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Editor' s Introduction 

In 1945 a monograph, submitted as a doctoral dissertation 

in the Department or Geography at the University of Chicago, 

entitled Human Adjustment 12 Fl oods: ! Geographical Approach 

to the Flood Problem !.!! ~ 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 copies printed disappeared rapidly and the work 

shortly bec8Dle unavailable. Despite the lack of publicity a 

steady strealll of inquiries has reached 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 political life. 

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 , 

ther efore, been concluded that much would be gained by giving the 

volume a wider circulation. It is here reprtnted 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 Caler 
Editor 
University ot Chicago, 
Department of Geography 
Research Series 



CBAPTBR I 

A COMPRBBBNSIVB VIEW OF THB PLOOD PROBLEM 

The Flood Problem in the United States 

Bvery year receding flood waters 1n one or more sections 
of the United States expose muddy plains where people were poorly 

prepared to meet the overflow. Small-town shopkeepers digging 
their goods out of Ob1o River silt; Alabama farmers collecting 
their scattered and broken possessions; and New England manu

facturers taking inventory in water-soaked warehouses, testify 
to the dislocating effects of floods and to the unsatisfactory 
adjustment which man has made to them in many valleys . For the 

moat part, floods in the United States leave in their wake a 
dreary scene of impaired health, damaged property, and disrupted 

economic life. 
The effects of floods are not everywhere disastrous , how

ever, or even disturbing to the economy. Each year ebbing flood 
waters also reveal plains in whi ch a relatively satisfactory ar
rangement of human occupance has taken place. Pittsburgh mer
chants returning to stores which, because of adequate prepara

tions, suffered only minor losses; Montana ranchers appraia1ng 
the increased yields of hay to be obtained because of fresh de

posits of moisture; and New Orleans citizens carrying on their 
business behind a levee withstanding a flood crest high above the 

streets, illustrate wise adjustments to flood hazard. 
It has become collll!lon 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 society wages a bitter battle . The price of vi ctory is 
the coat of engineering works necessary to confine the flood 
crest; the price of defeat ia a continuing chain of flood disas
ters . Thia simple and prevailing view neglects in large measure 
the possible feasibility of other forms of adjustment, of whicb 
the Pittsburgh and Montana cases are examples. 

l 
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Floods are "acts of God," but flood losses are largely 
acts of man. Human encr oa chment upon the flood plains o f rivers 
a ccounts for the high annual toll of flood losses. Although in 
a few drainage areas t he frequency and magnitude of fl oods have 
i ncreased as a r esul t of exploitative use of the up-stream lands, 
the flo od menace elsewhere has changed but little while man has 
moved into the natural paths of flooded rivers or has restricted 
the channels so as t o heighten normal flood crests . Moreove r, 
floods may be beneficial as wel l as harmful , and even whe re they 

are completely harmful t here are remedies other than physical 
structures built to afford protecti on. Recognizing these facts, 
flood-plain occupance cannot be considered realistically as a 
matter solely of man against the marauder. 

Dealing with floods in all their capricious and violent 
aspects ls a problem in part of adjusting human occupance to 
the flood-plain environment so as to utilize most effectively 
the natural resour ces of the plain, a nd, at the same time, of 

applying feasible and pra cti cable measures for minimizing the 
detrimental impacts of floods. This problem in the United States 
involves at least 35 , 000 , 000 acres of land known to be subject 
to flood. A large part of t hat land ls not cultivated, but the 
cultivated portions a re among the more pr oductive agri cultural 
resources of the nation. Of the 59 cities in the United St ates 
having a population of mor e t han 150 , 000 in 1940, 19 or more suf
fer at times from high water. Eight of them (Springfield, Hart 
ford, Pi ttsburgh, Cincinna ti, Louisville , Kansas City, Denver, 

and Los Angeles ) have serious flood hazards In highly important 
sections. I n addition, two cit l es-- te.yton and New Orleans-

occupy len.d whi ch has be en protected fully f rom flood. Although 
moat of t he densely settled flood plai ns are in the Northeastern 
Manufacturing Belt and al ong the Lower Mississippi River, eco

nomically important oncroachments have been made upon flood plains 
in all sections of the United Sta tes. For the nation as a whole, 
the mean annual property l oss resulting from floods certainly i e 

more than $75 , 000, 000 and probably exceeds $95, 000, 000 . Th e toll 
in human life is approximately 83 deaths annually. For the heavy 
damages to health and t o productive activity no measuring unit s 
are available. 
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Purpose and Method of Analysi s 

Because ot the great diversity in tlood conditions and in 
flood plains and their occupance, it is impracticable to formulate 
more than a few generalizations with respect to fl ood 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 t hi s dissertation t o make that kind of an examination, 
locality by locality. It is believed, however, that specific lo

cal problems could be appraised 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 or 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 or this chapter outlines the points of view 
which have domi nated public action in dealing with the flood 
problem tn the United States , and suggests a more nearly compre
hensive approach meeting the foregoing requirements as to breadth 
and practicability. Succeeding chapters attempt to show the 
va lidity and implications or that approach. Chapter II defines 
the concepts of flood, flood plain, and flood-plain occupance. 
Chapter III points out the chief factors--natural and social-
which have been important in the occupation of American flood 
plains. The range of human a djustment to the fl ood hazard is 

described in Chapter IV. Finally Chapter V states the conclusions 
or the investigation, and suggests ways or applying them to pub
lic policy affecting the flood problem, and to geographical re
sea r ch. 

These findings are the results of an examination of the 
available literature on flood problems in the United States, 
comprising chiefly the reports of the U. S. Corps of Engineers 

and the U. s. t~partment or 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 ot 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 aasociated with the National Resources 
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Planning Board and its predeceaaora. Aa the major findings began 
to take shape from the review of the literature on floods, they 
were teated by reconnaissance studies of flood plains selected 

for their diversity of conditions and lying within the Potomac, 
Delaware, Upper Ohio , and Los Angeles basins. 

Three J>ublic Approaches to the Flood Problem 

Public action witb respect to floods in the United States 
has emerged from three streams of thought, each reflecting a dis 

tinct social technique, and each fostered by a separate profes

a1onal group. 
The engineer has approached the problem by inquiring "Ia 

flood protection warranted?" He baa utilized levees, dams, flood
waye, channel improvements, and similar engineering devices to 

curb flood flows. The public wel f are official haa sought to de
termine "How best to alleviate flood distress?" He has relied 
upon soup kitchens, rescue boats, emergency grants, rehabilitation 
loans aud like measures to cushion the social effects of flood. 
The property owner baa been aided somewhat by the meteorologist 
who, asking "When will the next flood occur and bow high will it 
be, 11 has 111ade 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. Bach approach bas helped to 

reduce flood losses and t o increase the utility of flood-plain 
resources. Kach 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 flood plains with mini111um 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 
building protective works is calculated, the prospective benefits 
from protection are estimated, and if the benefits seem to exceed 
the coat, the work is raco111111anded for construction. This has 
been the prevailing Federal policy since 1917, and it has dominated 
the flood-protecti on work of state and county agencies before and 
since. 



Federal policy . --Altbougb tbe Federal government did not 
assume reapona1b1litf tor flood protection on a national scale 

until 1936, it began much earlier to construct engineering works 
on tbe Lower Kiaaiaaippi and Sacramento Rivera, and to plan simi
lar projects on other atreama . Attention first waa directed to 
the largest ai03le tlood plain, the alluvial valley or the K1asia
aippi River below Cairo, Illinois, where levee construction had 
begun in the Eighteenth Century. Since 1850, when the Congress 

first directed the Corps ot Engineers to study flood control in 
the Lower lilaaiaaippi Valley, the Federal government has enlarged 
progressively its participation in that work. These studies 

reauited in the monumental reports by Bllet and by Andrew A. 
Humphreys and Henry L. Abbott which together outlined moat ot the 
efforts which were to follow for controlling the K1aaisaippi 
Rivar. 1 Private levee systems grew during the next eight years 

(1850-58) under the sponsorship or planters in the alluvia.l val
ley, but they were widely breached by a aeries 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 War. 2 By 1878 the levee syetem had disinte
grated, and much or the valley land had been abandoned tor agri
cultural purposes . The scattered and uncoordinated efforts ot 

local agencies to control the river bad failed miserably. 
A co11111ission was created by the Congress, following the 

serious flood of 1874, to prepare a permanent plan for reclamation 
of the alluvial valley. The first Federal appropriation for re
lief of flood sufferers was made during the same year. Five 

years later, in 1879, the M1aa1as1ppi River Co111111iaa1on 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 tor them. Initially the Co111111iaaion confined its 
aid to the repair of damaged levees and to the strengthening of 

2Arthur DeWitt Frank, The DaveloEilnt of the Federal Proenam ot Flood Control on the M1salasippl ver (New York: Columbia 
nlversity Preas, 1936), pp. 28-36. 
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existing levees, but in 1895 it began to use direct Federal ap
propriations to help the state and local levee distri cts in the 
construction of new levees. 1 All 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 Mississippi River . 

Then the flood of 1916 breached numerous weak levees along 
the lower river, and revealed the need for di rect expenditures by 

the Federal 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 Mississippi River between Rock Island, 

Illinois and its 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 
statee 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. 2 (Appropriations and expenditures for flood protection 
under this act and subsequent acts affecting the Lower Mississippi 
River 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 Mississippi 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 investigations of proposed river and harbor improvements, 
and that, in making flood-control surveys, due attention should 

1 
~ • • pp. 134-36. 

239 U.S. Statutes 948. Act of March 1, 1917. 
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TABLE 1 

FUNDS APPROPRIATED AND EXPENDED FOR LOWER MISSISSIPPI 
RIVER FLOOD CONTROL, FISCAL YEARS 1917-194la 

Fi scal Total Expenditures 

Year Appropriation New Work Maintenance Total 

1917 $ 6, 000, 000 ~ 4 ,450,242 ..... $ 4,450, 242 
1918 6, 670, 000 4,027,730 $ 1 , 675,731 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 , 860 2 , 280,042 9,567 , 922 
1922 7 , 770, 000 6 , 041 , 097 1 , 850, 622 7 , 891 , 719 
1923 5, 986,600 4,793 , 486 1 , 995, 798 6, 769, 284 
1924 10, 000, 000 4,858, 207 1 , 548,572 6, 406,779 
1925 10,000,000 8,635 , 840 2,812, 7 40 11, 648,580 
1926 10,000,000 7,356,327 1 , 910, 064 9, 266 , 391 
1927 10, 000, 000 6 , 644, 921 3 , 898, 548 10, 543,469 
1928 33,500,000 8 , 035 , 371 5, 016, 367 13, 051 , 738 
1929 30, 800,000 18, 700,364 5,855, 739 24,556,103 
1930 35, 400, 000 20,263,344 3, 873, 585 24,136, 929 
1931 38,400, 000 3 , 338,072 231 , 563 3,569, 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 
1935 15, 499,400 28,694 , 775 7 ,118,812 35,813 , 587 
1936 15, 811 , 309 26, 389, 030 3,303 , 286 29,692,316 
1937 45, 300, 000 25,203, 515 3,344,751 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 33,536,778 
1941 22 , 000,100 26,835,356 3,784, 949 30, 620, 305 

Total $507,290,124 $397,137,144 $77,095,977 $474 , 233, 121 

1941. 
aSource: Annual reports of the Chief of Engineer s , 1917-

be given to possibilit i es of water-power development , navi gation, 

and related development, utilizing the help of other interested 

Federal depar tments and agencie s. 1 No areas for preliminary ex

amination and survey were named in the act , so that it was only 

as additional l egislation was enacted that the contemplated sur 

veys were undertaken . Surveys of the Atchafalaya , Red and Black 

rivers in Louisiana, of the Yazoo and Mississi ppi rivers , and of 

1Under the routine procedures of the Cor ps 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 ot 15 
drainage areas, chiefly in the Western Gulf and Arkansas and Red 
baaina, and surveys of the North Branch of the Suaquebanna River 
in Pennsylvania and New York, the Puyallup River, Washington, and 
the Allegheny and Monongahela rivers . 2 The Allegheny and Mononga 
hela survey was to coat $50,000, ot which one-hal t waa to be 
contributed by Pennsylvania. Preliminary examinations were author

ized for the Calooaahatchee River, Florida, in 1924,3 and tor the 
Skykomish, Snoqualami, Snokom1ah, Stillaguamish, and Nooksack 

rivers , Washington , in 1925. 4 With the exception o! a special 
survey o! a poaaible flood-diversion scheme on the Atcha!alaya 
outlet of the Mississippi River , 5 no other surveys were author
ized until the River and Harbor Act ot January 21, 1927 launched 
the aeries of so-called "308" investigationa. 6 

Those investigations were undertaken in accordance with a 

program reco11D11ended to the Congress by the Corpe of Rngineera and 
the Federal Power Co11DDisaion in Bouse Document No . 306, Sixty
nintb Congr eaa, first session, and were designed to provide plans 

tor the development of navigation, hydroelectric power, and irri
gation opportunities and for the control of fl oods in each of the 
specified drainage basins. Jilost ot the major drai.nage areas, ex
cept the Colorado Basin, which was understood to be the special 
province o! the Bureau of Reclamati on , were named in the House 
Document or in the supplemental list included in the Act . Alto 
gether, more than 188 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 ) . 

2 43 O. S. Statutes 249 (1924) . 
343 U. S. Statutes 961 (1924) . 
443 U. S. Statutes 1000 (1925) . 

544 U.S. Statutes 300 (1926). 
6 44 U. S . Statutes 1010 (1927 ) . 
7u. S. War Department, Annual Re~ort of the Chief ot En 

gineera tor the Year Bndin' June So, 194 (WaShington : Govern
ment Printing office, 1941 , II , Part I , 2134. 
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sources in the United States, the 308 investigations were a monu

mental enterprise which became the groundwork tor much construc
tion that !ollowed. 1 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 or 
drainage - basin improvement. They simply requested plans for the 
control or floods . Because the Chief or Engineers likewise did 
not issue instructions with r espect to investigative methods , 
each district engineer was free to attack the flood probl em as be 

saw flt, and the result was a series or reports displaying a con
slderab~e variety in methods . Some ot the significant differ
ences among those reports are analyzed in Cbspter rv. In gen
eral, all of the reports adopted a strict engineering approach 
making the economic justification tor flood protection dependent 
upon the ratio of direct benefits to construction coats. 

The 308 reports were submitted to the Congress over a pe
riod of more than twelve years. During that time there appear to 
have been several pronounced trends in the thinking ot the engi
neers concerned with their preparation. Increasing attention was 
given to the practicability of reservoir control in lieu ot levees, 
diversions, and channel improvements . Consideration of allied 

purposes, suoh 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 tbe Flood Control Act ot 1936, as proper objects 
of Federal investigatlon. 2 Finally, the studies o! probable flood 

1Among the areas in which 308 reports have been used as 
the basis for important construction programs are the Tennessee 
Valley , the Ohio Basin, the Illinois Basin, and the Red Basin. 
The data collected tor these and other 308 reports were also the 
basis !or the comprehensive reservoir plan for the Kiaeiasippi 
Basin to which reference is made later. 

2The original 308 report !or the Alabama -Coosa Basin con
cluded that "The flood protection of Selma and Montgomery are lo
cal problems which are not a lar ge or ser ious magnitude , and are 
therefore not considered as subje ct to Feder al aid or cooperation." 
74tb Cong., 1st Seas., Alabama-Coosa Branch of Mobile River ~stem, 
Hou.se Doc. No, 66 (Washington: Government Printing Ottlce, l 5), 
p. 93 . A comprehensive flood control , navigation, and power pro
gram was recommended by the Chief ot Bngineere tor the basin in a 
report dated October 15, 19~1. 

A similar instance la the Houeatonic Basin , Connecticut 
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frequency and or t he magnitude or probable maximum floods became 
more precise, •1th the result that infrequent flood hazards were 
re cognized far more in later reports than in early ones. Tbus , 
it seems probable that the earlier r eports, by comparison with 
later r eports, undere111Phaaized the importance of flood protection. 

The year 1927 witnessed a t r emendous flood disaster in 
tbe Lower Mississippi valley, one which exceeded any previ ous 
flood in the extent and amount of the damage wrought. Pl ans tor 
tlood protection i n the Lower Mi.ssisaippi area were revi sed once 
more , and, a fter long controver sy over the feasibility or various 

engineering r emedies, an act was approved on May 15, 1928 to au
thorize t he expenditure of $325,000,000 on a system of l evees and 
diversion !loodways to be constructed at Federal expense. 1 Local 

interests were r equired only to furnish lands , damages and rights 
of way for the necessary works. This new expression of Congres
sional policy admitted the inadequacy of the old "levees only" 
theory on t he Lowe r Mississippi River, and it assigned the Federal 

government virtually complete financial responsibility for new 
works . 

No change was made i n the basic legislation affecting 

other sections of the country, although many additional flood
cootr ol surveys and examinati ons were authorized in separate acts. 2 

Prompted by the severe floods or 1935 and 1936 in the 
Nor theastern Stat es, the Congress declared i n the latter year that 
flood contr ol on navigable waters or their tributaries is a proper 
activity of the Feder a l government, inasmuch as dest ructive floods 
menace the national welfare by destroying proper ty and life , im-

• 
pairing interstate collD!lerce , and otherwise upsetting or derly so-

for whi ch it was reported in 1932, "The damage which has occurr ed 
is more or less l ocal in character, and subject to l ocal r eme
dies. 11 72d Cong. , let Se ss . , House n>c. No. 246 ('lfash1ngton : 
Government Printing Offi ce , 1932), p. 2B. 

Another instance in whi ch the reporting offi cer considered 
that Federal interest did not extend to pr oblems of "local" fl ood 
protection 1s, 72d Cong. , lat Sees . , Illinois River, Illinois, 
House n>c. No . 192 (Washington: Government Printing Office, l932), 
p. 72. 

145 U.S. Statutes 534 (1929). 
2rn all, be tween 1929 and June 22, 1936, 68 bills provid

ing for preli~inary examinations and five bi ll s providing for sur
veys ! or fl ood control were enacted by the Congress in a ccor dance 
with the Fl ood Control Act of 1917 . 
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cial processes.1 Under that act it was provided that Federal 

funds mlgbt be used to improve or part1c1pato in the improvement 

of streams tor flood control it "the benefits to whomsoever they 
may accrue are in excess of the estimated ooata, and it the lives 
and social security ot people are otberw1ae adversely affected." 
Local interests were required to contribute the coats ot lands, 
rights of way, and damages, but in no instance were they to carry 
more than half the total coat or 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 authorited. Thus the policy which had been 
adopted tor the Lower Mississippi area was applied in modified 
form to other sections of the United States. Thia policy applied 
to 211 projects, having a total estimated coat ot more than 

$310,000,000 that were authorized tor construction by the Corps 
of Engineers. 

The 1936 act reiterated the responsibility of the War De
partment for surveys for flood control and allied purposes, and 
it declared that the Department of Agriculture abould prosecute 
surveys looking to runoff and waterflow retardation and soil

erosion prevention 1n the same drainage areas. These grants of 
authority were not to interfere with investigations relating to 
irrigation which the Bureau of Reclamation migbt wieh to make . 
Two hundred twenty-two drainage areas or localities were named 
for preliminary examinations and surveys, moat of them areas al

ready studied in connection with the 308 reports . The act contem
plated the preparation or plans dealin.g w1 th land-management prac
tices upstream as well as with protective works, but it did not 
authorize the prosecution of land-management programs. 

The Flood Control Act or 1936 marks the initiation ot 
flood protection on a national scale, and of surveys ot land

management problems in connection with engineering surveys. In 
these respects it undoubtedly owes muob to the example set by the 
operations of the Tennessee Valley Authority. Under the terms of 

the Tennessee Valley Act of May 18, lg33, 2 th~ Authority had 

l 4g U. S . Statutes 1570. Act ot June 22, lg36. 
2 48 U.S. Statutes 58. 



12 

launched the construction of a system of reservoirs for tbe joint 

purposes of tlood control, navigation, and hydroelectric power 
development. Those reservoirs were visible demonstrations ot the 
practicability ot flood protection by such means, and they were 
undertaken solely at Federal expense. Tbe Authority had been 
directed to combine studies ot forest and soil conservation with 
its engineering work, and for the first time in legislative his
tory the desirability of integrated development of resources on a 
regional baaia bad been recognized. These accompl1abmenta and 
other conditions combined to promote public support tor Federal 
participation in somewhat silllllar types of work in other sections 

of the country. There bad been little precedent for Federal par
ticipation in flood protection outside of the Lower Mississippi, 
Sa cramento, and Tennessee valleys. The construction of works at 
Federal expense bad been authorized for the Lowell1 and Salmon 
rivers, 2 Al aska, in 1933, for the Lower Rio Gra.nde in 1933,3 and 

for Niobrara, Nebraska, in 1935. 4 

Work under tbe 1936 act was slow in starting even though 
work-re lief funds were made available 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, 1937, in the Ohio Valley, authorized the construction 
or additional leveea and flood walls at cities and towns along 
tbe Ohio R1ver. 5 The same act, approved August 28, 1937, expanded 
the authority of the Department of Agriculture by declaring tbat 
as a condition to prosecuting remedial runo ff and waterflow 

l 47 U. S. Statutes 802 (1933) . 
2 48 U.S. Statutes 991 (1933). 
3 49 U.S. Statutes 660. Act of August 19, 1935. 

4 49 U.S . Statutes 1306. War Department Appropriation Act 
of May 15, 19:56. 

550 U.S. Statutes 876. Act of August nq , 1937. The lo
cal-protection projects authorized by this act dere to be selected 
by the Chief of Engineers from a list of projects prepared by the 
Chief of Bngi.neera. The individual projects were l~sted in, 75th 
Cong., lat Seas., Levees and Flood Walls, Ohio River Basin, Hear 
ings before House Committee on Flood Control on H.R. 7393 and 
H.R. 7647 (Waebington: Government Printing Office, 1937), pp. 45-
48. 



Fiscal 
Yea.r 

19S8 
1939 
1940 
1941 
1942 

Total 

TABLE 2 

FUNilS APPROPRIATED AND OBLIGATED FOR GENERAL FLOOD CONTROL, 
FISCAL YKARS, 1938-1942a 

(Eltolueive of Emergency Funds)b 

Obligations During Year 

Total Maintenance Appropriation "'--'"'1nations Ottice of ot N llY Work Chiet of a: Survey8 B:ng1neers Completed 
Works 

* 30,000,000 * 24,452, 034 * 488,549 * 100,755 .... .. 
82,000,000 51,945,000 2 ,929,423 112,341 .... .. 

133,000,000 125,325,096 3, 942, 470 233,512 $198,316 
70,055,000 91,688,969

0 
3,188,837 269, 678 301,184 

98,780,000 89,613,323 3 , 434, 742c 310,240c 389,500° 

$41.3,835,000 $383,024,422 $13,984,021 $1,026, 526 $889, 000 

•source: Annual Budgets ot the United States, 1939-1943. 
b 

Agriculture 
Surveys 

* 500,000 
3,000,000 
3,000,000 
2 , 000, 000C 

998,342 

$9,498,342 

Geol ogical 
Survey & 
Weather 
Sure au 
Studies 

* 21,000 
92,970 

826, 162 
60'7, 379 
475,oo<f 

$2,222,511 

It is estimated that approximately $143,000,000 ot Federal emergency relief funds were ex-
pended on nood protection dur1n.g 1933-1938 in addition to the tunds regularly appropriated as shown 
in Tables l and 2. 

°Estimated. 

...... 
(II 
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retardation and s oil-erosion prevent ion works on private lands, 
the Secretary of Agri culture could require the enactment and proper 
enforcement of state and local regulations affecting land use , the 
negot i a t i on of agreements or covenants aft'ecting such l ands, and 

contributions ot money, services, or materia ls. In so far as the 
local protective works in the Ohio Basin were concerned, the Presi 
dent was empowere d to waive the requjJ-ements of local cooperation, 
stipulated in t he Flood Contr ol 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 crippli ng e ffects of a flood disaster. 

Requirement s of l ocal cooperati on we re waived still further 

in t he Fl ood Control Act of 1938 . 1 Because of difficulties in 
negotiating l ocal contributions from groups of s t ates benefiting 
from r ese rvoir construction , 2 and also in response t o an apparent 

desire or the public-power groups to insure that full Federa l au
thority to develop hydroelectric power at flood-control dams would 
not be impaired by stat e control of reservoir operations , as 
contemplated 1n the proposed i nterstate compacts for the Connecti 
cut and Merri.mack rivers , the financing of reservoir projects was 

made a complete Federal responsibili t y. 3 By this means, the major 
flood-protection wor ks proposed for many sections of the country 
became solely Federal i n ownership and operation. Local require 
ments were removed for channel improvements , but they remained in 

e ffect f or levees and other local-protective works . 
In connection wlth local-protectlve works, the Chief of 

Engi neers was authorized , in lieu of constructing such wor ks, to 
contribute equivalent f'unds to those municipalities or sections of 
municipalities that preferred to r elocate on higher ground rather 
than to benefit from prot ect ion a t their old locations . This 

152 U.S. Statutes 1215. Act of June 28, 1938. 
2 The problems of obtain ing l ocal cooperation in reservoir 

construction are described in 75th Cong. , 3d Sess., Heari ngs be 
for e t he Committee on Flood Control, U. S. House of Repr esenta 
tives , on Report of Chief of En~ineers , April 6 1937A House Flood 
Control Committee DOoument No. , 75th Congres~ 1st ession , and 
Subsequent Reports of the chief of En~ineers, and Amendments to 
the Flood Control Acts ot June 15, 19 6, June 22, 1936, and Au
gust 28, 1937 (Washingt on: Oovernment Printing Office, 19$8). 

