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Editorts Introduction

In 1945 a monograph, submitted as a doctoral dissertation
in the Department of Geography at the University of Chicago,
entitled Human Adjustment ¥o Floods: A Geographical Approach
to the Flood Problem in the United States by Gilbert White was

printed by the University of Chicago Press and privately dis-
tributed by the University of Chicago Libraries and by the

author, In it the author essayed nothing less than a comprehensive
theory of the geographic approach to the problem of dealing with
floods. The few coples printed dlsappeared rapldly end the work
shortly became unavailable, Despite the lack of publicity a

steady stream of inquiries has reasched the Department and the
author ever since,

In the intervening period problems of the control and use
of water, not the least of which are flood problems, have become
increasingly important in our economic and politicel 1ife,
Although considerable progrees has been made since 1945 in
thinking about flood problems, a review of the literature indicates
that there is still not a widespread comprehension of the general
theory involved in a geographical approach to them, It has,
therefore, been concluded that much would be gained by giving the
volume a wider circulation. It is here reprinted as Volume 29 in
the Department's Research Series in the hope that it will make a
significant contribution to understanding of flood problems and
their solution.

Wesley Calef
Editor
University of Chicago,

Department of Geography
Research Series



CHAPTER I
A COMPREHENSIVE VIEW OF THE FLOOD PROBLEM

The Flood Problem in the United States

Every year receding flood waters in one or more sections
of the United States esxpose muddy plaina where people were poorly
prepared to meet the overflow. Small=-town shopkeepers digging
their goods out of Ohio River silt; Alabama farmers collecting
their scattered and broken possessions; and New England manu-
facturers taking inventory in water-scaked warshouses, testify
to the dislocating effects of floods and to the unsatisfactory
ad justment which man has made to them in many valleys. For the
most part, floods in the United States leave in their wake a
dreary scene of impaired health, damaged property, and disrupted
economic 1ife.

The effects of floods are not everywhere disastrous, how-
ever, or even disturbing to the economy. Each year sbbing flood
waters also reveal plains in which a relatively satisfactory ar-
rangement of human occupance has taken place. FPittsburgh mer-
chants returning to stores which, because of adequate prepara-
tions, suffered only minor losses; Montana rancheras appraising
the increased yields of hay to be obtained because of fresh de-
posits of moisture; and New Orleans citiszens carrying on their
business behind a levee withstanding a flood crest high above the
streets, illustrate wise adjustments to flood hazard.

It has become common in scientific as well as popular
literature to consider floods as great natural adversaries which
man seeks persistently to over-power. According to this view,
floods always are watery marauders which do no good, and against
which soclety wages a bitter battle. The price of victory is
the cost of engineering works necessary to confine the flood
crest; the price of defeat 1s a continuing chain of flood disas-
tera. This simple and prevailing view neglects 1n large measure
the possible feasibility of other forms of adjustment, of whicb
the Pittsburgh and Montana cases are examples.

1
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Floods are "acts of God," but flood losses are largely
acts of man. Human encroachment upon the flood plains of rivers
accounts for the high annusl toll of flood losses. Although in
a few drainage areas the frequency and magnitude of floods have
increased as a result of exploitative use of the up-stream lands,
the flood menace e&lsewhere has changed but little while man has
moved into the natural paths of flooded rivers or has restricted
the channels so as to heighten normal flood crests. Moreover,
floods may be beneficlal as well as harmful, and even where they
are completely harmful there are remedies other than physical
structures buillt to afford protection. Recognizing these facts,
flood-plain occupance cannot be considered realistically as a
matter solely of man againat the marauder.

Dealing with floods in all thelr ecapricilous and violent
aspects 18 a problem in part of adjusting human occupance to
the flood-plain environment so as to utilize most effectively
the natural rescources of the plain, and, at the same time, of
applying feasible and prscticable measures for minimizing the
detrimental impacts of floods. Thls problem in the United 3tates
involves at least 35,000,000 acres of land known to be subject
to flood. A large part of that land is not cultivated, but the
cultivated portions are among the more productive agricultural
resources of the nation. Of the 59 cities in the United States
having a population of more than 150,000 in 1640, 19 or more suf-
fer at times from high water. Eight of them (Springfield, Hart-
ford, Pittsburgh, Cincinnati, Loulsville, Kansas City, Denver,
and Los Angelea) have serious flood hazards in highly important
sections. In asddition, two cities--Dayton and Wew Orleans--
occupy land which has been protected fully from flood. Although
most of the densely settled flood plains are in the Northeastern
Manufacturing Belt and along the Lower Mississippil River, eco-
nomically important encroachments have been made upon flood plains
in all sections of the United States. For the nation as a whole,
the mean annual property loss resulting from floods certainly is
more than $75,000,000 and probably exceeds §95,000,000. The toll
in human life is approximately 83 deaths annually. For the heavy
damages to health and to productive activity no measuring units
are avallable.
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Purpose and Method of Analysis

Because of the great diversity in flood conditions and in
flood plains and their occupance, it is impracticable to formulate
more than e few generalizations with respect to flood problems in
the United States. Solutions to such problems can be developed
effectively only by examining the environmental and social condi-
tions in each locality having a flood problem. No attempt is
made in this dissertation to make that kind of an examination,
locality by locality. It is believed, however, that specific lo-
cal problems could be appralsed more fully, and that better solu-
tions could be found for them if a broader and essentially geo-
graphical approach to the flood problem were to be adopted. Such
an approach would take account of all relevant factors affecting
the use of flood plains, would consider all feasible adjustments
to the conditions involved, and would be practical in application.

The remainder of this chapter outlines the points of view
which have dominated public action in dealing with the flood
problem in the United States, and suggests a more nearly compre-
hensive approach meeting the foregoing requirements as to breadth
and practicabllity. Succeeding chapters attempt to show the
valldity and implications of that approach. Chapter II defines
the concepts of flood, flood plain, and flood-plain occupance.
Chapter III pointa out the chief factors--natural and social--
which have been important in the occupation of American flood
plains. The range of human adjustment to the flood hazard 1is
described in Chapter IV. Finally Chapter V states the conclualons
of the investigation, and suggests ways of applying them to pub-
lie policy affecting the flood problem, and to geographlcal re-
search.

These findings are the results of an examination of the
avallable literature on flood problems in the United States,
comprising chiefly the reports of the U. 8. Corps of Engineers
and the U, 8. LCepartment of Agriculture on their flood-control
surveys; reports of state and municipal engineering surveys; bul-
letins on floods prepared by the U, S. Geological Survey and the.
U. S. Weather Bureau; geographical studies of flood plains; and
relevant statements in technical and trade journals. They also
reflect a large body of unpublished material which the author was
privileged to review while associated with the National Resources
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Planning Board and its predecessors. As the major findings began
to take shape from the review of the literature on floods, they
were tested by reconnaissance studies of flood plains selected
for their diversity of conditions and lying within the Potomac,
Delaware, Upper Ohio, and Los Angeles basins.

Threa Public Approaches to the Flood Problem

Public action with respect to floods in the United States
has emerged from three streams of thought, each reflecting a dis-
tinet soclal technique, and each fostered by a separate profes-
sional group.

The engineer has approached the problem by inquiring "Is
flood protection warranted?" He has utilized levees, dams, flood-
ways, channel improvements, and similar engineering devices to
curb flood flows. The public welfare officlal has sought to de-
termine "How best to alleviate flood distress?" He has relied
upon soup kitchens, rescue boats, emergency grants, rehabilltation
loans and like measures to cushion the social effects of flood.
The property owner has been aided somewhat by the meteorcloglst
who, asking "When will the next flood occur and how high will it
be," has made forecasts that enable public officials and property
owners alike to evacuate some of their goods and to prepare in
other ways for the on-coming flood. Rach approach has helped to
reduce flood losses and to increase the utility of flood-plain
resources. BEach has developed fruitful methods of coping with
floods., These three approaches, either singly or in combination,
do not point, however, to solutions of the flood problem which
promise maximum use of all flocod plains with minimum social costs.

Engineering

The traditional public attack upon the flood problem in
the United States has been to determine whether or not the flood
plain under consideration could and should be protected from
floods. This is the engineering approach. Under it the cost of
bullding protective works is calculated, the prospective benefits
from protection are estimated, and if the benefits seem to exceed
the cost, the work i1s recommended for constructicon. This has
been the prevailing Federal policy since 1917, and it has dominated

the flood-protection work of state and county agencles before and
since,



Federal policy.--Although the Federal government did not
assume responsibility for flood protection on a national scale
until 1936, it began much earlier to construct engineering works
on the Lower Mississipp! and Sacramento Rivers, and to plan simi-
lar projects on other streams. Attention first was directed to

the largest single flood plain, the alluvial valley of the Missis-
sippi River below Cairo, Illinois, where levee construction had
begun in the BEighteenth Century. Since 1850, when the Congress
first directed the Corps of Engineers to study flood control in
the Lower Mississippi Valley, the Federal government has enlarged
progressively its participation in that work. These studies
resulted in the monumental reports by Ellet and by Andrew A.
Humphreya and Henry L. Abbott which together outlined most of the
efforts which were to follow for controlling the Mississippi
Hivar.l Private levee systems grew during the next eight years
(1850-58) under the sponsorship of planters in the alluvial val-
ley, but they were widely breached by a series of great floods
beginning in 1859. Neglect during the Civil War combined with
military operations to leave levees in a sad state of disrepair
at the end of the !ar.a By 1878 the levee system had disinte-
grated, and much of the valley land had been abandoned for agri-
cultural purposes. The scattered and uncoordinated efforts of
local agencies to control the river had failed miserably.

A commission was created by the Congress, following the
serious flood of 1874, to prepare a permanent plan for reclamation
of the slluvial valley. The first Federal appropriation for re-
lief of flood sufferers was made during the same year. Five
years later, in 1879, the Mississippil River Commission was estab-
lished as a permanent agency in the War Department to draw up
standard plans for flood control and to supervise the expenditure
of Federal funds for them. Initially the Commission confined its
8id to the repair of damaged levees and to the strengthening of

Andrau A. Humphreys and Henry L. Abbott, Report upon the
Physics and Hydraulics or the Mississi 1 River (ﬂlnEIngton:

overnmen rinting es et, Jr., The Missis-
sippi and Ohio Rivers {Philadnlphin. Llppenoott. Grunho. and Co.,
1B§§

).
2.Iu!'i:-l:u.l.:' DeWitt Frank, The Development of the Federal Pro-
Egln of Flood Control on the Mississippl Eivnr [Wew York: Columbla

niversity Press, s DPs =36,
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exlsting levees, but in 1895 it began to use direct Federal ap-
propriations to help the state and local levee districts in the
construction of new leveea.l 411 of its flood-control work was
authorized under the thin pretext of improving navigation, and

the "levees-only" theory which guided the work was justified as
an integral part of the authorized Federal plan to maintain and
Improve the navigability of the Misslsaippl River.

Then the flood of 1916 breached numerous weak levees along
the lower river, and revealed the need for direct expenditures by
the Pederal government in order to obtain early completion of the
levee system at the standard grade established by the Commission.
The Lower Mississippi flood problem was proving itself too large
and too complex to be handled as a phase of navigation improve-
ment. Accordingly, the Congress enacted legislation in 1917 to
provide for expenditure by the Commission of not more than
§45,000,000 on works on the Mississippl River between Rock Island,
Illinois and 1ts mouth and on the lower reaches of tributary
watercourses. Federal contributions were made subject to the
contribution of funds In at least equal amounts by the interested
states and levee districts, and subject also to agreement by
those interests that they would provide all necessary rights of
way for the levee enlargement and would maintain the completed
levees.z (Appropriations and expenditures for flood protection
under this act and subsequent ects affecting the Lower Mississippi
Hiver are given in Table 1.)

The same act authorized the expenditure of §5,600,000 for
levees, channel improvement, and weirs in the Sacramento Valley
of California in conformity with the flood-protection plans of
the California Debris Commission, and in that connection the act
imposed conditions of local participation identical with those
applying to Lower Mississippl projects.

The Act of 1917 directed also that preliminary examina-
tions and surveys for flood control should be made thereafter by
the Corps of Engineers under the terms of legislation then apply-
ing to Investigaetions of proposed river and harbor improvements,
and that, in making flood-control surveys, due attention should

libid., pp. 134-36.

®39 U.S. Statutes 948. Act of March 1, 1917.




