguish flood plains. Consequently, any analysis of

flood plain use must take into account the role of uncertainty

and methods of dealing with it.

fie Differing Natures of Probability

Related to Floodiy

The preceding analysis has shown that there are two

schools of thought to be found in the philosophical basis of

Probability theory, namely the objective and the subjective.

It is hypothesized that this difference may be used to ex—

Plain a large portion of the conflict between what are com—

monly termed private and social welfare in flood plain use.

In capsule form, the hypothesis is that individuals approach

uneartainty from a subjective perspective while society

through its planning and management appendages, such as

government agencies, and legislative bodies, employs an ob-

Jective framework. In each case the same computational

f . . . . .

J:‘aluework, expected utility analySis, is employed. Since

1:. . . . . .

he initial premises differ, the conclu31ons reached also

d -

if fer, even though the logic is common.

Society by virtue of a longer time horizon and greater

d ‘

lVersity of interests is able to view an individual loca-

t -

lQn choice as an element of a set of replicable events.

Q

thequently floods and the location patterns following from

t .

hem are developed u51ng a frequency type of analysis. The
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individual, by way of contrast, views a location decision as

a unique event that is not subject to replication. For the

individual the location decision is an infrequent occurrence

and one that has ramifications far into the future. The con-

ditions confronting any particular individual are unique

when viewed from the individual's perspective. Even when

there is information available about historical flood ex-

per iences the individual must interpret it. The consequences

of a flood are disastrous for the individual and must be care-

fu]. 1y considered, particularly where information dealing with

flood likelihoods is limited. Thus, a subjective view of

Probability is appropriate.

It is at this point that Fellner's concept of a slant-

ing factor becomes useful. Both individualsand society may

employ the same probabilities of floods, since individuals

can obtain data frOm branches of the government. The es-

Sential difference in this case arises from the individual's

application of a slanting factor to these raw probabilities

to Obtain a subjective evaluation of the likelihood of

floOding. This slanting factor adjusts the individual's

final ranking giving a divergence from that determined by

Society. A further complication arises in that social and

private utility functions are not likely to employ the same

argllunents and that individuals may determine probabilities

of flooding that are different from those of society. These

differences in values are important but the intent of the

hypothesis is to show that even in a case where it would
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appear that individuals and society have compatible inputs

to the decision process and compatible values, the fact that

they employ different notions of probability can lead to con-

flicting results .

Summary

To this point a survey of the two philosophies of prob-

ability has been presented, followed by a discussion of ex-

pected utility methodology. A brief discussion of the rele-

vance of uncertainty to the problem at hand was then intro-

duced. Finally a hypothesis regarding differences in the

type of philosophy of probability as cause of incompatibility

between private and public choice was proposed.



CHAPTER I I I

LOCATION CHOICE

Within this chapter a survey of the basic elements of

location theory is developed. This includes an historical

development of location models and a critical survey of the

existing theory. Following this, a formulation of a decision

model for location selection is presented that employs the

notion of a utility maximizing individual as a basis. Fi-

nally, a summary of the results conclude the chapter.

Location Theory as a Branch of Economic Theory

Location theory has its fundamental origins in the

Works of the classical economists. Of the classical econo-

mists Ricardo, through the notion of rent, had the strongest

inflLuence on location theory. The concept of the optimal

Use of land based on intensive and extensive margins as an

allocation device is conunon to much of the analysis of land

use Since the marginal cost of production is primarily de-

te":3l't1ined by the quality of land the output of any particular

f°rm is determined by its resource endowment. Similarly the

extensive margin of production is determined by land quality.

The last unit of land to be employed is that one for which

the marginal cost of producing the first unit of output just

equals the marginal revenue obtained. In the context of

27
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standard Optimizing economic theory the product of any par-

ticular unit of land will be determined by equating marginal

costs and marginal revenues. When marginal revenues for a

particular product are constant, while costs vary with loca-

tion, a surplus is generated at the low cost sites. The dis-

tribution of this surplus underlies the theory of rent.

In the Ricardian framework the price of corn was the

determining factor for the marginal revenue, and land prices

or rents were derived from fundamental differences in the

Quality of land. With very little effort the same analysis

can be employed, using other location determining variables;

such as transportation costs, site amenities, or market

availability. In each case intensive and extensive margins

are determined showing the output or value, as the case may

be, for each particular site and for the entire area.

As Isard has noted "...both time and space must be vital

conSiderations in any theory of economy" (p. 24) . Yet, for

the most part economists have abstracted from spatial ques-

tions, and to a lesser extent, from time. Any realistic

thQory of actual decision making must take these effects into

aQQount. The analysis of flood plain use necessarily requires

tl1fie development of a theory of location if any structural ex-

plenation of the development process is to be developed.

Several different methods of approaching location prob-

1eIris can be distinguished. The first type involves considera-

tion of location decisions where the activity in question uses

large amounts of land. This class of problem was the first
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to be considered and basic location theory models are formed

from this type of analysis. These areal considerations result

in land allocation models. A second type of model is formed

in terms of location decisions at a point. In this instance

the land requirements of the activity are ignored and atten-

tion is focused on the attraction and repulsion forces as-

sociated with different industries. A third type of model

deals with hierarchies of functions, relating size of community

to the levels of services provided in order to develop a theo-

rY of functional dependence of different size communities.

Each of these location models will be considered in greater

detail below. Different types of information about the loca-

tion problem result from these models since each approaches

the problem from a different perspective.

Areal Location Theories
 

Th\e¥Von Thunen Model
 

One of the earliest and more important advances in loca-

tion theory was the work of Von Thunen in the early part of

the nineteenth century. Von Thunen's model of an isolated

state is an example of the allocation of land among uses

W11ere land area is an important element of the activity. The

fiesSential basis of the model is a differential in values of

final product brought about by transportation costs. A cen-

tral market in a homogeneous plain is employed to show that

dj.stance from the market is the crucial element in determin-

ing location. In his analysis Von Thunen shows that different
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activities will be dispersed in concentric rings about the

market with the size and relative position of the ring being

a function of the value of the activity and the cost of trans-

portation for that activity.

Although a homogeneous plain with a single market is

postulated, this is clearly only a simplifying assumption

and the results follow, although with considerable distortion,

if multiple markets or a heterogeneous environment is intro-1

duced. For example, in’the case of multiple markets, those

activities with the lowest net value after transport costs

have been deducted from gross value will not be found in the

13395-011 between the two markets. Similarly, variations in

land quality will lead to irregularities in the distribution

0f activities and may even result in isolated pockets of an

act-i\7ity, if the value of the activity and its associated

trar18port cost combine to dictate that particular use as be-

ing Optimal, in a particular location, despite an alternative

use taking place in the surrounding area.

wems with the Model
 

From Von Thunen's analysis it is possible to predict

loQation areas for different activities. However, within an

area it is not as easy to predict the actual site occupied

by a particular unit. One solution to this problem is to as-

sul‘ue that land rents within a region are such that the indi-

v:i—Clual unit becomes indifferent among sites within the area.

In this case rents would rise with proximity to the inner
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boundary of the ring, with the magnitude of the increase being

proportioned to the transport costs associated with that given

activity. However, this solution is to some extent unsatis-

factory since it fails to explain why land rents take on such

a distribution. In order to achieve this distribution a com-

petitive mechanism for allocating land must also be postulated

as must a behavior scheme for land-holders which requires the

capability and incentive to extract all the available surplus

that can be attributed to a particular site. The major prob-

lem with such an assumption is that in order for it to be

other than a very rough approximation a greater degree of.

Simultaneity in location choices has to be present than is

commOnly observed. Although it is conceivable that over time

an adjustment in land use could take place, which would re-

sult in the postulated allocation, the likelihood of such an

occurrence would seem small.

Alternatively, a successive application of Von Thunen's

con(Bept could be used to determine land use for individual

entities. Once the available area has been divided among

ccruEeting uses, each group of users is disaggregated into

individual elements and the process is repeated, using in-

div.idual preferences as a measure of value that determines

IQQ ation .

EEESi Relationship with General Equilibrium Analysis

The essential features of Von Thunen's theory are simi-

133: to general equilibrium analysis. Individual uses compete
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for sites on the basis of ability to pay; which is the same

as walrasian general equilibrium, which is also based on

ability to pay or effective demand. The process as it is

described is similar to the tatonnement procedure established

by fikalras. Ability to pay for the land is an essential ele-

ment in this type of analysis and the land is allocated

through the standard mechanism of the economist-the competi-

tive market.

Since the time of Von Thunen, this type of analysis has

been applied primarily to land intensive activities, such as

agriculture. Webber notes that there are two major types of

agricultural land use models. One deals with the effect of

location on production for a central market while the second

deals with inter-regional equilibrium (Webber, p. 50). This

latter form encompasses the possibility of. different markets

and different production costs. These differences are intro-

duced by the processes and costs of transporting outputs be-

tween regions.

The model developed by Von Thunen has only undergone

minor modifications since it was first introduced. It re-

tains its applicability for location problems involving the

allQcation of land among competing uses, particularly when

trarlsport costs are important. It was, however, found want-

ing in a number of areas and consequently a different class

Of l'tlodels was developed to approach the location problem

from a different perspective.
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Point Location Theory
 

The second class of models to be considered deals with

point location questions. In this class of models competition

for a particular site is not considered; rather, the issue is

choice among locations with disparate characteristics. The

primary source for point models is the work of Alfred Weber

in the late nineteenth and early twentieth centuries. Isard

(p. 28) characterizes Weber's analysis as essentially evolu-

tionary, stressing the phases of development of the social

and economic system. The primary feature of Weber's analysis

is cost minimization. Different sites have different costs

015 Production, not only because of transportation differen-

tials, but also because of the differing nature of the produc-

tion process at these different locations. Weber sought to

e“Plain location in terms of transport costs, labor costs

and agglomeration effects (Webber, p.11). The analysis of

tral'lsport costs rests on the differing nature of production

p”(Deesses. Those processes that result in a loss of weight

chliming production locate near the source of inputs while

th~Qse that gain weight locate near the market. Variations

in labor availability and cost cause disruptions in the lo-

cation choice of the firm. However, such variations can be

incorporated as part of the production process. The basic

advance associated with Weber's theory is the notion of ag-

glomeration effects. Weber showed that there are positive

and negative forces that relate the proximity of firms.
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Clustering effects are primarily explained in terms of a de-

sire to locate either at a source of raw materials, which is

site specific, or at a market, as a result of external econo-

mies. These economies result from a variety of causes.

Hoover (p. 76-79) distinguishes output variety and economies

of the plant, the firm and the cluster as causes of agglomera-

ticun.

Output variety indicates that consumers may demand a

wide variety of products and the greater the variety at a

Particular location the greater the demand. This applies

Primarily to well differentiated products that require in_-

SPection prior to purchase. Economies associated with a

Plarlt: refer to the optimal scale of a particular plant. Simi-

larfiLil economies of a firm refer to economies associated with

all‘1-‘lltiple plant operation while economies of a cluster refer

“3 llnulti—firm economies. In each case there are scale ad-

varl‘tages which exceed the associated costs.

Central Place Theory
 

One further central development in location analysis

is central place theory. Central place theory is an attempt

to explain urban growth in terms of a hierarchical service

81’ Stem. The focus of the work is an attempt to explain dif-

fie1|:‘ential levels of services provided in market areas and

herice to explain why certain settlements are larger than

others. Once again transport costs and scale economies con-

tribute to the definition of market areas for various goods.
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Christaller and Losch, the two pioneering individuals in the

development of central place theory, began with a uniformly

settled homogeneous plain and a given set of production and

transportation functions. It immediately follows that in

order for a cost minimizing solution to result, a regular

hierarchy of settlements is necessary.

General Characteristics of Location Theories

The work of Weber and Von Thunen provides the starting

point for the existing theories of location decisions, with

the notable exception of central place theory. The basic

ideas of these two individuals have been extended signifi-

cantly but the underlying structure of their work has not

been greatly changed. There are two virtually distinct

streams of development in location theory each having differ-

ent starting point. Transportation costs are the fundamen-

tal tool in making each system work but the orientation is

different. Areal theory, in the tradition of Von Thunen, is

an example of a general equilibrium system based on micro

decision units. Point location theory, although it has micro

aIPIplications, has its roots in aggregate behavior. The evo-

l"l‘lzionary deve10pment of settlements and the extra-market

f(>erces that lead to agglomeration are essential to point 10-

cQtion theory. From this aggregate or macro vieWpoint it

is then possible to develOp a corresponding micro location

t1Theory. In essence, the two theories analyze the same body

but from opposite starting points.
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In summary, the principle feature of most works on

location is a concentration on transport costs in a static

framework with cost minimization as the objective function.

Almost all the theoretical analysis of location choice has

been in the context of a firm or industry, operating in a

perfectly competitive market framework. This has led to

significant bias in the development of the theory.

Inherent Limitations

Clearly all the standard criticisms of a perfectly com-

petitive framework apply to location theory but there are

also additional problems. Location theory has in many cases

focused on transportation costs to the exclusion of all other

factors of determination of location decisions. Even when

such factors as economies of scale and differentials in re-

source endowments are introduced into the analysis it is in

la supplementary manner. As Alcaly (p. 43) notes the intro-

<iuotion of economies of scale of itself carries the implica-

tzion that a perfectly competitive framework is not appro-

Priate for analysis of the problem.

At a more fundamental level location theorists are very

<2zritical of standard economic theory as being irrelevant since

iii: abstracts from location costs (Isard, p. vii). Yet loca-

tuion theory is guilty of as great a simplification by ab-

sizracting from time. This criticism introduces the essen-

tZially static nature of location theory. The traditional

approaches assume an equilibrating framework with instanta-

Theous adjustment. This is an heroic assumption that neglects
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one of the key issues of land use--the relatively long life

span of the choice. By abstracting from time, a general

equilibrium framework can be employed to indicate the adjust-

ment of the system to transportation costs. The result is

a series of smooth rent curves indicating the locational

premiums of central sites. ‘Suppose now that time is intro-

duced.

In a world of perfect foresight, or even one where un-

certain outcomes occur with known distributions, the effects

of time on location patterns are insignificant. In these

instances the effect of time is incorporated through some ap-

propriate discount rate. In the case where risky events are

to be considered a certainty equivalent is also required.

It can be easily shown that any complex prospect can be re-

duced to a simple certainty equivalent once probabilities

lhave been assigned to the respective outcomes (Green, p. 219).

lIt.is this assignment problem though, which is at the heart

0f the matter.

It is apparent that when the assumptions of perfect

kinowledge and objective probability systems are relaxed,

'tllere will be significant impacts on the results of the model.

Irideed the applicability of an equilibrium framework of any

'tfirpe is questionable. Some of the more difficult problems

c>IE'location theory in a more realistic framework include;

‘dfiaaling with fixed assets, the problem of estimating future

1Tequirements for services and outputs, adapting to changes

inrtransport systems and costs, the variations in levels of
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knowledge about current land availability and prices, the

relevance of institutional forces that stimulate or oppose

certain land uses, the relationship between location choice

and the remainder of the economy, and cultural factors af-

fecting tastes and preferences. This is only a partial list-

ing of relevant factors which can have a great bearing on

development patterns. Although the use of the "ceteris

paribus" assumption has a long and often valid history of

application in economic research there are times when simpli-

fication can result in a failure to address the appropriate

questions.

The literature of location theory has concentrated on

the problem of a cost-minimizing firm where transportation

costs are the crucial variable affecting the location de-

cision. The result of this analysis is a theory based on

‘the optimization of a single valued objective function.

This analysis assumes that revenues are constant, irre-

spective of location choice. For some products this may be a

Valid assumption. However in cases where the firm has the

«aloility to influence price such an assumption is invalid.

'III this latter case the relevant objective is profit maxi-

IIlization which implies an adjustment of both revenues and

<3<>sts. Location choice is likely to influence both the reve-

3n11e and the cost side of the firm's activities. Consequently,

(it: is improper to formulate the location problem as one of

Chost minimization. Although extensions to location theory
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now incorporate multi-variable objective functions, it is

still primarily in a static, partial or general equilibrium

framework (Papageorgiou, p. 23-51). These sophisticated

models, although providing a more elegant analysis, are

still unable to address many of the aforementioned issues;

primarily because they are only approachable through some

sort of disequilibrium analysis.

A Reformation of Location Theory
 

Having presented a summary of location theory and some

criticisms, it now remains to suggest a reformulation. The

scope of the reformulation is considerably wider, taking in

decisions by individuals and social requirements as well as

the decisions of firms. Consequently, there is a loss in

direct applicability since any increase in generality is pur-

chased through a decline in ability to deal with particular

details.

The Individual's Actions
 

The analysis starts with a utility maximizing individual

operating in a world where social institutions constrain indi-

vidual choice but are themselves subject to change. In order

to understand changes in social institutions it will be neces-

sary to postulate a model of social interaction. The model

begins with the assumption that only individuals undertake

actions but that society has some influence on the individual,

either by restricting the range of admissable choices or by

providing an incentive to select particular choices. The
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individual is assumed to be rational in that any choice made

is the one that gives the greatest expected utility. An

expected utility framework is employed since the individual

operates in a world of less than perfect knowledge about both

current and future conditions and events.

Location decisions are, in general, discretionary de-

cisions that are made infrequently and involve the commit—

ment of a significant portion of the individual's current

and future income and wealth. However, the degree of discre-

tion in location choice can vary widely from individual to

individual depending on the level of income and wealth and

other constraints involved. The decision criteria may even

be lexicographic, at least over some variables. For instance

a family with five children is restricted to a home that has

sufficient room for the members. There are also cultural or

social constraints. They can be overcome at a price, as

can physical limits. Similarly, income restrictions require

that an individual purchase a home within a specified value

range. Transportation costs can also restrict location

choices to a particular set of alternatives. The process of

determining the feasible set of choices by setting constraints,

may be thought of as a lexicographic ranking process since

all feasible choices must first satisfy the constraint set.

Institutional Constraints
 

At any particular point in time there is a set of con-

Straints in effect that are determined by the current
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institutional framework. These constraints such as; zoning

restrictions, services provided, and terms of contract, di—

rect and constrain the individual's actions. However, in

many instances social institutions are sufficiently pliable,

over time, that the individual can in the proper circumstances

change the institutions. This form of directed institutional

change may be accomplished by a single individual, given suf-

ficient will and resources, but is in general accomplished

through the combined action of a number of individuals with

a common interest. Some common examples are; the extension

of city services to urban fringe areas, the rezoning of land

to meet some interest group’sneeds and the construction of

new transport facilities as a condition for the location of

a new firm. In each case the institutional environment

undergoes change as the result of a conscious effort by a

group to improve its position.