3 Judson King, Why the Power Joker i n t he New England Flood-
Control Compacts? (Washington: National Popular Government League , 
1937). 
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provision recognized the possi bility of a change in land use as 

an alternative to protective works, but bas not been applied. 
The 1938 act authorized twenty-five additional construc

tion projects and an additional expenditure ot $375,000,000 as 

well as the sum of $10,000,000 tor surveys by both Departments. Of 
the one hundred localities named for surveys, moat bad been covered 
by previous authorizations. An appropriation of $2,000, 000 per 
annum for five years also was authorized tor use by the Department 
of Agriculture in its remedial work on the drainage areas of 
atre8.Jlls on which Federal navigation or flood-control works were 
authorized, but only $1,410, 000 bad been allocated for those pur
poses by 1941. Among the important new projects authorized were 

comprehensive reservoir systems tor the Ohio, Upper Mississippi, 
Missouri, White, Arkansas, and Red basins, all of these systems 
having flood reduction on the Lower Mississippi and on its tribu
taries among their principal objectives. 

The act approved August 11, 19~9 , named still further lo
calities tor survey, but it did not alter basic 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 or lands, rights 
of way, and damages tor channel improvements. The President's 
authority to waive as much as 50 per cent of the cost of local 

protective projects i n the Ohio Valley was revoked, and it was 
declared that authorized projects involving local cooperation would 
not be considered as such unless, within a period of five years, 
guarantees of prescribed coopera tion were made by local interests. 
The act broadened t he authority of the Corps of Engineers in sur
vey work by providing that surveys might be made in 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 tunds approprjated under au
thority of the act for the runoff-retardation and erosion-preven
tion works of the Department ot Agriculture could not be used for 
works the Department was authorized otherwise to construct, and it 
thus prevented duplication of activities whi ch formed a normal 
part of the soil conservation , forest conservation, and other land
use adjustment programs of the uepartment. The significance of 
bhese changes in policy will be examined in Chapter IV. It is 
enough at this point to summarize the major trends of policy t o 
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August, 1941. 
By that time, construction works having an estimated Fed

eral coat ot $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 Corpe' surveys had covered or were in process of 

covering all ot the important drainage areas ot the country. Ag
riculture's completed surveys had covered only a relatively amall 

area. 
The history ot Federa1 participation in flood protection 

since the first Federal flood survey waa initiated in 1850 reveals 
a spasmodi c widening ot Federal tinancial responsibility, with 
greatest activity in the period trom 1936 to 1941. By 1941, all 
coats ot flood-protective projects other than the expense of lands, 
damages, and rights of way tor levees and channel improvements, 
were to be paid from the Federal treaa\ll'y. During the same period, 
the scope ot aurveya and of authorized works was broadened to in
clude multiple-purpose water projects, land-management measures up

stream, and relocations or urban settlement. Engineering works 
tor flood protection remained, however, the pivotal activities with 
which the government was concerned. The Federal interest in such 
measures was recognized in the above-mentione d statutes and also 
by the courts. In the decision in the Denison Dam case, Mr. Justice 

Douglas stated tor the Supreme Court an opinion widely held by the 
American people when be said: 

. . . • There is 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 constitutional necessity tor viewing each 
reservoir project in isolation from a comprehensive plan cover
ing the entire basin or a particular river. We need no survey 
to know that the Mississippi ls a navigable river. We need no 
survey to know that the tributaries are generous contributors 
to the floods of the Kisaiaaippi. And it is common knowledge 
that Mieeiee1pp1 floods have paralyzed commerce in the affected 
areas and have impaired navigation itself. We have recently 
recognized that "Flood protection, watershed development, re
covery of the coat ot improvement s through utilization of power 
are • • • . parts of co111111er ce control." And we now add that 
the power of f!ood control extends to the tributaries of navi
gable streams. 

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

10klahoma ex rel. Phillipa v. Atkinson Co. et al ., 313 U.S . 
508 (1940). 
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mary responsibility t or curbing floods in or der t o prevent the 

d1arupt1on of colllll:er ce and the destructi on of lives and proper ty. 
State end local pol1cy.--~h1le the Federal government 

shouldered larger responsi b111tiea , the state and local govern 
ments f or a time expa nded t beir activities with respect to flood 
pr otection , and then , after 1938, contrac ted those activities 
rapidly . Prior to 1917 , all flood-pr otective work in the country , 
w1 th the exce pti on of certain Federal cbennel i mprovements along 
the Lower Mississippi River, as noted above, was undertaken by 
lend owners , muni c ipalities, counties , states, or special-impr ove
ment districts. Ther e are records of scattered levee improvements 
by plantation owners on t he lower reache s of t he Roanoke,1 Missis
sippi, and o ther Southeastern rivers , in t he eighteenth and ea rlv 
nineteenth centuries . Municipalities , other than Now Orl eans , 
did not begin to concern themse lves with flood protecti on in more 
than a few instances until the early 1900 1 s , when Pittsburgh made 
its monumental investigation of possible methods of flood protec

tion t here. 2 ~o r emedial work resulted immediately from the 
Pittsburgh r eport. In later years , Hochester, New York, 3 Colum~us, 
Ohi o, 4 and Ta com.a, '.'oashlngton, 5 were among the cl t1 es that empl oyed 
engineers to design r~medial works for floods. Levees, channel 
improvements, or r eservoirs were recommended in each case. 

The large f lood-protecti ve enterprises during the period 
of slate a nd local activity we re sponsored end financed by levee 
end drainage boaros organized under state law. Sti mulated by the 
Federal Swamp Land Acts wl.ich in 1849, 1850, 1855, 1857, and 1860 

174th Cong., lat Sess . , hoanoke hiver , Vi rginia , House 
Doc. lo. 65 (i\ashington: Government Pr int ing Office , 1935). 

2Flood Collllllisai on of P!ttsburgh , neport (Pit tsburgh: The 
CoD1111ss1 on, 1912). 

3Edwin A. Fisher , keport to Hon . Harold 'If. liaker, Ci ty 
I.tanager, of a Study of Hood Condi tions in the Genesee River , Rav
in~ Spec1f1c nelat i on to a C1 v1c Center, Also t o t he General Sub
~ect of Fl ood Protection for the City of Rochester {Rochester, 

§ 7). 
4John 

1.1a or and Cit 
um us , Ohio 

5nork et Tacoma was undertaken by the Inter-county Hiver 
impr o vement Commission. ? 4th Cong., 2d Sess., Puyallup River, 
Washington , Senate Co111111erce Commi ttee Print (~ash1ngton: Gove r n
ment Pri nti ng Office , 1936). 



18 

provided t or the conveyance to the respective states all ot the 
wet and overflow lands owned t herein by t he Federal goverrunent, 

districts were organized to pr otect such lands from floods and to 
construct the drainage facilities necessary t o render them cultiva
ble when cleared and leveled. 1 Under the Swamp Land Acts, approxi
mately 64,800 , 000 acres of land were transferred t o the states 
wi th t he understanding that the proceeds from their sale would be 
applied as far as necessar y t or land reclamation by means ot l evee s 

and drains, and for the improvement of aanitation, such a ctiviti es 
not being considered a Federal r esponaibiJ.i ty. Those lands having 

important flood problems were located principally in North Caro-
2 lina, Mississippi , Louisiana and Arkansas. These were poorly-

dra ined sectors along river valleys in the Atlantic and Gulf 
Coastal plains, and along river valleys and lacustrine plaine in 
Indiana and Ohio. In practice, the states claimed much land that 

was not swampy, and they lost little time in disposing or their 
holdings without attempt ing t o make the anticipated 1mprovements. 3 

The lande promptly fell i nto the hands of large-scale operators 
who, in turn, helped organize special-improvement districts a s a 
means of financing the drainage work. The history of drainage 

development is recorded elsewhere, 4 but it may be noted here that 
a very large part of the drains.gs district a ctivity leading t o 
land settlement in the above-mentioned areae involved extensive 
levee and channel-improvement works as well as drainage facilities. 

Some of the districts , such as the Yazoo Levee District , bad high
calibre engineering staffs and expended large sums on new con
struction and on repair work. In ig30, out of a total of 84, 408,000 

acres reported by the Census to be in organized drainage enter
pri ses , 8 , 374 , 000 a cres were served by a combination of ditches 

and levees, and 254,651 acres by a combinati on of ditches, levees 

1Public Land Statutee of tbe United 3tatee 1 1931, pp. 641 
et aeg. 

2 Thomas Donaldson, The Public Domain (Washington: Govern-
ment Printing Office, 1884) , pp. 219-221. 

:5 John Ise, The United States Forest Poli cy (New Haven: 
Yale University Press, 1926) , p . 46. 
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and tile drains. Tb.e total capital invest111ent in tbose works 
l amounted to $104,673,000. 

In addition to levee and drainage enterprises tor reclama
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 1914 authorized state courts to create districts 
e111powered to prepare engineering plans, to carry out approved 
plans, and to levy assessments against beneficiaries for the fi
nancing of such. work. 2 Originally drafted in order to make pos
sible protection against floods on the Miami River at Deyton, 

Hamilton, and nearby urban areas, the Ohio Conservancy Act resulted. 
in the creation of the Miami Conservancy District, the Muskingum 
Conservancy District, and several such dietricts as the Scioto 
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 organiza tion or only a tew active distri cts for 
flood protection. Under the stimulation of Arthur B. Morgan, the 
moving spirit behind the drafting of the Ohio Act , Colorado passed 

a general conservancy act in 19223 and on the basis of that law, 
established a distri ct for the construction of channel improve
ments at Pueblo. New Mexico passed a conservancy act in 19234 

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 tb.e distri ct 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. Drainafe of AgricUltural Lands (Waablrigton : 
Government Printing Office, 932). 

2Act of February 17, 1914. The events leading up to the 
passage or this act are described in c. A. Bock, History or the 
Miami Flood Control Proiect , Technical Reports (DeYton: Miami Con
servancy District, 1918 , Part II. 

3colorado Laws of 1922. 
4NeY Mexico Laws of 1923, c. 140 and New Uexico Lawe of 

1927, c. 45. 
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In 1920 New York pr ovided enabling legislation for the 
creation of river-r egulating districts having flood control , power 
generation, and water supply as their major purposes . 1 To date, 
successful regulating districts have been established in the Hudson 
and Black basins. 2 

In 1918 Te xas passed a General Conservancy District Act 
on the basis of which in subsequent year s 15 separate districts 
were created, each di strict bei ng empowered to construct flood 
protective , power, i r rigation, and associated water-conservation 

3 works. All but two of these districts were or ganized durJng the 
period 1933-1935. 

Only one state organization outsi de of the Lower Missis
sippi Valley received Federal aid for flood protection prior to 
1936. It was the Okeechobee Flood Contr ol Dist r i ct, which cooper 
ated with the United States under the ter ms of the !Uvers and Har

bors Act of July 3 , 19304 i n building a new l e vee s ystem around 
Lake Okeechobee, Flor ida , as a means of protecti on against hlgh 

\'a ters caused by hurricane action over the lake. 5 The act provided 
that local interests should contribute at least $2 , 000, 000 toward 
a pro ject having a total estimated cost of ~18, 470,000 . 

By 1936, at least 17 states, in an effort t o cope ·Kith 
flood problems within their borders, had established state agen
cies to investigate and solve the problems, o r had provided for 
the creation of intrastate districts for the same purposes. In 
13 of these s t ates, agencies were authori zed to make engineeri ng 
surveys looking t o flood protection. A few of t he 13 agencies, 
such as those in California, Illinois, Minnesota, and Texas, under -

1New York Laws of 1920, c. 463 . Baldwins Consolidated 
Laws , 1938, sec . 413. 

2Edwin s . Cullings, "Local Flood Control , ' Engineering 
News-Re cor d, CVI (June 25, 1936) , 915 . 

3Act s of 1918, Ar t. 8194 . Ver non ' s Texas Statutes , 1936. 

4 46 U.S . Statutes 918. Thi s wa s amended by t he Act of 
Augus t 30, 1935, which r educed the r equi r ed initial l ocal contr i
but ion t o $200, 000, and shifted the burden of maint enance costs 
to the Feder al government. The district was organized under state 
law in 1929. 

51934 Cwnula tive Supplement to 1927 General Laws of Flori
da , Art . 4, p. 299. 
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l took relati vely detailed investigations. 

special comm1ssions in Ma1ne and Vermont, 
Ot hers, such as the 

made state-wide ~eports 

and then retired from active work, leaving to other groups the 
task of carrying out thei r re commendat1ons. 2 Three of the states, 
New Jersey, Pennsylvania, and Washington, undertook to regulate, 

by licensing provisions, further encroachments upon flood plains 
wi t hin their borders (see Chapter IV). 

To the extent t ha t specific plans for f lood-protective 
works we re available, and that public support for them had been 

aroused, these agencies t ook a dvantage of the 11 bera Uzed financing 
arr angements prevailing under the public-wor ks and works-relief 
pr ogra.nis of 1933-36 t o obtain construction of desired projects. 
The Winooski detention reservoirs in Ver mont , the W.uskingum Con
servancy Distri ct i n Ohio , and the Brazos and Colorado River con
servancy districts in Texas were among those that benefited from 
emergency spending prior to t he establishment of a national flood

control policy. 
The point of view of the engineers who planned the drain

age and fl ood-protective work of these non-Federal projects is 
reflected in large measure i n the literature on flood protection. 

Y.ajor attention ce ntered on (1) methods of determining maximum 
probabl e flood flows, (2) design of engineering works , particu
l arly channel i mprovements and reservoirs, and (3) estimation of 

benefits to be expected from protection, with spacial reference 
to l and drai nage associa ted with flood protection. 3 

~ypical surveys by those agencies are given in the f ol
lowing r eports: Cal ifornia , Department of Public Works, Santa Ana 
River Ba.sin, Bulletin No . 31 (Sacramento : Cal i f ornia State Print
ing Office, 1930) . 

I llinois , D1 vision of WateMl'ays, Flood Control Report, 
1929 . 

Minnesota, Department of Irainage and Waters, First Bien
nial Re ort of the Commi ssi oner or Draina e and Waters (E. V. Wll-
ard, Commissioner, 1 . 

New Jersey, State Water Policy Commil!si on, Control of 
F'loods on the Passaic River, Special report No. 2 (Trenton: The 
Commission, 1931). This f ollowed a long series of reports by 
state agencies on Passai c River problems. 

2For example, see Maine Development Coaunission , Maine Riv
era and Their .Protection from Possible Flood Hazards (Augusta, 
19 9 . 

3Jobn w. Alvord and Charles B. Burdi ck, Relief from Floods 
(New York: McGraw-Hill Book Co. , 1918) . 

Wellington George Pickels, Drainage and Flood-control 
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Major trends in public policy.--In non-Federal as in Fed
eral flood protection trom 1850 to 1941 tbs emphasis was upon 
curbing flood waters by engineering. Alternative torms of adjust

ment were not taken into account in drafting stats legislation or 
in district plans. Evaluation or bsnetits recei ved somewhat mors 
detailed treatment, however, in stats than in Federal statutory 
directive policies, and this might well be expected inasmuch as 

state work required direct assessment or a part or the costs on 
the benefiting property owners and public bodies. Such assess
ments became relatively less frequent, or course, with tbs adop
tion of the new Federal policy in 1936. 

Among the first reactions to the Flood Control Act of 
1936 was the authorization of state agencies to cooperate in fi
nancing and reviewing the plans for projects adopted by tbe Con
gress. New York State created a special Flood Control Com.mission 
tor that purpose in 1936, 1 and in the same year Pennsylvania 
appropriated funds tor use by its Department or Forests and Wa

ters. 2 Ths Flood Control Act of 1936 brought most of those stats 
activities to an abrupt halt. Coopera t i on 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 levees and channel improvements could bs 

handled readily by municipalities and counties without the partici
pation ot stats agencies. Illinois and Pennsylvania also continue 
to give some financial assistance to local communities for flood 
protection. During tbs period 1936-1936 there were the beginnings 

ot interstate agencies to tac1litate cooperation with tbs Federal 
government in ths financing of reservoir programs for the Merri
mack, Connecticut, and Ohio basins. Tbs 1938 act eliminated any 
need t or cooperation, and relegated state participation to the 
role of criti ci zing and promoting Federal reservoir plans . 

~1~g the 90 years tb.at have passed sines large -scale 
tlood-protsotivs operations first began in tbs United States there 

bas bssn a progressive widening of i nterest in tbs engineering 

Engineering (New York: McGraw-Rill Book Co., l ~-5 ) . 
Bernard A. Etcbeverry, Land D'a1nags and Flood Protection 

(New York: McGraw-Hill Book Co., 1931). 
1New York Laws of 1936, c . 16. 
2Pennsylvania Laws or 1936, Act. No. 46. 

l 
I 
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structures to control or abate floods. The early interest in 

channel impr ovement and in levees ~ae supplemented by the develop
ment of diversion structures and detention reservoirs, and, more 

recently, by multiple-purpose storage reservoirs. Attention also 
bas been given to the possibilities of land-management measures, 
and of perlJ18.nent 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 bas survey work 

spread far from the banks of the Lower K1ss1esippi , but the scope 
of individual survey-s bas been broadened t o include consideration 
of all possible types of engi neering works in association with 
works f or the use or control of water for other purposes. Drain

age basins now are being treated as stu.dy units, and, with.in 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 

voi rs hae led to the assumption by the Federal government of large 

responsibility tor planning and constructi on. For 67 years after 
1850, county, municipal , and other intrastate organizations we re 
mainly responsible for flood-protection. Beginning in 1917 the 

Federal activities expanded slowly until 1936, 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 responsibility was ex
tended to encompass all protection programs involving reservoirs. 

The ea rly intrastate efforts laid heavy stress upon identi 

fication of flood-protection benefits and assessment of costs, 
th.is interest reaching its peak during the rapid drainage and levee 
district expansion of the first two decades or the twentieth cen
tury. Federal surveys prior to the 1930 1 s paid 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 is 
now in the direction of even greater detail and precision . 

Notwithstandi ng these and many other changes in policy 
governing public aid to flood protection, the basic approach has 

remained essentially the same . "Is flood protection warranted," 

continues to be the prevailing question. 
Puring the entire period under discussion, publi c 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 detel"lllined for the most pert by hydrologic 
conditions . &acb flood of national import&nce since 1915 bes 
given riee to a change in Federal flood-protection pol i cy: each 
major change in policy prior to 1941 hes been made withi n a year 
or t wo after a greet flood. National catastrophes bave led to 
insistent demands tor national action, and the timing of the leg

islative process bas been set by the tempo of destructive floods. 

Forecasting 

Bxcept in the few areas where co~ple te protection has bee1 
aff or ded by engineering works, dwellers of flood plains require 
as ~arly a warning as possible of the coming of floods in order 
that people and property can be evacuated, and in or~er that othet 

precautions can be taken against flood loases . The O. S . Weather 
Bureau and its predecessors established the fi rst flood forecastir 
service along the Lower l/1ss1s:sippi kiver in 1870, and received 
regular appropriati ons from the Congress for a separate service 

after 1891. 1 

Inasmuch as t he early f orecasts were based upon the stagee 
of r i vars upstream from tt.e rea ches subject to flood , the system 
was applied most extensively and yielded best results along the 
lower reaches of lar,ge rivers such as the IHssisaippi , Ohio, Red, 

and Ar kansas . By 19j6, the \'.eather Bureau had organ1 r. ed more than 
70 centers from which f orecasts of riv~r stage were released. The 
forecasts utilized rainfall as well as stage data , and involved 
numerous empiri~al f ormulae developed by the Buroau'e forecasters 
in the light of previous flood experiences. 

I n 1937 the Pureau, in cooperat1on with the CoDD11onwealth 
o f Fennsylv!l.Illa and the U. S. Geological Survey, launched a new 
type of forecasting for the Susquehanna Basin, drawing upon tele 
phonic reports on weather condltions and upon the unit-hydrograph 
method of estimating stream flow so as to ~uild up the expe c ted 

flow for any desired poin~. The Bureau has since expanded such 
methods to a few other l arge streams, end recently has laid plans 
t o expedite service to the headwater reaches where heretofore, be

cause of small drainage area, high rate of runoff concentration, 

1u. s. Signal Office, Annual Report of the Chief Si,nal 
Officer, 19~1 (Washington: Government Printing Ol'fi ce , 18n , 
pp. 13-16. 
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and probability of intense precipitation, the Bureau has not been 
able to make fo~ecasts. 

Prior to 1937 the system grew slowly, and made only a few 
advances in forecasting techniques . It was understaffed, and it 
received little public attention except in time o r flood. In some 
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 tore
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 tor 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 is 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 for ecasts 
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 l ed to a long and 
somewhat unimaginative period of forecasting on the lower reaches 
of large rivers, f ollowed, i n 1937, by rapid improvement in meth
ods of forecasting, with particular r eference to smaller drainage 
areas upstream. 

Public Relief 

The third main line of public action consists of relieving 
human distress resulting from floods. From the earliest damagi ng 
floods, community assistance has been given t o those who suffer 
impairment of health or damage to property. Prior 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 
ca.used the death of more than 119 persona , a special committee 
was appointed by the mayors of the two cities to reduce the dis
tress. That group raised $63,000 from local donations, and ex
pended the entire amount in cash payments to deserving sut'ferers , 
in purchase of merchandise, in burials, and in a deposit for the 
benefit of children made orphans by the flood. 1 It prided itself 
upon not having to request outside aid and upon meeting all urgent 

demands for help. Federal assistance seems to have been given 
only in the assignment of t roops to guard the scene of the dis
aster. Similarly, after the great Mia.mi River flood of 1913, the 
people of !Al.yton, Ohio, raised a large fund to be used by the !Al.y
ton Citizens' Relief Committee for the a.id of their fellow towns
men who had suffered losses, the fund later being given over to 
the Red Cross for a.dministration. 2 These amounts now appear small 

by comparison with expenditures currently made for flood relief 
by Federal agencies. 

The Federal government began in 1874 to make direct grants 
of food and shelter to flood sufferers, and appropriations were 
made for those purposes roll owing ea.ch great flood thereafter, as 

shown in Table 3. The funds were disbursed chiefly by the Quar
termaster Corpe of the War Department, and were administered for 
the most pa.rt 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 ca.ring f or the victims of 

a few of the serious floods in the 1920 1 s and then during the 
great Mississippi River flood of 1927 it took over in large meas
ure the work of administering aid by Federal as well as non-Federal 
agencies. 3 While other agencies such as the Corps of Engineers 

Cities 

pp. 
2 Bock, op. cit . , pp. 11-14. 
3The 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 (39 U.S. Statutes 946) , charges the 
American National Red Cro&s "To ~ontinue and carry on a system of 

L 

' 

I 
' 
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TABLE 3 

FEISRAL APPROPRIATIONS FOR RELIEF OF FLOOD SUFFERERS, 
1874-1942 

Authori zing Act 

Reference Date 

18 U. S. 34 4/23/ 74 

18 U. S . 45 5/13/74 

22 U.S. 378 2/25/82 

22 U. S . 378 3/10/82 

22 u.s. 378 3/ 11/82 

22 u. s . 379 • 3/21/82 

22 U.S. 379 4/ 1/ 82 

22 U.S. 44 4/11/82 

22 U.S . 267 2/12/84 

Provision 

Authorizes issue of food and Army 
clothing to suffer ers from over
flow of lower Mississippi River; 
no amount specified. 
Appropriates i 190, 000 fo r the pur
chase of flood and clothing for re
lief of sufferers from overflow of 
Mississippi River. 

Appropriates $100,000 for purchase 
and distribution of subsistence 
stores for sufferers from overflow 
of Mississippi River. 

Authorizes use of Army hospital 
tents for shelter to sufferers from 
overflow of Mississippi River; no 
amount specified. 
Authorizes use of Government ves
sels for transportation and distri
bution of rations and supplies for 
sufferers from overflow of Missis
sippi River and tributaries; in
definite appropriation. 

Appropriates $150,000 for furnish
ing food for sufferer s from floods 
in the Mississippi River and tribu
taries . 
Appropriates $100, 000 for purchase 
and distribution of subsistence 
stores for sufferers from overfl ow 
of Mississippi Ri ver and tributa 
ries . 
Appropriates $20, 000 for purchase 
of seeds and distribution among 
sufferers from overflow of ){1ssis
sippi River and tributaries. 
Appropriates $300, 000 for purchase 
and distribution of subsistence 
stores, clothing, etc. , for suffer
ers from overflow of Ohio River and 
tributaries . 
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TABLE 3 - Continued 

Authorizi ng Act 

Reference rate 

23 U.S . 268 2/15/84 

26 U.S. 33 3/31/90 

26 U. S. 33 4/25/90 

30 U.S. 219 4/7/97 

30 U. S. 221 6/9/97 

37 U. S . 633 5/9/12 

37 u. s. 601 8/26/12 

38 U.S. 208 10/22/ 13 

38 u. s. 211 10/ 22/13 

Provision 

Authorizes use of Army tents for 
shelter to sufferers; use of Govern
ment vessels for transportati on and 
distribution of supplies. Appro
priates an additional $200 , 000 for 
same objects. 
Appropri ates $25,000 for purchase 
of 2,500 tents to be loaned to 
state authorities for use of suffer
ers from floods , in Arkansas, Mis
sissippi and Louisiana . 
Appropriates $150,000 for purchase 
and distribution of subsi stence 
stores for sufferers from overflow 
of Mississippi River and tributa
ries . Use of Government vessels 
for transportation and distribution 
of supplies. 
Appropriates $200,000 for purchase 
and distribution of subsistence 
stores for sufferers from overflow 
of Mississippi River and tributa
ries and Red River of the North. 
Reappropriates $10, 000 (remaining 
under resolution of April 7 , 1897) 
for purchase and distribution of 
subsistence stores and payment of 
transportation, for suffers from 
overflow of Rio Grande near El Faso. 
Appropriates $1,239,179 for tents, 
rations, etc . , for sufferers from 
floods in Mississippi and Ohio val
leys. 
Appropriates $4, 500 for mileage of 
A:J:my officers and contract surgeons 
in connection with relief of flood 
sufferers in M1ss1ss1pp1 and Ohio 
valleys. 
Credits Corps of Engineers for ex
penditures of $34,192 made for re
lief of flood sufferers, in Missis
sippi , Yazoo and Ohio basins. 
Appropriates $5, 000 to reimburse 
life-saving service for rescue and 
relief of flood sufferers in the 
Middle West. 

