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CHAPTER IV
PROBABILITY AND HAZARD EVALUATION

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

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

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

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

> flood damage reduction.

Information and Flood Hazard Evaluations
In Larollette

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

A statistical test of significance is primarily a meas-
ure of the presence or absence of a relationship. The strength
of such relationships can be measured by correlation statistics
based on chi-square, such as Tschuprow!s T in the case of 3 x 3
tables, and ¢ for a 2 x 2 condensation of Table 7. The values
of these measures range from .24 to .40, the largest value being
the value of ¢ for the 2 x 2 table associating onsite flood ex-
perience and affirmative expectatlons. It should be noted that
while these measures are analogous to more common correlation
measures, taking on the values of 1.0 for a perfect relatlonship
and 0.0 for the absence of any relationship, the interpretation
of the non-extreme values leaves something to be desired.




49

LaFollette, almost 60 per cent of the respondents either fail to
percelve a personal flood hazard or are uncertain. It would fur-
ther appear that, although the propensity to perceive such hazard
is helghtened by flood experience and particularly either repeti-
tive experiences or those entalling personal loss or effort on the
part of the respondents, some 24 of the 54 managers experlencing a
flood fail to anticlpate another experience or are uncertain. A
precise understanding of the way managers evaluate flood hazsrd
requires more than the simple specification of their knowledge

and experience.

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

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

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

A Technical Perception of the State of Nature

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

lA poak discharge is the largest momentary volume of water
passing a point along a stream and is generally expressed as cubic
feet per second, abbreviated cfs. An annual flood is the largest
peak discharge in a water year. A watér year 1s the twelve-month
period commencing on October 1lst of each calendar year.
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balls is unknown, but one 1s consclous that a niggardly or ca-
pricious nature has filled the urn with a great many more smaller
balls than larger ones.

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

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

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

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

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

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

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

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




51

per cent of the time, would take a record of 110 years.l

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

1. Extending records backwards In time by historical
research.

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

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

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

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

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

While LaFollette lacks a stream gage, there are some

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

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

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

3The mean annual flood 1s the arithmetlcal average of
annual floods o the grapnlc average represented by a flood with




52

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

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

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

77

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

lAn introductory discussion of extreme value theory may

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

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

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

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

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

Technical Flood Hazard Evaluations

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

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

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

types of flood hazard evaluation are commonly made:

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

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

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

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

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

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

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

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

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

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

2When compared with other fields in which such formula-

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

011lis Creek runs in rugged terrain with reasonably fast

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

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

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

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

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

because this type of structure must not be overtopped under

any circumstances. Therefore, the splllway for earth fill,

conventlional or Nantashala type rock fill dams would have to

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

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

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

of the following considerations:

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

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

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

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

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

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

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

The Interpretation of Flood Hazard
Information af TaFollette

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

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

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

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

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

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

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

The perception of an indeterministic nature.--For these

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

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

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

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

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

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

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

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

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

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

Repetitive events increasing in time.--Seven respondents,

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

Repetitive events with 1lttle indication as to expectancy

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

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

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

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

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

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

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

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

possessed an indeterminate perception considerable stress is gener-

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

flood must either not be acknowledged or so acknowledged as to

deny either its replication or the predictabillty of its replica-

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

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

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

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

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

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

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

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

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

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

The denial of flood characteristics.--An alternative of

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

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

What merit lies behind this denisl of flood characteris-
ties? In a technical sense, floods on Bilg Creek have different
characteristics than those of the large streams. They are flashy;
that is, they have a short flood-to~peak Interval, they are less
predictable (but this is rapidly being lmproved upon by new tech-
nigques), and their quick rate of runoff lessens the type of
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damage ascribed to prolonged inundation.1 It 1s not the charac-
terization of such floods as flashy that 1s 1inaccurate, but the
lmplication in the words of one respondent that "towns can live
with flash floods." To the contrary, there have been increasing
signs that damage has been Increasing faster along the tributary
streams than along the main stems? As for the complete denial of
any characteristics of flood, such actlon can be best explalned
in terms of '"wishing it away," but with one qualification: re-
spondents dwelling on the edge of the flood plain might well con-
sider a flood as "just water coming up" even though some of their
less fortunate neighbors had a foot of water on their floors.

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

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

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

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

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

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

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

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

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

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

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

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

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

. No, we don't have floods here.

4. ©No, we only have cloudbursts here.

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

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

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

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

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

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

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

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

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

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

Commercilal Residential

Future Mean Mean
Flood Number (Estimate Number (Estimate

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

Years Years

Yes coeennns 34 27 7.2 11 6 47.9

NO seeveconse 23 13 3.1 17 10 4.2

Uncertain .. 12 3 2.7 10 ) 51.0

Total .. 69 43 5.6 38 19 25.4

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

sixteen of the variables are shown in Table 13.

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

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

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

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

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

TABLE 13

ASSOCIATION OF SELECTED VARIABLES WITH EXPECTATION
OF A FUTURE FLOOD

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

8see Appendix for comnercial questionnaire.

+ Assoclation significant at .05 level.
- Association not significant at .05 level.
0 Not tested.
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The classifications of experience, knowledge, interpreta-
tion and future flood expectancy have been fitted to the more
limited data of the reconnaissance sites and are summarized In
Tables 14, 15, and 16.7

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

Darlington, Wisconsin and Aurora, Indiana, flood sites

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

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

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

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

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

TABLE 16

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

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

Darlington . 100.0 1 100.0 1 92.3 2 92.3

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

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

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

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

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

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

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

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

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

A Certainty-Uncertainty Scale

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

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

certainty-uncertainty continuum. Such a continuum is related to

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

a continuum, urban places or portions thereof might be located

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

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

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

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

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

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

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

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

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

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

Support for the hypothesis from an analysis of flood fre-

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

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

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

TABLE 17

NUMBER OF FLOODS RECORDED PER TEN YEARS
FOR 496 URBAN PLACES

Number of Floods Number of

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

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

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

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

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

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

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

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

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

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

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

Sclentific accuracy.--~The indeterminate perception would

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

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

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

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

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

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

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

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

TABLE 18
RESPONDENTS' KNOWLEDGE OF THE TVA REPORT

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

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

®

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

[ I R

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Acceptablility of risk, minimum costs and maXimum bene-

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

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

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

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

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

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

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

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

Hazard research 1s also plagued by the differential per-

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

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

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

138.

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

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

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

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

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

What can long-run

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

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

A Probability Construct for the Individual
Decislon-Maker

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

choice functions into discrete choices.

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

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

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

or greater, posslbly a catastrophe.

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

Information requlred to make hazard evaluatlions based on

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

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

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

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

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

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

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

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

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

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

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

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

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

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

2Presenting flood probabilities in terms of the cumulative
chances of recelving various numbers of discrete events 1is not
common practlce in flood frequency enalysis. Walter Langbein has
suggested a number of papers that have used such presentations for
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FLOOD STAGE IN FEET ABOVE FIRST FLOOR

A COMMERCIAL ESTABLISHMENT
STAGE-DAMAGE CURVE

&——— Serious Flood ( Manager's Estimate )

'€——— Serious Flood (Rent)
| 1 | ] ] ]
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DAMAGE ( ‘000 Dollars )

Fig. 11
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an actual store in LaFollette in which the dollar expressions
have been altered to preserve the confidentlal aspects of the
data.

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

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

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

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

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

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

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

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

Stage-damage data:
Stage (Above Estimated

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

Frequency data: (Based on "C" curve)

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

.

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

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

Serious Floods Serious Floods

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

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

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

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

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

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

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

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





