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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.
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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
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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."
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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.
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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 counted as flood

loss. This 1s chiefly the case with production which meets day-to-
day market needs, ranging all the way from power generation for

lrne problema of evaluating such impacts resemble other
problems of property evaluation, the chief difference being that
decrease in productivity is measured rather than increase of pro-
ductivity. The techniques of evaluation are thus those which have
been reviewed at length by Bonbright and Clark. See James C. Bon-
bright, The Valuation of Property: A Treatise on the Appraisal of
Property for Different Legal Purposes (New York: McGraw-Hill Book
Co., 19%7), I, 10-39, 1135-266, and John Maurice Clark, Preface to
Soclal Economics: Essays on Economic Theory and Social oblems
égew York: Farrar and Rinehart, Inc., 1936), particularly pp. 48=

For a speclal review of valuation problem relating to
flood losses see Reginald C. Price, "Valuation of Benefits and
Costs of Flood Control Measures" (Unpublished Master's thesis,
American University).



58

domestic i1llumination to personal services, or production which
is effective only during a specified season of the year. The
flooding of Kentucky strawberry fields in May or of a textbook-
manufacturing plant in summer shortly before autumn school deliv-
eries are required, works damage that is irreparable in this sense,.
If, however, the opportunity to produce marketable services or
goods 1is merely deferred, the production losses, apart from the
direct property losses, may conslst of the depreclation while pro-
duction is stopped, and of whatever increased costs attach to
delayed or overtime production thereafter. Such losaes apply to
many production activities outaide of the flood plains directly
affected. The fallure of a water system or a power supply may
cut off production as effectively as 1f the plant had been flooded.
This concept of the loss resulting from interruption of
production of goods and services from a strictly local point of
view may be written, algebralically, as:
(A-B) - (C-D) + (E-F) -G -~ H + I (1)
where,
A

Probable value of goods and services which would have
been produced under normal operating conditions had
there been no flocod. This ia the normal production.

B - Value of goods and services actually produced during
the pericd of the flood. This is the actual production.

C - Direct cost of probable normal production, including
labor costs.

D - Direct cost of actual production, including labor costs.

E - Value of goods and services the production of which is
delayed until after the flood. This 1s the delayed pro-
duction.

F - Direct cost of delayed production, including labor costs.

G - Savings resulting from reduced overhead expense during
the flood.

H - Savings resulting from reduced overhead expense during
the period of delayed production.

I - Depreclation, if any, in value of productive equipment
and supplies during the flood.

Under this view, which 1s subject to several weaknesses
noted below, the net impact of production losses could not be
expressed by loss in sales or loss in wages, or by any other meas-
ure which neglected the factors of direct costs and overhead
costs, and the savings and excess costs of deleyed production.
Sales losses are likely to be an important index in themselves
only if the business affected supplies a market that in time of
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flood cannot be extended beyond a day or two, as is the case with
the production of perishable foodstuffs. Likewise, loss in wages
would be significant chiefly for busineases which eannot engage in
delayed production. As will be noted in thes following section,
the place given to losses in wages in calculating net loss depends
upon the basic assumptions made with reaspect to the area affected.

Whatever the role assigned to wage losses, the concept
seems to apply equally well to agricultursl, manufactural, and
commercial activities, Such application 1s largely a matter of
theory at present. Notwlithstanding the numerous inventorles that
have been made of flood losses in the United States, there has
not been, to the writer's knowledge, any thorough and searching
analysls of losses resulting from interruption of production. As
detailed studies are made, 1t will be possible to test out this
theory, but, meanwhile, a few generalizations can be made concern-
ing it.

The concept, as expressed in this formula (1), does not
adequately cover all cases of loss resulting from interruption of
production. What of the inconvenience caused a railroad passenger
who, during the Upper Ohio flood of 1836 lost a working day in
attempting to get from Chicago to Baltimore by means of trains
crawling over an emergency route through Buffalo? What of the
disruption of telephone and postal communications? It is possible
to estimate the extra cost of re-routing telephone calls and the
mail, but only by highly arbitrary means 1s it possible to evaluate
failures to transmit personal messages, or to obtain important
business information. What, too, of good will lost through busi-
ness disruption? In these respects, monetary evaluation becomes
either fruitless or misleading, and yet to refrain from attempting
to set a value may in effect assign to those impacts a value of
zero in the analysis of flood losses.

Some investigators have sought to bridge this quicksand
of "intangibles" by expressing production losses as ratios of the
losses to physical property. By somewhat similar technigues, or
by direct appraisal of losses in production, other Investigators
have attempted to establish ratios between property loss and pro-
duction loss. A few of these attempts are summarized in Table 4,
not to indicate a basis for such estimates in like areas, becauae
the process of estimation was faulty in most of the surveys for
reasons which will be indicated later, but rather to show the
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TABLE 4

ESTIMATES OF RATIO OF LOSS IN FRODUCTION OF GOODS AND
SERVICES TO PROPERTY LOS8S CONTAINED IN FLOOD CON-
TROL REPORTS BY CORP8 OF ENGINEERS, 1930-40

Estimated Ratio
of Loss in Pro-

S T

Drainage Basin and Auntion of Goods Feriod
Glana(giuggz?panao and Services,of Séﬁ; Remarks
Property Loss ¥
Percentage

Connecticut Basin

(75th Cong., 2d

Sess., H.Doc. 458)

DRDREL i p ua v him e e 114 1936 |Based upon 1,215 indi-

Industrial...counenee 114 vidual returns to

BLEHWRY s s s o0 rvssannie 50 questionnaires. In-

Railroadi.ccennaansss 70 cludes emergency

BUPRL.ivavinrssumsonsis 10 losses and cost of cap-
ital needed to replace
direct losses.

Belle Fourche Basin,

"!'0. lI'I.d SUDI (UII"

favorable report of

Chief of Engineers,

June 30, 1941.

All classes of occu-

PANCO.cssessnssnnen 20 1941 |Rough estimate baased
upon experience in
other parts of Mis-
souri Basin,

Houston, Texas (74th

Cong., 24 Sess.,

H.Doc. 378)

All urban losses,.... 13 1936 |Interruption of trans-
poertation and utlili-
ties.

Ssbewalng River,Mich.

(76th Cong., 1lst

Sess., H.Doc. 286)

All losses, chiefly

WA sssssvsnnnses 50 1939 |No detasiled fleld
studies.

Fawtuxet Basin, R.I.,

(76th Cong., 3d

Sess,, H.Doc. 747)

Resldential.:vouvaenvs 40 1940 |Based upon samples of

Commercial..ccossessas 70 1936 and 1938 losses

Industrial........... 120 in Providence Engineer

Utilit!llll‘..!!!.--. 100 Diatrict-

Raflroad.s.ccisuincnsaas 100

Hlghwa¥eceeessasennns 100

m:cutuﬂll.!llﬂ'l 20

mllclilllolllitiloo

50
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TABLE 4 - Continued

Estimated Hatlo
of Loss in Pro-

duction of Goods Period

of Remarks

Drainage Basin and
Clasa of Occupance

and Services,of
(Source) Prenarty Losn Study
Percentage

Neshamniny Creek, Fa.

(Unfavorable report

of Chief of Engi-

neers, July 1,1941)
kesidential.....css0. 40 1941 Fleld survey.
Commercial...ssevsnss 70
Industrial........ .. 120
Agricultural......... 20

Marshy Hope Creek,Md.
(76th Cong., 24
Bess., H.Doc. 708)

Commercial and indus-
trial uses in
Federalsburg........ 28 1938 Fleld survey.

Missiaquol River,Vt.,
(71st Cong., 24
Sess., H.TDoc. 496)

All 1o8BOS...evussines 15 1930 |Field survey.

White Hiver, Ark.
(76th Cong., 1lst
Sess., H.Doc. 988)

Agricultural .....coes0 30 1940 |Rough estimate.

Brazos River, Tex.
(76th Cong., 1lst
Sess., H.Doc. 390)

All loBB888...00000 040 . 50 1938 |Rough field esti-

mates.

variety in methods utilized and the range of results obtained.

On the whole, these investigators seem to have concluded
that the ratio of production loss to property loss varies as s
function of the intensity and complexity of human occupance in the
flooded area. Thls general concluasion seems reasonable in part;
the more intricate the production operations, the larger the num-
bers of business establishments, and the more widespread the busi-
ness relstions of those establishments, the greater is the proba-
bility that the impacts upon production will be large by compari-
son with property loss. It must be admitted, however, that under
the concept stated above, size, complexity, and volume of business
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are not necessary criteria of the production losses to be expected.
Ratios of direct to overhead costs and timeliness of demand for
the gooda produced are more llikely to indicate the relative amount
of loss to be expected.

If losses through interruption in production seem to defy
measurement, encouragement may be gained from turning to the third
and even more complicated clasa of losses, those resulting from
loss or impairment of human life. By comparison, the production
losses seem simple. Probably no phase of flood disasters has been

more exaggerated and distorted than their menace to life and health.
Lives are lost and health is endangered by some floods, of course,
but the extent of these losses 1s relatively small. 3Since records
of flood loss first were kept by the Weather Bureau in 1802, at
least 5,186 deaths have been mscribed to floods.l They occurred

at an average rate of 83 per year, or a 1little leas than .3 per
cent of the deaths from automobille accidents alone In the United
States in 1930.

Alleged deaths from floods have never been studled in de-
tall, and while 1t i1s possible to segregate thelr princlpal causes
on all flood plains, the results of a canvass of deaths resulting,
directly or indirectly, from the flood of January, 1937 in Ken-
tucky are somewhat revaaling.a Of the 363 deaths reported, 252
were dus to pneumonis, 54 to influenza, 16 to drowning, 15 to ex-
plosion, 10 to exposure, 7 to heart disease, and 9 to other aceci-
dents. The flood perlod was one of severe weather conditiona that
included sleet, snow, and freezing temperatures. It seema likely
that a substantial proportion of these deaths would have occurred
had the flood been fully curbed. This conclusion 1s suggested by
a review of the death rates and pneumonia rates for selected Ohio
Valley cities for the years 1934-1838. The pneumonia mortality
in lower Ohio Valley cities was abnormally high in the two weeks
preceding the 1637 flood, and flood conditions could not have been

1U. 8. Weather Bureau, The River and Flood Forecasting
Service of the Weather Bureau, p. 8, and 70th Cong., 2d Sess.,
ILoss of Lile and Property by Floods in the United States from 1902
to 1928, House Committee on Flood Control Locument No. 20 (Washing-
ton: Government Frinting Office), pp. 2-3.

The Red Cross estimates of deaths from flood during 1922-
1941 are 2,029, with 9,133 others injured (see Table 13).

2. F. Blackerby, "Mortality in Kentucky Attributed to the
Flood," Public Health Reports, LII (April 2, 1937), 414-415.
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responsible for increases of more than 60 or 70 per cent for a
week or r.-o.l Without discounting for a moment the serious hazard
to 1ife from floods and particularly from those of the sharp-
crested cloudburst variety which sweep out canyon bottoms and ar-
royo floors in the semlarid and arid reglons with sufficient en-
ergy to carry automobiles and houses with them, it seems probable
that iIn flood plains where the crests are relatively broad, life
is not greatly endangered, and that the hazard is only reduced in
part by the construction of protective works. During the Los
Angeles flood of 1538 a considerable part of the loss of 1ife
resulted from the collapse of bridges on which spectatora had been
allowed to crowd.

Contrary to the alarms of newspaper headlines, authorita-
tive evidence suggests that public health does not suffer greatly
in time of flood. Public-health records for Ohlo Valley cities,
such as Wheeling, during 1937, when weather conditions were severe
and flooding was protracted, show that the death rates did not in-
crease markedly over those for other years. FPublic-health serv-
ices commonly are improved during flood emergencies, and specilal
precautions are taken against epidemica. The hazard from water-
borne diseases--notably typhold--may even be reduced under certain
extreme conditions, inasmuch as floods tremendously increase the
dilution of streams. Typhold nevertheless always 1s a menace at
time of flood because high waters sweep out privy pits, refuse
piles, and accumulations of sewage in channel pools, and deposit
more or less polluted waste in wells and at the intakes of water
-orka.z Less then 3 per cent of the water-borne outbreaks and of
the typhoid deaths from that cause in the United Ststes during
1920-1936, were associated with floods (see Table 5). The menace
has been curbed in large measure by preventive work, discussed in
Chapter IV, which, in addition to suppressing epidemics and reduc-
ing distress, may carry public heaslth methods to populations not
usually benefiting from them., Added protection from disease thus
tends to offset increased hazard from flood, with a net loss of
perhaps little more than the cost of concentrating special medical

lPublic Health Repor-s, Vols.XXXXIX-LII (1934-19638).

EArthur E, Gorman and Abel Wolman, Water-borne Outbreaks
in the United States and Canada and Their Significance (New York:
American Water Works Association, 1509).
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TABLE 5

WATER -BORNE OUTBREAKS IN UNITED STATES DUE PARTLY
OR WHOLLY TO FLOODS, 1920-19836%

Number | Typhotd |Typhota | Dierrhea
Outbreaks and Cases Out - Cases Deaths Dysentery
breaks Cases
From all causes..... a'e 399 12,585 862 103,032
Associated with floods 18 648 37 946
Percentage associated
with floods: .o vos 2.2 1.9 2.5 1.1

8Source: Arthur B. Gorman and Abel Wolman, Water-borne
Outbreaks in the United States and Canada and Their Significance
(Wew York: American Water Works Association, 1939).

and nursing services in the flood area.

Probably the most far-reaching loss inflicted by floods
upon public health is that resulting from malnutrition due to de-
struction of food crops. Famine and flood do not go hand in hand
in the United States as they frequently do in the North Chinese
plain and the other great flood plains of Asla, but pellagra has
been a prominent consequence of flood in sections of the South
where single-crop cotton culture prevails. Following the lower
Mississippl River flood of 1927, pellagra increased markedly in
the overflow areas of Tennessee, Arkansas, and Mississippl as a
result of decreases in milk production, losses of poultry and
swine, and reduced production of vagotabloa.l These unfavorable
dletary conditions were enforced by lowered income resulting from
unprofitable cotton crops in 1825-1927, prices in the latter year
reflecting flood losses as well as market depression.

According to LePrince, if overflow in the "malaria belt"
occurs when temperatures reach 76° F. and {f the water remains
high for a period of 12 days or more, malaria-carrying mosquitoes
multiply greatly.® This threat of malaria undoubtedly helps to

lroseph Goldberger and Edgar Sydenstricker, "Pellagra in
the Mississippi Flood Area," Public Health Reports, XXXXII (1927),
2706-2725.

23. A. LePrince, "Malaria and the Mississippl Valley,"
Engineering News-Record, CVII (September 17, 1936), 404.
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explain the sparsity of early settlement along swampy reaches of
the Lower Mississippl and other Southeastern streams, such as the
Pee Dee, where broad-crested floods inundate the lowlying zones
for two weeks at a time.

Finally, the public-health impacts include mental disturb-
ances resulting from disruption of living patterns and of individ-
ual security. To the extent that community life 1s dependent up-
on communications and transportation, as it is almost wholly in
the contemporary city, any serious interruption in those services
softens for a time the rigid pattern of 1life and tends to induce
a new soclal attitude toward everyday affalrs. These effects of
flood crisis are discussed further in the section dealing with
gains from floods.

It appears that loss of 1ife may be severe in the case of
sharp-crested floods, that damage to public health from medium-
and broad-crested floods is small by comparison with other losses,
that such damage may be most significant when assoclated with
severe weather conditions and with dietary deficlencles, and that
it tends to be offset by emergency public-~health activities. The
net loss is the sum of loss of life, increase in physical and
mental disease, and cost of emergency medical and sanitary meas-
ures, from which must be subtracted the reduction in incidence of
disease and the physical and mental benefits from emergency inoc-
ulations, physical examinations, and emotional releases.

The fourth type of impact is that experienced by private
and public interests alike in evacuating the flooded area and in
reoccupying and rehabilitating it later. These are losses quite
apart from the losses accruing to property and production. They

include, principally, the expense of moving populations out of
the flood zone, caring for them during the flood, providing emer-
gency police, fire, sanitary, and other social services, and
cleaning up streets and private residences after the flood. Di-
rect and indirect expenditures for labor and supplies may be used
as a fairly reliable measure of such losses.

Problems of Loss Valuation

If loss data are used in estimating benefits they must be
assigned some value, however rough. This valuation process 1s
complicated in at least two major respects, each relating to the
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ends of soclal enterprise. It also is hampered by deficient
techniques for defining loases and for allowing for obsolescence
and deterioration.

The first major problem of valuation is whether the social
group considered for the purposes of valuation is the affected
group in the flood plain, the locality, the region, the nation,
or some other unit. For example, production losses at & manu-
facturing plant, under the concept stated in formule (1), may be
large In terms of the decrease in producticn for the year. The
town in which the plant is located may not suffer as large a loss
in net income for the year, because rellef payments from outside
sources may offset the decline In payrolls, so that retail trade
declines only slightly. On a national scale, bowever, the loss
may be conaidered as even smaller, inaamuch as oompailng plants,
not flooded, may increase their production to satisfy demands
that the flood-plain plant is unable to supply, and thus make the
net loss to the nation the extra costs involved in the loas of
production labor, in slowing up production in the flood plain, in
speeding 1t up outside the flood plain, in facilitating temporary
changes in market organization, and in providing necessary relief.
Viewed thus, production losses would be least significant when
measured in terms of national economy and most significant when
measured solely in terms of flood-plain economy. Where the loss
is irreparable within reasonable time, as threatened by the near
flooding of the great Mt. Wilson lens during its second year of
cooling at the Corning glass works at Binghampton, during the
flood of 1655, the naticnal and local losses may coincide, but
otherwise, according to this view, they are not the same,

In most fields of manufacturing heavy decreases can take
place in production without materially affecting national produc-
tion for the year. If, however, it is assumed that there is no
idle labor and no idle productive capacity, except on an overtime
basis, as during a period of emergency war production, any event
which reduces production involves an equivalent loss to national
rroduction as well as to local production. This is the second
ma jor problem of valuation.

Flood losses in the United States customarily are valuated
on the theory that employment is full and that the local point
of view prevalls. This procedure, although unrealistic and condu-
cive to very liberal estimates of losses, has the advantage of
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being relatively easy to apply on a uniform basis. Moreover,

once an estimate has been made, it can be corrected by deletion

fer more readily than by extension. Without attempting to sug-
gest economic solutions of these two problems, it should bs pointed
out that some assumption 1s necessary under any procedure, and the
amount of loss, especlally loss in production, will be large or
small according to the assumptions made. It also should be noted
that the justification for preventing production losses is greater
during periods of war production than at any other time. Then
every production loss is a net loss from a national standpoint.

Two minor problems of valuation procedure may be noted
with less reservation, inasmuch as their solution is clear regard-
less of the baslc soclal assumptions.

Most common of these problems is the practice of duplicate
counting of the same losses, particularly where production losses
are involved. In & number of 1nstlneoa,1 depreciation of property
value due to flood has been tsaken as a loss in addition to all the
regularly-sppraised property losses.

The use of an estimate of depreclation of property value
has been defended by some investigators on the ground that it
alone could adequately measure the effects of loss of life and
community disruption which are experienced by the flood-plain
dwellers. These effects are belleved by such investigators to in-
clude decressed sales wvalue of property, permanent losa of busi-
ness and good will, restriction of new industrial development,
abandonment of the flood plain by residents and industries, de-
creased utility of productive property, higher rates of interest
on new capital, and fear and mental distress, Depreciation is
calculated upon the assumption that the value prevailing prior to
a flood was a falr value, whereas it may, in fact, have been
inflated through ignorance of the flood hazard, in which case the
value assigned by the community following a flood represents the
more reasonable one. There are other objections. It may well be
that new industrial development should be curtailed and that an
exodus of existing industries should be promoted. In so far as
property values reflect the utility of land, and in so far as they
decrease because of experienced damages to that property, it 1is

175th Cong., 24 Sess., Pawtuxet River, Khode Island, House
Doc. No. 747 (Washington: Government Printing Office, 1940), pp. 25-
26. :
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misleading and inaccurate to count both property damage and prop-
erty depreciation at the same time for the same place. Either one
might be satisfactory. Both would be certain to result in a du-
plication by approximately the amount of the property damages.

Duplication occurs in other respects. Not uncommonly the
item of "loss of wages" by laborers is counted as an "indirect"
loss along with "loss in revenue" by producers.l Under the formula
suggested for calculating production losses (1), both of these
items would contribute to such losses, but they are not mutually
exclusive. For example, in manufacturing processes having high
labor costs, the labor costs would exceed profita, and, in any
event, profits are not in themselves a relisble index of loss in
productivity. Another confusing distinction is between "property
loss" and the cost of "repairs and rehabilitation." Obviously,
unlesa cere 1s taken, the two items for the same area might easily
overlap. In several instances this actually has occurred in esti-
mating the value of flood protsctlnn.2

Less readily identified but no less important is the prac-
tice of falling to make allowance for depreclation and obsoles-
cence. As noted previously, there are many msthods for calculating
depreciation and obsolescence, but often they are neglected. So
long as losses are regarded as impacts upon social organization,
the use of the cost-of-replacement or original cost methods of
valuation 1s inappropriate. Soclety loses by flood the productive
capacity of goods or services, not the entire original investment.
Capitalized income, capitalized earnings, and market wvalue are

lo6th Cong., 1st Sess., Hoosic River, N. Y., Mass. and Vt.,

House Doc. No, 182 (Washington: Govermment F#infing Office, 1939),

p. 21.

2F'cnr example, the review report of the Chief of Engineera
on Ohio River, Reevesville, Illinois, December 24, 1941, applies
an increase of Z1 per cent to the direct flood losses in order to
allow for the "unallocated relief expenditures" for the area.

The obverse of this difficulty is illustrated by the un-
favorable report of the Chief of Engineers on Whitewater River,
Minn., September 25, 1941. There, it is saild, "In view of the
charascter of the direct urban damages sustained in this valley
it is concluded that indirect damages resulting therefrom would
be largely offset by expenditures for reconstruction and replace-
ment of the properties damaged. For this reason no allowance are
made for indirect urban flood damages." Under this theory, the
larger the coats of reconstruction in proportion to gross loss,
the smaller would be the net losses.
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measures of such loss in capaclity, and replacement costs or origi-
nal costs may be used with valldity only if due deductions are
made for depreciation and obsoleacence. Inasmuch as a person un-
skilled in appralisal methods ia 1ikely to think of wvalue in terms
of replacement cost, and inasmuch as the U. 5. Weather Bureau and
engineering estimators operated for at least three decades with-
out the advantage of advice on appraisal technigues, the data for
the United States probably are exaggerated in that respect. It
also follows that because the market price is used more readily
as a measure of the value of private property than of public prop-
erty, the public property losses have been subject to the greater
distortion.

Considering all these possible discrepancies, a rough
balance can be seen in available means of measuring flood losses.
On the one hand, property losses and costs of evacuation and re-
occupation are understood with moderate precision, but the methods
of measuring them are subject to such misuse that they tend to be
inflated. On the other hand, production losses and public-health
losaes are recognized with less precision, and so tend to be under-
estimated. The extent to which these divergencies cancel out is
a matter of speculation, but some light is thrown upon the problem
by examining the recorded data on flood losses.

Total Flood Losses in the United States

The average annual rental charges which floods exact in
the United States are at least $75,000,000 and are more probably
in excess of $95,000,000 in property losses alone, Preclse aver-
ages cannot be calculated because, as already noted, statistics
on flood losses are incomplete and highly inaccurate.

The accompanying chart and maps, based upon Weather Bureau
data, show the amount of loss reported in each major drainage ba-
sin for each year during the 3%9-year period, 1902-41, and for the
period as a whole. From these a few outstanding characteristics

1In arriving at this estimate the Weather Bureau data
have been compared with a compilation of the estimates made in
Corps of Engineers reports. Without allowing for "indirect" losses
or for losses on the Ohio River and certain other areas the latter
reports show a total average annual loss exceeding §66,000,000.
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ESTIMATED FLOOD LOSSES IN THE UNITED STATES BY YEARS
AND REGIONAL DIVISIONS, JULY |, 1902 —DEC. 3I, 194!
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of flood experience in the United Stestes may be nntad.l

During that period damages in excess of two blllion dol-
lars were recorded, The minimum annual loss of $400,000 occurred
in 1906-06. The maximum of $432,000,000 was caused by the great
Ohio and Lower Mississippl river floods of 1947 (see Fig. 4).

One-fifth of all loss during the period occurred in 1937,
and approximetely one-half was experlienced in the three years
1937, 1927, and 1936. 81lightly less than two-thirds of the loss
occurred in five of the years of record (1912-1913, 1927, 1935,
1936, and 1937).

Although total losses have been greater in recent years
than in the early years, there is no pronounced periodicity. (The
question of whether or not floods have becomeé more frequent and
severe is raeised by these data, and is discussed in Chapter IV.)

Some loss was reported every year in one or more regional
divisions, and every regional division experlenced some loss in
at least one year. The Eastern Gulf, Red Basin, Colorado Basin,
end Pacific divisions showed the smaller losses, the Colorado Ba-
8in, in particular, reporting only slight losses. The Ohio and
North Atlantic divisions together accounted for more than 74 per
cent of the total losses for the period 1934-1941 (see Fig. 5).

From the standpoint of aize of loss during the period of
record, the flood problem in the United States clearly was most
important in two broad bands of territory. One band, roughly
corresponding to the Northeastern manufacturing belt, stretches
from Kansas City to Boston, and 1ies south of the Great Lakes and
St. Lawrence River and north of the Tennessee and James dralnage
basins. The other meets the first transversely and lies due south
along the axis of the Lower Mississippi River, including the lower
reaches of its tributaries.

The larger part of the recorded losses resulted from a few
great floods. Estimated economic dislocations from all the small
floods of record totalled less than those from the Ohic flood of
1937 alun&.z

lThese data were first published by the author in the
"Symposium on Floods," American Geophysical Union Transactions of
1939, Part II, pp. 221-224, and have since been revised.

230me persons hold that the economic significance of rela-

tively frequent floods of small magnitude has been underestimated
in the collection of Weather Bureau data. This contention probably
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At least half the losses in all years since 1933, and as
much as 92 per cent of the losses in some years (1936) were tan-
gible property losses in urban areas or to transportation faclli-
ties. Agricultural losses amounted to as much as one-half in a
few years but in some other years were less than 10 per cent of
the total (Fig. 6).

Thus, in terms of severity of past desmage, the flood prob-
lem is localized in large measure in the urbanized northeastern
quadrant of the United States and in the Lower Mississippi Valley.
Damage is most in conngctiun with a few great and infrequent
floods in those areas.

Range of Flood Losses

Soclal impacts from floods differ in importance according
to the class of occupance affected, the season of occurrence, and
other characteriatics of the flood event quite apart from any in-
fluence that human preparations or evacuation efforts may have.
In order to understand those sffects more concretely, the major
types of losses, classified according to occupance, will be exam-
ined in this section with a view to (1) defining them, (2) indi-
cating the conditions under which they are significant, and (3)
noting suitable appraisal techniques where avallable.

In practice, flood losses are collected and reported in
terms of the occupance affected rather than in terms of the nature
of their social impact, and, accordingly, the range of possible
losses from flood will be consldered upon that basis,

Agricultural losses.--Direct physical losses from flooda
in agricultural areas relate to growlng crops, stored crops,

orchards, farm timber, livestock and livestock products, farm
houses, housshold furnishings, personal belongings, other farmstead
buildings and equipment, fences and other outdoor improvements,
drainage and irrigation works, and the land itself. 1In addition,
there ars losses in crop production.

is true, but from the statistics now in hand it seems unlikely
that losses from the minor floods would be of sufficient volume
in the aggregate to mlter the above-menticned proportions material-
ly. E. N. Munns suggests that such losses may equal the losses
from the major floods. 75th Cong., lst Sess., Levees and Flood
Walls, Ohio River Basin, Hearings before the House Committee on

ood Control on H.K. 7393 and H.R. 7647 (Washington: Government
Printing Office, 1937), p. 244.
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Crop losses--both in property and in production--are the
most lmportant group, accounting in 1934-1941 for more than 92 per
cent of all agricultural losses reported in the United States (see
Table 6). Under the theory of production losses stated above, de-
crease in the value of crops as property at time of harvest may
involve a complete destruction of unharvested crops, in which case
the net loss is the value of the crop had it been harveated, less
the direct cash expenses not incurred in harvesting. To this must
be added the wvalue of unused family and other farm labor which
would have been used in making the crop and the charges on unused
workstock and farm equipment, for which there are no alternative
uses during the crop season. Direct crop loss slsc may involve a
partial reduction in yield or quality of growing crops, and this
differential is readily measured by comparison with the yield of
crops on nearby land free from flood. If perennial crops are so
damaged as to require reseeding, the resulting loss is convenient-
ly gsuged by the cost of the reseeding operation plus the depreci-
ation in crop yield.

Production losses result either from failure to plant
crops, in which case the normal value of the anticipated crop 1s
a measure of loss, or from the increased expense of planting or
preparing land a second time. In the latter case, the net losas
is obtained by subtracting from that added expense the value of
substitute crops, if any, the value of crops the planting of which
is delayed, and savings through non-use of equipment, materials,
and hired llbnr.l

1It is recognized that any such estimates are subject to
the same weaknesses as any estimates of farm production costs.
Merrill K. Bennett has called attention to these, saying: "Sta-
tistics of money costs of production are inherently untrustworthy.
Money cost data can be compliled only by the adoption of certain
arbitrary rules of accounting procedure. It is impossible by any
method definitely to separate charges for interest from charges
for rent of land, end certain elements of cost, rotably interest
on growing crops and wages of management are usually omitted be-
causs calculation 1s in effect imposalible. Joint products are so
numerous in agriculture that allocation of coata becomes a serious
problem; yet allocation must be made on some «. itrary basis.
Non-cash cost items predominate in agriculture, and valuations have
to be made on uncertain bases, These difficulties of accounting
procedure are so numerous and significant that practically no farm
cost study can be found to which reasonable objection cannot be
raised regarding the accuracy of the data. . . . ." Farm Cost
Studies in the United States, Their Develo fcati and




ESTIMATED FLOOD LOSSES IN THE UNITED STATES, 1934-1941%

TABLE &

(000's Omitted)

—_ — = e s e e e
Not Prospec- Ei;ea:g:: Suspen-
Area Classi- g;ggigi' ug:grod tive Moveable | sion of Total
fied ¥ v Crops Farm Business
Property
SBt. Lawrence...eevsneren $ 119 | $ 13,312 | & 67 $ 592 | & 54 $ a7 | $ 14,223
North Atlantic Slope.... 14,760 | 170,817 8,789 3,251 2,599 6,427 206,646
South Atlantic Slope.... was 4,214 307 1,629 469 1,279 7,898
Bast Gulf of Mexico..... 3,545 2,886 2,003 6,157 530 980 16,194
Upper Mississippi Basin. sy 6,737 2,032 1,794 183 571 11,320
Missouri Basin.......... 2,087 27,820 12,474 15,8186 1,556 2,194 62,668
Ohio Basin....coveecesas 413,553 131,752 6,564 6,663 1,191 2,975 662,701
Arkansas Basin.......... 65 7,879 5,073 6,615 635 773 21,040
Red River Basin......... B2 1,959 1,636 3,088 260 458 7,485
Lower Mississippi Basin. 6,485 15,442 13,823 5,756 449 2,369 44,328
West Gulf of Mexico..... 1,000 8,597 4,430 12,787 1,203 626 28,645
Colorado Basin.......... 500 B44 2 190 3 100 1,641
Pacific S8lop®.....cvevus 36,256 16,639 2,314 8,080 1,514 927 65,733
Total.cscasacnnsnns $479,174 |$408,903 | §59,599 | $72,426 $10,651 $19,772 | $1,050,528

83ource: U.

S. Weather Bureau.

Lk



78

To a large degree, the loss for a given crop is a func-
tion of the season and the duration of flooding, and estimates of
past crop losses may be calculated with accuracy on the basis of
relations which can be established between amount of loss, season,
and duration. This general technique probably was used first by
Meyer in the Minnesota Valley, and has since been applied widely
with rarinemanta.l Studies such as those of the Arkansas Valley
reveal that depth of flooding and shape of the crest have rela-
tively 1llttle effect upon the amount of crop 1035.2 It will be
observed from the charts given in Figure 7 that for cotton, corn,
and wheat in an Eastern Texas area the major losses occur during
the growing season. Losses amounting to as much as 50 per cent
of the total possible loss to such crops may develop, however,
from winter floods. Those charts alsc indicate that whereas an
inundation of a few hours will have little effect upon crop pro-
duction, the seriousness of loss increases rapidly during the
first 48 hours that water stands in the fields, and approaches a
maximum at that time.

These factors are illustrated by the sample estimates of
agricultural losses given in Table 7. Crop production losses are
the outstanding items in estimates of growing season losses and
mean annual losses, They take a place of equal or lesser impor-
tance with losses to bulldings and other improvements during other
periods,

In contrast, losses to livestock and other movable farm
property, which averaged B per cent of the Weather Buresu estimatea
of agricultural losses for 19354-1%41, are especlally responsive
to differences in depth of flooding and in the rapidity with which
crest is reached. For them, the duration and season of flooding
are relatively unimportant except in periods of severe winter
weather when exhaustion and even freezing of livestock may be in-
volved. Valuation of livestock losses, as of all the remaining
types of farm losses other than those to drainage and irrigation

llinneaata Department of Drainage and waters, Firat Blen-
nisl Report of the Commission of Drainage and Waters to his Bxcel-
lency the Governor and the Legislature iE. V. Iiliard, Commia-

sioner, 1921), pp. 44-48.

274th Cong., lst Sess., Arkansas Hiver and Tributaries,
House Doc. No. 308 (Washington: Government Printing Office, 1936),
I, 464-465,
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RELATION OF PERIOD OF INUNDATION TO
CROPLAND LOSSES, TRINITY BASIN
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culture Survey Report on Trinity Watershed, appendices, p. 173).
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TABLE 7

ESTIMATED LOSSES FROM FLOODS IN SELECTED
AGRICULTURAL AREAS

=
Percentage of Total Agricultural Loss
Arkansas Basin,| Rock ver, Central
Trinity | oolo., Xen., .| D1, and
Loss Prtngd § Okla.,and Ark. (Corps of Northern ,
Pty (Corps of Engi-| Engineers) |[California
Annnal neers) Maximum Late Early
Lo Flood in Grow-| Winter Winter
- ing Season Flood Flood
Crop and
pasture.... 80 T 20 42
md.lll....l 12 14 3 ?
Livestock.... 2 e 1 14
Buildings and
other farm
improve-
ments...... 6 9 76 44
Total... 100 100 100 100

%%. 8. Department of Agriculture Survey Report.

®75th Cong., lst Sess., Arkansas River and Tributaries,
House Doc. No. 308 (Washington: Jovernment Printing Office, 1937).

cU. 8. Engineer Office, Report on Flood Damages on Rock
River, Illinois and Wisconsin Durfn Spring and Summer of 1047
[Rock Island, 183B).

dCalitornia, Report of the Department of Public Works to
the Governor of California on Lemages Hesulti from Storm and
Floods, December 10-15, 1047 (Sacramento: The Eiparﬁmunﬁ, 1838).

works and to land, presents no outstanding difficulties and lends
itself to the market value or capital income methods.

With drainage and irrigation works it is troublescme to
dliatinguish between normal maintenance and repair work and that
required wholly by flood destruction. The processes of silt depo-
sition in ditches, of bank caving, and of deterioration of concrete
and wooden structures, are accelerated by floods, but are normal
in many regions, and are taken into account in estimating the
maintenance and deprecliation costs of drainage and irrigation en-
terprises. Inasmuch as many such enterprises are located in flood
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plaina to take advantage of alluvial soils and gentle slopes, it
follows that they are designed to bear occasional flood losses as
part of the operating expense and that these losses may have quite
a different economic effect, therefore, than those in areas which
are unprepared.