( 
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TABLE 3 - Continued 

Authori%1ng Act 

Reference 

38 U.S. 215 

38 U.S. 216 

39 U.S. 11 

39 U.S. 434 
39 U.S. 534 

42 u.s. 19 

44 U.S. 1065 

44 U.S . 1792 

43 U.S . 53 

45 U. S. 1306 

Date 

10/ 22/ 13 

2/15/16 

8/ 3/16 
8/ 24/ 16 

6/8/ 21 

2/9/ 27 

2/25/27 

1/26/28 

2/ 25/29 

Provision 

Appropriates $654,448 to reimburse 
certain Army appropriations for 
relief of sufferers from floods, 
tornadoes, and fires in Mississippi 
and Ohio valleys . Peach tree, 
Ala., and Nebraska. 
Credits $42,431 to certain Army 
accounts for expenditures for re
lief of flood sufferers in Ohio 
and Indiana, and on Ohio and Mis
sissippi river and tributaries. 
Authorizes loan, issue, or use of 
tents, provision and supplies and 
Quartermaster's and Medical De
partment for relief of sufferers 
from overflow of Mississippi River 
and tributaries, no amount speci
fied. 

' Appropriates $545,000 for relief 
ot flood sufferers in southern 
states, and West Virginia, includ
ing issue of seeds and Army sup
plies and supplying employment for 
destitute persons. 
Authorizes issue of subsistence 
and quartermaster's supplies to 
persons suffering from overflow of 
Arkansas River and tributaries in 
Colorado; no amount specified. 
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 losses 
to property owners near Hatch and 
Santa Teresa, New Mexico, by over
flow of Rio Grande; and appropri
ates $75,000. 
Authorizes employment, by Sec~e
tary of Agriculture in cooperation 
with the states, of local agents 
necessary to aid in rehabilitation 
of farm lands 1n 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 

Reference Date 

46 U. S. 84 3/12/30 

46 U.S. 386 5/27/30 

46 U.S. 489 6/2/30 

46 U.S. 829 6/28/30 

Provision 

and flood stricken areas of south
western states; $6,000,000 appro 
priated in deficiency act of 
March 4, 1929 (U. S. 1635). 
Appropriates $1,660,000 to aid 
state of Alabama in construction 
ot roads, etc., damaged by floods 
in 1929. 
Appropriates $506,067 to aid state 
of Georgia in construction ot 
roads, etc., damaged by floods in 
1929. 
Appropriates $805,561 to aid state 
of South Carolina in construction 
of roads, etc., damaged by floods 
in 1929. 
Relieves state of Vermont from 
accountability for certain Federal 
property los t , etc., in connection 
with relief work incident to flood 
of November, 1927. 

and the State DepaTtments of Health 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 tor 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 agencies began to extend aid for 
euch purposes, and during the Ohio River flood of 1937 a large 

National and international relief in time of peace and to apply 
the same in mitigating the sufferings caused by pestilence , famine, 
fire, nood, and other National calamities, and to devise and carry 
on measures tor preventing the same." 

( 
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part of the total relief expenditures was made by those agencies 

directly (see Chapter IV). 
After 1927 it became the common practice or municipal and 

state governments and of the Red Cross to provide for flood ref
ugees while away from their homes, and to lend aid to those who 
needed cash or goods in order to regain their previous level or 
livi ng. According to need, Red Cross grants of funds were used 
for repairs, food, cl othing, and other essentials. Once returned 
to his home , a flood refugee received aid in cleanup, r epairs, 
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 repairing publicly-owned struc
tures such as bridges and roads. Direct grants or a ssignments of 
work relief were made to flood sufferers in the lower income 

brackets . In 1934 the Reconstruction Finance Corporation received 
its first authorization to make loans for repai rs of damages from 

' floods and other catastrophes , and in 1937 , the Disaster Loan 
Corporation was established to extend credit to individuals or 
corporations requiring help in rehabilitation . 1 These sources of 
aid, combined with 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 Red Crose relief pro
gram. By 1941, the total public relief program, as described in 

detail in Chapter IV, had expanded to cover , by grant or loan, 
most of the serious losses from flood. 

The Private Approach to the Flood Problem 

In considering the action taken by public agencies in 
building flood-protective works, in forecasting floods, and in 

cushioni ng the harmful effects of floods, it should not be for
gotten that flood losses have been reduced substantially by the 
action of individuals and corporations. Where public action to 

148 U.S. Statutes 589. Act of April 13, 1934. This was 
later extended through 1936. 

50 U. S. Statutes 19. Act or 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 deterred or is not economically feasible, it 
remains tor the property O'IJJlers 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 tbe efforts 
of many flood-plain residents to adjust their activities to floods 
indicates that once the flood plain 1.s occupied, other adjustments 
to floods are slow in comJ.ng and are the exceptio.n in so tar as 
residential and commercial occupance is concerned. 

Aside from ma~ing emergency preparations wben an imminent 
flood threatens, flood-plain occupants have a choice of readjust
ing their patterns ot land use, of altering buildings and other 
physical structures, and of laying aside adequate reserves or in
surance against 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 activities affecting floods , property owners 
and residents have been left to themselves to find other practi
cable ways of reducing flood losses . In this effort they have 
had no systematio aid from Federal agencies. 

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 
Admlnistration--bas discouraged building of new housing facilities 
in flood plains. Otherwise , flood-plain dwellers have been left 
to themselves to deal with the flood problem as best they can. 

Summary of Prevailing 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 policy relating to the flood problem. Taking into ac
count all phases of public action and Lnaction , the policy in es-



sence ls one or protecting tbe occupants ot tlood plains ag~lnst 
floods, ot aiding them wben tbey suffer flood losses, and ot 
encouraging more intensive use ot flood plains. By providing 
plans and all or at least half of tbe coat ot protective works, 

tbe Federal government, under the policy establlabed in 1936 and 
1938, reduces the tlood hazard tor the present occupants and 
stimulates new occupants to venture into some flood plains that 
otherwise might have remained unsettled or sparsely settled. Even 
tbough no protection is provided or planned, the Federal forecast
i ng system tends to encourage continued use of flood plains by 
reducing the expe ctancy of loss and discomfort trom tlood disas
ters. Public relief is now so widespread that tbe tbreat or flood, 
while not pleasant, has lost many or its ominous qualities. If a 
community wishes to relocate outside of a fl ood plain, Federal 
help 1s given to the extent that funds m1gbt otherwise have been 
expended on local-protective works, but if a flood-plain occupant 

wishes to rehabilitate a relat i vely profitable business or desir
able residence in the old location after a flood be may obtain 
Federal aid for that purpose . 

At the same tim~ , the occupants are themselves concerned 
1n an important degree wi th reducing tlood l osses by emergency 
r emoval and by changes in land use and structures. Except in so 
far as the forecasting system promotes emergency removal, the pre
vailing public poli cy l s largely neutral; i t nei ther encourages 
nor discourages such activities. 

Obvi ously, the flood plains of the United States will not 
be permanently evacuated and returned to nature merely because o f 
the annual bill f or t heir occupancy, which now approaches 
$95, 000, 000. Neither will they be occupied as intensely a s con
sistent with other r elevant physical and cultural conditions 
solely because, i r respective of cost, suitable engineering and 
land - use devi ces can be developed to curb or pr event floods. No 

general rule can be established as t o the most satisfactory ar
rangement of land oocupance in relation to local stream r :.::-1men 
and flood-plain conditions. In some instances, profound modlfi
C-vi~ 1s in the stream regimen or cbannel have been necessary, and 
in ot~er instances the cultural f orms and patterns have been ad
justed delicately to the earlie r lands cape . By and large, a 
fairly harmonious combination hae been developed. Wherever the 

adjustments are not sa t is f actory, as attested by crippling flood 
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losses, wherever a regressive occupance obtains, or wherever the 
flood-plain resources are not used as fully as practicable, a r e
adjustment may be in the public interest . Thia, 1t has been 
s.bown, is the central nood problem: bow best t o read just land 
occupance and flood-plain phenomena 1n harmonious relationship? 

Outline of a Geographical Approach 

From the three converging streams of public action with 
respect to the fl ood problem, and from corollary fields 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 tor reducing or preventing flood 
losses; one which assesses the suitability of flood-protective 
works along with measUI'es to abate floods , to evacuate people and 
property before them, to minimize their damaging effects, to re
pair the losses caused by them, and to build up financial reserves 
against their coming. It is a view which takes account of all 
relevant benefits and costs. It analyzes the factors affecting 
the success of possible uses of a flood-plain . It seeks to find 
a use of the flood plain which yields maximum returns to society 
with minimum social costs, and it promotes that use. 

Unless the major factors affecting flood-plain use are 
appraised, there can be no assurance that the recommended use is 
beneficial. Unless all possible forms of adjustment t o 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 or 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 tbe tlood problem, appears to have recogn1ted 
these propositions in bis discussion of floods in 1898. 1 McGee 
called attention in 1891 to several possible adjustments and noted 
with a tinge of pessimism that, "As population baa increased, men 
have not only failed to devise means for suppressing or for 

1George P. Marsh, The Barth as Modified 'by Human Action-
A Last Revision of "Man an,d,.....,N,_a.,.t_ur_e..,,",......,(...,N..-e-w-...Y ... o-r ... k-:--.C""na...._r_,1'"'e-11-"-iS.-o""r...,I""b'"'n""e'"'r_,_s_ 
Sons, 1898), pp . i72-474, i98. 



escaping this evil, but have, •1th singular abort - sightedness, 
rushod into its cboiien paths. 111 Semple 1n 1911 deecribed eeveral 

types of riverine adjustments but did not analyze the problem of 
reducing flood losses. 2 Russell merely noted some of the fac
tors affecting the occupance of flood plains. 3 J . Russell Smith 
called attention to the need for a different attack upon the 
IUssisslppi River problem following the flood of 19274 and vari
ous editori al writers5 and public agenc1ea6 suggested after the 
1936 and 1937 floods that a broader approach was desirable , but 
their suggestions have not found wide acceptance in practice . 
Today there are no studies or progra.ms which meet the requir ements 
outlined above. 

This geogr aphical approach to the flood problem appear s 
to be more nearly national in scope, and more nearly sound from a 
social standpoint than the approaches which dominate prevailing 
public poli cy. The remainder of the dissertation states the evi
dence in support of tnia approach and shows 1 ts implications in 
public policy and in geographical research. 

1w. J. McGee, "The Flood Plains of Rivers," Forum, XI (1891), 
221-234. 

~llen Churchill Semple, Influence of Oeogra~hic Environ
ment (New York: Henry Holt and Company, 1911) , pp. 3 2-327 , 363-
370. 

3J . Russell Smith, " Plan or Per1ah," Survey, LVIII (1927), 
370-377 . 

4r. c. Russell, Rivers of North Amer ica (New York : G. P. 
Putman1 s Sons , 1898) , p. 114. 

5nA Modest Proposal for Fl ood Control," New Republic, 
May 19, 1937, p. 34. 

°tfew York, Division of State Planning, A Common Sense 
View of the Flood Problem, Bulletin No. 28 (Albany, May, 1937). 
A similar view is taken by Allen Hazen in Flood Flowe: A StudJ of 
Frequencies and Magnitudes (New York : John Wiley aiid Sona, l9 OJ, 
pp . 2 -3 , 177-179. 



CHAPl'Rf( II 

ELEMENTS OF THE FLOOD PROBLEM 

The flood problem bas 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) t he 

adjustment of human occupance to flood hazard. Each of these is 
present in some degree in every flood problem, whatever its na
ture . According t o the comprehensive view outlined in tbe pre 
ceding chapter, each must be taken into account in arriving at a 
satisfactory solution of such problems. 

For this reason, and because the terms describing these 
elements are used somewhat loosely in engineering and scientific 
literature , they are defined here prior to consi dering their inter
relations in Chapters III and IV. Most of the following defini

tions coincide with those in standard nomenclature , but it bas 

been necessar y t o suggest a few new terms for new concepts and to 
assign more nearly precise meanings to several old terms. 

Floods 

The term f lood 1s used to mean any str eam flow which 
greatly excesds the average stream flow, whether or not it over 
tops the channel banks. The term nas been used variously to mean 
"an unusually b1gh flow o f s stream, 111 or "any flow equal to or 

greater than a designated basic flow." 2 In a stream channel hav
ing well-defined banks , any flow wh!ch overtops those natural 

curbs is , 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 substantially l ass than bank- full capacity, 

1Nati onal Rasources Planning Boar d , Hydrologi c , Hfdraulic, 
and Sanitary Nomanclature--Second Preliminary Draft (Wash ngton: 
National Resourcas Planning Board, 1940), p.117. 

2clarenca S. Jarvis and others , Floods in the United 
States--Magnitude and Fre~uency, U. s . Geological Survey Water 
supply Paper No. 771 (Was ington: Government Printing Office,1936), 
pp. 463-464 . 

l 
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s fl ood is any tlow greatly in excess of t be aversge. In short, 

the concept of flood contors upon tbo occurronco or flows markedly 
greater than the mean . 

The components of extreme flows are defined 1n greater 
detail in the following terms, which are in relatively general use 

by hydrologists and engineers: 
A flood event is a series of flows consti tuting a distinct, 

progre ssive rise , culminating in a peak, crest, or s\lllllllit, to
gether with the re cession t hat follows the crest arbitrarily se
lected for consideration as a unit of fl ood occurrence. 1 

Flood stage l s that elevation of t he water surface-
selected by local usage or by an investigator--above whi ch the 
stream is considered to be in flood . Commonly, it ls the stage 

at which damage begins . 
Flood crest i s the highest elevation reached bt flood wa

ters in a flood event. 2 It commonly i s measured in fee t above an 
accepted datum , such as flood stage. 

Momentary f lood peak is the maximum r ate of flow attained 
duri ng a flood event; usually this is the flow at the time flood 
crest i s reached. 3 (It commonly is measured i n cubic feet per 

second. ) 
Da ily flood peak is the maximum daily flow during the flood 

ovent. 4 

Annual flood is t ho maximum dally flow during 12 consecu
ti vo months, t hat is, the highest dally flood peak for a year ot 
record. 5 

Average annual flood ls t he mean of the annual floods dur

ing t he period of record. 6 
From the standpoint of flood-plain occupance, the flood 

crest is in most instances the critical feature of the flood event, 

but inasmuch as streams commonly are measured on tho basis of their 
flow rather than on that of their water surface, and inasmuch as 

1 Ibid., p. 464. 

3 
~· , p . 118. 

5 Ibid., p . 4 63 . 

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

6Ib1d. 
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protective works must be designed in terms ot flow control as well 
aa stage reduction, most computations of flood magnitude and fre
quency are in terma of daily flood peaks and of annual floods. 
The meaning of these terms is illustrated in part by a schematic 
hydrograph of stream flow and stage during one flood event 
(Fig. l). 

In designing flood-protection works and in forecasting 
floods, accuracy in the measurement of these quantities is highly 
important, but, in analyzing most other hydrologic aspects of the 
flood problem, it is rarely essential or practicable to describe 
the flood phenomena with equal precision. Therefore, the defini
tion of flood is 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 occur
rence of a flood of a given magnitude tor a given stream are nu
merous atid intricate, and they are the subject of an extensive 
literature. 1 From this literature one concept may be drawn that 
is used repeatedl.y in dea1ing with flood problems . That ia the 
concept of a flood of a given frequency. With the aid of adequate 
data on stream flow, precipitation, ground water, evaporation, 
soil characteristics, and vegetal cover, and with a sound method 
of probability analysis, it is possible to state, with varying 
degrees of accuracy, that a particular flood flow is, say, a "ten
year flood" or a "ten per cent chance flood" that is 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. (l) Their use does not imply 
any periodicity 1n flood occurrence. (2) It does not suggest that 
a "ten-year flood" is certain to occur during every ten-year pe
riod. (3) In a11 cases, such an estimate of frequency is only as 

reliable as are the basic study and data. Moreover, there are in 
use a large number of techniques of statistical analysis which 
yield widely divergent results. The possible ~ange of such results 
is illustrated by the estimates prepared on the basis of relatively 

l Ibid. , pp. 28-67. 
National Research Council, American Geophysical Union 

Transactione of 1939, I!, 143-218. 
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SCHEMATIC HYDROGRAPHS OF A FLOOD EVENT 
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satisfactory stream-flow records for the Tennessee River at Chatta 
nooga , where dlvergencies of as much as 400 per cent in the esti
mated amounts of highly infrequent trows were obtained by Saville, 
Slade, and other investigators (Fig. 2). 

Either through frequency analysis or the so-called "ra
tional" analysis of hydrologic dB.ta, lt also is possible to esti

mate the magnitude of the probable maximum flood , wblch is the 
maJ(imum flow expected to oc cur on a given stream during a desig
nated period or during an infinite period. Engineers cautiously 
designate such estimates as "proje ct floods" or 111 , 000 year floods" 
or "probable 11m1t1ng flood , " but all may be grouped under t he 
general definition given above, and all are used with the under 

standing that t hey 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 is 
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 t o them , other th.an the probable fre
quency of their occurrence, are (1 ) season of occurrence, (2) rate 
of rise and fall , (3) velocity a.nd (4) sediment load. Taking in
to account only the drainage areas in excess of 500 square miles 

f or streams causing the greater part of the mean annual fl ood 
losses in the United States, and neglecting the cloudburst type 
of flood affecting smaller drainage areas , three outstanding forms 
of seas onal occurrence may be recognized in the United States. 

First, there are areas in which infrequent great floods 
as well as fre quent floods of lesser magnitude occur only during 
well-defined seasons. In the wet, mssothermal climatic province 

of the Pacific Northwest and in the semiarid and arid micr ot hermal 
provinces of tbe Great Basin and Rocky Mountain, where floods oc

cur chiefly as a result or spri ng snow melt from the mountains, 
and ln the semiarid, mesothermal areas of the Southern California 
coast , where wint er rains cause fl oods , it ls possible t o predict 
their season of occurrence with high accuracy: 

Se cond , there are areas lacking any pronounced season of 
flood occurrence. These lie principally in the humid, mesothermsl 
clima tic pr ovinces of the Southeaste rn and Gulf coasts. 

Thlrd, t here are the areas in wh1ch a great flood may 
occur in any month of tbe year , but in which most floods occur 

, 

• 
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COMPAR ISON OF FL OOD-ESTIMATING METHODS, TENNESSEE 
RIVER AT CHATTANOOGA, T ENN. 
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Fig. 2.--Comparison of methods used in estimating floods, 
Tennessee River at Chattanooga, Tennessee. This illustrates the 
general form of charting the relation of flood magnitude to f r e
quency 1n connection with probability anal ysis. I t also shows 
the divergent results from analysis of the same~ relatively full 
body or data concerning past fl ood flows. Tbe 1rati o to mean 
f lood" ls in terms of dis charge rather than stage. (From Geologi
cal Survey, Wa ter-supply Paper No . 771 . ) 



42 

during a ta1rly well defined season. These are the humid and sub
humid, llicrothermal climatic provinces of the Northeastern states 
and of the upper Ohio and M1saiaa1ppi basins. Floods 1n those 
provinces are moat .trequent in winter and spring, and, inasmuch 
as moat Lower Kiaaiaaippi floods involve sUbatantlal contributions 
from tbe Ohio and Upper M1asiaaippi basins, that stream is likely 
to have ita greater !looda during winter and spring. 

Thia threefold claaa1fication 1a intended only t o suggest 
a broad difference in aeaaon of flood occurrence. In .future, aa 
more stream-flow data are analyzed in detail, it should be pos
sible to dietlnguiah regional variations with provisions, a l ways 
recognizing that cloudburst storms over relatively small drainage 
areas may cause sharp flood crests in almost any section or the 
country at any aeaaon. 

The cloudburst type or flood ie one extreme in the possi 
ble rate or r1ae and fall or 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 events, occurring 1n leas than 48 to 70 hours, may be termed 
sharp-created floods. At the other extreme are the great flows 
of large rivers that continue tor more than 70 hours and may be 
termed broad-created floods. The Lower Miaa1as1pp1 has sometimes 
exceeded flood atage tor aa long as 30 days. The 1936 flood of 
the Connecticut River at Holyoke, Massachusetts, la more nearly 
typical or such floods (Fig. 3 ) . For aome sharp-created floods, 
the momentary peak discharge may exceed the maximum dally flow 
for the same flood event by as much as 1,660 per cent. 1 

Sharp-created floods are characterized, in general, by 
greater water velocities than broad-created floods, but velocity 
ia primarily a function of stream-bed gradient and or channel 

configuration and resistance, rather than of rate of rise and 
fall. The amount and mechanical composition of sediment carried 
in suspension and aa bed load ls a function of those two condi
tions and also of upstream land use , season of flood occurrence, 

l Jarvie, op. cit., p , 108. Thia flow occurred in the 
Vermejo River near Diiwaon, New Mexico on June 30, 1934. The max
imum daily flow was 62 c. r.s. and the momentary peak was 1,090 
c. f. a . 
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TYPICAL FLOOD HYOROGRAPHS 
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character of underlying rock, ground-water level, local base level 
of stream erosion, and related conditions. Although it is con
venient to distinguish between high and low velocities and between 
large and small loads of sediment, and also to characterize the 
sediment according to its size (silt, sand, gravel, boulders), 
there do not appear to be any especial ly important classifications 
or the two characteristics. 

Flood Plains 

The term flood plain is used to mean that land outside of 
a stream channel described by the perimeter of the probable limit
ing flood. It is 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 in each of which is subject to floods of 
approximately the same frequency , the zones of most frequent flood 
ing lying 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 geomorphologists, 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 flll, as in 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 is of special signifi

cance 1n a broad approach to the flood problem. 1 From the stand-

1c1yde Mallot in The Valley Form and Its Development, Indi
ana University Studies, XV (1928),~6~31, sugges ts a two-fold clas
sification: Initial or primary flood plains wh!ch 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 
materials, and Final or cumulative plains which are developed 
chiefly by accretions f~om on top so as to form alluvium of con
siderable width and also exceeding the stream channel in depth. 
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point of human adjustment to flood hazard, it makes little differ

ence whether a segment o! a stream valley 1~ 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 stream: 

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

Medium-width flood ?lains are those having an average 
width of more than 120 eet and leas than one-half mile . 

Broad flood tlains are those having an average width of 
more than one-ha f mile. 

Most flood plains have approximately the same aver age width on 
both sides of the stream but over long reache s 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 

the two sides separately. 1 

A further distinction of value in dealing with flood plains 

relates to their underlying materials. Alluvial flood plains i n 
which the surface materials are water-laid deposits of re cent ori
gin and which flank actively aggrading streams stand in contrast 
to non-al luvial flood plains in which downward erosion or diastro
phism is the dominant process. 2 

1The upper limit of 120 feet for narrow flood plains is 
the average width of t he necessary right of wsy f or a single-tract 
railroad together with ·a two-lane highway, and it also coincides 
r oughly with the minimum width of fi elds for effective cultivation 
in many parts of the United States. One-half mile ls selected as 
a convenient limit diversion between medium and broad flood plains 
of urban occupancy adjacent to a highway and a railway, or for a 
square-shaped farm having an area of 160 acres. 

2A complete classification of alluvial plains is suggested 
i n Frank A. Melton, "An Empirical Classificat1~m of Flood-plain 
Streams," Geographical Review, .XXVI (1936), 593-609. Alluvial 
deposits are classified in great detail by Stafford c. Happ, Gordon 
Rittenhouse, and o. c. Dobson in Some Principles of Accelerated 
Stream and Valley Sed.1mentation , U. S. Department of Agrleulture 
Technical Bulletin No . 695 (Washington: Government Printing Of 
fi ce, 1940) , pp. 22-31, and delta deposits are reviewed by Ri chard 
Joel Russell in "Physiography of the Lower Missis:sippl River Del 
ta," Lower 1Uss1ssippi River Delta--Reports on the Geology or 
Pla uemines and St . Bernard Pari:shes, Geological BUlletin No. 8 

ew r eans: partmen o onservation, Lou.1 Iliana Geological 
Survey, 1936), pp. 3-199. 
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The nomenclature of valley forms 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 
occupying 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 irrationally--to the natural and 
social environment of an area, and all of the landscape features 
involved therein. 1 

Occupance is classified according to the more common func 
tions performed. On a simplified basis, there are the following 
principal types: 

Agricultural 
Residential 
Commercial 
Manufactural 
Transportational 
Re ere a ti ona l 
Governmental 

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

ijuman 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 flood hazard. The ordering may be sys
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 ot the 
landscape of other areas as well as that of a flood plain. Under 
this definition, all occupancy of flood plains involves one or 
more adjustments to f l oods; all adjustments to _oods exist only 

1rn this and other pertinent respects, definitions have 
been drawn wherever practicable from Preston R. James, "The Termi
nology of Regional Description," Annals of the Association of Amer
ican Geographers, XXIV (1934) , 78-
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1n occupance or lack of occupance. 

Adjuetmente to floods may be divided ueefully into eight 
major classes, as follows: 

Land elevation. The elevation (up-building) or the sur
face or a rlood plain 110 as to render 1t less euacept1ble 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 1n a stream channel. 

Flood protection. The use of levees, channel improvements, 
cut-offs , floodways, reservoirs, and other engineering devices to 
reduce flood crests 1n 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 - schedltl1ng of human 
act! v1ties. 

Structural. The arrangement of physical structures, such 
as buildings , roads, and communication systems, and of institu
tional structures, such as production schedltles and marketing 
procedures. 

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

Relief. The granting or loaning of p:-ivate or publ1c 
assistance to flood sufferers . 

Insurance . The accumulation of ~rem1um payments from 
property owners 1n 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 1n the United States . In 

most flood plains two or more adjustments are likely to be round 
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 def1n1t1ona 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, auob aa 

fl ood protection, are made. 