The Role of Information
 

The cost and existence of information is of crucial

importance in the decision making process. By virtue of the

long time horizon of location decisions any decision to

change location is weighed carefully by the individual or

individuals concerned. Individuals may be said to behave

rationally if they act in a manner that maximizes their ex-

pected utility. This statement is however, little more than

a tautology since it suggests that whatever an individual

does is rational. When actions are observed that to an
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external observer seem irrational, a difference in available

information may be the explanation. Location decisions are

an area where information asymmetries are particularly common.

The costs of search for the individual are particularly

high since the area to be covered is generally large and

quality differentials of different locations are often not

obvious. As a result of these high information costs the

specialized service of real estate brokers has developed.

The real estate broker is a specialist in matching available

locations and potential buyers. By specializing, the broker

is able to take advantage of the high costs of search and ex-

tract a fee for matching buyer and seller. However, even

with the presence of real estate agents there is no guaran-

tee that location choices are optimal. In the first place,

the real estate broker, although a specialist, has only an

imperfect set of information of available buyers and sellers.

In the second place, it may not be in the brokers' interest

to bring about an optimal matching of buyers and sellers

even if the necessary information is available. Brokerage

charge differentials may result in the broker arranging a

sub-optimal location decision if it results in higher com-

missions.

Manipulation of information is an important considera-

tion in making the analysis of location decisions. It is

clearly in the seller's interest to present a parcel of land

in a manner that reflects any desirable attributes while

masking any undesirable ones. In this vein, river front lots
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are sold on the basis of their scenic view and no mention is

made of the possibility of flooding. Throughout flood plains,

especially in areas where flooding is infrequent, it is in

the seller's interest to minimize or disguise the possibility

of a flood.

Dis-Equilibrium Forces
 

The great body of location analysis has been shown to

be in the same tradition of general equilibrium analysis.

Kornai has recently questioned the validity of the general

equilibrium approach to economics. Although the individual

assumptions of the theory can be made plausible, when con;

sidered in isolation, in an aggregate form the correspondence

between general equilibrium and economic reality is so slight

as to be negligible when policy issues are to be addressed.

Not only are the assumptions of general equilibrium theory

inconsistent with reality, they also fail to provide results

that are consistent. Thus, general equilibrium fails to

satisfy either the criterion that assumptions reflect reality

or the "as if" criterion that stresses prediction not explana-

tion. The principle cause of the inadequacy of general

equilibrium theory is its failure to take into account in-

fluences that do not have market determined prices and other

extra-market phenomena. Any theory that is based on a gener-

al equilibrium approach is also subject to such criticism.
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Extra-Market Forces
 

In location decisions extra-market forces are of great

importance. Although it is possible that some influences

such as perceived quality of a neighborhood may be capital-

ized into site prices, there are a host of such influences

that are not. Ethnic groupings are an example of such a

phenomenon. For an individual not of the particular ethnic

group concentrated in a given area, a site within this area

is likely to be less desirable than one elsewhere, yet the

opposite effect will be true for an individual of that par-

ticular ethnic persuasion. Since the market price is set by

the aggregate demand for housing there is likely to be a form

of subsidy or consumer surplus available to individuals who

choose to locate in ethnically distinct neighborhoods. This

analogy can be extended to neighborhoods in flood plains.

Radner in a study of reconstruction in flood stricken areas

found the residents of the area wanted to rebuild rather than

relocate because of a desire to retain their current neighbor-

hood and from a fear of the consequences of relocation in an

unknown environment (White, 1961, p. 77). This desire to

accept current conditions rather than experiment with a dif-

ferent environment which may provide either better or worse

conditions is characteristic of human behavior. Katona

stresses the habitual nature of individual behavior. Only

when the individual is faced with a new decision or the costs

of making the wrong choice are significant does the individ-

ual consciously weigh alternatives. Even in these instances
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the costs of acquiring information and the unknown reliabil-

ity of the information when coupled with a risk averse at-

titude suggest that the individual will not, unless forced

to, make a major change.1 When flooding is a relatively in-

frequent phenomenon the costs of change as perceived by the

individual outweigh the costs of remaining in the same loca-

tion.

The Role of Transport Qosts
 

Clearly, transport costs are an important element in

locational analysis but only when all other elements are

held constant do they become "the factor" in determining lo-

cation choice. In general, the location decision is such a

multi-faceted choice that attributing a dominant influence

to a single factor is an heroic assumption. At a macro level,

transport cost is likely to be an important influence deter-

mining the regional location of various activities. For ex-

ample transport costs prohibit the construction of a single

cement block plant to service the entire nation despite the

existence of economies of scale in production. In all cases

transport costs are equated with other costs and benefits

at the margin.

At the beginning of this chapter the notion of rent

was stressed as being a crucial element of location theory.

 

1An interesting experiment suggests itself at this

point. If individuals in a flood stricken neighborhood were

given the option of relocating in another area but at the

same time maintaining their neighborhood would they be less

resistant to change. In essence the old neighborhood is

transferred intact to a new location.
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Given the assumptions of the traditional analysis, the result-

ing equilibrium results in the total cost at any site being

equivalent. This total cost is composed of different pro-

portions of site rent and transport cost depending on the

distance from the central desination. Figure III-l depicts

such a hypothetical situation. If a perfectly competitive

model is postulated, the total costs equal total returns so

all surplus is appropriated by the land holder. In a less

than perfectly competitive model there is the possibility

that rents will not exhaust the entire surplus. However,

the inescapable conclusion of this type of analysis is that

the individual becomes indifferent between sites and the lo-

cation problem, at least at the individual level disappears.

One means of escaping from this dilemma is to recog—

nize that all costs are not equivalent for all individuals.

Although the aggregate cost may be the same at each point in

space the actual mixture of site and travel cost may be cru-

cial to the individual in selecting a location. Under this

hypothesis the question of location once again becomes in-

teresting.

Decision Making
 

Kornai (p. 143) notes that uncertainty may be thought

of as the absence of information. In an uncertain situation

the appropriate action for a clever individual is to hesitate,

gather additional information, weigh alternatives and choose

an option. Kornai believes that at the time of decision the

individual essentially makes a random choice from a set of
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alternatives that are indifferent in some sense. In select-

ing a location an individual is, in general, in a position

where the element of uncertainty is very large since the lo-

cation decision itself is made so infrequently the individ-

ual lacks a large store of information regarding past pro-

cedures, choices and their outcomes. Further,the conse—

quences of the decision will carry far into the future and

are in part conditioned by the future states of the world.

The individual can only guess about future events and changes

even though they will significantly effect the outcome of the

choice. Current information is also expensive to acquire

and of far from uniform quality which also contributes to_

the element of uncertainty. For these reasons it would seem

fair to characterize the locational choice problem not as a

careful mechanical price determined general equilibrium pro-

cess but instead a procedure that is at best satisficing and

subject to large, socially determined random forces.

The location decision of the individual must be devel-

oped in an institutional setting where cultural values, legal

and social constraints and the level of technology both set

limits on individual behavior and provide a guide as to

what is to be considered valuable and desirable. In addi-

tion the high cost of acquiring information and the dif-

ficulty in evaluating its value and accuracy ensure that

the decision is made in an uncertain environment with a con-

siderable element of random fluctuation. Despite these modi-

fications an individual choice model does seem to be the
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appropriate focus for analysis of location decisions. The

flexibility of an expected utility approach in incorporating

different preferences and constraints makes it a useful tech?

nique in developing a land use model.

Summary

In the issues presented above there is a basis for a

reformulation of location theory. This reformulation starts

with the existing body of knowledge and begins to develop a

series of criticisms of the traditional cost minimizing frame-

work. The thrust of the criticisms is that location deci-

sions are complex phenomena that cannot be approached using

comparative static techniques for cost minimization if more

than a limited abstract level of knowledge is required. It

is divergences from the competitive model and the market al-

location process that are the basic features of the land mar-

ket. Only by focusing on these behavioral and institutional

factors is it possible to develop a theory of location that

can be employed to develop a realistic model of location de-

cisions. Whether this model can be quantified is another

question that deals with issues beyond the scope of this re-

search.

The components of a reformulated location theory that

would seem to be essential are considered below. The first

is a flexible objective function that integrates location

choice into the other objectives of the individual decision

maker. In the absence of a particular reason for believing
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that utility functions are separable, location choice must

,be considered as part of the individuals aggregate prefer-

ence mapping, not an isolated component. Secondly, the re-

lationship between individual preferences and the values and

'rules of society must be considered. The location choice of

the individual is conditioned both in terms of the values

that the individual derives from society and by the limits

that society sets on individual actions. This relationship

varies over time as a result of the constant shifts in rela-

tive power of individuals and groups and the gradual adjust-

ment of social and private goals. Information availability

and improved knowledge are both crucial elements in this ad-

justment process. If location theory is to proceed in its

general equilibrium tradition of building aggregate patterns

from individual choices, then greater attention must be paid

to elements underlying those choices than has previously

taken place.

Summary

The goal of this chapter was to present an analysis of

location theory showing its roots in economic analysis and

the main trends in its developments. The general character-

istics of existing theories were developed as were the in-

herent limitations of these theories. Following these sec-

tions a reformulation of location theory was suggested which

relies on individual choice but within a social context.

The importance of other factors than transport costs was
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stressed and the inherent uncertainty of any location de-

cision that is made in a dynamic world subject to an uncer-

tain future was brought out.



CHAPTER IV

THE USE OF THE FLOOD PLAIN BY INDIVIDUALS

This chapter introduces the use of flood plains by

individuals. To this point, location theory and decision

making have been treated in an abstract manner. They are

now reconsidered in the light of use of flood plains. The

first part of the chapter deals with the nature of floods

and flood plains, presenting necessary background informa-

tion. Following this, reasons for the use of flood plains

are considered, as is the nature of flood plain use. In

considering these aspects the aim of the analysis is to

demonstrate the forces operating on an individual in making

a location decision in a flood plain.

The Nature of the Flood Problem
 

A definition of the flood problem is central to any

consideration of flood plain use and management. The work

of Gilbert White at the University of Chicago provides the

seminal literature in this area. White (1949, p. 36) de-

fines four aspects of the problem. "These are: (l) the

flood hazard, (2) the environmental features of the flood

plain, (3) the human occupance of the flood plain, and (4)

the adjustment of human occupance to flood hazard." White

provided a new approach to flood analysis emphasizing the

52
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interaction between man and nature, particularly the response

of individuals and groups to flood hazards. His initial re-

search provided the basis for numerous papers on flood con-

trol and flood plain development by researchers at the

University of Chicago and elsewhere. White (1949, p. 36-48)

provides an extensive set of definitions employed by hydrolo—

gists, engineers and others dealing with flood problems.

These definitions are reproduced as Appendix A and may be a

useful reference for those unfamiliar with the particular

terminology of flooding.

A flood may be thought of as a stream flow which exceeds

the average flow to such an extent that damage occurs. This

does not necessarily require that overtopping of the stream

banks takes place, since damage can result from the erosive

and kinetic forces of the water within the normal stream

channel. In the context of this research, damage will be

considered from a human perspective. Thus for damage to oc-

cur, some individual or group must perceive a loss that can

be attributed to the increase in stream flow. Damage may

consist of elements that do not have market prices in addi-

tion to those that do. This allows the consideration of

such elements as the aesthetic impact of flooding, as well

as physical destruction of human artifacts.

Flood Phases
 

Two phases of floods are commonly distinguished. The

first is the land phase which takes place prior to the
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precipitation actually entering the streams and rivers. In

this first phase, precipitation accumulates on the surface

of the land because the soil cannot absorb the moisture as

quickly as it falls. As the soil becomes saturated, the ex-

cess moisture flows off, leading to soil erosion. The second,

or channel phase, takes place when the water enters the

streams and rivers of the watershed. This is the phase most

commonly associated with floods, as it is the most apparent.

As the surface runoff increases, the volume and flow rate of

the stream increase. This leads to an accumulation of water

in the normal river channel and if the accumulation is large

enough to exhaust the channel capacity the river overtops

the banks and spills into the flood plain. It is at this

stage that the river has its greatest impact on human settle-

ment since it is now occupying land that is normally dry.

Damage prior to the point where the river overtops

its banks is confined to the channel. Such damage consists

of erosion of stream banks, disruption of navigation, impair-

ment of water quality and damage to structures occupying the

channel. This type of damage may be thought of as an in-

crease in the normal effects of the river, not as something

peculiar to flooding. By contrast when the river overflows

its banks it creates damages that are of a different nature

since water is now found where it is normally not expected

to be.
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Flood Probabilities

Floods are generally characterized according to their

expected frequency in terms of historical observations. A

hundred year flood is a flood of a magnitude that can be ex-

pected on the average, every hundred years. Thus, a hundred

year flood can be expected to occur with probability .01 in

any given year, if an objective probability framework is em-

ployed. Similarly, a ten year flood, which is of smaller

magnitude, can be expected to occur with .10 probability in

any particular year if the same analysis is employed.

Problems with Flood Classification Schemes
 

There are some severe problems with this form of clas-

sification scheme. The most notable being that there is the

implicit use of an objective probability framework without

the essential conditions of that framework being satisfied.

In Chapter 2, the necessary assumptions of the objective

school of probability were presented. They included the re-

quirement of replicability. Floods, especially those of

great magnitude, fail to meet this requirement. Any flood

is the result of a particular set of events that distinguish

it, often in a non-trivial way, from other floods. Particu—

larly, meteorological conditions in association with a given

stage of development of the river basin and seasonal varia-

tions result in each flood having some unique attributes.

[The greater the elapsed time between floods of equal magni-

tude the more these circumstances are peculiar to a particular
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flood. Since, as will be discussed below, it is the infre-

quent floods of large magnitude that are most interesting

for the purpose of this thesis, this is an important dis-

tinction.

Further, the impact of the flood in terms of its ef-

fects on individuals, singularly and collectively, is to an

important extent dependent on both the time of the flood and

the historical events that preceded the flood. Thus, two

hundred year floods, even with the same physical attributes,

would have very different impacts on man depending on the

point in time when they occurred. An area that has already

been devastated and not rebuilt and is again flooded differs

significantly from an area where sufficient time has passed

for reconstruction to take place.

Floods may also be defined in terms of the physical

extent of the flooding; that is the high water mark. Such

a characteristic ignores two essential elements that are

crucial to an understanding of the flood problem. They are;

differences in the causes of the flood, and differences in

the effects. By focusing on the physical extent of the

water a false concept of the flood problem has been estab-

lished. This reliance on single variable measure of floods

has resulted in the attribution of a degree of replicability

to flood hazards that has resulted in a failure to compre-

hend the true nature of the problem of optimal social develop-

ment of the flood plain.
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Concentration on the area inundated as a measure of

flooding disguises the essential differences of floods both

in terms of their causes and their effects. It results in

the creation of static solutions to what is essentially a

dynamic problem. The failure is not one of ignoring history

and the lessons to be learned from it but one of attributing

too much faith in history repeating itself. The lesson to

be learned is that, although on a superficial level regu-

larities can be detected, the essential features of each

event are different enough that an adaptive response is need-

ed if human adjustment to floods is to be channelled in a

better direction.

Adaptive Behavior by Individuals
 

If the objective probability framework is an inadequate

tool for the analysis of flood problems and is employed only

as a result of attributing a greater degree of replicability

to floods than is appropriate, then some other means of anal-

ysis must be developed. In order to facilitate the develop-

ment of such an analysis, a further distinction in the nature

of floods will be employed. Several researchers have noted

that the floods that cause the greatest disruption of human

activity are relatively infrequent (White, 1961, p. 46-58 and

p. 91, and Kates, 1962, p. 136). When floods of a particular

magnitude are common events, human response adapts itself to

minimize the adverse impacts of the flood. This adaptation

may involve changing the nature of use of the flood plain or



58

modifying the flood but in either case the effects of the

flood are taken into consideration in the planning process.

For more infrequent floods the adaptive process is not as

affective.

Individual Perception of Flood Hazard
 

There are several reasonable explanations for the var-

iations in individual behavior which will provide a basis

for further investigation of the use of flood plains. A

first explanation is the absence of information about the

possibility of flooding. This lack of information can be

attributed to complete ignorance on the part of the resi?

dents, or to insufficient information to make a judgment.

A second cause is the difficulty of dealing with a flood of

great magnitude, both in terms of adjusting uses or in con-

trolling the flood. A third reason is the inherent nature

of individuals to discount future events, especially those

with a low expectation. Even when the individual possesses

information about the relative frequencies of floods of dif-

ferent magnitudes the larger magnitude floods may be dis-

counted to a very small net present value. One further fac-

tor that may influence individual choice is the provision of

disaster aid. The frequency of an event partially determines

charitable responses to victims. For infrequent floods the

victims are eligible for disaster assistance from other mem~

bers of society since they are victims of what appears to be

a random act of God. For more frequent events this aid is
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not forthcoming as the individuals subject to the event are

assumed to have made a conscious choice on the basis of ade-

quate information to come up with a well defined solution.

Individual and Social Response to Flood Hazard

The effect of these explanations is to create diver-

gences between individuals and social administrators over the

optimal response to flood hazards for relatively infrequent

floods. For the more common floods which have a greater fre-

quency and smaller magnitude there is a greater degree of

compatibility between the two as to the appropriate response

to the problem.

Individuals and Subjective Probability
 

The thrust of the argument to thispoint has been the

inappropriate application of objective measures of probability.

Some concept of probability is necessary as a replacement.

The natural replacement would seem to be a subjective con-

cept which allows the individual to adapt to changing levels

of information and to form decisions in a world where events

are not replicable. The next stage of the analysis is to

introduce the subjective probability framework developed

earlier into the location decision of an individual in a flood

plain. In order to do this a concept of individual decision

making will be introduced at this point.

Individual Choice Model

There are two relevant aspects to any problem of indi-

vidual choice. They will be referred to as the set of
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feasible choices, which are those choices actually available

to the individual; and the set of perceived choices, which

are those choices the individual believes are available. In

a set theoretic framework, these two spaces can be thought

of as intersectingand the intersection is the relevant de-

cision space. Each set arises from different circumstances.