TABLE 1

FUNDS APPROPRIATED AND EXPENDED FOR LOWER MISSISSIPPI
RIVER FLOOD CONTROL, FISCAL YBARS 1917-1941%

Fiscal Total i i
Year | Appropriation| y.. werk Maintenance Total
1917 $ 6,000,000 |} 4,450,242 diwn e $ 4,450,242
1918 6,670,000 4,027,730 $ 1,676,731 5,703,461
1919 6,670,000 4,054,514 1,998,312 6,052,826
1920 6,670,000 5,275,207 1,997,254 7,252,461
1921 6,670,000 7,287,880 2,280,042 9, 567,922
1922 7,770,000 6,041,097 1,850,622 7,881,719
1923 5,986,600 4,793,486 1,895,798 6,789,284
1524 10,000,000 4,858,207 1,548,572 6,406,779
1925 10, 000,000 8,835,840 2,812,740 11,648,580
1926 10, 000, 000 7,556,327 1,910,064 9,266,391
1927 10, 000, 000 6,644,921 5,898,548 10,543,469
1g28 33,500,000 B, 035,371 5,016,367 15,061,738
1929 30,800,000 18,700,364 5,855,739 24,556,103
1930 35,400,000 20,263,344 5,873,585 24,136,929
1831 38,400,000 5,558,072 231,563 5,569,634
1932 32,400,000 25,936,207 1,712,950 27,649,157
1933 20,001,424 33,341,348 5,049,520 38,390,868
1934 29,341,291 39,795,969 7,249,686 47,045, 655
19386 15,499,400 28,694,775 7,118,812 35,813, 587
1936 15,811,309 26,389,030 35,303,286 29,692,316
1837 45,300,000 25,203,515 5,344,751 28,548,266
1938 31,800,000 22,602,531 3,092,062 25,694,593
1939 39,800,000 24,214,385 2,177,672 26,392, 057
1940 30,800,000 30,161,426 3,377,352 33,538,778
1941 22,000,100 26,835,356 3,784,949 30,620,305

Total $507,290,124 |$367,137,144 $77,095,977 $474,233,121

®Source: Annual reports of the Chlief of Engineers, 1917-
1941.

be given to possibllities of water-power development, navigation,
and related development, utilizing the help of other interested

Federal departments and agancleu.l No areas for preliminary ex-
amination and survey were named in the act, so that it was only
as asdditional legislation was enacted that the contemplated sur-
veys were undertaken. Surveys of the Atchafalaya, Hed and Elack

rivers in Louisiana, of the Yazoo and Mississippil rivers, and of

1Under the routine procedures of the Corps of Engineers,
a preliminary examination is a reconnaissance study to determine
whether or not a detailed survey should be made.
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the Calaveras River, California, were authorized in 1921.1 The
Act of May 31, 1924, authorized preliminary examinations of 15
drainage areas, chiefly in the Western CGulf and Arkansas and Red
basins, and surveys of the North Branch of the Susquehanna River
in Pennsylvania and New York, the Puyallup River, Washington, and
the Allegheny and Monongshela rivers.® The Allegheny and Mononga-
hela survey waes to cost $50,000, of which one-half was to be
contributed by Pennsylvania. FPreliminary examinations were author-
ized for the Caloocsahatchee River, Florida, in 1924,3 and for the
Skykomish, Snoqualami, Snokomish, Stillaguamish, and Nooksack
rivers, Washington, in 1925.4 With the exception of a specisal
survey of a possible flood=-diversion scheme on the Atchafalaya
outlet of the Mississippi Rivar,ﬁ no other surveys were author-
ized until the River and Harbor Act of January 21, 1927 leunched
the series of so-called "308" invuntig;tiona.ﬁ

Those inveatigations were undertaken in accordance with a
program recommended to the Congress by the Corps of Engineers and
the Federal Power Commission in House Document No. 308, Sixty-
ninth Congress, first session, and were designed to provide plans
for the development of navigation, hydroelectric power, and irri-
gation opportunities and for the control of floods in each of the
specified drainage basins. Most of the major drainage areas, ex-
cept the Colorado Basin, which was understood to be the specisl
province of the Bureau of Reclamation, were named in the House
Document or in the supplemental 1ist included in the Act. Alto-
gether, more than 1B8 separate reports had been transmitted to
the Congress by 1941.7 As the first large-scale and adequately
financed effort to plan for multiple-purpose use of water re-

141 U.S. Statutes 1354 (1921); 42 U.S. Statutes 146
(1921);: and 42 U.S. Statutes 171 (1921).

43 U.8. Statutes 2490 (1924).

343 U.S. Statutes 961 (1924).

%43 1.3, Statutes 1000 (1925).

544 U.3. Statutes 300 (1926).

644 U.8. Statutes 1010 (1927).

7U. S. War Department, Annual Report of the Chief of En-
neers for the Year Ending June 30 Iﬁif (Washington: Govern-
ment Frint OIT1 IﬁIIi II, Part 1

ing ce, ’ ’ y 2134,
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sources in the United States, the 308 investigations were a monu-
mental enterprise which became the groundwork for much construc-
tion that follawod.l Neither House Document 308 nor the author-
izing act contained specific directions as to the point of view
or techniques to be employed in dealing with the flood aspects of
drainage-basin improvement. They simply requested plans for the
control of floods. Because the Chief of Engineers likewise did
not i1ssue instructions with respect to investigative methods,
each district engineer was free to attack the flood problem as he
saw fit, and the result was a series of reports displaying a con-
siderable varlety in methods. Some of the significant differ-
ences among those reports are analyzed in Chapter IV. In gen-
eral, all of the reports adopted a strict engineering approach
making the economic Justification for flood protection dependent
upon the ratio of direct benefits to construction costs.

The 308 reports were submitted to the Congress over a pe-
ricd of more than twelve years. During that time there appear to
have been several pronounced trends in the thinking of the engi-
nesrs concerned with their preparation. Increasing attention was
given to the practicabllity of reservoir control in lisu of levees,
diversions, and channel improvements. Consideration of sllied
purposes, such as wildlife conservation and pollution abatement,
became more prominent. Flood problems of a type which in early
reports were dismissed from consideration as being purely local
problems, were treated in later reports, and particularly after
the passage of the Flood Control Act of 1936, as proper objects
of PFederal 1nveatigution.2 Finally, the studies of probable flood

1&mong the areas in which 308 reportas have been used as
the basis for important construction programs are the Tennessee
Valley, the Ohio Basin, the Illinols Basin, and the Red Basin.
The data collected for these and other 308 reports were also the
basis for the comprehensive reservoir plan for the Mississippi
Basin to which reference is made later.

2rhe original 308 report for the Alabama-Coosa Basin con-
cluded that "The flood protection of Selma and Montgomery are lo-
cal problems which are not a large or serious magnitude, and are
therefore not considered as subject to Federal aid or cooperation.”
74th Cong., 1lst Sess., Alabama-Coosa Branch of Mobile River System,
House Doc. No. 66 (Washington: Government Printing Office, I§§51.
p. 83. A comprehensive flood control, navigation, and power pro-
gram was recommended by the Chief of Engineers for the basin in a

report dated October 15, 1941.
A similar instance is the Housatonic Basin, Connecticut
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frequency and of the magnitude of probable maximum floods became
more preclse, with the result that infrequent flood hazards were
recognized far more in later reports than in early ones. Thus,

it seems probable that the earlier reports, by comparison with
later reports, underemphasized the importance of flood protection.

The year 1927 witnessed a tremendous flood dlisaster in
the Lower Mississippi valley, one which exceeded any previous
flood in the extent and amount of the damage wrought. FPlans for
flood protection in the Lower Mississippl area were revised once
more, and, after long controversy over the feasibility of various
engineering remedies, an act was approved on May 15, 1928 to au-
thorize the expenditure of $325,000,000 on a system of levees and
diversion floodways to be constructed at Federal axponuo.l Local
interests were required only to furnish lands, damages and rights
of way for the necessary works. Thlis new expression of Congres-
sional policy admitted the inadequacy of the old "levees only"
theory on the Lower Mississippi River, and it assigned the Federal
government virtually complete financial responsibility for new
works.

No change was made in the basic legislation affecting
other sectlons of the country, although many additional flood-
control surveys and examinations were authorized in separate acts.

Prompted by the severe floods of 1935 and 1936 in the
Northeastern States, the Congress declared in the latter year that
flood control on navigable waters or their tributaries is a proper
ectivity of the Federal government, inasmuch as destructive floods
menace the national welfare by destroying property and 1life, im-
pairing interstate commerce, and otherwise upsetting orderly so-

2

for which it was reported in 1932, "The damage which has occurred
1a more or less local in character, and subject to local reme-
dies," 724 Cong., lat Sess., House Doc. No. 246 (Washington:
Government Printing Office, 1932), p. 28.

Another instance in which the reporting officer considered
that Federal interest did not extend to problems of "local" flood
protection 18, 72d Cong., lat Sess., Illinols River, Illinois,
House Doc. No. 182 (Washington: Government Frinting Office, 1932),
p. T2.

145 U.S. Statutes 534 (1928).

2In all, between 1929 and June 22, 1936, 68 bills provid-
ing for preliminary examinations and five bills providing for sur-
veys for flood control were enacted by the Congress in accordance
with the Flood Control Act of 19617.
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cial prncuaaau.l Under that act it was provided that Federal
funds might be used to improve or participate in the improvement
of streams for flood control if "the benefits to whomscever they
may accrue are in excess of the estimated costs, and if the liwves
and social security of people are otherwise adversely affected.”
Local interests were required to contribute the costs of lands,
rights of way, and damages, but in no instance were they to carry
more than half the total cost of a project. They also were re-
quired to maintain the protective works after completion, unless
more than three-quarters of the benefits accrued to areas outside
of the state in which the project was located, in which case Fed-
eral maintenance was authorized. Thus the policy which had been
adopted for the Lower Mississippl area was applied in modified
form to other sections of the United States. This policy applied
to 211 projects, having a total estimated cost of more than
$510,000,000 that were authorized for construction by the Corps
of Engineers.

The 1936 act reiterated the responaibility of the War De-
partment for surveys for flood control and allied purposes, and
it declared that the Department of Agriculture should prosscute
surveys looking to runoff and waterflow retardation and soil-
erosion prevention in the same drainage areas. These grants of
authority were not to interfere with investigations relating to
irrigation which the Bureau of Reclamation might wish to make.
Two hundred twenty-two drainage areas or localities were named
for preliminary examinations and surveys, most of them areas al-
ready studied in connection with the 308 reports. The act contem-
plated the preparation of plans dealing with land-management prac-
tices upatream as well as with protective works, but it did not
authorige the prosecution of land-management programs.

The Flood Control Act of 1936 marks the initiation of
flood protectlion on a national scale, and of surveys of land-
management problems in connection with engineering surveys. 1In
these respects it undoubtedly owes much to the example set by the
operations of the Tennessee Valley Authority. Under the terms of
the Tennessee Valley Act of May 18, 1933.2 the Authority had

140 U.s. Statutes 1570. Act of June 22, 1936.

243 U.S. Statutes 58.
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launched the construction of a system of reservoirs for the joint
purposes of flood control, navigation, and hydroelectric power
development. Those reservoirs were visible demonstrations of the
practicability of flood protection by such means, and they were
undertaken sclely at Federal expense. The Authority had been
directed to combine studies of forest and soll conservation with
its engineering work, and for the first time in legislative his-
tory the desirability of integrated development of resources on a
regional basis had been recognized. These accomplishments and
other conditions combined to promote public support for Federal
participation in somewhat similar types of work in other sections
of the country. There had been little precedent for Federal par-
ticipation in flood protection outside of the Lower Mississippi,
Sacramento, and Tennessee valleys. The construction of works at
Federal expense had been authorized for the Lotalll and Salmon
rivern,2 Alaska, in 1933, for the Lower Rlo Grande in 1933,5 and
for Niobrara, Nebraska, in 1955.4

Work under the 1936 act was slow in starting even though
work-relief funds were made avalilable to supplement the first
regular appropriation for the fiscal year 1938 (See Table 2).
Within a year, the Congress, in response to public demand for ac-
tion to remedy the causes of the great disaster of January-
February, 1837, in the Ohio Valley, authorized the construction
of additional levees and flood walls at cities and towns along
the Ohio Rlv.r.s The same act, approved August 28, 1937, expanded
the authority of the Department of Agriculture by declaring that
as a condition to prosecuting remedial runoff and waterflow

1
2

47 U.8. Statutes BO2 (1933).

48 U.8. Statutes 981 (1933).

540 U.S. Statutes 660. Act of August 19, 1935.

4{9 U.8, Statutes 1306. War Department Appropriation Act
of May 15, ‘

550 U.8. Statutes 876, Act of August ~3, 1937. The lo-
cal-protection pro].ofn authorized by this act «ere to be selected
by the Chief of Engineers from a list of projectes prepared by the
Chief of Engineers, The individual projects were listed in, 75th
Cong., lat Sess., Levees and Flood Walls, Ohio River Basin, Hear-
ings before House Committee on Flood Control on H.H. 7508 and
ién. 7647 (Washington: Govermment Printing Office, 1937), pp. 45-




TAELE 2

FUNDS APPROPRIATED AND OBLIGATED FOR GENERAL FLOOD CONTROL,

FISCAL YEARS,

1638-1942%

(Exclusive of Emergency Flmdu)b

== — e ——————y
Obligations During Year
Fiscal Total Geological
Maintenance
Year Appropriation Office of Survey &
New Work [FZARInations | onier of N (B ol B
y Engineers o y Bureau
s Studies
1938 $ 30,000,000 | § 24,452,034 | $ 488,549 |$ 100,755 § 500,000 | 21,000
1938 82,000,000 51,945,000 2,920,423 112,341 e 3,000,000 92,970
1840 133,000,000 | 125,325,096 3,942,470 233,512 $198, 315 3,000,000 826,162
1941 70,055,000 91,688, 9690 3,188, Ba'r 269 6'?3 301,184 2,000,000"_. 607,379
1942 98,780,000 89, 615,323 :5, 434,742° 310,240° 589,500 998, 342 475, 000°
Total $413,835,000 | $383,024,422 | $13,984,021 |$1,026,526 $889, 000 $9,498,342 |$2,222,511

pended on flood protection during 1933-1938 in addition to the funds regularly appropriated as shown

®source: Annual Budgets of the United States, 1939-1943.

b

It is estimated that approximately $143,000,000 of Federal emergency relief funds were ex-

in Tables 1 and 2.