Any readjustment incurs some s ocial coat in the rearrange
ment which it entails. Such coat may range from slight property 
damage t o severe ln!palrment of public health or morale . Readjust 
ment also may yield and frequently does yield some soclar benefit, 

which likewise may a ccrue in a variety of ways . Given a frame 
work of social values for appraising coats and benefits , and 
assuming that the appraisal ia complete , it f?llows that the r ati o 
of costs to benefits is a par tial measure of the social desira 
bility of readjustment . It is clear, however, that the direct 

costs and dire ct benefits of readjusting occupance are only two 

of the factors involved. 

Factors Affecting Human Adjustment to Floods 

The t erm factor is used to mean any physical or cultural 
attribute which baa had or may have an effect upon an adjustment. 
From the standpoint of the attributes involved, the pr incipal fac 
tors may be classified aa f ol l ows: 

Floods 
Surface configuration 
Drainage and gr ound water 
Soils 
Surfa ce waters 
M1nerals 
Climate 
Costs and benefits of readjustment 
Vegetation 
Corridor facilities 
Social institutions 

The prevailing combination of adjustments i n any fl ood 
plain may be considered as the function of a human decision-
conscious or unoonscious--taking i nto account all or some of the 
factors whi ch have affe cted pest adjustments or might affe ct 

prospective adj ustments, 
It is appar ent that each factor which is operative in a 

given fl ood plai n either beers an advantageous or d i sadvantageous 
relation to the form of adjustment which is made there et a given 
tl~e , or else ls insignificant . 

As w111 be shown in f ollowing pages, the degree to which 
any one factor bears a si gnificant relationship t o a given adjust 

ment is influenced 1n large measure by accidents of human d1spo
s1 t1on , reason , a,od tecbnology, so that no hard end fast general!-



zations can be made with respect to their quantitative importance. 

It 1• autficiont hero t o recognize t hat flooda, flood pla1na, 
human occupance, adjustments, and tactore affecting adjustment 
compose in their mutual relations, one with another, the elements 
of the flood problem in any valley. 

l 



CBAPI'BR III 

MAJOR PACTORS AFFECTING ADJUSTMElfl' TO FLOOt6 

The heavy annual toll of fl ood losses In the United States 
le a payment which nature capriciously exacts from man in return 
for hie occupation of her flood plains. This r ental charge is 
collected erratically and mercilessly and it tends to discourage 
such occupation. It ie offset, wholly or in part, by the special 

advantagee of slope, drainage , soil, surface waters, minerals, 
corridor facilities , cl imate, vegetation , and socia l institutions 

which are available or crea table In some flood pla1ne . It ie a 
charge that can be avoided by staying out of the flood plain, or 

one that can be reduced 1! not eliminated by readjusting human 
occupance to the flood hazard. 

Whatever the f orm of adj ustment made, the factors affect

ing the adjustment may be considered to fall into two major groups, 
reveallne;, 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 as poor drainage . On the asset aide 
of the ledger are the advantages afforded by floods as well as by 

other fa ctors of social benefit , such, 1n some instances , as suit
able surface water supply and fertile alluvial soils. 

Without setting up a defi nite ledger account of this form 
f or the flood plains of the United States , this chapter seeks to 
indicate the major Items that would enter Into such an a ccount , 

and to point out the conditions or 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 adjuatment to 
floods a re examined , and flood plains are cited where such effecte 
are known t o have occurred. 

This review reveals on a broad scale the character of the 
rental charge that man ls 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 or entries there are, of course , 
factors of liability and aaaet that apply, in the wiit are• 1n 
which a fl ood plain i s located, equally well t o t he lands above 

and below the flow line of the probable maxi.mWD nood, ifldle the 
latter regional factors may be of basic importance in the develop
me.nt or the occupance or an area, they do not directly affect 

adjustments to floods, and they are excluded from consideration 
her e . 

The distinctive coats and benefits involved in readjusting 
flood-plain occupance also are omit t ed from analyaia in this chap
ter and they are considered in Chapter I V 1n conne ction wi th the 
specific adjustments with which they are aaaociated. 

Floods--Liabilities and Aeaeta 

Flood la the moat important single !actor affecting human 
adjustment in many fl ood plains, and it is the only !actor present 

to an important degree i n all flood plains. It ia not everywhere 
recognized, and, although it has deep potential impacta upon so
c iety , its full effects, both advantageous and diaadvantageoue, 
are understood i ncompletely . 

T~e flood hazard 1a underestimated by most flood-plain 
dwellers because of the i nfrequency of major f loods, the frailties 
of human memory, and the reluctance or aome people, for econOlllio 
r easons or f'rom sheer obstinacy, to admit that past floods may be 

r epeated or exceeded. In the public mind, qui te apart from the 
facts of the hydrologi c record, there are "remembered floods" and 
"forgotten floods ," and the l atter are aaaigned no weight by the 
citizenry of flood plains. Aa a general rule, the flood hazard 
tends t o wax and wane in the public mind in di rect relation to the 
occurrence of high water. Immediately after a fl ood, loaaee are 
exaggerated and distorted. The almost i nvariable experience of 

men who survey flood damages is that early estimates appearing in 
newspaper headlines are far t oo high, that later estimates by lo

cal organizations are also high but l ess exaggerated, and that 
detailed surveys yield totals substantial ly leas than anticipated 
by the flood sufferers. So long aa there are no other floods, t he 
memory of the last one grows progressively dimmer, Its scare dis
appear, public i nte rest in preparedness or protecti on weakens, 
and at length its ravages a re f orgotten. In time, indeed, there 
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may develop a pronounced aversion to public mention or past f lood 
disasters. Unscrupulous land subdividers, false inflators or 

munici pal reputation, and speculative promoters of drainage enter 
prises seek t o eliminate the ha zard s imply by ignoring it. Thus, 
average past or prospective losses from floods as given in esti 

mates of compe tent engineers, may appear unrel i able to the people 
involved. They are inclined t o be exceedingly active in seeking 
protection works immediately after a flood, and then to grow corre 
spondingly indifferent to them. 

Another discr epancy between concept and reality in dealing 
with floods exists in the tendency ot laymen and technicians alike 

to assume that the highest flood of record will never be exceeded. 
In vi rtually all flood plains of the Uni ted States , occupance has 

been arranged, where any account is taken of the flood hazard , in 

the t acit belie f that the largest flood of record al so is the 
probable maximum flood. The West End generating station of the 
Cincinnati Oas and Electric Canpany at Cincinnati was designed 

and constructed to operate at a flood stage one toot above the 
highest recorded flood of 1884, but in 1937 it was f orced to halt 
operations by a crest that reached seven feet higher . All along 

the Ohio River during the same fl ood, similar disappointments 
occurred. Following the Brady Creek flood of 1930, which had a 

momentary peak discharge or 48 ,400 second-feet, the city of Brady, 
Texas built a masonry wall to protect the business district. In 
1935, the wall was overtopped by a slightly larger flood. With 
the a i d of Work Projects Administration funds the city then con

structed an earth levee three feet higber to protect the business 
section , but this was overtopped in 1938 by a flood having a mo
mentary peak discharge of 86,000 second-reet . A year later, 
studies by the Corps of Engineers revealed that a floodway improve 

ment costing $825,000 would be required it the probable maximum 

flood of 206, 000 se cond-feet in that ~each of Brady Creek was t o 

be curbed. 1 Such discrepancies are not necessarily the result of 

miscalculation. In many flood plai ns evidence left by great 
fl oods in the soi l , rock, or vegetation had b l' .>bliterated be
for e human settlement began. Moreover, the re cJ rds of river stages 

and discharges are lamentably short and incomplete. Bstimates of 

176th Cong., lat Sees. , Brady Creek Toxas, House toe . 
No . 441 (Washington : Government Printing otfice , l939), pp. 10-23. 
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the magnitude or infrequent floods have made notable advances in 

recent years tbl'ough the development o! analytical techniques and 
through the accumulation of basic data. 1 Almost without exception, 
recent efforts have been in the direction o! higher estill18.tes of 
the probable maximum flood. 2 

Sources of Flood-loss Data 

Because the systems !or collecting data with respect to 
the amount and character of flood losses in the United States are 
incomplete, inaccurate and inconsistent , it is impossible to esti

mate with accuracy the full extent of such losses . While precise 
measurements of the !low and peak of floods have been instituted 

with meticulous care under the guidance of the U. S. Geological 
Survey, the social impacts of those events have been canvassed 

lamely and inadequately . 
Loss statistics are prepared by two Federal agencies, the 

Weather Bureau and the Corps of Engineers. The only nation-wide 
system has been maintained by the Weather Bureau since 1902. 3 The 
Bureau has published estimates of the damage caused by each flood, 
basing them chiefly upon the returns from questionnaires sent to 
county agents, county and city engineers, postmasters, mayors, and 

river observers. Individual letters are sent to industries and 
to railways. Officials in charge of district centers o! the 
Weather Bureau sometimes check the returns from the questionnaires 
by reference to newspapers and to estimates of other agencies, 
such as the Corps of Engineers. Occasionally they make field in
spections. 

1LeRoy K. Sherman, "Recent Advances in Applied Hydrology 
with Reference to Flood-forecasting," American Geophysical Union 
Transactions of 1939, Part II, pp. 174-176. 

2Ga11 A. Hathaway, "Estimating Maximum Flood-flow as a Ba
sis for the Design of Protective Works," American Geophysical Un
ion Transacti ons o! 1939, Part II, p, 203. 

3statements of floods and flood losses are publi shed 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 compilation of Flood l osses 
for 1924-1937 was included in the bearings on comrrehensive Flood 
Control by the House Committee on Flood Control , 938, and was re
vised as of 1941 in the Weather Bureau bulletin on The River and 
Flood Forecastiy:; Service of the Weather Bureau (Washington: Weath
er Bureau, 1941 . 
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The questionnaires now in use were introduced in 1934, and 

request information on losses or: "(1) Tangible property totally 
or partially destroyed, such as buildings, fences, factories, high

ways , bridges, railroads, etc . ; (2) farm property including (a) 
matured crops , (b) prospective crops, giving acreage involved, if 
possible, and (c) livestock and other movable property; (~) 1us
pen1ion of business, including wages of employees." The question
naire also requests an estimate or "Money value or property saved 

by flood-warnings. " These items are not defined in any more de
tail than given above, and the distri ct centers or persona to 
whom the questionnaires are addressed are not supplied wi th any 

additional instructions. In 1936 and 1937 more detailed question
naires on agricultural l osses and highway losses were distributed 

through the Department of Agrioul ture 1 s Extension Service and Bu
reau of Public Roads, respectively. The Weather Bureau personnel 
rarely make detailed inspe ction ot tlooded areas; the Bureau oper
ates at long distance by correspondence with voluntary obeervere. 

The other major source of data 1a the survey• or the Corps 
ot Bngineers . In connection with its author1%ed flood-control or 

"308" surveys, the Corps has can•aseed all available data on past 
fl ood da.m&ge 1n 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 in progress . It 
currently collects any data with respect to unusual tlood events 
which it believes would be of value in prospective studies. 

The Corps does not have standard definitions ot flood-loss 
or ot survey-procedure for recording loss; responsibility tor 
claas1tication and evaluation or loss rests with appropriate dis
trict engineers of the Corps. Some ot the studies, notably those 

by the Memphis and Rock Island district offi ces , are outstanding 

f or ca:npleteness and f or innovations in teehnique. 1 

Frequently the Corps has round it necessary to rely upon 
Weather Bureau recor ds and upon old newspaper files and historical 
records for information on past losses . 

Bouse 
Arkansas River and Tributaries, 
GoverDment Printing orrloe, 1937). 

on Flood Dama es on Rock 
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The Department ot Agriculture, working through the Bureau 

ot Agri cultural Bconom1os primarily, collects aome data on flood 
l oaaea in connection with its fl ood-control su:rveya. A euggeeted 
procedure for collecting data on damages has been prepared by the 

Department and baa been released in tentative t orm. 1 

The Division ot Disaster Relief ot the American Red Cr oss 
collect s and publishes atatiatica on the losses experienced by 
family or i ndividual cases registering t or emergency-aid following 
floods, and on the expenditures made tor those cases which are 

aided. These data are not intended t o be complete , inasmuch as 
they exclude all l osses to per sona not requiring or applying tor 
relief. 2 

In addition to agencies having national coverage, a tew 
Federal , state, and local agencies collect flood-loaa data in 
ar eas of restricted s cope or f or special types ot l osses. State 

highway- departments make inventories of damages t o r oads, culverts, 
and bridges ; state health departments canvass t he d.amagea t o water
works and sewers : munic ipal, county, and state governments oc
casionally make independent estimates or losses in their respec

tive areas; the Bureau of Reclamation records loaees to irrigation 
districts and municipalities in some ot the western drainage ba
sins; and the Tenneesee Valley Authority surveys loeses within 

the Tennesse e Valley and adjacent areas. 
Under these circumstances there i s no assurance that all 

flood losses will be canvassed in detail each year, inasmuch as 
field surveys are made in only a few areas and questionna ires do 
not yield returns from the remainder ot the country in every in
stance. Moreover, even i t all areas experiencing flood loss were 

cove r ed by surveys ot some type , the questionnaire method ot a p
praisal used by the Weather Bureau is dependent upon the judglnent 

or so many individuals working under such vague instructions and 
with criteria s o lacking in pre cision and uniformity that the ac
cura cy or the results would be open t o grave doubt, parti oularly 
because the Weather Bureau makes no systematic provision tor veri -

1"Tentative Memorandum for Bureau ot Agri cultural 
lea Flood Contr ol Survey Representatives," March 9, 1939. 
graphed . l 

Bconom
( IU.meo-

2 For example , see: Spring Floods and Tornado••, 1936: Of-
ti cial Re~ort of Relief Operations (Washington: American Red 
Cr ou, 19 8). 
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fying the returns. These weaknesses relating to coverage and to 

accura~ can be corrected in large measure by ad.m.lnistrative 
changes aided by additional funds. However, new personnel, bet
ter organiiation, and larger funds lldght 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. 1 A field party from the Tennessee Val
ley Authority working in the same area at the same time, concluded 

that the losses amounted to tl3,167,692, or 51 per cent of the 
Army figures. 2 The difference apparently arose from the fact that 

the two agencies 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 losses will remain in

consistent as long as relatively uniform criteria are not adopted. 

Until tbey are adopted, it •ill be fruitless to attempt to com
pare numerical estimates of flood losses for one area with those 
for other areas. 

Social Impacts of Flood Losses 

A basis for a relatively uniform appraisal of flood losses 
from a national standpoint was suggested by a subcommittee of tbe 
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 ~~th the few 
detailed studies of flood losses which have been made since 19~8, 

provide a basis for outlining a tentative theory as to the social 

175th Cong., 1st Seas., Levees and Flood Walls, Ohio River 
Basin, Hearings before tbe Bouse Committee on Flood Control on 
H.R. 7393 and H. R. 7647 (Washington: Government Printing Office, 
1937), p. 28. 

2Tennessee Valley Authority, "Report on Flood Damage at 
Paducah, Kentucky, 11 1938. (Unpublished. ) 

3 National Resources Committee , Report of the Subcommittee 
on Flood-dama~e De.ta (Washington: National Resources Committee, 
1939), pp. 1- . 
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impacts of floods. 

When a flood strikes, it deals four types of bl ows upon a 
community. First and most obvious, it damages physical property 

by killing crops, washing away soil, injuring or de stroylng 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 pl ants are shut down, tele
phone systems are broken, commercial transactions are halted, 

railroad transportation is delayed. Third, it destroys or impairs 

human life . Fourth, it forces the community and perhaps neighbor

ing communities to attempt to minimize losses by removal or other 

emergency measures as the f l ood approaches and to reoccupy the 
flood plaln after the waters have receded. 

The first of these impacts- - damage to physical property-

ls most widespread and most readily measured. Involving all forms 
of property, including l and itself, these losses lend themselves 

to appraisal by the usual methods of property valuation. 1 

Social 1.mpacts resulting from interrupting the pr,oduct1on 
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 
is to waste labor, manage~ent, 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 is perDJB.nently lost and not merely suapended, 
the total of goods and services wasted may be counted as flood 

loss. This ls chiefly the case with production which meets day-to

day market needs, ranging all the way from power generation tor 

1The problems of evaluating such impacts resemble oth•r 
problems of property evaluation, the chief difference being that 
decrease in productivity ls measured rather than increase of pro
ductivity. The techniques of evaluation are thus those which bave 
been reviewed ·at length by Bonbright and Clark. See James c. Bon
bright, The Valuation of Pro ert : A Treatise on the A raisal or 
Propert! or feren egal Purposes New ork : McGraw- ill 
Co., 19 7), I, 10-39, 113-266, and John Maurice Clark, Preface t~ 
Social Economics: Essa son Economic Tbeor and Social Probl~ms 

New York : Farrar and Rinehart, Inc., 1 36 , particularly PP• 8-
60. 

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, 
America.n University). 
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domestic illumination 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-
11".&nufacturing 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 
goode is merely deferred, the production losses, apart from the 
direct property losees, may consis t of the depreciation while pro

duction ie stopped, and of wha tever increased costs attach to 
delayed or overtime production thereafter. Such losses apply to 
lll8nY production activities outside of the flood plains directly 
affected. The failure of a water system or a power supply may 
cut off production as effectively as if the plant had been flooded. 

This concept of the lose resulting from inter~uption of 
production of goods and services from a strictly local point of 
view may be written, algebraically, as: 

(A-B) - (C-D) + (E-;F) - G - B + I (1) 

where, 

A - Probable value of goode and servi.ces which would have 
been produced under normal operating conditions had 
there been no flood . This is the normal production. 

B - Value of goods and services actually produced during 
the period 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 whi ch is 

delayed until after the flood. This is the delayed pro
duction. 

F - Direct cost of delayed production , including labor costs. 
G - Savings resulting from reduced overhead expense during 

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

the period of delayed production. 

I - Depreciation, lf any, in value of productive equipment 
and supplies during the flood. 

Under this vie111, which is 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 whi ch neglected the factors of direct costs and overhead 
costs, and the savings and excess costs of delayed production. 
Sales losses are likely to be an important index in themselves 
only if the business affected supplies a market that in time of 

.. 

' 

l 
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flood cannot be extended beyond a day or two, as is the case w1tb 
the production of perishable foodstuffs. Likewise, loss in wages 
would be significant chiefly for businesses which cannot engage in 
delayed production. As will be noted in tbe following sect.ion, 
the place given to losses in wages in calculating net loss depends 
upon the basic assumptions made with respect to the area affected. 

Whatever the role assigned to wage losses , the concept 
seems to apply equally well to agricultural, manufactural , and 

commercial activities. Such application 1s largely a matter of 
theory at present. Notwithstanding the numerous inventories that 
have been made of flood losses in the United States , there has 
not been, to the writer's knowledge, any thorough and searching 
analysis of losses resulting from interruption of production . As 
detailed studies are made , it 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 1936 lost a working day in 
attempting to get from Chicago to Baltimore by means of trains 
crawling over an emergency r oute tbrougll Buffalo? What of the 
disruption of telephone and postal communications? It is possible 
to estimate the extra cost of r e-routing telephone calls and the 
mall, but only by highly arbitrary means is 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 i nvestigators have sought to bridge this quicksand 
of "intangibles" by expressing production losses as ratios of the 
losses to physical property. By somewhat similar techniques, 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 summari~ed in Table 4, 
not to indicate a basis for such estimates in like areas, because 
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 

8STIM.ATES OF RATIO OF LOSS IN PRODUCTION OF aoors AND 
SERVICES TO PROPERTY LOSS CONrAINED IN FLOOD CON

TROL REPORTS BY CORPS OF ENGINEERS, 1930-40 

Drainage Basin and 
Class of Occupance 

(Source ) 

Connecti cut Basin 
(75th Cong. , 2d 
Seas . , B. Doc. 455) 

Urban ............... . 
Industrial . .. .. ... . . . 
Highway •.. . .......... 
Ra1 lroad •............ 
Rural .............. . . 

Belle Fourche Basin, 
Wyo. and S.D. (Un
favorable report ot 
Chief of Engineers, 
June 30, 1941. 

All classes or occu-
pan ce ... . •....• • • .. 

Houston, Texas (74th 
Cong. , 2d Seas., 
H.Doc . 378) 

All urban losses •.... 

Sebewaing River,Mich. 
(76th Cong . , 1st 
Seas. , a.Doc . 286) 

All losses, chiefly 
urban . ............ . 

Pawtuxet Basin, R. I . , 
(76th Cong. , 3d 
Sess., a . Doc. 747) 

Residential .. ... . ... . 
Commer cial •. • ... . .... 
Industrial .•...... .. . 
Utility ............. . 
Railroad , •..•...... . • 
Highway •..• . • .. ...... 
AgricUltural •........ 
Public .•••........ . .. 

Estimated Ratio 
of Loss in Pro
duction of Goods 
and Services , or 

Property Lose 
Percentage 

114 
114 

50 
70 
10 

20 

13 

50 

40 
70 

120 
100 
100 
100 
20 
50 

Peri od 
of Remarks 

Study 

1936 Baaed upon 1,215 indi
vidual returns to 
questionnaires. In
cludes emergency 
losses and coat of cap
ital needed to repla ce 
direct losses. 

1941 Rough e stimate based 
upon experience in 
other parts ot Mis
souri Basin. 

1936 Interruption of trans
portation and utili
ties. 

1939 No detailed f i e ld 
studies. 

1940 Baaed upon samples ot 
1936 and 1938 losses 
1n Providence Bng1neer 
District. 

I , 



Drainage Basin and 
Class of Occupance 

(Source) 

Neshamn1ny Creek, Pa. 
(Unfavorable report 
ot Chief of Rngi
neers , July 1,1941) 

Residential ... . ... . .• 
Commercial ..••....... 
Industrial •....•..... 
Agricultural ........ . 

Marshy Hope Creek,Md. 
(75th Cong . , 3d 
Seas., H.Doc , 708) 

Commer cial and indus
trial uses in 
Federalsburg . . . • .... 

Miaaiaquoi River,Vt., 
(7lst Cong., 2d 
Seas., H. I:oc. 496) 

All losses ....••..•... 
White River, Ark . 

(76th Cong. , 1st 
Seas., H.Doc. 98) 

Agricultural ......... . 

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

All losses • ..... . ..... 
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TABLB 4 - Continued 

Bstim.ated Ratio 
ot Loss in Pro
duction of Goods 
and Services,ot 

Property Loss 
Percentage 

40 
70 

120 
20 

28 

15 

30 

50 

Period 
Of 

Study 

1941 

1938 

1930 

1940 

1938 

Remar ks 

Field survey. 

Field survey. 

Field survey. 

Rougb estimate. 

Rougb field esti
mates. 

variety in methods utilized and the range or reeulta obtained. 
On the whole, these investigator s aeem to have concluded 

that the ratio of production loss to property loss varies as a 
function of the intensity and complexity of human oocupance in the 
flooded area. Thia general conclusion seems reasonable in part; 
the more intricate the production operations, the larger the num
ber s of business eatabliahments, and the more widespread the busi
ness relations of those establishments, the greater is tbe proba
bility that the impacts upon production will be large by compari
son with property losa . 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 f or 

the goods produced are more likely t o indicate the relative amount 
of loss to be expected. 

If losses t hrough interruption in production seem t o defy 
measurement, encouragement may be gained from turning to the third } 
and even more complicated class of losses, those resulting from 
loss or impa irment of human life, By comparison, the production 
l osses seem simple. Probably no phase of flood disasters has been 
more exaggerated and distorted than their menace to life and health. 
Lives are l ost and health le endangered by some floods, of course , 
but the extent of these l osses is relatively small. Since records 
of f lood loss firs t were kept by the Weather Bureau io 1902, at 
least 3,186 deaths have been ascribed to floods. 1 They occurred 
at an average rate of 83 per year, or a little less than . 3 per 
cent of the deaths from automobile accident s alone in the United 
Sta tes in 1930. 

Alleged deaths from floods have never been studied in de 
tail, and while i t is possible t o segregate their principal causes 
on all flood plains , the results of a canvass of deaths resulting, 
directly or indirectly, from the f l ood of January, 1937 in Ken 
tucky are somewhat revealing. 2 Of the 363 deaths reported, 252 
were due to pneumonia, 54 to iDrluenza, 16 t o drowning, 15 to ex

plos i on, 10 to exposure, 7 to heart disease, and 9 to other acci
dents. The flood period was one of severe weather conditions that 

included sleet, snow, and freezing temperatures. It seems likely 
that a substantial proportion of these deaths would have occurred 
had the flood been f\llly curbed. This conclusion is suggested by 
a review or the death rates and pneumonia rates f or selected Ohi o 

Valley c ities f or t he years 1934 -1938. The pneumonla mortality 
in lower Ohio Valley cities was abnormally high in the two weeks 
preceding the 1937 flood, and flood conditions could not have bee~ 

1u. s. Weather Bureau, The River and Flood Forecasting 
Service of the Weather Bureau, p, 8, and 70th Cong., 2d Sees . , 
Loss or Life and Property by Floods in the United States from 1902 
to 1928, Rouse Commi ttee on Flood Control Document No . 29 (WaSbing
ton: Government Printing Of f ice ), pp. 2 -3. 

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

2J. F. Blackerby, 11Mortalit;r in Kentucky Attributed to the 
Flood," Publlc Health Reports, LII (April 2, 1937), 414-·U5. 
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responsible tor increases of more th.an 60 or 70 per cent for a 

week or two. 1 Without d1scoWlt1ng for a moment the serious hazard 
to life from noods an.d particularly trom those of the sharp
crested cloudburst variety whi ch sweep out canyon bottoms and ar
r oyo noora in the se.miarid and arid regions with suffi cient en
ergy to c.arry automobiles and houses with them, it seems probable 
t hat in fiood plains where the cr ests are relatively broad, 11.i'e 
is not greatly endangered , and t hat the hazard is only reduced in 
part by the construction of protective works. During the Los 
Angeles flood of 1938 a considerable part of the loss o f life 
resulted from the collapse of bridges on which spectators 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 Ohio Valley cities, 
such as Wheeling, during 1937, when weather condit i ons were severe 
and flooding was protract ed, show t hat the death rates did not i n
crease markedly over those for other years. Public-health serv 
ices cotm11only are improved during flood ~mergencies, and special 

precautions are taken againet epidemics. The hazard from water
borne diseases- -notably typhoid--may even be r educed under certain 
extreme conditions , i nasmuch as floods tremendously increase the 
dilution of streams. Typhoid nevertheless always is a menace at 
time of flood because high waters sweep out privy pi t s, refuse 
piles, and accumulations of sewage in channel pools , and deposi t 
more or less polluted waste i n wells and at the intakes of water 
works. 2 Less than 3 per cent of the water-borne outbreaks and of 

the typhoid deaths from that cause in the United States during 
1920-1936, were assoc i ated with f l oods (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 heal th methods to populations not 
usually benefit i ng fr om them. Added protection from disease thus 
tends to offset increa"led hazard from flood , with a net loss of 
per haps little more than the cost ot concentrating special medical 

1Publi c Beal th Repor"':e, Vols.XXXXIX-LII (1934-1938). 