Floods deplete land by scouring top soll; by depositing
sand, gravel, clay, or other infertile debris; by washing away all
or part of the scll profile; by clogging drainage channels soc as
to Impede drainage; and by dissecting land so as to leave 1t in
operating units of unsconomic size. Standard land-appralsal meth-
ods may be used to gauge these losses, but it is belleved that
land value alone may not be an entirely satisfactory measure of
the total social impact in areas in which land damages require
abandonment of farming. The expense of relocating the farmers who
are permanently deprived of their land reasourcse by floods 1s 1like-
1y to be much greater than the value of the land itself, and pub-
lic expendlitures may be required to help effect a lasting readjust-
ment, KHarely i1s enforced abandonment on & large scale, although
it threatened to assume such proportions in the Republican valley
after the flood of 1935, and it takes place in terms of a few
farms here and there,

Urban residentiasl losses.--Losses to urban residential oc-

cupance accrue largely to the improvements, decorations and fur-
nishings of residences and to personal belongings. They may in-
clude, in addition, foundations and superstructures of residences;
garages and other buildings; automobiles and other vehicles;
grounds and improvements; and loss of income from rentals.

Height and veloclty of flood waters determine to large de-
gree the severity of damage to foundation and superstructure; it
is only in rare instances that buildings are carried off their
foundations and swept along with the current. Results of a few of
the deteiled damage surveys which are available (Table 8) indicate
that these items constitute a relatively small part of the total
residential damage in the areas studied. The chief losses result
from soaking internal improvements, furnishings, and personal ef-
fects. Even 1in low-quality houses such losses amount to approxi-
mately half the total residential losses, and on higher-claas
properties they may amount to more than 70 per cent of the losses,
Height of flooding is the major limiting condition for such losses.
The higher the water velooity the grester 1s the hazard from float-
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ing objects which may batter out windows, carry away plaster and
doors, and otherwise damage fixtures and decorations.

Loas of income is, on the whole, a very small part of resi-
dential losses because only in rare instences do homes remain un-
cccupled for more than a few days after a flood has receded.

Commercial losses.--The three major items of commercial
loes are decorations, store furnishings, and stocks of merchandise.
Other commercial losses attach to building foundations, super-
structures, and improvements; equipment, such as freight-handling
equipment and scales; outbulldings; vehicles; grounds; and busi-

ness interruption.

TABLE 8

ESTIMATED LOSSES FROM FLOODS IN SELECTED
URBAN HESIDENTIAL AREAS

T —— — = - — —— 4
Percentage of Total Loas for
Building Unit
Passaic Valley, N. J., 1837
Loas
Paducah, Ky. High Quality Low Quality
(T.V.4.)
Frame or
Frame Brick Brick
Bullding....is0nvenses 42 29 35 46
Furniture and fixtures 56 71 65 54
Rgntaaooucuccoi-docb-i 2 - - .
Totnl.l.lliﬂﬂlll. 1m 100 lm 100

Losses in merchandise accounted for more than 25 per cent
of the total commercial losses in a few flcods for which detalled

data are avallable,

Thase lossas, although affected in large

measure by height of flooding, are probably more directly a func-

tion of the character of crest profile than any other loss,

They

are readily transported, and storekeepers are accustomed to trans-
porting them, so that removal can be accomplished with sufficient

warning.

As already suggested in connection with urban residen-

tial losses, the degree of loss in decorations and store furnish-
ings is more nearly a function of height of flooding than of other
Plate glass windows are one of the principal objects

conditions.
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of damage in retall commercial areas; they become vulnerable as
soon as the water 1s sufficlently high to carry floating objects
against them. Decorations and furnishings amount to 60 or 75 per
cent of the losses experienced by much commercial occupance.

Recorded statistliecs fail to distinguish among forms of
business interruption, but three general forms may be identified
upon the basis of the formula stated above, These are: (1) the
value of goods and services which are not sold; (2) the net depre-
ciation resulting from non-use of productive equipment; and (3)
the excess coat of delayed sales., It 1s to be expected that the
net decreass in sales of a given article or service will be rela-
tively small unless the demand for the commodity is met by commer-
cial concerns outside of the flooded area or unless a marked de-
cline in production elsewhere in the flood plain causes decreases
in agricultural, manufactural, or other payrclls. In so far as
the commodities handled are staple food products, tobacco, and
other items having 1ittle flexibility in dally consumption, the
needs of the affected population will be met on a normal or reduced
level during time of flood by purchase or donation from outside
sources. Other normal purchases are deferred or are suspended
with the result that the equivalent income ias used in making re-
pairs and replacements required by flood losses. This hypothesis
is supported both by data on general business asctivity and by the
experience of business men. The record of Federal Reserve Bank
clearings for selected flood areas in recent years shows that com-
mercial sales drop heavily during the period of high water and
then rebound promptly as a community resumes its normal activity.
If necessary repalrs and replacements are financed from reserves,
outside donations, or loans, renewed business activity may actually
exceed normal, sc that we find sections of the business community
hailing a flood in such terms ss these:

A strong rebound after interruptions of this kind is natu-
ral. They block the shipment of goods on order and cause pur-
chases to be deterred, and when business is resumed there is
a rush to fill urgent needs, even those who experienced losses
in the floods may for a time spend more than usual; they will
buy less of some things but they have to replace household and
personal goods destroyed, and the purchasing power to make
these replacements will come out of savings, borrowings or re-
lief contributions. The same is true of business concerns.
The first necessity is to repair the damage to transportation
facilities and plant equipment, and to clean up and get to
work; and for the most part going concerns can find the money
they need out of reserves or loans.

Thus the floods will lead to a good deal of expenditure



B4

on labor and methods not previously planned, tnd reports from

the areas affected already show the stimulus.
This view prevails among many business men, but there are some
who recognize that any temporary stimulation in building and buy-
ing operations following a flood 1s at the expense of purchasing
power which otherwise would be used later or claeuhor..z A canvass
of availsble data on bank clearings, freight loadings, and similar
indices of business activity in selected flood-plain communities
falls to reveal many marked changes during flood periods. Either
the rehabilitation and repair activitlies obscure the flood impacts,
or they are not sufficlently large to be distinguished from the
normally operating factors affecting price fixing and rate of pro-
duction.

In truth, there 1s little detalled evidence to support the
somewhat popular belief that floods cause intense distress and
disruption in a commercial community. Interruption of buaineas
may result, perhaps, in production damages in excess of property
damages but business men are not inclined to place much emphasias
upon the seriousness of business interruption. Until more data
on the subject are collected and analyzed, it seems doubtful
whether production losses should be counted as of the same magni-
tude in commercial areas as losses in merchandise and in store
furnishings and decorations.

Manufactural losses.--Machinery and business interruption
are the two outstanding types of losses experisnced by manufactur-
ing plants. Other important items are foundations, superstruc-
tures, improvements, and decorations of bulldings; office furnish-
ings and records; stocks of raw materisls and finished goods; out-
buildings: vehiclea; and grounds and improvements.

Eachinery losses commonly form a ma jor part of the total
losses to manufacturing. This is evident from reconnalssance
studies of flooded areas and from the preoccupation of trade asso-
cilations and plant executives in such areass with machinery prob-
lems. Silt and rust are the two enemies of machinery in time of
flood. While water may not have sufficlent velocity or debris
load to cause heavy damage during & flood, it invariably leaves a

1Hat1onnl City Bank of New York, General Business Condi-

tions (New York: National City Bank of New York, March, 1937), p.l.

2Gulrlnt Survey (New York: Guaranty Trust Company of New
York), XVI » No, 11, p. 7,
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coating of moisture and silt which works injury to electrical con-
tacts, cutting and grinding surfaces, gears, and precision mecha-
nisms. All flood water carries a sufficient load of fine sediment
to cause some damage, and quite irrespective of the total load of
sediment, machines suffer from it. Electric motors and steam
boilers probably require more attention in rehabilitation work in
order to remove silt than for any other purpose. In metal-working,
railway, food-products, chemical, and textile shops, to name only
a few, machinery losses are the major flood problem.

A survey of the expsrience of rock-products plants during
the flood of 1937 in the Ohio Valley shows that even in this heavy
and relatively simple processing work the chiefl losses resulted
from damage to motors and electrical equipment, and from erosion
of stockpilesa of sand.l Floating equipment and heavy stationary
equipment did not suffer greatly. Some office records were lost
and certain riverside bins and pumphouses were undermined, but the
only other large expenses were incurred in cleanup work, especial-
ly in washing stockpiles of sand and gravel.

Some manufacturing plants suffer solely from losses in
production. Although located above the flood plain, they are de-
pendent upon power or water or fusl obtained from facilities that
are inundated., Thus, numerous plants in the Cincinnati area were
forced to shut down during the 1937 flood until power houses, wa-
ter syatems, or rallway lines could be placed in operation. Where
perishable materials are preserved by refrigeration or where con-
tinuous chemical processea are used, a shutdown in power or water
may be as serious as though the plant were partly under water,

The preceding discussion of interruption in commercial
operations is applicable in principle to manufacturing operations,
though on a simpler scale., Unless the proceas is necessarily of
seasonal character, as with canning and women's clothing, or un-
less it employs a continuous process of production, as in the iron
and steel and distilling industries, there is within our present
economic syatem a strong possibility that any cessation of produc-
tion will be offset by delayed activities. Total payrolls for
the year as a whole may be no smaller and the total output of
goods for the year may be no less than if a flood had not occurred.

1Bror Nordberg, "River Plants Recovering from Flood Disas-
ter," Rock Products, March, 1937, pp. 44-47.
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The data on production in the Plttsburgh area during 1936 would
seem to support this bulief.l To date there have been no studies
of manufactural activity in time of flood which would suggest the
contrary.

It followas that the social impact of interrupting manufac-
turing operations tends to be greatest with seasonal and continuous
process industries in any period, and with national-defense indus-
tries during war periods when full production is the order of the
day. Under any circumstances, the duration of flooding 1s one of
the more significant conditions limiting the amount of losses
through business interruption, since the time period affects the
chance of developing substitute production, and also determines
in large measure the extra costs involved in readjusting produc-
tion schedules to make up for loat time.

Efforts to measure the amount of businesa interruption in
this field have been few and inGOEPIOtB.E Machinery losses as
well as other types of losses may be valuated readily on the basis
either of repair cost or market price.

Public utility losses.--0as, water, waste-disposal, elec-
tricity, telephone, and telegraph services suffer chiefly from
damages to outdoor or underground equipment and from interruption
of service. The first of these--the direct losses to transmission
lines, sewers, water mains, and other equipment--is expreassed in

reparable losses and in the added maintenance cost of making minor
repairs and keeping systems in operation during the flood. Analy-
sla of sample distributiona of losses of that character suggeat

L

Pittsburgh Business Review, Vol. VI (February, 1937).
Annual ntntIaEIcEf supplement,

During the severe S5t. Patricks Day flood of 19836 in Pitts-
burgh, two blast furnaces were out of operation, electric power
production was approximately 50 per cent of normal, carloadings
dropped 38 per cent, and river shipments dropped 64 per cent.
These indices of business activity made a quick recovery within a
week or two. Ibid., VI (March 30, 1836), 3.

"A Business Survey of the Flood," Barron's, XVII (Febru-
ary 1, 1937), 9, suggests that the principal national industry af-
fected by the Ohio River flood of 1937 was the distilling business
more a8 a result of power shutdowns and becauss of interruption of
shipments to retall stores than because of direct property damage.

aTha principal attempt has been made by the Corps of Engl-
neers in the Connecticut Basin. In this instance the ratios of
"indirect” to "direct" losses were obtained by taking the means
of such losses reported by merchants and manufacturers on question-
naires following the flood of 1936.
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that height of water at the key generating and transmission points
is the principal difficulty with electrical, telephons and tele-
graph systems, and that flooding of pumps and filter beds is mainly
responsible for sanitary evils.

These losses seem of secondary importance by comparison
with the inconvenience and interruptions of production resulting
from breakdowns in any one of the aystems. By calculating the
costs of malntaining service in the face of flood or of initiating
it thereafter, 1t 1s possible to estimate a small part of the
losses from such interruption and this has been done in a few in-
stances. The major losses rest, however, in the realm of the in-
tangibles. For example, during the Louisville flood of 1937, most
of the city was without slectricity for 168 hours. At Cincinnati,
in the same flood, the people lacked public water supply for 216
hnurs.l What is the real damage of the resulting interruption?
One rough measure which may be applied but has not been widely
used in estimating flood losses is the value of the service during
the period of interruption, as gauged by its regulsar sales price.
This 1s a mesgre measure, at best, because the importance of be-
ing able to communicate from a flood-bound area with the outside
world, or of being able to heat food when a home is isolated and
the weatner is severe, may be many times the value of the same
service in normal times. Here i= a case in which some arbitrary
coefliclent of increase in estimates of losses seems justified.

On the whole, damage to electricity and gas service seems
to be of greater general significance than the others, In time
of flood, water can be obtained for essential industrial and do-
mestic purposes if the necessary pumps and treatment facilities
are avallable. Moreover, the dlilution of the flow is such that
stoppage of sewerage aystems does not constitute an exceedingly
difficult problem until the waters recede., Telephone and tele-
graph systems rarely suffer serious injury, in part because their
lines commonly are strung above flood crest stage and in part be-
causs they are not asusceptible to long interruption by water soak-
ing alone. Unless a telephone exchange is inundated, the tele-
rhones generally remain in use.

As a matter of fact, the significance of floods in dis-

IB. J. Tangerman, "A River Goes Wild," Power, LXXXI (1937),
172-174.
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rupting communications in the United States has been exaggerated
grossly. The flood of 1837 in the Ohio and Lower Mississippi val-
leys 18 a case in point. Telephonic and telegraphic communication
was suspended only in parts of the flooded aroa.l At the helight
of flood, communications across the line of the flood and to most
of the affected cities was possible. Delays came in considerable
measure from the tremendous increase in volume of messages, par-
ticularly in toll ecalls, caused by flood-rescus and related work.
Mails were affected only slightly. According to information
obtained from the Post Office Department, the deliveries of first
class mail between New York and Chicago were delayed a few hours,
and those between Cleveland and points south of the Ohio River
were delayed somewhat 1Dngor¢2 Deliveries were suspended, of
courss, in the flooded areas, but generally were resumed as soon
as the waters receded, No important amount of mail was lost.
Transportational losses,--The same conditions noted with
respect to communications apply to transportational activities.
While traffic is suspended in and immediately adjacent to a flood
zone, other freight and passenger movements continue. Interruption
in reilway or highway traffic affects chiefly the transportation
within the flooded area, but 1t may retard tranaportation follow-
ing routes crossing the flooded area. Frobably the most severe
traffic tie-up resulting from floods in the history of the United
States was that in the Middle Atlantic States and New England dur-
ing March, 1936. Then, the main line of the Pennsylvania Rail-
road between Pittsburgh and Harrisburg was cloeed, its tracks at
the Harrisburg and Wheeling stations were under water 4 feet and
10 feet respectively, more than 500 miles of line were under wa-
ter at some time during the flood, and 8,000 miles of track were
exposed to flood t".fzmdii.'.i.I:'.vfrw.'3 Approximately 75 miles of the main

1juason 8. Bradley, "Meeting the Challenge of Sleet and
Flood," Bell Telephone Quarterly, XVI (1837), 86-98.

aEven when the hurricanes and flood of 1938 cut the rail-
lines between New York and Boaton, the first class mall was de-
livered by chartered airplane, and the parcel post was handled by
Navy vessels, without substantial delay. In fact, the Department
often saves money during a flood, because it does not pay for the
normal and frequent raill service, and pays instead for a less fre-
quent and only slightly more costly alternative service.

a"'Ploods Ravage Railways in East," Railway Engineering and
Maintenance, XXXII (1936), 226-229, 236.
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lines of the Baltimore and Ohioc Rallway between Washington and
Fittsburgh were under water, causing the 1ine to be out of service
for through traffic for 5 days. Most of the Pittsburgh terminal
facilities of the Pittsburgh and Lake Erle Rallway and at least
26 miles of its line were inundated. The New Haven and Boston
and Albany systems were disrupted for a period of at least & days,
the major interruptions occurring in the flood plain of the
Connecticut River. It ls, however, a great tribute to the effi-
clency of transportation agencles, dairymen, and public-health
officiales that during the flood which cut across the Northeastern
dairying areas in many places, no serious interruption resulted
in the perishable milk supply, which probably is the most deli-
cately timed of the transportation services in those areas.

The Ohio River flood of 1937 caused less disruption than
the New England flood because the flooded walleys parallel the
ma jor Bast-West trunk lines. The chief through rail crossings of
the Ohio River below Steubenville, Ohio, were closed off, even
though it was possible to maintain service over one line serving
Cincinnati and another serving Louisville, Losses in railway
equipment were relatively small inasmuch as currents in most places
were not strong. The railways suffered expense from interruption
of their business, from rehabilitating water and silt-soaked equip-
ment, and from providing emergency services for evacuees, The
maln streams of North-South and East-West traffic were re-routed
without undue delay or oxponau.l

Interruptions in transportation can be measured in at
least two ways., First, thé value of the normal commercial traf-
fic on the highways and rallways can be estimated from records of
comparable periods, and a certain percentage can be taken as the
loss, making dve sllowance for transportational services which
are delayed, and for the costs of re-routing traffic. In the
Connecticut Basin the estimated coast of delay and detouring was
calculated by assuming a value of one dollar for each hour that a
highway vehicle was delayed, using prior traffic counts as a ba-
8ls for calculating the number of vehicle hours. The same esti-

IJ. J. Pelley, "Rallroads Help in Flood Emergency,” Rail-
way Age, CII (February 20, 1837), 321-322, 328.

"Service Restored Rapidly as Ohio Recedes," Rallway Age,
CII (February 6, 1937), 248-253.
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mates attacked the quesation of losses in railroad traffic by add-
ing the losa in revenues during the period of the flood to the
increase in operating costs. In studying the Fourche bottoms
along the Arkansas River immediately below Little Rock, Arkansas,
the Corps of Engineers estimated that indirect losses, due largely
to interruption on main highway and railway arteries, appeared to
be three times the property 1oauaa.1

Second, the extra costs of operation for a periocd approxi-
mately longer than the flood can be taken as a rough gauge of
losses. This procedure is more readily applied, but is less accu-
rate than the first one because 1t falls to account for traffic
movements which are permanently abandoned. A number of railroad
officials have sald that their losses in traffic depended largely
upon whether or not the same territory was served by a competing
railroad which was not subject to flood. Perhaps no other phase
of flood experlence i1llustrates so well as transportation the
difficulty of attempting to express production losses as a ratio
of property losses. Washouts of a highway costing $50,000 may re-
sult in no other loss or in tremendous loss, depending upon the
location of the highway which 1s otherwise untouched by high water,
Similarly, the effects of damages to other productive equipment in
commerce and manufacturing is more a function of the volumes and
quality of business handled than of the amount of physical loss.

A review of property losses for repressntative transpor-
tation services shows that culverts, bridges, and roadbeds are
the outstanding items among the number which includes buildings,
outdoor terminal equipment, rolling stock, goods in transit, and
the cost of maintaining smergency service. Losaes to production
and to human life and health are relatively small. During the
past seven years the rallway train accidents resulting from floods
and washouts have amounted to only four-tenths of one per cent of
the total number of accidents and have not changed notably in in-
cidence, as shown in Table 8. During that period, 74 people lost
their lives due to such accidents, and 53 of these lives were lost
in one wreck caused by the undermining of a bridge during a cloud-
burst flow in Custer Creek, llontanu.2 More than B4 per cent of

176th Cong., 3d Sesse., Arkansas River, Little Rock to Pine
Bluff, Ark., House Doc. No., 718 (Washington: Government Printing

Office, 1940), p. 44.
2

U. S. Interstate Commerce Commission, Accident Investi-

-
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TAEBLE 9
TRAIN ACCIIENTS DUE TO WASHOUTS, 1934-1940%

= _—__ ____ _ __ __ == —
Train Accidents Persons Killed|Persons Injured
Road-~- Due Due
Yoar | Bradee | vea |30%01 an to A1l to
Causes ouba Waash - outs Causes | Wash-| Causes | Wash-
outs outs outs
1934 6,023 7 13 20 256 8 1,000 15
1935 6,551 4 22 26 239 3 1,056 34
1836 8,286 3 27 30 277 5 1,547 22
1937 8,412 2 19 21 310 i 1,367 30
1938 5,682 8 35 43 293 53 1,073 90
1939 6,074 4 14 18 214 3 1,422 53
1940 7,106 1 22 23 342 2 1,550 40
Total | 48,134 29 152 181 1,831 74 8,965 284

!SOurce: U. 8. Interstate Commerce Commission, Summary and
Anaslysis of Accidents on Steam Hailways in the United States guﬁ-
Ject to the Interstate Commerce Act, Accident Bulletin, 1834 to
1940,

the train accidents attributed to floods resulted from injury to
roadbed, and 16 per cent resulted from loss of culverts or bridges.
Roadbed maintenance in narrow floodplains probably has been the

ma jor cause of trouble on railways at flood time.

Serious highway accidents due to floods and washouts are
few in number, and result for the most part from sharp-crested
flocds in arroyos and canyons of the semliarid and arid regions.

No fatal accidents caused by road defects of this character were
reported in 1940,1 but an examination of newspaper c¢clippings shows
that no year has passed since 1934 without at least one such acci-
dent.

Other losses.--Two major types of loss apply to all occu-
pancy classes. The first is cost of public evacuation and rellef
operations, which will be analyzed in Chapter IV.

gation Reports, No. 76 (1938), pp. 31-34.

1kcoidant Facts, 1941 Edition (Chicago: National Safety
Counecil, Ca 3 s Pe .
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The second 1s fire. Floods promote fire by dislodging
tanks and spreading oll and gasoline, by hampering the work of
fire-fighting units, by closing down water pumps, by damaging
electrical and heating systems which sometimes are repaired too
hastily for safety after the flood, and by disrupting sprinkler
systems. The most serious of such fires in recent years occurred
in the M111l Creek section of Cincinnati during the Ohio River
flood of 1937, and resulted in damage in excess of $1,400,000.1 !
Because bulldings in flooded aress commonly are abandoned tempo-
rarily, the fire hazard tends to be decreased somewhat, but at
the same time the lack of personnel to watch for fires and the
necessity for emergency heating and cooking arrangements for those
people who remain, are likely to increase the hazard. A committee
of the National Board of Fire Underwriters found in 1939 that
floods bring speclal fire hazards but do not produce abnormally
large flood loas&a.z

Two other groups of losses are linked so intimately with '
corcllary profits that both losses and profits are discussed to-
gether, These are (1) psychic losses and profits to the community,
and (2) effects upon the natural landscape.

Paychic Losses and Profits

Floods bring sensations of fear and distress to a commu-
nity, but they also stimulate and exhilarate. Kutak has noted in \
connectlon with & soclological appraisal of the Loulsville flood
of 1937 that a flood disaster is typically a crisis situation
charscterized by suddenness and by an intoxicating loosening of
the mores of the community.3 As the onrushing waters threaten
life and property, every effort is bent to organize all human re-
sources to meet the attack. Flood-tighting and evacuation meas-
ures require new organizations into which all citizens, regardless
of income and soclial position, can enter shoulder to shoulder.

The old pattern of living is broken for the time, ultimate aims
yield to immediate demands, confusion is widespread, and to many

lpactory Mutual Record, XIV (1937), Nos. 3 and 4, 9-12.

2Hationn1 Board of Fire Underwriters, The Flocod Problem in

Fire Prevention and Protection (n.p., 1938}, pp. 94-97.

sﬂobart I. Kutak, "The Sociology of Crises: The Louisville
Flood of 1937," Soclal Forces, XVII (1938), 66-67.
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& person there comes a refreshing sense of release from humdrum
obligations and tasks., It 18 & solemn and serious business faor
the men on the levees and the women in the relief stations, but
it also seems to be an intensely satisfying one.

These sensationa are pleasing at the moment, and they also
promote mutual interest and helpfulness among the people of a com-
munity, thereby stimulating e¢ivic improvement. The experiences
of caring for evacuees and of battling together against an evil
natural element, even though the battle be shared vicariously
through a radio announcer, inspires good will and provides the
setting for new ideas with respect to municipal planning and de-
velopment. These profits pass in time and probably they are em-
braced with particular enthusiasm by persons in the upper income
groupsa who realize that any levelling effects will be merely tem-
porary.

It seems probable, however, that in certain flood plains,
such as the alluvial valley of the Mississippi River, there are
groups in the lower income brackets who have profited in a differ-
ent way from public-relief amctivities accompanying floods. For
the first time, perhaps, those people have experienced adequate
diet, sdequate medical care, and assoclation with others who enjoy
higher wage rates and better working conditions. As suggeated by
Bernard, this undoubtedly was the case following the flood of 1927
in the Lower Hiasiaalppi,l and while it hardly could be considered
8 justification for repetition of that disaster, it certainly off-
set some of the inconvenlience and hardship that did result.

While sorrow and frustration also follow the path of lost
lives, broken femilies and disrupted economy that is etched by
floods, these losses are balanced against psychic profits. Few
communities can be more drab than a town already near the verge
of economic bankruptcy which has suffered a crippling blow from
floods. Yet 1t seems likely that in a few such towns a flood has
made short work of what otherwise might have been prolonged de-
terioration, and that the flood has stimulated new and drastic ac-
tion. The Shawneetown and Leavenworth examples, disoussed in Chap-
ter IV, bear out this idea in part.

lBernard, op. cit., p. 193.
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Floods as Agents of Landscape Change

The losses defined in preceding pages are those which ac-
crue to the cultural landscape of a flood plaln as a result of
flood, and in discussing them it has been assumed tacitly that
other conditions remsin constant. Actuslly, the flood plain it-
self changes more during the flood event than at any other time.
Then it 18 that latersl and verticsl erosion is most pronounced,
and then 1t 1s that most sediment is deposited. Some of thesse
changes cause lasting loss to the occupants of a flood plain.
Others result in net gains.

The process of flood plain development is a combined ac-
tion of channel cutting and valley-flat filling. In a young val-
ley having a valley flat the stream cuts down into materlials hav-
ing a veneer of alluvium of lesser thiclmess than the channel
depth and at the same time moves acrossa the wvalley flat by erosion
on the outside of bends and deposition on the inside of the bends.
In o0ld valleys, downward erosion 1s slight and deposition of sedi-
ment 1s the dominant process, but there may be a wide lateral
shifting of the stream chennel in its bed of alluvium,

With one exception, all phases of cutting and filling are
more active during and immediately after a flood than at any other
time. Downward erosion is largely a flood phenomenon, and it is
known that for many streams, such as the Missourl River, which 1s
continually changing its bed elevation, the greatest scouring oc-
curs during high water when volume is large, velocity is high,
turbulence 1s high, and the carrying capacity of the stream 1is,
therefore, relatively great.l In the Finger Lakes Reglon of New
York, it has been estimeted that as much lateral erosion occurs
during floods having a fregquency of once in 100 years, as durlng
all the intervening years without such rlonds.2 Lateral bank cut-

ly3d cong., 2d Sess., Missouri River, House Doc. No. 238
(1935), pp. 1150-1152, 1163-11865.

For a general review of the literature on this subject aa
of 1932, see William H. Twenhofel, Treatise on Sedimentation
(Baltimore: Williams and Wilkins Co., 1932), pp. &7-44. Also,
John B. Leighly, Toward a Theory of the Morphologic Significance
of Turbulence in the Flow of ﬁager In Streams, UnIversE%y of Cali-
fornla Publications in Geography No. & (Berkeley: University of
California Press, 1932), pp. 1-22.

2

0. D. VonEngeln, "Flood Erosion," Abstract, Proceedings
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ting is pronounced during peak diacharge or on the receding stages
of floods. Large-scale shifts in channel, including meander cut-
offs and sudden changes from an old bed to a new one, take place
as the flood approaches or passes 1ts crest. The less rapid
process of lateral movement exemplified in bank caving of atreams
in alluvial valleys, accelerates as the flood recedes. During
rising flood stages, the awifter currents tend to shift toward the
center of the channel and do not return to the concave shore until
the water begins its fall. This leads to erosion on the concave
shore, a procesa which 18 promoted by the saturation of the stream
benks at crest or nesr crest, so that "slip planes" are created
along which the bank materisl slumps or slides as the pressure of
water 1is withdrawn.l In the slluvial wvalley of the Miami, Kilchis
and Tillamook riveras on the Oregon coast, the damage from bank
cutting caused by annual floods exceeds the direct damages to
property, and the cutting is most pronounced on falling stages of
the flood event when the streama are at approximately two-thirds
bankful cepacity. The net change resulting from these floods is
2 galn in the amount of alluvial f1i11 in the valley area, but the
immediate effect is a decrease in the old fills and an increase
in fresh deposits of sadimant.z

In this connection it may be noted that navigation improve-
ments on streams flowing in meander belts through alluvial valleys
are likely to encourage further encroachment upon the flood plains
because measuras that curb lateral erosion by such streams reduce
the hazard of loss through bank cutting. This was the case along
the Miesouri between Sioux City and Kansas City when revetments
and other channel-stabilization works were installed and lateral
erosion was curbed. Between 1830, when the river works were be-
gun, and 1938, the amount of cleared land in the flood plain

of the Geological Society of America for 1935, p. 115.
W. Storrs Cole, "Modiflication of Incised Meanders by
Flood," Journal of Geology, XLV (1937), 648-654.

IGarard H. Matthes, "Basic Aspects of Stream-meanders,”

American Geophysical Union Transactions of 1841 (Washington: Na-
tional ﬁauaarc% Counclil), p. 6a4.

2Unfavorable report of the Chief of Engineers on "Miami,
Kilchis, Wilson, Trask, and Tillamook Rivers, Oregon," July 1,
1941. (Unpublished.)
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increassd by 40 per cnnt.l

Sediments are deposited chiefly during floods, either by
sideward fi1l1ling or as top-delivered veneer. It is here, however,
that there 1s the principal exception to the statement that the
processes of change are greatest at flood time. Although sedi-
ment is actually spread over the flood plain by flood waters, it
reaches the plain in many instances by processes which are acceler-
ated at other times, Thus, it may be observed in many young val-
leys that tributaries tend to build up small deltas on the wvalley
flat in pericds of moderately high water when the flow of the main
stream 1s inadequate to transport the sedimenta. Unless [loods
of large magnitude wipe out these deltas and move their contents
down or scross the stream they will continue to block the maln
channel and to cause shifts in it.e Similarly, sediments accumu-
late in a stresm channel at times of low flow, and are deposited
at placea whare the gradient is low, where the flow diminlshes, or
where there 1s a speclally large obstruction by reason of bed mate-
rials or of a tributary carrying a heavy debris load. The debris
deposits become compacted with colloldal and organic material and
grow until cut out by flood flows.a Indeed, in some streams,
such as the Lower Rio Grande, the elimination of major flood flows
(through the construction of Elephant Butte Tam) has facilitated
accumulation of sediment and growth of vegetation with the result
that the carrying capacity of the downstream channel for relatively
frequent floods is reduced maherially.4 Because streams normally
reach their greatest efficiency with the maximum of tractive force

l76th Cong., 3d Sess., Mlssouri River--Sioux City to Kan-
sas City, Towa and Missouri, House Doc. No. 821 (1840), pp. 16-17.

EGarard H. Matthes, "Floods and Their Economic Signifi-
cance," American Geophysical Union Transactions of 1934, Part II,
pp. 42‘? -43‘2Q

3St.aﬂ‘ord C. Happ, Gordon Rittenhouse, and G. C. Dobson,
Some Principles of Accelerated Stream and Velley Sedimentation, U.S,
Department of Agriculture Technical Bulletin, No. 695 (1940), pp. 71-74.

In parts of the arid southwest, sediment transportation
takes place only during floods. J. C. Stevens, "The Silt Problem,"

Transactions of the American Society of Civil Engineers, CI (1936),
240-244.

4. 1. Sonderegger, "Modifying the Physiographical Balance
by Conservation Messures," Transactions of the American Soclety of

Civil Engineers, C (1835), 261-255.
This situation is being remedied by channel works con-
structed by the International Boundary Commission.
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and turbulence at bank-full flows, lesser flows may be incapable
of scouring out accumulated channel deposits. All the foregoing
atatements concerning stream and debris dynamics recognize the
tremendous diversity among streams in these matters. Many phases
of the basiec theory are still in controversy. In a sense, each
case is unique and the streams of the United States lend themselves
only to the broadest type of genseralization.

Just as reduction of stream flow causes changes in valley-
forming processes, so changes in the load of sediment effect the
same processes, but inasmuch as they result primarily from land
use outside of the flood plain they are not discussed here.

Certain changes in landscape which accompany floods have
outstanding significance 1in human occupancy. Most dramatic but
least frequent are major channel shifts of the type which, along
the Lower Misslssippl River, change overnight the location of a
Vicksburg from the main channel to backwater, or shift the navi-
gable channel away from terminal facilities, or leave a waterworks
inteke standing high and dry, or desert a bridge crossing. Such
shifts are 1likely to be accompanied by large losses of land through
bank cutting. Lateral cutting and f1l1ling also may cause losses
to sewerage and land drainage systems by clogging the outlets or
by removing the channel to such a distance that the decreased gra-
dlent prevents successful operation of the systems.

To the extent that such changes require special remedial
works or enlarged meintenance costs for dwellers along a river
bank, their costs can be computed fairly accurately. It is far
more difficult to assign some reasonable value to the action of
floods in flushing out accumulations of debris that otherwise
would cause channel shifts and affect flowlines and drainage sys-
tems. With respect to most wvalleys it is safe to say that without
the cleansing action of grest floods the moderate-sized floods
would have higher flowlines., A partlal index of the benefits from
such floods therefore would be given by the added cost of increas-
ing the design of protective works in order to cope with the
helghtened flowline. Once channel-flow relationships have been
modified, the effects are likely to grow and spread, and to take
on larger significance than is represented by the need for protec-
tive works,

Floods further affect to some extent the vegetative suc-
cession on flood plains by crushing vegetation, including standing
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timber, and by spreading seeds.’ Timber losses result chiefly

from (1) shutting.off a supply of oxygen at the roots during
floods of long duration, and (2) uprodting or girdling by water
and ice action. McKenzie also reports losses in Massachusetts
through deposits of fuel oil on leaves and branches. Floods may
eradicate wildlife associations which are not able to retreat to
high ground, and they may spread the eggas and larvae of insect
pests such as the buffalo gnat.E There 1s 1ittle detailed evi-
dence concerning the net effects of high water upon plant and ani-
mal associationa. Floods ars notorious in agricultural areas as
carriers of weedas and of certaln diseases, such as brown rot fungi
in citrus orchnrdu,a but individual floods apparently do not cause
marked changes for more than a year unless water stands on the
ground for several months or unless severe scouring results in de-
struction of the soll profile and in the establishment of pioneer
aasoclations. This conclusion 1s supported by the efforts to use
irrigation water to control certain plant pests by regulated
flooding. Few of them have been auccoaafu1.4

Floods may cause heavy losses in the population of larger
animals, as along the Wolf River, Wisconsin, where June floods
sometimes drown young muskrats in the bordering mnrahlanda.5

Sediment Deposition

For the country as a whole, the most important gasin from
floods, in addition to their action in cleansing stream channels,
is in alluvial deposits. Floods bear fruit as well as blight,
and, as 1in geclogical time, they are responsible for solls of high
fertility: in a single year they may carry rich rewards to culti-
vators of the soll. These rewards accrue iIn two waya.

lyalcolm A. McKenzie, "Flood Injury to Trees," Science
(new series), LVIII (1936), 412-413,

E“Savage Fly Outbreaks Threaten as Aftermath of Floods,"
Engineering News Record, CAVIII (1937), 738.

SHarold E. Wahlberg, "Handling Flood Problems in the Or-
chard," California Cultivator, LXXXV %1958], 262.

4Lloyd N. Brown, "Flooding to Control Root-knot Nematodes,"
Journal of Agricultural Research, XXXXVII (1933), 883-888.