®Batimated.

e1
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retardation and soil-erosion prevention works on private lands,

the Secretary of Agriculture could require the enactment and proper
enforcement of state and local regulations affecting land use, the
negotiation of agreements or covenants affecting such lands, and
contributions of money, services, or materials. In so far as the
local protective works in the Ohlo Bassin were concerned, the Preal-
dent was empowered to walve the requirements of local cooperation,
stipulated in the Flood Control Act of 1936, by as much as 50 per
cent if he found that the local interests were unable to pay be-
cause of the crippling effects of a flood disaster.

Requirements of local cooperation were waived still further
in the Flood Control Act of 193&.1 Because of difficulties in
negotlating local contributions from groups of states benefiting
from reservolr conatruction,2 and alse in response to an apparent
desire of the public-power groups to insure that full Federal au-
thority to develop hydroelectric power at flood-control dams would
not be impaired by state control of reservoir cperations, as
contemplated in the proposed interstate compacts for the Connectl-
cut and Merrimack rivers, the financing of reservolr projects was
made a complete Federal reﬂponaibility.s By this means, the ma jor
flood-protection works proposed for many sections of the country
became solely Federal in ownership and operstion. Local require-
ments were removed for channel improvements, but they remained in
effect for levees and other local-protective works.

In connection with local-protective works, the Chief of
Engineers was authorigzed, in lieu of construeting such works, to
contribute equivalent funds to those municipalities or sections of
municlpalities that preferred to relocate on higher ground rather
than to benefit from protection at their old locations. This

152 U.S. Statutes 1215. Act of June 28, 1938.

2Th.e problems of obtaining local cooperation in reservolr
construction are described in 75th Cong., 34 Sess., Hearings be-
epresenta -

fore the Committee on Flood Control, U. 5. House of
tives, on Report of Chief of Bngineers, April 6 1937, House Flood
Control CommEtEan Document No. 1, 75th Congres. 18t §asaion, and
Suhao?unnh Heports of the Chief of Eﬁgfneers, and Amendments to

] ood Contro cta o une une , and Au-

gust 28, 1087 (Washington: Government Printing Office, 1938).

3Judnon King, Why the FPower Joker in the New England Flood-
Control Compacts? (Washington: Natlonal Popular Government League,
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provision recognized the possibllity of a change in land use as
an alternative to protective works, but has not been applied.

The 1938 act authorized twenty-five additional construc-
tion projects and an additional expenditure of §375,000,000 as
well as the sum of §10,000,000 for surveys by both Departments. Of
the one hundred localities named for surveys, most had been covered
by previous authorizations. An appropriation of $2,000,000 per
annum for five years also was authorlized for use by the Department
of Agriculture in its remedial work on the drainage areas of
streams on which Federal navigation or flood-control works were
authorized, but only £1,410,000 had been allocated for those pur-
poses by 1941. Among the important new projects authorized were
comprehensive ressrvoir systems for the Ohlo, Upper Mississippi,
Missourl, White, Arkansas, and Ked basina, all of these systems
having flood reduction on the Lower Mississippl and on its tribu-
taries among their principal objectives.

The act approved August 11, 1939, nemed still further lo-
calities for survey, but it did not alter baslec Federal policy.

The requirements of local contributions to the cost of
projects were tightened by the Act of August 18, 1941, which pro-
vided that local interests should pay the costs of lands, rights
of way, and damages for channel improvements. The President's
authority to waive as much as 50 per cent of the cost of local
protective projects in the Ohio Valley was revoked, and it was
declared that authorized projects involving local cooperation would
not be considered as such unless, within a pericd of five years,
guarantees of prescribed cooperation were made by local interests.
The act broadened the authority of the Corps of Engineers in sur-
vey work by providing that surveys might be made i{n any part of
the United States and that reports on previous surveys might be
reviewed and revised whenever considered necessary by the Secre-
tary of War. It also required that funds appropriated under au-
thority of the asct for the runoff-retardation and erosion-preven-
tion works of the LDepartment of Agriculture could not be used for
works the Department was authorized otherwise to construct, and it
thus prevented duplication of activities which formed a normal
part of the soill conservation, forest conservation, and other land-
use adjustment programs of the Lepartment. The significance of
these changes in policy will be examined in Chapter IV. It 1is
enough &t this point to summarize the ma jor trends of policy to
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August, 1941.

By that time, construction works having an estimated Fed-
eral cost of $1,879,139,400 had been authorized, appropriations in
the amount of $1,020,476,000 had been authorized and §413,835,000
actually had been appropriated for those projects. Including the
308 reports, the Corps' surveys had covered or were in process of
covering all of the important dralnage areas of the country. Ag-
riculture's completed surveys had covered only a relatively small
area,

The history of Federal participation in flood protection
aince the first PFederal flood survey was initiated in 1850 reveals
a spasmodic widening of Federal financial responsibility, with
greatest activity in the period from 1836 to 1941. By 1941, all
costs of flood-protective projects other than the expense of lands,
damages, and rights of way for levees and channel improvements,
were to be paid from the Federal treasury. During the same perlod,
the scope of surveys and of authorized works was broadened to in-
clude multiple-purposs water projects, land-management measures up-
stream, and relocations of urban settlement. Engineering works
for flood protection remained, however, the pivotal activities with
which the government was concerned. The Federal interest in such
measures was recognized in the above-mentioned statutes and also
by the courts. In the decision in the Denison Dam case, Mr. Justice
Douglas stated for the Supreme Court an opinion widely held by the
American people when he saild:

« +» + « There 18 no constitutional reason why Congress un-
der the commerce power should not treat the watersheds as a
key to flood control on navigable streams and their tributa-
ries. ©Nor is there a conatitutional necessity for viewing each
reservoir project in isolation from a comprehensive plan cover-
ing the entire basin of a particular river. We need no survey
to know that the Mississippl is a navigable river. We need no
survey to know that the tributaries are generous contributors
to the flooda of the Mississippi. And it is common knowledge
that Mississippi floods have paralyzed commerce in the affected
areas and have impaired navigaetion itself. We have recently
recognized that "Flood protection, watershed development, re-
covery of the cost of improvements through utilization of power
aré . . . . parts of commerce control.” And we now add that
the power of r}ood control extends to the tributaries of navi-
gable streams.

This decision seems truly to mirror the popular and technical
opinion then prevalling that the Federal government had the pri-

1

Oklahoma ex rel. Phillips v. Atkinson Co. et al., 313 U.S.
508 (19407.
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mary responsibllity for curbing floods in order to prevent the
disruption of commerce and the destruction of lives and property.
State and local pollcy.--While the Federal government
shouldered larger responsibilities, the state and local govern-
ments for a time expanded thelr activities with respect to flood
protection, and then, after 1938, contracted those activities
rapidly. Prior to 1917, all flood-protective work in the country,
with the exception of certain Federal channel improvements along
the Lower Mississippl River, as noted above, was undertaken by
land owners, municipalities, counties, states, or speclal-improve-
ment districts. There are records of scattered levee improvements
by plantetion owners on the lower reaches of the ﬁoanoke,1 Missi=-
sippi, and other Southeastern rivers, in the eighteenth and early
nineteenth centuriea, Munlcipalities, other than New Orleans,
did not begin to concern themselves with flood protection in more
than a few instances until the early 1800's, when Fittsburgh made
its monumental investigation of possible methods of flood protec-
tion therﬂ.z No remedial work resulted immedistely from the
Pittsburgh report. In later years, Kochester, New Ybrk.a Columhus,
Ohia.4 and Tacoms, %nshlngtun,s were among the cities that employed
engineers to design remedial works for flcods. Levees, channel
improvements, or reservoirs were recommended in each case.

The large flood-protective enterprises during the period
of state and loecal activity were sponsored and flnanced by levee
and drainage boards organized under state law. Stimulated by the
Federsl Swamp Lend Acts which in 1849, 1850, 1855, 1857, and 1860

a——

loatn Cong., lst Sess., hoanoke hiver, Virginia, House
Loc, Yo, 65 (Washington: Government Printing 6??Ice. 1583s).
2

Flood Commission of Fittsburgh, Report (Pittsburgh: The
Commission, 1912).

aﬂdwin A. Fisher, heport to Hon. Harold W. Bsker, Cit
Manager, of a Study of Flood Conditions in the Genesee Eiver Hav -
ing Specific helatlon to a Civic Center, Also to the General Sub-
Eecg of Flood

cod Frotection for the City of Hochester (Fochester,

4John W. Alvord and Charles B. Burdick, A Heport to the
Mayor and City Council on Flood Protection for the EEE: of Co-
Turbus, Ohio iCOIHNEua, 1913).

5ﬂork at Tacoma was undertaken by the Inter-county kiver

improvement Commission. 74th Cong., 24 Sess., Puyallup Kiver
Washington, Senate Commerce Committee Print (lusﬁzngion: Govern-
ment Frinting Office, 1636).
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provided for the conveyance to the respective states all of the

wet and overflow lands owned therein by the Federal government,
districts were organized to protect such lands from floods and to
conatruct the drainage facilitlies necessary to render them cultiva-
ble when clsared and lavaled.l Under the Swamp Land Acts, approxl-
mately 64,800,000 acres of land were transferred to the states

with the understanding that the proceeds from their sale would be
applied as far as necessary for land reclamation by means of levees
and drains, and for the improvement of sanitation, such activities
not being considered a Federal responsibility. Those lands having
important flood problems were located principally in North Caro-
lina, Mississippl, Louisiana and hrk&nans.a These were poorly-
drained sectors along river valleys in the Atlantic and Gulf
Coastal plains, and along river valleys and lacustrine plains in
Indisna and Ohio. 1In practice, the states claimed much land that
was not swampy, and they lost 1little time in dilsposing of their
holdings without attempting to make the anticipated hspruvamenta.a
The lands promptly fell into the hands of large-acale operators
who, in turn, helped organize special -improvement districts as a
means of finencing the drainage work. The history of drainage
development is recorded alnewharo,4 but it may be noted here thsat

a very large part of the drainage district activity leading to

land settlement in the above-mentioned areas involved extensive
levee and channel -improvement works as well as drailnage facilitles.
Some of the districta, such as the Yazoo Levee District, had high-
calibre engineering staffs and expended large sums on new con-
struction and on repair work. In 1830, out of a total of B4,408,000
acres reported by the Census to be Iin orgenized drainage enter-
prises, 8,374,000 acres were served by a combination of ditches

and levees, and 254,651 acres by a combination of ditches, levees

lpublic Land Statutes of the United States, 1931, pp. 641

et seq.
2'I'homas Donaldscn, The Fublic Domain (Washington: Govern-
ment Printing Office, 1884), pp. -

SJohn Ise, The United States Forest Policy (New Haven:
Yale Universlity Press, : P.

Yurand Availabdle for Agriculture through Keclamation,"

Supplementary Report of the Land Flanning Committee of the Nation-
al HResources Board, Part 1V (WNashington: Government Frinting Of -

fice, 1556), pp. 35-41.




19

and tile drains. The total capital inveatment in those works
amounted to $104,873,000."

In addition to leves and drainage enterprises for reclams-
tion of cultivable wet lands, a few public districts were organ-
ized under state law primarily to facilitate the construction of
engineering works for the protection of urban areas. The Ohio
Conservancy Act of 19014 suthorized state courts to create districta
empowered to prepare engineering plans, to carry out approved
plans, and to levy assessments againat beneficiaries for the fi-
nancing of such work.g Originally drafted in order to make pos-
sible protection against floods on the Miami River at Dayton,
Hamilton, and nearby urban areas, the Ohlo Conservancy Act resulted
in the creation of the Miaml Conservancy District, the Muskingum
Conservancy District, and several such districts as the Scloto
District. The Ohio law established a pattern of action for deal-
ing with flood problems that was followed in a general way by
thirteen or more state legislatures. Those enabling acts resulted,
however, in the organization of only a few active districts for
flood protection. Under the stimulation of Arthur E. Morgan, the
moving spirit behind the drafting of the Ohic Act, Colorado passed
a general conservancy act in 19223 and on the basis of that law,
established a district for the construction of channel improve-
ments at Pueblo. New Mexlioco passed a conservancy act in 19254
which aided in the organization of the Middle Rio Grande Conserv-
ancy District to provide flood protection and irrigation water
for the Rio Grande valley of New Mexico above the Elephant Butte
Reservoir. Both these state districts completed their scheduled
work, although the district in New Mexico ran into severe finan-
cial and engineering difficulties with which it still is strug-

gling.