Outbreaks 
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TABLE 5 

WATER-BORNE OUTBREAKS IN UNITED STATES DUE PARI'LY 
OR WHOLLY TO FLOOLS, 1920-1936a 

Number Typhoid Typhoid of Outbreaks and Cases Out- cases Deaths 

breaks 

From all ca uses . .... . . 399 12,585 862 

Associated •1th floods 18 648 37 

Percentage associated 
w1 th floods • . .••.... 2.2 1.9 2.3 

Diarrhea 
and 

Dysentery 
cases 

103, 032 

946 

1.1 

asource: Arthur B. Gorman and Abel Wolman, Water-borne 
Outbreaks in the United States and Canada and Their Si ni?icance 

ork: Amer can Water Wor s Assoc at on, 

and nursing services in the flood area . 
Probably the most far-reaching loss inflicted by floods 

upon public health ls that resulting from malnutrition due to de 

struction of food crops. Famine and flood do not go hand in band 

in the United States as they frequently do in the North Chinese 
plain and the other great flood plains of Asia, but pellagra has 

been a prominent consequence of flood in sections of the South 
where single-crop cotton culture prevails. Following the lower 

Mississippi River flood of 1927, pellagra increased markedly in 
the overflow areas of Tennessee, Arkansas, and Mississippi as a 

result of decreases in ~ilk production, losses of poultry and 

swine, and reduced production of vegetables. 1 These unfavorable 
dietary conditions were enforced by lowered income resulting from 

unprofitable cotton crops in 1925-1927, prices in the latter ye~r 
reflecting t'lood losses as well as market depression. 

According to LePrlnce, lf overflow in the "malaria belt" 
occurs when temperatures reach 76° F. and if the water remains 
high for a period of 12 days or more, malaria-carrying mosquitoes 
multiply greatly. 2 This threat of malaria undoubtedly helps to 

1Joseph Goldberger and Edgar Sydenstrlcker, "Pellagra in 
the Mlsslsdppi Flood Area, II Public Beal th Reports, xxxxrr (1927), 
2706-2725 . 

2 J. A. LePrince, "Malaria and the Mississippi 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 Mississippi 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 trom disruption of living patterns and of individ

ual security. To the extent th.at community life is 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 life and tends to induce 

a new social attitude toward everyday affairs. These effects of 
flood crisis are discussed further in the section dealing with 

gains from floods. 
It appears that loss of life 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 associated with 

severe weather conditions and •1th dietary deficiencies, 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 a r ea 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 in~rect 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 le 

complicated in at least two major respects, each relating to the 
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ends of social enterprise. It also is hampered by deficient 
techniques tor defining losses and t or allowing tor obsolescence 
and deterioration. 

The first major problem of valuation is whether the social 
group considered f or the purposes of valuation ls the affe cted 
group 1n the flood plain, the locality, the region, the nation, 

or some other unit. For example, production losses at a manu
facturing plant, under the concept stated in formula (1), may be 

large ln terms of the decrease in production for the year. The 
town in which the plant ls located may not suffer as large a loss 

1n net income for the year, because relief payments from outside 
sources may offset the decline in payrolls, so that retail trade 
decline& only slightly. On a national acals, however, the loaa . 
may be considered as even 8111aller, inasmuch as competing plants, 
not flooded, may increase their production to satisfy demands 

that the flood-plain plant ia unable to supply, and thus make the 
net loaa to the nation tbe extra costs involved in the loss of 
production labor , in slowing up production in the flood plain, in 

speeding it up outside the flood plain, in faci litating temporary 
changes in market organ1iation, and in pr oviding necessar7 relief. 
Viewed thua, production loaaes would be least significant when 
measured 1n terms of national e conomy and most significant when 
measured solely in terms of f lood-plain economy. Where the loss 
is irreparable within reasonable time, aa threatened by the near 

flooding of the great Mt. Wilson lens during its second year of 
cooling at the Corning glaaa works at Binghampton, during the 

flood ot 1935, the national and l ocal losses may coincide, but 
otberwiae, according to tbia view, they are not the same. 

In moat fields of manufacturing heavy decreases can take 
place in pr oducti on without materially affecting nationa l produc
tion for the year. If, however, 1t la assumed that there is no 

idle labor and no idle productive capacity, oxcopt on an overtime 
basis, aa during e period of emergency war production, any event 
which reduces production involves an equivalent loss t o national 
production as well as to local production. This la the second 
major problem of valuation. 

Flood loasea 1n the Uni ted States customarily are valuated 
on the theory that employment is full and that the local point 
of view prevail&. This procedure, although unrealistic and condu
cive to very liberal estimate& 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 
far more readily than by extension. Without attempting to sug

gest economic aolutions of these t wo problems, it should be pointed 
out tbat some assumption ia ne cessary under any procedure, and tbe 
amount of loss, especially loss in production, will be large or 
amall according to the assumptions made. It also should be noted 
that the justification t or prevent ing production losaes 18 greater 
during periods o f war production t han at any otber time. Tben 

every production lose ia a net lose from a national standpoint. 
Two minor problems of valuation procedure may be noted 

with less reaervation, inaamucb aa tbeir solution is clear regard 
less or the basic social aaaumptiona. 

Most common of these problems ia the practice of duplicate 
counting of the same loaaea, particularly where production l osses 

are involved. In a number or instances, 1 depreciation or property 
value due to flood bas been taken aa a loss in addition to all the 
regularly- appraised property losses. 

The uaa of an estimate of depreciation 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 believed by such investigators t o in
clude decreased sales value of property, permanent loss of busi
ness and good will, r estriction of new industrial development, 

abandonment of the flood plain by residents and i ndustries, de
creased utility of productive property, h1~er rates of interest 
on new capital , and fear and mental distress. Depreciation ia 
calculated upon the assumption that the val ue prevailing prior to 
a flood was a fair value, whereas it may, in tact, have been 

inflated throu~ ignorance of the flood hazard, in which case the 
value assigned by the community following a flood r epresents the 
more reasonable one. There are other objections . It may well be 

that new industria l development should be curtail ed and that an 
exodus of exis ting industries should be promoted. In ao far aa 

property values reflect the utility or land, and in ao tar as they 
decrease because of experienced damages to that property, it ia 

176th Cong., 2d Seas., Pawtuxet River , Rhode Island, House 
Doc. No. 747 (Ylaahington: Government Printing Office, 10i0), pp. 25-
26. 
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mislesding and inaccurate to count both property damage and prop
erty depreciation at the ll&llle time t or the same place. Bither one 
might be satisfactory. Both would be certain t o r eeult in a du
plication by appr oximately the amount ot the property damages. 

Duplication occurs in o ther respects . Not uncommonly the 
item of "loss of wages" b1 laborers is counted aa an "indirect" 
loss along with "loss in revenue" by producers. 1 Under the f ormula 
suggested t or calcula ting production l osses (1), both ot these 
items would contribute to such losses, but they are not mutually 

exclusive. For example, i n manufacturing processes having higll 
labor costs, the l abor costs would e xce ed profits, and, in any 
event, profits are not in themselves a reliable index of l oss in 
productivity. Another con1'using distinction ia be tween "property 
l os s " and the cost of "repairs and rehabili ta ti on. 11 Obviously, 
unless care i s taken, the two items for the same area might easily 
overlap. In several inetanoes this a c tually has occurred in esti
mating t he value of flood protection. 2 

Less readily identified but no less important ia the prac
tice of tailing to make allowance f or depre ciation and obsoles
cence. Aa noted previously, t here are many methods f or cal culating 
depreciation and obsolescence, but often they are neglected. So 
long as losses are regarded aa i mpact s upon social organi~ation, 
the use of the cost-of-repla cement or original coat methods of 
valuation is inappropriate. Society loses by fl ood the productive 

capacity of good s or services, not the entire original investment. 
Capitali zed i nc01110 , capi talized earnings, and market value are 

1 76th Cong. , lat Sosa., Hoosic River , N. Y. , Mass. and Vt. , 
Rouse Doc. No. 182 (Wa shington: Government Printing Office, 1939), 
p. 21. 

2For example, the review report of the Chief of Bnglneers 
on Ohio River} Reevesville , Illinois, De cember 24, 1941, applies 
an increase o 21 per cent t o the direct f lood l osses in order t o 
allow tor the "unallocated relief expenditures" for the area. 

The obverse of this di f fi culty is illustrated by the un 
favorable r eport of the Chief of Engineers on Whitewater Rithr, 
Minn., September 25, 1941. There, it is said, " In view of e 
C'fiiiriicter of the direct urban damages sustained i n this valley 
it is concluded that indirect damages resulting t herefrom would 
be largely offset by expenditures for reconstruction and repla ce 
ment of the properties damaged. For this reason no allowance ar e 
made for indir ect urban flood damagea.n Under this t heory, the 
larger the coats of re construction in proportion t o gross loaa, 
the smaller would be the net l osses. 
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measures of such loss in capacity, and replacement costs or origi
nal costs may be used with validity only if due deductions are 

made tor depreciation and obsolescence. Inasmuch as a person un
skilled in appraisal methods is likely to think of value in terms 
of replacement cost , and inasmuch as the U. s. Weather Bureau and 

engineering estimators operated tor at least three decades with
out the advantage of advice on appraisal techniques , the data for 
the United States probably are exaggerated in that respec t. It 
also follows that be cause the market price ls used more readily 
as a measure of the value of private property than of public prop

erty, the public pr operty losses have been subject to t he 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-heal th 

losses a.re re cogni zed with less precision, and so tend to be under
esti mated. The ex tent to which these d1vergenc1es cancel out is 

a matter of spe culation, but some light ls thrown upon the problem 
by examining the recor ded data on f lood l osses. 

Total Fl ood Losses in the United States 

The avera ge annual rental charges which floods exa ct in 

the Uni ted States are at lea s t $75 , 000 , 000 and are more probably 
in excess of $95 , 000, 000 in property losses alone. Preci se aver 
ages cannot be calculated because , as already noted, s tatistics 

on flood losses are in complete and highly inaccurate. 1 

The a ccompanying chart and maps, based upon Weather Bureau 

data, show the amount of loss reported in each major drainage ba
sin t or each year during the 39-year period, 1902-41, and for the 
period as a whole . From these a few outstanding characteristics 

1rn arriving at this estimate the Weather Bureau data 
have been compared with a compilation of the estilllates made 1n 
Corps of Engineers reports. Without allowing fo r "indirect" losses 
or t or losses on the Ohio River and certain other areas the latter 
reports show a t otal average annual l oss exceeding $66, 000, 000. 

l 
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ESTIMATED FLOOD LOSSES IN THE UNITED STATES BY YEARS 
ANO REGIONAL DIVISIONS, JULY I, 1902 -DEC. 31, 1941 
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ESTIMATED FLOOD LOSSES IN THE UNITED STATES BY YEARS 
AND REGIONAL DIVISIONS, JULY I, 1902-DEC. 3~ 1941 ... ,.,.. .. _ ..... 
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of flood experience in the United States may be noted. 1 

During that period dame.goo 1n oxcoes or two billion dol

lars were recorded. The minimum annual loss of ~400,000 occurred 
in 1905-06. The maximum of $432,000,000 was caused by the great 
Ohio and Lower ld1ssiss1pp1 river floods of 1937 (see Fig. 4). 

One - fifth of all lose during the period occurred in 1937, 
and approximately one-half was experienced in the three years 

1937, 1927, and 1936. Slightly less than two - thirds of tbe 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 tbe early years, there is no pronounced periodicity. (The 
question of whether or not floods have become more frequent and 

severe is raised 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 experienced some loss in 
at least one year. The Eastern Gulf, Red Basin , Col or ado Basin, 
and Pacific divisions showed the smaller losses, the Colorado Ba
sin, 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 or she of loss during the period of 

record, the flood problem in the Uni ted States clearly was most 

important in two broad bands of territory. One band , roughly 
corresponding to the Nortbeastern manufacturing belt , stretches 
from Kansas City to Boston, and lies south or the Great Lakes and 
St. Lawrence River and north of the Tennessee and James drainage 
basi ns. The other meets the first transversely and lies due south 
along tbe 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 disloca t i ons from all the small 
floods of record totalled less than those from the Ohio flood of 

1937 alone-. 2 

1These data were first published by the autbor in the 
"Symposium on Floods," American Geophysical Union Transactions of 
1939, Part II, pp . 221-224, and have since been revised. 

2some persona hold that the economic significance of rela 
tively frequent floods of small magnitude has been underestimated 
in the collection of Weather Bureau data. Thia 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 soms years (1936) were tan
gible property l osses in urban areas or to transportation facili 

t~es. Agricultural losses amounted to as much as one-half in a 
few years but in some other years were leas than 10 per cent of 

the total (Fig . 6). 
Thus, in terms of severity of past damage, the flood prob

lem is localized in large measure in the urbanized northeastern 

quad.rant of the United States and in the Lower Mississippi Valley. 
' l)lmage la moat in connection with a few great and infrequent 

floods in those areas. 

Range of Flood Losses 

Social impacts from floods differ in importance according 
to the class of occupance affected, the season of occurrence, and . 
other characteristics of the flood event qu1 te a part from any in-
fluence that human preparations or evacuation efforts may have. 
In order to understand those effects more concretely, the major 
types of losses, classified s ccording 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 available. 

In pra ctice , flood losses are collected and reported i n 
terms of the occupance affected rather than in terms o f the nature 

of their social impact, and, accordingly, the range of possible 
losses from flood will be considered upon that basis. 

Agricultural losses. --Dir ect physical losses from floods 
in agricultural areas relate to growing crops, stored crops, 
or chards , farm timber, livestock and livestock products, farm 
houses, household furnishings, personal belongings, other farmstead 
buildings and equipment, fences and other outdoor improvements, 

drainage and irrigation works, and the land itself. In addition, 
there are losses in crop production. 

is true, but from the statistics now in ha,nd it seems unlikely 
that losses from the minor floods would be of sufficient volume 
1n the aggregate to alter the above-mentioned proportions material
ly. 8. N. Munns suggests that such losses may equal the losses 
from the major floods. 75th Cong., lat Seas. , Levees and Flood 
Walls, Ohio River Basin, Hearings before the House Committee on 
Flood Control on H.R. 7393 and B. R. 7647 (Washington: Government 
Printing Office, 1937), p, 244. 
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Crop l osses --both in property and in production--are the 
most important group, accounting in 1934-19~1 tor more tban 92 per 

cent of all agri cultural losses reported in the United States (see 
Table 6). Under the theory of production losses stated above, de
crease in the value ot crope as proper ty at time of harvest may 
involve a complete destruction of unharvested crops, in which case 
the net loss is tbe value of the crop had it been harvested, less 

the direct cash expenses not incurred in harvesting. To this must 
be added the value of unused family and other farm labor which 
would have been used in making the crop and the charges on unused 
workatock and farm equipment, for which there are no alternative 
uses during the crop season. Direct crop loss also may involve a 
partial reduction i n yield or quality ot growing crops, and this 

ditferent1al is readily measured by comparison with the yield ot 
crops on nearby land free from flood. If perennial crops are so 
damaged as to require reseeding, the resulting loss is convenient
ly gauged by the cost of the reseeding operation plus the depreci
ation in crop yield. 

Production losses result either trom failure to plant 
crops, in which case the normal value of the anticipated crop is 

a measure of loss, or trom the increased expense of planting or 

preparing land a second time . In the latter case, the net loss 
is obtained by subtracting from that added expense the value ot 
substitute crops , if any, the value of crops the planting or which 

is delayed, and savings through non-use or equipment, materials, 
and hired labor. 1 

1It is recognized tbat any such estimates are subject to 
the same weaknesses as any estimates of farm production coats. 
Kerrill K. Bennett has called attention to these, saying: "Sta
tistics of money coats or production are inherently untrustworthy. 
Money cost data can be compiled only by the adoption or certain 
arbitrary rules or accounting procedure. It is impossible by any 
method definitely to separate chargea for interest from charges 
for rent of land, and certain elements of cost, notably interest 
on growing crops and wages or management are usually omitted be
cauae calculation 1s 1n effect 1mpoesible. Joint products are so 
numerous in agriculture that allooation or costq becomes a serious 
problem; yet allocation must be made on some a. itrary basis. 
Non-cash coat items predominate in agriculture, and valuations bave 
to be made on uncertain bases . These difficulties of accounting 
procedure are so numerous and significant tbat practically no f arm 
coat study can be found to which reaaonable objection cannot be 
raised regarding the accuracy of tbe data. . . . " Farm Coat 
Studies in the United States Their Develo ent A lioationa 



TABLE 6 

ESTIMATED FLOOD LOSSES IN THE UNITED STATES, 1934-19418 

(0001 s Omitted) 

Livestock 
Not Tangible Matured Proepe c- and Other 

Area Claasi - tive Moveable 
fled Property Crops Cr ops Farm 

Property 

St . Lawrence •........... $ 119 $ 13,312 $ 67 $ 592 $ 54 
North Atlantic Slope .... 14, 760 170,817 8,789 3 , 251 2 , 599 
South Atlantic Slope .... ... 4,214 307 1 , 629 469 
Bast Gulf of Mexico ..... 3 , 545 2 , 886 2,093 6,157 530 
Upper Mississippi Basin. ... 6,737 2 , 032 1 , 794 183 
Missouri Basin . . . . . ..... 2 , 087 27, 820 12, 474 15,816 1,556 
Ohio Basin . • ..........•. 413,553 131,752 6 , 564 6,663 1,191 
Arkansas Basin .... . ..... 65 7,879 5 , 073 6, 615 635 
Red River Basin ......... 82 1 , 959 1 , 636 3,088 260 
Lower Mississippi Basin. 6,485 15,442 13,823 5,756 449 
West Gulf ot Mexico •.... 1 , 000 8 , 597 4,430 12,787 l , 203 
Col orado Basin .... •• •... 500 844 2 190 3 
Paci tic Slope •...•...... 36, 256 16, 639 2,314 8, 080 l,514 

Total . ............ . . $479,174 $408,903 $59, 599 $72, 426 $10, 651 

8 Source: U. s. Weather Bureau. 
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206,646 

7,899 
16,194 

11,320 

62,668 
562,701 

21,040 

7 , 4185 
44 , 328 

28,645 
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65 ,733 

$1 , 050, 528 
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To a large degree , the loss for a given crop is a t'unc
tion of tbe season and tbe 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. Thia general technique probably was used first by 

Meyer in the MilUlesota Valley, and haa since been applied widely 
with refinementa. 1 Studies such as those of the Arkansas Valley 
reveal that depth of flooding and shape of the crest have rela
tively little effect upon the amount of crop losa. 2 It will be 
observed from the charts given in Figure 7 that f or cotton, corn , 

and wheat in an Eastern Texas area the major l osses occur during 
the growing season. Losses amounting t o as mucb aa 50 per cent 
of the total possible losa to such crops may develop , however, 
from winter floods . Those charts also indicate that whereas an 

inundation of a few hours will have little effect upon crop pro
duction, the seriousness of loss i ncreases 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 losssa and 
mean annual l ossss. They take a place of equal or lesser impor 

tance with losses to buildings and other improvements during other 
periods. 

In contrast , l os ses to livestock and other movable farm 
proper ty, which averaged 8 per cent of the Weather Bureau estimates 

of agri cultural losses for 1934-1$41, are especially 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 

2 

Department of Drainage and ~aters , First Bien 
Commission of Draina e and Waters to his '&Xcel-

74th Cong. , lat Sess . , Arkansas H1ver and Tributaries, 
House Doc. No. 308 (Was~1ngton: Government Printing Office , 1936), 
I, 464-465. 
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losses f or cotton , corn, and wheat cr ops 1n the months of January, 
May , and September , Trinity Basin, Texas ( from Department of Af.i 
culture Survey Report on Trinity Watershed, appendice s , p , 173 • 
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TABLE 7 

ESTIMATED LOSSES FROM FLOOD3 IN SELRCTED 
AGRICULTURAL AREAS 

Percentage ot Total Agricultural Lose 

Trinity Arkansas Baeln, Rock ~ver, Central 
Colo., Kan., b Ill. and 

Loss Basinli. Okla. , and Ark. (Corps of Northern Texas (Corps of Rngi - Engineers) California d Mean 
Annual neere) MaJt1.mum Late Early 

Flood in Grow- Winter Winter Lose 1ng Season Flood Flood 

Crop and 
pasture •... 80 77 20 42 

l.An.d • ••. • •••• 12 14 3 ? 

Liveetook •• •. 2 . . 1 14 

Buildings a.nd 
other farm 
improve-
ment s . ..... 6 9 76 44 

Total ••• 100 100 100 100 

au. s. Department of Agriculture Survey Report. 

b75th Cong. , 1st Sees., Arkansas River and Tributaries, 
House Doc. No. 308 (Washington: Government Printing orrlce, 1937) . 

on Rock 
ot 1937 

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 ls troublesome to 
dtstlnguisb between normal maintenance and repair work and that 
required wholly by flood destruction . The processes of silt depo
s1 tion in ditches, ot bank caving, and ot deterioration ot concrete 

and wooden structures, are accelerated by floods, but are normal 
in many regions , and are taken into acco\mt in estimating the 
maintenance and depreciation cost s of drainage and irrigation en
terprises. Inasmuch as many such enterprises are located in tlood 
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plains 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 soil; by depositing 
sand, gravel, clay, or other infertile debris; by washing away all 
or part of the soil profile; by clogging drainage channels so as 
to impede drainage; and by dissecting land so as to leave it i n 
operating units of uneconomic size . Standard land-appraisal meth
ods may be used to gauge these losses, but it is believed that 
land value alone may not be an entirely satisfactory measure of 
the total social impact in areas in which l and damages require 

abandonme~t of farVling. The expense of relocating the farmers who 
are permanently deprived of their land resource by floods is like
ly to be much greater than the value of the land itself, and pub
lic expenditures may be required to help effect a lasting readjust
ment. Rarely is enforced abandonment on a 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 residential 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 velocity of flood waters determine to large de
gree the severity of damage to foimd.ation 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 detailed damage surveys which are available (Table B) 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 in low-quality houses such losses amount to appro~i
mately half the total residential losses, and on higher-class 
properties they may amount to more than 70 per cent of the losses. 
Height of flooding is the major limiting conditi on !or such losses. 
The higher the water velocity the greater is the hazard from float -
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ing objects which 111ay batter out windows, car ry away plaster and 
doors, and otherwise damage fixtures and decorations. 

Leas of income is , on the whole, a very small part of resi
dential losses because only 1n rare instances do homes remain un
occupied for more than a few days after a flood has receded. 

Commercial l osses . --The three major items of commercial 
leas are decorations , store furnishings, and stocks of merchandise. 
Other commercial losses attach to building f oundations , super
structures, and improvements; equipment, such as freight-handling 
equipment and scales: outbuildings; vehicles; grounds; and busi

ness interruption. 

TABLE 8 

RSTIN.ATED LOSSES FROM FLOODS IN SELECTED 
URBAN RESIDENTIAL AREAS 

Percentage of Total Losa for 
Building Unit 

Passaic Valley, N. J . , 1937 
Loss 

Paducah, Ky. 
{T.V.A. ) 

Hlgh Quality Low Quality 

Frame Bri ck Frame or 
Brick 

Building ...... . ...... . 42 29 35 46 

Furniture and fixtures 56 71 65 54 

Rents • ..•....•... . .... 2 .. . . . . 
Total • .. . .... . ... 100 100 100 100 

Losses in merchandise accounted for more than 25 per cent 

of the total commercial losses i n a few floods for wbicb detailed 

data are available. These l osses , although affected 1n 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 1n connection with urban residen
tial losses , the degree of loss in decorations and store furnish
ings is m.ore nearly a function of height of flooding than of other 
conditions . Plate glass windows are one of the principal objects 
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of damage in retail commercial areas; they become vulnerable as 

soon aa the water is sufficiently high to carry floating objects 
against them. De corations and f ur nishi ngs amount to 50 or 75 per 
cent of the l osses experienced by much commercial occupance. 

Re corded statistics fail to distinguish among forms of 
business interrupti on, but three general forms may be identified 
upon the basis of the formula stated above. These are : (1 ) the 

value of goods and servi ces which are not sold ; (2) the net depr e 
ciation resulting from non-use of productive equipment; and (3) 
the excess coat of delayed sales . It is to be expected that the 
net decrease in sales o f a given article or service will be rela
tively Slllall unless the demand for the commodity is met by conmer

cial concerns outside or the flooded area or unless a marked de
cline in production elsewhere in the f lood plain causes decreases 

in agricultural , manufac tural, or other payrol ls. In so fa r as 
the commodities handled are staple food products, tobacco, and 
othe r items having little flexibility i n dally consumption, t he 
needs of the affected population wi ll be met on a normal or reduced 
level during time of flood by purchase or donation f rom outside 
sources. Ot her normal purchases are defer red or are suspended 
with t he result that t he equivalent i ncome is used in m.aking re
pairs and repla cements required by flood l os ses. This hypothesis 
is supported both by data on general business activity and by the 

experience of business men. The re cord of Federal Reserve Bank 

clearings for selected fl ood areas in recent years shows that com
mercial sales drop heavily during the period of high water and 
t hen rebound pranptly ae a community resumes its nor mal a ctivity. 
If necessary repairs and replacements are financed from reserves, 
outside donations, or loans, renewed business acti vity may actually 
exceed normal, so that we find sections of the business community 
hailing a flood in such terms a s these: 

A str ong rebo1md after interrupti ons of this kind is natu
ral . They block the shipment of goods on or der 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 f or a t i me spend more than usual; they will 
buy lees 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 savinga, borrowings or r e
lief contributions . The same is true of b~sinesa concerns . 
The first necessity is t o repair th.e damage to transportat;l.on 
faci lities and plant equipment, and to clean up and get t o 
work; and for the most part going concerns can find the money 
they need out of reserves or loana. 