572d Cong., 1lst Sess,, Wolf River, Wisconsin, Houses Doc,
HO- 2?6 {1932]] p' 25-
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(1) Plant nutrients in the soll are increased by deposi-
tion of solids and by precipitation of avallable bases. Little is
known concerning the full effects of recent floods upon the soil
profile but there is scattered evidence which suggests that, viewed
solely from the standpoint of flood-plain occupancy, gains from
deposition ocutweigh or at least equal losses from scouring and
sanding.

A survey of the rural areas in Vermont affected by the
flood of March, 1836, ashowed that approximately 317 acres of farm
land were loat outright by stream cutting and channeling, and that
274 acres were covered with gravel and sand deposits which were
too deep and too infertile to reclalm. An additional 1,700 acres
were covered with deposits more than 6 inches deep which were re-
claimed with difficulty. However, 2,245 acres, or approximately
half the total area affected, were covered with shallow deposits
that were reclaimed easily. The deposits varied in alkalinity
from 6 to 8 pH and in calclium similarly. They lacked nitrates and
magnesium, showed traces of potash, and carried medium high amounts
of phouphorua.l They could not, therefore, have increased soill
fertility notably, but thelr adverse effects lasted for less than
a year. Inaamuch as channel degradation is a much more dominant
process in the narrow and medium-width Vermont valleys than in
most flood plains of the country, these results may be taken as
representative of the less favorable conditions of sediment deposi-
tion.

There are no precise data relative to silting from streams
in old age which move in meander belts, but local experience borne
out by records of fertilizer requirements and crop ylelds for the
Yazoo Delta indicate that the lands subject to Miassissippl River
floods in that area are more productive and have required appli-
cations of fertilizer less soon than have comparable soils that
were protected from flood.

An intermediate situstion is found in the Ohio Valley,
where Soil Conservation Service made 200 cross-section surveys of
deposition and soil removal following the 1937 flood. The un-
published results, summarized in Table 10, reveal that in the wide

1p. E. Dunklee and A. R. Midgley, The Effect of 1936 Flood
Ieposits on Vermont Farm Lands, Vermont Agricultura perimen
Station Bulletin, No. 445 (1939), pp. 1-16.
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TABLE 10

SEDIMENT DEPOSITION AND REMOVAL DURING THE
OHIO VALLEY FLOOD OF 19378

Area Volume
Effect on Land
Acres Per Cent Tons
Valley lands
Area damaged: ;
Urban deposits....... 89, 093 11.0 + 3,835,200
Rural sand deposits.. 26,726 3.3 +16,858,651
ROMOVEL B vii i visin 69, 567 8.5 -12,312,777
Potal.«s ivsses 2 185,386 22.8
Area benefited......... 304,066 37.4 +30,222,457
Area unaffected........ 323,384 3.8 |  cesas
Tobel<ivaiacuas 812,836 100.0 +38, 603,531
Tributary backwater lands 763,949 | 0 ..... 8,429,306

8Source: Brown and Brown, "Sedimentation Survey Following
the Ohio River Flood of January, 1937."

flood plains along the valley, deposits of relatively fertile silt
were made to an average depth of one-half inch, the deeper deposits
occurring in low sags back from the river bank.1 Backwaters caused
relatively uniform deposits of 2-3 inches in the lower valleys of
tributary streams. In the gorge-like reaches of the valley below
Cincinnati there was extensive bank-cutting associated with heavy
deposits of sterile sand below the cuts. There also was wide-
spread erosion of cultivated fields, amounting to as much as 6
inches., Approximately 69,500 acres of rural land were damaged
seriously by soll removal, and 26,700 acres were damaged by sand
deposits. At the same time, 304,000 acres of valley land and
764,000 acres of land at the mouths of tributaries were benefited
by deposition. Slightly less than 40 per cent of the entire val-
ley was not affected either by removal or by deposition. In terms

10ar1 B. Brown and Mark H, Brown, "Sedimentation Survey
Following the Ohio River Flood of January, 1937," Unpublished re-
port of the Soil Conservation Service.
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of acreage affected, the Ohio Valley gained at the expense of up-
streeam valleys. In terms of net change in productivity, it is
Impracticable to generalize; there is no evidence as to the amount
of damage or amount of benefit on the affected lands. It seems
clear, however, that the net effect in the valley as a whole was
moreé beneficial than detrimental.

Robinson has ascribed the higher silica-sesquloxide ratio
of soils of unconsolidated water-laid sediments in Wales to the
precipitation of silicic acid from river waters.l While the ef-
fect has not been investigated in the United States, it may be
gssumed for certain valleys having somewhat similar debris charac-
teristics.

(2) The second gain to soil from floods results from in-
crease in soill moisture. This i1s well recognized in the arid and
semi -arid regions, particularly in the Southwest, where water-
spreading devices are being expanded actively under public aus-
pices. On the Great Plains spring floods form a definite part of
the agricultural schedule. Thus, in the Missourl Plateau of Mon-
tana, North Dakota, and Wyoming annual spring-flood flows are re-
garded as beneficlial because the moisture deposited by them pro-
motes the growth of forage cropa.2 Such gains are relatively easy
to measure by comparing the yields of flood plains with those of
adjacent lands.

Flood Plains--Advantages and Disadvantages

Most of the entries for floods on a balance-sheet for
flood~plain adjustment belong on the red side of the ledger. On
the whole, floods in the United States cause greater loss than
gain in human occupance. A few items, such as channel cleansing
and some of the deposits of sediment are proper entries as assets
on the black side. It 1is obvious that there are compensating fac-
tors for the losses from floods; otherwise, flood plains would
not continue to be occupled. These factors, as suggested, may be

1. W. Robinson, "The Nature of Clay and Its Significance
in the Weathering Cycle," Nature, CXXI (1928), 903,
2734 Cong., 2d Sess., Missouri River, House Doc. No. 238
(1935), pp. 318-319, 326-327, 310 and 303.
Unfavorable report of the Chief of Engineers on "Belle
Fourche River, Wyoming and South Lakota," June 30, 1941. (Un-
published.)
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divided into two groups. The "regional factors," or those which
apply to adjoining areas as well as to flood plains, can be deter-
mined only by comprehensive regional study, and, therefore, are
not a part of this analysis. The "flood-plain factors," or those
which apply only to flood plains, may be segregated by means of
less comprehensive engineering and geographic studies, and are
noted here briefly.

Slope and Contour

Rarely does a flood inundate a high-grade residential dis-
trict in an American town or city. The lower-income groups in ur-
ban areas suffer proportionately more from floods than do those
in higher brackets. For example, Garland shows that in the cities
of the Ohio Valley between Huntington, West Virginia, and Mays-
ville, Kentucky, the better residential areas are on terraces and
valley bluffs above the reach of floods, and that new residential
development i8 moving out of the flood plain, although the earliest
occupance of that character first located upon ridges in the val-
ley bottom.1 Farther upstream at Pittsburgh, the urban areas
flooded in 1936 were chiefly manufactural, commercial, and low-
grade residential occupance. Six thousand four hundred nineteen
dwellings out of a total of 153,810 in the city were under water.
Prior to the flood, 22 per cent of the dwellings in the flooded
area had been rated unfit for use, whereas only 3.8 per cent of
all city dwellings had been so rated., At least 40 per cent of
the flooded dwellings were without indoor water closets, in con-
trast with an average of 14 per cent for the entire city.2 It
seems to be a reasonable hypothesis that wherever a flood plain
is narrow or of medium width, the better grade residential occu-
pance seeks the upland. Flood plains lack the scenic views and
the interrupted landscape that commonly go with hillside or up-
land location, and they also are more likely to be occupied by
objectional commercial and manufactural forms. Aesthetic consid-
erations therefore lead housing development, particularly higher-
cost residences, out of many flood plains. There do not appear

John Henry Garland, Occupance of the Eastern Segment of

the Middle Ohio Vallex (Chicago University of ChIcago Librarles,
s PP.

2

Pittsburgh Business Review, VI (1936), No. 5, pp. 17-20.

T
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to be any clear=-cut savings to residential construction in flood
plains as compared with construction on adjacent lands.l

In regions of rolling topography, flood plains may afford
special advantages to commercial uses which place high premium up-
on flat yard space. Lumber yards, oil depots, amusement areas,
and sand and gravel yards, are notable examples., Quite independent-
ly of the use of any available water-transportation facilities,
these uses demand relatively level ground and are able to pay for
it.

The same is true of heavy manufacturing activities which
require large floor space, outdoor storage facilities, or exten-
sive railroad sidings, particularly plants for which single-story
shops afford economlies in lighting, heating, foundations for heavy
machinery, reduction of vibrations, floor construction, and han-
dling of materiala.2 Steel-rolling mills and o1l refineries are
among the types of plants that have been located on flood plains
in part to take advantage of the lower construction and operation
costs made possible by the terrain. A glance at the topographic.
maps for the EKentucky Hountainu3 and for the Allegheny Plateau
section of Pennsylvania and West Virginia indicates that the val=-
ley bottoms afford the only relatively flat terrain accessible to
the potential lines of cheap transportation movement. This seems
to have been the case in the vicinity of Johnstown, Pennsylvania,
where plants of the Bethlehem Steel Corporation and of the Lorain
Steel Company occupy a large part of the flood plain and provide
work for more than half the industrial laborers there, This small
strip of bottom land on one of the main routes between Phila-
delphia and Pittsburgh attracted agricultural settlers in 1800,
and became a busy terminal on tne western branch of the Pennsyl-

1Inaamuch as foundation costs account for as little as
1.5 per cent of the total cost of residentisl building, and rarely
exceed 15 per cent for large structures, such as apartment build-
ings, the net differential in cost between the two locations 1is
unlikely to be a significant factor in selecting the location of
new buildings. H. E. Pulver, Construction Estimates and Costs
(New York: McGraw-Hill Book Co., Inc., 19%40), pp. 482-484.

2!110 S. Ketchum, The Desigp of Steel Buildings and the
Calculation of Stresses in Framed Structures (New York: McOraw-
Hi ok Co., €., » PP. - 3

3D. H. Davis, "Urban Development in the Kentucky Moun-

tains," Annals of the Association of American Geographers, XV
(1925), 94.
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vania Canal in 1834. Iron ore deposits in the nearby upland were
developed shortly thereafter, and an iron industry grew up to use
those supplies as well as local coal supplies. Today, the manu-
facturing plants utilize the bottom land with its nearly level
terrain, its water supply and access to rall transportation, while
the commercial core of the city occupies the site of the original
village. Other uses have been forced into the intervenling sec-
tions of bottom land, or have developed on adjacent slopes and
uplands.l Virtually all of the bottom land was flooded in 1936.

Mining activities recognize a similar situation in many
valleys, where tipples, shaft houses, switching yards, screening
and milling equipment, and storage facilities are on nearly level
land, even though at some distance from the mine mouth.

In mining, as with most heavy manufacturing, the attrac-
tion of a lowland terrain, whether great or small, is exercised
indirectly in many instances, througzh the effect of slope and con-
tour on transportation facilities. Where the railway and highway
go, commerce and manufacturing also go, and thus these classes of
use tend to concentrate in assoclation one with another on flood
plains rather than on adjacent uplands. For example, some recent
manufacturing developments in the Middle Ohio Valley were located
so as to be near the valley-bottom railway rather than the river
itaelf.z

The situation affecting agricultural land use is quite
different. From the standpoint of farm operations, most flood
plains afford two great advantages. One 1s ease of tillage; the
other, lack of susceptibllity to soil erosion. Ease of tillage
tends to be & major factor only where the crops to be cultivated
may be handled with profit with tractors and large-size machinery.
Thus, in the Cotton Belt the prospects for continued prosperity
in the large alluvial valleys are brighter than on the uplands or
in the small alluvial valleys because the flood plains, in addi-
tion to being fertile, are better suited to mechanical cotton
picking end cotton chopping. Experimenta with machinery in the

1Raymond E. Murphy, The Geography of Johnstown, Pa., an
Industrial Center, Pennsylvania State College Bulletin, Mineral
Industries Experiment Station No. 13 (1934) (State College: School
of Mineral Industries), pp. 1-51.

2Garland, op. cit., pp. 81-82.
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Yazoo Delta of Mississippi in the early 1930's indicate that the
costs of farm operations using machinery, something which i1s prac-
ticable upon the lowlands, were appreciably lower than on farms
not using such machinery. As farm technology improves, the dif-
ferentlial in costs probably will widen.l

A further reason why the alluvial valley of the Mississippi
holds hopeful prospects for permanent agriculture is that the men-
ace of soil erosion is minimized by the gentle slopes.

Along stream valleys having sufficient bottom width to
accommodate highways, surface rellef affects in modest degree the
design of low-density roads. As a general rule, fuel consumption
by & modern automoblile does not increase appreciably until grades

2 Few atreams have a

of 7 1/2 per cent or more are encountered.
grade of more than 5-7 1/2 per cent and few highways which parallel
their courses require special grading to reduce motor operation
costs. Moreover, grading expense is not a controlling factor for
all types of highways. Expenditures for grading may amount to as
much as 68 per cent of the total construction costs on an average
dirt road, whereas they may be as little as © per cent for bitu-
minous or concrete surfacea.3 Surface grade is relatively impor-
tant in affecting the location and cost of a soft-surface, low
traffic density type of highway, and is relatively unimportant

for a hard-surfaced, arterial highway. Unlike railways, the most
economical location of which is largely a matter of finding long,
low grades, the modern highway 1s desigrned to fit surface configu-
ration only in so far as necessary to minimize the cost of exca-

Lewis E. Long, Farm-power in the Yazoo-Mississippi Deltas,
Mississippi Agricultural_ﬁxperiment Station Bulletin, No.
(1931), pp. 20-30.

M. G. Varden, J. O, Smith, and W. E. Ayres, Maki Cotton
Cheagor, Mississippi Agricultural Experiment Station Bulletin,
No. (1951), ppo 20-24'-

®H. B. Shaw, "Highway Grades and Motor Vehicle Costs,"
Proceedings of Twelfth Annual Meeting of Highway Research Board,
193-2, pl gl
John A. Oakey, "Operating Characteristics of Cars on
Grades," Civil Enganeering, VIT (1937), 396.

John H, teman in Introduction to Highway Englneering
(New York: John Wiley % Sons, , suggests 5 per cent
as the maximum grade for gently- rolling country.

381gva1d Johannesson, Highway Economics (New York: McGraw-
Hi1l Book Co., Inc., 1931), p. §€
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vation and to avoid unstable subsurface conditiona.l

Considerations of traffic flow, alignment, curvature, and
underlying subsoil and rock, play on the whole a much larger role
than does the grade factor in affecting the placement of new or
relocated highways. With increasing development of high-speed,
hard-surfaced highways, requiring low curvatures, new locations
in areas of low or medium relief are likely to be in available
flood plains more on account of the prior location there of dirt
highways, railways, and towns than on account of any advantages
afforded by the flood-plain configuration. The exception, of
course, is in areas of high relative relief, such as the mountain
valleys of the Middle Rockies in Colorado, where valley bottoms
or lower valley walls afford the only practicable locations for
highways.

Drainage and Ground Water

In so far as flood plains, by virtue of low gradient, im-
mature drainage, and high water table, are poorly drained, they
have two ma jor disadvantages for human occupance. Poor drainage
makes difficult the construction of building foundations and road
beds and impedes tillage. It favors the breeding of pest and
malaria-carrying insects. These are deterrent factors in the
settlement of many flood plains. In few instances have good
drainage conditions been an incentive to more intensive use of
flood plains. .

The drainage of soil molsture is a function of soil tex-
ture, soll depth, underlying rock, climate, and land form. 1In
many flood plains these combine to produce slow drainage and a
high ground-water table. Many alluvial valleys with relatively
thick alluvium and flat surface are swampy or marshy. All of the
great alluvial valleys of the United States--the lower Mississippi,
the Sacraﬁento, and the larger streams of the Southeast--are char-
acterized by swampy areas. The cost of urban occupancy in such
areas is substantially higher than on nearby uplands. Building
construction is more expensive because of the pumping necessary
to keep excavations dry. Roads, bridges, and other structures,

1Arthur G. Bruce, Highway Design and Construction
(Seranton: International Textbook Co., 1937), p. 66.
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as well as buildings and public utilities, require special treat-
ment to cope with a high water table.

The cost of rural occupancy of such areas also 18 material -
ly higher than that of upland areas because of the expenss of land
drainage which invariably is essential and also because of the
heavier farm equipment or delayed tillage operations that some-
times are involved. Drainage expenses ranging from $20 to $100
per acre are common in alluvial flood plains, the cost depending
in part upon the amount of flood protection, if any, that is
combined with the drainage works. Most cultivated lands in the
large alluvial valleys of the United States are in organized drain-
age districts. As a result of speculative expansion in the decade
1910-1920 and subsequently deflated crop prices, and because of
faulty engineering design in some instances, a large proportion
of these districts were in financial distress by the 1930'3.1

Increased demand for farm land 1n the South, Federal aid
in rehabilitating distressed districts, and a gradual sifting out
of unwise ventures had made a good many of the enterprises solvent
by 1940. Their present degree of solvency indicates that notwith-
standing losses from floods and heavy additional expense required
for effective drainage, these lands were sufficiently productive
to support a profitable agriculture. Neither floods nor poor
drainage structures had outbalanced the advantages of soil and
landform afforded by the flood plains.

One aspect of poor drainage which did, however, retard
the agricultural occupation of some flood plains for many years
was the mosquito problem. Because the malaria-bearing mosguito
(anopheles) and several other pest mosquitoes breed in fresh
standing water or damp places, they are abundant in swampy terrain.
The lower portions of the Yazoo Delta in Mississippl were avoided
for many years, even though their better-drained soila were highly
fertile for cotton culture, on account of the difficulty of drain-
age and the fear of mosquitoes and the accompanying "fever." Set-
tlers in the Middle Illinois Valley commonly avoided the flood
plain for the same raaaon.2 Mosquitoes no longer are the menace

lEmil Schram, Speech before American Society of Agri-
cultural Engineers, June 18, 1934.

zﬂarlnn H. Barrows, Geography of the Middle Illinois Val~-
%Ef' Illinois State Geological Survey, Bulletin No. 15 (Urbena:
niversity of Illinois, 1910), pp. 76-77.
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which they constituted in earlier days. Breeding-control meas-
ures and house screening have been so perfected that inconvenience
and the menace to health can be eliminated or reduced at rela-
tively modest cost.

Barly settlers preferred flood-plain locations in some
regions because of the abundance there of ground water. In the
peopling of the Illinois prairies, water supply was one of the
several factors which tended to restrict many initial settlements
to the borders between wooded hillsides and adjoining grnnalands.l
As Meinzer points out in his ground-water hydrology of the United
States, there are several regions, including valley fills of the
Western states and alluvial valleys of the Great Plains and Texas
coastal drainages, in which ground water is generally more plenti-
ful in valley bottoms than in interstream areas and in which the
bottoms therefore are 1likely to be an attraction to agricultural
occupanco.2 In the Basin snd Range Province of the Southwest the
flood plains of valley floora and of mountain pediments have
offered to early pueblos as well as modern settlers the advantage
S In
other sections, the assoclation of valley relief with the occur-
rence of springs at lower levels and of low-lying terrain with a
high ground-water table is well recognized, and need not be elabo-

of natural subsurface irrigation and some running water.

rated.

Soil

Most flood-plain soils are alluvial in origin or receive
occasional increments of top soil. Most of them therefore are
azonal in character. Their soil profiles are immature and have
an erratic areal distribution. In so far as a flood plain soil
has not been water-laid or no longer receives water-borne deposits,

1Dar-ent Whittlesey, "Barly Geography of Northern Illi-
nois," Science (new aerloa{. LXXXI (1935), 228,

205car Edward Meinzer, The Occurrence of Ground Water in
the United States, with a Discussion of Princi,.es, Geological
Survey Water Supply Paper, No, 489 (Washington: Government Print-
ing Office, 1923), pp. 192, 291-298, and 303-306.

3Carl Sauer and Donald Brand, Pueblo Sites in Southeastern
Arizona, University of California Publications in Geography, III
(Berkeley: University of California Press, 1930), 419-437.
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it tends to develop a mature profile consonant with the climate

of the region and with its physiographic position. Such soils
have zonal characteristics in common with other members of their
own s80il group and family, of course, and they have few character-
istics, except those of dralnage, not shared by other types in the
same serles outside of the flood plain.

Azonal soil types present bewlildering variety, and it is
not practicable to generalize as to their advantageous and dis-
advantageous features in so far as crop yields and tillage prac-
tices are concerned. It already has been noted that flood-plain
soils are markedly less subject to erosion through sheet wash and
gully formation than other major soil groups inasmuch as they
underlie relatively flat slopes and, in many series, have a high
colloidal content. It should be recognized, however, that the
narrower the flood plain and the younger the valley, the greater
is the 1ikelihood that losses will result from scouring and from
deposition of sand and gravel, Excluding those infreguent flood
phenomena, it probably 1s safe to say that alluvial flood plains
contain the only soils in the United States that may be considered
permanently free from the danger of erosion.

Erosiveness does not attract or repel agricultural land
occupance as do those features which affect immediate yields and
tillage practices. Such alluvial solls as the Y’olo1 and Geneseez
have a relatively high content of calcium and exchangeable bases,
making fertilization or soil-building crop rotations less neces-
sary to high yields of cotton and corn than they are for many
other soils. Their sultability for crop production has been amply
demonstrated by soil scientists and by geographers who have found
concentrations of highly productive agricultural occupance center-
ing upon flood-plain areas having those soils and located in such
diverse sections as the irrigated valleys of the Gila Basin, Ari-

lE. J. Carpenter and S. W. Cosby, Soil Survey of Contra
Costa County, California, Bureau of Chemistry and Soils, Soil
Survey (Washington: Government Printing Office, 1939), pp. 52-53,
85,

20. S. Pearson, D. G. Greenleaf, H. R. Adams, and Winston

Neely, Soil Survey of Wyomi County, New York, Bureau of Chem-
istry and Soils, goIi Survey (Washington: Government Printing Of-
fice, 1938), pp. 31-32, 34.




110

zona,} the Milk River Valley, Montana,” and the Wabash River bot-

toms of Southwestern I:'ndflmm.:5 There are likewise examples of

relatively infertile deposits that are deficlient in colloidal mate-
4

2

rial or otherwise unsuited to general agriculture.
As one should expect, there are pronounced dissimilarities

among the soils of the flood plains of the most aggrading streams,

the texture varying from the sandy loams of the natural levees

and the boulder deposits of alluvial fans® to the poorly-drained

phases of the tough clays which 11e in the sloughs or "sags" back

from the river channels.

Surface Waters

Water courses themselves attract certain land uses to
their banks in defilance of the flood hazard. Principal among
these attractive factors are water supply, waste-disposal facili-
ties, water transportation, water power and recreational facili-
ties. The early location of towns and cities on American flood

13. C. Eckmann, Mark Baldwin, and E. J. Carpenter, "Soil
Survey of the Middle Gila Valley Area, Arizona," Fileld Operations
of the Bureau of Soils, 1917, p. 18.

2Wi11iam DeYoung, F. O. Youngs, and T. W. Glassey, Soil
Survey of the Milk River Area, Montana, Bureau of Chemistry and
Soils, Soll Survey (Washington: Government Printing Office, 1928),
pp. 15-22, 33-35.

3p. M. Bushnell and W. B. Thorp, "Soil Survey of Gibson
County, Indiana," Field Operations of the Bureau of Soils, 1922,
pp. 1194-1199, 1214-1216.

4& good example i1s the overflow phase of the Hadley loamy
fine sand in the Connecticut Valley. W. J, Latimer and L. R.

Smith, Soil Survey of Hampden and Hampshire Counties, Massachusetts,
Bureau of Chemistry and Soils, Soil Survey (Washington: Government
Printing Office, 1928), p. 23.

G. L. Fuller and S. 0. Perkins, Soll Survey of Wayne Coun-
ty, Georgia, Bureau of Chemistry and Soils, Soll Survey (Washing-
ton: Government Printing Office, 1926), pp. 33-34.

Thess statements are based upon a general summary of the
range of alluvial soils in U. S. Department of Agriculture, Soils

and Men, Yearbook of Agriculture, 1938 (Washington: Government
Printing Office), pp. '%61",‘1‘0‘6""66‘6‘7-1 , 1133-1" 5.

5Bouldery channels may be barriers to urban development
on alluvial fans. Clifford M. Zierer, "San Fernando--A Type of
Southern California Town," Annals of the Assoclation of American

Geographers, XXIV (1934), 5.
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plains is to be explained largely in terms of one or more of these
factors.

The towns which experience major flood losses along the
Merrimack River in Massachusetts centered their most vigorous
economic development around the generation of mechanical water
power at falls in the rlver.l Technological 1limits to the trans-
mission of energy during that first period of development after
1790 made it impracticable to locate textile mills beyond the
reach of riverside canals, and so the mills of Lowe112 and Lawrence
and Manchester were congregated along the streams, contending for
locations near the falls where low-head hydraulic turbines could
be used. The perfection of electric transmittion made it feasible
to use Merrimack power far beyond the reach of the creaking, cum-
bersome relays of pulleys and drive shafts that first fed energy
into the nolsy workrooms of the mills, But the mills remain. At
strategic falls along the Thames, the Blackatona,s and the Connecti-
cut, venerable mills of the same type crowd the narrow floodplains.
They house industries many of which no longer use mechanical power,
although they utilize water for cooling and processing. Most of
the average annual damage experienced along the Thames River oc-
curs at such places, of which Norwich 1s t.ypical.4 Those losses
are payments made from time to time for advantages which have dis-
appeared, and commercial and residential occupance continues to
cluster around mills that, were it not for prior investment, could
as well be located above the flood plain.

The accessibility of water for power purposes still 1s
responsible for two types of flood-plain occupants. At scattered
points along streams throughout the eastern states there remain
small water mills which suffer occasional flood losses. In 1880

lytctor S. Clark, History of Manufactures in the United
States (New York: McGraw-Hill Book Co., for Carnegle Institution
of Washington, 1929), I, 404-405, 409.

2Margaret Terrell Parker, "Lowell: A Study of Industrial
Development" (Unpublished dissertation, University of Chicago,
1939), pp. 117-127.

SPreston E. James, "The Blackstone Valley: A Study in
Chorography in Southern New England," Annals of the Association
of American Geographers, XIX (1929), 77-8l.

4?Gth Cong., 34 Sess., Thames River, Mass., Conn., and
R.I., House Doc. No. 885 (1940), pp. 2=3.
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at least 8,482 mills developed water power in the United States.
More than half of them were in the drainage basins of the Connecti-
cut, Hudson, Delaware, Susquehanna and Potomac Rivers.l For the
most part they seem to have been designed to withstand moderately
high flood flows; machinery was well anchored, bullding construc-
tion was sturdy, and provision was made to store damageable goods
above the reach of floods. There i1s no record of the number in
operation today. An unknown proportion of them are located suf-
ficiently above the flood line, being connected with the stream
channels by small diversion canals so that they are free from dam-
age. Probably at least two-thirds are in the paths of floods,
and, of course, all have dams or headgates which may be damaged

by floods and which are repaired and maintained so long as the
costs are not excessive for the income received. Experience in
one section of New York state is instructive in this connection.
On Kayaderossas Creek, a tributary of Saratoga Lake, there were

in the 1890's at least 50 mills engaged in manufacturing. They
accounted, among other products, for more than 60 per cent of the
paper-bag production in the United States. Today, only one of

the 50 mills is operating, and the dams at the other mills have
been destroyed by flood.2 So long as business prospered, the dams
were maintained against flood damage, but as soon as the need for
them disappeared, the structures disintegrated rapidly.

The other ma jor power users are the hydroelectric gener-
ating plants themselves. Their storage and diversion dams must
occupy stream channels, and, except in rare instances, the turbines
are closely associated. Tt has not always been easy to design
these structures to withstand floods. The Holtwood plant of the
Pennsylvania Water and Power Company on the Susquehanna Kiver was
built in the belief that 1t would be dry in the greatest flood,
but in 1936 all of the electric motors for auxiliary pumps and
compressors, the bearings for seven generating units, and several
transformers were under water. Power operations were halted for

l4. R. Bennett, "Utilization of Small Water Powers,"
Transactions of the Third World Power Conference, 1956, VII, 476~
482.

2Unfavorable preliminary report of the Chief of Engineers
on "Kayaderossas Creek--Fish Creek--Saratoga Lake Watershed, N.Y.,"
November 6, 1941, pp. 6 and 8. (Unpublished.)
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four days.l Probably the plant would have been designed differ-
ently had a flood of that magnitude been expected, and, 1ndeed,
the companion plant at Safe Harbor upstream did prove to have been
designed to withstand such a flood. Under some conditions it is
not economically feasible to prepare for the anticipated maximum,
and plants are built with the knowledge that they will be flooded
at times. _

In the United States today the need for harnessing water
power is an incentive to flood plain use only in so far as small
mechanical powers are feasible, or if it is unduly costly to de-
sign hydroelectric plants which will be free from damage.

A somewhat similar situation exists with respect to do-
mestic and industrial water supply. So long as water could be
diverted efficiently only by gravity, it was necessary for sizeable
urban communities to remain relatively near adequate surface
sources if the ground-water supplies were not sufficlent to meet
demands., Improvements in syphons and pumps have largely reduced
this limitation until today that consideration 1s not 1likely to
bulk large in any analysis of c¢ity relocation or readjustment.
Apparently, 1t is only in certaln manufacturing processes using
large quantities of water that this factor remaina highly impor-
tant., Modern steam-condensing electric generating stations are a
case in point, requiring approximately 90,000 gallons of water
for each ton of coal.2 For this reason and because of posslible
savings in handling coal where 1t can be shifted from water car-
rier direct to boller-house bunkers, large fuel-electric power
installations generally are made on stream or lake banks if fac-
toras of electric transmission permit. Speaking of steam-power
stations, Gaffert says, "avallablility of condensing water 1s of
greater importance than all the other factors governing statlon
lt:n::ai:.ion.“:S In numerous cities and villages, such as Iowa City,

11ce and Floods: Holtwood and Safe Harbor, March, 1936 (n.p.:
Pennsylvania Water & Power Co. and Safe Harbor Water Power Co.,
1936), pp. 41-73.

2Alfred H. Lovell, Generating Stations: Economic Elements
of Electrical Design (New York: McGraw-Hil1ll Book Co., Inc., 1941),
p. 272.

sGuatav Gaffert, Steam Power Stations (New York: McGraw-
Hill Book Co., Inc., 1940}, p. 470. He states that 0.8 to 1 gal-~
lon per minute of condensing water 1s required for one kllowatt
of installed capacity.
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Iowa, the waterworks have been located on a flood plain with full
knowledge of the flood hazard in order to take advantage of low
pumping costs.

A closely related problem is waste disposal. From the
isoclated farm house with its outhouse overhanging the convenient
brook to the large paint-manufacturing plant which chooses a
waterside site in order to dump tons of polsonous trade waste
every day, a main objective of waste-disposal has been to get the
waste into a public water;ay as quickly, easily, and cheaply as
possible, leaving to others downstream the task of coping with the
polluted waters. Stream channels are natural sewers, and the
closer a source of pollution can be situated to them the easier
will be the task of disposing of that waste. Municipal sewerage
did not develop until after 1855 and there was little incentive
for early American towns to locate near watercourses as ready
depositories for domestic 'aste.l Sewers for storm-water drain-
age, combined with cesspocls or open pits, were the order of the
day. To a minor degree, it now 1s advantageous from the stand-
point of sewerage costs to locate municipal sewerage works as near
as practicable to the receiving stream. A review of the technical
literature on this subject indicates, however, that the flood
hazard is a relatively unimportant factor in sewer and treatment-
plant construction, The exceptions are the manufacturing plants
that produce large quantities of objectionable waste., The more
objectionable ones are paper mills, canneries, distillerles, tex-
tile mills, steel-pickling plants, oll refineries, and tannories.2
Even with these plants, flood-~plain location is not especlally
desirable. Waste generally flows by gravity to the receiving wa-
ter, and thus distance from a height above the water does not in-
volve expense unduly greater than that for a waterside location.

The greatest single attraction of the river bank in many
areas probably is the avallability of water transportation. Cer-
tainly, water-transport facilities accounted for the early loca-

1Leonard Metcalf and Harrison P. Eddy, American Sewerage
Practice (New York: McGraw-Hill Book Co., 1914), I, 14-26.

2Nntional Resources Planning Board, Water Pollution in
the United States (Washington: Government Printing Office, 1939).
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tion of many towns on the Ohio and Upper Mississippl river aystmm}

Certainly, too, the dominant consideration leading to the multi-
Plication of iron and steel plants along the Upper Ohio River in
recent decades has been cheap water transportation. Engineers esti-
mate that it costs 10-25 cents to collect and transport a ton of
coal from Upper Ohloc Valley mines to the river banks, S5 centes to
load from tipple to barge, S5 cents to unload from barge to rail-
road car, B cents to unload fram railway car to stock pile, and
38 cents to distribute by rail from a water terminal to stock piles
away from water. Barge transport costs approximately 3 mills per
ton mile, which would amount to 27 cents per ton for a haul from
Point Pleasant, Ohio, to Portsmouth, Ohio, and 79 cents per ton
for a haul from Point Pleasant to the Mouth of the Allegheny
River.2 Although the costs of loading coal from tipple to rail-
way car and of unloading it to a stock plle are slightly smaller
than the costs of loading to and from barges, because river tipples
need to be heavier than land tipples in order to withstand floods,
the consumers of coal can make substantial savings by arranging
their plants so that direct shipment may be made from mine to re-
celving plant. The major costs are incurred in transshipment at
both ends of the line, and it is this item, as much as savings in
direct line haul by water, that 1is responsible for the clustering
of commerce and processing that persists on some river banks in
the face of repeated flood disasters.

If a comnodity i1s handled in bulk, and if its transporta-
tion cost is a substantial part of its total cost, there 1s strong
resistance to removing the storage or processing facilities far
from a wharf. Theoretically there exists for every commodity an
areal 1limit beyond which it cannot be transshipped economically
from water carrlers and still compete with deliveries by other
carriers. From the standpoint of tranaport cost alone, storage or
processing should take place as near as possible to the water's
edge consistent with campeting land uses and other cost factors.
From the standpoint of flood losses, it should take place above
the level of maximum floods, and the actual location tends to re-

lparrows, op. cit., pp. 76, 84-92, 99.

276th Cong., 1st Sess., Lake Erle and Ohlo River Canal,
House Doc. No. 178 (1939), pp. 293-298.
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flect the resultant of these two forces.

With the increasing development of recreational facili-
ties in the environs of urban areas in the United States in recent
years, largely as a result of improved automobile transportation,
flood plains in such localities have been utilized more intensive-
ly than formerly for summer cottages. From the Potomac Gorge near
Washington, D. C., to the San Bernardino mountains above Los
Angeles, cottagers have braved the risk of flood loss in order to
be near water and to boat, swim and fish in scenic areas wherever
practicable. Inasmuch as most of these recreational cottages are
constructed and furnished inexpensively and are occupled only a
part of the year, their owners or renters find it practicable to
risk the chance of an occasional loss.

Corridor Facilities

Although the gradients of flood plains may not have spe-
eial inducements for highway location, it has long been recognized
that the floors of valleys in relatively rough terrain are par-
ticularly well suited to through routes of railway travel, and,
in an earlier day, highway travel. The flood plain may not itself
be attractive, but the valley bottom may be very much so. Perhaps
the best demonstration is that the main lines of the Pennaylvania
and Baltimore and Ohio rallways cross the Appalachians in long
valleys and are subject to heavy flood losses.