The set of feasible choices is the result of the rules of the

environment and hence is exogenous to the decision process,

limiting the available options. This environment encom-

passes both social and natural constraints. As examples at

a point in time zoning laws provide a social constraint on

individual actions. Similarly the topography of the flood

plain is an example of a physical phenomenon that influences

the set of feasible choices.

Although the set of feasible choices is fixed at any

point in time, it is not in general the relevant set for in-

dividual decision making. Because information is costly and

at times inaccurate, the individual develops a set of what

will be termed perceived choices. These choices are formed

from available information and are updated as new information

becomes available. The set of perceived choices may be a

wholly contained subset of the set of feasible choices but

it may also contain elements that are not feasible. The pos-

sibility of the inclusion of infeasible choices in the per-

ceived choice set is the reason for considering the relevant

decision space to be the intersection of the two sets.
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As an example, the individual locating in a flood plain

must form some perception of the likelihood of a flood of a

particular magnitude. The set of feasible choices in this

case is determined by the nature of the river and its water-

shed, climatological factors, the stage of development of the

basin and other environmental factors. In this case a great

portion of the set of feasible choices is likely to be un-

known to the individual. The individual does not possess ob-

jective knowledge of the true distribution of floods for the

particular area since it is impossible to acquire all the

relevant information. Instead the individual has a set of

perceived choices of probabilities of flooding based on the

information that is available and an evaluation of that in-

formation. These perceived choices will have a greater or

smaller intersection set, with the set of feasible choices,

depending on the extent and accuracy of the information

available to the individual and that person's ability to as-

similate the information and draw the appropriate conclusion.

Figure 4-1 provides a graphic illustration of possible cases.

The analogy of a filter can also be employed to des-

cribe the phenomenon. The individual may be thought of as

viewing the possible states of nature through a filter of

perceptions which may provide a distorted image or block out

certain alternatives. The filter may be thought of as being

determined by the individual's tastes and preferences. Such

factors as, attitude to risk or a belief in the necessity of

particular outcomes can result in a filtering out of a large
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subset of alternatives. The final result of the process is

a set of outcomes which the individual employs in making the

decision. If the individual attempts to implement an infeasi-

ble Option, the result is failure. If a state of nature oc-

curs that is not in the intersection of the feasible and per-

ceived sets, the individual's choice process is irrelevant.

Only if the individual selects an element from the inter-

section set has the decision exercise been meaningful.

When the individual's set of perceived choices is small

relative to the set of feasible choices, there is great po-

tential for the individual to make a decision that will re-

sult in an unfulfilled end. Thus in order for the individual

to make choices that are likely to be fulfilled, two condi-

tions are necessary. There must be no elements in the per-

ceived set of choices that are not in the feasible set and

the intersection of the feasible and perceived sets must

contain a large amount of the feasible set.

The Role of the Slanting Factor
 

The slanting factor introduced by Fellner is a measure

of the degree to which these conditions are satisfied. If~

the slanting factor is small, the individual believes that

the perceived set and the feasible set are equivalent. When

the slanting factor is large, the degree of intersection or

covering is small.

In the flooding problem short run information is both

more available and more reliable than for the longer time
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periods and so short term decisions are more likely to result

in fulfilled expectations. Individual evaluation of frequent

floods is likely to result in the vast majority of individ-

uals reaching the same conclusion as to the appropriate ac-

tion. For less frequent floods as information and percep-

tions begin to differ radically for different individuals so

does the nature of their actions. This results in a lack of

consensus on the appropriate level and type of development

for the flood plain.

The Impact of Flood Plain Use on

Non—Flood Plain Residents

 

 

In addition to the individuals actually considering a

flood plain as a location site, it is necessary to also in-

corporate two other groups into the analysis. Others not

residing in flood plains also are affected by the level and

type of use of the flood plain. In some instances the im-

pacts are direct while at other times they are indirect.

The magnitude of the interaction also varies from slight to

significant. The primary group that is affected will be

termed society and is composed of both flood plain residents

and all other individuals. The individual interests of

those residing within the flood plain and those outside it

must be aggregated in a manner that resolves each group's

particular interests to bring about a "socially acceptable

consensus." Although a particular use of the flood plain

may impose costs on either the residents or nonresidents,

there are limits to these costs. One group or the other
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will refuse to participate if the perceived costs are too

high. Consequently any use of the flood plain must be one

that both residents and nonresidents can tolerate.

The nature of this process is described below in detail.

For now it will be sufficient to note that the primary focus

of attention and forum for discussion is the interface be-

tween government and individual residents. It is at this

level that conflicts of interest become most apparent and

that the major struggles over flood plain use occur. Govern-

ment regulations and directions ostensibly designed to pro-

tect society's interests are challenged both by users of the

flood plain as being preemptive of individual rights and by

residents of areas outside the flood plain as being a means

of providing subsidies for flood plain development. The in-

terests of the two groups are often perceived as being di-

rectly opposed. In this case, any attempt at resolution

will lead to the dissatisfaction of at least one group. In

other words there are no Pareto-better movements possible.

Individual Location Decisions in Flood Plains

Prior to an analysis of the validity of the preceding

statement, an understanding of the reasons why flood plains

are developed must be acquired. A standard assumption of

economics is that individuals act in a manner consistent with

their perceived self interest. This is often expressed in

a simple manner by stating that individuals behave ration-

ally. When the time comes, however, to deal with actual
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behavior the assumption of rationality can easily degenerate

into the tautology that all individual behavior is rational

because that is what the individual did. If there is to be

any hope of developing a predictive analysis of individual

choice, some means of determining how the individual goes

about the selection process among different alternatives

must be found. The classical assumptions of economics in

this case are that an individual maximizes utility while a

firm maximizes profit.' The case of the individual is more

interesting and more difficult than the firm since in the

former case the objective function has multiple arguments

while in the latter there is a single common denominator

that permits optimization over a single variable. Location

analysis that employs a cost minimizing framework lacks the

richness of the utility maximizing model although it does

have the advantage of a greater potential for empirical anal-

ysis.

If self interest is to be employed as a motive in deal-

ing with flood plain use, then there must be advantages to

a location in a flood plain that offset the use of an alter-

native site that is not subject to flood hazard. Clearly

an individual given a choice between two sites, identical

in all respects except that one is subject to flooding, will

choose the one without the flood danger under any non-

pathological decision rule.
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Historical Patterns
 

In terms of the historical development of various civi-

lizations, a common facet is the tendency of populations to

cluster on the banks of rivers. Numerous reasons for this

phenomenon may be distinguished. Among them are the presence

of the river which acts as a source of water for human use,

a means of disposing of wastes, a transportation system and

an input in the industrial process. The river also acts as

an impediment to land travel often necessitating that a

bridge or ferry be constructed to allow land transportation

to take place. In such cases urban concentrations are likely

to develop to service the travellers and maintain the bridge

or ferry. Once an urban area has been established it has a

tendency to grow. This growth pressure can lead to develop-

ment of the flood plain when other more desirable sites are

fully developed. However this pattern is not necessarily

followed. White, (1964, p. 19) in a study of the adjustment

patterns of several cities in the United States, observed

that in some cases initial settlement took place in the

flood plain. This initial development was in some instances

followed by relocation at a less flood prone site but in

other cases the threat of floods provided a stimulus to pro-

vide some type of protection. This indicates that urban

development in a flood plain does not follow a single spe-

cific pattern but must be considered in terms of a number

of factors. To conclude that deve10pment moves into a flood

plain at a latter stage may reflect the general pattern
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but there are sufficient counter examples to require a more

detailed explanationemploying other influences in addition

to flood hazard, if the true nature of flood plain develop-

ment is to be understood.

Urban development within flood plains is a phenomenon

common to all civilizations throughout history. In 1958 a

survey of urban flooding problems in the United States found

that there were more than 1,020 places, with a population ex-

ceeding 1000 people, having significant flooding problems

(White, 1958, p. 33). This provides an indication of the

magnitude of the problem. Given the historical growth of

flooding damage and the increase in size of urban areas, it

is reasonable to assume that flooding problems are at least

as pervasive today despite the vast expenditures on flood

protection of the last twenty years.

Urban Flood Plains

Two broad classes of urban land use may be distinguish-

ed. They are commercial use which encompasses manufacturing

and service industries, and residential use. To a great ex-

tent these uses are jointly determined, for residential de-

velopment tends to follow job availability, while much com-

mercial activity springs up to service residents of the area.

One theory of urban development is as a form of growth ma-

chine. The development of the area is considered to be self

sustaining once a critical level has been reached. This is

often referred to as "growth pole" theory.
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The factors influencing commercial development of a

flood plain can be assessed in terms of the traditional analy-

sis of economic geography. The river provides a source of

transport services and a source of process water used in manu-

facturing directly or indirectly. It also provides a means

of waste disposal. In addition, construction costs may be

lower; in part because of the flatter terrain, and in part

due to a lower site price which results from the presence

of the flood hazard. Traditional location theory with its

emphasis on transport cost minimization also provides another

rationale for flood plain deve10pment. Given the fact that

urban places develop on the river those industries where the

final product gains weight will tend to locate as close as

possible to the market. In summary, the forces attracting

an industry to flood plains may be classified as transporta-

tion related, process related and site cost related.

Locational Costs of Floods
 

In making a location choice an industry balances ex-

pected costs and benefits of various sites to determine which

site has the highest net benefit. In a flood plain one of

the costs that must be considered is the expected damage from

flooding. The expected damage from flooding is a function of

a number of variables. These include; the distance of the

site from the river, the frequency of flooding, the timing

of the flood, the nature of the activity, the availability

of flood protection, and the distribution of the burden of
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costs of flooding. In determining expected damages from

flooding the simplifying assumption will be made that the in-

dividual is choosing among sites on a homogeneous flood plain

where the land market operates in a manner that discounts

land closer to the river in that it has a higher flood hazard.

For the moment, transportation costs and location advantages

are ignored in order to establish the nature of the discount-

ing procedure for flood hazards.

Given the nature Of floods, land further from the river

is less susceptible to flooding in general and experiences

lower water levels during a flood. Damage is a function of

both the frequency and magnitude of flooding and of its tim-

ing. Following the accepted procedures of economic analysis,

the rational individual will attempt to determine that loca-

tion which maximizes expected net benefits. Since costs de-

pend on the state of nature that prevails and benefits are

being held constant, the problem reduces to one of cost mini-

mization.

For each site the individual may be thought of as pre-

paring an evaluation of the probability of floods of different

magnitude. The nature of this computation has been discussed

above. At this point it is sufficient to note the subjective

nature of the process. Floods of different magnitudes can be

thought of as causing different levels of damage given a par-

ticular site. Thus for some given site a ten-year flood may

be expected to cause x dollars in damage while a fifty year
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flood causes y dollars, where x is less than or equal to y.1

Floods of a magnitude insufficient to cause total destruction

will be more common the further the site is from the river.

In other words, the closer the site is to the river the more

likely a flood of a particular magnitude is to cause a greater

degree of damage.

As noted above, the timing of the flood hazard is im-

portant in determining damage, as is the nature of the activ-

ity. Given a project with a finite life time, the later the

flood occurs within that lifetime the lower the level of dam-

age that will be associated with the flood. This results.

from the fact that benefits may be expected to accrue over

the life of the activity while a major portion of the costs

are likely to be experienced at the beginning of the life

span. Thus a flood occurring early in the life span will

destroy the investment prior to the recovery of a signifi-

cant portion of the stream of income. Conversely, a flood-

ing occurring late in the life of an investment will not

result in as great a loss since the great proportion of the

"sunk costs" have been recoVered. Thus, one would expect

that projects with long useful lives and high initial costs

will be found further from the river than other activities,

 

1A strict inequality is inappropriate since at some

stage total destruction occurs. When a flood of sufficient

magnitude to completely destroy the site is experienced, dam-

age reaches a maximum value for the individual and any flood

of greater magnitude will only produce equivalent damage at

the given site.
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given the simplifying assumptions of the model.

For any particular activity at any given site the indi-

vidual can construct an expected loss function. This func-

tion is composed by weighting the damage associated with a

flood of a given magnitude by the probability associated with

that flood. In order to incorporate the effect of time, the

damage function must discount the investment as time progres-

ses. This requires that the loss function be of a dynamic na-

ture reflecting the changing conditions that accompany the

passing of time. When this process has been completed, the

individual is in possession of a vector of expected costs for

a particular activity at various points in space. From this

point, it is a simple matter of applying the basic land al-

locational model of von Thunen to determine the exact dis-

persion of the various activities, according to their costs

and revenues.2

This simplified model isolates the costs associated

with flooding and provides a methodology for incorporating

their effects in a rational decision making framework. Clear-

ly, however, the analysis must be applicable to more complex

situations which are closer approximations to reality if it

is to be useful. As has been noted previously, in addition

to the increased probability of flooding associated with

closer proximity to the river there are positive forces lead-

ing to incentives to occupy river front sites. The effect

 

2For an example of a dynamic programming solution to

this problem, see the work of J. P. Brown.
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of these attractive forces is to offset the costs of flood

damage. By incorporating the positive features of flood

plain location into the analysis, a conceptually richer analy-

sis can be developed providing a more realistic picture of

actual events.

Attraction Forces
 

In addition to the behavioral processes of the individ-

ual, such as attitude to risk, and the physical nature of the

environment, there are also social or institutional elements

which condition location choices. The provision of services

such as sewers, roads, rail lines and other social infra-‘

structure determines feasible location choices. Also the

legal framework such as building codes and zoning ordinances

establishes the direction and nature of flood plain develop-

ment. Indeed it is through these instruments that society

influences the use of the flood plain; either consciously or

inadvertently. The nature of these influences will be devel-

oped more fully in another chapter.

To this point the analysis has not considered residen-

tial development, but has relied primarily on commercial use

of flood plains. When dealing with commercial use of flood

plains, it is possible to couch the analysis in terms of

monetary values alone with a reasonable expectation that the

analysis will adequately reflect the behavior of firms. Such

a framework is less applicable to the decisions of an individ-

ual consumer acquiring a residence. Although monetary costs
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(associated with flooding are clearly a significant element in

the individual's decision, there is also an important class

of nonpecuniary influences.

Traditional economic analysis of residential location

theory has focused on travel costs as the primary explanation

of housing choice. Much of this research is descriptive, em-

ploying geometrical models based on variations of the concen-

tric circle development pattern first applied to urban areas

by Burgess in 1925.3 FOr the most part, the literature ab-

stracts from irregularities, which disrupt the development

pattern, in order to obtain generalization about location~

choices. The purpose of this piece of research demands that

location decisions be analyzed in a context where irregulari-

ties dominate the regular locational determining factors.

What then is the effect of the flood plain on residen-

tial development patterns? To a great extent, this will de-

pend on the development pattern of the remainder of the city;

whether the flood plain was an integral part of the initial

settlement or whether it was an area developed at a later

date. Hoyt, in a survey of seventy cities, developed a num-

ber of principles of residential development. One of these

was that high rent housing develops away from flood prone

areas but toward lakes, bays and rivers if industry is not

found there (Loewenstein, p. 103). Upon closer analysis this

finding appears paradoxical; for it is the land bordering the

 

3See Louis K. Loewenstein, p. 99-100, for a survey of

the basic research on urban residential location patterns.
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lakes, bays and rivers that are the areas most susceptible

to flooding, yet these lands are also the most desirable for

residential development. The resolution of the paradox is

quite simple if probabilities of flooding are introduced.

Although land bordering rivers may be thought of as being

susceptible to flooding, there are major variations in the

level of susceptibility, resulting from variations in the

stage of development or age of the river and other natural

features of the river basin.

The city that initially developed on the flood plain

will have either adapted to its environment or modified that

environment. The nature of these changes is the subject of

a later chapter. For now the only adaptations to be con-

sidered are those related to residential uses. Residential

use of flood plains involves housing of varying qualities.

It is not possible to exclusively associate either high

quality or low quality housing with flood plains. The na-

ture of the housing that is found in a particular flood plain

is more closely related to the age of the housing and the

proximity to the urban core. Housing in flood plains is

similar to housing in other areas. Older urban homes are

generally low quality housing as a result of the suburban

movement of the post war period.

Flood hazard doubtless contributes to this decay proc-

ess. The presence of flood hazard reduces incentives to

maintain housing particularly where it is not owner occupied.

The form of tenure within the flood plain is a variable that
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may be of considerable interest in explaining adjustment pat-

terns. An investigation of the relationship between housing

quality and tenure form in flood plains could provide informa-

tion describing the extent to which rental housing is found

in flood plains. A priori one would expect low quality hous-

ing in flood plains to be primarily rental. In the absence

of major urban renewal projects, which would require flood

control projects, the use of urban flood plains for low qual-

ity housing is likely to remain. If the area is converted to

open space, additional housing must be created elseWhere.

A major advantage of an urban area is its proximity to

service employment and public transportation. Both these fac-

tors are crucial for the urban poor who lack both private

transportation and the skills required by the manufacturing

sector of the economy.

Residential development that is just starting to spread

into the flood plain from an urban area that is flood free

can be expected to exhibit different characteristics. A com-

mon theme of urban development literature is that higher in-

come areas are found on the fringe of the city. If the city

is pushing into the flood plain, then it is possible that

high quality housing may be found in areas susceptible to

flooding, particularly when the area has a high aesthetic

value and the flood hazard is not high. Where a flood hazard

is recognized, the response in this case may be pressure for

flood control or design of homes to minimize flood damage.
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The thesis developed in the preceding section is that

residential use of a flood plain follows two patterns, de-

pending on the initial development site of the urban area.

If the city initially developed on the flood plain social and

economic forces operating in the housing sector will convert

the flood plain zone into low income housing. This is the

trickling down effect of housing that deteriorates as it ages,

On the other hand, if the flood plain is occupied at a later

stage in the development of the city, the housing will be

found to be of high quality. Of course these are only general

principles not rigorous rules, and counter examples are readily

found.

If the thesis is true, then interesting issues involv-

ing interests and power arise. The poorer area may well be

abandoned by the remainder of society and forced to fend for

itself with minimal aid; primarily in the form of disaster

relief, while the richer area receives assistance in the form

of flood control structures. This pattern would be expected

for several reasons. In the first place wealthy individuals

have both the time, money and knowledge to ensure that their

particular interests are served. Secondly, in terms of so-

cial investment, there is likely to be a greater concentra-

tion of wealth, held both privately and collectively, in

richer areas leading society to take greater efforts to pro-

tect it.