Thus t he fl oods will lead t o a good deai of expenditure 
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on labor and methods not previously planned, !nd reports from 
the areas affected already ehow the stimulus. 

Thia via• prevails among many buainaaa men , but there are some 
who recognize tb&t any temporary stimulation in building and buy 
ing operations following a fl ood ia at the expenaa of purcbaaing 

power which otherwiaa would ba uaad later or el aewhere. 2 A canvaaa 
or available data on bank clearings, freight loadings, and similar 

indices ot business activity in selected flood-plain oommunitiea 
fails to reveal many marked changes during flood periods . Either 
tbe rehabilitation and repair activities obscure the flood impac ts, 
or they are not autticiently large to be distinguished from ths 
normally operating factors affecting price fixing and rate of pro

duction. 
In truth, there is little detailed evidence t o support the 

aomewbat popular ballet that floods cause intense distress and 
disruption in a commercial community. Interruption ot buaineaa 
may reault, perbapa, in production damages in excaaa ot property 
damages but business men are not inclined to place much empbaaia 
upon the seriouaneaa ot buaineaa interruption. Until more data 

on the subje ct are collected and analyzed, it aeema doubtt'ul 
whether production loaaes should be counted aa or the same magni 
tude in commercial areaa aa l oaae s in merchandise and in store 
furnishings and de corations. 

Manutactural losses.--Macbinery and business interruption 

are the two outstanding types of l osaea experienced by manufactur 
ing plants. Other important items are t oundationa , superstruc
tures , improvementa, and decoratlona ot buildings; office furnish 

ings and records; stocks of raw materials and finished goods; out
buildings ; vehicles; and grounds and improvements. 

Machinery l oaeea comm.only form a major part of the total 
loaaea to manufacturing. Thia ia evident from reconnaissance 

stud.lea of flooded area s and from the preoccupation or trade aaao

cia tiona and plant executives in such areas with machinery prob
lems . Silt and rust are the two enemies of machinery in t i me of 
flood. While water may not have sufficient velocity or debris 
l oad to cause heavy damage during a flood , it invariably leaves a 

1Nati onal City Bank of New York, General Buainesa Condi
tions (New York: National City Bank of New York, Karch, 1937), p.l. 

2 Guarantl Surve{ (New York: Guaranty Trust Company of New 
York) , XVI (1037 , No. l, p. 7. 
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coating or moisture an.d ant wbich works injury to electrical con

tacts, cutting and grinding surfaces, gears, and precision mecha
n1S111a. All tlood water carries a sufficient load of fine aedlment 
t o cauae some damage , and quite irrespecti ve ot the t otal load ot 
sediment, machines eutter from it. Electric motors and steam 

boilers probably require more attention in rebabllitation work in 
order to reMove silt tban for any other purpose. In meta l-working, 
railway, food-products, chemi cal, and textile shops, t o name only 
a few, ma chinery losses are the major flood problem. 

A survey of the experience ot r ock-pr oduct s plants during 

the fl ood of 1937 in the Ohio Valley shows that even i n this heavy 

and relatively simple processing work the chief losses resulted 
f rom damage to motors and elec trical equipment, and from erosion 

ot stockpiles of sand . 1 Floating equipment and heavy stationary 
equipment did not suffer greatly. Some offi ce recor ds were l oat 
and certain riverside bins and pumphouaea were undermined, but the 

only other large expenses were i ncurred in cleanup work, especial 
ly in washing stockpiles or sand and gravel. 

Some manufacturi ng plants suffer solely from loaaea 1n 

production. Although located a bove the flood plain, they are de 
pendent upon power or water or fuel obtained from fac ilities tbat 
are inundated. Thus , numerous plants in the Cincinnati area were 
for ced t o abut down during the 1937 flood until power houaea, wa
ter systems, or rai l way lines could be placed in operation. Where 
per iabable materials are preserved by refrigeration or where con

tinuous chemical processes are used, a shutdown in power or water 
may be ae serious as though the plant were partly under water. 

The preceding discussion or interruption in commercial 
operations is appli cabl e 1n principle to manufacturing operat i ons, 
though on a simpler s ca le . Unless the process is necessarily or 

seas onal character, as with canning and women's cl othing, or un
less it employs a conti nuous process or producti on , aa in the iron 
and steel a.nd d1at1111ng industries, there la within our preaent 

economic system a strong poaaibillty that any cessation of produc 
tion will be offset by delayed a ctivities. Total payrolls t or 

the year as a whole may be no smaller and the total output of 
goods tor the year may be no lesa than 1! a tlood had not occurred. 

1Bror Nordberg, "River Plante Re covering from Plood Disas
ter," Rook Products, March, 1937, pp. •U - •7. 
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The data on production in the Pittsburgh area during 1936 would 
aeem to support this belief. 1 To date there have bean no studies 
of manufact"Ural activity in ti.me of flood which would suggest the 
contrary. 

It follows that the social impact of i nterr upting 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 tbs order of the 
day. Under any circumstances, the duration of flooding is 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 
ln large measure the extra coats involved in readjusting produc
tion schedules to make up for lost time. 

Efforts to measure the amount of buslneae interrupt i on in 
this field have been few and incomplete. 2 Machinery losses as 
well as other types of losses may be valuated readily on the basis 
either of repair coat or market price. 

Public utility losses.--Oas , 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 tbese--the direct losses to transmission 
lines, sewers, water mains, and other equlpment--is expressed in 
reparable losses and in the added maintenance cost of making m1nor 

repairs and keeping systems in operation during the flood. Analy
sis of sample distributions of losses of that character suggest 

1Pittaburafh Business Review, Vol. VI (February, 1937). 
• Annual statistic supplement. 

During the severe St. Patricks ray flood of 1936 in Pitts
burgh, two blast furnaces were out of operation, electric power 
production was appr oximately 50 per cent of normal, carloadlnga 
dropped 38 per cent, and river shipments dropped 64 per cent. 
Tnese indices of Que1ness activity ma~e a quick recovery wtth1n a 
week or two. Ibid., VI (March 30, 1936), 3 . 

"A Bualnees Survey of tbe Flood, 11 Barron ' s, XVII (Febru
ary 1 , 1937), 9, suggests that the principal national industry af
fected by the Ohi o River flood of 1937 was the distilli ng business 
more ae a result of power shutdowns and becaus~ of interrupti on of 
sh1pmente to retail stores than be cause of direct property damage. 

2.rhe principal attempt haa been made by tbe Corpe ot Engi
neers in tbe Connecticut Ba"ein. In this i nstance the ratios of 
"indirect" to "direct" losses were obtained by taking the means 
of such losses reported by merchants and manufacturers on question
naires fol lowing the flood of 19~6. 

r 

I 
~ 
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that be1gbt of water at tbe key generating and tranamiaal on polnta 

la tho pr1nc1pal difficulty with ele ctri cal , telephone and tele
grapb ayatema, and that flooding ot pUJ11pa and f ilter beda 1a mainly 
reaponalble for aanitary evils. 

These loases aeem of aecondary importance by oomparlaon 
witb the inconvenience and lnterruptiona ot production reaultlng 
from breakdowns i n any one of the systems. By calculat ing the 
costs of maintaining service in the face ot flood or of initiating 
it thereafter , it is possible to estimate a small part of the 
loasea from such interruption and this has been done in a few in
stances. The major losses rest, however, in tbe realm ot the in

tangibles . For example , during tbe Louisville flood of 1937, moat 
of the city was without elec tricity tor 168 hours . At Cincinnati , 
in the same flood, the people lacked public water supply for 216 
houra . 1 What is the real damage of the resulting i nter rupti on? 
One rough measure whioh may be applied but haa not been widely 
used i n estimating flood losses is the value of the service during 
the period o f interruption , as gauged by its regular salea price . 
Thia is a meagre measure , at best, because the impor tance of be
ing able to communicate from a flood-bound area with the outside 

world, or of being abl e to heat food when a home is isolated and 
the weather is severe, may be many timea the value of the same 
service in normal times. Here is e case in which some arbitrary 
coefficient of i ncrease in estimates of losses seems justified. 

On the whole, damage to electricity and gas service aeema 
to be of greater general significance than the others. In t ime 
of flood, water can be obt ained for esaentlal industrial and do
mestic purposes if the necessary PWllP8 and treatment facilities 
are available. Moreover , the diluti on of the flow is such that 
stoppage of sewerage systems does not constitute an exceedingly 
difficult pr oblem until the waters recede. Telephone and tele

graph systems rarely suffer serious injury, in part because their 
lines coaunonly are strung above flood crest stage and in part be

cause they ar e not suaoeptible to long interruption by water soak
ing alone. Unlees a telephone exchange ls inundated, the tele
phones generally remain In uee. 

Ae a matter of fact , the significance of f'l.ooda ln dla -

1B. J. Tangerman, "A River Goes Wild," ~. LXX.XI (1937) , 
172-174. 
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rupting communi cations in the United States baa been exaggerated 
groHly. The flood. or 193'7 i n the Ohio and Lower Miealaaippi val 
leys ia a ease in point. Telephonic and telegraphi c communication 
•aa auapended only in parts of the flooded area. 1 At the height 
or flood, communicati ons aeroaa the line or the flood and to moat 
of the affected cities was possible. Delays came in considerable 
measure from the tremendous increase in volume or messages, par

ticularly in toll calla, caused by flood-rescue an.d related work. 
Maile were affected only elightly. According to information 
obtained from the Poat Office Depart~ent, the del1ver1ee of f1ret 

elaae mail between New York and Chicago were delayed a few hours, 
and thoae between Cl eve land and points south or the Ohio River 

2 were delayed somewhat longer. Deliveries were euspended, or 

course, in the flooded areas, but generally were resumed ae eoon 
ae the waters receded. No important amount of mail wae loet. 

Traneportational loasea.---The eame conditions noted with 
reepeet to eommun1eat1ona apply to tranaportat1onal aetivit1ee . 
While traffic is euapended in and immediately adjacent to a flood 
zone, other freight and paesenger movements continue. Interruption 

in railway or highway traffic afteete chiefly the transportation 

within the flooded area, but it may retard traneportation follow
ing r outes croea1ng the flooded area. Probably the moet eevere 

traffic tie-up resulting from n oode in the history or the United 
States waa that in the ~iddle Atlantic Statee and New &ngland dur
ing March, 1936. Then, the main line or the Pennsylvania Rail
r oad between Pittsburgh and Harrisburg was cloeed, 1ta tracke at 
the Harrisburg and Wheeling s tations were under water 4 feet and 
10 feet respectively, more than 500 m1les or line were under wa
ter at aomo time during the flood. , and 8,000 miles of track were 

exposed to flood conditione.3 Approximately 75 milea or the main 

1Judaon s. Bradley, "Meeting the Challenge of Sleet and 
Flood, " Bell Telephone Quarterl1, XVI (1937) , 89-98 . 

2Bven when the hurricanes and flood ot 1938 cut the rail-
11nea between New York and Boston, the first class mail was de
livered by chartered airplane, and the parcel post wae handled by 
Navy veeaela, without aubetantial delay. In tac t, the Department 
often saves money during a fl ood, because 1t doee not pay tor the 
normal and t'requent rail servi ce, and pays 1netead tor a lees tre 
~uent and only al1'gbtly more costly alternative eervice. 

311Ploode Ravage Railways in Bast,• Railway B:ngineering and 
M&intenanoe, X.XXII (1936), 226-229, 236. 
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11nea of the Bal ti.more and Ohio Railway between Washington and 

Fitt1blll'gh were under water, causing the line to be out or service 
for through t r affic for 5 days. Moat of the Pittsburgh terminal 
facilities of the Pittsburgh and Lake Erie Railway and at least 
26 miles of its line were inundated. The New Raven and Boston 
and Albany systema were disrupted for a period of at least 5 days, 
the major i nterruptions occurring in the flood plain of the 
Connecticut River . It is, however, a great tribute to the effi

ciency of transportation agencies, dairymen, and public-health 

offi cials 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 lass disrupti on than 
the New England flood because the flooded valleys parallel the 
major Rast-West trunk lines . The chief through rail cr ossings of 

the Ohio River below Steubenville , Ohio , were cl osed off, even 
though it was possible to maintain service over one line servi.ng 
Cincinnati and another serving Louisville. Losses in railway 
equipment were relatively small inasmuch as currents in moat 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 

main streams of North-South and Kast-West traffic were r e-routed 
without undue delay or expenee, 1 

Interruptions in transportation can be measured in at 

least two ways. First, the value of the normal commercial traf
fic on the higbwaya and railways can be estimated from records of 
comparable periods , and a certain percentage can be taken as the 
loss, making due allowance tor tranaportational services which 

are delayed, and for the coats of r e -routing traffic. In the 
Connecticut Basin the estimated coat 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 aa a ba
sis for calculating the number of vehicle hours . The aame eeti-

1J. J. Pelley, "Railroads Help 1n Flood Blllergency," Rail
_w_a~y-=Awge~, CII (February 20, 1937), 321-322, 328. 

"Service Reatored Rapidly as Ohio Recedea," Railway Age, 
(February 6, 1937), 248-253. CII 
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mates attacked the question of losses in railroad traffic by add
ing the loss 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 Cor ps of Bng1neera estimated that indirect losses, due largely 

to interruption on main highway and railway arteries, appeared to 
be three t1111es the property losses.1 

Second , the extra costs of operation for a period approxi
mately longer than the flood can be taken as a rough gauge of 
losses . This procedure is more readily applied, but is leas accu
rate than the first one because it fails to account f or traffic 
movements which are permanently abandoned. A number of railroad 

officials have said that their losses in traffic depended largely 
upon whether or not the same territory was served by a competing 

railroad whi ch was not aubjeot to flood. Perhaps no other phase 
of flood experience illustrates s o well as transportation the 
difficulty of attempting to express prod,uction losses as a ratio 
of property losses. Washouts of a highway coating $50,000 may re
sult in no other loss or in tremendous loss, depending upon the 

location of the highway which is otherwise untouched by b.igh 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 or property l osses for representative 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 
tbs cost ot maintaining emergency service . Losses to production 
and to human life and health are relatively small. During tbs 
past seven years the railway t rain accidents resulting from floods 

and washouts have amoimted to only tour-tenths of one per cent of 

the total numba:r of aoc1dent·a and have not changed notably in in · 

cidence , as shown in Table 9 . 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, Montana. 2 More than 84 per cent of 

176th Cong., 3d Seas., Arkan~as River, Little Rook to Pine 
Bluff, Ark., Houae Doc. No. 718 {Waiihington: Government Printing 
Office, 1940 ), p. t4. 

2o. S. Interstate Commer ce Coamiaeion, Accident Invest!-

l 
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' 
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Year 

1934 
1935 

1936 
1937 

1938 
1939 
1940 

Total 
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TABLR 9 

TRAIN ACCIIENTS DOB TO WASBOUfS, 1934-l940a 

Train Accidents Persons Killed Persons Injured 

Bridge Road- Total Due Dtie 
All bed All to All to 

Causes Wash- Wash- Wash- Causes Wash- Causes Wash-outs outs outs outs outs 

6,023 7 13 20 256 8 1 , 000 15 
6,551 4 22 26 239 3 1,056 34 
8,286 3 27 30 277 5 1,547 22 
8,412 2 19 21 310 .. 1,367 30 
5,682 8 35 43 293 53 1,073 90 
6 , 074 4 14 18 214 3 1,422 53 
7,106 1 22 23 342 2 1, 550 40 

48,134 29 162 181 1, 931 74 8 , 965 284 

8 Source: U. S. Interstate Commerce Commission, Summary and 
sis of Accidents on Steam Hailwa 11 in the United States Sub-

ect to the Interstate Coumerce Act, Acci ent Bulletin, 1934 to 
1 4 . 

the train accidents attributed to floods resulted from injury to 
r oadbed, and 16 per cent resulted from loss of culverts or bridges. 
Roadbed maintenance 1n narrow floodplatne probably has been the 
major cause or 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 

floods in arroyos and canyons of the semiarid and arid regions. 
No fatal accidents caused by road defects of this character were 

reported in 1940, 1 but an examination of newspaper clippings shows 
that no year baa passed since 1934 without at least one such acci
dent. 

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

gat1on Reports, No. 76 (1938) , pp. 31-34. 

1Accident Facts, 1941 Bdit1on (Chi cago : National Safety 
Council , Inc. , 1941), p , 93. 
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The second is fire . Floods promote fire by dislodging 
tan.ks and spreading 011 and gasoline, by hampering the work ot 
tire-f ighting wilts , 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 i n recent years occurr ed 
in the hlill Creek section of Cincinnati during t he Ohio River 
flood of 1937, and re su1ted in damage in excess of $1,400, 000. 1 

Be cause buildings in flooded areas commonly are abandoned tempo

rar ily, 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 incr ease the hazard. A committee 
of the National Board of Fire Underwriters found i n 1939 that 
floods bring special fir e hazards but do not produce abnormally 

2 large flood losses. 
Two other groups of losses are l inked so intimately ~1th 

corolla r y profits that both losses and profits are discussed to
gether. These are (1) psychic l osse s and profits to the COIDlllWlity, 

and (2) effects upon the natural landscape. 

Psychic Losses and Profits 

Floods br ing sensations of fear and distress to a commu

n1 ty, but they also stimulate and exhilarate. Kutak has noted in 
connection with a sociological appraisal of the Louisville flood 
of 1937 that a flood disaster is typically a crisis situation 

characterized by suddenness and by an intoxicating l oosening or 
~he mores of the commWlity. 3 As the onrushing waters threaten 

li f e and property, every effort is bent to organize all human r e

sources to meet the attack. Flood -1'1ghting and evacua tion meas
ures require new organizations into which all citizens , re gardless 

of income and social position , can enter shoulder to shoulder . 
The old pattern of living is broken f or the time, ultimate aims 
yield to immediate demands , confusion ia widespread, and t o many 

1Factory M.utual Record, XIV (1937) , Noa. 3 and 4, 9 -12. 
2Nati onal Board ot Fire Underwriters, The Flood Problem in 

Fire Prevention and Protection (n. p., 1939·) , pp. 94- 97. 
3Robert I . Kutak, "The Sociology o f Crises: The Louisville 

Flood of 1937," Soci al Forces , XVII (1938) , 66-67 . 
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a person there comes a refreshing sense of release trom humdrum 

oblisatione and tasks. It 11 a solemn and serious business for 
the men on the levees and the women in the relief stations, but 
it also seems t o be an intensely satisfying one. 

These sensations are pleasing at the moment, and they also 
promote mutual interest and helpfulness among the people of a com

munity, thereby stimulating civic improvement . The experiences 
of caring t or evacuees and of battling t ogether against an evil 

natural element, even though the battle be shared vicariously 
through a radio announcer, inspires good •ill and provides the 
setting f or new ideas with respec t t o municipal pla.nning and de
velopment . These profits pass i n time and probably they are em
braced with particular enthusiasm by persons in the upper income 
groups 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 t he lower i ncome brackets who have profited i n a differ

ent way f rom public-relief ac tivities a ccompanying floods . For 
the first time, perhaps, those people have experienced adequate 
d iet, adequate medical care , and association with ot hers who enjoy 

higher wage rates and better working conditions . Aa suggested by 

Bernard, t his undoubtedly was the case f ollowing the flood ot 1927 
in the Lower Mississippi,1 and while it hardly could be considered 
a justification t or repetiti on of that disaster, it certainly off
set aome of the inconvenience and hardship that did result. 

While sorrow and truatration ala o follow the path of l ost 

lives, broken families and disrupted e conomy that is etched by 
floods, these l osses are balanced against psychic profits . Few 
communities can be more drab than a t own already near tbe verge 
of e conomic bankruptcy whi ch baa suffered a crippling blow from 
floods. Yet it seems likely tha t in a few such towns a flood has 

made abort work of what otherwise might have been pr olonged de
terioration , and that the flood baa stimulated new and drastic ac 
tion. The Shawneetown and Leavenworth examples, d1s~ased in Chap

ter IV, bear out this idea in par t. 

1aernard, 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 plain as a result of 
flood, and in discussing them it has been assumed tacitly that 

other conditions remain constant. Actually, the flood plain it
self changes more during the flood event than at any other time . 
Then it is that lateral and vertical erosion is most pronounced, 
and then it is that most sediment is deposit~d. Some of these 
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 materials hav
ing a veneer of alluvium of lesser thickness than the channel 

depth and at the same time moves across the valley flat by erosion 
on the outside of bends and deposition on the inside of the bends. 
In old valleys, downward erosion is slight and deposition of sedi
ment is the dominant process, but there may be a wide lateral 
shifting of the stream channel 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 strealll8, such as the M1s11ouri River, which is 
continually changing its bed elevation, the greatest scouring oc
curs during high water when volume is large, velocity ls high, 
turbulence ls high, and the carrying capacity of the stream is, 
therefore, relatively great. 1 In the Finger Lakes Region of New 
York, it has been estimated that as much lateral erosion occurs 
during floods having a frequency of once in 100 years, as during 

all the intervening years without such floods. 2 Lateral bank cut-

1 73d Cong. , 2d Ses11. , Missouri River, Bouse Doc. No. 238 
(1935), pp. 1150-1152, 1163-1165. 

For a general review of the literature on this subject as 
of 1932, see William H. Twenhofel, Treatise on Sedimentation 
(Baltimore: Williams and Wilkins Co., 1932}, pp, 37-44 . Also, 
John B. Leigbly, Toward a Tbeort of tbe Morphologic S1f£if1cance 
of Turbulence in the Flow of Wa er in Streams, Univers y of Cali
fornia PUblications in Geography No. 6 (Berke1ey: University of 
California Press, 1932), pp. 1-22. 

2 O. D. VonEngeln, "Flood Erosion, 11 Abstract, Proceedings 
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ting ls pronounced during peak discharge 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 its crest. The less rapid 

process of lateral movement exemplified in bank caving of streams 
in alluvial valleys, accelerates as the flood recedes. During 
rising flood stages, the swifter 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 process which ls promoted by the saturation of the stream 

banks at crest or near crest, so that "slip planes" are created 
along which the bank material slumps or slides as the pressure of 
water la withdrawn. 1 In the alluvial valley of the Miami , Kilchis 

and Tillamook rivers on the Oregon coast, the damage from bank 
cutting caused by annual floods exceeds the direct damages to 
property, and the cutting ls most pronounced on falling stages of 
the flood event when the streams are at approximately two-thirds 

bankful capacity. The net change resulting from these floods ls 
a gain in the amount of alluvial fill in the valley area, but the 

immediate effect is a decrease in the old fills and an increase 

in fresh deposits of sedi.ment. 2 

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 measures that curb lateral erosion by such streams reduce 
the hazard of loss through bank cutting. This was the case along 
the Missouri between Sioux City and Kansas City when revetments 
and other channel-stabilization works were installed and lateral 
erosion was curbed. Between 1930, 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, "Modification of Incised Meanders by 

Flood, 11 Journal of Geology, XLV (1937), 648-654 . 

2unfavorable report of the Chief of Bngineers on "Miami, 
Kilchis, Wilson, Trask, and Tillamook Rivers, Oregon," July 1, 
1941. (Unpublished.) 



96 

increased by 40 per cent . 1 

Sediments are deposited chiefly during floods, either by 
sideward filling or as top-delivered veneer. It is here , however , 
that there is t he principal exception t o the statement that tbe 
processes of change ar e greates t at flood time. Although sedi
ment is a ctually spread over the flood plain by flood waters, it 
r ea ches the plain in many instances by pr ocesses which are acceler 
ated at other times. Thus, it may be observ~d in many young val
leys that tributaries tend to build up small deltas on the valley 
flat in periods of moderately high water when the fl ow of the main 

stream is inadequa~e to transport the sediments. Unless floods 

of large magnitude wipe out these deltas and move their contents 
down or across the stream they will cont inue to block the main 

channel and to cause shifts in 1t. 2 Similarly, sediments accumu
late in a stream channel at times of low flow, and are deposited 
at places where the gradient is low, where the flow diminishes , or 
where there is a speci ally large obstruction by reason of bed mate
rials or of a tributary carrying a heavy debris load. The debris 
deposits become compacted wi th colloidal and organic material and 
gr ow until out out by flood tlows . 3 Indeed , in some streams, 

such as the ~ower Ri o Grande, t he elimination of major flood flows 
( through the construction of Elephant Butte Dam) bas facili tated 
accUJ11ulation of sediment and growth of vegetation with the result 
that the carrying capacity of the downstream channel for relatively 
frequent floods is reduced mater1ally. 4 Because streams nor mally 
reach their gr eatest efficiency with the maximum of tractive force 

176th Cong., 3d Sesa., Missouri River - -Sioux Ci ty to Kan
sas Ci t y, Iowa and Missouri, House Doc. No . 821 (1940) , pp. 16- 17. 

2Gerard R. Matthes, "Floods and Their Economic Signifi
cance , " American Geophysical Union Transactions of 1934, Part II, 
pp . 427-432. 

3stafford C. Rapp, Gordon Rittenhouse , and G. C. Dobson, 
Some Principles of Accelerated Stream and Valley Sedimentation, U.S. 
Department of AgricUlture Technical Bulletin, No. 695 (1940), pp . 71Jt4. 

I n parts of the arid southwest, sediment transpor tation 
ts.lees place only during floods . J . C. Stevens , "The Silt Problem," 
Transactions of the Amerj can Society of Ci v11 Engineers, CI (1936), 
240-244. 

4A. L. Sonderegger, "Modifying the Physiographlcal Balance 
by Conservati on Measureej" Transactions or the American Society of 
Civil Engineers, C (1935 , 291-295. 