An early American railway builder advised his assistants,
"first get into your heads the drainage, drainage, DRAINAGE. The
drainage and location of the drainage 1s the framework on which
you must hang your location!"l So he epitomized the guiding prin-
ciple of rallway location in the United States during the latter
part of the nineteenth century. 1In seeking line locations which
would yield the most favorable ratio of annual revenue to the
cost of construction and operation, the builders attempted to
find the easiest possible grades for the longest possible dis-
tances, and adjusted distance, curvature, and cut-and-fill opera-

tions over short distances to meet that primar -aquiremont.2

louoted by Clement C. Williams, The Design of Railway Lo-
cation (New York: John Wiley & Sons, 1924), p. o88.

2irthur Mellon Wellington, The Economic Theory of the Lo-
cation of Rallways (New York: John Wiley & Sons, 1891), p. 660.
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Ruling gradients of more than 2 or 2 1/2 per cent were avoided,
although a few "momentum grades” and "pusher grades" were allowed
in order to traverse especially difficult terrain. The reason was
silmple. The operating efficlency of a modern freight train on a

1 per cent grade sinks to slightly more than one-tenth of that
efficiency for a 2 per cent 5bnda.1 According to Wellington, on
a 1 per cent grade the engine on an average freight train accounted
for 14 per cent of the average paying weight of the train, on a

2 per cent grade it amounted to 26 per cent, and on a 4 per cent
grade it amounted to 58 per cent.2 It paid to c¢ling to river val-
leys, which had more nearly uniform natural slopes than those on
nearby uplands.

In addition to favorable grades, some river valleys had
the advantages of relatively low curvature, comparatively large
concentrations of settlement, and low cost cut-and-fill opera-
tiona.a The leading analyst of railway location noted in 1890
that in locating valley lines it was difficult to make due allow-
ance for the fact that in those locations "nature has made our
f111," and that construction costs accordingly tended to be mini-
mized in so far as rise and fall of surface were concornod.4

Valleys also have their disadvantages, They require more
bridges and culverts than do ridge lines, and on the whole they
are less favorable to making slight readjustments in ruling gra-
dient so as to effect economies in operation.

With such considerations tending to govern the location
of railways, flood plains were attractive not so much because of
minor variations in surface configuration as because of the long,
low gradients which they made available. These corridor facili-
ties were, then, especially significant for railways. Highways
and urban occupance have developed flood-plain locations in many
instances in order to be near some railway rather than because of

any other advantages of the flood plain.6

ly1111ams, op. cit. p. 388.

ZWellington, op. cit., p. 688.

*Williams, op. cit., p. 389.

%Wellington, op. cit., p. 850.

5Williams, op. cit., p. 386.

6San Bernardino, California 1s an example of a city which
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On the whole, the flood hazard does not seem to have been

a ma jor deterring factor in the minds of railway builders. Welling-

ton sald:

Without going to the length of saying that it 1s ordinarily
justifiadble, which would be going too far, it is an entirely
safe statement that when the works endangered by such overflow
are not of a very costly character, it is far better to risk
the chances of overflow and damage at a few points every 8 or
10 or 15 years, or often still more frequently, than to sacri-
fice the advantage of easy gradients and light first cost to
avold the risk, especially as it is often imfossible to avold
it without abandoning the valley altogether.

The records of railway damege today bear clear testimony that this
was a commonly-accepted practice, although it must be sald that
much of the loss seems to occur on lines which the early bullders
thought would be free from all or almost all floods. In thelir
concern for economy in railway costs, they neglected the costs to
the urban-land users who followed the railways into the valleys.
It seems probable that in some locations, if the advantages and
disadvantages of a flood plain for an entire community rather than
for a railway alone had been computed, a different location would
have been selected.

Social Institutions

To a large degree, factors of social organization and
precedent affect adjustment to floods. Not only do they play an
important role in encouraging encroachment upon flood plains, but
they are responsible for the maintenance of certain occupance
long after technological change has rendered it obsolete.

Institutional inertia.--Quite apart from accidents of hu-
man caprice and judgment which may lead to the establishment of a
given form of flood-plain occupance, the attraction of a given
type of occupance may lead to the location of related activities
for no other reason than to be near the preceding settlement.
Thus, residential land uses in Johnstown crowd into the Conemaugh
and Stony Creek valleys chiefly to be near the steel mills which,

developed partly on a flood plain because of cu..:idor facilities
offered for early wagon transportation. Railway and highway now
traverse the same pass. H. F. Raup, San Bernardino, California:
Settlement and Growth of a Pass-Site City, University of callfornia
PublTcations In GCeograpby (Berkeley: University of California

Press, 1940), pp. 11, 37, 44-46.

“Wellington, op. cft., pp. 783-784.

—
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for reasons already stated, reap great advantages from flood-plain
1ocation.1 There are innumerable examples of cities having large
commercial functions that grew up around the use of river trans-
portation as did the cotton and wholesale district of Hemphis.2
The commercial towns of the Mississippl delta are located primari-
ly in relation to agricultural occupance, which capitalizes upon
the rich alluvial soil and the relatively level terrain. Perhaps
more generally important than the attractions of manufactural and
commercial enterprises are the attractions of community facilities
once they are established. 8chools, streetsa, public-safety serv-
i1ces, and public utilities are an incentive to new occupance that
otherwise would find no special advantages in the flood plain;
highways follow railways into valleys in order to traverse towns

on the railways rather than because of any specisl advantages of
the valleys.

It also has been noted in connection with factora of sur-
face water that because of technological or landscape change many
factors affecting the early settlement of flood plains in the
United States are no longer significant. Just as Tennessee Valley
farmers are reluctant to leave their lands in a reservoir area
because of proximity to the old family burying ground, so much
residential, commercial and manufactural use remains in floocd
plains today in order to be near relics of industry that have
declined. At York, Pennsylvania, the first paper mill was located
in 1800 on' the banks of Codorus Creek to utilize the water power
and water supply. Improvement of the ctreek for navigation made
it the locus of commercial activities in the 1830's. Today the
creek is no longer used either for poier or navigation, its waters
are polluted, and the city's water supply comes from a reservoir
four miles upstream.5 Now it is solely a liability, causing mean
annual losses in excess of $100,000, and requiring a Federal ex-
penditure qr $4,115,000 for remedial channel-improvement and reser-

Lyurphy, op. cit.

2Rayburn Whitson Johnson, Land Utilization in Memphils
(Chicago: University of Chicago Libraries, 1936), pp. 38 and 42.

sRaymond E. Murphy, The Economic Gecgraphy of Yorki
Pennsylvania, A City of Divers e ndustries, Pennsylvania State
Eolle?e Bulletin, Mineral Industries Bxperiment Station, No. 17

(1935) (State College, Pennsylvania: School of Mineral Industries),
pp. 1-62.
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volr construction in addition to local expenditures which have
exceeded $500,000. In general, urban and rural occupance is char-
acterized by resistance to any alterations, even for the better.

There is no ready means of measuring the force of these
soclal factors. Yet they are of major, sometimes sole, importance
in many flood plains in accounting for the continuation of occu-
pance.

Riparian law as an inducement to encroachment.--The ripa-
rian doctrine as developed in English common law that a person

holding property adjacent to a stream has a right to use any part
of the stream bed to its center line so long as he does not im-
pair the flow of water downstream or violate a power of the state
to use and improve the stream has encouraged encroachment upon
the flood plains of the United Statee.l Even in those states

lTha riparian doctrine has been stated in the case of
U. 8. v. Chandler-Dunbar Co., 229 U.S. 53, as follows:

"The technical title to the beds of navigable rivers of
the United States 1s either in the States in which the rivers are
situated, or in the riparian owners, depending upon the local law.

"The title of the riparian owner to the bed of a navigable
stream 1s a qualified one, and subordinate to the public right of
navigation and subject to the absolute power of Congress over the
improvement of navigable rivers.

"Under the Constitution, Congress can adopt any means for
the improvement of navigation that are not prohibited by that
instrument itself.

"Commerce includes navigation and it is for Congress to
determine when and to what extent its powers shall be brought in-
to activity.

"The judgment of Congress as to whether a construction in
or over & navigable river is or is not an obstruction to naviga-
tion i1s an exercise of legislative power and wholly within its
control and beyond judicial review. . . .

"Every structure in the water of a navigable river 1is
subordinate to the right of navigation and must be removed, even
if the owners sustaln a loss thereby, if Congress, in assertion
of its power over navigation so determines.”

Agaln in the case of U. S. v. River Rough Co., 269 U.S.
411, the court ruled as follows:

"In the absence of a controlling local law, the right
of the owner of riparian property on a navigable river to have
access from the front of his land to the navigable part of the
stream, and, when not forbidden by public law, to construct land-
ings, wharves or plers for this purpose, is a property right in-
cident to his ownership of the bank, which, though subject to
the absolute power of Congress over the improvement of navigable
rivers, may not be arbitrarily destroyed or impaired by legisla-
tion having no resl or substantial relation to the control of
navigation or appropriateness to that end.”
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which retain title in the stream beds, there 1s little administra-
tive control over encroachment. Property owners have been induced
to expand into a flood plain in many instances because there alone
could they obtain additional and abutting space without public
grant or private purchase. Familiar sights in commercial districts
located on or near flood plains are the extensions of shops and
office bulldings back over the stream beds, Such extensions are
convenient, and, for a short time, chkeap.

In so far as trke beds of navigable waters are concerned,
the United States has ceded ownership for all such undlisposed
lands, as of the time the state was admitted to the Union, to the
geveral states, which have either retained title or have granted
it to riparian owners.l At present, most of the Western states
and a number of other states such as Pennsylvanla retain ownership
in the land underlying navigable watera.2 In the New England
states and in some others ownership definitely is in the owners
of adjacent lands.3 There is great diversity among the states in
their provisions with reapect to the assertion of public ownership
and with respect to the point--high water mark, low water mark,
or thread of the stream--to which riparian ownership axtends.4
Both state and private ownership 1s, of course, subject to the
paramount right of the United States to control commerce by regu-
lating navigatlion or any works which might interfere with naviga-
tion.

The beds of fresh water non-navigable streams are the
property of riparian owners in the thirteen original states and,
with some exceptionsa, in the other statea.s Texas, for example,
recognizes the riparian doctrine for lands abutting non-navigable
streams less than 30 feet wide, but retains title to part of the

lgawarad s. Bade, "Title, Points and Lines in Lakes and
Streams," Minnesota Law Review, XXIV (1940), 316-318.

'2010330n S. Kinney, A Treatise on the Laws of Irrigation
and Water Rights

and the Arid Region Doctrine of Appropriation of
Waters (24 ed.; gan Franclsco: Bender-Moss Co., 1915;, E, 533-548,

3

Ibid., p. 534.

4Bveretb Fraser, "Title to the Soil Under Public Waters--
A Question of Fact," Minnesota Law Review, IT (1918), 313-338.

5

Kinney, op. cit., pp. 925-926.
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beds of wider atreama.l The status of title to the beds of non-
navigable streams adjoining lands granted by the Federal govern-
ment to private persons seems to be open to question.2 The Fed-
eral government has never sought successfully to claim title to
such lands, and it has, under the Desert Land Act of 1877 (19 U.S.
Stat. 377), reserved all non-navigable waters for public use under
the laws of the respective states and territories.

Lacking any common law curb upon encroachment, it is diffi-
cult for state or municipal governments to exercise their poten-
tial authority to 1limit the assertion of property rights in stream
beds unless a strong case can be made agalnst encrcachment on the
ground that the public safety and welfare would be impaired. The
possible ways of administering a regulatory program are discussed
in Chapter IV.

Other Factors

Mineral deposits, climate, and natural vegetation are
other factors which have affected human decisions to occupy flood
plains. Although they do not have the same widespread signifi-
cance as those factors previocusly mentioned, each of them has been
outstanding in at least a few situations. A few examples may be
cited.

Probably no other extractive or manufacturing industry is
so widely exposed to the rush of flood waters as is the sand and
gravel industry. The large share of the total cost of sand and
gravel production which 18 inveolved in transportation makes 1t
desirable, where water transport is available, to locate the sort-
ing and washing facllities directly on a river bank, and, where
such facilities are not avallable, to locate them as near as pos-
sibtle to the deposits. Moreover, in many regions the more acces-
sible and suitable deposits are located in valley bottom.3 Thus

l¥allace Hawkins, "Title to River Beds in Texas and Their
Boundaries," Texas Law Review, VII (1929), 493-519, '

2

Bade, op. cit., p. 318.

aThis is true in such diverse areas as Louisiana and Mis-
sourl.

T. P. Woodward and Albert J. Gueno, Jr., The Sand and
Gravel Deposits of Loulsiana, Geological Bulletin No. 13 (New
Orleans: Department of Conservation, Louisiana Geological Survey,
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it 1s that sand and gravel producers take floods in their stride
as a normal part of their production costs, and so organize their
activities and equipment as to minimize loaaea.l

To a minor degree, some other mining operations are lo-
cated in valley flats because the lower altitude affords more
ready access to underlying deposits and to transportation facili-
tles than do the adjoining uplands. Conspicuous examples of such
localization within regions having fairly widespread deposits are
the coal mines In the Appalachian bituminous field2 and the fluro-
spar mines in the Lower Ohio Valley.a In both instances, the mine
mouths are within reach of floods. They could not have been lo-
cated elsewhere without heavy additional expense for excavation
or for transportation.

Lack of data on microclimates makes 1t difficult to specify
those factors of drainage and wind velocity which have been sig-
nificant in flcod-plain occupance. It i1as fairly well established
that in many Appalachian and Allegheny FPlateau valleys, such as
the Tennessee and the Upper Ohio, the valley bottoms have higher
summer temperatures and humidity and more frequent frost and fog
than other areas and that the flood plains are les= in demand for
reslidential and airport purposes if the other compensating factora
of surface configuration are assumed to be constant. Murphy states
that higher-grade residential occupance in the Johnstown, Pennsyl-
vanla area recently has sought the nearby rolling uplands partly
to avold the smoke and fumes of the steel plants in the valley

4

1941), pp. 26, 32-38,

C. L. Dake, The Sand and Gravel Resources of Missourl
(Rolla: Missouri Bureau of Geology eand Mines, 1918), pp. 46, 211~
244.

1Nordbarg, op. cit.

2In the Kanawha Basin of West Virginia and Virginia, the
coal tipples and their tributary railways are located very largely
in valley. bottoms. 74th Cong., 1st Sess., Kanawha River, House
Doc. No. 91 (1835), p. 64.

Srhe major producing mines in the flurospar field of I1li-
nols and Kentucky are those located on faults nearest to the Ohie
River on the Illinois side. These were forced to suspend opera-
tions for 6 weeks during and after the flood of 1937. H. C. Chell-
son, "Floods versus Flurospar," Engineering and Mining Journal,
CXXXVIII (1937), 331-332.

“Robert G. Stone, "Fog in the United States and Adjacent
Regions," Geographical Review, XXVI (1936), 118, 120.




124

bottom and to enjoy cooler summer temperaturoa.1 Other factors,
of course, have been the unsightliness of manufacturing plants,
city noise and traffic, and the advantages of upland landforms.

In citrus-growing regions, the factor of alir dralinage may
be of outstanding importance in connection with farm location and
with the cropping system on Piedmont flood plains. Large sections
of the Southern California citrus area and the Central Valley
prune and grape-producing areas are notably vulnerable to flood in
part because of the superior climate of the lower sections of the
alluvial deposits and in part also because of the superior faclli-
ties for delivery of wnber.z

Whereas the climatic amenities of Eastern uplands has led
residential occupance out of certaln flood plalns, protection
from hot summer winds and cold winter winds has driven not a few
Great Plains urban settlements into valleys, and so into the paths
of floods, as in the Black Hills.®

The more conspicuous instances of vegetative factors are
found where Southern Pine or grass are the climax association.

The hardwoocds which were well developed only on the flood plains
of the Lower Mississippl and of the Gulf and South Atlantic drain-
ages have been utilized by a specialized lumber industry that has
been forced to cope with occasionsl floods in order to obtailn
‘those speciles of trees. The industry has not been responsible,
however, for the development of more than a few towns which bhave
lingered in the paths of floods after the resources were exhausted.
Other natural factors being unfavorable to contlnued occupance,
the permsnent processing plants have tended to develop at upland
points, such as Memphis, near to river wharves but slightly above
the reach of flooda.4

In the Central Prairies and Great Plalins, the cottonwood

lﬂurphy, op. cit.
2Charles C. Colby, "The California Raisin Industry: A
Study in Geographic Interpretation,” Annals of the Association ot

American Geographers, XIV (1924), &0.
ward A. Ackerman, "Influences of Climate on the Culti-

vation of Citrus Fruits," Geographical Review, XXVIII (1933), 294-
956.

3Otto E. Guthe, The Black Hills of South Dakota and Wyoming,
Papers of the Michigan Academy of Science, Acts and Letters,
(1934), 364, 369-371, 374.

4Jobnson, op. cit., pp. 22-23.
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and other woody vegetation which lined the stream courses was an
attraction to early settlement because of the fuel supply it pro-
vided, but the development of cheap rail transportation soon
eliminated the importance of local vegetative cover,.

Summary of Flood-plain Factors

The examples that have been given merely illustrate how
factors of environment and of soclial institutions have played a
large role in attracting or repelling the occupance of flood plains
in the United States. It cannot be said that any factor is every-
where and always advantageous or invariably disadvantageous, nor
is it possible to claim a particular degree of importance for any
one of them.

On the basis of the regional studies which have been ex-
amined, and of the techniques for land utilization which have beer
shown to be related to each factor, a few of the clearly advanta-
geous and disadvantageous implications may be distinguished by
arranging some of the major factors as shown in Table 11. That
table suggests the probable range of entries which may warrant ap-
praisal in drawing up a balance sheet for human adjustment in an
American flood plain. Floods, while a prominent factor, are not
of sole or even primary lmportance in many instances, and under a
favorable combination of circumstances any one of the other fac-
tors may be predominant.

Encouraged by a legal doctrine which permitted invasion
even of stream channels, man has encroached upon the flood plains
of the United States in the face of recurring and increasing flood
losses. Part of this encroachment has been in ignorance of the
flood hazard. In much larger measure, it has sought to utilize
resources of terrain, soll, and water, Commercial and residential
occupance have tended to follow agriculture, manufacturing, and
rallways into the flood zones, and through inertia both types have
hung on ev;n after the factors which were attractive lost impor-
tance.

Viewed in this light, a satisfactory solution of the flood
problem in any flood plain is seen to require conaideration of the
factors which have been important and those which are likely to be
important in relation to the occupance of the area. Certain occu-
pance, such as that of the steel plants and sand and gravel plants
of the Upper Ohio Valley, has prospered notwithstanding floods be-
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TABLE 11

SUMMARY OF SOME MAJOR FACTORS AFFECTING
ADJUSTMENT TO FLOODS

Occupance
Factor Urban . _ | Trans-
iﬁfigd Resi - Cgngr Hﬁﬁ;ﬁﬁ? porta- | Mining
SRAIE dentlial tional

Flood helight o] D D D D D
Flood dura-

tion..eue AD 0 D D D 0
Flood crest

shap®..... 0 D D D D 0
Flood

velocity.. D D D 0 D ¢]
Flood debris

1oaQ . svv s AD D D D 0 0
Slope....... A D A A A 0
Drainage.... D D 0 0 0 0
Ground

water..... A A 0] 0 0 D
So¥l. casians AD o 0 0 0] 0
Surface _

waters.... A A A A A A
Corridor

facilities 0 0 A A A 0
Institution-

al inertia 0 A A A A A
Riparian law 0 A A A 0 0
Minerals.... 0 0 0 A A A
Climate.,.... A DA 0] 0 0 0
Vegetation.. 0 A 0 0 0 = Q

A = Advantageous to occupance in many flood plains.
D = Disadvantageous to occupance in many flood plalns.

Not generally significant.
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cause of its riverine location. Other occupance, such aa that

represented by the manufacturers along Codorus Creek, has continued

long after once-great advantages of the flood-plain location dis-
appeared. Stlll other occupance, of which the low=-grade residen-
tial use of the lower Cincinnati flood plain is an example, has
never been sulted to the site, and derives no advantage from con-
tinuation there. Full and definite solution of the flood problem
for each such area requires, still further, considerstion of pos-
sible readjustments and of their costs and benefits.

Sound appralsal of possible readjustments in each asitua-
tion 1s aided in two ways by analysis of the factors involved.
Analysis reveals, first, the degree to which the particular flood
plaln affords advantages, such as fertile solls and cheap water
supply, which should be utilized on a continuing basis if other-
wlse practicable. It reveals, second, the critical factors, such
as prospective machinery losses in manufacturing plants or the
slgnificance of prevalling grade in rallway locatlion, around which
effective readjustments can be designed. The greater the range
of readjustments considered, the more important 1s an analysis of
all these relevant factors.



CHAPTER IV
ADJUSTMENTS TO FLOODS

While public action toward floods in the United States
has been confined to regulaticn of flood waters and protection
agalnst floods, to forecasting floods, and to cushioning the im-
pacts of floods, many occupants of flood plains have worked pri-
vately to develop a much wider range of adjustments. Along the
Mississippl River bottoms in Western Tennessee they have learned
to follow Mark Twain's advice to "skedaddle" in house boats when
floods come. They have changed land use to avold or minimize
damage, they have accumulated reserves, and they have altered
structures or the layout of structures with a view to reducing
possible losses.

It will be recalled that the ma jor forms of adjustment
which are common in the United States today are: (1) land ele-
vation, (2) flood abatement, (3) flood protecticn, (4) emergency
measures, (5) structural adjustments, (6) land use, (7) relief,
and (8) insurance.

Under the view of the flood problem that has been ocut-
lined, the economic and soclal desirability of these adjustments
in a flood plain, singly or in combination, 1s determined by the
advantages and disadvantages of the site for sultable purposes
end by the costs and benefits of making the requisite readjust-
ment. For example, the desirability of loss reduction through
altering the structure and arrangement of a freight warehouse sub-
Ject to flood depends upon the cost of making the alterations and
upon the benefits which would accrue from reducing prospective
losses to stored freight. It also depends in part upon ths rela-
tive advantages and disadvantages of the location of the warehouse
on the flood plain by comparlison with nearby sites above the level
of the probable maximum flood. If the riverside location is a
net advantage and conforma with a reasonable plan of urban devel-
opment, and i1f the benefits from the alterations exceed the costs,
the read justments are feasible. If the flood-plain location is
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no longer an advantage, and involves, as at Gincinnnti,l extra
costs not shared by an alternative location at a new railway
freight terminal, the justification for readjustment on the present
site 1s in doubt, and a change in land use may be indicated.

These relations of factors affecting the feasibility of a
single adjustment can be written in this general form:

Advantages of site + benefit

from readjustment
Economic justification = (2)

Disadvantages of site + cost of

read justment
This formuls applies generally to all ad justments. It states in
simple, perhaps over-simplified form, a relationship which 1is
belleved to be basic to all human adjustments to [loods.

Two qualifications attach to the use of such a formula.

In the first place, the relation applies equally well to all types
of adjustments, and it has real significence only when used simul-
taneously for all possible adjustmentes in a flood plain. A struc-
tural change of the type suggested above for a riverside ware-
house may be justified if viewed alone, but it may be far less
desirable if compared with a plan for land-use change or for emer-
gency measures.

In the second place, the formula adopts a much broader
view than is commonly applied to the readjustments now receiving
public attention. A general formula for most estimates used in
the past in determining the feasibility of flood protection would
be written:

Benefits fram protection

Costs of protection (3)
Thus it ignores the question of whether or not a given location
had real advantages for present or prospective uses, From the
standpoint of the individual property owner concerned, that ques-
tion may seem irrelevant because it may be argued that the only
lssue for him 1s whether or not he will prosper in his present
Jocation. From the broad standpoint of rational utilization of
the resources of the flood plain, the prosperity of the individual
18 not an entirely reliable index, inasmuch as it may bes developed
at the cost of public subsidy for relief and protection.

Economic justification =

IE. A. KErsemer, The Cincinnati Waterfront: Its Froblems
and Recommended Future UtIlization (Cincinnatl: Cincinnatl City
Flanning Commission, 1 s P+
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Both qualifications apply to each of the eight forms of
ad justment reviewed in the following pages.

Land Elevation

Mound-building aborigines in the slluvial wvalley of the
Lower Mississippl River had simple, even if laborious, ways of
remaining above flood waters that their civilized successors now
have trouble in adopting. Not being able to keep the Mississippi
in check, they resorted to the obwious expedient of building a
haven beyond the reach of the more frequent floods. For ceremonial
and burial purposes originating in part without consideration of
flood conditions, the Indians found land elevation a fairly suc-
cessful adjustment to the whims of the Mississippi and the Tennes-
aoa.l The settlers did not follow the practice. They could not
do so readily in view of the heavy construction cost and the diffi-
culties of changing levels once a settlement had started, although
for a time the early houses of New Orleans were placed upon cedar
posts. One property owner in a city is not likely to change floor
elevation unless his neighbors join him. Here and there a few
city founders were wise enough to elevate their lands before sub-
dividing them. Otherwise, the adjustment rarely was made, and
were 1t not for the possibility of applying 1t to roadways, to
groups of new farmsteads, or to new menufacturing plants in some
favorable areas, 1t would not deserve mention.

Highways and rallways show a more widespread use of the
land elevation technique than displayed by any other class of oc-
cupance, Following the flood of 1928 along the Savannah River in
South Carolina, the State Highway between Hardeeville and Tillman
was relocated and reconstructed at the time flood lcases were
repaired. The new roadway was designed to rest 1.8 feet above
the 1629 flood crest, and to prevent such waters from flowing over

an area of approximately 163,000 acres that had beén under water

lcyruu Thomas, "Report on the Mound Explorations of the
Bureau of Ethnology," 12th Annual Report of the Bureau of Ethnol -
ogy, 1890-1891 (Washington: Government Printing Office, 1894),
Pp- - ¥ 50-656-

Walter B. Jones, "Geology of the Plckwick Basin in Adja-
cent Parts of Tennessee, Mississippi, and Alabama," Smithsonian

Institution, Bureeu of Bthnology Bulletin, No. 129 (1942], pp. 334-
oub.
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in 1929.1 Thus, repairs were used to place a main traffic artery
out of reach of floods and to prevent flood losses on adjacent
lands. These possibilities are large wherever highways are re-
constructed in flood plains. 8Similarly, the grade of the Chicago,
Burlington, and Quincy Railrosd in the Republican Valley of Ne-
braska was ralsed at critical sections following the disastrous
flood of 1935. Flood-damage repairs that year amounted to
$1,483,700, and grade elevation cost $1,000,000.2

Some towns have missed excellent opportunities to prevent
flood losses in the course of land elevation. HReedaport, Oregon,
is built in part upon a sand fill pumped from the river bed, but
the fill was completed at a low grade which permits flooding due
to combinations of heavy stream discharge, high winds, and tid.e.3

Nine hundred acres of the marsh borders of the District
of Columbia were subject to frequent fleoding prior to their devel-
opment by district officials. At that time the district had the
foresight to provide for land filling in advance of laying out
the revised sewer and street systems and in prefersnce to building
levees to protect areas reserved for residential and commercial
use. The levels established were several feet below the crest of
certain great floods that were to follow, but in all other years
the area has been free from high untar.‘

The same device has been used in some other citlies where
flood plains had special advantages of location. The city plan
for Dubuque, Iowa contemplated elevation of the land surface of
& nearby i1sland in the Mississippl River in order to make that
area useful for manufacturing, airport, and recreational purpose!.5

Unless flood waters can be used to build up the land, as
in the tidal marshes in the Po Valley of Italy, the costs of ele-
vation appear to be prohibitive in rural areas., The cost of ele-

l74th Cong., lst Sess., Savannah River, Ga., S.C. and N.C.,
House Doc. No., 64 (1935), p. 47.

Evﬁth Cong., 3d Sess,, Kepublican River, Kansas and Ne-
braska, House Doc. No. 842 (1940), p. 1B.

3'?ﬁt.h Cong., 3d Sess., Umpqua River, Oregon, House Doc.
No. 684 (1940), p. 13.

4

Metcalf and Eddy, op. ecit., I, 38.
S

Comprehensive City Plan Prepared for City of Dubuque, Iowa
(Planning ang Zoning Commission, Iﬁsgl, PP. So-o4.
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vating the lands around farmsteads may be as great as that of the
bulldings themselves, and it 1s only where new buildings are being
constructed in sufficlent numbers tc warrant the use of large-
scale earth-moving machinery that thle form of adjustment holds
promise of ald in readjustment. Land elevation in cities would
be more costly, would require high expenses in utility relocation
on developed land, and in msny flood plains would be seriously
handlcepped by lack of suitable earth for the fill. It does lend
itself to use in undeveloped urban areas prior to the installation
of utilities. Thus, In the New Creek area on Staten Ialand, New
York, a flood-protection project which the Corps of Engineers
found to be justifled by using the traditional formula (3) for
determining justification, was deferred at the reguest of municipal
authorities who planned to raise street levels and sidewalk levels
in preparing the area for subdivislon.l
The dlstinctive costas of making such a readjustment are
those of obtaining i1l materisls and of meking any necessary
changes in the existing pattern of urban occupance. Ita distinc-
tive benefits are in reduction of flood losses and enhanced drain-
age facilitles. Probably it holds little promise in many flood
plains, but it may prove useful in wide flood plains like the
backwater areas of the Lower Mississippi where new farmstead con-
struction is planned on a large scale, or in any city which 1is
permitting the subdivision of an undsveloped flood plaln and can
adopt such a plan without impalring channel capacity.

Flood Abatement

The idea that land-use measures may prevent water from
accumulating in channels sufficiently to produce flood flows
caught the public imagination during the first Conservation Cru-
sade about 1910 and has bsen nourished chiefly by warm publiec
interest slnce that time, Little evidence to support 1ts wide-
aspread adoption as an adjustment to floods has come from subsequent
hydrologic and agronomic research. Neither has there been suffi-
clent research to prove or disprove conclusively for most sections
of the country the frequent contention that floods may be slimi-
nated by human action upstream. Abatement has been demonstrated

linravorable report of the Chief of Engineers on "New
Creek, New York," December, 1941.
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to be a practical form of adjustment in a few drainage areas, and
it has been shown to be a hopeless mirage in other dralnage areas
such as the lower Ohio Basin., It flourishes in the public fancy
as a measure having wldespread value, it is belatedly recognized
by engineers as an important supplementary measure to engineering
works, and it affords an economic solution to a few flood problems.

By "flood abatement" is meant any measure taken outside
of atream channels with the effect of reducing the crest of flood
flows or changing the debris load for a flood event. Inasmuch as
flood peaks and the damaging effects of floods may be increased
greatly by large loads of debrls, the alteration in certaln areas
of debris flows may be as important or more important than water-
flow reduction. Ey protection 1ls meant those measures taken in
stream channels with the effect of reducling the Inundated area by
a flood flow. They comprise restriction of overflow by levees
and flood walls, its reduction by channel improvement, its diver-
sion by floodways, and the delay and reduction of flood pesks in
reservoirs. Abatement always involves measures taken outside of
the flood plain affected, such as cropping practices, terracing,
gully control, bsnk stabilization, forest fire control, revegeta-
tion, water spreading, and forest planting. FProtection may be
located on the flood plain or it may extend far upstream in the
form of reservoirs and channel improvements.

Established Effects of Land Use Upon Floods

The number of factors determining the amount and the rate
of flow of surface runoff in any flood event is so numerous and
they are so inter-related as to render their measurement exceeding-
ly difficult. Hydrologists have been sorely tried in attempting
to assign quantitative values to such items as temperature, evapo-
ration, rate of precipitation, vegetal cover, slope, soil profile,
infiltration rate, moisture content of the soill, underlying rock,
drainage pattern, and stream gradient in explaining the genesis
of a single flood event in a small drainage area, It ls far more
difficult to sort out these items for a larger drainage area, and
the technique of applying the results of plot experiments to large
areas in these matters is still far from satisfactory. A review
of the extensive literature on the subject indicates clearly that
no generalization concerning the relative importance of any of
those factors for the country as a whole or even for large drain-
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age areas is warranted at this time. To be sound, such conclu-
sions must awalt much more intensive research in the fileld. There
are a few facts, however, which seem definitely established and
which suggeat the limits of applicabllity of flood-abatement meas-
ures of the types here under discussion. These are as follows:

(1) There is no evidence that the magnitude of great or
infrequent floods on major rivers has increassd markedly since
the lands of their drainage areas were settled.

(2) There i1s no evidence that such great floods have be-
come more frequent during the period of human settlement.

(3) The debris load of the flood flow of a stream in the
Wasatch Mountain piedmont of Utah has been shown to have been in-
creased as a result of overgrazing in the upper drainage area of
the ntroam.l

(4) The debris load and the flood flow of several streams
in the Los Angeles basin, California, has been shown to have in-
creased for at least several years as a result of the burning of
the forest cover in their mountain drainage uroas.2

(5) A combination of sheet erosion, gullying, and ditching
operations for dralnage purposes in the upper Yazoo Basin, Missia-
sippi, 18 known to have caused an accelerated aggradation of
stream beds and consequent elevation of the crests of flood rlo-a?

(6) Large-scale drainage operations in the nearly flat
dreinage area of the Sebewaing River, Michigan, have increased
the frequency and magnitude of floods in the lower reaches of that
atralm.‘

(7) The rate of silting in several reservoirs has been
shown to have been accelerated by uncontrolled erosion induced by
human occupance of their tributary urens.s

lneed W. Bailey, C. L. Forsling, and R. J. Becraft, Floods
and Accelerated EBrosion in Northern Utah, U. S. Department of Agri-
C ﬂr! Ic- L ] L]

. a. Hoyt and H. C. Troxell, Transactions of the Ameri-
can Soclety of Civil Engineers, LXXXXIX (1954), 1-111.

sﬂnpp. Rittenhouse, and Dobson, op. cit.

%76th Cong., 1st Sess., Sebewaing River, Michigsn, House
Doc. No. 2B6.

SHenry M. Bakin and Carl B. Brown, Silting of Reservoirs,
U. S. Department of Agriculture Technical BﬁII-EIﬁ No. 524, 1039.




135

(8) The frequency of some floods of less magnitude than
the probable maximum flood in the Trinity Basin, Texas, could be
reduced by the accomplishment of certain cropping, terracing, grag-
ing and forestry practices in critical areas of the basin, thus
obtaining a substantial reduction in mean annual flood loaaoa.1

() In no instance has it yet been demonstrated that any
changes in land-use practices will certainly cause an observable
reduction in the crests of great floods under all possible weather
conditionsa,

(10 In no instance has 1t been demonstrated that any
changes in land-use practices will have sufficiently reliable ef-
fect upon the crests of great floods to warrant the alteration of
the design of engineering works which have been planned to afford
protection against or to pass great floods.

All of these statements are believed to be well supported
by hydrologic evidence, and while reference might be made to
acores of doubtful hypotheses and to a dozen or two apparent myths
relating to the interrelations of soll, vegetal cover, cropping
practices, and flood flows, these indicate the physical range of
possibilities for flood abatement by land management.

The situastion can be summed up in this fashion. Most
floods in most sections of the United States are not caused by
man. To the extent that they are man-made there are feasibls
means for abating them. To the extent that they are natural, and
this includes even some floods in areass where human occupance has
increased floods, they can be abated only in part by changes in
land use. No such abatement is known to be fully reliable under
all circumstances. Changes in land use may be imperative in the
interest of maintaining the soll and vegetal cover, but they can-
not be considered as essentisl, primary, and reliable lineas of
defense against floods, They nevertheless may be essential ele-
ments of protective works in that they serve to prevent debris
movemant that would injure or impalr the life of those works. In
short, land-use practices cannot be considered as substitutes for
engineering structures designed to contrel, curb, or pass major
floods. Flood abatement through land-use practices is to be re-
garded as an adjustment having important application to a few sec-

lpepartment of Agriculture, Survey Report on Trinity River
Watershed, 1941.
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tions of the country where heightened flood or debris flows are
the result of misuse of the land. It unquestionably is an impor-
tant supplementary measure to preserve the efficiency and lengthen
the 1ife of channel improvements, reservoirs, and other engineer-
ing works which are affected by accelerated silting or more fre-
quent minor floods. As surveyas by the Department of Agriculture
initiated pursuant to the Flood Control Act of 1836 are advanced,
theres will be further information to support conclusions as to

the feasibllity or infeasibility of flood-abatement works in other
sections of the country. Meanwhile, experience with the Depart-
ment's flood-control surveys suggests some of the problems which
1ie ahead in carrying out those works.