For the individual, at a point in time, the choice of

a residence is conditioned by a multitude of factors
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including income, available choices, personal tastes, and in

the case of a residence in a flood plain, attitude to risk.

If the assumption is made that the individual is aware that

the residence is subject to potential flood damage, then he

must evaluate the expected net benefits of that site. If the

individual then locates at a site in the flood plain, it is

because this site is perceived as the best alternative avail-

able.

A major problem results from defining a flood in terms

of a level of water at which damage begins when the develop-

ment of a flood plain is being considered. As development

takes place, a particular depth of water may cause flood dam—

age although in previous times no damage would have occurred.

This makes the characterization of the uses of a flood plain

a difficult procedure as the actual uses will be determined

by topography, the level of urbanization and the flood hazard.

In terms of flood frequency, areas that are subject

to frequent flooding will exhibit development patterns that

result in minimal flood damage, either as a result of making

limited use of the flood plain or of using it for activities

with a high tolerance for flooding.

In a homogeneous flood plain a development pattern would

be expected which results in low value, short lifetime uses

close to the river and in high value, long lived uses further

back from the river. The presence of site specific attributes

or the necessity of an activity taking place close to the

river may disrupt this pattern.
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Rural Flood Plains
 

To this point, only urban uses of the flood plain have

been considered. Agricultural use of flood plains has an im-

portant impact both in terms of the effects on the individual

farmer and on the watershed as a whole. As noted previously,

there are two phases to a flood; the land phase and the chan-

nel phase. The land phase, prior to the water entering a

stream is of great concern to farmers. Proper cultivation

practices can not only reduce the flooding hazard by allow-

ing greater infiltration, but also reduce the costs of ero-

sion and crop damage to the farmer. Land in flood plains is

often of greater fertility than surrounding acreage as a re-

sult of the periodic deposition of new soil by the flood

waters. It may also be easier to cultivate, being flatter

than the surrounding land. This supposes no major differences

in soil types. In areas where flooding is a seasonal problem

and drought is also common, a site near the river has the ad-

vantage of yearly floods to replace soil moisture and also

lower irrigation costs since it is close to a ready source

of water. For these reasons land in flood plains has some

distinct advantages for agricultural purposes. Clearly these

advantages are offset by the possibility of crop damage and

a weighing of costs and benefits of different locations must

be carried out by the rural land holder just as in the urban

case.

Although urban flood damage is more spectacular and

extensive than rural damage when a single flood is considered,
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the frequency of flood hazard is greater in most rural areas.

In general, rural areas lack all but the most rudimentary

flood control devices. Agricultural land is particularly

susceptible to flood damage since a flat river basin, al-

though well suited to cultivation, has greater flood prob-

lems.

Summary

This chapter presented background information relating

to the problem of flood hazard to individual location choice.

.Following a brief development of the physical concepts as-

sociated with floods, a methodology based on adaptive behav-

ior of individuals was presented. The essence of this method-

ology is the fact that the individual is forced to make

choices in an uncertain world. To a great extent this un-

certainty is a result of information deficiencies with re-

spect to past, present and future events. Although it is

jpossible to provide information about the past and present,

there still remains the uncertainty associated with the fu-

‘ture. One way the individual takes into account this in-

formation problem is through the use of a slanting factor

*which measures the perceived stability of assigned probabil-

ities.

The distinction between individual and social evalua-

tion of uncertain events is brought out in the context of a

criticism of the method of assigning flood probabilities.

It is argued that flood probabilities as they are currently
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formulated are of limited value in evaluating individual be-

havior.

The use of the flood plain has impacts on more than

those residing on it. There are indirect impacts on the rest

of society. The problem is introduced but detailed analysis

of it takes place in the following chapter. An analysis of

flood plain development is carried out which points out that

development of flood plains can take place at various stages

in the urban development process depending on the nature of

the urban place and the flood plain. Since flooding imposes

significant costs on individuals and society, an analysis.

of these costs is required. Given the existence of costs

associated with flood plain locations there must be offset-

ting benefits for the individual if flood plains are to be

developed and rebuilt in the event of flooding. The princi-

pal weakness of the literature dealing with flood plain use

has been a failure to adequately analyze the benefits as-

sociated with such use. The failure to develop such an anal-

ysis is a major reason why past flood plain management pro-

grams have performed inadequately. To this point the analy-

sis has been in terms of urban and suburban flood hazard.

In a final section rural flood plains are considered. Appen-

dix A consists of a glossary of terms commonly employed in

works on flooding problems. Appendix B consists of a con-

ceptual framework of the individual location decision pre—

sented in an abstract notation that emphasizes the crucial

relationships in the process.



CHAPTER V

THE RELATIONSHIP BETWEEN SOCIAL AND PRIVATE

CHOICE IN THE FLOOD PLAIN

This chapter deals with the conflict between the indi-

vidual and society in the context of the degree and type of

development that should take place in the flood plain. It

is this issue that is often the focal point in considerations

of past experiences and in flood plains. A common sentiment

in much of the literature is that residents of flood plains

are subsidized by the remainder of society; consequently ex-

cessive development of flood plains takes place. The range

of opinion on this issue varies from demands for prohibition

of building on flood plains (Wilson, p. 31) to a point of view

which is critical of the means employed to accomplish social

goals (United States Water Resources Council, p. II-6). In

each case emphasis is placed on the transfer of benefits to

flood plain residents from non-residents. The principal ve-

hicles for this transfer are structural flood control devices

such as dams, levees and other constructs. The reasons why

individuals may choose to settle in flood plains are not

deeply investigated. It often appears that the provision of

flood control benefits at less than their cost is a sufficient

reason to attract flood plain development.

82
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The Partitioning of Society
 

In dealing with the conflict between private and social

interests it is useful to separate the participants into

three groups. The first is society as a whole consisting of

all members of the particular political unit in question.

This aggregate can then be divided into two interest groups -

those who live in a flood plain and those who don't. This

latter distinction is made on the grounds that those who in-

habit a flood plain have a direct interest in what happens in

that flood plain while others have but a secondary or indirect

interest. Further the values held by the two groups with re-

spect to the optimal development pattern are also different.

Consequently, both the incentives and desired outcomes are

different for the two classes.

As an aid in understanding the conflict resolution pro-

cess an individualistic approach is employed where the role

of the group is to prohibit or encourage particular acts by

the individual. The individual exists in a world of con-

straints and incentives some of which are the result of ac-

tions taken by the administrative, legislative or judicial

branches of various governments. It is this particular class

of impacts that is the subject of this chapter. While this

thesis is not intended to be an exercise in the analysis of

public choice, it is impossible to ignore the implications

of that particular approach to economic problems. The ap-

proach employed in this analysis follows the traditions of
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economics, in that the individual is the focus of attention.

This methodological individualistic approach has been the

basis of most economic analysis. Where the notion of public

choice is employed it is as a reinforcing influence on the

individual, not as an independent approach. Clearly an anal-

ysis focusing on group conflicts per se, could also be under-

taken.but to incorporate such an analysis in this work would

be inconsistent with the basic philosophy adopted, which is

to start at the bottom with the individual rather than at

the top with the government.

In some manner a set of desirable outcomes or objectives

are assumed to be determined by public agencies charged with

administering and developing social welfare. Along with these

objectives the agencies also have a set of tools; such as a

regulatory power, power to spend, and power to certify, to

name a few, which are employed in working toward these objec-

tives. It is the effect or impact that these regulations have

on the individual, in particular in the case of flood plain

management that is to be analyzed.

Goals of the U. S. Water Resources Council
 

The goals of the United States Water Resources Council

as set forth in A Unified National Program for Flood Plain
 

Management (p. III-2) for a sound management scheme are:

a. The goals of wise use, conservation, develop-

ment, and utilization of interrelated land

and water resources to serve objectives of

economic efficiency environmental quality, and

social well-being as consonant with responsi-

bilities assigned to respective levels of
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government by law.

Future needs and the role of the flood plain

in the context of both the physical and socio-

economic systems of which it is a part. An

image of the expected and desired future is

prerequisite to appropriate selection of im-

plementing means and tools.

 

All alternative strategies for alleviating

floor losses evaluated individually and in

combination for modifying (l) the character-

istics of flooding, (2) the susceptibility of

people and their property to flood damage, and

(3) consequences of flooding for the individual,

the community, and the Nation.

 

Accounting for (1) public and private, economic,

social, and environmental benefits and costs,

and (2) interrelated impacts that are likely

to result from actions taken both within and

outside the jurisdiction of local governmental

units--for example, hydrologic land-water en-

vironment, technological, economic, lega1,and

social impacts.

 

Motivation of decisionmaking individuals,

through use of positive and negative incen-

tives, using such management tools as insur-

ance and tax rates, grants withheld, cost

sharing ratios, and standards for manmade or

altered improvements to prevent increasing a

flood hazard.

 

Coordination of (1) agency programs at and

among all levels of government, (2) agencies

charged with regulation (monitoring the ac-

tions of public and private decisionmakers

for conformance with prescribed standards)

and those charged with planning (evaluation

and selection among alternative courses of

action within the context of goals and priori-

ties), (3) agencies charged with different

functional areas of flood plain management

such as water quality and water supply, (4)

agencies charged with predisaster and post-

disaster responsibilities, and (5) agency

program elements for citizen participation.

Evaluation of the flood plain management ef-

fort through a continuous program of monitor-

ing and periodic reporting to the public.



86

This represents a comprehensive overview of the require-

ments for a truly effective management scheme which achieves

a given task with the most efficient methods. In other words,

the preceding statements represent a set of general goals or

principles which can be termed a strategy.

The Structural Solution
 

In the past, flood plain management methods have concen-

trated on structural solutions to flood problems; attempting

to confine the flood to a specific area or to contain flood

waters behind dams. Such a strategy has generally required

large expensive projects that are financed out of general‘

tax revenues. Conflicts over the desirability of such a

strategy have raged for decades. Some notable examples of

the early literature are the works of Leopold and Maddock,

Leuchtenburg, and Hoyt and Langbein all of whom criticize

excessive concentration on structural measures as a solution

to the flood problem. A principle argument of the critics

of structural measures and indeed of all those opposing flood

plain development, is that society is providing subsidies for

flood plain residents in the form of flood control devices

and also in terms of aid in the case of flood recovery as-

sistance. Such expenditure on protection and aid is held to

be a misallocation of resources that induces a suboptimal lo-

cation pattern.

The essence of the argument is that the provision of

flood control devices results in individuals forming expecta-

tions that the protected area is free from flood hazard, which
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leads to increased development since the costs of location

are reduced by the removal of the flood hazard discounting

factor. A problem arises in that the level of protection

provided is sufficient to control only floods of less than

some given magnitude. Should a greater than project flood

occur the area will be inundated, destroying all the develop-

ment. In many instances, the level of protection provided

is determined by the value of the area at the time of the

construction of the project. Thus, a flood plain having

development of value x million dollars, say, would justify

’an expenditure of some amount which would contain some flood

of given magnitude. If the creation of the control struc-

ture induces additional development as a result of individu-

als forming expectations that the area is free from flood

hazard, so that the value of the area becomes 3x million dol-

lars, a more comprehensive control structure would be justi-

fiable. This argument can clearly degenerate into an infinite

regression with each expenditure on flood protection inducing

additional investment which in turn justifies further expendi-

ture on protection.‘ The limiting factor is the cost of re-

locating all flood plain activity outside the flood plain.

However, such a relocation scheme although superficially ap-

pealing, has significant problems. Not only may there be no

relatively close substitutes for the land in the flood plain,

which means that the direct relocation costs will be great,

but in addition there are secondary displacement costs that

must also be considered. Should flood plains be abandoned
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their former residents must displace residents of other sites

who in turn displace other residents in a ripple effect. The

costs of these secondary disruptions and relocations may, in

the case of non-marginal adjustments, be of sufficient magni-

tude that the total cost of abandoning development of the

flood plain is prohibitive. Thus it is important that these

indirect displacement effects be taken into consideration.

Decisions that are taken to alter the use or develop-

ment of the flood plain impact on those outside the flood

plain. It is for this reason that the interests of both

residents and non-residents must be considered separately.

A Defense of Structural Methods
 

The argument that individuals occupying flood plains

having structural protection are reaping an undeserved sub-

sidy is not particularly valid and can be criticized on sev-

eral grounds. In the first place such an argument ignores

all but a narrowly defined set of economic variables. Only

priced variables are allowed and a narrow interpretation of

human motivation is adopted. Only in the case of a narrow

calculating economic man for whom relative prices are the

only decision criterion would such a criticism be valid.

Suppose, however, such a caricature of humanity is a reason-

able approximation to reality. Even then it is not clear

that such subsidies can be criticized. In an imperfectly

competitive world the "second best theorem" shows that in-

creasing the competitive nature of one sector may lead to a
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decline in social welfare. Thus once again it is not pos-

sible to conclude that the subsidy is bad. Further if a com-

petitive structure is assumed, the presence of transfer pay—

ments is not inconsistent. In a world where time and uncer-

tainty are relevant variables the provision of dams and other

structural protection can be thought of as a form of social

insurance. As a clarifying example consider land that may

be flooded one year out_of ten. If no protection is provided

the land may not be used and society will forego the net bene-

4 fits from employing that particular site. Provision of pro-

tection ensures that society obtains the benefits for all

years. Thus the cost of the protection may be offset by the

gain in welfare from development. Thus it is again not clear

that subsidized flood control measures are inappropriate.

Although the example chosen for the preceding analysis

was structural protective devices, the same arguments hold

for disaster relief and warning systems. When the question

of multiple use is introduced, the analysis becomes even

more complex since costs and benefits have to be allocated

fairly to every individual use. Such a partitioning scheme

is at best rudimentary since in many instances the quantity

and quality of the services provided cannot be adequately

defined.

The Conflict of Interests Between the

Residents and Non-Residents

To this point, the analysis of the chapter has dealt

with the problem of subsidies in flood plain management
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schemes. It has been shown that the existence of subsidies

is not an undesirable phenomenon per seybut the result of a

complex set of arrangements by the participants. The ques-

tion that springs from the above analysis is that if the ex-

istence of subsidies can be shown to be a desirable phenome-

non, at least in some instances, how can the persistence of

the argument for the elimination of subsidies be explained?

As an initial reason the presence of self interest

provides a ready explanation. Individuals outside the flood

plain, although seemingly expressing an aversion to subsidiz-

ing flood plain residents may in fact be expressing a desire

for flood plain residents to carry more than a fair share of

the costs.

By this action residents of areas outside the flood

plain are able to reap unearned benefits from flood plain oc-

cupants while at the same time making the argument for a re-

distribution of costs appear to be an argument for an in-

efficient allocation of resources. This may explain the con-

flict between residents and non-residents but there is still

the conflict between the individual and society as a whole

to be considered.

A significant portion of this latter conflict can be

attributed to the differing nature of the treatment of uncer-

tainty discussed in a preceding chapter. Members of public

agencies charged with administering the public interest have

a different perspective on the process of evaluating uncer-

tain events than do the individuals directly concerned. When
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this is coupled with differing time horizons and differing

discount rates the existence of a conflict over perceived

optimal use is easily understood.

Members of public agencies commonly adopt an objective

or frequency view Of probability. This point of view is a

result of the larger focus of attention and the repetitive

nature of the decision process. Public organizations such

as federal agencies deal with problems from a national per-

spective. This means that they deal with all river basins

not just an individual reach. Further such an agency has a

different time perspective than the individual. For the

agency, floods are repetitive events and no single flood takes

on the importance that an individual attaches to a particular

flood. Given a different methodological approach to the

problem of evaluating an uncertain event and a different Ob-

jective function it is hardly surprising that government

agencies arrive at different conclusions about the Optimal

degree Of development of flood plains than do individuals.

Having demonstrated that this is a real conflict where

each position can be seen to reflect a consistent and rational

behavior pattern for the particular individual or group, what

else can be said? Ideally some means of reconciling the two

points of view would exist. This ideal seems to be unachiev-

able even in principle. When the possibility of collective

action is introduced the potential for compatibility is in-

creased but not significantly. Individuals may be willing

to bargain away lower level goals to attain the power and
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influence of group action. The problem arises in that develop-

ment patterns in the flood plain are not a low level goal for

the individuals in that area. The costs and benefits associ-

ated with different uses differ significantly making it dif-

ficult for a resolution of the conflicts over use to occur.

There is often a fundamental incompatibility between

the goals of the individual and the public interest that

stems from the fact that society is more than a simple sum

of its constituents. This aggregation problem requires that

over time different approaches be employed in resolving con-

flicts. The appropriate approach at a particular point in

time will be conditioned by the distribution of power and

responsibility between individuals and groups. Different ap-

proaches to the flood plain problem that have been employed

are considered in the next chapter.

Strategies and Tactics in Flood Plain Management
 

Given that flood plains will be managed, and that indi-

viduals do undertake some planning in their location choices,

a discussion of strategies and tactics available to both man-

agers and individuals is important.

The Distinction between Strategy and Tactics

Strategy and tactics both denote a planning situation

or a conscious attempt to approach a problem using analytical

tools in an attempt to resolve some difficulty. Some assumed

goal is required,as is an environment about which some informa-

tion is available.
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Strategy is a long range process that provides a gener-

al direction for approaching the desired goal. A strategy

covers the basic issues in question and provides a general

plan for allocating resources over time. By its nature a

strategy is designed for a particular context of goals and

means but in broad terms not specifics. Thus a viable strat-

egy must be flexible to take into consideration a wide range

of possible actual outcomes.

Tactics by contrast are short term approaches to a

specific problem. They consist of particular solutions to

particular problems. A tactic concentrates on an isolated

event and represents an attempt at resolving that situation.

Boettinger (p. 23) considers strategies as dealing with

the longest time period worth considering while tactics deal

with the shortest period. Although tactical solutions are

designed to deal with a particular problem they may have

ramifications in other areas. Thus the decision to protect

a particular town by building a dam means that upstream resi-

dents will acquire a reservoir which they may or may not de-

sire. Thus the choice of tactical responses has an impact

on the success or failure of the overall strategy. One of

the functions of a well designed strategy is to select a set

of admissable tactics. Tactics which resolve one problem at

the expense of creating new and bigger problems elsewhere

should seldom be included in this set.
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Management Strategies and Tactics
 

For flood plain managers the strategy selected is chosen

with a view to Optimizing the use of the flood plain from the

perspective of society. Most of the literature on flood

plains approaches the subject with this goal in mind. The

actual strategy recommended, however, depends on the context

that the problem is formulated in. Thus, the perceived bene-

fits and goals to society of various courses of action, and

the actual environment will determine the strategy employed.