Th1s situation is be i ng remedied by channel works con
structed by tbe Internatlonal Boundary Commi s sion . 
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and turbulence at bank-full flows, lesser flows may be incapable 

of scouring out a ccumulated cha!Ulel dopos1ts. All tbe foregoing 
statements concerning stream and debris dynamics recognize the 
tremendous diversity among etreame in these matters . Many phases 

of the basic theory are etill in controversy. In a sense , each 
case is wtl.que and the streams of the United States lend themselves 
only to the broadest type ot generalization. 

Just as reduction ot stream flow causes changes in val l ey
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 whi ch accompany floods have 
outstanding significance in human occupancy. Most dramatic but 
least frequent are major channel shifts of the type which, along 

the Lower Mississippi River, change overnight the location of a 
Vicksburg from the main channel to backwater, or shift the navi
gable channel awa,y from terminal facilities, or leave a waterworks 
intake standing high and dry, or desert a bridge crossing. Such 
shifts are likely to be accompanied by large losses of land through 
bank cutting. Lateral cutting and filling 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
dient prevents succeeeful operation or the syeteme. 

To the extent that such changes require special remedial 
works or enlarged maintenance costs tor 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 accwnulations of debris that otherwise 
would cau.se channel shifts and affect flowlines and drainage sys
tems. With respect to most valleys it ls safe to say that without 
the cleansing action of greet floods the moderate-si zed floods 
would have higher flowlines. A partial index of the benefits from 
such floods therefore would be given by the added coat of increas
ing the design of protective works in order to cope with the 
heightened 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 platna by crushing vegetation, including standing 
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timber; and bf spreading aeeds . 1 Timber losses result chiefly 
from ( 1 ) shu tting.off a supply of oxygen at the r oots during 

floods of long duration, and (2) upro~ting or girdling by water 
and i ce action. McKenzie also reports losses in Mas sachuset ts 
through deposits of f'Oel oil on leaves and branches. Floods may 
eradi~te wildlife associations whi ch are not able to retreat to 
high ground, and t bey may spread the eggs and larvae of insect 

peats such as the buffalo gnat. 2 There is l ittle detailed evi 
dence concerning the net effects ot high water upon plant and ani
mal associations . Floods are not ori ous 1n agricultural areas as 
car riers of weeds and of certain diseases, sucb as brown rot fungi 
lo citrus or charda , 3 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 scouri ng results in de
struction of the s oil profile and in the establishment of pioneer 

associations. This conclusion is supported by the efforts t o use 
irrigation water t o control certain plant pests by regulated 
flooding. Few of them have been successful. 4 

Floods may cause heavy l os ses in the population of larger 
animals, as along t he Wolf River, Wisconsin, where June floods 
sometimes drown yol.D'lg muskrats in the bordering marshlanda. 5 

Sediment Deposition 

For the country a s a whole, t he most important gain from 
floods , in addition to their action in cleansing stream channels, 
is in alluvial deposits. Floods bear f r uit as well as blight, 
and, as in geological time, they are responsible for soils ot high 
fertility; i n a single year they may carry rich rewards to culti
vators of the soil. These rewards accr ue in two ways. 

1Malcolm A. McKenzie, "Flood Injury to Trees," Science 
(new series), LVIII (li3§) , 412-41~. 

211savage Fly Outbreaks Threaten as Aftermath of Fl oods , " 
Engineering News Record, CXVIII (1937), 738. 

3 aarold &. Wahlberg , "Handling Flood Problems in the Or
chard," Cal ifornia Cultivator , LX.XXV (1938) , 262. 

4tloyd N. Br own, "Flooding to Control Root-knot Nema todes," 
Journal of Agri cultural Research, XXX:XVII (1933 ) , 883 -888. 

572d Cong. , lat Seas., Wolf River, Wis consin , House Doc. 
No. 276 (1932), p . 25 . 

') 
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(1) Plant nutrients in the soil are increased by deposi
tion or solids and by prec1p1tat1on or available baae11. Little ia 
known concerning the tull 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 outweigh or at least equal losses from scouring and 
sanding. 

A survey of the rural areas in Vermont atfected by the 
flood ot March, 1936, showed that approximately 317 acres of farm 

land were lost outright by stream cutting and channeling, and that 
274 acres were covered with gravel and aa,nd deposits which were 
too deep and too i nfertile to reclaim. An additional 1 1 700 acres 

were covered with deposits more than 6 inches deep which were re
claimed with difficulty. However, 2,245 acres, or approximately 
hal f 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 calcium similarly. They lacked nitrates and 
magnesium, showed traces of potash, and carried medium high amounts 
ot phosphorus. 1 They could not, therefore , have increased soil 
fertility notably , but their adverse effects lasted for less than 

a year. Inasmuch as channel degradation is a much more dominant 
process in the narrow and medium-width Vermont valleys than in 
moat 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 yields for the 
Yazoo Delta indicate that the lands subject to M1sa1.asipp1 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 situation 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 

1n. E. Dunklee and A. R. Midgley, The Effect of 1936 Flood 
tepo111ts on Vermont Farm Lands, Vermont Agricultural RXperiment 
Station Bul1etin, No, 445 (1939), pp. 1-16. 
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TABLE 10 

SEDIMENT DEPOSITION AND REMOVAL DURING THB 
OHIO VALLEY FLOOD OF 1937a 

Ares 
Effect on Land 

Acres Per Cent 

Valley lands 

Area damaged: 
Urban deposits . •. . ... 89,093 11.0 
Rural sand deposits .. 26, 726 3.3 
Removals • ••....... . . • 69,567 8.5 

Total ..•......•• 185,386 22.8 

Area benefited ... . ....• 304,066 37.4 

Area unaffected •• ..... • 323,384 39.8 

Total . • .....•.•• 812,836 100.0 

Tributary backwater lands 763,949 ..... 

Volume 

Tons 

+ 3,835,200 

+16,858,651 
-12,312,777 

+30,222,457 

..... 
+38,603,531 

8,429,306 

aSource: Brown and Brown, "Sedii:z:entation 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 t o as much as 6 
inches. Approximately 69,500 acres of rural land were damaged 

seriously by soil removal, and 26,700 acres were dall\Qged 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 

1carl B. Brown and Mark H. Brown, "Sedimentation Survey 
Following the Ohio River Flood of January, 1937," Unpublished re
port of the Soil Conservation Service. 

J. 
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of acreage affected, the Ohio Valley gained at the expense of up
stream 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 
more beneficial than detrimental. 

Robinson has ascribed the higher sillca-sesquloxlde ratio 
of soils of unconsolidated water-laid sediments in Wales to the 
precipitation of siliclc acid from river waters. 1 While the ef
fect has not been investigated in the United States, it may be 
assumed for certain valleys having somewhat similar debris charac
teristics. 

(2) The second gain to soil from floods results from in
crease in soil moisture. This ls 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 agricul·tural schedule. Thus, in the Missouri Plateau of Mon
tana, North te.kota, and Wyoming annual spring-flood flows are re
garded as beneficial because the moisture deposited by them pro
motes the growth of forage crops. 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 sedlment are proper entries as assets 
on the black side. It is obvious that there are compensating fac
tors for the losses from floods; otherwise, flood plains would 
not continue to be occupied. These factors, as suggested, may be 

1G. w. Robinson, "The Nature of Clay and Its Significance 
in the Weathering Cycle, 11 Natur~, CXXI (1928), 903. 

273d Cong., 2d Sass., Missouri River, House Doc. 
(1935), pp. 318-319, 326-327, 310 and 303. 

Unfavorable report of the Chief of Engineers on 
Fourche River, Wyoming and South Dakota," June 30, 1941. 
published.) 

No. 238 

"Belle 
(Un-
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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 is moving out of the flood plain, although the earliest 

occupance of that character first located upon ridges in the va l 
ley bottom. 1 Farther upstream at Pittsburgh, the urban areas 

flooded in 1936 were chiefly manufactural, conunercial, 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 tbe 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 clty. 2 It 

seems to be a reasonable hypothesis that wherever a flood plain 

ls 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 hlgher
cost residences, out of many flood plains. There do not appear 

1 John Henry Garland, Occu~ance of the Eastern Sefl5ent of 
the Middle Ohio Valley (Chicago:niverslty of Cnlcago L rarles, 
1940), pp. 165-106. 

2 Pittsburgh Business Review, VI (1936), No. 5, pp. l?-20. 

i 
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to be any clear-cut savings to residential construction in flood 
plains as compared •1th construction on adjacent lands .1 

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 apace, outdoor storage facilities, or exten

sive railroad sidings, particularly plants for which single-story 
shops afford economies in lighting, heating, foundations for heavy 
machinery, reduction of vibrations, floor construction, and ban-

2 dling of materials. Steel-rolling mills and oil 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 
coats made possible by the terrain. A glance at the topographic . 
maps for the Kentucky Mountains3 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 .Pennayl-

1Inasmuch as foundation costs account for as little as 
1.5 per cent of the total cost of residential building, a.n4 rarel1 
exceed 15 per cent for large structures, such as apartment build
ings, the net differential in cost between the two locations ia 
unlikely to be a significant factor in selecting the location ot 
new buildings. H. B. Pulver, Construction Estimates and Costa 
(New York: McGraw-Hill Book Co., Inc., 1940), pp. 482-484. 

2Milo S. Ketchum, Tbe Desi of Steel Build1n s 
Calculation of Stresses in Framed Structures ra•-
H1ll BOok Co., Irie., 1932), pp. 361-362. 

3 D. H. IB.vis, "Urban Development in the Kentucky Moun-
taine, 11 Annals of the Association of American Geographers, XV 
(1925), 94. 

i 
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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 rail transportation, while 

the commercial core of the city occupies the site of the original 

village. Other uses have been forced into the intervening sec
tions of bottom land, or have developed on adjacent slopes and 

uplands . 1 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 mi ll~ng 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 s~~ll, is exercised 
indirectly in many instances, through the effect of slope and con

tour on transportation facilities . Where the railway and highway 

go, commerce and manUfactur1ng also go, and thus these classes of 
use tend to concentrate in association one with another on tlood 

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 

itself. 2 

The situation affecting agricultural land use is quite 

different . From the standpoint of farm operations, most flood 

plains afford two great advantages. One is ease of tillage; the 
other, lack of susceptibility to soil erosion. Ease of tillage 

tends to be a major ractor only where tbe 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 and cotton chopping. Ex1'er1ments with machinery in the 

1 Raymond E. Murphy, The Geograeht of Johnstown, Pa., an 
Industrial Center, Pennsylvania Stateo lege 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 19301 s indicate that the 
costs of farm operations using machinery, something which is prac

ticable upon the lowlands, were appreciably lower than on tarms 
not using such machinery. As farm technology improves, the dif

ferential in costs probably will widen. 1 

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 relief affects in modest degree the 

design of low-density roads. As a general rule, fuel consumption 
by a modern automobile does not increase appreciably until grades 

of 7 1/2 per cent or more are encountered.2 Few streams have a 

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 a.mount to as 

much as 68 per cent of the total construction costs on an average 
dirt road, whereas they may be as little as 9 per cent for bitu

minous or concrete surfaces. 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 is designed to tit surface configu

ration only in so far as necessary to minimize the cost of exoa-

1Lewis R. Long, Farm-power in the Yazoo-Mississippi Delta, 
Mississippi Agricultural BXperiment Station Bulletin, No. 295 
(1931), pp, 20-SO. 

M. G. Varden, J. O. Smith, and W. E. Ayres, Makiif Cotton 
Chea~er, Mississippi Agricultural Experiment Station Bull~!n, 
No. 90 (1931), pp. 20-24. 

2H. B. Shaw, "Highway Grades and Motor Vehicle Coste," 
Proceedings of Twelfth Annual Meeti!'.!6 of Highway Research Board, 
1932, p. 91. 

John A. Oakey, "Operating Characteristics of Cars on 
Grades," Civil En~neering, VII (1937), 396. 

John H.teman in Introduction to Hi wa En ineer1n 
(New York: John Wiley & Sons, 9 , p. , suggee e 5 per cent 
as the maximum grade for gently-rolling country . 

3 Sigvald Johanneaaon, H1fhway Economics (New York: McGraw-
Hill Book Co., Inc., 1931), p. 2. 
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vation and to avoid unstable subsurface conditions. 1 

Considerations of traffic flow , alignment, curvature, and 
underlyi!'.18 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-apeed, 
bard-surfaced highways, requiring low curvatures, new locations 
in areaa 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 lliddle 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 major disadvantages for hwnan occupance. Poor drainage 
makea difficult the construction of building fotmdationa 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 moisture is a function of soil tex

ture, aoil depth, underlying rock, climate, and land form. In 
11\8.nY 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 Sacramento, and the larger streams of the Southeast--are char
acterized by swampy areas. The cost ot urban occupancy in such 
areas la substantially higher than on nearby uplands. Building 
construction la more expensive because of the pumping necessary 
to keep excavations dry. Roads, bridges, and otber structures, 

1Arthur G. Bruce, Hig}lwa Design and Construction 
{Scranton: International Textboo~ 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 is material
ly higher than that of upland areas because of the expense 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 19301 s. 1 

Increased demand for farm land in 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 mosquito 
(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 Mississippi were avoided 
for many years , even though their better-drained soils were highly 
fer.tile 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 reason. 2 Mosquitoes no longer are the menace 

1Emil Schram, Speech before American Society of Ag:!'i
cultural Engineers, June 18, 1934. 

2Harlan H. Barrows, Geogr.aRhY of the Middle Illinois Val· Gei, Illinois State Geological Survey, Biilletin No. 15 {Urbana : 
versity or Illinois, 1910), pp. 76-77. 

1 
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which they constituted in earlier days. Breeding-control meas
uree 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 grasslands. 1 

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 ot the Great Plains and Texas 
coastal drainages, in which ground water is generally more plenti
ful in valley bottoms than in lnterstream areas and in which the 
bottoms therefore are likely to be an attraction to agricultural 
occupance . 2 In the Basin and Range Province of the Southwest the 
tlood plains of valley floors and of mountain pediments have 
offered to early pueblos as well ae modern settlers the advantage 
of natural subsurface irrigation and some running water. 3 In 
other sections, the association of valley relief with the occur 
rence of springs at lower levels and of low-lying terrain with a 
high ground-water table ls well recognized, and need not be elabo

rated. 

Soll 

Most flood-plain soils are alluvial i n origin or receive 
occasional increments of top soil. Most of them therefore are 

azonal in character. Their eoil profiles are iminature and have 
an erratic areal distribution. In so far ~s a flood plain soil 
has not been water-laid or no longer receives water-borne deposits, 

1nerwent Whittlesey, "Early Geography ot Northern Illi
nois," Science (new series), LXXXI (1935), 228. 

2oecar Edward Meinzer, The Occurrence of Ground Water in 
the United Statesi with a Discussion of Princi,1 .. es, Geological 
Survey Water Supp y 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 •1th the climate 
of the region and with its physiographic position. Such soils 

have zonal characteristics in common with other members o.f their 
own soil group and family, of course, and they have few character

istics, except those of drainage, not shared by other types in the 
same aeries outside of the flood plain. 

Azonal soil types present bewildering variety, and it is 

not practicable to generalize as to their advantageous and dis
advantageous features in so far as crop yields and tillag·e prac

tices are concerned. It already has been noted that flood-plain 
soils are markedly les s 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 likelihood that losses will result from scouring and from 
deposition of sand and gravel. Excluding those infrequent flood 

phenomena, it probably is 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 soils as the Yolo1 and Genesee2 

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 suitability 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-

1E. J. Carpenter and s. W. Cosby, Soil Survez of Contra 
Costa Countt, California, Bureau of Chemistry and ~oils, Soil 
Survey (Was 1ngton: Government Printing Office, 1939), pp .• 52-53, 
65. 
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zona,1 the Milk River Valley, Montana, 2 and the Wabash River bot
toms of Southwestern Indiana. 3 There are likewise examples of 
relatively infertile deposits that are deficient in colloidal mate
rial or otherwise unsuited to general agriculture. 4 

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 loa~s of the natural levees 
and the boulder deposits of alluvial fans 5 to the poorly-drained 
phases of the tough clays which lie in the sloughs or "sags" back 

from the river channels . 

Surface Waters 

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

1E. c. Eckmann, Mark Baldwin, end E. J. Carpenter, "Soil 
Survey of the Middle Gila Valley Area, Arizona," Field Operations 
of the Bureau of Soils, 1917, p. 18. 

2will1am DeYoung, F. 0. Youngs, and T. W. Glassey, Soil 
Survey of the Milk River Area, Montana, Bureau of Chemistry-ana 
Soils, Soil Survey (Washington: Government Printing Office, 1928), 
pp. 15-22, 33-35. 

3T. M. Bushnell and W. E. Thorp, "Soll Survey of Gibson 
County, Indiana," Field Operations of the Bureau of Soils, 1922, 
pp. 1194-1199, 1214-1~16. 

4A good example ls 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. O. Perkins, Soil Survey of Wayne Coun
ty, Georgia, Bureau of Chemistry and Soils, Soll Survey {Washing
ton: Government Printing Office, 1926), pp. 33-34. 

These statements are based upon a general summary of the 
range of alluvial soils in U. s. Department of Agriculture, Soils 
and Men, Yearbook of Afrioulture, 1938 (Washington: Government 
Printing Office) , pp. OOl, 1067-1068, 1133-1: ) . 

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 Association of American 
Geographers, .X.XIV (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 tlood losses along the 

Merrimack River in Massachusetts centered their most vigorous 

economic development around the generation of mechanical water 
power at falls in the river. 1 Technological limits 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 t he reach of the creaking, cum
bersome relays ot pulleys and drive shafts that tirst fed energy 

into the noisy workrooms of the mills. But the mills remain. At 
strategic falls along the Thames, the Blackstone, 3 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-
4 curs at such places, of which Norwich ls typical. 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 is 

responsible for two types of flood-plain occupants. At scattered 

points along streams throughout the eastern states there remain 

small wa t er mills whi ch suffer occasional flood losses. In 1880 

1Victor S. Clark, History of Manufactures in the United 
States (New York: McGraw -Hill Book Co . , for Carnegie !nst1tut1on 
ot Washington, 1929}, I, 404-405, 409 . 

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

3Preston E. James, "The Blackstone Valley: A Study in 
Chorography in Southern New England," Annals of the Association 
of American Geographers, XIX (1929), 77 -81. 

476th Cong., 3d 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 Potom.ac Rivers. 1 For the 
most part they seem to have been designed to withstand moderately 
high flood flows; machinery was well anchored, building construc

tion was sturdy, and provision was made to store damageable goods 
above the reach of floods. There i s no re cord 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 major 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. It 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 I<iver was 

built in the belief that it 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 

1H. R. Bennett, "Utilization of Small Water Powers," 
Transactions of the Third World Power Conference, 1936, VII, 476 -
482. 

2 Unfavorable 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. 1 Probably the plant would have been designed differ
ently had a flood of that magnitude been expected, and, indeed, 
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 sufficient to meet 

demands. Improvements in syphons and pumps have largely reduced 

this limitation until today that consideration is not likely to 
bulk large in any analysis of city relocation or readjustment. 
Apparently, it ls only in certain manufacturing processes using 
large quantities of _water that this factor remains highly impor

tant. Modern steam-condensing electric generating stations are a 
case in point, requiring approximately 90,000 gallons of water 

2 for each ton of coal. For this reason and because of possible 

savings in handling coal where it can be shifted from water car
rier direct to boiler-house bunkers, large fuel-electric power 

installations generally are made on stream or lake banks if fac
tors of electric transmission permit. Speaking of steam-power 

stations, Gaffert says, "availability of condensing water is of 

greater importance than all the other factors governing station 
location . 03 In numerous cities and villages, such as Iowa City, 

1rce 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-Hill Book Co., Inc., 1~41), 
p. 272. 

3oustav Gaffert, Steam Power Stations (New York: McGraw
Hill Book Co., Inc., 1940), p. 476. He states that 0.6 to 1 gal
lon per minute of condensing water is required for one kilowatt 
of installed capacity. 

l 



114 

Iowa, the waterworks have been located on a flood plain with full 
knowledge of the flood hazard in order to take advantage of low 

pumpin~ costs. 
A closely related problem is waste disposal. Fran the 

isolated farm house with its outhouse overhanging the convenient 
brook to the large paint-manufacturing plant which chooses a 
waterside aite in order to dump tons of poisonous trade waste 
every day, a main objective of waste-disposal has been to get the 
waste into a public waterway 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 ot pollution can be situated to tbem 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 waste . 1 Sewers for storm-water drain
age, combined with cesspools or open pits, were the order ot the 
day. To a mlnor degree, it now is 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, distilleries, tex

tile mill s, steel-pickling plants, oil refineries, and tanneries . 2 

Even with these plants, flood-plain location is not especially 

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 availability 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-Bill Book Co., 1914), I, 14-~6. 

2National 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 Mississippi river ayatem.1 

Certainly, too, the dominant consideration leading to the multi
plication of iron and steel plants along the Upper Ohio River in 
recent decades baa been cheap water transportation. Engineers esti
mate that it costs 10-25 cents to collect and transport Q ton of 
coal from Upper Ohio Valley mines to the river banks, 5 cents to 
load from tipple to barge, 5 cents to unload from barge to rail
road car, 8 cents to unload frcm railway car to stock pile, and 
38 cents to distribute by rail from a water terminal to stock piles 
away from water. Barge transport coats approximately 3 mills per 
ton mile, which would amount to 27 cents per ton for a haul from 
Point Pleasant, Ohio, to Portamouth, Ohio, and 79 cents per ton 
for a haul from Point Pleasant to the Mouth ot the Allegheny 
River. 2 Although the coats of loading coal from tipple to rail
way car and of unloading it to a stock pile are alightl1 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
ceiving plant. The major coats 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 ls responsible for the clustering 
of commerce and processing that persists on some river banks in 
the face of repeated flood disasters. 

If a commodity is handled in bulk, and if its transporta
tion cost ls a substantial part of its total cost, there ls atrong 
resistance to removing the storage or processing facilities far 
from a wharf. Theoretically there exists for every coDD11odity an 
areal limit beyond which it cannot be transshipped econotn.ically 
from water carriers and still compete with deliveries by other 
carriers. From the standpoint or transport cost alone, storage or 
processing should take place as near as possible to the water's 
edge coll81atent with canpeting 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-

1 Barrows, op. cit., pp. 76, 84-92, 99. 
276th Cong., lat Seas., Lake Erie and Ohio River Canal, 

Rouse Doc. No. 178 (1939), pp. 293-~98. 
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fleet 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 sununer cottages. From the Potomac Gorge near 
Washington, D. c., to tbe 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 occupied 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
cial 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 demonstrat i on i s that the main lines of the Pennsylvania 
and Baltimore and Ohio railways cross the Appalachians in long 
valleys and are subject to heavy flood losses. 

An early American railway builder advised h1s assistants, 

"first get into your heads the drainage, drainage, DRAINAGE. The 
drainage and location of the drainage is the framework on which 
you must hang your location!"1 So he epitomized the guiding prin
ciple of railway location in the United States during the latter 
part of the nineteenth century. In 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 lonaest possible dis
tances, and adjusted distance, curvature, and cut-and-fill opera
tions over short distances to meet that primar· •equirement. 2 

1Quoted by Clement C. Williams, The Desi~ of Railway Lo
cation (New York: John Wiley & Sons, 1924), p. 3 . 

2Arthur Mellon Wellington, The Economic Tbeor1 of the Lo
cation of Railways (New York: John Wiley & Sons, 1891 , p. 666. 
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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 
simple. The operating efficiency of a modern freight train on a 
l per cent grade sinks to slightly more than one-tenth of that 
efficiency for a 2 per cent grade . 1 According to Wellington, on 

a l 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 

2 grade it amounted to 58 per cent. It paid to cling to river val-
leys, which had more nearly uniforni natural slopes than those on 
nearby uplands. 

In addition to favorable grades, some river valleys bad 
the advantages of relatively lo• curvature, comparatively large 

concentrations of settlement, and low cost cut-and-fill opera
tione . 3 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 
fill, 11 and that construction costs accordingly tended to be mini
mized in so far as rise and fall of surface were concerned. 4 

Valleys also have their disadvantages. They require more 

bridges and culverts than do ridge lines, and on the •hole they 
are less favorable to making slight readjustments in ruling gra
dient so as to effect economies in operation. 5 

With such considerations tending to gover n 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 •ere, 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 

6 any other .advantages of the flood plain. 

1wnliams, op. cit . p. 388 . 

2wellington, op. cit. , p. 688. 

3 Williams, op. cit., p . 389. 
4wellington, op. cit., p. 850. 

5williams, op. cit., p. 389. 
6san Bernardino, California is an example of a city which 

1 
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On the whole, the flood hazard does not seem to have been 
a major deterring factor in the minds ot railway builders. Welling
ton aaid: 

Without going to the length of saying that it is ordinarily 
justifiable, which would be going too tar, it is an entirely 
sate statement that when the works endangered by such overflow 
are not ot 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 
avoid the risk, especially aa it is often imfossible to avoid 
it without abandoning the valley altogether. 

The records of railway damage today bear clear testimony that this 
was a commonly-accepted practice, although it must be said that 
much of the loss seems to occur on lines which the early builders 
thought would be free from all or almost all floods. In their 
concern tor 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 ) 
tor a railway alone bad been computed, a different location would 

have been selected. 

Social Institutions 

To a large degree, factors ot 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 ot certain occupance 
long after technological change has rendered it obsolete. 

Institutional inertia.--Quite apart from accidents of hu
man caprice and judginent which may lead to the establishment of a 
given torm ot flood-plain occupance, the attraction of a given 
type or occupance may lead to the location of related activities 
tor no other reason tban 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 mill·s which, 

developed partly on a flood plain because of cv. ;•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, Universify ot California 
PUb!!catlons In Geography (Berkeley: University of California 
Press, 1940), pp. 11, 37, 44-46. 

2wellington, op. cft., pp. 783-784. 