1U. S. Bureau of the Census, Fourteenth Census of the
United States: 1930. Drainage of Agricultural Lands (Washington:
Government Printing Ormfﬂ'ﬂ._b_

2Act of February 17, 1914. The events leading up to the
passage of this act are described in C. A. Bock, History of the
Miami Flood Control Project, Technical Reports (Dayton: Miami Con-
servancy District, Iﬁiﬁi, Part II.

Scolorado Laws of 1922.

4New Mexico Laws of 1923, c. 140 and New Mexico Laws of
1927, o. 45,
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In 1920 New York provided enabling legislation for the
creation of river-regulating districts having flood control, power
generatlon, and water supply as their major purpnsaa.l To date,
successful regulating districts have been established in the Hudson
and Black baains.a

In 1918 Texas passed a General Conservancy District Act
on the basis of which in subsequent years 15 separate districts
were created, each district being empowered to construct flood
protective, power, irrigation, and associated water-conservation
works.” All but two of these districts were organized during the
period 1933-1935,

Only one state organization outside of the Lower Misais-
sippl Valleyvy received Federal ald for flood protection prior to
1636. It was the Okeechobee Flood Control District, which cooper-
ated with the United States under the terma of the Kivers and Har-
bors Act of July 3, 1930 1n bullding a new levee system around
Lake Okeechobee, Florida, as a means of protection agalnst high
waters caused by hurrlcane action over the lake.® The act provided
that local interests should contribute at least 32,000,000 toward
a project having a total estimated cost of $18,470,000.

By 1936, at least 17 states, in an effort to cope with
flood problems within thelr borders, had established state agen-
cles to investigate and solve the problems, or had provided for
the creation of intrastate districts for the same purposes. In
13 of these states, agencies were authorized to make engineering
surveye looking to flood protection. 4 few of the 13 agencles,
such as those in Cslifornia, Illinols, Minnesota, and Texas, under-

lyew York Laws of 1920, c¢. 463. Baldwins Consolidated

Laws, 1938, sec. 413.

®Bawin S. Cullings, "Local Flood Control," Enginsering
News-Record, CVI (June 25, 19368), 915.

z.th.'::.t.a of 1918, Art. B194. Vernon's Texas Statutes, 1936,

445 U.S. Statutes 918. This was amended by the Act of
August 30, 1935, which reduced the required initial local contri-
bution to §200,000, and shifted the burden of maintenance costs
to the Federal government. The district was organized under state
law in 1929,

51954 Cumulative Supplement to 1527 General Laws of Flori-
da, Art. 4, p. 299.
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took relatively detailed invnstigﬂtiona.l Others, such as the
special commissions in Maine and Vermont, macde state-wide reports
and then retired from active work, leaving to other groups the
task of carrying out their racommandationa.2 Three of the states,
Mew Jersey, Pennsylvanie, and Washlington, undertook to regulate,
by licensing provisions, further encroachments upon flood plains
within their borders (see Chapter IV).

To the extent that apecific plsns for flood-protective
works were available, and that public support for them had been
aroused, these agencies took advantage of the libsralized financing
arrangements prevailing under the public-works and works-relief
programs of 1935-36 to obtaln construction of desired projects.
The Winooski detention reservoirs in Vermont, the Muskingum Con-
servancy District in Ohlo, and the Brazos and Colorado Hiver con-
gervancy districts in Texas were among those that benefited from
emergency spending prior to the establishment of a national flood-
control policy.

The point of view of the engineers who planned the drain-
age and flood-protective work of these non-Federal projects is
reflected in large measure in the literature on flood protection.
¥a jor attention centered on (1) methods of determining maximum
probatle flood flows, (2) design of engineering works, particu-
larly chennel improvements and reservoirs, and (5) estimation of
benefits to be expected from protection, with special reference
to land drainage assoclated with flood protection.3

lTypical surveys by those agencles are given in the fol-
lowing reports: California, Department of Public Works, Sants Ana
River Besin, Bulletin No. 31 (Sacremento: California State Frint-

ing Office, 1930).
I1linois, Diviajion of Waterways, Flood Control Report,

1929,

Minnesota, Department of Drainage and Waters, First Bien-
nial Heport of the Commissioner of Drainage and Waters TE. V. Wil-
Tard, Commissioner, 1921).

New Jersey, State Water Policy Commission, Control of
Floods on the Fassaic River, Special report No. 2 (Trenton: The
Commission, 1951). This followed a long series of reports by
state agencles on Passalc River problems.

2por example, see Maine Levelopment Commission, Maine Riv-
;S;g?nd.Thair Protection from Possible Flood Hazards (Augusta,

3John W. Alvord and Charles B. Burdick, Relief from Floods
(New York: McGraw-Hill Book Co., 1918).
Wellington George Pickels, Drainage snd Flood-control
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Ma jor trends in public policy.--In non-Federal as in Fed-
eral flood protection from 1850 to 1941 the emphasis was upon
curbing flood waters by engineering. Alternative forms of adjust-
ment were not taken into account in drafting state legislation or
in distriect plans. Evaluation of benefits received somewhat more
detailed treatment, however, in state than in Federal statutory
directive policles, and this might well be expected inasmuch as
state work required direct assessment of a part of the costs on
the benefiting property owners and public bodies. Such assess-
ments became relatively less frequent, of course, with the adop-
tion of the new Federal policy in 1936.

Among the first reactions to the Floed Control Act of
1936 was the authorization of state agencies to cooperate in fi-
nancing and reviewing the plans for projects adopted by the Con-
gress, New York State created a special Flood Control Commission
for that purpose in 1956,1 and in the same year Pennsylvanla
appropriated funds for use by its Department of Forests and Wa-
tara.2 The Flood Control Act of 1838 brought most of those state
activities to an abrupt halt. Cooperation in reservoir construc-
tion was abandoned, except in New York where the state continued
to acquire land on behalf of the Federal government and where the
remaining cooperation in leveeas and channel improvements could be
handled readily by municipalities and counties without the partici-
pation of state agencies. Illinois and Pennsylvania also continue
to give some financial assistance to local communities for flood
protection. During the period 1936-1938 there were the beginnings
of interstate agencies to facilitate cooperation with the Federal
govermrment in the financing of reservoir programs for the Merri-
mack, Connecticut, and Ohio basins. The 1938 act eliminated any
need for cooperation, and relegated state participation to the
role of criticlzing and promoting Federal reservoir plans.

During the 90 years that have passed aince large-scale
flood-protective operations first began in the United States there
has been a progresaive widening of interest in the engineering

Egggntarigg (New York: McGraw-H11l Book Co., 1l..5).
rnard A. Etcheverry, Land Drainage and Flood Protection
(New York: McGraw-Hill Book Co., 1931).

1

New York Laws of 1936, c. 186.

2?&nnsylvnnil Laws of 1936, Act. No. 46.
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structures to control or abate floods. The early interest in
channel improvemsnt and in levess was supplemented by the develop-
ment of diversion structures and detention reservoirs, and, more
recently, by multiple-purpose storage reservoirs. Attention also
has been glven to the possibilities of land-management measures,
and of permanent shifts in the use of flood plains. While the
number of engineering works has increased, the area of interest
in flood protection also has grown. Not only has survey work
spread far from the banks of the Lower Mississippi, but the scope
of Individusl surveys has been broadened to include consideration
of all possible types of englnesring works in assoclation with
works for the use or control of water for other purposes., Drain-
age basins now are being treated as study units, and, within them,
water conservation programs are being developed in an effort to
serve all feasible human purposes.

Increasing use of large-scale levee structures and reser-
voirs has led to the assumption by the Federal government of large
responsibility for planning and construction. For 67 years after
1850, county, municipal, and other intrastate organizations were
mainly responsible for flood-protection. Beginning in 1917 the
Federal mctivities expanded slowly until 1836, when a national
policy of Federal aid was established. That policy at first encour-
aged state and interstate organizations for flood protection, but
in 1938 the trend was reversed and Federal responsibllity was ex-
tended to encompass all protection programs involving reservoirs.

The early intrastate efforts laid heavy stress upon identi-
fication of flood-protection benefits and assessment of costs,
this interest reaching its peak during the rapid drainage and levee
district expansion of the first two decades of the twentieth cen-
tury. Federal surveys prior to the 1930's pald only slight atten-
tion to benefit and cost analysis. Beginning in the 1930's much
more precise studies of those factors were made, and the trend 1is
now in the direction of even greater detail and precision,

Notwithstanding these and many other changes in policy
governing public aid to flood protection, the basic approach has
remained essentislly the same. "Is flood protection warranted,”
continues to be the prevalling question.

During the entire period under discussion, public action
has unfolded in response to gradually widening realization of the
flood menace, but it has been translated into legislation only at
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irregular intervals determined for the most part by hydrologlc
conditions. Each flood of national importance since 1915 has
given rise to a change in Federal flood-protection policy: each
ma Jor change in pollcy prior to 1941 has been made within a year
or two after a great flood. National catastrophes have led to
insistent demands for national action, and the timing of the leg-
islative process has bsen set by the tempo of deatructive floods.

Forecasting

Except in the few areas where complete protection has bee:
afforded by engineering works, dwellers of flood pleins require
a8 9arly a warning as possible of the coming of floods in order
that people and property can be evacuated, and in order that othe:
precautions can be taken against flood loases. The U. S. Weather
Bureau and its predecessors established the first flood forecastir
service along the Lower lississippi hiver in 1870, and received
regular appropriations from the Congress for a separate service
after 1801.%

Inasmuch as the early forecasts were based upon the stagee
of rivers upstream from the reaches subject to flood, the aystem
was applied most extenslvely and ylelded best results slong the
lower reaches of large rivers such &s the Kississippi, Ohio, Red,
and Arkansas., By 1936, the Westher Bureau had organized more thar
70 centers from which forecasts of river stage were releassed. The
forecasts utilized rainfzll as well as stage data, and involved
numerous empirical formulse developsd by the Bureau's forecasters
in the 1ight of previous flood experiences.

In 1937 the Fureau, in cooperation with the Commonwealth
of Fennaylvania and the 0. 5. Geological Survey, launched a new
type of forecasting for the Susquehanna Basin, drawing upon tele-
phonic reports on weather conditions and upon the unit-hydrogragh
method of estimating stream flow so as to build up the expected
‘flow for any desired point. The Bureau has since expanded such
methods to a few other large streams, and recently has lald plans
to expedite service to the headwater reaches where heretofore, be-
cause of small dralinage area, high rate of runoff concentration,

1y, s. Signal Office, Annual Keport of the Chief Stgnal
Officer, 1851 (Washington: Government Frinting © ce, ’

PE- Ié-ii,
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and probability of intense precipitation, the Bureau has not been
able to make forecasts. '

Prior to 1937 the system grew slowly, and made only a few
advances in forecasting techniquea. It was understaffed, and it
received little public attention except in time of flood. In soms
areas the War Department developed its own independent and supe-
rior service.

The Bureau's forecasts, even on large streams, have not
always been successful, and there are instances, such as along the
Lower Ohio River during the flood of January, 1937, when the fore-
casted peaks were as much as 6 feet below the actual peaks occur-
ring 24 hours later. At Pittsburgh during the March, 1936, flood
the crest one morning was 9 feet above that predicted on the pre-
ceding day, although that prediction was for a stage exceeding any
previously recorded stage.

The forecasting system has reduced flood losses materially,
and has prevented much human distress, although, as will be shown
in Chapter IV, it is difficult to make a close estimate of its
value, On many flood plains it 1s an essential part of human ad-
justment to flood hazard. It is an integral phase of the opera-
tion of flood-control reservoirs., At no time has the Bureau
tried, however, to stimulate more effective use of the forecasts
in preventing flood losses, and it has not even made detailed
studies to determine the degree to which forecasts have been ap-
plied.

The history of the forecasting effort reveals an early
development of stage-forecasting methods which led to a long and
somewhat unimaginative period of forecasting on the lower reaches
of large rivers, followed, in 1937, by rapid improvement in meth-
ods of forecasting, with particular reference to smaller drainage
areas upstream.

Public RHelief

The third main line of public action consists of relleving
human distress resulting from floods. From the earliesat damaging
floods, community assistance has been given to those who suffer
impairment of health or damage to property. Pricr to the organi-
zation of a national Red Cross, relief from flood disasters common-
ly was handled by groups of interested citizens. For example,
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after the Pittsburgh and Allegheny flood of July 26, 1874, which
caused the death of more than 119 persons, a special committee

was appointed by the mayors of the two citlies to reduce the dis-
tress. That group raised $63,000 from local donations, and ex-
pended the entlire emount in cash payments to deserving sufferers,
in purchase of merchandise, in burials, and in a deposit for the
benefit of children made orphans by the rlood.l It prided itself
upon not having to request outside ald and upon meeting all urgent
demands for help. Federal assistance seems to have been given
only in the assignment of troops to guard the scene of the dis-
aster. Simllarly, after the great Miami Hiver flood of 1913, the
people of Dayton, Ohio, raised a large fund to be used by the Day-
ton Citizens' Rellief Committee for the aid of their fellow towns-
men who had suffered losses, the fund later belng given over to
the Red Cross for administration.2 These amounts now appear small
by comparlison with expenditures currently made for flood relief
by Federal agencles.