As noted above, strategies deal with broad generalizations

such as prohibiting development in flood plains, eliminating

flood hazard by using structural devices, or making individ-

uals absorb the full costs of their actions. In each of

these examples a general principle is suggested, but the

actual applications of this principle are left unspecified.

The tactical portion of a management plan deals with

the specific applications. Depending on the strategy selected

there are varying numbers of admissible tactics. In the case

where a structural strategy is specified, the tactical Op-

tions are limited to various sizes and types of dams, levees

and channelization projects. Similarly other strategies

Specify other tactics. In a tactical situation the prime

consideration must be the resolution of a particular problem,

but this should not require major disruptions of the overall

strategy.
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Individual Strategies and Tactics
 

For the individual,strategies are formulated at the

time of selecting a particular location and activity. When

the individual chooses from the set of locations and choices

available, it is with a view to maximizing expected utility.

Once this choice has been made, a general strategy or plan

has been chosen. What remains is the day to day management

of this plan and the selection of particular means to deal

with problems. The repetitive nature of the choice of a par-

ticular option for recurring problems is a characteristic of

tactical decisions. Tactical problems tend to reoccur over

the life of the strategy. Thus for the individual the recur-

ring threat of flooding once a location has been chosen be-

comes a tactical problem. The response of this problem is

chosen from the set of Options which might include flood

proofing, flood insurance or varying the level of activity.

Individual and Management Relations

The relationship between strategy and tactics for indi-

viduals and management is complex. At one end of the spectrum

is management strategy which for the most part is a given for

everyone concerned. The major confusion arises over the re-

lationship between management tactics and individual strate-

gies. Since the time horizon of management is far longer

than that of individuals, changes in management tactics will

affect individual strategies. Thus the decision to build a

dam will have a significant impact on those individuals
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contemplating locations and activities within the area to be

protected. Tactical decisions by the management body will

have important impacts on the nature of individual location

patterns. In addition, tactical decisions adopted by individ-

uals are also influenced by the particular tactics chosen by

managers. The individuals tactical response considers man-

agement tactics as an environmental variable in most cases,

because of the differences in time horizons.

This is not to suggest that there is no influence on

management by individuals. The success or failure of both

management strategies and tactics depends on how individuals

respond to these policies. If individuals respond in a manner

unforeseen by managers, or one contrary to management objec-

tives, the viability of both the general management strategy

and the particular tactic is brought into question. This

points out the necessity of determining how individuals will

react to management schemes both at a strategic and tactical

level if flood plain management programs are to be successful.

Summary

An introduction to the conflicts over the use and man-

agement of flood plains was the purpose of this chapter. In

it a partitioning Of society into occupants and non-occupants

of the flood plain was employed to bring out the central con-

flict. This conflict has in the past been phrased in terms

of a criticism of structural measures as providing undue sub-

sidies to flood plain occupants. Consequently the nature of
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this argument is presented as is a refutation of it. The con—

clusion Of this section is that the conflicts between occu-

pants and non-occupants,both collectively and individually,

are of such a fundamental nature that their resolution may be

impossible. The final portion Of this chapter presents a

discussion of strategies and tactics for flood plain managers

and individuals. The nature of the relationship between indi-

viduals and managers in terms of strategies and tactics is

outlined.



CHAPTER VI

FLOOD PLAIN MANAGEMENT METHODS

In this chapter a multi-level classification scheme for

dealing with various methods of flood plain.management is pre-

sented. The methodology employed classifies techniques from

an individual decision maker's perspective, as this is the

primary focus of this research. The impacts of various man-

agement techniques are considered with a view to influencing

the behavior of the individual in a manner that is consistent

with the interests of society.

The Individuals' Perspective

It is assumed that the goals of society are, in fact,

appropriate so that the channeling of individual actions is

in a socially desirable direction. For the individual, flood

plain management strategies are environmental features not

subject to private influence. The individual formulates de-

cisions within some environment for the most part, but at

times has the potential to change parts of it.

Since flood plain management schemes in the final analy-

sis are subject to political ratification and supervision

there exists an avenue for an individual with sufficient

power and ability to influence the social environment in which

he Operates. Such ability is very rare, however, and for most

residents of flood plains any change in the environment can be

98
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thought of as being beyond individual influence. Collective

action is one way that individuals go about achieving their

goals and the importance of such action will be considered be-

low. Changes in management schemes and methods like any other

unpredictable change introduce an additional element Of under-

tainty into the individuals decision calculus, making the se-

lection of the proper response even more complex.

Classification Schemes
 

Broadly speaking flood plain management methods can be

divided into two major types. These are structural alterna-

tives which deal with the flooding problem by controlling the

flood itself and non-structural methods which deal with the

use of the flood plain. Such a classification scheme is the

one commonly employed in analysis of flood control methods.1

For the purpose of this paper it is not a sufficiently precise

taxonomy since the influence of a particular management method

on the individual is not stressed.

In addition to the standard classification scheme man-

agement methods will be classified as to their impact on the

individual. Thus, any measure can be seen as affecting incen-

tives, constraints and information. Methods can also be clas-

sified according to a market or non-market orientation which

provides a further measure of information about the individ-

ual's likely response. One further refinement of the

 

l .
See White, (1949) James and Lee, and Brown as examples.
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classification scheme is suggested by the work of Buchanan

and Tullock in The Calculus of Consent. They employ a dis-
 

tinction between private goods, goods that are provided col-

lectively through private agreement and goods that are pro-

vided by the state (Buchanan and Tullock, p. 49). The point

of this distinction is that in some cases the optimal method

for the provision of a public good may be through private

agreement. Figure 6-1 provides an aid in visualizing this

taxonomy.

Structural Measures
 

The historical experience of flood control measures in

the United States has been documented in a number of sources.

The authors are consistent in their evaluation that structural

measures have been the principal techniques employed in deal-

ing with flooding problems in the country. Consequently, the

first group of techniques to be analyzed are those that are

elements of structural control. As noted previously, struc-

tural controls deal with flooding problems by regulating the

magnitude, and to a lesser extent, the timing of the flood.

Physical constructs such as levees, dams and reservoirs, as

well as channel modification are employed to contain flood

waters and slow the flow rate so that the river banks are

able to contain the flood discharge.

Method of Provision
 

The initial major experiment with flood control devices

in the United States took place on the lower Mississippi



S
t
a
t
e

N
o
n
-
M
a
r
k
e
t

S
T
R
U
C
T
U
R
A
L

P
r
i
v
a
t
e

N
o
n
-
M
a
r
k
e
t

C
o
l
l
e
c
-

t
i
v
e

N
o
n
-
M
a
r
k
e
t

M
a
r
k
e
t

   

 
 

 
 

S
t
a
t
e
 

N
o
n
-
M
a
r
k
e
t

N
O
N
—

P
r
i
v
a
t
e

S
T
R
U
C
T
U
R
A
L

N
o
n
—
M
a
r
k
e
t

M
a
r
k
e
t

 

C
o
l
l
e
c
-

t
i
v
e

 

N
o
n
-
M
a
r
k
e
t

 

F
i
g
u
r
e
‘
V
I
-
l

A
C
l
a
s
s
i
f
i
c
a
t
i
o
n

S
c
h
e
m
e

f
o
r

F
l
o
o
d

P
l
a
i
n

M
a
n
a
g
e
m
e
n
t

T
e
c
h
n
i
q
u
e
s

   

lOl



102

River early in the eighteenth century (James and Lee, p. 230).

Plantation owners banded together in a cooperative attempt to

construct a levee system to protect the land. Thus the first

instance of flood control was an example of a cooperative at-

tempt to provide flood protection, not state provision. The

absence of such activities today can be explained by a number

of features of the problem. In the first instance the provi-

sion of flood protection is a non-exclusive good. Once the

services are provided it is impossible to exclude residents

of the protected area from protection. This results in sig-

nificant free rider problems. Any individual has an incen-

tive to avoid contributing to the flood protection plan if

the contribution is not essential to the provision of the pro-

tection. Thus in any case where less than unanimous contribu-

tions are required it is in the self interest of the individ-

ual to avoid paying. As a second point, the number of indi-

viduals involved in collective provision of flood services

can make agreement impossible even where the free rider prob-

lem can be eliminated. The transaction costs in reaching

agreement with a group large enough to provide efficient pro-

tective devices are high.2

Consequently the provision of structural devices is

now a state function financed out of the general tax fund,

not a private agreement among individuals. What then are

 

2For an extensive discussion of the problem of collec-

tive choice, see Buchanan and Tullock, The Calculus Of Consent
 

and Mancur Olson, Logic of Collective Action.

 



103

the impacts of such structural methods on individuals resid-

ing in flood plains?

Influence on Individuals
 

The purpose of a structural device is to protect the

flood plain from inundation. The installation of a dam or

levee results in a change in the use of the area by changing

the way individuals view the likelihood of flood damage. As

discussed in a previous chapter, the effect of installing a

structural device is to stimulate development. From the in-

dividual land holder's point of view a higher level of de-

velopment becomes the optimal strategy; ceteris paribus.
 

Although initial holders of flood plain land rarely are

charged for the increased benefits provided to their land

there is every reason to expect that the benefits provided

by the structural device will be quickly capitalized into

land prices. Thus initial landholders reap a windfall gain.

Subsequent land purchasers by contrast pay a price that re-

flects the increased value derived from the reduced possi-

bility Of damage.

For the individual the provision of structural protec-

tion results in a non-marginal environmental change. Con-

straints are changed and the opportunity set expands. Bene—

fits and costs of activities undergo relative shifts and new

activities may become possible if the environment changes

sufficiently. A different mix of activities in the area

might be expected but this should not be attributed to a
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change in preferences. Individual utility functions may be

thought of as containing sufficient arguments to evaluate any

possible activity so that the changes brought about by struc-

tural improvement take place in the set Of feasible alterna-

tives.3 The effect of structural measures is to alter costs

and benefits of particular activities and to alter the prob-

abilities of floods Of given magnitudes. The effect may be

thought of as analogous to a shift in relative prices or a

simple shift in income in the standard indifference curve

model of consumer theory. In this case, though, the effects

occur over the individual location-activity combinations, and

in addition there is a shift in relative probabilities of

floods as the structural measures can be expected to contain

floods of less than the design capacity.

Structural Methods and Flood Losses

The primary criticisms Of structural methods stem from

their apparent failure to limit the costs of flooding which

have shown a definite increase over time. This observation

is commonly used to substantiate the claim that providing

structural devices encourages excessive use of flood plains,

thereby leading to increasing costs for society both in terms

of provision of the structures, providing aid to flood

 

3For example, should a dam be built that results in a

large reservoir that can be used for recreational purposes

the set of states Of nature would be expected to change.

' For the time the analysis will ignore the multiple use as-

pects Of the problem and focus on the single issue of flood

control.
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victims and the damage attributable to the flood.

The existence of this correlation between the provision

of structural protection and flood damage can, however, be

interpreted in another manner. .In general, property values

have risen over time so that part of the increased damage

reflects changes in nominal values. Second, changes in dam-

age reporting methods ensure that more extensive and compre-

hensive information is made available. A third possibility

is that changes in the frequency and magnitude of floods may

be taking place, making flooding a more common phenomenon.

Fourth, the higher flood damage figures may be a reflection

of a structural shift in land use patterns that is completely

unrelated to flood protection measures. The shift of popu-

lation from rural to urban areas and the growth of suburbs

may explain higher damages. Thus it is possible to argue,

using any combination of the above points, that the correla-

tion between flood control structures and flood damages is

Spurious, in that causality cannot be substantiated. In

some cases it is possible to show that provision of flood

control devices has resulted in increased development, but

to conclude that a reduction of structural measures will re-

sult in less flood damages is not an appealing hypothesis.

Indirect Structural Methods

In addition to structural methods that are designed

with a view to managing the flooding problem there are a

number of constructs that have significant impacts on flooding
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problems both in controlling and exacerbating the problem.

Road construction, particularly when it involves elevated

road beds, can have a major impact on flooding. The road

acts as either a levee or a dam depending on its relative

orientation to the river basin. If it is recognized prior

to construction that the road has this impact, then the de-

sign can take into account the flooding impacts and it will

be possible to minimize the harmful effects and perhaps even

to incorporate features that provide flood protection. Simi-

larly bridges over watercourses also may have major impacts

on floods, particularly in winter when ice can jam against

pilings creating dams that flood surrounding areas. If the

pressure destroys the bridge this sends a wave of high energy

water downstream, causing increased disruption and flood dam-

age.

Public Provision
 

Structural devices are provided publicly for a number

of reasons. The high initial cost and long life span Of

such projects preclude private provision. The public good

nature Of the device and the free rider problem tend to

thwart private agreements. Thus, if structural controls are

to be provided it must be through public effort. A further

aspect that has been largely ignored is the multiple use as-

pect Of structural alternatives. Dams, channelization and

other methods provide more than just flood control services.

Ideally, those that reap the additional services such as
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recreation, navigation benefits and irrigation, to name a few,

should pay a fair share of the costs. In practice, it becomes

impossible to allocate such costs in an equitable, or consis-

tent, manner. Consequently, a second best alternative of pub-

lic provision through general tax revenues is commonly employ-

ed.

Non-Structural Measures: Market Effects
 

Despite, or perhaps in reaction to, the historical em-

phasis on structural control measures, the last decade has

seen stress placed on non-structural measures as a means of

approaching the flooding problem. In part this can be seen

as a reaction to the perceived failure of structural measures

to alleviate the problem of flood damage. It also represents

an implicit recognition that there are several ways to ap-

proach the problem and that structural measures rely on only

one .

Influence on Individuals '
 

As noted above, structural controls are based primarily

on public provision of non-market goods. An advantage Of

non-structural methods is an ability to impact at other con-

trol points in the system. In terms of the classification

system introduced previously, the first group of non-structural

controls considered are those market forces that impact on the

individual. The single over-riding factor influencing private

decisions is the individual's attitude to risk. This willing-

ness to absorb risk is embedded in the individual's utility
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function and is determined as part Of the basic preference

set. A change in attitude to risk would reflect a change in

preferences. Attitudes to risk are reflected in willingness

to pay for a particular site in the form of risk premiums.

Conventional assumptions of risk averse individuals would sug-

gest that sites with a higher flood hazard should be discount-

ed relative tO less hazardous sites.

Floodproofing
 

Floodproofing when undertaken on a voluntary basis is

an example of a private market phenomenon. The individual

evaluates the perceived benefits Of flood proofing relative

to the market cost of the materials and changes required. The

use of elevated sills, elevated sites and sealable lower floors

are all elements of floodproofing practices that have market

prices and impact directly in the individual's objective func-

tion. J. R. Sheaffer has devoted an entire book to methods

and effectiveness Of flood proofing. His results show that

individuals and firms make the decision to undertake flood-

proofing measures when they perceive the costs of such actions

as being less than the benefits. Since the majority of these

costs and benefits have market values and are absorbed by the

individual concerned, it is reasonable to classify voluntary

floodproofing decisions as a market phenomenon.

Flood Insurance
 

One other market type adjustment process that could be

supplied privately is flood plain insurance. Although flood
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insurance theoretically has the potential of being a privately

supplied market good, there are a series of intractable as-

pects that have prevented the implementation Of such a scheme.

Conceptually the existence of an insurance scheme allows the

individual to transfer utility between states of nature

through the purchase of contingency claims. Thus, the exist-

ence of a perfect insurance scheme would allow the individual

to convert a risky situation to a certain one. The theoreti-

cal literature underlying insurance schemes in a general equi-

librium context is extensive but largely irrelevant in the

context of flood prevention schemes, since the major assump-

tions are violated. The analysis relies on; the existence

of markets for risk transfer that are actuarially fair, well

defined preference functions, and low transactions cost. All

of these assumptions fail in the real world. Although the

theory of insurance schemes provides some clues as to the

nature of insurance plans, the problem of implementation has

yet to be solved.

The works of Vaut and Shabman provide insightful analy-

sis Of the problems of instituting flood insurance measures.

Their analysis concentrates on the public provision of a

flood insurance program as a viable activity. It does not

seem likely that such an insurance scheme can be provided

either privately or collectively. The justification for this

last statement is quite evident. Any privately provided in-

surance scheme must be actuarially sound. That is, the pay-

ments must not exceed the receipts. For a private flood
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insurance scheme this is likely to be an unachievable goal.

The first problem encountered in such plans is that floods

are site specific. Thus only those individuals living in a

flood plain will purchase flood insurance. In addition,

floods are a mass phenomenon concentrated in a particular

area. Thus, flood insurance payments will be concentrated

in time and space and rather large. This effectively pre-

cludes a single company or a private group underwriting a

flood insurance scheme.. In addition, floods in a particular

river basin are sufficiently unpredictable to prevent the

insurer from establishing well defined probability tables.

The consequence of these effects is that if flood insurance

is to be a viable alternative it must be as a compulsory na-

tional plan that is able to draw on federal funds as a re-

serve for claims. Even with a compulsory national plan, an

actuarially sound premium rate may result in a sub-optimal

allocation of resources for reasons discussed previously in

the section on subsidies to flood plain residents.

The aim of a compulsory insurance plan is to require

the resident who chooses to occupy the flood plain to accept

all the costs associated with such location decision. If the

individual does bear the total cost, such a scheme can be

shown to be justifiable. However, in a world of interdepend-

ence and cross-subsidization it is not evident that such re-

sults are indeed desirable. Flood insurance may indeed be a

desirable flood plain management scheme but its desirability

may arise because it is a convenient tool to allocate flood
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costs fairly. Subsidies from the public purse to flood plain

residents in the form of reduced insurance premiums, may in

fact be an equitable way to compensate such residents for ac-

cepting the hazard of occupying a flood plain for society's

benefit.

Taxation

One further market related measure is the property tax.

By varying property taxes in relation to flood hazard it is

possible to have some impact on uses of the flood plain.

This measure is more likely to have an impact on commercial

uses of the flood plain than residential. Since property‘

taxes are primarily a function of site and building value,

the effect of a marginal adjustment for flood plain occupancy

is not likely to be great. If the area is desirable in the

eyes of individual property holders, the increased tax burden

will not offset the positive attributes of the location, un-

less the magnitude Of the tax is large. In the case where

slum housing occupies flood plains, higher taxes would re-

sult in a regressive penalty that further punishes the poor

for no reason other than they cannot afford to live elsewhere.