Lessons from Agriculture's Surveys

The princlpal programs which to date have been prepared
by the Department of Agriculture relate to the Los Angeles, Trinity,
Codorus Creek, Buffalo Creek, and Washita drainage areas (sea
Table 12). They call for a variety of corrective measures, rang-
ing from bank stabilization works to shifts in crop rotations.

It is not claimed that any of them, if carried out fully, will
reduce the crests of great floods notably, but all of them are
intended to reduce somewhat the magnitude of the more frequent
floods and to change the debris characteristics of the streams
involved. In the Los Angeles Baain, the debris load of the moun-
tain streams will be reduced and the hazard of heavy flows of
water and debris from burned-over areas will be minimized. In the
Trinity Basin, flood losses, particularly from floods leas than
the probable maximum, on tributaries not affected by the reser-
voirs planned by the Corps of Engineers will be reduced, and a
small amount of silting in the main channel will be eliminated.

On Buffalo Creek, the silting of Buffalo Harbor will be reduced
materially, the cost of maintailning state roads subject to erosion
and silting in time of flood will be cut, and a small amount of
flood losses will be prevented. In the Codorus Creek Basin, as
with all the others, the principal benefit will sccrue to ownsrs
and operators of the trested lends in terms of increased farm in-
come made possible by improved farming practices.

The surveys leading to the recommendation of these programs
have overcomé seriocus obstacles in the coordination of the serv-
ices of three technical agencies (the Bureau of Agricultural Eco-
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TABLE 12

LAND-IMPROVEMENT PROGRAMS RECOMMENTDED BY IEPARTMENT OF AGKI-
CULTURE IN RRPORTS UNLER AUTHORITY OF FLOOD-CONTROL ACTS

—= == =i\
Basin Characteristics Benefits®

Buffalo Physiography: 80% in Allegheny Fla- | Flood damage reduc-
Creek, teau; 20% in Ontaric plain; gla- tion $212,000. In-
K.Y, cial till. creased farm income

Occupance: Outside of the Buffselo $3,041,000. 811t
urban area, 75% land 1s used for reduction

farming, chiefly dairy and gen- #1,765,000, Savings
eral farms. in road maintenance
437 square miles, g515, 000,

Trinity | Fhysiography: Kises in high plalns Annual basis. Flood
River, and flows through blackland prai- damage reduction
Texas ries onto the coastal plain of $598, 000. Increased

the Gulf. form income from
Occupance; B7% of land 1s used for changes in flood-
farming: 45% of land is cultivated;| plain use $§757,000.
row-crop cotton farms, 40% of area; | S1lt reduction
general farms 20%; pasture farms $82,000, Increased
12%: renches, 12% farm income
12,900 square miles. £14,134,000. Galn
in income in pur-
chase area §227,000.

Codorus | Physiography: Rolling to hilly. Increased farm in-
Creek, Occupance: Almost wholly in farms; come $1,386,000.
Fa. and 72% of land 1s cultivated; pros-

Md. percus general farms.
277 square miles.

Los Fhysiography: 43% foothills and Reduction of water
Angeles | mountaina; 57% benchland and and debris damage
River, valleys. 315,671,000, Silt
Calif. Occupance: 35% 1s bullt-up sec- reduction

tion of Los Angeles: 227% is $6,217,000, Water
sgriculture and grazing: 43% is conservation
brush and woodland., $1,207,000. In-
839 square miles. creased farm income
£15,911,000, For-

est-fire loss re-
duction $1,577,000.
Savings in road
malntenance
$711,000. Aid to
mountain recreation
4736, 000,

®Benefits for the Trinity Basin are computed uron an en-

nual basis; those for the other basins are computed upon the ba-
als of present valuse.
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TAELE 12 - Continued

— e ————
Recommended Program
Total Cost i
During -
Measures Period Public Private |[9.,35
of Instal - 8-
lation RO &
Farm-land treatment (80%
participation by farmers).|$ 1,274,000/&% 487,000(% 787,000
Treatment of 10,B00 acres
of submarginal land to
be purchased. .ocoavssvsss 117,000 117,000 i
Streambanik stabilization.. 1,618,000] 1,618,000 uin
Total.......l.i-..l.i 5.009.600 2,225,000 787,000 1l64
Farm-land treatment.......| 53,829,000 27,172,000| 26,657,000
Treatment of land pro-
posed for publlc pur-
Chadl, cusstsnssnnnsnnes 2,857,000 2,583,000 274,000
Public purchase of land... 2,068,000 2,068,000 w17l
Fire control.cicsssscceses 196, 000]. 186,000 i
Total..ossenses--....| 58,952,000 32,020,000| 26,931,000 |2.88
Farm-land treatment To be divided upon
(65% participation by basis of current Soil
LRAMMOra) sicinssnnasssae 510,000| Conservation District |2.71
programs.
Farm-land treatment.......| 10,978,320 991,820 9,986,500
Pire control,...svass2....| 17,975,981]| 17,975,981 v
Cover improvement.,........ 82,100 82,100 o
Road improvement........ ..| 1,238,275 1,187,594 50, 681
Mountein channel improve-
RONE. csssessssvnssnaansss 3,850,000 3,850,000 o
Debris basins and minor
channel improvements and
contingencies............| 2,055,493| 2,055,493 5o
TOtBLeuvuusennsanssss |$36,180,160|326,142,968|$10,037,181
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nomics, the Foreast Service, and the Soil Conservation Service),
and they have required the development of new methods for hydro-
loglec analysis of factors related to infiltration rates., Profit-
ing from the early difficulties of the Corps of Engineers in esti-
mating flood-protection benefits, the investigators of the Depart-
ment of Agriculture have adopted more nearly uniform means for
computing the present worth of each of the benefits to be derived.
The survey results have established definitely the practicability
and necessity of land-use measures as a corollary of engineering
works in certaln drainage areas where silting is a significant
problem. All of these developments have been forward steps.

More important than any of the foregoing lessons, the sur-
veys by Agriculture have shown the disadventages and difficulties
of considering land-use practices chiefly in terms of flood-loss
reduction or of considering such flood-abatement measures without
regard to the aslternative forms of adjustment to floods. The
early fleld investigations by the Department were directed prima-
rily at reducing flood losses and at controlling menaces to flood-
protection structures by meana of work onm the land upstream,

Flood control provided a symbol, a banner, for an attack upon ero-
slon and waterflow and other land-use and misuse problems of the
areas specified in the Flood Control Act of 1936. Now that the
campalign 1s well advanced and a few strategic positions have been
taken, it is doubtful whether or not the primary emphasis should
continue to be upon flood sbatement. The surveys thus far com-
pleted show in each area a greater benefit accruing to the income
of farmers than to any other purpose. They also make 1t abundantly
clear that remedlal programs can be effective only if designed

and carried out in such a way that they will have the partici-
pation of the farmers, ranchers, and timber operators permanently
concerned. Such participation in turn can be gained only if the
program yields substantial returns to the operator. Where the
operator does not stand to gain from improvements in the interest
of meritorious downstream benefits, public subsidy or public land
acquisition probably is necessary to bring about the changed prac-
tices, as in the case of sections of the Upper Trinity Basin.

Just as one engineering project on a stream system may set in mo-
tion a series of readjustments affecting reaches above and below
it, so flood-abatement measures are likely to have profound ef-
fects upon the agricultural economy of the upstream drainage areas.
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For example, the heavy silt deposits reported above to have
occurred during the Ohioc Valley flood of 1937 raise the question
88 to the corollary effects which that movement of sediment had
upon the welfare of the upstream farms, woodlands, and stream
channels from which it came. Such evaluation raises the basic
problem of whether benefits shall be considered from the stand-
point of the landowner or of the nation. Under the flood-control
banner there has been attained for the first time a procedure for
enalyzing all aspects of land use in a drasinage area. This must
be improved and extended as an integral part of finding the most
effective use of all of the nation's resources, but 1t properly
should carry the banners of farm income, navigation and other
uses of water, and forest and soll conservation as well as or more
than that of flood control.

Furthermore, 1t has become apparent that such comprehenalve
surveys, however labelled, can be effective only if related careful-
ly to engineering studles for flood protection and for multiple
uses of water., The ideal regional survey envisaged by ploneering
members of the Waterways Commission in 1918 and by the Mississippl
Valley Committee in 1934 has not yet been realized in the United
States, but the development of sound study techniques by the De-
partment of Agriculture has gone far toward making such investi-
gations posaible and practicable.

Flood abatement i& an adjustment, then, which holds some
hope of masistance in the reduction of flood losses, particularly
from the more frequent floods, in suitable areas, The full poten-
tislities of the land-management meassures which it includes can-
not be developﬂd'excopt in the course of a more comprehensive con-
sideration of the occupance of the upstream lands affected and of
related engineering works for water use and control in the same
drainage areas,

Flood Protection

Four ma Jor types of engineering works are in use for flood
protection. They are (1) levees and floodwalls (2) channel im-
provements, (3) channel diversions, and (4) reservoirs. Taken as
a group, these works have been planned from a viewpoint which
ignored ce.tain important benefits and costs of the protective
work itself, as well as the whole problem of whether or not flood-
plain occupance deserved to be continued or modified. Many of
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them have strengthened and stimulated the national economy, while
others have tended to embalm with public subsidies communities
which have lost their part in regional and national 1life. Still
others have reduced flood losses at a cost which appears far in
excess of the cost of alternative adjustments.

Each type of protection work has been tried widely in the
United States, and in the light of that experience it is posaible
to point out certain of the distinctive costs and benefits which
attach to each of them, The problem of comparing costs and bene-
fits in order to determine the limit of economic justification for
flood protection applies with equal force to all protective works,
and it 1s considered separately.

Levess and Floodwalls

These are the most readily designed of the four types of
protection. Most Federal levee projects have been undertaken or
authorized in the Northeastern manufacturing belt and in the al-
luvial valley of the Missisaippi River. Barriers of earth have
been the obvicus defense first considered in most flooded areas.
They were the principal measures in the sarly Federal plans for
protection agalnat floods in the lower Mississippl Valley and in
the Sacramento Valley, and were employed by the few municipalities
and the numerous levee districta which constructed flood-protec-
tive works prior to 1936.

In addition to the usual costs of acquiring land, clear-
ing land, moving earth, and providing necessary drainage and cover,
levees may reguire other costly changes in land occupance. The
moet common problem is that of disposing of drainage from the
lands behind the levees, and pumping plants are an essential part
of the project cost in such instances. In urban areas which lack
interceptor sewers it may be necessary to make extensive readjust-
ments in the gradient and layout of the sewer system. Similarly,
levee construction may require the re-routing of highways and
rallwaya, or the establishment of new grades for them, or the
maintenance for them of levee openings which may be closed guickly
in an emergency. All these corollary costs were regarded until
1938 as items which should be provided by local interests, but
recently the trend has been toward Federal assumption of the costs
of pumping plants and of changes in storm-water dralnage aystems.
In certain communities levees have been considered as unfortunate
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and undesirable advertisements of civic weakness. A desire to

put the flood hazard out of mind, coupled with objection to the
unsightliness and inconvenience caused by levees, has resulted

in the rejection of certain offers of Federal assistance in leves
conutruction.l A secondary conslderation entering into opposition
to levee plans in some instances undoubtedly has been that levee
lines mark unmistakably those zones of a flood plain which remaln
unprotected, thus causing depreciation in the selling value of
property in those zones.

For the same reason, levees may promote some reshuffling
of land use. They tend to discourage intensive occupance of un-
protected zones, and to increase the stabllity of land use within
the protected area. They have been used to good advantage as
highways at Cairo and as promenades, but they apparently do not
cause major changes in land use in urban areas.

Wherever levee building has been carried out on the same
flood plain by neighboring levee or drainage districts there 1s
likely to be a further cost Induced by injurious increases in flow
lines. It is well established by hydrologlc measurements that in
the valleys of the Illinois River and the Yazoo River, to name
two conspicuous examples, competitive building by neighboring
levee districts has reduced the avallable channel capacity suf-
ficlently to raise the crests of flood flows several feet above
the height anticipated for them, thus rendering other levee works
less beneficial and increasing still further the depth of flood-
ing on unprotected 1anda.2 In this manner the costs of one levee
have cancelled out part of the expected benefits from another

levee project downstream.

Channel Improvements

While the major Federal protection projects have centered
upon levee construction, channel improvements have been applied
nmore widely than any other protection measurs. For the most part,

LTha most recent case s that of a res ientiaml section in
Harrisburg, Pennsylvania, which preferred scenciy and floods to a
levee and no floods. 77th Cong., 24 Sess., Report of Chief of
Engineers on "Susquehanna River," 1942.

2724 Cong., 1st Sess., Illinois Kiver, Illinois, House
Doec. No. 182.
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they have been undertaken by municipal and county agencies and
have involved small-scale changes. No complete record of them is
avallable, but their extent and size i1s suggested by the fact that
channel -lmprovement projects were authorized under the Works Proj-
ects Administration in at least 500 localities in the perlod 1938-
1941.1 These projects, having a total estimated cost of
$67,857,000, and an average cost of $102,000 per project, were
spproved for construction as and when the relief load permitted.
The location of all work-relief projects approved for flood pro-
tection between 1635 and 1941, and having a cost of more than
$100,000 each, 1s shown in Figure 8. Their distribution helps to
portray the large and widespread number of local flood problems

in the United States.

The improvements involve (1) changing chennel cross-sec-
tions by deepening and widening, (2) lining channel beds and walls,
(3) altering channel thalwegs by elimination of curves and by cut-
of fs across meander bends, and (4) clearing vegetation and debris
from channels and adjacent flood plaina. Of these, the first two
are aimed at reducing the flow line by maintaining an enlarged
channel capacity. The second two are intended to have the same
effect by increasing the velocity of flow.

Except in valleys where accelerated erosion induced by
cropping practices has ceused abnormal sedimentation, as in the
upper Yazoo Basin in Hiaaiaaippi,a or in valleys where careless
lumbering practices have resulted in clogging streams with fallen
logs and brush, as in the Flint River valley of Northern Alabama,>
the channel improvements alter the natural relation of stream flow
to bed erosion and debris deposition and may thereby set in motion
Important shifts in stream pattern. The dynamics of such shifts
have been diascussed in Chapter III. The physical processes are
relatively slow in operation but in the brlef experience with chan-
nel improvements there already have been some notable examples of
downstream changes., In the Fox Basin, Missouri, the straightening

176th Cong., lst Sess., Comprehensive Flood Control Plans,
Hearings before House Committee on Flood Control (Washington: Gov-
ernment Frinting Office, 1941).

2

Happ, Rittenhouse, and Dobson, op. cit., pp. 56-62.

3Unfavnrable_ report of the Chief of Engineers on "Flint
River, Alabama and Tennessee," January 31, 1941.
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of 69 miles of channel for flood protectlion during the perlod
1911-1922 has increased the ercosive work of the stream a0 much
that more then 500 acres downstream already have been damaged be-
yond hope of reclamation by heavy deposits of sand and silt.
Channel capacity in the lower reaches has been reduced and flood
heights have increased.l The investigations of 301l Conservation
Service in the Tobitubby-Hurricane area of the Yazoo Basin reveal
that stream-bank clearing, by promoting bank erosion, tends to
cause channel enlargement and the lateral migration of channels
across the flood plain.2 They also show that the formation of
alluvial fans and valley plugs at the mouths of tributaries which
are subject to increased erosion through drainage channel opera-
tions upatream impedes the use of adjacent agricultural lands by
blocking drainage outlets.

The effects of the largest single acheme of channel al-
teration--the cutoff plan of the Mississippl River Commission for
the meandering reach of the river between the mouth of the White
River and Natchez--are still matters of speculstion. It was
demonstrated in 1937 that the cutoffs may be expected to reduce
flood crests substantially in that reach by increasing the flood
alnpea.a but there has not been sufficient time to observe the
extent to which the stream-channel gradient will either increase
the meander line or enlarge the channel capacity. The change in
gradient may also influence rates of erosion and depositionm in
the tributaries, and it is not imposaible that "knick point"™ phe-
nomena involved in a lowered level of downward erosion may appear
in the lower parts of those streams.

A different type of cost may result from atraightening
channels in urban areas where commercial land uses are affected.
If portions of the commercial occupance in a city are separated
from assoclated or tributary areas by a shift in a stream, as was
done in connection with the proposed flood-protection works at
Columbus, Ohio, pronounced changes may occur in the volume and

lunfavorable report of the Chief of Engineers on "Fox
River, Missouri," December 20, 1941.

2Hn.pp, Rittenhouse, and Dobson, op. ¢cit., pp. 101 and 71,

aTha cutoff program as of 1941 had reduced the length of

the channel in this reach from 383 miles to 246 miles, 77th Cong.,
1st Sess., Flood Control on the Lower Mississippi River, House
Doc. No. 359 (1941), pp. 14, 20-22.
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character of business transacted. This 1s relatively rare because
a8 large proportion of channel-improvement work has been carried
out in urban areas having narrow or medium-width flood plains
where there has been extensive encroachment, and in such areas

the cost of building and acquiring land for levees is likely to
exceed the cost of channel deepening and widening.

Diversions

Techniques for setting aside a portion of a flood plain
for the primary use of flood waters have besen tried on a large
scale only in the Lowser Mississippi Valley and the Sacramento Val-
ley. In both areas, floodways have been leveed off to carry floods
that exceed the helght of the set-back levees or controlled spill-
ways at their head. From an engineering standpoint these measurea
are relatively simple, but they present exceedingly difficult prob-
lems from the standpoint of land use. There is an incentive to
promote the agricultural use of the floodways because their hy-
draulic efficliency ia many times greater if the land is cleared
than if it is wooded. Moreover, there 1s heavy pressure by inhab-
itants of such areas to remain in their old homes.

In the Lower Mliassissippi Valley, the floodways constructed
at Birds Point, Missouri, in the Atchafalaya Basin, Louisiana, and
at Morganza and Wax Lake Outlet, Louisiana, have involved the erec-
tion of gulde levees along the side limits of the floodways and
of fuse-plug or controlled sections at their heads. The total
area of approximately 1,700,000 acres has remained in private
ownership while the Federal government has purchased or prepared
to purchase flowage easements pursuant to the acts of June 26,
1928, and June 22, 1936. Much controversy has centered upon the
quesation of whether or not the frequency of flooding in the flood-
way areas will be increased by thelr use for that purpose, and
thers has bsen strong agitation by influential groups of land-
owners to obtaln authorization of alternative works, such as cut-
offas, which would eliminate the need for the floodways and permit
rpsidents to enjoy the same degree of protection granted to their
neighbors on the other side of the gulde leveea who are to be free
from all floods. Such organized opposition resulted in 1941 in
the substitution of additional levee and cutoff work for the Tensas
Basin floodway which had been authorized in 1936 but never under-
taken, The government has assumed no responsibility for land occu-
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pance in the floodways, and it has thus far withstood efforts to
obtain Federal payments of damages to the floodway occupants when
the emergency outlets are used, as they were at Birds Point in
1837. 1In an area of share-croppers the initial payments for ease-
ments to land owners are not passed on to the tenants, and, as a
result, the chief victims of flood losses are no better prepared
for them than if no payments had been made.

For these reasons, the present floodway policy of the
Federal government seems unsatisfactory. It promotes neither the
most efficient hydraulic capacity of the floodways nor improved
adjustments of structures and land use to the flood hazard., It
invites soclal resistance to continued use of the floodways, and
it falls to cushion the impacts of flood upon their occupants.
In the instance of the small Bonnet Carre spillway from the Missis-
sippl River into Lake Ponchartraln above New Orleans, the acquisi-
tion of land in fee simple proved more satisfactory than mere pur-
chase of easement, and a similar arrangement or a broadened ease-
ment plan probably would bring distinct advantages in the other
floodway areas. In addition to correcting in large part the diffi-
culties noted above, public purchase of the floodways might pro-
vide an opportunity to promote improved living conditions by favor-
ing a better balanced farm economy and by initlating certain
structural and land-use adjustments, such as the location of per-
manent dwelllngs outside of the floodwaya.l Its effectiveness
would hinge upon the quality of subsequent management; with inept
or impracticable management the adjustment to floods might be
less satisfactory than if the present policy were to be continued.

There are s few instances of small-scale floodway con-
struction by levee districts which has been abandoned or impaired
because of sedimentation, but these dangera have not yet become
threatening in the Lower Mississippil and Sacramento valleys.

Reservolirs

Two types of reservolr control are in use in the United

Line outstanding experience with public land management
of this character is found in the Miami Conservancy District of
Ohio, where lands in the detention reservoirs owned by the dis-
trict are rented to farmers who build all permanent structures
above the level of the maximum possible pool elevation and who pay
rent only in years when the reservoir lands remain sufficiently
dry to be cultivated.
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States. Detention reservoirs have been constructed with the sole
purpose of slowing up excess water-and-sediment flows in the Miami
Basin of Ohio, the Winocoski Valley of Vermont, the Upper Susquehanna
and Delaware valleys in New York, the Los Angeles drainage area in
California, the Fountain Valley above Pueblo, Colorado, the St.
Francis Basin in Arkansas and Missouri, and a few other areas.
Storage reservoirs which use all or part of their storage for other
purposes have been undertaken by state agencies in the Hudson and
Black basinas of New York, the Muskingum Basin of Ohio, and the
Colorado and Brazos basins in Texas. The Federal government has
initiated the construction of storage reservoirs in the Merrimack,
Connecticut, Savannah, Moblile, Mississippl, Colorado, Sacramento-
San Joaquin, Willamette and Columbia basina. Of these, the most
nearly complete system of control for a large drainage area has
been develcoped in the Tennessee Basin by the Tennesses Valley Au-
thority, and the most extensive system of reservoira is that author-
ized by the Flood Control Act of 1838 for the Ohio, Upper Missis-
sippl, Lower Missouri, White, Arkansas, and Red baaina to aid in
Lower Mississippi flood protection.

Without describing the engineering features of these great
programs, which are covered adequately by the reports of the re-
sponsible constructing agencies, attention may be drawn to their
distinctive costs and benefits., By taking the top off of the
flood crests, detention reservoirs eliminate overbank flow and,
where encroachment has not proceeded into the stream channel, per-
mit bankfull discharge. They thereby prevent the sedimentatiocn
and cutting which accompanies overbank flow, at the same time
allowing for the natural cleansing action of efficlent flow with-
in the banks. They do not affect stream regimen at other times.
Storage reservoirs may be and frequently are operated to reduce
flood crests more extensively so as to prevent the occurrence of
flows approaching bankfull eapacity, and they also are used to in-
crease the volume of low flows, The more stable pools of storage
reservoirs are likely to promote the formation of deltas and
debris plugs in the lower reaches of tributary alleys, and to
accelerate deposition of debris at the heads of the reservoirs.
Reservoir construction on a large scale is so recent in the United
States that there has been little opportunity to observe its ef-
fccti upon the natural landscape. Experience with a few of the
projects already suggests that the costs of reservoir construction
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in terms of deleterious landscape changes may amount to a sizeable
proportion of the original construction cost.

Reference has been made to channel sedimentation and ero-
sion caused by Elephant Butte Dem. Boulder Dam probably supplies
an even more dramatic case of dislocations resulting from a reser-
velr having flood control as one of its objects. Two major dis-
locations have taken place since water storage was begun in the
reservoir. The deposition of part of the Colorado River's silt
load In Lake Mead has caused clearer flows below the dam, and has
thereby increased the erosive capacity of the stream and large
bodies of detritus are being subjected to renewed erosion and dis-
tribution.l A wave of acouring has begun to move downstream from
the dam, and although it 1s diminishing in severity as it pro-
gresses and as a new equilibrium between bed conditions and stream
velocity and turbulence is established, the ditch headings, pump-
ing plants, and drainage works of irrigation districts along that
reach of the rlver have suffered sufficient loss so that steps
have been taken to recover damages from the United States.

Another reservoilr cost heretofore largely lgnored results
from the dlslocation of people living in or adjacent to reservoir
areas. The expense of land acquisition has been taken commonly to
include only the necessary reimbursements to land owners for land
or for demages resulting from acquisition, as for example, where
means of access to farm property are inundated, where city sewer
systems are affected, or where farms are divided into uneconomic
operating units. The total payments on those bases in settled
portions of the country fall far short of covering the full social
losses that attach to reservoir construction.

Geograrhical studies of the sparsely-settled section in
the Southern Appalachians which was flooded by construction of
the Tennessee Valley Authority dam at Hiwassee show the magnitude
of losses that can result even where economic organization is
relatively aimpla.2 Reservolr construction required, in the

IGodfrey Sykes, The Colorado Delta, American Geographlcal
Society Special Publication No. 19 (Carnegle Institution of
Washington and American Geographical Soclety of New York, 1837},
P. 174.

20. Donald Hudson and Malcolm J. Proudfoot, "The Proposed
Fowler Bend Dam and Reservoir on the Hiwassee River--in Evsluation
of Probable Bffects," Tennesses Valley Authority, September 26,
1935.
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opinion of the investigators, the purchase of approximately 24,100
acres, of which 7,100 acres were in the reservoir and 17,000 acres
were on adjacent uplands. The purchase area had a population of
883, of whom 40 per cent were tenants, More than three-gquarters
of the lower valley lands in the reservoir area were owned by cor-
porations. The farmers of the area were poverty stricken or at
best had meagre financial resources. One out of eight was on re-
lief. A land classification by the unit-area method showed that
virtually all the land of excellent or good quality in the vicinity
of the reservoir was in the valley bottoms. There were no prom-
l1sing opportunities for agricultural resettlement nearby, but it
seemed poasible that temporary employment might be found for the
displaced farmers on the dam, and that some of them could be used
permanently in maintenance of the dam and care of the forest lands
and the recreational facilities to be developed in the purchase
area. Under these conditions, the payment of land owners for the
property acquired could hardly be expected to cover the expense
which public agencies faced in caring for those displaced tenants
who were without reserves to enable them to move to other loca-
tions. The same problem has been encountered on a much larger
scale in other reservoirs of the Tennessee Valley Authority, and
while the labor policy of the Authority has favored the employment
and vocational training of displaced workers, there has not yet
been a large Federal reservoir project in which specific provision
was made in project plans and cost estimates for coping with the
problema of such workers. In recent years, the Tennessee Valley
Authority has made extensive investigations along these lines and
has sought to evaluate the effects of reservoir construction not
only upon agricultural income in adjacent areas, but also upon
mineral, forest, wildlife, and manufacturing production and upon
public health.

Greater progress has been made in evaluating the prospec-
tive benefits from multiple -purpose reservoir projects, and this
is evident in recent reports of the Corps of Engineers, Bureau
of Reclamation, Federal Power Commission, and Tennessee Valley
authority.l The problems associated with such evaluation are be-

l?hil progress was best summarized as of January, 1940,
in a series of duplicated papers prepared or collected by members

of a Seminar on the Economics of Multiple-purpose Projects, spon-
sorad & rFersonne partment o e Tennessee Valley Author-
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yond the scope of the flood problem, and they are mentioned here
only to indicate that the other purposes of navigation, electric-
power generation, pollution abatement, wildlife conservation, and
recreation may enter, some or all of them, into the design, justi-
fication, and operation of a storage reservoir project.

Limit of Juatification

In the light of the general concept of justification for
flood-plain reasdjustment suggesated above, the appraisal of each of
the four forms of flood protection involves, in essence, three
steps: (1) determination of benefits, (2) determination of costs,
and (3) comparison of benefits and costs. There can be little
quarrel with such a statement of the appraisal process as applied
to flood protection. Only in its application to specific flood
plains 1is there room for disagreement, and there the variations
among recent investigators are wide and deep.

Flood protection has been the subject of more quantita-
tive valuation than all the other flood-plain read]uutmsnta.l
From the accumulated experience of engineers in studying hundreds
of prospective protection works, it is possible to select some
of the essentials of a comprehensive and consistent appraisal,
and also to examine the chief problems assoclated with such ap-
praisal. If some of these problemsa appear to be issues of minu-
tlae, it should be recalled that slight differences in procedure
in the valuation of flood losses may result in large variation
in the conclusions reached. Indeed, as will be demonstrated later,
so great are the effects of slight manipulations in the appraisal
techniques that some doubt is cast upon the utility of the entire
process of determining justification. A review of current prac-
tice shows thet, while a general formula of the form

ity, and published by the members of the Seminar,

1Relat1valy exhaustive statements of wvaluation technigues
employed by the Corps of Engineers are given in James B, Lampert,
"A Study of Methods of Determining Flood Damages and of Evaluating
Flood Control Benefits" (Master's theasls, Massachusetts Institute
of Technology, 1938), and Edgar E. Foster, "Evaluation of Flood
Losses and Benefits," Proceedings of the American Soclety of Civil
g?sinoers, CVII (1941), 555-523 The problem of nppraiuing bene -

ts receives detailed analysis in Price's thesis noted above,
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Beonomic justification =-§E§§§%§5 (3)

may state many of the considerations in evaluating flood protec-
tion, the resulting benefit-coat ratio in most instances of prac-
tical application hides in 1its apparently precise algebra a large
body of assumption, inaccuracy, and arbitrary judgment.
Estimation of benefits.--Protection against floods yields
benaefits in three ways, as follows:
(1) Through eliminating or reducing the factor of flood

loss,

(2) Through promoting a more productive adjustment to
other floodplain factors, such as to alluvial soils.

(3) Through the beneficisl effects which the protection-
works themselves may have upon population and land use in the
flood plain,

It 18 not enough to assume that the curbing of flood water
will serve merely to prevent or reduce the occurrence in future
of losses which otherwise would be experienced:; new production
valusa may be created by the reduction of the flood hazard and by
the existence of the protection-works.

In so far as loss pravention or reduction is concerned,
Lampert has shown that 5 major steps are involved in their ade-
quate appraisal in any flood plnin.l Theae steps are as follows:

(1) Estimation of the loss which is likely to result from
floods of specified magnitudes for sach type of occupance.

(2) Preparation of a curve or other device to show for a
given reach of the stream the relation between amount of loss and
stage for all crests less than the probable maximum crest.

(3) Estimation of the probable fregquency of occurrence of
each atage above flood atages.

(4) Caleulation of the amount of losses which may be ex-
pected to occur during the period for which flood frequency 1is
estimated,

(5) BEstimation of the losses which would be prevented by
the construction and operation of the mnticipated protection works.

These five steps asre involved in a comprehensive estimate
of prevented losses wherever the hydrologic and economic data

lampert, op. ott.
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permit them. Obviously, if the basis for calculating flood proba-
bility 1s weak, or if the data concerning prospective losses are
inaccurate, the relatively preclse procedure suggested above may
be inapproprimte. One commonly-used alternative is to assume that
flood losses in future will be approximately the same as those for
an equal period of time in the recorded past. This simple method
was used in many reports prior to 1635, It was epplied in some
areas with corrections for expected changes in flood-plain occcu-
pance or for differences in money value.

Estimates of loss to be experienced at a given stage of
water can be made either by accepting the amounts recorded for
past floods, or by field examination. Such estimates may involve
(1) office use of recorded data on losses, (2) intensive investi-
gation of sample areas, or (3) detalled house-to-house canvass
throughout the entire flood plain, The cholce of method used in
the estimates requires conslderation of the diversity of flood-
plain occupance, of the reliablility of past estimates, and of the
degree to which the flood problem in the area justifies expendl-
tures for survey purposes.

Without attempting to discusa these specific methods, it
seems clear from the nature of flood losses and from the experi-
ence now avallable in estimating benefits that a sound estimate
requires several conditions. First, there is need for a common
base upon which all of the losses to be reduced can be evaluated.
Propsrty losses may be evaluated satisfactorily on the basis of
sales price, or of capitalized income, whereas original cost and
replacement cost may be used only with judicious allowance for
depreciation and obsolescence. Whatever the basls selected, the
total estimate is of questionable value unless those same criteria
are applied consalatently.

The test of consistency is more difficult to apply in the
case of production losses and of losses through impairment of
health and through emergency evacuation. No such readily-used
valustion bases as capitalized income or sales price are available
for the latter two classes of loss, Congressional guidance with
respect to this problem i1s lacking, and, in its absence, the deci-
sion as to the base to be used in Federal valuation of flood pro-
tection 1s left to reporting officera. To the extent that the
bases for any given project ere mutually inconsistent, the esti-
mates of total benefits do not reflect a balanced picture of the
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soclal impacts which are to be prevented or ameliorated by flood
protection.

Second, due allowance should be made for non-recurring
loases. To the extent that property is repaired or rebuilt in a
way that renders it free from or less subject to the flood hazard,
its loss at one time cannot represent a benefit to be experienced
in future.

Third, reasonable correction should be made for prospec-
tive changes in flood-plain occupance., Neglecting for the moment
ma jor changes in productivity resulting from reclamation of over-
flow lands, there are numerous instances in which definite in-
creases or decreases in intensity of occupance may be predicted.
For example, the central businesas districts of cities such as Los
Angeles and Detrolt could in 1930 as well ss in 1940, on the basis
of local and national populsation trends, be expected to continue
to grow. On the other hand, it seemed highly doubtful in 19540
that any significant expansion could be expected in the commer-
cial aress of marginal producing towns in the Northern Appalachian
coalfield, If predictions are to be sound, they must be based,of
course, upon analysis of the economic future of the areas in ques-
tion, and it is dangerous merely to extrapolate trend lines of
population growth, as done in several cases. Some invesatigators
have sought to apply percentage lncreases to the loss estimates
obtained by the methods described ahovo,l and others have taken
the poui%ion that increases in intensity of occupance would off-
set the non-recurring losses and have, on that ground, retained
the latter.

It 1s easy to allow the drama of flood disaster to distort
the importance of benefits, and no indirect benefit is more sub-
ject to emotional bima than prevention of the loss of human 1ife.
Newspapers make headline-capital of hazards to life, and sometimes
aven a hard-headed engineer indulges in that tendency. In 1937,
following the violent floods in the Ohlo Valley, the Chief of
Engineers, in recommending a §436,000,000 construction program
to protect partially against the occurrence of the probable maxi-
mum flocd, stated in his report:

While figures have been compiled to eatablish the monétary
benefita from the construction of the works that have been

175th Cong., lst Sess., Brady Creek, Texas, House Doc. No.
441 (1939), p. 21.
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described, and to establish their economic justification, I
am of the opinion that the real justification for this large
expenditure 1s to be found in the saving of human life and
suffering, and in the prevention of the disturbance of the
affairs of the Nation brought about by a flood disaster,l

At least 140 lives had been lost, and more than 500,000 people had
been driven from their homes. Construction of the recommended
works would not prevent the occurrence of high water in those por-
tions of the valley which would not be protected by levees and
floodwalls, but even assuming that the project would eliminate
great floods in the lower Ohio Valley, a truly humanitarian ap-
proach to the problem would inquire whether the same expenditures
might not be used to better advantage in preventing the loss of
140 1ives and the suffering of 500,000 people for a short time
during the period of more than 100 years when a great flood proba-
bly will occur once, Pneumonia, which caused a large proportion
of the loas of 1ife in the 1837 flood, takes an annual toll in

the United States of 150,000 lives. According to conservative
eastimates by public-health officlals, that mortality could be
reduced by more than 25 per cent by providing serum and laboratory
diagnostic services for pneumonia cases that are amenable to serum
treptment. The serum costs $25-75 per case, and there are only 8
atates which have active programs for typing cases in order to
determine the treatment required. A national program to give ade-
quate dlagnosis and to supply serum to the needy would cost
$22,000,000 annually.? An expenditure for pneumonia treatment of
$3,000,000, the amount probably required annually to maintain the
Ohic River reservoir system when completed, would make possible
the saving of approximately 4,800 lives annually. Considering
this alternative for improving health, tremendous value must be
assigned to "disturbance of the affairs of the Nation" in order

to justify the recommended expenditure on the grounds of prevent-
ing human suffering and economic disturbance, especially in view
of the modest effect which the 1937 flood seema to have had upon

l7stn Cong., lst Sess., House Committee on Flood Control,
Hearings on Comprehensive Flood-control Plan for Ohio and Lower
Mississippi Rivers, Committee Document No. 1 (Washington: Govern-
ment Printing Office, 1937), p. 6.