The Federal government began in 1874 to make direct grants
of food and shelter to flood sufferers, and appropriations were
made for those purposes following each great flood thereafter, as
shown in Table 3. The funds were disbursed chiefly by the Quar-
termaster Corpas of the War Department, and were administered for
the most part by local and state agencies and by the Red Cross.

As the annual toll of flood losses increased and as the
American Red Cross enlarged and extended its field staff, its na-
tional and chapter organizations became the center of public-
relief work. The Red Cross assisted in caring for the victims of
a few of the serious floods in the 1920's and then during the
great Mississippl River flood of 1927 1t took over in large meas-

ure the work of administering aid by Federal as well as non-Federal

agnnciea.a While other agencies such as the Corps of Engineers

1ngprt of the Citizens' Executive Relief Committee of the
Citles of Pittsbur and Allegheny for the Rellef of the Sufierers
by the Flood of July 26, 4 (Allegheny: Ogden and Vance, 76),
pp. 1-61.

2

Bock, op, eclt., pp. 11-14.

5The Congressional charter of organization approved by
the Act of January 5, 1905 (33 U.S. Statutes 599) and amended by
the Act of February 27, 1917 (30 U.5. Statutes 946), charges the
American National Red Cross "To continue and carry on a system of
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TABLE 3

FEDERAL APPROPRIATIONS FOR RELIEF OF FLOOD SUFFERERS,

1874-1942

Authorizing Act

Reference

Date

Provision

18

18

22

22

22

22

22

22

22

U.8. 34

U.8. 378

U.8. 378

U.5. 378

U.8. 379 -

U.8. 379

U.S5. 44

U.S. 287

4/23/74

5/13/74

2/25/82

3/10/82

3/11/82

3/21/82

4/1/82

4/11/82

2/12/84

Authorizes issue of food and Army
clothing to sufferers from over-
flow of lower Mississippl River:
no amount specified.

Appropriates $190,000 for the pur-
chase of flood and clothing for re-
lief of sufferers from overflow of
Miasissippi River.

Appropriates $100,000 for purchase
and distribution of subsiatence
atores for sufferera from overflow
of Mississippi River.

Authorizes use of Army hospital
tents for shelter to sufferers from
overflow of Missisaippl River; no
emount specified.

Authorlizes use of Government ves-
sels for transportation and distri-
bution of rations and supplies for
sufferers from overflow of Missias-
8ippl River and tributaries; in-
definite appropriation.

Appropriates $150,000 for furnish-

ing food for sufferers from floods

In the Miassissippl River and tribu-
taries,

Appropriates $100,000 for purchase
and distribution of subaistence
stores for sufferers from overflow
of Mississippl River and tributa-
ries.

Appropriates $20,000 for purchase
of seeds and distribution among
sufferers from overflow of Miassis-
sippl River and tributaries.

Appropriates $300,000 for purchase
and distribution of subsistence
stores, clothing, etc., for suffer-
era from overflow of Ohio River and
tributaries.




Authorizing Act

TABLE 3
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- Continued

Reference

Date

—_—

Provision

23 U.8.

26 U.8.

26 U.S.

30 U.8.

30 U.s.

37 U.S.

37 U.S.

38 U.S8.

38 U.S8.

268

33

33

219

221

633

601

208

211

2/15/84

3/31/90

4/25/90

4/7/97

6/9/97

5/9/12

8/26/12

10/22/13

10,/22/13

Authorizes use of Army tents for
shelter to sufferers; use of Govern-
ment vessels for transportation and
distribution of supplies. Appro-
priates an additional $200,000 for
same objects.

Appropriates §25,000 for purchase
of 2,500 tenta to be loaned to

state authorities for use of suffer-
ers from floods, in Arkansas, Mias-
sissippi and Louisiana.

Appropriates $150,000 for purchase
and distribution of subslstence
stores for sufferers from overflow
of Mississippi River and tributsa-
ries. Use of Govermment vessels
for transportation and distribution
of supplies.

Appropriates $200,000 for purchase
and distribution of subslstence
stores for sufferers from overflow
of Mississippl River and tributa-
ries and Red River of the North.

Reappropriates 10,000 (remaining
under resolution of April 7, 1887)
for purchase and distribution of
subsistence stores and payment of
transportation, for suffers from
overflow of Rio Grande near El1 Faso.

Appropriates $1,239,179 for tents,
rations, etec., for sufferers from
floods in Mississippl and Ohio val-
leys.

Appropriates §4,500 for mileage of
Army officers and contract surgeons
in connection with relief of flood
sufferers in Mississippi and Ohio
valleys.

Credits Corps of Engineers for ex-
penditures of $34,192 made for re-
llef of flood sufferersa, in Mlssis-
sippl, Yazoo and Ohio basins.

Appropriates $5,000 to relmburse
life-saving service for rescue and
relief of flood sufferera in the
Middle West.
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TABLE 3 - Continued

Authorizing Act

Reference

Date

Provision

o8

38

39

39
39

42

44

44

43

45

Ul‘sl

U.S.

U. s.

Ul So

U.8.

UIS'

U. S.

UIS!

215

216

11

. 434

534

19

1065

1792

53

1306

10/22/13

2/15/16

8/3/16
sﬁzﬁfls

6/8/21

2/9/27

2/25/27

1/26/28

2/25/29

Appropriastes $654,448 to reimburse
certaln Army appropriations for
relief of sufferers from floods,
tornadoes, and firea in Mississippi
and Ohio valleys. Peach tree,
Ala., and Nebraska.

Credits $42,431 to certain Army
acecounts for expenditures for re-
lief of flood sufferers in Ohilo
and Indiana, and on Ohio and Mis-
8ilasippl river and tributaries.

Authorizes loan, lssue, or use of
tents, provision and supplies and
Quartermaster's and Medical De-
partment for rellef of sufferers
from overflow of Miasissippl River
and tributaries, no amount specl-
fied.

' Appropriates §545,000 for relief

of flood sufferers in southern
states, and West Virginia, includ-
ing issue of seeds and Army sup-
plies and supplying employment for
destitute persons.

Authorizes 1saue of subslstence
and quartermaster's supplies to
persons suffering from overflow of
Arkansas River and tributaries in
Colorado; no amount apecified.

Authorizes issue of $936 quarter-
master's supplies to persons suf-
fering from overflow of Arkansas
River and tributaries in Colorado;
no amount specified.

Authorizes determination of loasses
to property owners near Hatch and

Santa Teresa, New Mexico, by over-
flow of Rio Grande; and appropri-

ates $75,000.

Authorizes employment, by Secre-
tary of Agriculture in cooperation
with the states, of local agents
necessary to aid in rehabilitation
of farm lands in areas affected by
floods of 1927.

Authorizes loans for purchase of
seed, fertilizer, etc., in storm




30

TABLE 3 - Continued

Authorizing Act
Provision

Reference Date

and flood stricken areas of south-
western states; $6,000,000 appro-
pristed in deficiency act of
March 4, 1929 (U. S. 1635).

46 0.8, 84 3/12/30 Appropriates $1,660,000 to aild
state of Alabama in construction
of roads, etc., damaged by floods
in 1929.

46 U.S. 386 5/27/30 Appropriates $506,087 to ald state
of Georgia in construction of
roads, etc.,, damaged by floods in
1929.

46 U.S. 489 6/2/30 Appropriates $805,561 to ald state
of South Carolina in construction

of roads, etc,, damaged by floods

in 1929.

46 U.S. 829 6/28/30 Relieves state of Vermont from
accountablility for certain Federal
property lost, etc., in connection
with relief work incident to flood
of November, 1927.

and the State Departments of Heslth defended the levee lines or
guarded against epidemic, the Red Cross, under the general direc-
tion of Herbert Hoover as Secretary of Commerce, assumed the prin-
cipal role of guiding emergency evacuation and of feeding, cloth-
ing, housing and providing medical services for the refugees. For
the next ten years the Red Cross continued as the major national
agency dealing with flood distress.

In 1929 and 1930 Congress appropriated funds for use by
states in repairing flood losses (see Table 3). These appropria-
tions were the first to place the Federal government squarely in
the position of rehabilitating flood sufferers. After 1933 the
newly-organized Federal relief agenclss began to extend aid for
such purposes, and during the Ohlioc River flood of 1837 a large

Natlional and international relief in time of peace and to apply

the same in mitigating the sufferings caused by pestilence, famine,
fire, flood, and other National calamities, and to devise and carry
on measures for preventing the ssme."



31

part of the total relief expenditures was made by those agencles
directly (see Chapter IV).

After 1927 1t became the common practice of municipal and
state governments and of the Red Cross to provide for flood ref-
ugees while away from thelr homes, and to lend aid to those who
needed cash or goods in order to regain thelr previous level of
living. According to need, Red Cross grants of funds were used
for repairs, food, clothing, and other essentials. Once returned
to his home, a flood refugee received ald in cleanup, repairs,
and rehabilitation only in so far as he could not finance those
operations himself. The work-relief agencies and the Civilian
Conservation Corps contributed additional help by participating
in the cleanup activities and by repalring publiecly-owned struc-
tures such as bridges and roads. Direct grants or assignments of
work relief were made to flood sufferers in the lower 1income
brackets., In 1934 the Reconstruction Finance Corporation recelved
its first authorization to make loans for repairs of damages from
floods and other cataatroﬁh&s, and in 1937, the Disaster Loan
Corporation was established to extend credit to individuals or
corporations requiring help in rahabilitatinn.l Theae sources of
ald, combined withk the authority which the Congress gradually gave
to the Corps of Engineers to repair levees and other flood-protec-
tion structures damaged by floods, covered a much wider range of
flood losses than that encompassed by the Ked Cross relief pro-
gram, By 1941, the total public rellef program, as described in
detall in Chapter IV, had expanded te cover, by grant or loan,
most of the serious losses from flocod.

The Private Approach to the Flood Problem

In considering the action taken by public agencles in
building flood-protective works, in forecasting floods, and in
cushioning the harmful effects of floods, it should not be for-
gotten that flood losses have been reduced substantially by the
action of individusls and corporations. Where public action to

148 U.S. Statutes 589. Act of April 13, 1634. This was
later extended through 1936.

50 U.S. Statutes 19. Act of February 11, 1937. The ac-
tivities of the Corporation were extended through 1940 by the Act
of March 4, 1939.
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cope with floods is deferred or is not economically feasible, 1t
remains for the property owners and other residents to deal with
floods as best they can. It probably is neither unjust nor ex-
aggerated to suggest that most such residents have made no special
effort to meet or remedy the flood hazard. There are no national
statistics to support this suggestion, but a review of the efforts
of many flood-plain residents to adjust their activities to floods
indicates that once the flood plain 1a occupied, other adjustments
to floods are slow in coming and are the exception in so far as
residential and commercial occupance is concerned.

Aside from making emergency preparations when an imminent
flood threatens, flood-plain occupants have a cholce of readjust-
ing thelr patterns of land use, of altering bulldings and other
physical structures, and of laying aside adequate reserves or in-
surance againast future catastrophes. Such readjustments have been
made successfully in one or more sections of the United States,
but they are untried for the most part, and they do not command
the attention of Federal or national organizations. While the
Federal government has devoted its efforts to engineering, hydro-
logic, and welfare activitlies affecting floods, property owners
and residents have been left to themselves tc find other practi-
cable ways of reducing flood losses. In this effort they have
had no systematic ald from Federal agencles.

In a few instances, city planners have sought to direct
urban growth away from areas subject to flood hazard. Several
states, as already indicated, have curbed, by use of the police
power, undue encroachment upon stream channels., Certain indus-
tries, such as the railway and electric-power industries, have
given special attention to techniques of reducing flood losses.
Early but abortive attempts have been made to insure against flood
losses. At least one Federal loan agency--the Federal Housing
Administration--has discouraged building of new housing facilities
in flood plains. Otherwlse, flood-plain dwellers have been left
to themselves to deal with the flood problem as best they can.

Summary of Prevalling National Policy

The policy declared by the Congress in the Flood Control
Act of 1936, as amended, represents one segment only of the total
national poliey relating to the flood problem. Taking into ac-
count all phases of public action and inaction, the policy in es-
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sence is one of protecting the occupants of flood plains against
floods, of aiding them when they suffer flood losses, and of
encouraging more intensive use of flood plains., By providing
plans and all or at least half of the cost of protective works,
the Federal government, under the policy established in 19836 and
1638, reduces the flood hazard for the present occupants and
stimulates new occupants to venture into some flood plains that
otherwise might have remained unsettled or sparsely settled. Even
though no protection 1s provided or planned, the Federal forecast-
ing system tends to encourage continued use of flood plains by
reducing the expectancy of loas and discomfort from flood disas-
ters, Fublic relilef is now so widespread that the threat of flood,
while not pleasant, has loat many of its ominous qualities, If a
community wishes to relocate outside of a flood plain, Federal
help is given to the extent that funds might otherwise have been
expended on local-protective works, but if a flood-plain occupant
wishes to rehabilitate a relatively profitable busineass or desir-
able residence in the old location after a flood he may obtain
Federal aid for that purpose,

At the same timk, the occupants are themselves concerned
in an important degree with reducing flood losses by emergency
removal and by changes in land use and structures. Except in so
far as the forecasting system promotes emergency removal, the pre-
valling public policy is largely neutral; it neither encourages
nor discourages such activities.