In the case of commercial flood plain occupancy where strict

pecuniary relationships are more likely to govern location

choices a tax adjustment scheme may have some impact. How?

ever, even in this case the costs of the tax differential will

have to Offset other factors; so that in order for the tax to

be effective the individual must already be almost indifferent
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as to either a flood plain site or one off the flood plain,

or the tax differential must be large.

Tax adjustment schemes can provide an incentive for the

individual to modify behavior. In cases where non-marginal

changes in land use are not desired, the imposition of large

proportional taxes such as development taxes, may prevent

land conversion from a socially desirable to a socially un-

desirable state. In this instance,the tax forces the indi-

vidual to consider the goals of society while at the same

time allowing the individual to ignore those goals providing

compensation is paid. Thus the individual is still the ul-

timate decision maker but the costs have changed. The use

of tax adjustments, in isolation, is not a particularly ef-

fective means to influence flood plain use, especially in a.

heavily developed area. The advantages of tax schemes are

enhanced when taxation is used in combination with other

measures .

Impact of Market Forces

The distinguishing feature of a market related phenome-

non is that its impact is felt within the existing set of Op-

portunity states. Thus, market influences impact on the vec-

tor of inputs, outputs and prices associated with any particu-

lar state of nature. Extra-market forces, by way of contrast,

have the effect of altering the possible states of nature or

opportunities by either introducing or deleting states from

the set of feasible outcomes.
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Non—Structural Measures: Extra—Market Effects

Moving from the consideration of market type methods of

non-structural control the next set of options consist of a

series of state regulations which operate on the set of feasi-

ble states of nature confronting the individual. These policy

tools include various types of building and housing codes,

the provision of services, and zoning ordinances.

Building and Housing Codes
 

Building and housing codes can be used for several pur-

poses. By limiting the design and construction methods

through these ordinances, it is possible to make buildings

less susceptible to flood damage and to ensure that in the

event of a flood repairs are made in a manner that ensures

the safety of the occupants. Building codes can specify such

factors as material types, sill levels, elevations, anchoring

requirements and other construction parameters to ensure that

in the event of a flood the damage to a particular site is

minimized.

Zoning

Zoning, in the past decade, has been put forward as an

ultimate solution to the flood problem. Proponents of zoning

ordinances seek to eliminate flood damage by eliminating use

of the flood plain for any purpose that requires concentrated

economic activity. If the flood plain can be regulated so

that only those uses which have a positive net value; after

the expected damage from the flooding is taken into
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consideration, then society will have moved to a higher level

of welfare. The normal design criteria for zoning schemes in-

corporate Open space bordering the river which is dedicated

to parks and recreational uses. Alternatively this area may

be used for pasture in a rural setting. The next zone from

the river would be composed Of manufacturing which is less

susceptible to flood damages. Finally only those areas safe

from almost any flood hazard are to be used for residential

purposes. A hypothetical design scheme of this nature is put

forward in Murphy's work Regulating Flood Plain Development.
 

The proponents of zoning as a management practice argue

that since society must come to the assistance of flood vic-

tims and that a flood leads to a diminution of national wel-

fare, then there is a valid case for society having the right

to regulate use of the flood plain. From an abstract point

of view it is difficult to fault this argument since there

are undeniable links between the individual residents of the

flood plain and the rest of the society. However these link-

ages are not uni-directional. The transfer of aid and bene-

fits is in both directions. The goal that zoning tries to

achieve is to optimally allocate resources to different areas

in order to maximize social welfare. The argument for zoning

is that the individual will not act in a manner commensurate

with the public interest and therefore society must take the

necessary steps to ensure that the individual does not harm

society while pursuing his private interest. Implicit in

this analysis is the assumption that those administering the
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public interest understand the nature of the public interest

and possess the information necessary to evaluate what are

socially desirable courses of action. In the case of zoning,

this is a particularly important point since zoning decisions

are relatively long lived and result in rather nonmarginal

changes in use patterns. Implementation of zoning restric—

tions preempts a subset Of choices from the individual. The

effect of this preemption on social and individual welfare

depends on how well those designing the zoning ordinances

are able to evaluate the true needs of individuals and society,

both in the present and in the future. This is in a sense a

problem of information. In the absence of an adequate data

base, to establish social welfare and values, zoning cannot

be expected to result in a "better" use of the flood plain

‘since the zoning regulations in this case merely reflect pri-

vate perspectives of what is desirable. That the perspective

comes from a group of administrators, rather than a group of

developers, is largely irrelevant from a social welfare per-

spective.

In practice, zoning has been associated with attempts

to limit development of flood plains, rather than to ensure

the optimal level of development. This distinction is cru-

cial. The former practice results in zoning becoming a bar-

rier to efficient use of the flood plain while in the latter

it acts to channel private interests in an appropriate direc-

tion. The effectiveness of a zoning plan will depend on the

care with which it is formulated. Plans that are able to
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analyze the dominant forces Operating in an area and can

discriminate between desirable and "undesirable" forces and

block the latter without harming the former are the desired

means. A zoning plan that is hastily instituted can result

in consequences that in the final analysis are less desir-

able than the problems zoning was to cure.

Provision of Services
 

The provision of services, or social infrastructure,

has an important role in the development of flood plains.

Unless there are compelling forces that dictate otherwise,

urban development expands linearly from the urban core. ‘A

prerequisite for the development of a particular area is the

provision of transportation links, sanitary services, water

and power. Thus, one method to thwart development in a par-

ticular area is to limit the services that are provided.

Flood plain areas have in the past been prime candidates for

development. Even where the initial urban development took

place above the flood plain, with urban growth the flood

plain became attractive. It is easier to extend power, water

and sewage connections from existing trunk lines than to de-

velop new systems. Similarly, flood plains are often select-

ed as road and rail locations. Given these advantages in the

provision of services, it is not difficult to understand why

development takes place. Even the provision of public build-

ings, such as schools and libraries, can have an important

influence on development directions. These indirect influences
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are capable of significant control of the flood plains in

areas where development is starting to take place. In areas

that have already been developed, the level of social ser-

vices has already reached such a high level that any further

effects are not likely to be important.

Expropriation
 

Expropriation of property is a logical extension of the

zoning process in the sense that it involves a further pre-

emption of property rights. The distinction between the two

methods is one of degree not of kind. In a zoning plan the

individual retains title to the property but is restricted

in the uses that can be made of it. In acquisition the state

Obtains title to the land itself thereby ensuring that only

those uses which are sanctioned by society's administrators

take place.

The distinctions between zoning and expropriation are

significant from a distributional point of view. In the case

of zoning the individual land holder bears the full cost since

no compensation for lost rights is paid. In the case of ex-

propriation with compensation there is the potential for an

equitable distribution of costs and benefits from the action.

Zoning results in the loss of some rights by the individual

while expropriation results in a loss of all rights. The dif-

ference in effects of each action must be analyzed on a case

by case basis. If the individual loses relatively worthless

rights then the cost Of zoning may be low. In the case where
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a single set of rights determines the value of the land, the

removal of these rights through zoning may be thought of as

being equivalent to expropriation. Thus the merits of zon-

ing and expropriation as confiscatory powers vary on a case

by case basis.

Even when expropriation takes place with compensation

it is essentially an extra-market phenomenon since the ul-

timate effect is a reduction in the options available to the

individual, not a change in the costs of Options. Prices

will change reflecting the increased scarcity of land for

private use and the injection of cash into the private sec-

tor. These indirect effects may be just as important as the

direct effect of acquiring land. The magnitude of the im-

pact in each case will depend on the amount of land expropri-

ated, relative to the total land available on the supply side,

and on the demand side, such factors as compensation payments,

income and wealth distribution, and population density will

be important factors.

Non-Structiral Measures: Information

The last class of management practices to be discussed

are best classified under the general heading of information

services. Flood information like all information has certain

public good characteristics in that once the information has

been assembled the marginal cost of dissemination to an ad-

ditional user is small. In addition, information has the

awkward properties from a market distribution perspective of
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lacking exclusiveness and having a value that is difficult

to determine until it is acquired. These factors make the

establishment of a private information market in any area

very difficult. In the case of flood plains where there is

such a great overlap of individual and public interest, the

provision of flood information is a public task.

 

Types of Information

Three types of information may be distinguished. The

first is flood warning systems which alert residents when the

danger of flooding is imminent. The second type is flood

plain evaluation which provides information about the land

area susceptible to flood hazard. The last type is general

information about the nature and mechanics of the flood pro-

cess and the methods of flood control. This will be referred

to as flood hazard information. The three forms of informa-

tion provide different services to different aspects of the

flooding problem.

Flood Warning Systems
 

Flood warning systems are primarily a meteorological

activity. Although in most instances the season of the year

most likely to experience flooding is well known, a flood

can result from a large number of combinations of factors.

This wide range of environmental forces which can result in

a flood means that a continual monitoring of stream flow

rates is necessary for the safety of flood plain residents.

Although in most instances floods are not an instantaneous
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phenomenon, there are a sufficient number of flash floods

that require a high speed warning system if the danger mes-

sage is to be distributed in time. Given any minimal warn-

ing the loss of human life from floods is negligible. The

advantage of a longer warning time is reduced damage as resi-

dents can take steps to floodproof their property or evacu-

ate their belongings to a safer place.

Flood Plain Information.
 

Flood plain information indicates those areas that are

susceptible to flood hazard. This information may be convey-

ed in a number of ways. Buildings may be marked with high

water plaques. Signs can be posted in flood plains or deeds

to property or rental contracts may be stamped with informa-

tion indicating the site is susceptible to flooding. Radner

found that in areas where floods were a relatively infrequent

event it was possible for individuals to move into the flood

plain without recognizing that they were doing so (White, 1958,

p. 67). Clearly, this is an undesirable state. There is a

major distinction from an allocation perspective between an

individual who consciously weighs the costs and benefits of

locating in a flood plain and decides to do so, and one who

moves into the flood plain thinking that flood hazard is an

irrelevant consideration,when it is not. The purpose of

flood plain marking is to prevent such inefficiencies.
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Flood Hazard Information

The last type of information is general information

about the problem of floods. The value of this information

lies in that both potential and actual flood plain residents

become more aware of the nature of the flooding problem and

means to reduce costs and probabilities of floods. Even

when an individual is provided with the first two types of

information they are of limited value, unless they can be

interpreted properly. The nature of such phenomena as flood

probabilities is not clearly understood in many-cases. For

example, a hundred year flood refers to the magnitude Of‘a

flood more than to its probability. In a river basin that

is undergoing extensive modification by man, the use of his-

torical data is a dangerous practice. Floods are the result

of an intricate combination of variables, not simply heavy

precipitation. The individual who understands the nature of

floods and what can be done to minimize their impact is bet-

ter able to look after his private interests and to pressure

society to an act in a desirable manner. The best method of

providing this information is not certain. Education within

the school system, public seminars in flood prone areas for

both residents and public servants, and pamphlets all provide

means of providing this information.

Role of Information
 

The role of information is to facilitate the making of

choices by providing the decision maker with a clearer view
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both of the choices available and of the benefits and costs

associated with those choices. If the individuals' expecta-

tions are not to be fulfilled it should be as a result of

exogenous forces not because the consequences of an action

were unforeseen. It is information uncertainty that moti-

vates Fellner's introduction of the slantingfactor.4 Even

when faced with a less than adequate information base, the

individual must still make choices but these choices are

weighted by the confidence the individual has in the stability

of the assigned probabilities. The value of the three types

of flood information systems is that they allow the slanting

factor to be reduced, reflecting increased confidence in the

stability of the evaluation of expected outcomes.

. Summary

This chapter has provided a brief analysis of various

flood management techniques which can be used as policy vari-

ables in an overall flood plain management strategy, The per-

spective has been the impact of each method on an individual

either occupying or choosing to occupy the flood plain. The

aim of this chapter was not an exhaustive analysis of the

merits and faults of each particular tactic since not only

is such an analysis beyong the scope of this work but it has

also been the subject of much of the literature on flooding.

 

4See the discussion of Fellner's methodology in Chapter

2 or for greater detail see William Fellner, Probability and

Profit.

 



CHAPTER VII

FLOOD PLAIN MANAGEMENT STRATEGIES

To this point a number of seemingly unrelated topics

have been considered with the only unifying theme being the

(suggestion that at some point their relevance to flood prob-

lems may become apparent to the reader. The purpose of this

chapter is to bring that suggestion to reality. The means

employed is a methodology for developing a flood management

strategy. By developing the concepts underlying such strate-

gies the importance of each Of the preceding chapters will

become clear, as will the nature of the linkages.

The Magnitude of the Problem

A flood plain management strategy assumes a concern

with an entire river basin since for most flood problems the

impacts, of both floods and flood control methods, occur

throughout the basin. It also implies, by virtue of being a

strategy, a concern with total effects and a mechanism for

selecting various tactics or tools to obtain an aggregate

goal. Since the river basin is the relevant physical dimen-

sion of the problem, the question of multiple-use must also

be considered if the flood management strategy is to blend

into the overall river basin management plan.

123
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The Importance of the Individual to the Strategy

This work employs the individual decision maker as the

focal point for the analysis. The preceding chapters have

considered individual decision making under uncertainty, in-

' dividual location choices, and the impact of different flood

management tactics on individuals. Consequently, the strate-

gy to be employed will Operate through the individual. By

this, it is meant the policies that are part of the strategy

will be selected on the basis of how they will impact on the

individual decision maker. It is by adjusting the responses

of the individual that the flood plain is managed. In a.

sense the management strategy may be thought Of as indirect

control. Once individuals have been provided with an appro-

priate set of information, incentives, and constraints; pri-

vate or market forces are allowed to bring about the actual

adjustment. Thus, there is little day to day, or month to

month, manipulation in the strategy. The underlying philoso-

phy is to allow individual interests and arrangements the

flexibility to adapt to fluctuations in conditions, while

maintaining the use Of flood plains in the collective inter-

est.

The Importance of an Effective Strategy

’In a very important sense, flood plain management is

development strategy. In an undeveloped river basin there

is little need for a management strategy since the impacts

on man of flooding are minor and indirect. It is when man
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moves into the river basin and attempts to bring the land

and water into his service that the need for management be-

comes apparent. Because both the river, and man's use of

the river and the surrounding land change with time, any

management plan that is to be more than momentarily success-

ful must take the dynamics of the process into account. It

is for this reason that the focus of the study is on the

individual. By providing the individual with a social ens

vironment that is flexible enough to allow individuals to

adapt to change yet firm enough to cushion the individual

from disruptive shocks, a mechanism for bringing about the

continued development of the community can be ensured. Part

Of the underlying philosophy of any individualistic frame—

work is that flexibility and adaptability can best be

achieved by giving individual decision makers sufficient

freedom of choice to allow diversity in behavior. If diver-

sity is combined with an institutional system that rewards

success while providing a guarantee that failure will not be

disastrous, there is an incentive for the individual to ex—

periment, in the hope of finding better solutions to the

problems at hand. Under such a system the individual appro-

priates a sufficiently large portion of the benefits from

innovation to make the effort worthwhile. Clearly, part of

the costs of this experimentation are failures by the indi-

vidual to improve conditions, but to eliminate these failures

one would also have to eliminate the successes. If an in—

dividualistic framework is to be employed, then improvement
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in social welfare depends on the efforts of individuals to

improve their lives. Given the prOper set of institutions,

benefits for society can be made to flow from the individ-

ual's acts. What needs to be done is to maximize the net

benefits from individual actions, not minimize the costs of

such actions.

Optimal Design
 

In the case of a flood plain management scheme, the

conceptual goal is to maximize the stream of expected net

benefits from the use of the flood plain. This has been

treated as an example of a dynamic programming problem by

Brown in The Economic Effects of Floods. He simplifies the
 

choice problem to one that is computationally feasible, but

in so doing such a level of abstraction is reached that the

conclusions become uninteresting from a policy perspective.

A conclusion that can be drawn from Brown's effort is that

even with the computational assistance of digital computers

a formal model of individual investment choice in flood

plains is still beyond current technology. In order to

make such models reasonable approximations of reality, a

vast array of data dealing with; specific formulations of

individual welfare, the Options available at the present

time and alternative futures must be available in a mathe-

matically tractable form. The lack of this information pre-

cludes the use of dynamic programming algorithms as anything

other than a guide to general trends. Since mathematical
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modeling is unable to provide a solution with sufficient com-

plexity, other types Of conceptual models must be employed.

The goal is still to work toward the best use of the flood

plain but since the best use is unclear the problem becomes

somewhat more challenging. One approach that does suggest

itself is to try to avoid rigidities where possible. Since

both perceived goals and knowledge change over time a plan

that seemed right may become wrong. If the costs of adjust-

ment are high it may not be possible to change direction for

a considerable period of time.

Flexibility must, however, be balanced against the ad-

vantages that are associated with specialization. When faced

with a choice of having a number of options and given a finite

resource constraint, there are times when committing all

available resources to a single activity will provide the

greatest net return. Economies of scale of various types

which lead to decreasing average costs over the relevant

range of investment may exist. Thus the advantages of spe-

cialization can exceed those of diversity. These advantages

may also manifest themselves as reduced dislocation and ad-

justment costs. Adaptation is often a costly undertaking,

particularly for the individual.

The River Basin as the Planning Unit

In the context of flood plain planning, the basic unit

for planning purposes is the river basin. This is for both

physical and social reasons. In physical terms a flood is
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not a phenomenon that occurs in some particular reach of the

river but one that has its causes and effects distributed

over a large area. The economic impact of floods and flood

control measures are even more widely felt, but a useful dis-

tinction can be made between direct and secondary effects

with the boundary drawn along the watershed. From a plan-

ning perspective the river basin is large enough to allow

the full range of policy variables to be employed yet small

enough to be manageable;

The link between the use of the river basin as a plan-

ning unit and an individualistic methodology occurs as fol-

lows. Given the need for a set of institutional incentives,

constraints and information systems, some administrative unit,

such as a river basin planning commission, is required to

oversee the management strategy and supply those services

that are provided publicly. By selecting the river basin

a unit of sufficient size to incorporate all relevant econo-

mies of scale is chosen. At the same time these economies

of scale are small enough, relative to the size Of the plan-

ning unit, so that there is sufficient scope for flexibility

through diversity of use and diversity of management tools.