EIntordopnrtnontal Committee to Coordinate Health and Wel-
fare Activities, Proceedings of the National Heslth Conference
July 18, 1Qi 20, Iﬁ!ﬁ, iagﬁigffon, D. C. (Washington: Government

nting ce, s PP




156

the sconomic affaira of the nation as a whole.

Although the benefits from preventing flood loss may, un-
der certain conditions of regional or national growth and change,
be expected to increamse or decrease during the 1ife of protection-
worka, a second type of benefit may result from land-use changes
directly induced by flood protection. This class of benefit in-
cludes (1) reclamation of wet or waste lands for agricultural or
urban purposes, and (2) the stimulation of intensified occupance
in areas already occupied.

Three of the more conspicuous examples of reclamation of
wet lands in the United States--the Lower Mississippl alluvial
valley, the Sacramento valley, and the Lake Okeechobee areas--
were the result of land-drainage activities in combination with
flood-protective works which since 1917 have been Federal respon-
sibllities., Wet land reclamation 1s not contingent upon flood
protection in every instance, but the two are assoclated in most
reclamation enterprises in humid and subhumid climates. Without
drainage, the protected lands cannot be cultivated effectively,
and without protection even the best-drained lands are uninviting.

The amount of benefit attributable to flood protection
under those conditions probably can be evaluated most accurately
in terms of the increased income which is expected to accrue. The
method of computing differentials in the value of protected and
unprotected land of similar quality has been used tidely,l but 1is
subject to distortion resulting from the use of present selling
prices of unprotected land. These often raflect antlcipation of
the time when protective works may be constructed. Moreover, such
differentials are primarily a measure of benefit accruing to the
landowner and do not take into account the net change in produc-
tivity from & national standpoint. Price points out this weakness
of the differential method in his analysis of the Corps of Engl-
neers' report on Ste, Genevieve County, Missourl, showing how the
values obtained by land appraisal reflect only the probable incre-
ment in land rental, and neglect the total effect upon goods pro-

lgxamples are: 76th Cong., lst Sess., Value of Flood
Heig%t Reduction from Tennessee Vallai Authority Heservoirs to
the uvia alley o e Lower asiss River, House C.
No. 455 (1959), pp. 15-56; and 75th Cong., 24 Sess., Chickasawhay

River, Mississippi, House Doc. No. 410 (1837), p. 28.
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ducod.l

In the Yarzoo backwater area, for example, the value of
protection might be computed by comparing present land values with
those for similar soil types now enjoying complete protection.
ifficulty arises from the fact that speculators already have
acquired large sections of the area with the hope of reaping prof-
its 1f and when protection makes settlement possible. If protec-
tive work is properly guided, the national benefits from direct
settlement activities in the backwater area can be large by com-
parison with the returns to land owners. As indicated in a recent
Department of Agriculture study, there are great opportunities
for peopling the fertile Delta soils on a self-sufficient basis,
thua relieving the pressure of population upon the eroded and in-
fertile soils of the Misslssippl uplands. These opportunities are
best measured in terms of the income-producing capacity of indi-
vidual farm families.

The second aspect of enhancement of productive capacity
is that assoclated with an intensification of occcupance in the
area to be protected., In its most simple form, the type of farm-
ing may change in response to a reduction in flood hagzard, as, for
example, the prospective shift from pasture to feed crops in the
Hords Creek Valley of Taxna.2 In its most complicated form, the
central business district of a city may be encouraged to expand
and rebulld in the flood plain, as in the Miami Valley, Ohlio, after
the flood of 1913.° Theoretically, such changes should be re-
flected in land values, but their effecta are difficult to sort
out among the secular trends in land value, and among the hysterl-
cal deflations and subsequent inflations of selling price which
accompany any serious disaster. The writer is not aware of any
well-defined efforts to make such measurements.

In this connection, mention should be made of depreciation
in property value as an alleged flood loss. It has been shown
that such depreciation msy constitute a duplication of property
and production losses in so far as 1t allows for prospective flood

1Prico, op. eit.

276th Cong., 1st Sess., Pecan Bayou, Texas, House Doe.
No. 370 (1939), p. 46.

Sx1fred J. nright, "Ohio Town Patterns,” Geographical Re-
view, XXVII (1937), 623.
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loases., For the same reasons, it is belisved that, to similar de-
gres, the prevention of such depreciation is not properly a bene-
fit and should not be considered in the snalysis of flood protec-
tion.l

Frotective works may yleld benefits quite distinct from
prevention of flood losses or from enhancement of productive ca-
pacity or from multiple purposea served by atorage reservoirs.

These are the bensfits that result from the constructiocn
of public works. Without attempting to enumerate those effects,
attention may be called to one great advantage to be galined from
reservolir construction. In some areas, such as the Tennessee Val-
ley, reserveir work provides an opportunity to train the construc-
tion employees in vocational and citizenship skills which they
need to improve their level of living. This benefit has been lost
in the past by the Federal government in building almost all large
flood-protection reservoirs.

Estimation of costs.--The contrast between an engineering
approach to flood protection and a comprehensive approach to the
sameé problem is nowhere more evident than in the estimation of
costs. The first-named approach is that followed by the Corps of

Engineers. All current reports by the Chief of Engineers calculats

construction costs on the following basis:

(1) Federal annual charges are taken as the net Federal
Investment at 3.5 per cent, plus the amortization of that invest-
ment over a perlod usually not more than 50 years (depending upon
the expected 1ife of the works), plus the cost of Federal mainte-
nance and operation incurred by the works, and less such opera-
tion and meintenance costs on existing Federal improvements as
may be replaced. The item of net Federal investment comprises (a)
the first cost of new construction, including such lands, ease-

111though differential in land values was used as the
measure of benefit from flood protection in the Miami Conservancy
District and in the formation of numerous drainage districts, it
has been absent from most recent studies. Its utility depends
upon the degree to which it appralases all factors affecting the
productivity of the flood plain when protected and all of these
may not be effective upon selling price. Otis M. Page in "Basic
Economic Considerations Affecting Single and Multiple Purpose
Projects," Proceedings of the American Soclety of Civil Engineers,
LXVIII (19427, ili-igﬁ, suggests that the loss reduction and dif-
ferential in land value methods should be used jointly, and that
the one yielding the higheat estimates of benefits should be
accepted in each instance.
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ments, rights-of-way, and damages as are not charged to local
groups, (b) related expenditures by other Federal departments, as
for fish hatchery relocation, (c¢) interest during construction at
3 per cent for half the construction period when it is more than
two years, (d) value of Federal properties which will be destroyed
or damaged by the project, and (e) deduction for accrued amorti-
zatlon charges of such existing Federal improvements as will be
replaced by the project.

(2) Non-Federal annual charges are taken as the net non-
Federal investment at 4.5 per cent, plus the amortization of that
investment over a period usually not more than 50 years, plus the
cost of non-Federal operation and maintenance, plus the loss of
taxes transferred to public ownership, and less such savings in
annual fixed charges and operation and maintenance costs as may
be made through the replacement by Federal improvements of exist-
ing improvements owned by local groups. The item of non-Federal
investment comprises (a) funds contributed to supplement Federal
first cost of construction, (b) value of lands, easements, and
rights-of -way to be furnished, (c) construction, such as utility
relocation, at 4.5 per cent for half the construction period when
it i1s more than two years, (e) value of non-Federal properties
which will be destroyed or damaged by the project, and (f) deduc-
tion for accrued amortization charges on such existing non-Federal
improvements as will be replaced by the projact.l

S0 far as 1t goes, this method of estimation is believed
to be sound, although the merits of charging interest, of amortiz-
ing first cost, and of charging a higher rate of interest for non-
Federal than Federal investment are open to question on economic
grounds which are not discussed here.

The method omits from consideration many soclal costs
which result from the construction of a project as surely as do
the benefits obtained through loss prevention. These additional
costs, which have been described in foregoing sections, consist
chiefly of (1) soclal dislocations incurred by reservoir construc-
tion, and (2) changes in stream channel and regimen caused by the
engineering works. It is believed that evaluation of those items

Lvar Department, Office of the Chief of Engineers, "Circu-
lar Letter," August 14, 1939, pp. 2-6. (Mimeographed.) The in-
terest rates have since been changed to 3 per cent for Federal
and 4 per cent for non-Federal charges.
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is largely practicaeble, and that they can be placed on a falrly
sound, even though less accurate basis, than the usual engineering
estimates of flrst cost.

Indirect, intangible, and production benefits.--The fore-
going dlscussion has carrled forward the distinction made in the
section on "Flood losses" between property and production losses,
Froperty benefits have been distinguished from production benefits
on the same basias, It is recognized, however, that certain pro-
duction benefits, together with benefits resulting from the pre-
vention of losses in health and from emergency evacuation and re-
lief activities, are not susceptible to measurement by means now
available,

Such terminology differs from that employed in numerous
engineering studles of flood control. In many of those studles
the terms "indirect" and "intangible" are used to mean any bene-
fits, other than prevention of property loss, which in the investi-
gator's judgment warrant recelving some welght in the equation for
juatirication.l The terms "indirect" and "intangible" are not
used here, partly because of the confuslion in connotation to which
such use would lead, and partly becesuss their ambiguous meanings
express a diversity of definlitions which no longer seems neces-
sary. By subdividing beneflts into the classes noted above, it
is poasible to consider the effects of flood protection without
making allowance for an unspecified and dimly-perceived class of
effects.

Comparlison of costs and benefits.--In the interest of con-
slstency alone it may be argued that costs and benefits, unless
calculated for the same discount period, are not strictly compara-
ble, and that unless both are evaluated on the basis of the same
assumptions with respect to the benefited area, the equation is
an inaccurate measure of Justification. The methods of comparison
involve questions of economic theory which the writer 1s not quali-
fied to discuss, but two aspects of the cost-benefit ratio seem
pertinent from a geographical point of view. '

First, it is recognized that protection from floods is
likely to require works which have a much shorter 1life than the

lthe terms "general" and "special” may also prove useful
under certain conditions. "Limit of Economic Justification for
Flood Protection," Journal of Land and Public Utility Economics,
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probable fresquency of the project flood against which protection
is to be given, 1In such instances the inhabitants of a flood
plain may wish to increase arbitrarily the estimates of probable
flood benefitas by assuming that great floods will occur more fre-
quently than is conslidered probable. This inconalatency does not
seem ob jectionable so long as it 1s clearly a matter of public
cholce rather than of technical judgment.

Second, if the national point of view 1s taken in evalu-
ating benefits, then to be consistent it should apply also to
costs, and, likewise, to any assumption as to areal coverage in-
volved in the respective costs and benefits. Any other course
leads inesvitably to placing a disproportionate weight upon one or
more types of benefits or costs.

Although there i1s no single, precise method which is most
likely to lead tc & falr and judicious appralsal of the benefits
and costs of flood-protective works, & number of esssentlal ele-
ments in any such appralsal are dlisclosed by the foregoing analy-
sis., Federal experlence in flood protection is relatively short,
and new lessons are being learned as the work progresses. At
present, it may be said that for most types of flood protection
in most flood plains, a sound appraisal has the following quali-
ties:

(1) It attempts to appraise all relevant benefits and
costs.

(2) It takes into account the possible benefits from pro-
moting a more productive occupance of the flood plain and from
consatruction of the protection works themselves, as well as the
benafit from prevention of future flood losses,

(3) In evaluating possible benefits, it adopts throughout
a consistent assumption as to the ares to be benefited, and as to
the basis for determining value.

(4) It makes due allowance for non-recurring losses, and,
at the same time, makes reasonable correction for prospective
changes in the use of the flood plain due to factora other than
floods.

(5) It recognizes in evalusting costs that the effects of
flood protection may extend beyond ordinary building costs into
the dislocation of social organization, and into the disturbance
of stream processes.

(6) It seeks to identify each class of possible benefit
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or cost, and to assign to each a monetary wvalue wherever practi-
cable, but it avolds a degree of precision in measuring those
values which is not warranted by the reliability of the data meas-
ured.

(7) It compares benefits snd costs on a basis which takes
account of the possible occurrence of the probable maximum flood,
but which further assumes the same viewpoint--national, regional,
or local--with respect to both benefits and costs,

Few currently-used methods for determining justification
for flood protection embody &ll seven of these qualities, Most of
them fall to allow for costs other than those directly involved
in engineering construction., Most of them do not attempt a full
appraisal of all possible benefits, nor do they venture a monetary
appraisal of benefits for which relatively detalled statistical
data are not avallable,

Probably the ma jor departure from these essentials lies
in the apparent precision with which the comparison of costs and
bensfits is expressed. Ratios to the second decimal place are
used to compare findings based upon date which, at best, are not
reliable beyond the first or second whole digits. One project is
recommended for authorization because 1t has a benefit-cost ratio
of 1:1.0&.1 Another 1s disapproved because it has a ratio of only
0.?5.2 If the estimated benefits for a given flood-protection
project are calculated by computing recurring property losses with
care and then applying a somewhat arbltrarily selected increase
of as much as 40 per cent to allow for production losses, a differ-
ence of a few tenths of one per cent in the ratio of benefits to
costs is hardly to be considered as significant in determining
whether or not the work should be constructed. The ratio is par-
ticularly subject to inaccuracy when, in arriving at it, large
groups of benefits and costs are ignored entirely. It is as
though in determining the need for purchasing an automobile, the
head of a family were to make his decision solely by (1) computing
with great precision the purchase cost and probable cost of gaso-
line, (2) making a rough estimate of the probable cost of repairs

lgeport of Chief of Engineers on "Chittenango Creek and
Tributaries," New York, November 3, 1941.

2Rapnrt of Chief of Engineers on “ﬁhitewatar River, Minne-
sota," September 25, 1941.
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and tire replacement, and (3) comparing these costs with a careful-
ly prepared estimate of savings in carfare and taxifare during the
life of the car. The resulting ratio might be a useful guide in
making a decision, but it would not reflect the benefits of being
able to take wvacation trips and to go for a doctor in an emergency,
or the expense of increased family traveling or of having an invi-
tation for the youngsters to wander far in search of amusement,

any one of which might be the determining consideration.

This is not meant to suggest complete abandonment of the
cost-benefit ratio. The ratio is helpful. It would be more help-
ful i1f more phasesa of benefits and costs went into its computation,
and i1f it were recognized as having no more precision and accuracy
than its least reliable components.

Emergency Measures

The obvious mlternative to keeping floods out of a flood
plain 1s to get damageable property and productive processes out
of the way of floods. Staying out of a flood plain to begin with
is the simpler procedure, and belated efforts now are being made
to contrel further unnecessary encroachments, but such control
does not relieve distress from time to time in areas already occu-
pled. Where permanent readjustments do not prove justified, some
of the distress can be alleviated by measures of a temporary char-
acter. The principal lines of emergency action are removal, flood
fighting, and re-scheduling.

Removal

Temporary removal measurea have been developed on a small
scale in numerous flood plains, but only a few systematic attempts
have been made to apply them to large or densely-populated areas.

The experience of two small storekeepers in an Ohio River
town during the flood of 1836 1llustrates some of the possibilities
and difficulties of removal. Both stores are at the same elevation
and the owners carry on approximately the same volume of business.
One prepared for the predicted flood by using his delivery trucks
to transfer, within six hours after receipt of the forecast, all
the goods and movable fixtures to higher land. The loss amounted
to the cost of $200 for moving, plus the cost of redecorating the
interior. The other storekeeper piled his goods on cases and plat-
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forms In anticipation of a flood crest which would reach a height
of flve feet above floor level, The crest actuslly went several
feet above that level and caused & complete loss 1n damageable
goods, amounting to §3,000. Prompt action following a forecast
may result in large savings, but if the action assumes accurate
forecasts and 1f the forecasts prove to be too low, the loss may
be greater than 1f no forecast had been made.

A steel plant in the Wheeling area illustrates well-
developed adjustments involving removal. Protection of the plant
by levees is planned but has not yet been initiated. Meanwhile,
the managing company, llke several other large corporstions on
that reach of the Ohlo River, has planned and maintalned its own
system for evacuation. Each divislon of the plant is carefully
marked and labeled so as to show 1ts elevation above low water
and the point at which flood watera would cut it off from dry land
or would inundate critical items such aa powsr machinery and pumps.
V¥hen flood waters are expected to reach or exceed one of thesse
critical heights in a given division, evacuation beglins according
to plan. Machinery 1a holsted above the reach of the water, of-
fice records and supplies are removed, and pumps are arranged so
as to be of maximum value in cleaning up the plant after the flood
has receded. In these and many other ways the company gets its
damageabls property out of the way of floods in so far as time
permits. The expense of preparing maps and plans for the entire
plant was relatively low, most of the work being carried on as
part of the normal management operations. O0fficials have estimated
that savings from operating the plant during a large flood amounted
to more than 50 per cent of the losses that otherwise would have
occurred. Some losses could not be prevented, of course, inasmuch
as damage resulted from closing down blast furnaces and from in-
terruption of rolling operations. There can be no doubt, however,
that the adjustment already has paid for itself. The feaslbility
of undertaking such an adjustment rests in large measure upon the
mobility of the property affected. The relative amount of remov-
able property governs the extent to which temporary evacuation ias
poasible, and the value of such propsrty sets an economic 1limit
upon the expenditure for removal. Whether or not it is the most
effective form of adjustment can bs determined only after apprais-
ing other possibilities. ’

Scores of examples of removal technigques applied by indi-
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viduals might be cited. These range from the Fittsburgh shop-
keepsrs, who have their first-floor showceses mounted on rollers
so as to facilitate removal by elevators to upper storlies, to the
Kansas City rallways with their plans to elevate their bridges
over the Kansas River, when a flood approaches, by using a system
of emergency Jjacks.

Several diatrict chapters of the Amerlcan Red Cross were
responslble for drafting a similar evacuation plan on a larger
scale for the Lake Okeechobee area in Florida. The farmers and
townspeople of the Everglades lands surrounding the Lake suffered
tremendous losses in 1928 when a passing hurrlcane generated a
flood wave which swept over the laske shore and inundated areas
extending several miles from the shore. Heavy loss of life
occurred. Flood-protection levess and outlet works were author-
ized in 1930, but as a substitute during the construction period
and as an added precautlon later, the Red Cross chapters worked
out a plan to prevent a repetition of the 1928 experlience if a
hurricane should again threaten disaster. Under that plan complete
arrangements are made to move approximately 20,000 people and
their readily transported possessions out of the area by train.
Time schedules for the assembly of trains, the notification of
refugees, the assembly of refugees at shipping points, and the
routing of trains were drawn in datail.l Definite responsibili-
ties were assigned to persons or agencies for providing warnings,
transportation, food, shelter, medical care, and other necessi-
ties, Provision was made to revise the asslgnments and schedules
currently. Arrangements also were made for an orderly reoccupsa-
tion of the flooded area. Fortunately, the plan has never been
used, but it is always ready, and, 1f executed properly, 1s cer-
tain to reduce losses substantially.

Prior to 1937 Red Cross chapters had developed only a few
such disaster plans, but the flood of that year directed atten-
tion to the need for them on all unprotected flood plains having
relatively dense populations. By 1641 the national organization
had stimulated the preparation of plans for virtually all of the
Ohio River urban areas, and for a number of other towns and citles.
Each disaster-relief plan provides for: (1) the organization of a

1south Florida Red Cross Safety Committee, Florida Refugee
Evacuation Plan, Lake Okeechobee Area, July, 1936.
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continuing local group to prepare, revise, snd execute the plan,
(2) identification of the area exposed to the flood hazard, (3)
dissemination of warnings, (4) rescue of persons from flooded
areas, (5) medical care, (6) transportation of the refugees to
suitable 1living quarters, (7) purchase of necessary supplies, and
(8) registration and information services for refugees and others
afractod.l These plans have been used with good effect in some
areas. Oiven an active, efficient local chapter, aided by experts
assigned from the national organization, the Red Cross units be-
come the directing agencies for mobilizing and coordinating the
resourcesa of the communities in dealing with flood sufferers.
This work assumed gigantic proportions during the disasters of
1937 and 1938, and taxed the local organizations to the utmost in
dealing with hundreds of thousands of rafugaaa.e

The local plans are being supplemented by state-wide dis-
aater relief plans which have been prepared in cooperation with
the states of Alabama, Arkansas, Illinols, Kentucky, Louisiana,
Ohio, Pennsylvania, Rhode Island, Virginla, and West Virginia.
Larger problems, such as the transportation of refugeesa, the use
of National Guard units for emergency policing, and the disposition
of state public health personnel are covered in the state plans.
In these plans the responsibility of Federal, state, and local
agencies for the required work is clearly divided and assigned.
These plans and allocations for responsibility minimize adminis-
trative confusion in time of flood and make it possible to provide
long in advance for warning services, emergency communications,

3

and refugee concentration camps.

The Red Cross plans relate to basic needs for 1life-saving,
heslth, food, clothing, and shelter for persons in distress. They
do not cover the reduction of property loss or the maintenance of
essential public services. In a number of cities, among which

1&merinnn Red Cross, Sample Disaster FPreparedness Plan
Black County Chapter, April, I§ZE.

zhmnrican Red Cross, Ohio-Lower Misslissippi Flood Disaster
of 1937 (Washington: American Ked Cross, 1937).

American Red Cross, New York-New England Hurricane and
Floods, 1938 (Washington: American Red Cross, 19

An example is The Arkansas Plan for Flood Relief in East-
ern Arkansas, Arkansas ate ng coopera wit a
American Red Cross and other agencies, 1938.
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Cincinnati and Los Angeles are outstanding, plans have been pre-
pared and used to coordinate Red Cross work and the work of indi-
vidual plant operators by maintaining electricity, water, gas,
transportation, fire protection, police, and other essential pub-
lic anr;icoa under municipal authorities having broad emergency
powers.

Flood Fighting

Floods may be fought back temporarily by (1) works to pro-
tect towns or other large areas and (2) works to protect individual
building units or pleces of property within buildings. As a tempo-
rary expedient until permanent works are constructed, or as a meas-
ure which 18 less expensive than the construction of permanent
works, flood fighting has been used successfully in a few sections
of the United States.

In Washington, D. C., prior to the building of the levee
to protect government offices in the West Triangle, the Corps of
Engineers had detailed plans for emergency sand-bagging along the
line of the proposed levee, and during the Potomsc flood of 1937
the nearby compenies of the Civilian Conservation Corps wers
called upon to carry out the work. The Corps now has very hroad
authority to assist in such work throughout the United States,
and its district offices have made or are making plans for emer-
gency action in appropriate localities.

During the flood of May, 1941, the Weather Bureau forecast
of stages of the upper Rio Grande resulted in the construction by
the Civilian Conservation Corps and the State Engineer of an emer-
gency levee to protect the village of Espanola, New Mexico, from
water which otherwise would have caused property losses estimated
at $136,000. (The losses would have been high by comparison with
the total value of property, because 64 of the 68 builldings in
the village are of adobe construction and would have melted away
a8 the waters rose.) It is not possible to estimate the cost of
mak ing the forecast in this instance, but the levee work cost
approximated t13.000.2 Regardless of the feasibllity of providing

lPropoaed emergency code of the City of Cincinnati.
Burton L. Hunter, "Disaster Preparedness Plan Used Dur-
ing Los Angeles Flood,™ Public Management, XX (1938), 119-120.

2Unpublished report of Weather Bureau on "Flood Loss
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permanent protection for Espanola, or of moving the village to a
leaa vulnerable location, 1t i1s apparent that the costs of making
a forecast and of hastlily erecting temporary protection works were
emply warranted by the benefits obtained that year.

Cn a smaller scale, the same technique of erecting tempo-
rary barriers to keep water out of critical areas has been tried
rather widely and sucecessfully. The flood of July, 1938, in the
Pawtuxet Basin in Rhode Island caused direct losses twice those
of the flood of March, 1836, although 1t was not notably higher,
the increase in loss being principelly the result of the faillure
of emergency sandbagging and pumping operations at a single manu-
facturing plant.l If that emergency work had been effective, the
estimated benefits from flood protectlion for the basin would have
been reduced by at least one-half. Inasmuch as the manufacturing
plants which are crowded intoc the narrow flood plain of the
Pawtuxet account for 70 per cent of the total flood losses, it
seems posaible that well-planned flood fighting at the few other
plants affected might largely reduce future losses, in which event
complete protection by engineering works might be much less de-
girable.

On a stlll smaller scale, there are numercus techniques
which have been developed princlpally by manufacturers to fight
against losses within flooded bulldings. Just as towns or bulld-
ings may be protected effactlively by emergency measures, so also
may the parts or contenta of a bullding be hastlly guarded if time
permita., Among the more important of these measures are the
following:

(1) Sandbagging transformers, generators, and other ma-
chinery, particularly electrical equipment, to keep water out.

(2) Covering plate-glass windows with aluminum or wooden
shields to prevent breakege by floating debris.

(3) Filling empty tanks with water to prevent them from
floating from thelr foundations on the flood crest.

(4) Coating metal parts with heavy grease to prevent
rusting.

(5) Packing machinery with grease or other packings to

Reduction in Selected Areas in the Upper Rio Grande," 1941.

. lvﬁth Cong., 3d Sess., Pawtuxet River, Rhode Island, House
Doc. No, 747 (1940), p. 22. '
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prevent or reduce the deposition of silt in delicate parts.

(6) Sandbagging and riprapping of eroding embankments dur-
ing flood flows, particularly along rallway roadways and bridges.
All these measures, and many more, to cope with special loss prob-
lems, may be used to good advantage to cut down the impacts of
flood, As indicated in Table 13, they vary in their applicability
for the ma jor classes of loss. Recalling the characteristics of
flood losses as discussed in Chapter III, 1t 1s clear that flood
fighting is especially well sulted to the prevention of certain
classea of loss. Whereas plate glass windows and machinery ac-
count for an outstanding proportion of commercial and manufactural
losses, respectively, and are therefore susceptible to substantial
reduction by emergency measures, the agricultural losses are not
likely to be affected by them in an important degree.

Re-acheduling

The third class of emergency measures--re-scheduling--
comprises shifts in public service and other production schedules
which result in maintaining service in time of flood. As noted
in the preceding chaspter, the public utilities of the country have
an enviable record for performance in the face of severe flood dis-
aster, This reflects hard work and ingenuity. Increasingly, al-
so, it reflects careful preparation to shift the schedule of serv-
ices when necessary.

These shifts range from changes in national communication
networks to local arrangements for providing emergency repair
crews. During the 1938 flood in Southern California, all tele-
phone lines between Los Angeles and San Bernardino were cut, and
i1t became necessary to route calls through Phoenix, Denver, 3Salt
Lake City, San Francisco, and then back to Los Angeles. At the
same time the domestic gas supplies were retained in service be-
cause the utility company had the forethought some montha before
to distribute emergency supplies of pipe, cable and demountable
A-frames to the arroyo crossings where flood threatened. The
floods did wash out the old lines at many such places, but repair
mén were on hand to replace the pipe promptly and to maintain
sarvicu.l

1as Age, LXXXI (April 14, 1938), 36 and 40.



RELATIVE SUSCEFTIBILITY OF FLOOD LOSSES TO REDUCTICN BY

TABLE 13

EMERGENCY MEASURES BASED ON FLOOD FORECASTING

Class of Losa

Degree to Which Loss May Be Re-
duced by Emergency Measures
Based on Timely and Accurate

Flood Forecasts

Emergency Measures

Small
Large Medium s Wiaa
Agricultural
l. Crops
8. Unharvested mature crops..... AL R - x - Re-scheduling--Early
or more raplid harvest
b. Decrease in yvield....icviecss Fats g i - - x =
¢. Reseeding perennial crops..... e - x -
d, Crops not planted........ ATy A - - x -
e. Replanting of crops..... T e L - x Re-scheduling--Delay
in planting
2. Stored crops..... S e Lo s By S x - - Removal
3- GI'ChEI‘d...--....----.....q.........---- = % X "
4. Fﬂm timbarlll-llnorooo!llolornoool!!!l = - X =
5. Livestock & livestock products....i.... x - x &
€. Hesidence--see "Urban Residential"
7. Furnishings,...veeessrvsossavsvnrsnscces x - - Remowval
B. Personal belongings....ecevesseanssnses x - - Hemoval
9. Other farm bulldings.......e... #ow w A - - x -
10. Farm machinery & equipment.......c.ac.. x - - Removal, flood fighting
11. Automoblles, trucks, wagons, boats..... x - - Remowval
12. Fences, roads & outdoor improvements... - x -
13. Dralnage & irrigation works.......:.u.... - x -
L BENQ. . o eiaisioaeie b b e b e R e - - x -
15; Nonefarm: LRCOMB . oo aun e o sunevissssss s - = x ~
16. Evacuation & re-occupation............. - - X Re-acheduling

0LT



TABLE 13 - Continued

Class of Loas

Degree to Which Loss May Be He-

duced by Emergency Measures
Based on Timely and Accurate

Flood Forecasts

Emergency Mesassures

Small
Large Medium 5 Wone
Urban Residential
1. HResldence
8.-. Fomldﬂtloﬂ.....q...----.....o-.-.... r x i}
b. Buperatructiur®. cosuvennssssisssnsnsn - x -
¢. Improvements (fixed)......eeeeeovnes - x - Flood fighting
By DO PRE T O By o o B aa i ) s A e - - x -
2. mmsning'!l.'.ll’..l.ll'l..ll..l.ll' x = x R&moval
3. Personal belonglngS....csvscecarssassacs x - = Hemoval
4. Garage & other bulldings.......... tenaa - - x -
5.  Automobiles, wagons, trucks.....ceeeees x - - Removal
6. Grounds & outdoor improvements.....,.... - - x —
7. Lomsa of property incomd....ssssseeessss = “ x -
8. Evacuation & re-occupation...sececassas - = x -
Retail % Wholesale Commercial
1. Building--see "Urban Hesidential"
2 ParnlahIngm iissivesnsasisnnssnssnses x - Removal , flood fighting
0 EQUIPHERE ., . s s s e ie e A e x = Removal, flood fighting
4. 8tock of merchandisd....ccevvsnssscenas x - - Hemoval
5- mnor buildingall'.Iillt.l.llitlii.-bi. = N x 3o
6. Automoblles, wagons, trucks, etec....... x - - Remowval
7. Grounds & improvements.......ecoaseeuss - - x -
8. Business interruption
a, Production of goods and services.... x - He-scheduling
b. Productive equipment & supplies..... - x - Flood fighting, re-
moval, re-scheduling
¢. Excess coat of delayed males........ - x -
9. Evacuation & re-ocoupation.....ceeecues - - x -

TLT




TABLE 13 - Continued

Class of Losas

Degree to Which Loss May Be Re-

duced by Emergency Measures
Based on Timely and Accurate

Flood Forecasts

Emergency Measures

Small
Large Medium aw Rink
Manufacturing
1. Bulldings--see "Urban Residential"
2. 0ffice furnishings & records.......... x - - Removal
3. Plant machinery...esccsscnscascasacnaa - x - Removal,flood fighting
4. Stock of raw materials or finished
suod"l.c0-.10--c.ou-c.--o&--ou-ilD-clo x e 2 - Rﬂmﬂ?ﬂllflolﬂd fighting
5! unurbuild—im'l.'l-"'Q'QIIP'-I!l.-l. — - ! o=
6. Automoblles, wagons, trucks, etc...... x - - Removal
7. Grounds & improvements8....csssssssssss B - b | -
8. Business interruption
a. Production of goods............. sos - x - -
b. Productive equipment % supplies.... - x - -
c. Excess cost of delayed production.. - B x -
9- Ev‘cmtloﬂ & PB'OGCuthﬂ.On......-..... - X -
Public Buildings & Grounds
1. Building: -see "Urban Residential"
2. mni'hi]-ﬁs--.--.ll.ll.l.l....'l.’!'.. x - s Rumnval
3. Equ.tpmﬂnt......-..;.o....a.......-.--. - X = Rﬂmﬂ'ﬂl,f}.oﬂd nghtiﬂg
4. 8tocks of MIDPDIIoB.cicssirsssnnsvrenens x - - Removal
5. Public records, books or other
'nlu‘bles...'&-l.l--Ill-II.-Q.--l...Ill -x - — Rmovll
6- nnﬂ!‘ bui].dins’-.--.--.-.--u.q -------- ., - X -
Ta urolmdaltll.dl.ll-l.lllIDOI.DUIIUDOICI e - X -
8. Automobiles, wagons, trucks, etc...... x - - Removal
9. Evacuation or re-occupation........... - - x -

24T
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Some of the other measures which have proved effective
are: re-routing of rail and highway traffic; supplying bottled
gas for hospitals and other key institutions; accumulating maxi-
mum possible supplies of water and gas in storage tanks before
the pumping plants are flooded; providing for supplies of emer-
gency filling materials to be used on eroding railway road beds;
Celaying the planting or cultivation of crops until after a pre-
dicted flood; and raising the cross-bars on telephone line poles.
Each flood reveals a few more tricks which can be used later to
soften the impact of high water, and it is increasingly apparent
that a very large proportion of the interruptions in public serv-
ices which have characterized past floods will be prevented in
future by temporary measures based upon adequate forecasts.

Rehabilitation

Losses can be prevented after a flood recedes as well as
before it rises.

In ignorance of ways of recovering and rehabilitating
damaged goods, people often discard property which can be repaired
at far less cost than it can be replaced. A familiar scene in
the slimy dooryards of a flooded town are the pianos that have
been dhrown out unceremoniously almost as soon as the waters re-
ceded. They are dreary pieces of muddy, warped veneer and wire.
Yet, if taken in hand soon enough, they may be put in good shape
at modest cost. Likewise, boocks often are discarded when they
might be retsined in readable shape if properly pressed, dried,
and cleaned. Another common error in salvage has been to begin
repainting before the damaged surfaces were thoroughly dry.

With the exception of a useful pamphlet issusd by the
U. 8. Department of Agriculture for farmesrs, and informal advice
from Red Cross workers and others experienced in flood-relief
work, little help has been given to property owners in reclaiming
damaged gooda.l Large manufacturing and commercial units have
learned means of salvaging the most out of flooded property, but
their experience 1is not widely known. Probably 5 per cent of cur-
rent losses could be recouped if full information were to be made

1U. 8. Department of Agriculture, First Aid for Flooded
Homes and Farms (Washington: Government nting ce, B
pp. 1=
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available as a part of relief activities. Not much good would
comé from education ahead of a flood; the sufferers rarely are
interested beforehand.

Value of Emergency Measures

With the exception of a few sample studies made by the
Weather Bureau during 1941, no detalled investigations have been
made of the extent to which total flood losses might be reduced
by emergency measures of the three classes deacribed above. The
Weather Bureau's estimate that approximately £15,000,000 has been
saved annually on the average by flood warnings during the period
1924-1940 1s based upon such illusive data that it cannot be
accepted as a measure of present reductions.