Obviously, the flood plaeins of the United States will not
be permanently evacuated and returned to nature merely because of
the annusl bill for their occupancy, which now approaches
$95,000,000. Neither will they be occupled as intensely as con-
slstent with other relevant physical and cultural conditions
solely because, irrespective of cost, suitable engineering and
land-use devices can be developed to curb or prevent floods. No
general rule can be established aa to the most satlafactory ar-
rangement of land occupance in relation to local stream rz-imen
and flood-plain conditions, In some instances, profound modifi-
C.vi. 18 in the stream regimen or channel have been necessary, and
in other instances the cultural forms and patterns have been ad-
Justed delicately to the earlier landscape. By and large, =
fairly harmonious combination has been developed. Wherever the
ad Jjustments are not satisfactory, as attested by crippling flood
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losses, wherever a regressive occupance obtaina, or wherever the
flood-plain resources are not used as fully as practicable, a re-
adjustment may be in the public interest. This, it has been
shown, 18 the central flood problem: how best to readjust land
occupance and flood-plain phenomena in harmonious relationship?

Outline of a Geographical Approach

From the three converging streams of publie action with
raspect to the flood problem, and from corocllary fieldas of action,
such as land-use planning, we may draw an approach to this problem
more comprehensive than any one of them. It is a view which con-
siders all possible alternatives for reducing or preventing flood
losses; one which assesses the sultabllity of flood-protective
works along with measures to abate floods, to evacuate people and
property before them, to minimize their damaging effects, to re-
palr the losses caused by them, and to build up financial reserves
against their coming. It 1s a view which takes account of all
relevant benefits and costs. It analyzes the factors affecting
the success of posaible uses of a flood-plain. It seeks to find
a use of the flood plain which yields maximum returns to society
with minimum soclal costs, and it promotes that use.

Unless the ma jor factors affecting flood-plain use are
appralsed, there csn be no assurance that the recommended use is
beneficlal. Unless all possible forms of adjustment to floods are
canvassed, the less expensive ones cannot be selected with cer-
tainty. Unless the analysis leads to practicable forms of re-
adjustment, there is little purpose in examining these possibili-
ties.

Analyses of this character have not been made in the past,
and even the need for them has been stated only in general terms.

Marsh, while primarily interested in the prevention and
protection phases of the flood problem, appears to have recognized
these propositions in his dlscussion of floods in 1593.1 McGee
called attention in 1891 to several possible adjustments and noted
with a tinge of pessimism that, "As population has increased, men
have not only falled to devise means for suppressing or for

lGeorge P. Marsh, The Rarth as Modified by Human Action--
A Last Revision of "Man and Nature" (New York: cﬁgritu Scribners

Sons, s PD. - " .
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escaping this evil, but have, with singular short-sightedness,
rushed into its chosen patha.“l Semple in 1911 described several
types of riverine adjustments but did not analyze the problem of
reducing flood 105393.2 Russell merely noted some of the fac-
tors affecting the occupance of flood plninn.3 J. Russell Smith
called attention to the need for a different attack upon the
Mississippi River problem following the flood of 19274 and vari-
ous editorial wriher35 and public agoncieas suggested after the
1936 and 1937 floods that a broader approach was desirsble, but
their suggestions have not found wide acceptance in practice.
Today there are no studles or programs which meet the requirements
outlined above.

This geographical approach to the flood problem appears
to be more nearly national in scope, and more nearly sound from a
soclal standpoint than the approaches which dominate prevailing
public policy. The remalnder of the dissertation astates the evi-
dence in support of this approach and shows its implications in
public poliey and in geographical research.

1W.JLleGuo, "The Flood Plains of Rivers," Forum, XI (18%1),

221-234.

2Ellen Churchill Semple, Influence of Geographic Environ-
ment (New York: Henry Holt and Company, 1511), PP- SEE 327, oba-
370.

3
370-377.

4I. C. Russell, Rivers of North America (New York: G. P.
Putman's Sons, 1898), p. 114,

J. Russell Smith, "Plan or Perish," Survey, LVIII (1927),

Sny Modest Proposal for Flood Control," New Republie,
May 19, 1937, p. 34.

Bﬂew York, Division of State Flanning, A Common Sense
View of the Flood Problem, Bulletin No. 28 (Albany, May, 1957).

similar view aken by Allen Hazen in Flood Flows: A Study of
Frequencies and Iaggitudan (New York: John Wiley and Sons, Iﬁgﬁf,
pp- » T=1 -



CHAPTER II

ELEMENTS OF THE FLOOD FROBLEM

The flood problem has four basic elements. These are:
(1) the flood hazard, (2) the environmental features of the flood
plain, (3) the human occupance of the flood plain, and (4) the
adjustment of human occupance to flood hazard. Each of these is
present in some degree in every flood problem, whatever its na-
ture, According to the comprehenslve view ocutlined in the pre-
ceding chapter, each must be taken into account in arriving at a
satisfactory solution of such problems.

For thils reason, and because the terms describing these
€lements are used somewhat loosely in enginsering and sclentific
literature, they are defined here prior toc considering their inter-
relations in Chapters III and IV. Most of the following defini-
tions coincide with those in standard nomenclature, but 1t has
been necessary to suggest a few new terms for new concepts and to
assign more nearly preclise meanings to several old terms.

Flooda

The term flood is used to mean any stream flow which
greatly exceeds the average stream flow, whether or not it over-
tops the channel banks. The term has been used variocusly to mean
"an unusually high flow of a atream,“l or "any flow equal to or
greater than a designated basic flow."® 1In & stream channel hav-
ing well-defined banks, any flow which overtops those natural
curbs 1s, under the definition given above, a flood, In a channel
lacking such banks, or containing a stream with an average daily
flow reaching a height substantlially less than bank-full capacity,

1H&tiona1 Hesources Planning Board, Hydrologlc, Hydraulie,

and Sanitary Nomenclature--Second Preliminary Draft (Washington:
National Kesources Planning Board, 1§455,p.1%?.
zclaranca S. Jarvis and others, Floods in the United

States--Magnitude and Frequency, U. S. Geological Survey Water-
supply Paper No., 771 lﬁaa&ington: Government Printing Office, 1936),

Pr. 463-464.
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a flood is any flow greatly in excess of the average. 1In short,
the concept of flood centers upon the cccurrence of flows markedly
greater than the mean.

The components of extreme flows are defined in greater
detail in the following terms, which are in relatively general use
by hydrologists and engineers:

A flood event 1a a series of flows constituting a distinet,
progreassive rise, culminating in a peak, crest, or summit, to-
gether with the recession that follows the crest arbitrarily se-
lected for consideration as a unit of flood occurrence.

Flood stage 1s that elevation of the water surface--
selected by local usage or by an investigator--above which the
stream is considered to be in flood. Commonly, it is the stage
at which damage begins,

Flood crest 1is the highesat elevation reached by flood wa-
ters In a flood ovant.E It commonly is measured in feet above an
accepted datum, such as flood stage.

Momentary flood peak 1s the maximum rate of flow attalned
during a flood event; usually this is the flow at the time flood
crest 1s reachad.a (It commonly is measured in cubic feet per

second. )

Daily flood peak is the maximum daily flow during the flood
avent.4

Annusl flood 1s the maximum daily flow during 12 consecu-
tive months, that is, the highest daily flood peak for a year of
record.5

Average annual flood is the mean of the annual floods dur-

ing the perlod of racord.a

From the standpoint of flood-plain occupance, the flood
crest 1s in most instances the critical feature of the flood event,
but inasmuch as streams commonly are measured on the basis of their
flow rather than on that of their water surface, and inasmuch as

l1b1a., p. 464.

2National Resources Planning Board, szrolog%c, Hydreulice,
and Sanitary Nomenclature, Second Preliminary Dra ashington:
National Resources Flanning Board, 1940), p. 61.

Smbid., p. 118. 4Jarvis, op. cit., p. 462.

5

Ibid., p. 463. 61bia.
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protective works muat be designed in terms of flow control as well
as stage reduction, most computations of flood magnitude and fre-
quency are in termes of daily flood peaks and of annual floods.

The meaning of these terms is illustrated in part by a schemstic
hydrograph of stream flow and stage during one flood event

(Fig. 1).

In designing flood-protection works and in forecasting
floods, accuracy in the measurement of these quantities 1s highly
important, but, in analyzing mosat other hydrologic aspects of the
flood problem, it is rarely essential or practicable to describe
the flood phenomena with equal preclsion. Therefore, the defini-
tion of flood i1s purposely broad so as to refer equally well to
flood crest, momentary flood peak, average annual flood, or to any
extreme departure from an arbitrary base.

The methods of analyzing data on stream flow and other
hydrologic data so as to estimate the probable frequency of occcur-
rence of a flood of a given magnitude for a given stream are nu-
merous and intricate, and they are the subject of an extensive
literature.’ From this literature one concept may be drawn that
is used repeatedly in dealing with flood problems. That 1is the
concept of a flood of a given frequency. With the ald of adequats
data on stream flow, precipitation, ground water, evaporation,
8o0ll characteristics, and vegetal cover, and with a sound method
of probablility analysis, it is possible to state, with varying
degrees of accuracy, that a particular flood flow 1s, say, a "ten-
year flood" or a "ten per cent chance flood" that 1s equalled or
exceeded on the average of once in 10 years. Such frequency esti-
mates are used often in engineering studies, and they may be
accepted with three qualifications, (1) Their use does not imply
any periodicity in flood occurrence. (2) It does not suggest that
a "ten-year flood" is certain to occur during every ten-year pe-
riod. (3) In sll cases, such an estimate of frequency is only as
reliable as are the basic atudy and data, Moreover, there are in
use a large number of techniques of statistical analysis which
yield widely divergent resulta. The possible range of such results
is 1llustrated by the estimates prepared on the basis of relatively

lrpid., pp. 28-67.

National Ressarch Council, American Geophysical Union
Transactiona of 1939, II, 143-218.
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satisfactory stream-flow records for the Tennessee River at Chatta-
nooga, where divergencies of as much as 400 per cent in the esti-
mated amounts of highly infrequent flows were obtained by Saville,
Slade, and other investigators (Fig. 2).

Either through frequency analysis or the so-called "ra-
tional" analyeis of hydrologic data, it also is possible to esti-
mate the magnitude of the probable maximum flood, which 1s the
maximum flow expected to occur on a given stream during a desig-
nated period or during an infinite period. Engineers cautiously
designate such estimates as "project floods" or "1,000 year floods"
or "probable limiting flood," but all may be grouped under the
general definition given above, and ell are used with the under-
standing that they involve numerous assumptions as to the continu-

ation of present climates and the chance combination of physical
conditions favorable to floods. The term "project flood" also 1a
used to mean a flood, less than the probable maximum flood, for
which projects are designed.

The significant features of flood events, from the stand-
point of human adjustment to them, other than the probable fre-
gquency of their occurrence, are (1) season of occurrence, (2) rate
of rise and fall, (3) velocity and (4) sediment load. Taking in-
to account only the dralnage areas In excesas of 500 square miles
for streams causing the greater part of the mean annual flood
losses in the United States, and neglecting the cloudburst type
of flood affecting smaller drainage areas, three outstanding forms
of seasonal occurrence may be recognized in the United States.

Firat, there are areas in which infrequent great floods
as well as frequent floods of lessser magnitude occur only during
well-defined seasons. In the wet, mesothermal climatic province
of the Pacific Northwest and in the semiarid and arid microthermal
provinces of the Great Basin and Rocky Mountain, where floods oc-
cur chiefly as a result of spring snow melt from the mountains,
and in the semiarid, mesothermal areas of the Southern Californisas
coast, where winter ralns cause floods, it 1s possible to predict
their season of occurrence with high accuracy.

Second, there are areas lacking sny pronounced season of
flood occurrence. These lle principally in the humid, mesothermal
climatic provinces of the Southeastern and Gulf coasts.

Third, there are the areas in which a great flood may
occur in any month of the year, but in which most floods occur
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COMPARISON OF FLOOD-ESTIMATING METHODS, TENNESSEE
RIVER AT CHATTANOOGA, TENN.
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Fig. 2.--Comparison of methods used in estimating floods,
Tennessee River at Chattanooga, Tennessee. This 1llustrates the
general form of charting the relation of flood magnitude to fre-
quency in connectlon with probability snalysis. It also shows
the divergent results from analysls of the aamoﬁ relatively full
body of data concerning past flood flows. The "ratio to mean
flood" is in terms of discharge rather than stage. (From Geolog!l-
cal Survey, Water-supply Paper No. 771.)
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during a falirly well defined season. These are the humid and sub-
humid, mierothermal climatic provinces of the Northeastern states
and of the upper Ohio and Mississippl basins. Floods in those
provinces are most frequent in winter and spring, and, inasmuch

as moat Lower Mississippil floods involve substantial contributions
from the Ohio and Upper Mississippi basins, that stream is likely
to have its greater floods during winter and spring.