Linkages
 

The strategy chosen has to take into consideration a

number Of different relationships. In the first place, there

are the direct relationships between the planning authority

and the individuals affected by the strategy. There are also
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the relations between individuals that are also affected by

the tactics chosen. Finally, there are the relations be-

tween the planning authority and what may be termed the ex-

ternal environment which consists of agencies and individuals

outside the watershed. The nature of the relationship in

each case depends on the particular interests of the concern-

ed parties and the mix of tactics chosen.

Since any strategy chosen is designed to operate on the

individual, the nature of the impact must be made clear.

There are three separate ways that individuals can be influ-

enced. They are; through the provision of information,

through the adjustment of incentives, and through the imposi-

tion of constraints. The effects of different tactics in

terms of this taxonomy was the subject of the preceding chap-

ter. In terms of desired effects of a management strategy

as discussed in the preceding paragraphs of this chapter,

it is clear that the first two means of influence are prefer-

able to the latter. Imposing constraints means a restriction

of individual choice and in the absence Of a compelling rea-

son for accepting an increase in rigidity this method will

be considered undesirable.

Briefly, the difference between an incentive altering

method and a constraint producing one is the latter reduces

the opportunity set of the individual by precluding certain

options while an incentive altering method alters the prices

or inputs and outputs of a particular state, leaving the

range of choices the same. As examples of the two methods--
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zoning is a constraint method since it precludes certain

choices, while flood insurance, which adjusts the costs Of

particular actions, is an incentive adjustment.

Distribution Aspects
 

One of the attributes most commonly associated with in-

centive altering methods is the shifting of costs and bene-

fits of particular actions onto those who are responsible.

The argument ignores the distribution altering impacts of

such changes. As noted previously, these impacts can be quite

large. There is, however, something appealing in an argument

that suggests an individual should bear the costs and bene-

fits Of his actions. The effect is to bring about a more

careful consideration Of the possible choices (if the neces-

sary information is available).

In a case where flood plain residents provide few bene-

fits to society then it seems only fair they should not be

entitled to disproportionate benefits from society simply by

virtue of their being flood plain residents. However, where

they do provide a socially useful service by residing in the

flood plain it must also be fair that they be compensated for

the service. In order to determine the desirability of a

particular use some form of cost-benefit analysis would be

necessary. By comparing the level of welfare with and with-

out the activity its desirability could be determined. This,

however, ignores the question of the distribution of the bene-

fits. There are a large number of ways to distribute the

costs and benefits associated with a particular activity.
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Choosing the best one is a task far beyond the scope of this

research.

Information Aspects
 

In providing information, the problem becomes how to

determine the value of an additional increment relative to

the cost when it is impossible to determine the value until

the cost has been accepted and the information acquired. In-

formation is more than data, it is also the ability to assimi-

late the data and put it to use. Thus a flood information

system must educate flood plain residents as to the options

that will confront them and the nature Of the Options.

Private and Collective Responsibility

What then can be said about a generalized flood manage-

ment strategy? First, the principles Of importance are to

maintain flexibility, to stimulate information acquisition

and dissemination and to provide the incentive to act in a

socially desirable manner. The question though Of what a

socially desirable manner is has been debated since individ-

uals first formed groups. It is a question of the individ-

ual's responsibility to the group. The exact nature of the

responsibility changes with time and the particular state Of

nature. It becomes the payment for the insurance that the

group provides the individual in the form of aid and public

works. It can be partially explained through the notion of

the social contract and the notion of the individual's respon-

sibility to society. The incentives and constraints that
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society provides are reminders of this social responsibility,

ensuring that the responsibilities are accepted and fulfilled.

Macro Issues
 

At a macro level flood plain management strategies are

a part of a larger economic and social system. Consequently

national priorities will play an important role in determin-

ing the resources to be allocated to flood plain management.

For any given resource allotment it is possible to select a

best strategy but it need not be true that a particular

strategy dominates all other strategies. Thus it is impor-

tant that an estimate of resource availability be taken into

account in designing the strategy.

The links between the river basin and the rest of the

economy are important in determining the type of management

policy. River basins that have features crucial to the na-

tion, such as those which contain major metropolitan areas

or important manufacturing facilities, can be expected to

be under a far more extensive management strategy than pri-

marily agricultural areas. The question of how a particular

flood plain fits into the national economy is an empirical

matter which is of great importance in selecting management

strategies.

Examples of Flood Plains

In order to demonstrate the potential application of

the management strategies discussed in the chapter some

hypothetical cases are considered. For each case a
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combination of tactics appropriate to the particular condi-

tions that exist will be developed. The principles that are

followed in selecting this set of tactics are; compatibility

with the specified aim of preserving individual freedom of

choice, effectiveness of the technique in producing the de-

sired management results, and preventing the creation of ad-

ditional problems while solving the given one. By the appro-

priate choice of a subset from the set of available tactics,

it is possible to satisfy these principles. Three cases are

considered as being representative of the dominant types of

the flood plain management problem. Since these are abstrac-

tions, they do not reflect the complex nature of actual flood

plains where goals conflict and individual rights are defended

against any challenge. The point of this exercise is to in-

dicate that it is possible to select management tactics in a

manner that will provide a better chance of success in manage-

ment than exclusive reliance on a particular tactic or a ran-

dom choice of management tactics.

The three flood plain situations considered are; a de-

veloped urban area, an undeveloped rural area, and an unde-

veloped suburban area or transition zone. In this context,

the term "developed" refers to the concentration of human ac-

tivity on the flood plain and is roughly represented by land

value per acre.. Each particular case represents a different

flood management problem although the last case, the transi-

tion zone, is probably the most interesting. In the first

two cases the level of development is relatively static so
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that the potential for changes in use is rather small. It

is in the transition zone where development is beginning to

take place that a flood plain management strategy has the po-

tential for altering and directing changes in land use.

Differences in land use within the zones are the pri-

mary reason for differing management tactics. The rural un-

developed zone is used primarily for activities which require

large quantities of land and produce a relatively low return

.per unit of land. Activities such as agriculture, forestry

and recreation do not require large investments per acre

relative to urban activities such as manufacturing and retail-

ing. Only at scattered locations where buildings are erect-

ed is there a high investment per unit of land. Land use

changes within the rural area reflect changes in the degree

of activity not in the type. The changes that take place

are not new activities but modifications or variations on

existing ones.. Consequently there is, in general, little

scope for flood plain management tactics that require large

expenditures to protect a relatively small area. This pre-

cludes most structural measures. Transitions in land use

in rural areas are slow relative to suburban areas. This

is a result of little demand for land in those areas for uses

other than agriculture, forestry and recreation. Rural land

lacks sufficient population density and other location ad-

vantages to attract more land intensive uses. As a result

there is little effective demand for increased services.
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Urban land, like rural land, experiences few changes in

the intensity of land use. In the urban case the reason oc-

curs On the supply side rather than the demand side as in

rural areas. In urban zones land is a highly valued commodity

as a result of the agglomeration forces associated with the

manufacturing and service sectors of the economy. These ac-

tivities tend to require relatively little land and produce

high value outputs. As a result, land prices in urban areas

are high, reflecting bOth the locational advantages of such

land and the ability to pay of the land users. Changes in

land use within the urban area reflect the increasing value

of urban land. Ability to bid land away from competing uses

requires that the successful bidder be engaged in higher value

per unit Of land activity than the unsuccessful bidders. The

appropriate management tactics in urban areas must take into

accOunt the high value of the land and the intensity use that

is made of it. With a fixed supply Of land attempts to re-

duce the supply will be met with great opposition. Transi-

tions in use in the area will also be small because of the

large, long—lived investments associated with urban land use.

In the suburban fringe there is a transition from the

land use pattern of rural areas to the one associated with

urban areas. This is reflected in land values. In the tran-

sition zone land is taken away from low value per unit of

land activities, such as agriculture, and dedicated to high

value activities, such as housing and manufacturing. This

transition requires the provision of additional services.
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New roads, water mains, and schools must be provided in the

transition zone. The increasing intensity of land use re-

flects the growing importance of site values relative to the

productive capability of land in determining relative values.

In the transition zone both supply and demand forces are re-

latively unconstrained. Land is made available as it is re-

quired while demand grows with the trend expansion of the

population and economy.

The transition zone may be thought of as an intermedi-

ate stage between rural and urban use. As such it reflects

the dynamics of the adjustment process. In a sense, the spa-

tial pattern Observed at a point in time is a reflection of

the historical development of a particular location. Clearly

this analogy only holds in the neighborhood of urban areas.

It is, however, a useful way of approaching the management

problem since there is some indication Of future development

patterns within the present structure.

The actual nature of the different tactics adopted must,

of course, depend on the goals to be achieved which are de-

termined by the strategy and on the environment that they must

Operate in. In order to facilitate a comparison of the three

cases chosen, Figure 7-1 indicates the range Of management

tools available and those which are appropriate to each par-

ticular case. Each particular tactic is considered below

in terms Of its applicability to the different cases.

Structural measures are only recommended for flood con-

trol purposes in highly developed urban areas where the high
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level of public and private investment justifies the expense

of providing dams, levees, or channels. Where structural de-

vices exist primarily for purposes other than flood control,

it may be possible to employ them for rural and suburban flood

protection also. Such instances as projects built to provide

power, improve navigation or for irrigation are examples of

this potential.

The provision of services is used as a management tool

only in the case of the transition zone. In the urban areas

social capital or infrastructure already exists, and in rural

areas the potential for changes in the level of services pro-

vided is small. It is the suburban fringe where new services

are demanded and supplied. By controlling the provision of

roads, sewers, and power it is possible to regulate the speed

and direction of development. Failure to recognize the po-

tential of the provision of services as a management tool

results in the loss of an effective tool.

Flood insurance is recommended only for developed urban

areas. This particular technique is envisioned as a means of

redistributing the costs and benefits of flood plain occupance.

In undeveloped areas the type of land use is better served by

other methods. Crop insurance for agricultural land is a

possible alternative to flood insurance. In developing areas

there is such a great fluctuation in values in a short period

of time that an insurance scheme becomes intractable. Flood

insurance may be thought of as a last resort to be applied

where other techniques for redistribution fail. By varying
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premium structure, it is possible to divide the cost of in-

surance between the public and the insured parties in any

manner desired.

In the comments on the use of taxes it was noted that

they are likely to have their greatest influence where the

marginal net benefits of sites on and off the flood plain

are almost equal. Since in the urban and rural areas there

is far less change in development levels than in the transi-

tion zone, taxes are not employed in the former cases. Where

there is little change in use it seems reasonable to assume

that there exist few close substitutes for flood plain sites.

Consequently, taxes are suggested in transition zones. These

taxes may be of two forms. Penalty taxes can be used to dis-

courage use of the flood plain,while transfer taxes can be

used to discourage changes in the use of flood plains.

Zoning is not recommended in urban areas since there

is such a large level of existing investment in the area that

transitions in use are likely to be very slow, limiting the

value of zoning as a means to stop particular forms of use.

In rural areas the selective use of zoning to appropriate

particular bundles of rights can preclude undesirable changes

in land use without imposing excessive costs on the individ-

uals. In the transition zone the potential of zoning is

more problematic since the rights that are to be appropriated

through the zoning process are likely to be those valued both

by existing and future land holders. This will result in

major conflicts both in implementing zoning ordinances and
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keeping them in existence. Zoning involves the confiscation

Of rights without compensation. If those rights are not con-

sidered valuable by the individuals losing them, then resist-

ance to the loss will be small. When the rights are consider-

ed valuable, great resistance must be expected.

Building codes, although in principle applicable in all

areas, are likely to be effective only in the transition zone.

In the other areas, which are more stable, percentage change

in the stock of buildings is likely to be small in the short

run. Thus building codes will have their major effect in the

transition zone where there is a large change in the stock of

buildings in the short run.

Floodproofing may be thought of as similar to building

codes in its effects since both deal with the structural in-

tegrity of the building. The essential difference is that

floodproofing is a private, voluntary action. Hence, it can

take place in all types of flood plains and is dependent only

on the individuals perception of the value and costs involved.

Expropriation has been considered previously as the

logical extension of zoning. It is recommended for use in

urban areas where the only practical way to effect changes

in land use is to acquire the land through expropriation with

compensation. In non-urban areas the benefits of expropria-

tion are not likely to match the costs. In these areas zon-

ing is a lower cost option. In urban areas, the high value

of the land and the static nature of its use preclude most

alternative management tactics.
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Information, as has been stressed before, is applicable

in all situations. The provision of information allows in-

dividuals to make rational choices and is essential to the

success of most Of the previous management techniques. Per-

verse behavior by individuals may result from a failure to

understand the options open to them. In the absence of the

proper information, individuals may respond to management

tactics in a manner other than they would if given the in-

formation.

The actual choice of a combination of tactics depends

on the magnitude of the problem involved and the goals to be

developed. The actual effects of the different tactics when

used in combination may be quantitatively different than may

be expected. Unfortunately, the only way to determine the

appropriate magnitude of the management inputs is through

experimentation, preferably with a model.

Summary

This chapter presents the conceptual problems underly-

ing flood plain management strategies. By looking at the

physical and social relations that specify flood plain strae-

gies some knowledge of factors that must be considered in

formulating a particular strategy is obtained. Relevant

factors that must be considered are; the area to be managed,

the nature of this area and its importance, distributional

effects, possible linkages and types of tactics to be employ-

ed. The issue is approached from an individualistic point
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of view, thus the recommendations made are suitable to this

particular approach. A management strategy that is based on

something other than a reliance on the individual as the driv-

ing force in the system would come to other recommendations.



CHAPTER VIII

CONCLUSIONS

This final chapter commences with a summary of the con-

clusions of each of the preceding chapters. The implications

of the preceding work are then combined to form a general con-

clusion. From this general conclusion recommendations for

flood plain management policies can be drawn, as can sugges-

tions for further research.

Summagy

The fundamental distinction between subjective and ob-

jective conceptions of probability resulted from the analysis

of decision making under uncertainty. This distinction was

interpreted as a partial explanation for the different evalu-

ations of flood hazard by individual flood plain residents and

flood plain managers. In addition to variations in personal

willingness to bear risk individuals formulate subjective

probabilities of flood hazard. Flood plain managers by con-

trast formulate expectations over a longer time horizon and

from a detached perspective using relative frequencies as a

measure of probability. These differences in the evaluation

of the probability of flood hazard are an important factor in

the conflict over the optimal development strategy for flood

plains. The importance of the slanting factor as a measure

143
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of individual confidence in the stability of the probability

evaluations was introduced. The slanting factor may be

thought of as a measure of the information the individual

has available and of the confidence that can be attached to

this information. Since all choice must be made in an un-

certain environment where the nature Of the future cannot be

foreseen, a fundamental understanding of the ways in which

it is possible to evaluate uncertainty is important.

The analysis of lOcation theory which comprises the

third chapter serves as a critical review Of existing loca-

tion theories. The current body of theory is found to lack

sufficient flexibility to account for individual location

choice. As an extension a richer set of variables affecting

decisions are introduced. Imperfections in the housing mar-

ket are likely to be significant. They can be attributed to

limited information availability, high transaction costs, and

for the individual the long life of the investment. An indi-

vidual investor is confronted with a decision that will have

consequences stretching far into the future. Yet the infor-

mation available to the individual for use in making the de-

cision is generally of low quality. This can partially ex-

plain the problems associated with achieving efficient use

Of land in general and for the purpose of this work, flood

plains.

The uncertain nature of the future makes the location

decision of the individual and the land use pattern of the

flood plain a dynamic adjustment problem. Even though the
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individual may be committed to a particular location, and use

of that location for a considerable period of time, there is

still adjustment potential. These adjustments take place

through the rate or intenSity Of use, the level of deprecia-

tion of the resources and the potential to impose changes on

the environment over time.

The conclusions of the chapter on the individual's use

of the flood plain stresses the potential for rational occu-

pance Of the flood plain. It is possible for the individual

to evaluate the costs and benefits of flood plain use and to

conclude that the benefits exceed the costs. Use of the flood

plain is also seen to result from more than an individual's

evaluation of personal benefits. Historical patterns of

development and the stimuli provided by society also play im-

portant roles in determining flood plain use.

In the consideration of the relationship between social

and private choice a distinction is drawn between the aims of

residents of the flood plain and other members of society.

It is noted that this conflict of interests has motivated

much of the literature on floods and flood management. By

considering the management goals of the United States Water

Resources Council some concept Of management strategies for

flood plains can be developed. It is concluded that struc-

tural measures are not a priori inferior to non-structural

methods of flood plain management. The chapter concludes

by introducing the concepts Of strategies and tactics as they

relate to flood plain managers and individuals. The different
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goals and time horizons of the two groups result in a feed-

back process between flood plain management tactics and indi-

vidual strategies and tactics that ultimately determine the

effectiveness of the management strategy.

Chapter 6 analyzes flood plain management tactics from

the perspective of their impact on individuals occupying the

flood plain. By classifying management methods according to

a multi-level hierarchy it is possible to show in what manner

these measures influence the individual. The methods are

considered according to whether they affect incentives, con-

straints or provide information. The decomposition provides

a key to choosing particular management tactics in a given

situation according to what is perceived to be the proper

means of influencing the individual.

The final chapter looks at the components that will

determine how a management strategy develops. The complexity

of the problem is emphasized in terms of the magnitude of

flood hazard, the linkages with river basin planning and the

distributional problems. It is concluded that management

strategies should seek to provide development guidelines that

allow individuals sufficient flexibility to adapt to changing

situations without changes being necessary in the management

strategy. The role of the individual is seen as an agent of

society acting to bring about social goals by working in a

manner that focuses on the satisfaction of private goals.

It is through the careful selection of a management strategy

that the interests of society and individuals are brought into
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a context where they can be satisfied simultaneously.

Implications
 

Having summarized the content of each of the preceding

chapters some general conclusions or implications must be

drawn. The aim of this work was to view floods and flood

plain management from an economist's perspective and in par-

ticular with expectation that by approaching the problem

from the individual's point of view insight could be gained

into why flood damage continues to mount and why management

schemes are perceived as failing. If these issues can be re-

solved, it will allow the formulation of some guide posts

for formulating management strategies that are effective in

terms of bringing about social ends without crushing individ-

ual freedom.