Excluding flood fighting for large areas, because 1t 1s
subject to the same analysis as that made for permanent protection
worke, it seems probable on the basis of the evidence at hand that
certain classes of residential, commercial, and manufactural
losses may be reduced as much as 70 to B0 per cent under favorable
conditions. REasential public services can be maintained with a
high degree of efficiency. It has been demonstrated that large
populations in both urban and rural areas cen be evacuated promptly
and in an orderly manner without significant loss of 1ife or im-
pairment of health. It alsoc has been shown on numerous flood
plains that property losses involving stored goods, store fixtures
and windows, household furniture, machinery, rallway rolling stock,
and other movable equipment can be reduced largely by a combina-
tion of removal and flood fighting. Such reductions are possible
only in urban aress. They now are practiced most widely by large
commércial and manufactural concerns. They also have been adopted
most effectively by persons and institutions located in the lower
flood zones. '

It is the writer's observation in the Potomac and Ohio
basins that wherever a damaging flood is followed by another with-
in a year or two, the losses to movable goods are materially less
for the second flood. So long as the experiencs of the first dis-
aster 18 fresh in mind, the shopkeepers are alert to the flood
forecast and they are gquick to move their goods upstairs, batten
down windows, and otherwise prepare for the smergency. Reports
from the rock-products plants along the Ohioc River following the
1937 flood indicate that whereas the upstream plant operators in
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river reaches which had been under water in 1936 and in which the
1937 crest did not exceed the previous high were quick to move
their motor equipment above the flood stage, many operators down-
stream were caught unpreplrad.l Where floods do not exceed the
stages of relatively recent infrequent floods, the use of removal
techniques seems to approach a meximum among manufacturers. One
of the key problems of succesaful emergency plans is to find ways
of preventing this alertness and knowledge from being entirely
lost as years pass without floods. Experience has shown that un-
less floods are frequent the householders and small businessmen,
and even some large stores and manufacturing plants, tend to for-
get the flood lessons.

It therefore appears that emergency measures afford the
most promising opportunities for loss reduction in the upper zones
of flood plains having urban occupance with high proportions of
reaidential and small and medium-size commercial and manufactural
occupance.

To be successful, all such measures require three condi-
tions: (1) public information as to the extent of the flood hazard,
(2) adequate plans and equipment for removal, flood-fighting, or
re-scheduling operations, and (3) adequate forecasting of floods.

Without public understanding of the flood hazard, essential
participation cannot be obtained from those who most benefit. As
demonstrated by the unexpected magnitude of the 1837 flood in the
Ohio Valley, it is still difficult to predict the probable maxi-
mum flood for a given stream, and even when such a flood is pre-
dicted there is no agency which makes a business of promptly in-
forming all persons within the affected zones. Moreover, the
absence of floods over a period of time may lull the residents of
flood plains into a false sense of security which may retard emer-
gency action.

Inasmuch as the planning of emergency measures has been
largely a matter of private initiative, it is plain that the pos-
sibilities of using emergency measures are not recognized fully.

The whole arrangement of emergency measures can be effec-
tive only if built around accurate flood forecasts made for a
sufficient period in advance, anc adequately disseminated. An
inaccurate forecast may cause more harm than good. If 1t is too

lyordberg, op. cit., pp. 44-47.
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low, much property will be caught by the advancing waters; if it
is too high, people will lose confidence in the forecasting sys-
tem and fall to heed it when next it 1s needed.

Only a few flood plains in the United States now enjoy
accurate flood forecasts. The forecasts for the lower Misslasippi
River and the lowermoat reaches of its major tributaries--the
Arkansas, Red, Missouri, Ohio, Tennesses, and Upper Mississippi--
are relatively reliable, as are those for the Columbia River, the
larger Pennsylvania streams and the lower reaches of the Potomac,
Savannah, Alabama-Coosa and other South Atlantic drainages. On
the other large streams of the country the forecasts are useful,
but not accurate for highly infrequent crests. In only a few of
the headwater areas are there relatively precise forecasting sys-
tems, and even in an area such as the Monongahela Basin, the
Weather Bureau's forecasts do not cover more than a few points on
the stream and are not sufficiently frequent or widely distributed
to be of use to many of the peraons lfrectad.l With the exception
of a few places where the Bureau has helped establish a specisal
warning service, and with the exception also of Los Angeles County,
there are no small drainage areas for which forecasting aystems
have been well developed.

Structural Adjustments

More widespread than any other adjustment to floods is the
practice of altering or designing structures so as to reduce losses
that otherwise would occur. Without changing the use of land and
without emergency efforts at removal, flood-fighting or re-sched-
uling, it is possible to reduce flood losses in some towns and
cities as much as 50 per cent by simple engineering alterations.
Likewise it is practicable to enhance the productivity of certain
valley farms by adopting atructures that turn flood wateras from
liabilities into assets.

The chief forms of structural adjustments which have been
used successfully are in bullding design; layout and elevation of

ll reconnaissance of this area by the Weather Bureau ob-
servers after the flood of June 4-5, 1941 showed that many house-
holders had no real warning of that sharp rise, and that a number
of the larger manufacturers and river boat operators looked to
their own observers and to lock tenders for forecasts.



177

public utility systems; culvert and bridge openings; highway and
rallway roadbeds; water diversions; and fence and hedge layout.

Buildings

Many awamp-dwellsrs in the alluvial valley of the Missis-
sippl River use their bullding foundations to prevent flood losses.
Perching their homes and schools on posts so as to stand above
the relatively frequent floods, they pay in inconvenience and in
the coat of the higher foundations for freedom in most years from
high water. This practice is rarely found outside of swamp and
marsh nreaa,l but in some flood plains, summer cottagers have been
quick to adopt similar measures for reducing losses. Along
Neshaminy Creek, near Fhiladelphia, 30 per cent of the summer cot-
tages are reported to have been ralsed alnce 1937 above the height
of the probable maximum I‘lood.2 The ma jor difficulties with this
rather inexpensive measure seem to be that the raised cottages are
more subject than others to being undermined by swift currents
end that danger to 1life is increased by the inclination of people
to remain in the houses after a flood has begun. Recreational
land users are peculiarly responsive to the need for structural
edjustments because they must arrange for the contingency that
floods will occur while they are away, and because the water course
gives them a special incentive to rebuild in the same sites after
flood losses have been experienced.

Bulldings, bridges, snd other structures have been designed
to withstand high water in some areas where strong currents and
heavy debris loads are as damaging as flood water itself. For ex-
ample, the international highway bridge over the Rio Grande at
Laredo, Texas, was outfitted with a removable set of bridge rail-
Ings after experience during the flood of 1932 indicated that the
old concrete railing presented half or more of the total resist-
ance of the entire cantilever structure to the stream current.a
A varlation in design is found in the Coquaille Valley on the

1?7th Cong., lst Sess., Unfavorable report of the Chief
of Engineers on "Neshaminy Creek, Pennsylvania,’ 1941.

2734 Cong., 24 Sess., Eel River, Californis, House Doc.
No. 194 (1934), p. 41.

3J. W. Baretta, "Bridge Railings Removable in Case of
Floods," Engineering News-Record, Janusry 28, 19836, pp. 121-123.
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Oregon coast, where the fertile alluvial bottom lands are used
intensively for dalry pasture and where many dairy barna are
constructed with two levels of milk rooms so that the herds can
be moved upstairs when tidal floods inundate the ground rloor.l
Anchoring is an important phase of design for insubstantial
buildings and for tanks which are likely to be floated off their
foundationa by flood crests. A familliar scene in almost every
narrow flood plain during a flood is the piling up of tanks, small
frame buildings, and other debrls against bridges. These debris
dams cause an increasse in the flow line upstream and result in
the flooding of areas that otherwise would remain dry. This was
the case along Wills Creek in Cumberland, Maryland, in 1936.
Morsover, if the tanks contain inflammsble liquids the hazard of
fire is increased tremendously. Recognizing this danger following
the Ohio Valley flood of 1937, the National Board of Fire Under-
writers prepared a set of regulations with respect to the construc-
tion and operation of containers for Inflammable liquids, and
urged thelr adoption by municipalities having flood probloms.2
These measures, which include provision for anchoring, have been
recommended for use wherever a munlcipality does not prohibit the
storage of oll on its flood plains.

Public Utilities

On a larger scale, the same type of adjustment has been
made by public utilities sesking to prevent interruption of their
services at flood time. If water pumps, gas plant, electricity
plant and substatlions, and telephone exchanges can be kept in
operation, the major inconveniences from interruption of publiec
service can be minimized. Following the flood of 1937, Ohio Val-
ley utilities that previously had been inclined to design their
works to withstand water 2’ feet above the 1884 crest, began to
take the newly estimated probable maximum flood as a criterion
and to rearrange their facilities accordingly. Intakes, pump
houses, substatlions, switchboards, vaults, and other key items in

173d Cong., lst Sess., Coquaille River, Oregon, House Doc.

No. 78 (1931), pp. 27-28.
®National Board of Fire Underwriters, Recommended Safe-
;%!;dl for Flammable Liquids Storage Tanks in Regions Subect to
ocods, n.d.
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the systems were elevated or moved or protected. Transmission
systems were modified sc that electric power could be brought in
from other areas when the riverside plants were under water, In
numerous less dramatic wayas the systems wers prepared to withstand
an even larger blow.l From such experlences as these the water
works and utility plant operators have had costly lessons for many
years, but they have been slow to apply the knowledge and it is
rarely that we find one of them advising appropriate work before
rather than after rlooda.2

Bridges and Culverts

Bridges and culverts are variously designed to pass flood
flows. B8ome are intended to carry probable maximum floods, and
others are expected to suffer flooding from time toc time. The
early railroad bullder's attitude toward culvert and bridge design
is expressed by this statement:

The advisablility of designing a culvert to withstand any
storm-flow that may ever occur is considered doubtful. Sev-
eral years ago & record-breaking storm in New England carried
away a very large number of bridges, etc., hitherto supposed
to be safe, It was not afterward considersd that the design
of those bridges was faulty, because the extra cost of con-
structing bridges capable of withstanding such a flood, added
to intersst over a long period of years, would be enormously
greater than the cost of repairing the damages of such a storm
once or twice a century. Of course the element of danger has
some weight, but not enough to justify a great additional ex-
penditure, for common prudence would prompt unusual proesutionn
during or immediately after such an extraordinary storm.

Proper design to render a bridge structure secure involves,
in addition to providing an adequate cross-section to pass flood
waters, a design of foundations, plers, and abutments that will
withstand the stream erosion which reaches its peak with the flood
crest but which may be vigorously in progress at other periocds.

It has been estimated upon the basis of incomplete data that as
& result of floods 9,000 highway bridges of 20-foot span or more

1Nationa1 Board of Fire Underwriters, The Flood Problem
in Fire Prevention and Protection (Advisory Engineering Council
PUPI‘IHE, N.Dsy iﬂ!. Insgjr PP. 32""‘5'

zF; W. Hall, "Temporary Protection of Water Works in
Flooded Areas," Journal of the American Water Works Association,
XXIV (1932), 1853-1854.

aﬂaltar Loring Webb, Railroad Construction: Theory and
Practice (New York: John Wiley X Sons, 1Inc., 1932), P EE%.
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were lost between 1900 and 1937, and that at least 911 bridges
were lost between December, 1935 and April, 1936, in the United
Statau.l While some highway engineers take the position of the
rajlway engineer quoted above, others consider that an extra ex-
penditure of 5 to B per cent of the total construction cost would
be sufficient to eliminate such losses in future.2

This much seems clear. There are sufficlent hydrologic
data to be able to predict flood flows for most drainage areass in
the United States. There are adequate engineering techniques for
designing openings to pass those flowa. The guestion is whether
or not i1t would be more desirable to build more expensive struc-
tures which would be free from flood hazard. The economic con-
siderationa may shape the anawer, but, in addition, the public
policy increasingly reflects the view that when a governmental
agency builds 1t must do so in a fashion free from flood loss,
even though at large cost. This attitude seems to accompany
centralized administrative responaibility, and it parallels the
mounting caution of the railways in such matters as they become
larger and more rigidly organized.

The rallway companies have now developed elaborate means
of protecting their roasdbeds from washouts. These include rip-
rapping, anchoring of track, relocation of stream channels and
ditches, planting of protective vegetation, rodent control, spe-
cial treatment of foundations in scouring streams, drop outlet
spillways, and levees to concentrate flow at adequate bridge
opanlngu.a On the whola, the record in thias respect is good.
Ferhaps no other class of loss displays such a high proportion of
non-recurring items. For example, in the Nishnobotna Basin in
Western Iowa and Missouri, most of the transportation loases of
previous years will not be repeated during future floods beceuse
the damaged highways and rallways have been abandoned, strengthened,
or raised in the course of making repairu.4 S8imilar improvementa

lﬂuaaull J. Borhek, "Flood, Bridges, Foundations and Fail-
ures," Roads and Streets, LXXXII (1939), 66 and 68.

°Ipia,

anmarioan Railway Engineers Assoclation, Manual, revised
to March 12, 1936, pp. 1-11.

4“Folluwing some of the larger flcods in the past, repalirs
and changes were made to the transportation system which will pre-



181

ere becoming standard practice In highway design.

Water Control

Special structures may be erected with advantage in some
areas to retard the erosive effects of flood waters, and, on agri-
cultural lands, the deposition of water and silt. In the bottoms
along Neskowin Creek on the Oregon coast, farmers reduce their
losses from tidal overflow by placing piling in front of their
bulldings to guard against the drift carried by high Intara.l It
is the writer's observation that in many flood plains landowneras
have overlooked opportunities to check erosion from floods by
tree and bush planting and by protectlve arrangement of fences
and hedges. Damages to land and bulldings can be reduced thereby
and some benefits may be gained from silt deposition. As noted
in Chapter III, slight differences in ground cover and aimple man-
made obstructiona to flow are highly effective in causing deposi-
tion and preventing scouring.

The outstanding examples of turning floods to good use in
agricultural areas are the water-spreading devices of the semi-
arid and arid regions., Using single barrier and debris structures,
as in the Southwest, or series of wing dams, as in Montana, flood
waters may be deployed from a stream channel over wide areas so
as to deposit heavy debris beshind barriers, to promote absorption
in underground water-bearing formations, and to increase the

vent a recurrence of considerable damages in the event of a recur-
rence of floods of the same magnitude. After the flood of 1831

on the West Nishnabotna River, which caused $15,500 damage to the
Chicago and Northwestern Railroad, this portion of the line was
abandoned; therefore, this damage 1s not subject to recurrence,

On the east branch of the West Nishnabotna River, the bridge which
caused a loss of $125,000 to the Rock Island Railroad during the
1939 flood has been replaced with a more substantial structure,
which will prevent any similar loss in the future. During the
floods of 1917 and 19829, highways, roads and bridges on the West
Nishnabotna River sustained losses amounting to $49,800, and the
flood of 1929 ceused $16,000 damage to these improvements on the
East Nishnabotna River, yet during the large flood of 1839 no

such severe losses occurred. . . . ." Report of Corps of Engi-
neers on "Nishnabotna River, Iowa and Missouri," December 26,
1941.

1?7th Cong., lst Sess., Unfavorable report of the Corps
of Engineers on "Neskowin Creek, Oregon," 1941.
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moiasture content of soil. In the arid regions, debris control
and ground-water recharge are the principal benefits, and else-
where the increments of silt and water to the soll are most bene-
ficial. A few permanent pastures in Pledmont Platesu Valleys of
Maryland and Pennsylvania have small deflecting dams and barriers
which divert floocd waters, thus reducing bank erosion and improving
soll fertility. The agricultural values of these devices over- '
shadow any benefits from reduction of flood lanaoa.l Indeed, meas-
ures for the obstruction of water flow may increase the crest of
a given flow, inasmuch as surface resistance decreases velocity
and promotes the storage of water in that reach of the valley.
Taking all of these structural adjustments together, it
ie evident that large and reliable reductions in flood losses may
be obtained without protection worka. They have the disadvantage,
however, of encouraging continued occupance of flood plains in
time of flood, and thereby increasing slightly the hazard to human
1ife. Successful structural adjustments for occupance that is
related to advantageous flood-plain factora may attract other oc-
cupance that 1s less well sulted to the locality involved. Thus,
improved public services due to structural adjustments may encour-
age undesirable residential occupance., Most structural adjust-
ments may be carried out by individual property owners in the
course of normal repairs and replacements. There is a continuing
opportunity, scecordingly, to make appropriste structural adjust-
ments; while it reaches a peak immediately after floods, it exists
at all times.

Land Use

Emergency measures and structural changes may reduce flood
losaes, but a more reliable readjustment is permanently to remove
damageable property and services beyond the reach of floods. In
many instances this readjustment involves changes in land use.
Such changes have developed progressively in some flood plains
over many years. In others simllar readjustments ecry out for at-
tention, and although there 1s doubt as to the degree to which
public ald can be used effectively to promote the changes, there

1

Jay A. Bonsteel, Solls of the Eastern United States and
Their Use--XXXIX, Meadow, Bureau of Solls Circular No. 68 (1012), |

ET_137_._______._4_____m_ﬂ
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is 1ittle doubt that public powere can and should be exercised in
greater degree to prevent an extension of unwise flood-plain oceccu-
pance.

When the Potomac River floods of 1936 and 1937 lapped at
the margins of Washington, D. C., they covered there at least 900
acres of non-agricultural land. Yet they did little damage. Most
of the area that would be under water during the probable maximum
flood 1s in parks, and the remainder 1s used for boathouses, ship-
ping yards, sand and gravel works, and similar structures. With
the exception of several score low-class residences, a few manu-
facturing plants which grew up along the old Chesapeake and Ohio
Canal, and three great blocks of Federal office buildings along
Constitution Avenue, the bullt-up parts of Washington are on
ground free from the probable maximum flood. The 1937 flood
injured the public park areas only by shutting off some ocross-
river traffic for a time, and by damaging the gardens, walks, and
grass. Intentlionally or not, Washington has neatly adjusted its
public land use to the flood hazard. With the completion of an
artfully-concealed levee to protect the office buildings, the
greater part of the bullt-up occupance elther suffers little from
floods or remains on the riverbank because of advantageous fac-
tors of location near the water course,

The meadow lands bordering numerous streams throughout
the country bear testimony to a similar type of adjustment. Common-
ly, they are used for permanent pasture rather than crops; rarely
are they used for bulilding sites unless the valley 1s narrow and
the neighboring uplands rough. Factors of drainage have comblined
with the flood hazard to make it advantageous for farmers to keep
their cash erops and buildings out of frequently-flooded meadows
unless artificial drainage works are providod.l Similarly, in
the Cumberland Enclave area of Kentucky, the rural communities
while centering upon valley floors are arranged so that buildings
generally are above the flood plain which is planted regularly
to com.2 This adjustment 1s so common that it is taken for
granted and no guestion 18 ralsed as to why other farmers find
themselves flood victims.

lrpida., p. 19.

2Gar1 Ortwin Sauer, Geography of the Pennyrowyal, Kentucky
Geological Survey, Series VI, Iﬁﬁ i?glEETorE: Ken%uEEy Geological

Survey, 1627), 177-179.
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Changes in Crops

The succesaful arrangement of crops by some farmers sug-
geats the practicability of curbing flood losses more widely by
that means, For example, dairy farmeres along the narrow valley
of the Umpqua River, Oregon, commonly plant the flood plain with
alfalfa or perennial grasses which suffer only slightly from
floods.! Inasmuch as cultivated crops vary tremendously in their
tolerance to flooding and to deposition of silt, it is important
to select aspecles of plants that will resist both. Moreover,
studies in the Ohio Valley and in Vermont show that slight differ-
ences in cover crops may have a marked effect upon the work of
flood water. During the Ohio River flood of 1937, under condi-
tions which were similar in other respects, a pasture covered with
sod gained one-fourth to three-eights of an inch of silt loam
while a clean=-tilled cornfield lost the same amount; a fleld of
rye gained half an inch of loam while a nearby cornfield lost
three-quartera of an 1nnh.2 Thin stands of certain grasses were
highly beneficisl, whereas other crops, such as soybeans, had =
pronounced loosening effect upon the soil and were conducive to
removal. The effects of land use were particularly important in
narrow flood plains. These relationships between cover and losas
are recognized fairly well by farmers in some flood plains sub-
Ject to frequent overflow, but they have not been studied widely
or intensively, and farmers in mosat zones of lesg frequent flood-
ing seem unfamiliar with them.

Urban Relocation

Records of urban occupance show that once firmly estab-
lished in the path of floods, cities and towns and parts thereof
are slow to retreat to higher ground., Where withdrawal from a
flood plain has taken place in whole or in part, one of several
processes of change have governed. In early urban settlements on
flood plains it 1s somewhat common for the town to move to or
above the higher flood zones after a flood has shown the hazard

lyeth Cong., 34 Sess., Umpqua River, House Doc. No. 684
(1940), p. 1S.

ZBrown and Brown, op. cit., pp. 98-99.
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in the lower zones. At Los Angeles, for example, the first Spanish
pueblo was located by specific direction of the Spanish Governor

at a site on the banks of the Los Angeles River as nesr as possible
to the river without incurring danger of floods, but a few years
later it was moved when floods were found to reach to the site
first aalacted.l

After flood-plain settlement 1s well established, a process
of gradual withdrawal has teken place in & few areas with which
the writer is I'amiliar.2 At Harpers Ferry, the firat settlement
was on the flood plain and adjacent hillside of the Shenandoah et
its junction with the Fotomac. There the Chesapeake and Ohio Ca-
nal and the Baltimore and Ohio Railroad crossed the mouth of the
Shenandoah Valley, there an early ferry and later a highway cross-
ing were established, and there a Federal arsenal was built prior
to the Civil War to use the available water power. Although the
early settlement centered in the flood plain, there was afterward
a slow and irreguler uphlill movement. New residences were built
above flood level, and a new commercial center took root on the
relatively flat upland half a mile from the old center. By 1936
the flood plain was occupled by the railroad station, a small
power plsant on the Canal, a pulp mill, approximately twenty store
bulldings, a gerage, two dozen residences, and the remains of the
old arsenal. In the next year the river flooded the plain to a
depth of as much as ten feet. One-half of the stores failed to
reopen, the mill was abandoned, and two-thirds of the residences
were destroyed or abandoned.

In only three places in the United States have complete,
outright changes in urban units been made in later years. The
little town of Columbus, Kentucky, moved out of the Mississippi
River flood plain in 1928, and Leavenworth, Indiena, and Shawnee-
town, Illinois, went uphill out of reach of the Ohlo River in
1938 and 1940, respectively.>

lRuth E. Bau , "Site of Rarly Los Angeles," Economic Ge-
ography, XVIII (1942), 91.

2& case of partial withdrawal is described by Glenn T.
Trewartha in "The Prairie du Chien Terrace: Geography of a Con-
fluence Site," Annals of the Association of American Geographers,
XXIT (1932), 120, 137-169.

3Thure are records of a few earlier relocations. For ex-
ample, Ste. Genevieve, Missouri moved following the flood of
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All three relocations have been uphill fights against
more than floods and terrain. Social inertia, the attractions of
flood-plain locations, and the task of organizing group action
have tended to retard such shifts. Shawneetown's migration was a
difficult and tedious experience for all concerned, and it is not
yet complete. Leavenworth moved with less difficulty. Neverthe-
less there were numerous complicationa, large and small, in the
Leavenworth experlience which illustrate on a small scale the prob-
lems of readjusting urban land use.l Near Leavenworth the Ohio
River flows through a valley bordered by alternating covered ter-
races. Barly steamboat landings developed at these wide places
in the vallsy plain, and the little village of Leavenworth began
at one of them in 1820. The town was under water at least twelve
twelve times between 1831 and 19537. Then the 1937 flood, the
greatest of record, covered the main street to a depth of more
than 15 feet, inundating all but eight homes, a factory building,
and a schoolhouse, driving the 420 inhesbitants to these places and
to the nearby bluffs, causing physical damages estimated at
$272,000, carrying away or wrecking 46 residences and five busi-
ness buildings, and leaving behind a thick coat of mud. Sustained
chiefly by retail trade and a button factory using river shells,
tired and discouraged by the traglic experience, why, inquired the
townpeople, should they rebuild there? They set ocut to find a
safe alternative. With the help of the American Red Cross, and
of the Indiana State Planning Board and other public agencies, a
new town plan was designed for a site one and one-fourth miles
inland and 400 feet higher at the top of the bluff. Hed Cross
funds in the amount of $100,000 were used to build and outfit new
homes, such ald being on the basis of need rather than of losaes
sustalned. A Disaster Loan Corporation loan was obtained to cover
the required local contribution of $25,000 for the Work Projects
Administration to bulld streets, a water system, a sewer system,
sidewalks, and a town hall, at the new site, and a park at the

1785. Francis J. Yealy, Sainte Genevieve, The Story of Missouri's
Oldest Settlement (Ste. Oenevieve: Bicentenniel Historical Commit-
tee, 1G55), pp. 25, 61-62.

The town of West Hennepin, Illinois was abandoned a few
years after its founding in 1836. Barrows, op. cit., p. 84.

lRobert E. Bondy, The Story of Leavenworth, Indiana, Re-
print from The Red Cross Courier, January and February, 1048,
12 pp.
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old site. Upon petition of the town board, the state highway was
relocated through the new site, The Federal contributlion for this
pro ject amounted to $100,000. The total expenditure of more than
$225,000 of public funds in addition to the expenses borne by pri-
vate individusls compares with an assessed valuation for tax pur-
poses of $163,000 and with an expenditure of $490,000 which the
Corps of Engineers estimated as necessary to protect the old town
by means of a levee, but it meant the end of the flood problem at
Leavenworth. Although a few of the inhabitants are remaining in
the old town and it was unnecessary to move the button mill, the
posaible losses in future will be small. The remainder of the
land at the old site is held by the town as a park, as already
noted. Leavenworth retains most of the advantages which is pos-
sessed before the move, and has escaped the disadvantage of flood-
ing. It 1s connected with a main highway and secondary highways
leading to agricultural trade areas, the button factory furnishes
some employment, and it is a suitable home for retired farmers and
road workers, In addition, it is new in appearance, and enjoys a
beautiful view across the Ohio River. Probably it will not grow.
It ia leas likely to decline than would be the case but for re-
movel, and it 1s removed from the liability side of the national
ledger in time of flood.

The Leavenworth move was impeded by social resistance.
There were recalcitrants to be persuaded and placated. Some old
families were reluctant to leave. Others were sure that the new
town could not be as comfortable as the old one, or that the ex-
pense would be prohibitive. Each family presented an individual
finanecial problem to be considered in relation to the finances
of the town as a unit. The need for direct relief and for loans
and the capacity to pay tax assessments were different with each
family. The acquisition of the new site and the transfer of titles
for the old site were involved procedures. PBut the change was
made.

It was aided materially by the violence of the 1937 flood,
and by the guidance provided by state and national offiecials.
With bitter experience of the flood fresh in their memories, most
of the townspeopls were receptive to the idea of a change.

Urban readjustment by means of changed land use has dis-
tinctive costs that result from abandoning productive capital and
from relocstion. Useful buildings and municipal facilities are
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demolished or allowed to fall into disrepair while new ones are
constructed at a distance, Such costs are inevitable unless al-
ternative uses can be found for the old structures., The relocation
costs are manifest in the planning and organization of changes and
in the soclal dislocations which may follow from moving familles
and business enterprises. A4 change is not necessarily benefliclal;
it mav serve to freeze a type of occupance in a new location for
which it 13 not suited, or to buoy up an occupance that is deterio-
rating in any event because of market conditions, technological
advances, or related sconomic circumstances.

Relocation may also stimulate new 1ife, and 1lnduce urgent-
ly-needed community reorgenization. The Leavenworth move resulted
incidentally in the merger of three church groups. Properly de-
signed and executed on a favorable alte, relocation stimulates
clvic Improvements and revitallzation.

Public Measures to Promote Improved Land Use

There 18 an increasing tendency for public agenclies to
promote effective land use on flood plains by public measures,

At least four such measures now are availeble. They are (1) sub-
sidized relocation, (2) subsidized abandonment, (3) land acquisi-
tion, and (4) zoning.

Subsidized relocation.--The Leavenworth move was symptom-
atic of public discussion of the question of relocating communi-
ties that had suffered during the Ohlo Valley flood of 1937. So
many flooded towns were in a declining economic condition and the
costs of protecting many of them from floods by means of levees

was so great that interest was created in possible alternatives.
One measure of the costliness of the protection program studied
by the Corps of Englﬁeers i1s that of the 158 communities affected
in that flood, 80 had an assessed property value less than the
amount required to build protection works.

To cope with this situation in part, the Flood Control
Act of June 28, 1838, in suthorizing levee construction, provided:

That in any case where the conatruction ccst of levees or
flood walls included in any authorized project can be sub-
stantially reduced by the evecuation of a portion or all of
the area proposed to be protected and by the elimination of
that portion or all of the area from the protection to be af-
forded by the project, the Chief of Engineers may modify the
plan of ssid project so as to eliminate said portion or all
of the area: Provided, That a sum not subsatantially exceeding
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the amount thus saved in construction cost may be expended by
the Chief of Engineers, or in his discretion may be trans-
ferred to any other appropriate Federal agency for expendi-
ture, toward the evacuation of the locality eliminated from
protection and the rehabilitation of the persons 80 evacuated:
And provided further, That the Chief of Engineers may, if he
so desires, enter Into agreement with States, local agencles,
or the individuals concerned for the accomplishment by them,
of such evacuation and rehabllitation end for their reimburse-
ment from sald sum for expendltures actually incurred by them
for this purpose.

In no instance has thls suthority been used to date. Parts of
New Albany, Indiana, and Ripley, Ohio, werse relccated in 1937
through the efforts of the Americsn Red Cross, but otherwise 1little
progress has been made. The reasons for the lack of application
of this subsidy for relocation are not clear, and probably could
be determined only by a study of the relative advantages and dis-
advantages of each community's location and of the attitudes of
municipal and Federal officlials Involved. One contributing con-
slderation is that unless such relocations are undertaken promptly
after a flood, clvic interest in them is soon lost. In this in-
stence the suthorizing act did not pass until a year and five
months aftsr the flood, although the engineering reports on which
protection was based had considered that alternatlvu.l

Subsidized abandonment.--In certain flood plains 1t may
be in the public interest to subsidize the abandonment of an enter-
prise which is highly vulnerable to flood losses and which performs
public services of a restricted character. This seems to be the
case in the Rapid Creek Valley in the Black Hills of Scouth Dakots.
The flood of 1907 on Rapid Creek ripped out 104 brildges and damaged
18 miles of roadbed of the Rapid City, Black Hills and Western
Failroad, with a total loss of $233,000, The railroad company
went into bankruptey, but continued operstions. The surface fea-
tures of the Black Hills make Rapld Creek canyon the only rela-
tively economical location for a railway. A flood as high as that
of 1607 would do equally great damage now, and it 1s possible that
a much larger flood may occur, This factor, combined with the
poor economic condition of the railroad, has led the officials of
the road to feel that it would be preferable to abandon the road,

1In a few other reports it has been suggested that reloca-
tion might be desirable for occupance which could not be protected
by levees. For example, 724 Cong., 1st Sess., Choctawhatchee
River, Florida, House Doc. No. 242 (1832), p. 1B,
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for a settlement of $350,000 liquidation damsges, than to continue
operations with part of the road relocated in connection with the
construction of the proposed Pactola reservoir for irrigation and
water supply purposea on Rapid Creak.l The proposal is now under
study by Federsl agencies, and if adopted it will mark a new form
of public effort to reduce flood losses.

Land acquisition.--Public land acquisition has been sug-
gested by many as a means of promoting desirable shifts in land
use, and it is well established as a Federal instrument for deal-
ing with rural land-use maladjustmenta of related character, such
as appear in over-grazing, soil erosion, and forest abuse. Alvord
and Burdick, in dealing with the Columbus, Ohio, situation in
1913, were among the first engineers to realize this possibility,
They recommended that acquisition alsc be used to prevent further
encroachment, saying:

The City of Columbus, about 1885, commenced to grow west
onto the bottom lands of the Scloto River. These cheap and
accessible lands were exploited by real estate dealers, sub-
divided and sold. What should be done, therefore, to prevent
a racurrence of this kind of public mistake? It i1s believed
that 1t 1s the part of wisdom for Columbus, as well as any
other city similarly situated, to purchase outright such low-
lying bottom lands, and remove them from the danger of being
settled, by preserving them for commons, parks, open spaces,
or any other purposes the future may point to as being most
desirable. No other alternative seems to present itself which
will with certainty and effectiveness prevent the population
from spreading itself in localities obviously endangered by
flood water. Such a provision has, therefore, formed a part
of every project herein, and is deemed an indispensable and 2
fundamental requirement to the flood protection of the future.

The Corps of Engineera recently investigated the practica-
bility of using leveed lands aslong the Illinois River for flood-
control and navigation storage, and, in concluding that no such
atorage uses were warranted, recommended that one of the districts,
having an area of 1,880 acres, be purchased, the levees degraded,
and the land used as a floodway and for wildlife prupngation.3
This was Justified chiefly on the basis of improving flow lines

lUnfnvorable report by Chief of Engineers on "Rapid Val-
ley, South Dakota," November 6, 1941, pp. 19 and 38,

anlvord and Burdick, Flood Profection for Columbus, Ohio,

P. 275.

5Plrtinlly favorable report of Chief of Engineers on "Illi-
nois River--Use of Levee Districts as Reservoirs," August 23, 1941.
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downstream. Thus, land originally conveyed to the state by the
Federal government under the Swamp Land Acts, on which subsequently
drainage construction assessments of §147,210 were levied, is now
to be returned to its original condition at a cost of §£91,700 to
the Federal government if the recommendation is adopted. Notwith=-
standing agitation for the return of other Illinois River bottom-
lands to non-agricultural uuen,l no study has been made of the
relative productivity of those lands under the suggested alterna-
tive uses. Indeed, the Cincinnati City Plan Commission study has
been almost alone in its attack upon the flood problem in terms

of land-use readjuat.m.antu.2

Zoning. --Another partial remedy for unwise land use is
regulation through zoning ordinances, bullding ordinances, and sub-
division control.” Regulation of flood-plain use serves either or
both of two objectives. Firast, it may 1limit land occupance which
causes a constriction of natural stream channels. This "channel-
capacity" regulation 1s aimed at dumping waste and building bridge
approaches and abutments, highways and other structures which de~-
crease & channel cross-section, reduce water-carrying capacity,
and increase the height of flood flows. Zoning measures or build-
ing regulations may be employed to prevent such structures to the
extent that they cause an increase in the height or duration of
floods.

Second, regulation may limit the use of a flood plain to
purposes which do not suffer unduly from the action of a flood or
which do not cause serious damage to persons or interests located
outside of the flood plain. This "land-use" regulation is to pre-
vent or discourage occupance rendered uneconomic¢ or contrary to
community welfare by the flood hazard. Zoning ordinances may be
employed to prevent new residential use, to encourage the evacu-

1“I believe the people of the State, instead of seeing
additional millions of public money expended to set back and en-
large the levees that now enclose 200,000 gcres of land that were
once the property of the people of the State and constituted a
vacation land where they could hunt and fish and picnic, want to
see these lands restored to the river, to the fish and wildlife,
and made public lands." Everett M. Dirksen in the House of Reprer-
sentatives, March 31, 1837.

2Kraamar, op. clt.

3899 Henry C. Klein, Flood Plain Zoning and Evacuation, Re-
print from Quarterly of National Fire Frotection Hiaociﬁﬁiﬁﬁ:

April, 1936.
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ation of a residential area over a relatively long period of time,
and to 1imit new manufactural and commercilal uses to those requir-
ing certain advantages of the flood plain.

The two objectives are combined in some regulations, and
are independent in othera,

Most effective flood-plain zoning in the United States
has been accomplished by New Jersey, Pennsylvania,and New York,
Cities have utilized it in a few instances. The powers of Federal
government to promote zoning have not been exercised as fully as
possible and deslrable.