This threefsld classification 1s Intended only to suggest
a broad difference in season of flcocod occurrence. In future, as
more stream-flow data are analyzed in detall, 1t should be pos-
sible to distinguish regional variations with provisions, always
recognizing that cloudburst storms over relatively small drainage
areas may cause sharp flood crests in almoat any section of the
country at any seascon.

The cloudburst type of flood 1s one extreme in the possi-
ble rate of rise and fall of water during a flood event. As
illustrated in the South Concho River flood of September, 1936,
near San Angelo, Texas (Fig. 3), the crest occurs within a few
hours after the rise begins, and falls off below flood stage rapid-
ly, although the sharp crest may be repeated shortly thereafter.
Such eventas, occurring in less than 48 to 70 hours, may be termed
sharp-crested floods. At the other extreme are the great flows
of large rivers that continue for more than 70 hours and may be
termed broad-crested floods. The Lower Mississippi has sometimes
exceeded flood stage for as long as 30 days. The 19836 flood of
the Connecticut River at Holyoke, Massachusetts, is more nearly
typical of such floods (Fig. 3). For some sharp-crested floods,
the momentary peak discharge may exceed the maximum dally flow
for the same flood event by as much as 1,660 per cont.l

Sharp=-crested floods are characterized, in general, by
greater water velocities than broad-crested floods, but velocity
is primarily a function of stream-bed gradient and of channel
configuration and resiastance, rather than of rate of rise and
fall. The amount and mechanical composition of sediment carried
in suspension and as bed load i3 a function of those two condl-
tions and also of upstream land use, season of flood occurrence,

lJarvil, op., cit., p, 108, This flow occurred in the
Verme Jo River near Dawson, New Mexico on June 30, 1934. The max-

imum daily flow was 62 c.f.s. and the momentary peak was 1,080
L‘..f. 8.
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TYPICAL FLOOD HYDROGRAPHS
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character of underlying rock, ground-water level, local base level
of stream erosion, and related conditions. Although it is con-
venlent to dlstinguish between high and low velocities and between
large and small loads of sediment, and also to characterize the
sediment according to 1ts size (silt, sand, gravel, boulders),
there do not appear to be any especlally important classifications
of the two characteristics.

Flood Plains

The term flood plain 1s used to mean that land outside of
a 8stream channel described by the perimeter of the probable limit-
ing flood. It 1s land which is not covered by the stream at low
flow or average flow, but which has been flooded in the past or
may be flooded In future. It has no other essential feature; it
may be broad or narrow, frequently flooded or rarely flooded. In
this sense, every stream which has floods also has a flood plain.

Any flood plain may be considered to be subdivided into
flood zones, all the land 1in each of which is subject to floods of
approximately the same frequency, the zones of most frequent flood-
ing 1lying at the lowest elevation, and nearest to the channel, ex-
cept where there are natural levees or other obstacles to overflow.

This definition of flood plain differs from that commonly
employed by geomorphclogists, who use it to mean the alluvial
floor of a valley. Inasmuch as the perimeter of the probable max-
imum flood in some valleys exceeds the limit of alluvial deposi-
tion, particularly in the valleys of streams which have not reached
grade, and in other valleys falls far short of covering the allu-
vial fi111, as 1n old valleys having shifting meander belts, the
area actually subject to flood does not correspond in detail with
the geomorphic flood plain. Indeed, none of the common geologi-
cal classifications of streams or valleys i1s of special signifi-
cance in s broad approach to the flood problem.l From the stand-

lclyde Mallot in The Valley Form and Its Development, Indi-
ana University Studies, XV (1928), 26-81, suggests a two-fold clas-
sification: Initial or primary flood plains wilich are of restrict-
ed width, shallow depth of alluvial deposits, and are developed by
deposition by a shifting channel supplemented by a veneer of finer
materiale, and Final or cumulative plains which are developed
chiefly by accretions from on top soc as to form alluvium of con-
siderable width and alsc exceeding the stream channel in depth.
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point of human adjustment to flood hazard, it makes 1little differ-
ence whether a segment of a stream valley ls consequent or subse-
quent, mature or old, rejuvenated or drowned. The significant
physical features are the width of the plain, its slope, its under-
lying materials, and its position in the stream system.

On the basis of relative width, it is convenient to make
following classification, taking as the criterion the average
width of the flood plain on one side of the atream:

Narrow flood plains are those having an average width of
less than 120 feet.

Medium-width flood glaina are those having an average
width of more than 120 feet and less than one-half mile,

Broad flood plains are those having an average width of
more than one«EEEf mile.

Most flood plains have approximately the same average width on
both sides of the stream but over long reaches in some cases and
over short reaches in most cases they are much wider on one side

than on the other. It is important, therefore, to characterize
1

the two slides separately.
A further distinction of wvalue in dealing with flood plains

relates to their underlying materials. Alluvial flood plains in

which the surface materisls are water-laid deposits of recent ori-

gin and which flank actively aggrading streams stand in contrast

to non-alluvial flood plains in which downward erosion or diastro-

phiam 1s the dominant proceaa.2

1Tho upper 1limit of 120 feet for narrow flood plains is

the average width of the necessary right of way for a single-tract
railroad together with-a two-lane highway, and it also coincides
roughly with the minimum width of fields for effective cultivation
in many parts of the United States., One-half mile is selected as
a convenient limit diversion between medium and broad flood plains
of urban occupancy adjacent to a highway and a rallway, or for a
square-shaped farm having an area of 160 acres.

2& complete classification of alluvial plains 1s suggested
in Frank A. Melton, "An Empirical Classification of Flood-plain
Streams," Geographical Review, XXVI (1936), 593-609. Alluvial
deposits are classified in great detall by Stafford C. Happ, Gordon
Rittenhouse, and G. C. Dobson in Some Principles of Accelerated
Stream and Valley Sedimentation, U. S. Department of Agriculture
Technical EEII&Ein No. 605 (Washington: Government Frinting Of-
fice, 1940), pp. 22-31, and delta deposits are reviewed by Richard
Joel Russell in "Physiography of the Lower Mississippi River Del-
ta,"” Lower Mississippi River Delta--Reports on the Geolo of
Plaquemines and St. Bernard Parishes, GeoloEIcai Bulletin No. 8
TWew Orleans: Department of Conservation, Loulsiana Geological
Survey, 19836), pp. 3-189.
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The nomenclature of valley forma is fairly well developed,
of course, and no new definitions are suggested here.

Flood-plain Occupance

The term occupance is used to mean the human process of
ocecupying or living in an area, and the transformations of the
initial landscape which result. It comprises all of the adjust-
ments made by man--rationally or irrationslly--to the natural and
soclal environment of an area, and all of the landscape features
involved thurein.l

Occupance i3 clagssifled according to the more common func-
tions performed. On & simplified basis, there are the following
principal types:

Agricultural
Reslidential
Commercial
Manufactural
Transportational
Recreational
Governmental

Other classifications--for example, those based upon landscape
forms, or upon pattern of operating units, or upon relative suc-
cess or fallure of occupance--are considered unnecessary. A sys-
tematle geography of flood-plain occupance would explore, however,
the asigniflcance of such eclasses of occupance in relation to other
landscape distributions and to cultural conditions.

Human Adjustment to Floods

The term adjustment is used to mean an ordering of occu-
pance. Adjustment to floods therefore means an ordering of occu-
pance to floods and to the floed hazard. The ordering may be ays-
tematic or unsystematic, rational or irrational, conscious or un-

conscious, but it comprises an observable arrangement of occupance
in relation to floods. It may result in transformation of the
landscape of other areas as well as that of a flood plain. TUnder
this definition, all occupancy of flood plains involves one or
more adjustments to floods; all adjustments to _oods exist only

lIn this and other pertinent respects, definitions have
been drawn wherever practicable from Preston E. James, "The Termi-
nology of Heglional Description," Annals of the Association of Amer-
ican Geographers, XXIV (1934), 78-B6.
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in ocoupance or lack of occupance.

Adjustments to floods may be divided usefully into eight
ma jor classes, as follows:

Land elevation. The elevation (up-building) of the sur-
face of a flood plain so as to render it less susceptible to
flooding.

Flood abatement. The application of land-management meas-
sures upstream from a flood plain to prevent the accumulation of
all or part of a flood flow in a stream channel.

Flood protection. The use of levees, channel improvements,
cut-offs, floodways, reservoirs, and other engineering devices to

reduce flood crests in a stream channel or to prevent floods from
overflowing flood plains.

Emergency measures, The temporary removal or protection
of property and persons, and the temporary re-scheduling of humsn
activities.

Structural. The arrangement of physical structures, such

as buildings, rocads, and communication systems, and of institu-
tional structures, such as production schedules and marketing
procedurss,

Land use. The arrangement of the pattern of land use of
a flood plain.

Relief. The granting or loaning of private or public
asslstance to flood sufferers.

Insurance. The accumulation of premium payments from
property owners in order to compensate them for losses resulting
from floods.

These classes embrace, with few exceptions, the major ad-
justments that have been made to floods in the United States. In
most flood plains two or more adjustments are likely to be found
in combination.

These classes are distinguished by the action taken by
people in the process of adjustment. Other classifications might
be based upon (1) relative success or failure of adjustment, (2)
stability of adjustment, (3) historical sequence, and (4) land-
scape transformations, but analysis of them appropriately may be
left to other investigators of the systematic geography of flood
plains.

Under these definitions readjustment, or the reordering
of occupance, takes place wherever prior adjustments, such as land-
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use patterns, are altered, or wherever new adjustments, such as
flood protection, are made.

Any readjustment incurs some social cost in the rearrange-
ment which it entails. Such cost may range from slight property
damage to severe impairment of public health or morale. Readjust-
meént also may yleld and frequently does yleld some social benefit,
which likewlse may accrue in a variety of ways. Given a frame-
work of social values for appralsing costs and benefits, and
assuming that the appraisal is complete, it follows that the ratio
of costs to benefits is a partial measure of the social desira-
bllity of readjustment. It is clear, however, that the direct
coats and direct benefits of readjusting occupance are only two
of the factors involved.

Factors Affecting Human Adjustment to Floods

The term factor 1s used to mean any physical or cultural
ettribute which has had or may have an effect upon an adjustment.
From the atandpoint of the attributes lnvolved, the principal fac-
tors may be classified as follows:

Floods

Surface configuration
Irainage and ground water
Soils

Surface waters

Minerals

Climate

Costs and beneflts of readjustment
Vegetation

Corridor facilities
Soeclal institutions

The prevalling combination of adjustments in any flood
plain may be considered as the function of a human decision--
consclous or unconsclous--taking into account all or some of the
factors which have affected past adjustments or might affect
proaspective adjustments,

It 18 apparent that each factor which 1s operative in a
glven flood plain elther bears an advantageous or disadvantageous
relation to the form of adjustment which i1s made there at a given
time, or else is insignificant.

As will be shown in following pages, the degree to which
any one fector bears a significant relationship to a given adjust-

ment 18 influenced in large measure by accidents of human diaspo-
sition, reason, and technology, so that no hard and fast generall-



zations can be made with respect to their quantitative importance.
It 1s sufficient here to recognize that floods, flood plains,
human occupance, adjustments, and factors affecting adjustment
compose in their mutual relations, one with another, the elements
of the flood problem in any valley.



CHAPTER III
MAJOR PACTORS AFFECTING ADJUSTMENT TO FLOODS

The heavy annual toll of flood losses in the United States
is a payment which nature capriciously exacts from man in return
for his occupation of her flood plains. This rental charge 1is
collected erratically and mercilessly and it tends to discourage
such occupation. It is offset, wholly or in part, by the special
advantages of slope, drainage, soill, surface waters, minerals,
corridor facilitlies, climate, vegetation, and social inatitutions
which are aveilable or creatable in some flood plaina. It is a
charge that can be avoided by staying out of the flood plain, or
one that can be reduced if not eliminated by readjusting human
cccupance to the flood hazard.

Whatever the form of adjustment made, the factors affect-
ing the adjustment may be considered to fall into two major groups,
revealing, like a balance sheet, the relative advantages and dis-
advantages of occupance. On the liability side of the ledger are
the items of flood hazards causing social loss., With these may
be included other factors of social expense resulting from dis-
advantageous features, such &s poor drainage. On the asset side
of the ledger are the advantages afforded by floods as well as by
other factors of social benefit, such, in some instances, as suit-
able surface water supply and fertile alluvial soils.

Without setting up a definite ledger asccount of this form
for the flood plains of the United States, this chapter seeks to
indicate the ma jor items that would enter into such an account,
and to point out the conditions of flood-plain environment and
occupance for which each factor has been important or is likely
to be important. By qualitative rather than quantitative analysis
the processes by which each factor may affect an adjustment to
floods are examined, and flood plains are cited where such effects
are known to have occurred.

This review reveals on a broad scale the character of the
rental charge that man 1s paying for the use of flood plains, and
the character of the income or assets he enjoys in return.