Philosophical Issues
 

From the analysis of the preceding chapters a number Of

conclusions may be drawn. As usual these conclusions are,

to a considerable extent, a reflection Of the assumptions

that underlie the analysis and in particular the individua-

alistic approach that is employed. The first important ef—

fect of this assumption is a stress on methods that provide

the individual with as much freedom of choice as is possible.

Individual freedom of choice is presented as a solution to

the micro decision processes in flood plain use. Flood plain

management strategies and tactics may set guidelines for uses

of general areas of the river basin, but the actual use of
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particular sites is an individual choice. This stress on in-

dividual choice arises from the philosophical position, that

in general the individual is more responsive to change than

an organization. Hierarchical decision making processes take

time, particularly when an entrenched bureaucracy is involved.

This results in slower adaptation to changing conditions.

It must be noted that there is no suggestion intended

that individual self interest left to its own devices will

result in the Optimum level of social welfare. What is in-

tended is a social system where market forces are shaped;

by the provision of incentives, constraints and information,

to bring about desired ends. The problem may be thought of

as one of institutional design. How does society through its

administrators go about selecting a set of policies and pro-

grams that will result in the achievement of social goals at

the lowest possible cost? The approach recommended in this

work is to rely on market forces and individual action wher—

ever possible. This recommendation follows from the assump-

tions that; (a) choice is valuable to the individual and

that to forego the possibility of free choice imposes costs,

(b) the cost of compelling individual behavior through a com-

mand system will in most cases exceed the costs associated

with providing incentives in a market system and (c) the

traditions of western social systems are more amenable to

market solutions and thus the likelihood of a market based

management strategy being implemented is greater than that

of a command strategy.
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Policy Issues

From the analysis carried out a number of recommenda-

tions can be made for those responsible for flood plain manage-

ment. If a single issue had to be considered the most impor-

tant it would be information availability. Under any man-

agement strategy, but particularly one relying on individ-

uals and markets, information is vital to the success of the

strategy. The three types Of information considered in the

sixth chapter provide a convenient way to formulate the prob-

lem.

Information about the imminent arrival of floods is

clearly of value to both individual residents and managers.

Given even minimal warning, the damage associated with a flood

can be greatly reduced. Loss of human life is the single

greatest element of damage reduction associated with warning

systems, but the reduction in physical damage brought about

by the removal of property from the flood zone is significant.

Flood warning systems need not be elaborate or expensive.

The crucial issue is that they be implemented so that informa-

tion can be made available. In an area subject to seasonal

flooding such systems need only monitor increases in the stage

of the river, since there are significant lags between the

first indication of flood hazard and the actual overflowing

of the stream banks. In areas where floods rapidly follow

precipitation and have no seasonal pattern, warning systems

must be more elaborate and operate quickly if they are to be

effective.
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Where flooding is an infrequent phenomenon, information

about the limits of the flood plain and the frequency of flood-

ing is important. This information setting out the extent of

the flood plain, when combined with general information about

the nature of the flood hazard and how to interpret flood

plain information will provide a means for individuals to

evaluate flood hazard. From the individual's perspective,

an increase in information allows a more rational choice pro-

cess to be made and will result in a greater likelihood of

perceived choices matching available choices.

The provision of data is not the same as the provision

of information. In order for data to provide useful informa-

tion it must be in a form that can be assimilated by the user

and also be correct, Faulty or non-applicable data results

in confusion for the decision maker and a breakdown of the

rational choice process, which is the basis of an individual-

istic management strategy. The provision of flood related

information of the three types discussed above is a relatively

inexpensive management tool. Information makes the market

system work more effectively, leading to improved performance

of the management strategy.

NO matter what types of management method are involved

in a tactical situation, it is important that an accounting

of all the impacts associated with each method be undertaken

prior to the selection of a particular method. The dynamic

relationship between individual strategies and tactics and

management tactics consists of a multi-level feedback system.
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Individuals respond to the particular management methods that

are implemented, but the nature of their response may not be

that predicted or desired. If this happens, it is an indica-

tion that policy makers do not fully understand the responses

that the particular policy triggers in individuals.

For this reason it becomes essential that indirect ef-

fects or externalities be taken into account. The external

effects to be considered are of the technological rather than

the pecuniary type. Within this technological class it is

possible to distinguish what will be termed physical exter—

nalities from social externalities. Physical externalities

may be thought of as those effects which result from an en-

vironmental change. In a sense, a physical externality changes

the Opportunity set available to the individual, generally by

removing some choices. As an example, construction of a dam

can result in changes in the water table. In the neighbor-

hood of the dam this may result in soil moisture build up

that can either harm or help crop production. Downstream it

may result in a reduction of soil moisture and soil fertility

since flooding is curtailed.

By way of contrast, social externalities may be thought

of as resulting in behavioral changes in individuals. The

costs and benefits of particular alternatives are changed

as a result of some management action. An example of this

is the provision Of social capital such as highways and sewer

lines. These facilities built to service a particular area

tend to attract development in surrounding areas. Similarly,
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development of a flood plain may result in agglomeration

forces that continue to draw investment into the area.

Understanding the impacts of particular management

methods is essential if these methods are to be used to in-

duce behavior by the individual that is compatible both with

the management strategy and with the overall development

goals of society. A major portion of the problems associated

with flood plain management can be attributed to this failure

to determine ahead of time what the effects of a method, such

as dam construction, would be on individual behavior. Given

a relatively unsophisticated understanding of flood hazard

by the general public it is not surprising that development

moves into an area that receives structural protection. This

process is compounded by the advertising associated with the

construction Of public works. -In order to justify expendi-

tures on public works, claims of benefits are Often inflated,

leading to the provision of faulty information to individuals.

Prior policy formation recommendations within the paper

have stressed the value of providing individuals with as much

freedom of choice as possible. The limits to this freedom of

choice cannot be defined explicitly, but it is possible to

formulate instances where constraints may be applicable. One

such case involves large scale development in an area. De—

velopment companies provide a useful function of assembling

land and planning its use but to some extent this private

planning may usurp some of the powers of public planners.

Where the planning process is designed to integrate land
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development into the general development of the area, devia-

tions in land use brought about by private developers may

have to be prohibited. In the absence of such a comprehensive

public development plan, justification for controls on private

development simply to allow inadequate public planning, is

hard to find.

Other reasons for the use Of prohibitions may involve

irreplaceable resources such as scenic values of areas, or

if development of the flood plain has the potential of pro-

viding major conflicts with other uses of the river such as

navigation. Once the deve10pment process starts it becomes

irreversible, over almost all time spans. Attempts to re-

settle communities have proved to be unsuccessful unless all

residents are forced to relocate. This irreversibility of

the development process brings about a fundamental distinc-

tion in policy between developed and undeveloped portions of

the flood plain.

In an undeveloped portion of the flood plain prohibition

of particular uses may be a viable management tool. In a de-

veloped area the range of policy tools will be limited to

those that are compatible with existing uses. The high levels

of investment by individuals and society ensure that any at-

tempts to "undevelop" the area will fail. In a democratic

market economy the political choice process will make it dif-

ficult for any planning agency to force abandonment unless

there is a clear and compelling reason for such abandonment.

The perception that an area is overdeveloped is not such a
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reason, particularly when others hold different opinions about

optimal uses.

A further feature that needs to be considered is the

shift in the distribution of population from rural to urban

areas. Urban areas located in flood plains are just as likely

to experience population growth as other urban areas. This

suggests that demand for land for both residential and com-

mercial purposes in these flood susceptible areas will con-

tinue to increase. Given this pressure for growth, expansion

into and development of the flood plain becomes a necessity.

The pressures for development will become irresistible so

that the relevant considerations for flood plain managers

are not whether development will take place but how it will

take place. Any management strategy must take into account

the environment in which it Operates. Strategic ends are

not likely to be achieved if they are not compatible with

broader environmental needs.

As is normal in any policy oriented research, the ulti—

mate conclusion is that the appropriate response is one that

maintains balance Or dynamic stability. The proper technique

for a particular situation depends on the context and nature

of that situation. All that can be said is that certain tech-

niques will result in a particular set of impulses. The

choice of technique depends on the goal sought and the medium

on which the impulse acts. The same stimulus can draw forth

different responses depending on where it is applied. The

underlying lesson that follows is that in order for a
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management strategy to be effective the managers must under-

stand the world in which they Operate.

Unfortunately the absence of information prevents such

knowledge so in an uncertain situation the appropriate re-

sponse may differ from that in a certain situation. Flexi-

bility and adaptability become important characteristics. In

part, the purpose of this paper is to show how these charac-

teristics can be fostered.

Suggestions for Further Research
 

The analysis of this study is primarily conceptual.

It is an attempt to integrate elements of location theory‘

and decision theory in the context of flood hazard problems.

As such, it is primarily subject matter research. The single

most pressing issue needing further research is a means of

testing the validity of the individualistic theory developed.

This will require empirical analysis either of a particular

flood plain or of a model of a flood plain. By considering

actual flood plains and using survey techniques estimates

can be made of; individual perception of flood hazard, those

variables affecting location choice, and the development pro-

cesses at work in the flood plain. These surveys will pro-

vide descriptive information of the current uses of flood

plains and a basis for determining parameters that can be

used in the construction of models. The value of a model,

given that the components are accurately specified, is in

the ability to test the sensitivity of the outputs to
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variations in inputs and parameters. This will allow flood

plain managers to test alternative tactics prior to implementa-

tion.

It was noted that the provision of information is a key

element in making an individualistic management strategy ef-

fective. Consequently an area of research that would be

worth considerable effort is information theory. Current

availability and needs are the first areas that should be

considered. Subsequently, systems to provide different forms

of information could be developed. This research should de-

velop the body of knowledge dealing with the causes and na-

ture of floods and determine an effective way to transmit it

to flood plain occupants and managers.

In a more abstract vein there is need for further re-

search into the basis of probability theory and location

theory. The process of subjective probability assignment is

not well understood. The effect of this lack of understand-

ing is increased difficulty in evaluating how individuals

will respond to flood hazard. Economic theory has not probed

the differences between the subjective and frequency schools

of probability but has focused on the mechanics of the expect-

ed utility process which assumes a set of probabilities.

Similarly, location theory has relied on transport

costs as the key explanatory variable in location decisions.

This has resulted in an essentially univariate approach to a

complex problem where there are a large number of significant

variables influencing location choice. There is also a need
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for a unified location theory which is able to incorporate

the information conveyed by areal theory, point theory and

central place theory into a single generalized theory.

In general, the nature of flood research could profit-

ably follow the direction of the monographs published by the

Geography Department of the University of Chicago. These

studies focus on particular aspects of the flood problem and

provide both a theoretical analysis and some empirical es-

timates of the magnitude of the problem and effectiveness of

solutions. This focus on a particular aspect of flood hazard

allows sufficient concentration to give a detailed analysis

of the significant aspects while the standardized format of

the research provides a measure of continuity.

Contributions of this Research
 

The analysis of this paper is primarily designed to

analyze the linkages between social goals and methods and

individual goals and methods in flood plain use. It is mo-

tivated by the apparent dissatisfaction with current manage-

ment efforts. By approaching the problem from the perspec-

tive of the individual, insight into ways to employ individ-

ual self-interest for social purposes can be developed.

In a society that is still primarily oriented toward

market methods and the self interest of individuals it makes

sense to employ these methods where possible. Previous man-

agement practices have rarely been designed with a view to

using individual behavior as part Of the management scheme.
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Indeed the impacts on individual behavior of most management

methods have been ignored. It is the stress on the require-

ments that individual interests and response patterns be taken

into account if management methods are to be successful, that

is the dominant theme of the work. The conclusion of the

analysis is that by taking account of individual preferences

and behaviorarflood plain management strategy can be designed

that will succeed in reaching its desired effects.

Auxiliary conclusions that are important to the planner

are also developed. Flood plains are like all other resources

in that their efficient use depends on the opportunity costs

involved. It is difficult to prescribe policies that require

abandonment of flood plains if economic efficiency is employ-

ed as a value criterion. When the expected benefits of flood

plain use exceed the expected costs, then the use of flood

plains is desirable. Of course, the magnitude of benefits

and costs depends to a great extent on the particular goals

of society and in particular existing strategies and tactics

employed by the managers. This emphasizes the need for com-

prehensive planning of flood plain use since the effects of

current decisions still have significant impacts far into the

future.

Flood plain management is a complex problem and sim-

plistic solutions that ignore important components are not

likely to result in their expected outcome. It is only

through a careful selection of the relevant variables that

an effective management policy can be determined. If this
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thesis provides additional insight into what variables must

be considered relevant, it will have served a useful purpose.



APPENDICES



APPENDIX A

GLOSSARY OF TERMS.



APPENDIX A

GLOSSARY OF TERMS

A flood event is a series of flows constituting a dis-
 

tinct progressive rise, culminating in a peak, crest, or sum-

mit, together with the recession that follows the crest ar-

bitrarily selected for consideration as a unit of flood oc-

currence.

Flood stage is that elevation of the water surface-f
 

selected by local usage or by an investigator--above which

the stream is considered to be in flood. Commonly, it is

the stage at which damage begins.

Flood crest is the highest elevation reached by flood
 

waters in a flood event. It is commonly measured in feet

above an accepted datum, such as flood stage.

Momentary flood peak is the maximum rate of flow at-
 

tained during a flood event; usually this is the flow at the

time flood crest is reached. (It commonly is measured in

cubic feet per second).

Daily floodppeak is the maximum daily flow during the
 

flood event.

Annual flood is the maximum daily flow during the flood
 

event.

Annual flood is the maximum daily flow during 12 con-

secutive months, that is, the highest daily flood peak for

160



161

a year of record.

Average annual flood is the mean of the annual floods
 

during the period of record.

Probable maximum flOOd is the maximum flow expected to
 

occur on a given stream during the designated period or dur-

ing an infinite period.

Flood plain is that land outside a stream channel de-
 

scribed by the perimeter of the probable flood. It is land

which is not covered by the stream at flow or average flow,

but which has been flooded in the past or may be flooded in

the future. It has no other essential feature; it may be.

broad or narrow, frequently flooded or rarely flooded. In

this sense, every stream which has floods also has a flood

plain.

Flood zones is all the land in a flood plain which is

subject to flOods Of approximately the same frequency, the

zones Of most frequent flooding lying at the lowest eleva-

tion, and nearest to the channel, except where there are

natural levees or other obstacles to overflow.

Adjustment to floods means an ordering of occupance to
 

floods and to the flood hazard. The ordering may be system-

atic or unsystematic, rational or irrational, conscious or

unconscious, but it comprises an observable arrangement of

occupance in relation to floods.

Land elevation. The elevation (up-building) of the
 

surface of a flood plain so as to render it less susceptible

to flooding.
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Flood abatement. The application of land-management

measures upstream from a flOOd plain to prevent the accumula-

tion of all or part of a flood flow in a stream channel.

Flood protection. The use of levees, channel improve-
 

ments, cut-Offs, floodways, reservoirs, and other engineering

devices to reduce flood crests in a stream channel or to pre-

vent floods from overflowing flood plains.

Emergency measures. The temporary removal or protec-

tion of property and persons, and the temporary re-scheduling

of human activities.

Land use. The arrangement Of the pattern of land use

of flood plain.

Relief. The granting or loaning of private or public

assistance to flood sufferers.

Insurance. The accumulation of premium payments from

property owners in order to compensate them for losses re-

sulting from floods.
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APPENDIX B

A CONCEPTUAL REPRESENTATION OF THE PROBLEM

The individual may be thought of as selecting both a

location and an activity. The goal of the individual is con-

sidered to be maximization of expected utility. For any par-

ticular activity, denoted x there is some associated vector

of inputs and outputs and a transformation function such that

we may write

X = (io’ooo'im, 00,000, on, T)

where: io,...,im are inputs,

00,...,On are outputs,

and T is a transformation function determined by the existing

technology.

Note that the exact representation of any x varies for

each site and each activity. Thus for any particular site

and activity the particular set of associated inputs and out-

puts is unique.

Suppose now that the individual confronts a single

period situation where there are k possible activities and h

possible locations. Define a matrix A which will be the ma-

trix of activities and locations. Since not all activities

may be possible at every location there may be zero elements

in the activity matrix.
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A2 (xlvxi 1: 1.... k;j = l...h)
j!

For simplicity the vector of associated inputs, outputs

and transformation function for each x will be dropped.

Thus .

"‘ ‘1
x1,1 x1,2 ... x1,k

_ x2.1

A :

L"h.1 xh,2 x.h,k   
This corresponds to a situation of complete certainty.

In a certain world the Optimization process consists of ap-

plying a utility function to every element of A to convert

the arguments of x from goods space to utility space.

Since the particular problem in question contains an

aspect of uncertainty; namely the probability of flooding A

is premultiplied by a matrix F of flood probabilities where

FE (flfi ' i = 1100-1313.: 1,...,h)

j

where: i = 1,..., a denotes flood stages of differing magni-

tudes

j 1,...h denotes locations,

and fij are the associated Objective probabilities of a

flood of magnitude i occurring at location j.

In order to introduce the individuals slanting factor

which converts statistical probabilities to subjective ana-

logs, a further transformation is required. Define a diagonal
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matrix of slanting weights S where

S E (slsij; i = 1,...,a, j = 1,...,a)

where i,j = 1... a denotes flood stages of differing magni-

tude.

Sij is a weight based on the individual's subjective

evaluation of floods of different magnitude; Sij=o for ifj.

By premultiplying the previous result by S an expected

value matrix of various activities is generated which relates

a subjective evaluation of flooding potential at each loca-

tion to the possible range of actions.

Finally if these elements of the final expected value

matrix are converted to utility space by applying a utility

function a matrix of expected utilities results. From this

it is possible to select that element having the highest ex-

pected utility.

Clearly the assumption Of timelessness greatly simpli-

fies the analysis, the introduction of dynamic considera-

tions requires several modifications and extensions. The

first change is that the vector of associated inputs and out-

puts for each element of the activity matrix. A must have

its arguments discounted to present values. Once this has

been done it is possible to perform the calculation for the

initial decision to locate in the flood plain.

In order to consider the apprOpriate response once the

initial location decision has been made and a flood has taken

place the matrix of activities must be supplemented with ad-

ditional activities k+l,...p which reflect the cost of
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rebuilding a particular activity at the same site. This al-

lows the introduction Of less than total damage and reflects

the existence of depreciation of the investment. Clearly the

decision to rebuild or relocate will be a function of the

time of flooding, magnitude of flood, and magnitude of de-

struction in addition to other investment opportunities.
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