New Jersey provided for channel-capacity regulation under
authority of its so-called Home Rule Act of 1917, as amendsd in
1829, That act provides that every municipality in the state may
make and enforce ordinances for the purpose of "The defining of

the locations and the establishing of widths, grades and eleva-
tions of any stream, cresk, river or other waterway, and the pre-

1
n

Counties of the second
powers, and the State Water

venting of sncroachments upon the same

class have substantially the same

FPolicy Commission 1s empowered to
the erection of any new structure
structure may be permitted within

prescribe conditions under which
or the renewal of an exlsting
the natural and ordinary high

The Commlssion also 1s authorized to
require the removal or repair of exlsting structures in the inter-
est of the publle safety. Encroachment lines adopted by the mu-
nicipalities and counties are subject to approval by the Commis-
sion.

water mark of any atream.a

The State Water Folley Commission performs two interlock-
ing functions. First, it issues permits for conatruction or al-
terations of bridges, culverts, walls, fills, and other structures
throughout the stita.a
dividual streams looking to the setting of encroachment lines and
the preparation of specific plans for chennel improvement. Ideal-

ly, the surveys should be completed before action is teken on

Second, 1t makes intensive surveys of in-

lRev. Stats.,, Title 40, ¢.56~1 (k) as amended by Laws
1938, c. 229. *

21bid., Title 58, c. 1. -

5State Water Feollicy Commission, Information for Applicants
for Fermits for Construction or Alterstion of Encroachments on
Streams, Bridges, Culverts, Walls, Fills, and Other Structures
{Trenton: The Commission, 1938).
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applicationa for permits to buifld or alter structures. Practical-
1y, the Commission acts on many applications on the basis of of-
flce or reconnaissance studies of channel and run-off conditions.

At this writing no lines have been adopted by municipal
ordinance, although many recommended improvements have besen con-
structed by county or municipal governments or by property owners,
The lines are generally recognized by the responsible local offi-
clals; delay in formal acceptance has occurred in the municipal
councila.

In addition to providing a basis for the issuance of per-
mits by the State Water Policy Commission, the surveys are used
by state and local officials as 8 gulde to (1) removing channel
obstructions such as sewer crossings, (2) constructing retaining
walls and other channel-improvement works, (3) asserting title to
the natural stream bed, and (4) advising property owners on de-
sirable limits of improvements. The authority of the Commission
has not been questioned in the courts. Neither has the state paild
any damages for removals or alteratlions required by it. The en-
tire process seems to have been a cooperative one in which accept-
ance of the principle of staying out of the stream channel has
been gained by education and skillful negotliation.

The Commission has required the design of bridges and
culverts with capacity adequate to pass safely the probable maxi-
mum flow. It has not set encroachment lines at the limit of the
probable maximum flood. In general, floods of 15-25 year fre-
quency have been used in cslculating desirable channal capacity,
thus leaving avallable for unrestricted occupancy many flood-plain
areas which are fnundated at less frequent intervals.

Authority to regulate stream-channel encroachment also is
vested in state and municirpal agencies in Pennsylvanla. The State
Water and Fower Hesources Board is authorized to issue permits
for the constructicn of any water obstruction in any stream or
body of water or for any other actlon changing the course, cur-
rent, or cross-section of such water bndiau.l If the Board deter-
mines that any obstruction is unsafe or in any way ls "derogatory
to the regimen of the stream," it may require the repair or re-
moval of the obstruction.

lpamphlet Laws, 555, 88 1-3 (Act of May 6, 1937); Pamphlet
Laws, 555, 88 1-10 (Act of June 25, 1913). Act of June 12, 1931,
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The Pennsylvanla Board has established encroachment lines
in several cities and localities, but it has confined its activi-
ties chiefly to the inspection of dems, bulkheads, and other struc-
tures projecting into normal stream channels. In rare instances
ocnly has 1t attempted to regulate land occupancy in those portions
of & flood plain located above the level of mean stream discharge.

Although the powers of municipalities in Pennsylvanla are
much broader than those of the Board, the latter has review power
over action by the municipalities and it is in a position to gulde
zoning of flood plains on a state-wide basis,

The progress made under the above-mentioned legislation
in Pennsylvania differs in minor degree from that in New Jersey.

In 1935 the State of Washington suthorized its Supervisor
of Hydraullecs to establish "Flood control zones" on all streams
in the state and to 1ssue permits necessary to control the erec-
tion, operation, or maintenance therein of any structures which
might "adversely influence the regimen of a stream or body of wa-
ter or might adversely affect the security of life, health and
property against damage by flood water.“l The submission of appli-
cation for permits ls mandatory. The State Supervisor 1s given
ample powers to enforce his regulations. By May, 1940, 14 flood-
control zones had been established, more than 100 permits had been
1ssued, and no appeals had been made to the courts.z

As part of its revision of state planning laws in 1938,
the State of New York provided that planning boards should take
into account peril from flood in determining whether or not the
lend in plats for new subdivisions can be used saraly.a

The writer 1s not aware of important efforts to regulate
flood-plain use in other states. In some states, notably Mary-
1and,* state agencles are suthorized to investigate waterway ob-
structions and, 1if desirable, to order their repair or removal.

lsession Laws, 1835, c. 159.

2p. Hetrerton, Flood Damage Prevention, Washington State
Planning Council, May, 1938, p. 33 tters from Chas. J. Bartholet,
State Supervisor of Bydraulics, August 23, 1937 and July 14, 1940,

aﬂavna D. Heydecker, "Hecent Amendments to New York State

géanning Laws," Planners' Journal, IV, 91-93, chaps. 44, 205, esnd
4,

4cumulativn Supplement to 1924 Maryland Code, Art. 96B §9.
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In other states, notably Iinconuin.l counties have authority to

regulate the construction of certain structures which would affect
stream flow, but it has not been used generally to set encroach-
ment lines or to establish zones. The Wisconsin counties possess
broad powers to determine areas in which "trades and industries,
and the location of buildings for specified uses may be prohibited.”

Fragmentary data at hand indicate that a few local govern-
ments have used the police power to regulate flood-plain encroach-
ment. Outstanding examples are the zoning ordinance for Jefferson
County, Iiaconsin:z the zoning of the California section of Cincin-
nati, Dhio:3 the zoning ordinance for parts of Los Angeles County,
Cnlifornia;‘ and the building ordinance for Keens, COnnnoticut.a

To date, state regulations have been directed chiefly at
maintenance of channel capacity and county and municipal regula-
tions at land use in a broad sense. The state work has been a
fundamental step; without it, channels may be subject to progres-
sive constriction. At the same time, uneconomic encroachment in
the higher portions of a floocd plain may be expected to spread so
long as zoning and building ordinances do not limit buildings in
the path of floods.

Extension of either type of regulation is difficult, and
even the relatively simple process of channel-capacity zoning has
encountered serious obsatacles.

The chief conditionsa which retard the regulation of flood-
plain use appear to be as follows: (1) data relating to flood
magnitudes and frequencies are scanty; (2) studies of land utili-
zation in flood plains are even more sparse; (3) present or pro-
spective land users in & flood plain exert strong pressure against
any measures calculated to limit their choice of land use; and

lwisconsin Laws, 1935, c. 303, 8 1.

2J. M. Albers, "New Uses for County Zoning: The Jefferson
County, Wisconsin Ordinance," Journal of Land & Public Utilit
Bconomics, XIV (November, 1938), 460-462.

S3tate ex rel. Bateman v. Zachritz, et al., 22 N.E. (2d)
84 (1939)-

45dditions to Ordinance No. 1494 (new series) authorized
by the Board of Supervisors, June 11, 1940.

5&mor1¢nn Land Co. v. City of Keene (Conn.), 41 Fed. (24)
484 (1630]).
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(4) there 1s 1ittle legal precedent for utilizing the police power
of a state in order to prevent or restrict uneconomic land use
which does not affect channel capacity.

None of these obstacles 1s insurmountable. Regulation of
flood-plain use 1s known to be practicable in many instances and
it 18 capable of wide expansion.

With the exception of the establishment of "harbor lines"
and "channel lines" for purposes of maintaining navigability, the
Federal government has not sought to regulate the occupance of
flood plains. In several instances during 1640-41 the Chief of
Engineers, in recommending local flood-protection works, made as
one of the conditions of Federal participation the enforcement by
local interests of adequate measures to prevent further encroach-
ment upon stream channels. None of these recommendations has thus
far been adopted by the Congress 1n authorizing the conatruction
of projects.

Public Relief

If a flood were to strike in a densely-settled river val-
ley of the United States in 1542 the losses suffered by the flood-
plain dwellers would be borne in two ways. Most of the losses
would be borne by privete and public property owners and wage
earners, as described in the following section. The remainder
would be carrled by public grants and direct rehabilitastion work.

Federal Alds

As noted in Chapter I, the proportion of the burden car-
ried by public relief in the form of credit, grant, and rehabil]-
tation operations has increased progressively during the past 75
years, and the Federal share has incressed even more rapidly.
Under present policles, the following Federal relief would be
avallable to sufferers:

Loans

1. Disaster Hellef Corporation loans at 3 per cent for
repairs and rebuilding of private and public property. Col-
lateral 1s at the discretion of the Corporation. 'Character"
loans may be made, and intereast charges may be waived for 4
months.

2. Farm Security Administrstion loans for repairs, re-
building, purchase of livestock and seeds, and other farm re-
habilitation expense. HRate of Interest and period of loans
are determined upon the basls of current policy and need.
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Grants

3. Red Cross grants for any rehabilitation work found to
be necessary.

4, Farm Security Administration grants for any farm re-
habilitation found to be necessary.

5. Work Projects Administration projects providing employ-
ment for any persons thrown out of work as a result of the
flood.

Direct Rehabilitation

6. Work Projects Administration projects for cleaning up
and repairing public property, and for cleaning up private
property found to constitute a public health hazard.

7. Civilien Conservation Corps assistance in cleaning up
and repairing public property.

There are few wanta, indeed, that cannot be covered by one or an-
other of these relief services.

During the period of its operations since 1921 the nation-
al organization of the Red Cross has dispensed more than §56,000,000
to flood sufferers. This amounts to 60 per cent of the organiza-

tion's totel expenditures for relief of all types of disaaster dur-
ing the same period. Many disasters are alded solely by funds
drawn first from local chapters. If the distress 1s severs, funds
sre drawn next from the national organization's treasury, and
finally, in the event of great disasters, epecial fund-raising
campaigns are conducted on & national scals. During the past
twenty years the Red Cross has spent approximately §19 per capita
on an average of 290,000 persons assisted annually (See Table 14).
Records of expenditures by other relief agencies are
fragmentary, but it is known that following the floods of 1937,
4,976 loans amounting to $5,013,148 were authorized by the Dis-
aster Loan Corporation, and that 9,071 loans amounting to $1,817,000
were made by the Farm Credit Administration to flood suffararu.l
At the seme time, Work Projects Administration expended more than
$3,933,000 for rehabilitation of flooded areas in addition to
$10,780,000 expended for relief work and flood fighting during the
emergency. The Farm Security Administration made loans totalling
$193,000, and spent $206,000 outright in grants and emergency pur-
chases, Out of the total estimated losses for that year of

lThuse date and the other data concerning relief following
the 1937 flood are taken from reports submitted to the 75th Cong.,
lst Sess., in response to S. Res. 119. The reports are published
in Sen. Docs. 63, 72, 78, and B4, and in a letter appearing on
page 4077, Congressional Record, Vol. LXXXI, April 30, 1637.
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TAELE

14

RELTEF ACTIVITIES BY AMERICAN RED CROSS IN
FLOOD DISASTERS, 1920-1940%

Expenditures Flood Disasters
Fiscal i Buildings Fersons
il W W T ot B d| In- | Assisted
Disasters Damaged Kille jured| %:;_:::d

1622 724,943 803,725 22 75 105 b 36,035
1823 67,440 264,499 7 314 4 b 413
1924 77,659 419,320 10 3,105 66 1 1,361
1925 6,814 1,602,174 9 532 1 10 2,696
1926 13,146| 3,600,026 6 541 12 10 1,448
1927 3,161,086 7,904,149 21 3,743 341 5 622, 060
1928 |15,129,348|16,544,258 9 3,806 48 30 71,045
1929 1,280,110| 4,618,736 | 34 22,218 79| 4866 70,487
1930 584,163 958,110 16 2,998 7 19 40,801
1931 52,540|11,621,272 5 1,004 5 2 1,936
1932 127,616 3,598,699 5 13,362 22 3 53,057
1933 31,579| 1,106,504 22 10,726 88 41 67,933
1954 342,5586| 1,567,048 13 5,539 75 170 26,718
1935 147,998 464,413 17 2,861 44 108 75,747
1936 4,190,648| 5,009,206 24 81,790 109 16,851 457,254
1937 |22,50C,623|23,309,288 19 71,668 113 507 |1,117,109
1938 6,238,779| 6,634,810 37 2,172 216 57 80,941
1939 1,069,474| 2,276,108 31 24,087 509 741 110,368
1940 209,318 748,858 11 2,776 120 55 41,881
1941 119,276 946,626 35 9,919 67 57 80,652

Totals |56,075,147| 94,187,808 |352 | 277,035 [2,029 6,133 |2,960,842

fSource: Annual reports of the American Red Croasa.

bllol; reported.




199

£440,000,000, at least 7 per cent was covered by the Red Cross

and Works Projects Administration operationa., This is the minimm
part of the burden that was spread among tax-payers and contribu-
tors generally, there being other large, but unmeasured, expense
which was incurred by municipal, county, and state governments in
their own cleaning and repair work. Much of this relief was
granted solely upon the basia of need.

Effects of the Fublic Relief Policy

Aimed at relieving distress and at cushioning the impacts
of flood losses as much as possible for the individuals affected,
the prevailing policy of public relief tends to spread the flood
blows widely through the nation, and, in caring for individual
needs, it influences the character of flood-plain occupance. It
offers the same help to the focolhardy who needlessly occupy the
flood plain as to those who are located there because of advanta-
geous factors in earning a livelihood. The policy therefore en-
courages present occupants of flood plains to remain where they
are by helping to minimize the economic shock of flood losses.

In aimilar manner it induces further encroachment upon flood
plains. It tends to discourage readjustments to the flood hazard
at private expense, such as those in structures and land use de-
scribed above, inssmuch as they involve an immediate expenditure
of private funds wheress public relief may cover all or a part of
future losses.

On the whole, public relief policy helps to freeze present
occupance, to encourage further encroachment, and to obscure the
differences in factors of advantage and disadvantage between the
flood plain and nearby aress. If no relief were to be given,
flood sufferers would be inclined after every flood to consider
whether or not the advantages of the flood plain outwelghed the
disadvantages of the flood hazard. Business and residentlal occu-
pance which did not find strong advantages in their locations
would find it hard to compete with similar occupance outside of
the flood plain, and there would be an impetus to finding a more
favorable locatlion elsewhere, To the extent that public relief
softens flood losses by individuals, those differences in location
are effaced.

Perhaps it 1s no mere coincidence that flood losses and
flood relief costs have mounted together during the past 75 years.
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Neither has deterred the other. On the contrary, public relief
has reduced buman suffering from floods in such a way as to promote
or, at least, to fail to check the growth of causes for even
greater suffering in future.

Insurance

In so far as public rellef does not cushion the impact of
flood losses, property owners and wage earners cover such loases
by (1) charging them to operating expense, (2) covering them out
of reserves set up for that purpose, (3) insurance, or (4) becom-
ing insolvent and passing the losses on to the creditora. Busi-
nesa fallures due to floods have been rare in the United States.
Insurance has been tried sporadically and is available for a very
small portion of the mnnual losses. Reserves against flood losses
are relatively uncommon. The greater part of the losses seems to
be garried out of regular operating expenses. Business men and
wage earners 3almply attempt to take the flood hagard in their
stride without making eny marked adjustment to it, but flooed in-
surance may offer an opportunity to reduce its detrimental effects
at modest cost.

Corporation Operating Expenses and Reserves

An examinstion of the income accounts and balance sheets
of the princlpal corporations operating manufacturing, public
utility, and rallroad enterprises in flood plains shows that only
a few of them provide for reserves which are maintained specifical-
ly to cover flood losses. The Wheeling Steel Corporation and sev-
eral others have at times established flood reserves to be pald
out of corporate surplus, but the others either charge flood losses
to regular operating items of maintenance and depreclation, or
draw upon general reserves that cover other contingencles as well
as floods.

Inadequacy of Present Insurance

A small amount of insurance against flood damage 18 writ-
ten in the United States, and most of it is in connection with
policles designed for other hazards. According to the financial
statements of the stock companies and mutuals writing fire, marine,
automobile, earthquake, sprinkler, tornado, and similar forms of
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insurance, there are mors than thirty organizations that write

some type of policy covering flood damlgas.l In 1638, which was
taken as a year when the threat of flood was fresh in the minds of
countless business men, those policies yielded an income of approxi-
mately $400,000 to the companies, and required disbursements of
approximately $120,000. There could not have been an sxtensive
coverage, therefore, of the flood hazard by straight policies for
that purpose.

In so far as losses are insured it is chiefly in connec-
tion with automobile, personal property, inland marine, and other
specialized policies covering all risks to specified property. For
example, the Los Angeles flood of 1938 caused losses estimated by
the Corps of Engineers to exceed §25,000,000., Of this amount,
according to an estimate made by the Fire Companies Adjustment
Bureau, §90,000-100,000 was paid as indemnification under all-
risk personsl property floater policies, $40,000-60,000 was paid
on other all-rish coverage, and $135,000-162,000 was paid under
comprehensive automobile coverage.

The first stock companies organized in the United States
to deal with flood risks in the 1850's were wiped out by the heavy
indemnification that was made, and, indeed, the home office of a
company founded at Cairo, Illinois, was itself destroyed by the
floods of 1899.3 By 1927, more than 30 companies had begun to
write such insurance, but the severe floods of that year required
heavy indemnities, and the coverage again was abandoned. While
it still is possible to obtain insurance for virtually any property
or production process deaired, the amounts handled are so small
that the premiums are prohibitive for most property owners.

Private insurance of flood losses seems to have falled for
the same reasons, in part, as private efforts to provide all-risk
erop insurance. Flood insurance was put into effect in limited
areas, thus incurring the danger of excessive losses in one year,
and it was based upon inadequate dats as to the degrees of riak.i

1
1940 ed.;
2

Best's Insurance Reports (Fire and Marine Edition) (1839-

New YOrk: red M. st Co., Cop .

The Western Underwriter, VII (June, 1938), 11.

aﬁlfrod Manes, Insurance: Facts and Problems (New York:
Harper & Bros., 1938), p. 160.

75th Cong., 1st Sess., Message from the President of the
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Crop insurance for wheat and cotton now 1s a practicel reality
under Federal administration, and the plans allow for indemnifi-
cation of flood losses and for the setting of premiums after con-
sidering the flood hagzard as well as other elements of risk. Un-
employment caused by flood also 18 subject to Indemnification un-
der the provisions of the Social Security Act, but there is no
record of the extent to which floods, as distinguished from other
causes, have been responsible for locsses. The wheat and cotton
crops, and unemployment, are the only flood losses in the United
States that can be covered fully by insurance at low premiuma.

Is National Flood Insurance Practlicable?

Success to date with all-rish crop insurance raises the
question of whether it would be practicable to establish and oper-
ate a national system of insurance against flood losses, A defin-
itive answer would rsquire the type of investigation of risks and
premium achedules in sample areas which preceded the authorization
of the crop insurance plan. A tentative answer on the basis of
related experience and of prospective risks i1s that a system of
flood insurance appears to be feasible and workable under certain
conditions, and that it would offer important advantages in pro-
moting sound adjustments to floods.

Experience in France, Russia, and Switzerland with insur-
ance against damages from floods and other natural catastrophes
has shown that national enterprises can cover flood risks at low
cost with a satisfactory financial rocord.l Moreover, there have
beaen successful efforts in this country by groups of insurance
companiea to join in covering similar specialized risks, such as
oll riskn.z

Rough estimates of the premiums which would be involved

of the United States Transmitting the Report and Recommendations
of the Fresident's Committee on Crop Insurance, House Doc, No,
» PP-
g, Lanz-S3tauffer, "Calamities Naturellss et Assurance,"

Premier Conference Internationale pour la Prot..tion contre les
calamities naturelles (Paris: La Commission Frangalse d'Etudes
des Calamite, 1538, pp. 467-476.

Curt Rommel, "Bases de 1'Assurance Contre les lamages
Causes par les Elemente Naturels," Materiaux Pour L'Etude des
Calamities, II (1937), 123-147.

®Manes, op. cit., pp. 164-165.
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in insuring risks in the Pittsburgh area also favor the possi-
bility of flood insurance inasmuch as they indicate that premiums
would not be prohibitiva.1 The data now avallable concerning
flood frequencies, flood magnitudes, and flood losses are suf-
ficilently detailed and comprehensive to permit the preparation of
fairly reliable estimates of risk for the centers of greatest
flood loss,

To be successful, e national system of flood insurance

would require national coverage, so that all ma jor areas of flood
loss would be represented and so that the various zones of hazard
in each flood plain would be involved. It also would require some
governmental guarantee to bear the indemnities that would have to
be paid if a great flood were to occur in a densely-settled flood
plain during the early operation of the asystem. Otherwise, no
private company would be willing to write a large amount of insur-
ance with the prospect that a flood of the magnitude of the 1836
flood in New England, for example, might occur the next year.
This initial guarantee might be made through Federal reinsurance
of private insurance, or it might be provided simply by complete
Federal operation aa in the cese of Federal crop and unemployment
insurance,

Whatever the form of organization, such an enterprise
would be certain to encounter difficulties in computing risks, in
obtaining the participation of property owners who preferred to
rely upon public relief, and in maintaining premium payments in
dry years or cycles when floods seemed remote. FProbably some co-
operation from Federal credit agencles in the housing and agri-
cultural fields in requiring flood insurance would be necessary
to stimulate and maintain such payments.

If flood insurance were established on a national scale
with solid financial backing, 1t probably cculd serve to indemnify
flood losses wherever other adjustments were either impracticable
or delayed, and could do so promptly and without the stigma of
public relief. Insurance would have the further advantage of pro-

-vliding for a regular inspection system, similar to that maintained
by fire underwriters, which undoubtedly would be used to promote
adoption of emergency measures and structural adjustments to re-

lPrent.iss B. Heed, Flood Insursnce, Office memorandum, New
York, September 29, 19837.
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duce potential flood losses. Moreover, by setting premium rates
upon the basis of the hazard involved, an insurance system would
emphasize differences in hazard and would make property owners
more sensltive to them. 1In this fashion, insurance would tend to
stimulate the movement of unsound occupance out of flood plains
and to favor the stable continuation of successful occupance which
did not warrant protection.



CHAPTER V
CONCLUSIONS

In the 1light of the preceding evidence relating to possible
adjustments to floods and to factors affecting those adjustments,
the geographical approach to the flood problem which was outlined
triefly in Chapter I may now be reconsldered with a view to making
i1t more specific, and to indicating its relatlonship to prevailing
public policy and geographical research.

Essentials of a Sound Approach to
the Flood Problem
If the resources of the flood plains of the United States
ere to be used in the public good so as to yleld maximum returns

to the nation with minimum possible sociasl costs, 1t seems clear
that action affecting their continued occupance will be based upon
four essentials,

(1) It will take account of all possible adjustments which
might be made to the flood hagsrd. At least eight forms of ad-
Jjustment have been trled successfully. Singly or in combination,
they offer lines of readjustment where present occupance has been
unsuccessful, or where the flood hazard is unduly costly under
existing conditions.

Land elevation provides a permanent means of escape from
floods at relatively high construction costs. It 1s impracticable
for densely-settled areas, but may be suited to new urban develop-

ments, to strateglc sectlions of highways and railways, and to iso-
lated residential, commercial, and manufactursl occupance in
sparsely-settled flood plains.

Flood abatement by means of erosion control, forest-fire
control, forest planting, and related methods of land improvement
and management in areas upstream from a flood plain affords the
possibility of reducing the magnitude of floods in a few sections.
The complexity of the hydrologic factora involved and the scarcity
of detalled field observations make it impracticable to general-
ize as to the opportunities for reducing the frequency of floods,

205
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checking the movement of debrlis, curbing bank erosion, and reduc-
ing highway srosion by these means in erll parts of the country,
but in s few areas such opportunities have besn shown to exist.
Experience to date suggests that land-manasgement measures are the
most feasible remedy for flood losses in a few places, and that
such measures are a corollary of engineering works wherever heavy
flows of debris threaten the 1life of the works. Their major bene-
fits accrue to the owners and opsrators of the land on which the
improvements are made, however, and such programs in the interest
of reducing flood losses should be considered also as a part of
integrated programming for all relevant phases of rursl land use.
Flood protection by levees and floodwalla, channel im-

provements, diversions, and reservoirs is the most reliable and,
in many instances, the easiest means of reducing flood losses. In
balancing the costs of protective works against the beneflts ex-
pected from them, it should be recognized that expenditures greater
than engineering costs may be involved In the disturbance of ur-
ban land use through levee and {loodwall construction, of the pop-
ulations and industries of reservolir areas, and of the occupants
of floodway areas, and in deleterious effects which the works may
have upon erosion and sedimentation processes in the flood plain
and stream channel involved. Levees and floodwslls carry a spe-
cial disadvantage; if overtopped by a flow greater than the de-
sign flood, the maximum loss occurs. The other three types of
works result in only partial loss when thelr designed capaclity la
exceeded, In the light of meager evidence it seems possible that
reservolrs and channal improvements unless supplemented by land-
use measures may induce or promote further encroachment upon a
flocod plain, and sc may increase rather than decrease mean annual
losses. Sound evaluation of flood-protective works requires ap-
pralsal of these possible costs, but slso appralsal on & consist-
ent basls of all benefits, in additlion to those resulting from
prevention of flood loss, which are involved in enhancing the
procductivity of the area to be protected, in improving public fa-
cilities through the protective works themselves, in training
laborers on the projecta, and in stimulating better land use.

Just as amelloration of flood conditions through land-use prac-
tices can be evaluated effectively only in conjunction with
broader programs for land improvement and management, so flood-
protactive works, if fully effective, must be planned with an eye
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to the needs and possibilities of water control and use in the
same drainage area for other purposes, such as navigation, irri-
gation, power, and pollution abatement.

Emergency measures may reduce greatly the impact of floods
if there are accurate, timely forecasts of their occurrence and
helght, if efficient plans for emergency action have been pre-
pared, and if the persons affected know the plans sufficiently to
act promptly. Properly-organized emergency removal measures have
proved effective in evacuating large populations with a minimum
of discomfort and distress, and with no serious effects upon pub-
1ic health. They also have besn used and can be used to prevent
losses of movable property, such as furniture, store furnishings,
stored goods, and machinery, items which in urban areas account
for a large proportion of the total property losses, Flood-
fighting measures, ranging from emergency levees and bulkheads to
coating parts of immovable machinery with protective o0il, can
serve well to decrease damages. Re-scheduling operations by manu-
facturers, transportation companies, and public utility agencies
can assist materially in maintaining essential services and in
minimizing production lossea. It 1s believed that in most urban
areas the mean annual flood losgses could be raduced at least 15
per cent, and, under favorable circumstances, as much as 50 per
cent by these emergency measures. They have been adopted by only
some of the public utilities and large manufacturers, and they
are generally not practiced or even understood by small property
owners and by occupants of upper flood zones.

Structural adjustments may be used to good advantage to
prevent, or reduce losses of valuable property, interruption of
essential public services, and scouring of farm land. Without
attempting to provide protection for an entire area subjact to
floods, changes in bullding design, building layout, communication
lines, street grades, and the like can be made while previous
flood losses are being repaired, and can be executed as a part of
regular replacement and maintenance operations, Such measures,
in conjunction with emergency flood-fighting and re-scheduling
measures, can minimize, or even eliminate, public-utility inter-
ruptions in urban areas, and they can reduce materially losses to
buildings and lands in rural areas.

Land use readjustment can largely prevent those losses in
agricultural areas which accrue to property and crops that do not




208

depend upon special advantages of flood-plain location, and also
can curb unsouad urban occupance of undeveloped land. The chief
deterrent, particularly in urban areas, lies in obtaining group
action by land owners in readjusting the uses. Such readjustment
therefore depends for its effectlveness upon public subsidy of
urban relocation, public subsidy of property asbandonment, publie
acquisition of land, and public land-use regulation. Zoning has
been an effective means of preventing further impairment of chan-
nel capacity through human encroachment, and it promises aid in
promoting improved land use in flood plains.

Public relisef will remaln a necesslity in cushioning the

soclal impacts of floods so long as other adjustments are not
adopted. It has come to be well organized under Federal auspices.

Insurance agaelinst flood losses has falled under private
management in the United States, but 1t 1is a measure which proba-
bly would be practicable 1f national coverage and guarantees
against catastrophic losses were to be provided during the early
years of operation. Once in operation, it would allow systematlc
indemnification of losses, and an inspection service which would
promote the adoption in unprotected areas of emergency measures
and of structural and land-use readjustments.

(2) In comparing possible adjustments for a given area,
the benefits and costs of each gdjustment will be evaluated on a
consistent basls which recognizes all costs of appropriate remedlal

action, and which considers benefits in terms of the welfare of

the entire community affected. Such comparison involves various

costs and benefits to which precise monetary values cannot be as-
signed, but which must be given judicious weight in the compari-
son in order to prevent the unwarranted dominance of other 1tems
in deciding upon desirable lines of action. It is believed that
thers has been a general tendency to place undue emphasis upon
hazards to 1ife and health, and to assume without much foundation
that preoduction losses from flood were large in proportion to
property losses. Because these components of costs and beneflts
are complex and difficult to measure, caution s...uld be exercised
in eny attempt to express the feasibllity of a given adjuatment
a3 a simple ratio of measured costs to measured benefits. Such a
ratio may be more misleading than helpful unless all availlable
data have been properly evaluated.

(3) Any mction will seek to take full account of all fac-
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tors affecting the success of the occupance which is possible un-
der the varlcus adjustments or readjustments. In so doing, it
will recognize:

(a) That location upon & flood plain may be essential to
certaln types of land occupance, such as generating stations, be-
cause of speclal factors of slope and contour, soil, surface water,

ground water, and corridor facllities.

(b) That for many types of land occupance, some flood
plains afford marked advantages of location which do not, however,
necessarlly outwelgh the disadvantages of flood hazard.

(c) That much occupance has developed on flood plains in
assocliation with other occupance depending upon flood-plain fea-
tures, but without itself being related directly to such features.

(d) That the present occupance of many flood plains re-
flects an earller adjustment to advantesgeous factors which, be-
cause of technological changes, are no longer significant,

(e) That many alluvial flood plains afford opportunities
for maintaining a permanent agriculture on soll free from erosion
and subject to replenishment by natural means.

(4) Any sction will promote adjustments or readjustments

that favor the type or types of land occupance most likely to
contribute to effective use of flood-plain resources. Some con-
siderations that might affect a cholce in terms of thils principle

of action are the following:

(g) All possible adjustments except those in land use and
insurance tend to favor the preservetlon of exlisting land occu-
pancse.

(b) Public relief favors further encroachment upon a flood
plain by bearing part of the costs of such encroachment.

(c) Effective emergency measures alsc may favor encroach-
ment in less degree by reducing the hazard of flood loss.

(d) Encroschment upon flood plains 1is likely to continue
80 long as the riparian doctrine is not modified by public regu-
lstion.

(e) Insurance and structural adjustments, by requiring a
property owner to make some payment for the advantages of flood-
Plain location which he enjoys, stimulate the abandonment or move-
ment of occupance that i1s rot profitable.

(f) Flood abatement, flood protection, and publie relief,
by placifg upon public agencies the major burden for reduction of



210

losses, encourage the occupants of flood plains to seek those ad-
Justments at public expense even though other adjustments at pri-
vate expense might be less costly and more effective from the
standpoint of the nation.

Present Public FPolicy

Prevailing public policy in the United States falls short
of the foregoing four essentials in several respects. Under
present legislative directives the Federal government's concern
with reducing flood losses 13 limited to flood protection, flood
abatement by land menagement, certain types of emergency measures,
public relief, and relocation of a community if it can be accom-
plished at a cost less than that of protection. Surveys of the
flood problem by Federal agencies are directed at flood protec-
tion and flood abatement primarily, and a large and outstanding
engineering organization has been developed for that purpose. The
forecasting system maintained by the Weather Bureau is unsstis-
factory in 1its coverage of small drainage areas and its dissemi-
nation of forecasts for large drainage areas. Hence opportunities
for stimulating emergency measures, structural adjustments, land-
use changes, and insurance are largely lost. So long as present
surveying and forecasting methods are not expanded, the potenti-
alitlies of such adjustments will remain undeveloped.

In estimating the 1limit of feasibility for flood-protec-
tive works, no consistent basis 1s in use for evaluating benefits
and costs. Unless some agreement is reached among the agencies
responsible for flood investigations or unless a suitable Congres-
sional policy is adopted, important classes of costs and benefits
will be overlooked or will be compared in a misleading manner,

None of the present survey procedures for flood protection
takes adequate account of the factors which, in flood-plain occu-
pance, have been advantageous or disadvantageous for the present
uses. As a consequence, it cannot be sald with confidence that
present Federal activities have the net effect of promoting sound
land use. Public relief, flood abatement, and flood protection
favor the retsntion of present occupance, whether desirable or
undesirable. With little or no attention to the desirability of
such occupance, present policy helps to stabilize uneconomlec occu-
pance. Works for protection and abtatement minimize the flood
hazard at public expense for the most part, and in the process
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provide increments in land value to land owners, some of whom oc-
cupy the flood plain on a highly speculative basis, Heavy losses
by small property owners are largely subsidized by the government.
Further encroachment 1s thereby tacitly encouraged, and Congress
has not yet seen fit to require regulation of encroachments as a
condition of Federal participation in flood protection. 1In effect,
the national treasury bears a large part of the costs of those who
prefer to live on flood plains, and does so without inquiring as
to whether or not such plains afford any pronounced advantages for
such occupance.

In areas where neither protection nor prevention is found
to be economically feasible, the Federal government assumes no re-
sponsibility for fostering types of adjustment other than public
relief. It goes to great lengths to provide protection from floods
if the cost-beneflt ratio 1s favorable, but contents 1tself with
merely helping to relieve and rehabilitate flood sufferers in aress
where the ratio is unfavorable. Inasmuch as the cost-benefit ratio
is no index of the sconomic vigor of a community, protection is
glven to some towns that ars definltely decadent, while it is with-
held from some areas where development, though recent, is highly
promising., Indeed, the more vigorcus types of occupance which are
highly dependent upon flcod-plain locations, such as power plants,
water works and railways, have besen lsaders in developing emergency
measures and structural adjustments, quite independently of public-
ly-financed protection measures, Their successful activities have
attracted, in many instances, subsidiary residential and commer-
cial occupance which has lacked the foresight and skill to make
such adjustments, and which has been more dependent, therefore,
upon public aid.

On the whole, present policy fosters an increasing depend-
ence by individuals snd local governments upon the Federal govern-
ment for leadership and financial support in dealing with the
flood problem. While encouraging solicitation of further Federal
ald and the establistment of types of occupance requiring such
ald, the policy does not help or stimulate beneficlaries to ex-
plore the possibilities of making other adjustments with a view
to promoting the most effective use of flood-plain resources.



212

Needed Geographical Contributions

In arriving at these conclusions concerning the character-
istics of a sound approach to the flood problem, a genersal theory
as to the factors affecting human adjustment to floods has been
steted tentstively. This, it is believed, deserves more detailed
examination and experimental application in the light of {ield
studies. Neanwhile, it seems to provide s useful frare of refer-
ence for two lines of geographical research which are needed us
contributions to the solution cof the flood problem in the United
States.

Firat, the development of new and imprcved adjustments to
floods would be promeoted by intensive studles of adjustments in
representative areas here snd in other countries, studiea designed
to ldentify the conspicucusly successful and unsuecessful adjust-
ments for each important tyre of flood plain and of flood-plsain
occupance. Second, 1t would be helpful to have studies of the
present and prospective importance cof the variocus factors effect-
ing adjustments to floods in areas where protective works are un-
der consideration and particularly in areas where protection has
not been deemed to be justified.

If the flood plalins of the Unlted States are to be devel-
oped progressively so as to utilize as fully as practicable the
advantages afforded by them, and to minimize their disadvantages,
it will be necessary to adopt & broad geographical approach of the
type outlined In the preceding pages. That approach will demand
an integration of engineering, geographic, economic, and related
techniques. The solutions will not involve a single line of pub-
1ic or private action but will call for a combination of all eight
types of adjustments, judiciously selected with a view to the
moat effective use of flood plains.
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