50
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In addition to these sets of entries there are, of course,
factors of 1iability and asset that apply, in the unit area in
which a flood plain is located, equally well to the lands above
and below the flow line of the probable maximum flood. While the
latter regional factors may be of basic importance in the develop-
mént of the occupance of an area, they do not directly affect
adjustments to floods, and they are excluded from consideration
here.

The distinctive costs and benefits involved in readjusting
flood-plain occupance also are omitted from analysis in this chap-
ter and they are considered in Chapter IV in connection with the
specific adjustments with which they are assoclated.

Floods--Liabilities and Assets

Flood is the most important single factor affecting human
adjustment in many flood plains, and it is the only factor present
to an important degree in all flood plains. It is not everywhere
recognized, and, although it has deep potential impacts upon so-
clety, its full effects, both advantageous and disadvantageous,
are understood incompletely.

The flood hazard is underestimated by most flood-plain
dwellers because of the infrequency of major floods, the frailties
of human memory, and the reluctance of some psople, for economic
reascns or from sheer obstinacy, to admit that past floods may be
repeated or exceeded. In the publiec mind, quite apart from the
facts of the hydrologic record, there are "remembered floods" and
"forgotten floods," and the latter are assigned no weight by the
citizenry of flood plains. As a general rule, the flood hazard
tends to wax and wane in the publie mind in direct relation to the
occurrence of high water. Immediately after a flood, losses are
exaggerated and distorted. The almost invariable experience of
men who survey flood damages is that early estimates appearing in
newspaper headlines are far too high, that later estimates by lo-
cal organizations are also high but less exaggerated, and that
detailed surveys yield totals substantially less than anticipated
by the flood sufferers. So long as there are no other floods, the
memory of the last one grows progresaively dimmer. Its scars dis-
appear, public interest in preparedness or protection weakens,
and at length its ravages are forgotten. In time, indeed, there
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may develop a pronounced aversion to public mention of past flood
disasters. TUnserupulous land subdivideras, false inflators of
municipal reputation, and speculative promoters of drainage enter-
prises seek to eliminate the hazard simply by ignoring it. Thus,
average past or prospective losses from floods as given in esti-
mates of competent engineers, may appear unreliable to the people
involved. They are inclined to be exceedingly active in seeking
protection works immedlately after a flood, and then to grow corre-
spondingly indifferent to them.

Another discrepancy between concept and reality in dealing
with floods exists in the tendency of laymen and technicians alike
to assume that the highest flood of record will never be exceeded.
In virtually all floocd plains of the United States, occupance has
been arranged, where any eccount ia taken of the flood hazard, in
the tacit belief that the largest flood of record also is the
probable maximum flood. The Wesat End generating station of the
Cincinnati Gas and Electric Company at Cincinnati was designed
and constructed to operate at a flood stage one foot above the
higheat recorded flood of 1884, but in 1937 it was forced to halt
operations by a crest that reached seven feet higher. All along
the Ohio River during the same flood, similar disappointments
cceurred. Following the Brady Creek flood of 1630, which had a
momentary peak discharge of 48,400 second-feet, the city of Brady,
Texas built a masonry wall to protect the busineass district. In
1935, the wall was overtopped by a slightly larger flood. With
the ald of Work FProjects Administration funds the city then con-
structed an earth levee three feet higher to protect the business
section, but this was overtopped in 1938 by a flood having & mo-
mentary peak discharge of 86,000 second-teet. A yesar later,
studies by the Corps of Engineers revealed that a floodway improve-
ment costing $825,000 would be required if the probable maximum
flood of 208,000 second-feet in that reach of Brady Creek was to
be curbed.l Such dlscrepancies are not necessarily the result of
miscalculaetion. In many flood plains evidence left by great
floods in the soil, rock, or vegetation had be sbliterated be-
fore human settlement began. Moreover, the recurds of river stages
and discharges are lamentably short and incomplete. Estimates of

176th Cong., lst Sess., Brady Creek, Toxas, House Doc.
No. 441 (Washington: Government Printing ﬁffica, 1839), pp. 10-23.



53

the magnitude of infrequent floods have made notable advances in
recent years through the development of analytical techniques and
through the accumulation of basic data.l Almost without exception,
recent efforts have been in the direction of higher eatimates of
the probable maximum flond.2

Sources of Flood-loss Data

Because the systems for collecting data with respect to
the amount and character of flood loasses in the United States are
incomplete, inaccurate and inconslstent, it is impossible to esti-
mate with accuracy the full extent of such losses. While precise
measurements of the flow and peak of floods have been instituted
with meticulous care under the guidance of the U. 5. Geological
Survey, the social impacta of those svents have been canvassed
lamely and inadequately.

Loss stetistics are prepared by two Federal agencies, the
Weather Bureau and the Corps of Engineers. The only nation-wide
system has been maintained by the Weasther Bureau since 1902.3 The
Bureasu has published estimates of the damage caused by each flood,
basing them chiefly upon the returns from questionnaires sent to
county agenta, county and city engineers, postmasters, mayors, and
river observers, Individusl letters are sent to Iindustries and
to railways. Officials in charge of district centers of the
Weather Bureau sometimea check the returns from the questionnaires
by reference to newspapers and to estimates of other agencles,
such as the Corps of Englneersa., Occasionally they make fleld in-
spectionsa.

; 1LeRoy K. Sherman, "Recent Advances in Applied Hydrology
with Reference to Flood-forecasting," American Geophysical Union
Transactions of 1939, Part II, pp. 174- 3

2Ga1l A. Hathaway, "Estimating Maximum Flood-flow as a Ba-

sis for the Design of Protective Works," American Geophysical Un-
ion Transactions of 1939, Part II, p. 203.

SStatements of floods and flood losses are published month-
ly in the Monthly Weather Review, Summaries of flood losses in
the United States have been reported annually in the Review since
1932, and monthly prior to 1932. A compllation of Flood losses
for 1924-1937 was included in the hearings on Comprehensive Flood
Control by the House Committee on Flood Control, E%EE, and was re-
vised as of 1941 in the Weather Bureau bulletin on The River and

Flood Forecasting Service of the Weather Bureau (Washington: Weath-
er Buresu, 1941).
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The questionnaires now in use were introduced in 1934, and
request information on losses of: "(1) Tangible property totally
or partially destroyed, such as buildings, fences, factories, high-
ways, bridges, railroads, etc.; (2) farm property ineluding (a)
matured crops, (b) prospective crops, giving acreage involved, 1if
possible, and (c) livestock and other movable property; (3) sus-
pension of business, including wages of employees." The question-
naire also requests an estimate of "Money value of property saved
by flood-warnings." These items are not defined in any more de-
tail than given above, and the district centers or persons to
whom the questionnaires are addressed are not supplied with any
additional instructions. In 1636 and 1937 more detalled gquestion-
naires on agricultural losses and highway losses were distributed
through the Department of Agriculture's Extension Service and Bu-
reau of Publle Roads, respectively. The Weather Bureau personnel
rarely make detailed inspection of flooded areas; the Bureau oper-
ates at long distance by correspondence with voluntary observers.

The other major source of data 1s the surveys of the Corps
of Engineers. In connection with its authorized flood-control or
"308" surveys, the Corps has canvassed all available data on past
flood damage in most drainage areas of the United States, and has
made independent surveys of damage after floods in those areas
which experienced floods during the time that an examination, a
survey, or a review of a previous survey was ln progress. It
currently collects any data with respect to unusual flood events
which 1t believes would be of wvalue in proapective studles.

The Corps does not have standard definitions of flood-loss
or of survey-procedure for recording loss; responsibility for
clasaification and svaluation of loass rests with appropriate dis-
trict engineers of the Corps. Some of the studles, notably those
by the Memphis and RKock Island district offices, are outstanding
for completeness and for innovations in technlqul.l

Frequently the Corps has found it necessary to rely upon
Weather Bureau records and upon old newspaper files and historical
records for information on past losses,

17Eth Cong., lst Sess., Arkansas Hiver and Tributaries,
House Doc, No. 308 (Washington: Government Printing Office, 1037).

U. 8. Engineer Office, Report on Flood Damages on Rock
River, Illincis snd Wisconsin, Dur

B
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The Department of Agriculture, working through the Bureau
of Agricultural Bconomics primarily, collects some data on flood
losses in connection with its flood-control surveys. A suggested
procedure for collecting data on damages has been prepared by the
Department and has been released in tentative roru.1

The Division of Disaster Relief of the American Red Cross
collects and publishes statistics on the losses experlenced by
family or individusl cases registering for emergency-aid following
floods, and on the expenditures made for those cases which are
alided. These data are not intended to be complete, inasmuch as
they exclude all losses to persons not requiring or applying for
ralior.z

In addition to agencies having national coverage, a few
Federal, state, and local agencies collect flood-loas data in
areas of restricted scope or for special types of losses, State
highway-departments make inventories of damages to roads, culverts,
and bridges; state health departments canvass the damages to water-
works and sewers; municipal, county, and state governments oc-
casionally make independent estimates of losses in their respec-
tive areas; the Bureau of Reclamation records losses to irrigation
districts and municipalities in some of the weatern drainage ba-
sins; and the Tenneasee Valley Authority surveys losses within
the Tennessee Valley and adjacent areas.

Under these circumstances there is no assurance that all
flood losses will be canvassed in detall each year, inasmuch as
field surveys are made in only a few areas and questionnaires do
not yield returns from the remasinder of the country in every in-
stance, Moreover, even if all areas experiencing flood loss were
covered by surveys of some type, the questionnaire method of ap-
praisal used by the Weather Bureau is dependent upon the judgment
of so many individuals working under such vague instructions and
with criteria so lacking in precision and uniformity that the ac-
curacy of the results would be open to grave doubt, particularly
because the Weather Bureau makes no systematic provision for veri-

lopentative Memorandum for Bureau of Agricultural Econom-
ics Flood Control Survey Representatives," March 9, 1939, (Mimeo-
graphed. )

For example, see; Spri Floods and Tornadoes, 1936: Of-
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fying the returns. These weaknesses relating to coverage and to
accuracy can be corrected in large measure by administrative
changes alded by additional funds. However, new personnel, bet-
ter organization, and larger funds might not result in an ade-
quate data-collection system. That can come only as sound cri-
teria for evaluating losses are generally adopted.

For example, after the 1937 flood on the Ohio River, the
Corps of Engineers estimated the flood losses at Paducah, Ken-
tucky, to be $25,500,000. ) A fleld party from the Tennessee Val-
ley Authority working in the same area at the same time, concluded
that the losses amounted to $13,167,692, or 51 per cent of the
Army figures.2 The difference apparently arose from the fact that
the two agencles used different methods for evaluating the same
losses and started with divergent assumptions as to the impact of
flooding upon a community. Inevitably, the studies ended far
apart in their findings. Similar differences are possible wherever
losses are evaluated, and statistics on lossesa will remain in-
consistent as long as relatively uniform criteria are not adopted.
Until they are adopted, it will be fruitless to attempt to com-
pare numerical estimates of flood losses for one area with those
for other areas.

Soclal Impacts of Flood Losses

A basis for a relatively uniform appraisal of flood loases
from a national standpoint was suggested by a subcommittee of the
National Resources Committee in 1939,3 but much confusion remains
among investigators, in part because of faulty techniques and in
part because of differences in basic assumptions as noted above.

The Subcommittee's suggestions, together with the few
detailed studies of flood losses which have been made since 1938,
provide a basis for outlining a tentative theory as to the social

175th Cong., 1st Sess., Levees and Flood Walls, Ohio River
Basin, Hearings before the House Committee on Flood Control on
ﬂ.R.}?SQ& and H.R. 7647 (Washington: Government Printing Office,
1937), p. 28.

2lennessee Valley Authority, "Report on Flood Demage at
Paducah, Kentucky," 1938. (Unpublished.)

3National Resources Committee, Report of the Subcommittee
on Flood-damage Data (Washington: Natlional Kesources Committee,
1939), pp. 1-2.
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impacts of floods.

When a flood strikes, 1t deals four types of blows upon a
community. First and most obvious, 1t damages physical property
by killing crops, washing away soil, injuring or destroying struc-
tures, soaking household belongings and causing property deterio-
ration in numerous other ways. Second, it interrupts the produc-
tion of goods and services--industrial plants are shut down, tele-
phone systems are broken, commercial transactions are halted,
rallroad transportation 1s delayed. Third, 1t destroys or impairs
human 1ife. Fourth, it forces the community and perhaps neighbor-
ing communities to attempt to minimize losses by removal or other
emergency measures as the flood approaches and to reoccupy the
flood plain after the waters have receded.

The first of these impacts--damage to physical property--
18 most widespread and most readily measured. Involving all forms
of property, including land itself, these losses lend themselves
to appraisal by the usual methods of property valuation.l

Social impacts resulting from interrupting the production
of goods and services are commonly and loosely grouped under the

inclusive names of "business interruption" or "indirect loss."

They may be considered to involve either a complete elimination

of production or a delay in production. In either case the effect
1s to waste labor, management, equipment, supplies, and land in so
far as they are not used with normal efficiency during the period
of time that flood effects are felt. If the opportunity to produce
such goods or services 1s permanently lost and not merely suspended,
the total of goods and services wasted may be cou