1 
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for reasons already stated, reap great advantages from flood-plain 
location. 1 There are innumerable examples of cities having large 
commercial tunctions that grew up around the use or river trans
portation as did the cotton and wholesale district or Memphis. 2 

The commercial towns of the Mississippi 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 or manufactural and 
commercial enterprises are the attractions of community facilities 
once they are established. Schools, streets, public-safety serv
ices, 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 or any special advantages ot 
the valleys. 

It also has been noted in connection with factors 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 flood 
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 ot Codorus Creek to utilize the water power 
and water supply. Improvement of the ~reek for navigation made 
it the locus of commercial activities in the 1830's. Today the 
creek is no longer used either tor power or navigation, its waters 
are polluted, and the city's water supply comes from a reservoir 
tour miles upstream. 3 Now it is solely a liability, causing mean 
annual losses in excess ot $100,000, and requiring a Federal ex
penditure of $4,115,000 for remedial channel-improvement and reser-

1Murphy, op. cit. 
2 Rayburn Whitson Johnson, Land Utilization in Memphis 

(Chicago: University of Chicago Libraries, l936), pp. 38 and 42. 

3Raymond E. Murphy, The Economic Geography of York 
Pennsylvania, A Citl of Diversified Industries, Pennsylvania State 
College Bulletin, M neral Industries Experiment Station, No. 17 
(1935) (State College, Pennsylvania: School of Mineral Industries), 
pp: 1-62. 

l 
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voir construction in addition to local expenditures which have 

exceeded $500,000. In general, urban and rural oecupance is char
acterized by resistance to any alterations, even for the better. 

There ls no ready means of measuring the force of these 

social 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 encroacbment.--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 States. 1 Even in those states 

1The riparian doctrine bas been stated in the case of 
U. S. v. Chandler-Dunbar Co., 22g U.S. 53, as follows: 

"The technical title to the beds of navigable rivers of 
the United States ls 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 ls a qualified one, and subordinate to the public right of 
navigation and subject to t he 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 a navigable river is or is not an obstruction to naviga
tion is an exercise of legislative power and wholly within its 
control and beyond judicial review •••. . 

"Every structure in the water of a navigable river ls 
subordinate to the right of navigation and must be removed, even 
if the owners sustain a loss thereby, if Congress, in assertion 
of 1 ts power over navigation so determines. :r 

Again in the ca se of U. S. v. River Rough Co., 26Q U.S. 
411, the court ruled as f ollows: 

"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 piers 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 real 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 is 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 buildings back over the stream beds. Such extensions are 

convenient, and, for a short time, cheap. 
In so far as tr.e beds of navigable waters are concerned, 

the United States has ceded ownership for all such undisposed 

lands, as of the time the state was admitted to the Union, to the 

several states, which have either retained title or have granted 

it to riparian owners. 1 At present, most of the Western states 
and a number of other states such as Pennsylvania retain ~wnership 

in the land underlying navigable waters . 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 respect 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 extends. 4 

Both state and private ownership is , of course, subject to the 
paramount right of the United States to control commerce by regu

lating navigation or any works which mi ght 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 exceptions, in the pther states . 5 Texas, for example, 

recognizes the riparian doctrine for lands abutting non-navigable 

streams leas than 30 feet wide, but retains title to part of the 

1Edward S. Bade, "Title, Points and Lines in Lakes and 
Streams," Minnesota Law Review, X.XIV (1940), 316-318. 

anc sco: 
3 Ibid., p. 534. 
4Everett Fraser, "Title to the Soil Under Public Waters - 

A ~uestion of Fact," Minnesota Law Review, II (1918), 313·338. 

5Kinney, o_p. cit., pp. 925-926. 
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beds of wider strea1Jl8 . 1 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 or 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 limit the assertion of property rights in stream 
beds unless a strong case can be made against encroachment on the 
ground that the public safety and welfare would be impaired. The 
possible ways of administering a regulatory program are discussed 
in Chap~er IV. 

Other Factors 

Mineral deposits, cli~~te, and natural vegetation are 
other factors which have affected hwnan decisions to occupy flood 
plains. Although they do not have the same widespread signifi
cance as those factors previously 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 tlood waters as is the sand and 
gravel industry. The large share of the total cost of sand and 
gravel production which is involved in transportation makes it 
desirable, where water transport is available, to locate the sort
ing and washing facilities directly on a river bank, and, where 
such facilities are not available, to l ocate them as near as pos
sible to the deposits. Moreover, in many regions the more acces
sible and suitable deposits are located in valley bottoms. 3 Thus 

1Wallace Hawkins, "Title to River Beds in T.exae and Their 
Boundaries," Texas Law Review, VII (1929), 493-519. · 

2 Bade, op. cit., p. 318. 

3Th1s is true in such diverse areas as Louisiana and Mis
souri. 

T. P. Woodward and Albert J. Gueno, Jr., The Sand and 
Gravel De~sits of Louisiana, Geological Bulletin No. 19 (New 
Orleans:partment of Conservation, Louisiana Geological Survey, 
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it is 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 losses. 1 

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
ties than do the adjoining uplands. Conspicuous examples of auch 
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. 3 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 it difficult to specify 
those factors of drainage and wind velocity which have been sig
nificant in flood-plain occupance. It is fairly well established 
that in many Appalachian and Allegheny Plateau valleys, such as 
the Tennessee and the Upper Ohio,the valley bottoms have higher 
summer temperatures and humidity and more frequent frost and fog4 

than other areas and that the flood plains are leas in demand for 
residential and airport purposes if the other compensating factors 
of surface configuration are assumed to be constant. Murphy states 
that higher-grade residential occupance in the Johnstown, Pennsyl
vania area recently has sought the nearby rolling uplands partly 
to avoid the smoke and fumes of the steel plants in the valley 

1941 ) , pp. 26, 32-38. 
c. L. Dake, The Sand and Gravel Resources of Missouri 

(Rolla: lilasouri Bureau of Geology and Mines, 1918), pp. 46, 211-
244. 

1Nordberg, op. cit. 
2 rn 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 Seas., Kanawha River, Houae 
Doc. No. 91 (1935), p. 64. 

3The major producing mines in the flurospar field of Illi
nois and Kentucky are those located on faults nearest to the Ohio 
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 Fl.urospar, 11 Engineering and Mining Journal, 
CXXXVIII (1937), 331-332. 

4Robert G. Stone, "Fog in the United States and Adjacent 
Regions," Geographical Review, XX.VI (1936), 118, 120. 
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bottom and to enjoy cooler summer temperatures. 1 Other factors, 
of course, have been the unsightliness of manui'acturing plants, 

city noise and traffic, and tbe advantages ot upland landforms. 
In citrus-growing regions, the !actor ot air drainage may 

be or outstanding importance in connection •1th !arm location and 
•1th 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 or the superior climate of the lower sections ot the 

alluvial deposits and in part also because ot the superior facili

ties for delivery of water . 2 

Whereas the climatic amenities or Eastern uplands has led 

residential occupance out ot certain tlood plains, protection 
from hot summer winds and cold ~inter winds has driven not a few 

Great Plains urban settlements into valleys, and so into the paths 

of floods, as in the Black Hllls. 3 

The more conspicuous instances ot vegetative factors are 

tound where Southern Pine or grass are the climax association. 

The hardwoods which were well developed only on t he tlood plains 
ot the Lower Mississippi and of the Gulf and South Atlantic drain

ages bave been utilized by a specialized lumber industry that has 

been forced to cope with occasion&! floods in order to obtain 
those species ot trees. The industry has not been responsible, 

however, for the development o! more tban a few towns which bave 

lingered ln the paths or floods after the resources were exhausted. 

Other natural !actors being unfavorable to continued occupance, 
the permanent processing plants have tended to develop at upland 

points, such as Memphis, near to river wharves but slightly above 

the reach or tloods. 4 

In the Central Prairies and Great Plains, the cottonwood 

1 Murphy, op. cit. 
2charles c. Colby, "The California Raisin Industry: A 

Study in Geographic Interpretation," Annala ot the Association ot 
Amerloan Geographers, XIV (1924), 60. 

Edward A. Ackerman, "Intluencea ot Climate on the Culti
vation ot Citrus Fruita," Geographical Review, XXVIII (1933), 294-
95. 

3 Otto B. Guthe, The Black Hills ot South Dakota and W~mlng, 
Papers ot the Michigan Academy of Science, Acta and Letters, ~ 
(1934), ~64, 369-371, 374. 

4Jobnaon, op. cit., pp. 22-23. 



125 

and other woody vegetation which lined tbe stream courses was an 

attraction to early settlement because of the fuel supply it pro
vided, but tbe 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 social 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 lt 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 ln 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. F.looda, •bile a prominent factor, are not 

.ot sole or even primary importasce in many instances, and under a 
ta•orable 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 baa encroached upon the flood plains 
ot the United States in the tac• of recurring and increasing flood 

losses. Part of thia eneroacbment has been in ignorance of the 

tlood hazard. In much larger measure, it b&a sought to utilize 
r.aources ot terrain, soil, and water. Commercial and residential 

occupance have tended to follow agriculture, manufacturing, and 
railways into the flood zones, and through inertia both types have 
bung on even after the factors which were attractive lost impor

tance. 

Viewed in this light, a satisfactory solution of the tloo4 
problem in any flood plain la seen to require consideration o~ the 

!actors which havt been important and those which are likely to l:>e 

iaportant in relation to the occupance of the area. Certain ooeu• 
pa.nee, such as tb&t of the steel plants and aa.nd and gravel plants 
or the Upper Ohio Valley, baa prospered notwithstanding flooda be-
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TABLE ll 

SUMMARY OF SOME MAJOR FACTORS AFFECTING 
ADJUSTMENT TO FLOODS 

Occupance 

Urban Trans-Agri- Commer- Ms.nufac-Resi- porta- Mining cultural cial tural den ti al tional 

Flood height 0 D D D D 
Flood dura-

tion ••. • •• AD 0 D D D 
Flood crest 

shape • • • • • 0 D D D D 

Flood 
velocity •• D D D 0 D 

Flood debris 
load . . ..•• AD D D D 0 

Slope •• • .•• , A D A A A 
Drainage • •• • D D 0 0 0 

Ground 
water •..• . A A 0 0 0 

Soi-1 •••• • • • . AD 0 0 0 0 

Surtace 
waters • •• . A A A A A 

Corridor 
facilities 0 0 A A A 

Inst! tution-
al inertia 0 A A A A 

Riparian law 0 A A A 0 

Minerals •• • • 0 0 0 A A 
Climate • •... A DA 0 0 0 

Vegetation .• 0 A 0 0 0 . 

A = Advantageous to occupance in many flood plains. 

D = Disadvantageous to occupance in many flood plains. 

0 = Not generally significant. 

D 

0 

0 

0 

0 

0 

0 

D 
0 

A 

0 

A 

0 

A 

0 

0 
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cause of its riverine location. Other occupance, such as that 
represented by the manufacturers along Codorus Creek, has continued 
long after once-great advantages of the flood-plain location dis
appeared. Still other occupance, of which the low-grade residen
tial use of the lower Cincinnati flood plain is an example, has 
never been suited 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, consideration of pos
sible readjustments and of their costs and benefits. 

Sound appraisal of possible readjustments in each situa
tion ls aided in two ways by analysis of the factors involved. 
Analysis reveals, first,· the degree to which the particular flood 
plain affords advantages, such as fertile soils and cheap water 
supply, which should be utilized on a continuing basis if other
wise practicable. It reveals, second, the critical factors, such 
as prospective machinery losses in manufacturing plants or the 
significance of prevailing grade in railway location, around which 
etfective readjustments can be designed. The greater the range 
ot readjustments considered, the more important ls an analysis of 
all these relevant factors. 

1 



CHAPTEJ\ IV 

ADJUSTNEN'l'S TO FLOODS 

While public action toward floods in the United States 

has been confined to regulation of flood waters and protection 
against floods, to forecasting floods, and to cushi oning the im
pacts of floods, many occupants of flood plains have worked pri
vately to develop a much wider range of adjustments. Along the 
Mississippi River bottoms in Western Tennessee they have learned 
to follow Mark Twa in's advi ce to "skedaddle" in house boat s when 
floods come. They have changed land use to avoid 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 major forms of adjustment 
whi ch are common in the United States today sre: (1) land ele 
vation, (2) flood abatement, (3) flood protection, ( 4) emergency 

measures, (5) structural adjustments, (6) land use, (7) relief, 
and (8) i nsurance. 

Under the view of the flood problem that has been out
lined, the economic and social desi~ability of these adjustments 

in a flood plain, singly or in combination, is determined by the 
advantages and disadvantages of the site for suitable purposes 

and by the costs and benefits of making the requisite readjust
ment. For example , the desirability of loss r eduction through 
altering the structure and arrangement or 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 the rela
tive advantages and disadvantages of the location of the warehouse 
on the flood plain by comparison with nearby sites above the level 

of the probable maximum flood. If the riverside location is a 
net advantage and conforms wi th a reasonable plan of urban devel
opment, and if the benefits from the alterations exceed the costs, 
the readjustments are feasible . If the flood-plain location is 
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no longer an advantage, and involvea, aa at Cincinnati, 1 extra 
coats not sbared t1f an alternat1ve location at a new ra1lway 

freight terminal, the justification tor readjustment on the present 
aite is in doubt, and a change in land uae may be indicated. 

These relations or tactora affecting the feasibility or a 
single adjustment can be written in this general f orm: 

Advantages of aite + benefit 
from readjustment 

Economic juatif1cation • (2) 
Disadvantages or site • coat or 
readjustment 

' Thia formula appliea generally to all adjuatmenta. It atatea in 

simple, perhaps over-simplified form, a relationship which ls 
believed to be basic to all human adjustments t o floods . 

Two qualifications attach to the use or such a formula. 

In the first place, the relati on applies equally well to all types 
or adjustments, and it baa real significance only when uaed simul
taneously for all possible adjustments in a flood plain. A struc
tural change of the type auggeated above for a riverside ware

house may be justified if viewed alone, but it may be tar leas 
desirable if compared •1th a plan t or land-use change or for emer
gency measurea. 

In the second place, the formula adopts a much broader 
view than ls commonly applied to t he readjustments now receiving 
public attention . A general f ormula for moat estimates used in 

the past in determining the teaaibil1ty of flood protection would 
be written: 

Bconomic justification • 
Benefits from protection 
Coate or protection 

(3) 

Thus it ignores the question of whether or not a given loc•t1on 
had real advantages for present or prospective uses. Prom the 
standpoint of the individual property owner concerned, that ques
tion may seem irrelevant because it may be argued that the only 
issue for him la whether or not he will prosper in hie present 

locati on. From the broad atandpoint of rati onal utilization or 
the resources of the flood plain, the prosperity ot the individual 
la not an entirely rel iable inde~, inaamuch aa it may be developed 
a t the coat of public subsidy tor relief and protection. 

1B. A. Kraemer, The Cincinna ti Waterfront: Its Problems 
and Recommended Future Utlilzatlon (Cincinnati: Cincinnati City 
Planning CCl!IU:lission, 1937), p. 16. 
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Both qualifications apply to each of the eight forms of 
ad justment reviewed in the following pages. 

Land Elevation 

Mo\md-building aborigines in the alluvial valley of the 
Lower Mississippi 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 obvious 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 'l'ennes-

1 see. The settlers did not follow the practice. They could not 
do so readily in view of the heavy construction cost and the diffi 
cult1es 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 f ounders were wise enough t o elevate their lands before sub
dividing them. Otherwise, t he adjustment rarely was made, and 
were it not f or the possibility of applying it to roadways, to 
groups of new farmsteads, or to new manufacturing plants in some 

favorable areas, 1t would not deserve mention. 
Highways and railways show a more widespread use of the 

land elevation technique than displayed by any other class of oc 
cupance . Following the flood of 1929 along the Savannah River in 
South Carolina , the State Hlg)lway between Hardeeville and Til).man 
was relocated and re constructed at the time flood losses were 
repaired. The new roadway was designed to rest 1.8 feet above 
the 1929 flood crest, and to prevent such waters from flowing over 

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

1cyrus Thom.as , "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. 625-627, 650-656. 

Walter B. Jones, "Geology of the Pickwick Basin in Adja
cent Pa.rte ot Tennessee, IUssissippi , and Alabama," Smithsonian 
Institution, Bureau ot Btbnologz Bulletin, No. 129 (1942), pp. 334-
335. 
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in 1929. 1 Thus, repairs were used t o place a main traffic artery 

out of reach of flooda and to pre vent flood losses on adjacent 
lands. These possibilities are large wherever highways are re
constructed in flood plains. S11Dilarly, the grade or the Chicago, 
Burlington, and Quincy Railroad in the Republican Valley of Ne
braska was raised at critical sections following the disastrous 
flood of 1935. Fl ood-damage repairs that year amounted to 
$1,483,700, and grade elevation coat $1 , 000, 000. 2 

Some towns have missed excellent opportunities to prevent 
flood losses in the course of land elevation. Reedsport, Oregon, 
ls 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 canb1nat1ons of heavy stream discharge, high winds, and tide. 3 

Nine hundred acres of the marsh borders of the District 

of Columbia were subject to frequent flooding prior to their devel
opment by district officials. At that time the district had the 
for esight to provide for land filling in advance of laying out 
the revised sewer and street systems and in preference to bUilding 
levees to protect areas reserved for residential and commercial 
use. The levels established were several feet below the cr est of 
certain great floods that were t o follow, but in all other years 
the area has been free from high water. 4 

The same device has been used in some other cities where 
flood plains had special advantages of l ocation. The city plan 
for Dubuque, Iowa contemplated elevation of the land surface of 
a nearby island in the Mississippi River in order to make that 
area useful for manufacturing, airport, and recreational purposes. 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-

1 74th Cong. , lat Sees., Savannah River , Ga. , s.c. and N.C. , 
House Doc. No. 64 (1936), p . 47. 

276th Cong. , 3d Sess., Republican River , Kansas and Ne 
braska, House Doc. No . 842 (1940), p . 18. 

3 76th Cong., 3d Seas., Umpqua River, Oregon, House Doc. 
No . 684 (1940) , p , 13. 

4Metcalf and Eddy, op . cit., I, 38. 
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vatlng the lands around farmsteads may be as great as that of the 

buildings themselves, and lt ls only where new buildings are being 

constructed ln sufficient numbers to warrant the use of large

scale earth-moving machinery that thie form of adjustment bolds 

promise of aid ln readjustment . Land elevation in cities would 

be more costly, would require high expenses in utility relocation 

on developed land, and in many flood plai ns would be seriously 

handicapped by lack of suitable earth for the flll. It does lend 

Itself to use in undeveloped urban areas prior to the installation 

of utilities . Thus, in the New Creek area on Staten Island, New 

York, a flood-protecti on project whi ch the Corps of Engineers 

found to be justified by using the t raditional formula (3) for 

determining justification, was deferred at the request of municipal 

authorities who planned to raise street levels and sidewalk levels 

in preparing the area for subdlvisi on. 1 

The distinctive costs of making such a readjustment are 

those of obtaining fi ll materials and of making any necessary 

changes in the existing pattern of urban occupance. Its distinc

tive benefits are i n reduction of flood losses and enhanced drain · 

age facilities. .Probably it holds little promise in many flood 

plains, but it may prove useful in wide flood plains like t he 

backwater areas of the Lower Mississippi where new farmstead con

struction is planned on a large scale, or ln any city which is 

permitting the subdivision of an undeveloped flood plain and can 

adopt such a pl an without i mpairing channel capacity. 

Flood Abatement 

The idea that land-use measures may prevent water from 
accumulating ln channels sufficiently to produce flood flows 

caught the public imagination during the first Conservation Cru

sade about 1910 and has been nourished chiefly by warm public 

interest since that time. Little evidence to support its wide

spread adoption as an adjustment to floods has come from subsequent 

hydrologic and agronomic research. Neither has there been suffi 

cient research to prove or di sprove conclusively for most sections 

of the countr y the frequent contention that floods may be elimi

nated by human a ction upstream. Abatement has been demonstrated 

· 1unravorable report of the Chief of Engineers on "New 
Creek, New York," oecember, 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 drainage areas 
such as the lower Ohio Basin. It flourishes in the public fancy 

as a measure having widespread 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 stream 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 debris, the alteration in certain areas 
of debris flows may be as important or more important than water
flow reduction. By protection is meant those measures taken in 

stream channels with the effect of reducing 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 peaks in 
reservoirs. Abatement always involves measures taken outside of 
the flood plain affected, such as cropping practices, terracing, 
gully control, bank stabilization, forest fire control , revegeta
tion, water spreading, and forest planting. Protection may be 
located on the flood plain or it may extend far upstream in the 

form of reservoirs and channel improvement s . 

Establ ished 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 soil, underlying rock, 

drainage pattern, and stream gradient in explaining the genesis 
ot a single flood event in a small drainage area, It le far more 
difficult to sort out these items for a larger drainage area, and 
the technique of applying the results of pl ot experiments to large 
areas in these matters is still far from satisfactory. A review 
of the extensive _11 terature 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-

1 
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age a r eas is wa r ranted at this time. To be sound, such conclu
sions muat await much more intensive research i n the field . There 
are a few f acts , however , which seem defi nitely eatabliehed and 
which suggest the limita of applicability of flood-abatement meas
ures of the typea here under discussion. These are as follows: 

(1) There ls no evidence that the magnitude of great or 
infrequent floods on major rivers has increased markedly e! nce 
the lands of their drainage areas were settled , 

(2) There 1s no evidence that auch great floods have be
come more frequent during the period of human settlement. 

(3) The debri s load of the flood flow or a stream in the 
Wasatch Mountain piedmont of Utah has been shown to have been in

creased as a result of overgraz1ng in the upper drainage area of 
the stream. 1 

(4) The debr is load and the flood flow of several streams 

in the Loa Angeles basin, California, bas been shown to have in

creased for at least several years aa a result of the burning of 

the forest cover in their mountain drainage ar eas. 2 

(5) A combination of sheet erosion, gullyi ng, and ditching 
operations f or drainage purposes in the upper Ya zoo Basin , lilasii
sippi , 1a known to have caused an accelerated aggradati on or 
stream beds and consequent elevation of the crests of flood flows~ 

(6) L.arge-acale draina ge operati ons in the nearly flat 
drainage area of the Sebewaing River, lilchigan, have increased 
the frequency and magnitude of flooda in the lower reaches of that 
stream. 4 

(7) The rate of silting in several reservoirs baa bean 
shown to have been accelerated by uncontrolled erosion induced by 
human ocoupance of their tri butary areaa. 5 

l Reed W. Balley, C. L. Forsling, and R. J. Becraft, Fl oods 
and Accelerated 8.roslon in Northern Utah, U. s. Department of Agrl
cUlture iliac. P\1'61. 196, 1934. 

2w. G. Hoyt and H. c. Troxell, Transactions of the Ameri
can Society of Civil Engineers , LX.XXXIX (1934) , 1-111. 

3 aapp, Rittenhouse, and Dobson, op, cit. 
4 76tb Cong. , 1st Seaa., Sebewaing River , 

No. 286. Doc . 
Michigan, House 

5Henry M. Eakin and Carl B. Brown , Silting of Reservoirs, 
U. S. Department of Agriculture Technical BUlle tin No . 524, 1939. 



135 

(8) The fr equency of some floods of lees magnitude than 

the probable maximum flood 1n tho Trinity Basin, Texas, could bo 
reduced by the accomplishment of certain cropping, terracing, graz 

ing and forestry pr actices in critical areas of the basin, thus 
obtaining a substantial reduction in mean annual flood loaaes. 1 

(9) In no 1nstance has it yet been demonstrated that any 
changes in land-use practi ces will certainly cause an observable 
reduction in tbe create of great floods wider all possible weather 
con di t i one . 

(10) In no instance has it been demonstrated that any 
changes in land-use practices will have sufficiently reliable ef

fect upon the crests of great floods to warrant the a l teration of 
the design of engineering works which have been planned to affor d 
protection against or to pass great floods. 

All of these statements are believed to be well suppor ted 
by hydrologic evidence, and while reference might be made to 
scores of doubtful hypotheses and to a dozen or two apparent myths 
re l ating to the interrelations of soil , vegetal cover, croppi ng 
practi ces , and flood flows, these indicate the physical range of 
possibiliti es for flood abatement by land management . 

The situation can be sU!llllled 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 feasible 

mean s for abat1ng them, To the extent that they are natural , and 
this includes even some floods in areas where human occupance has 
increased floods, they can be abated only in part by changes in 
l and use . No such abatement is known to be fully reliable under 
all circumstances. Changes 1n land use may be imperative in the 
interest of maintai ning the soil and vegetal cover, but they can
not be considered as essential , primary, and reliable l i nes ot 
defense against flood.a . They nevertheless may be essential ele -
ments of protective works in that they serve to prevent debris 
movement that would 1njure or impair the life of those wor ks. In 

short , land- use pra~tices cannot be considered as substitutes tor 
engi neering structures designed to control , curb, or pass major 
floods. Flood abatement through land-use pr actices is to be re
garded as an adjustment having important application to a few sec· 

1Department of Agriculture, Survey Report on Trinity River 
Watershed, 1941. · 

I 
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tions ot the countr y where heightened flood or debris flows are 
the result ot misuse of the land. It unquestionably is an impor
tant supplementary measure to preserve the effi ci ency and lengthen 

the life ot channel improvements , reservoirs, and other engineer 
ing works whi ch are affected by accelerated silting or more fre 
quent minor floods. As surveys by the Department of Agri culture 
initiated pursuant t o t he Fl ood Contr ol Act of 1936 are advanced, 
tbsre will be further information to support conclusi ons as to 
the feasibility or infeasibil i ty of flood-abatement works in ot her 
sections of the country. Meanwhile, experience with the Depart
ment' a flood- contr ol surveys suggests s ome of the problems which 
lie ahead in carrying out those works. 

Les sons f r om Agriculture's Surveys 

The principal 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 ( see 
Table 12). They call for a variety of corrective measures , r ong
ing from bank stabilization works to shifts in crop r o tations . 
It is not claimed that any of them, if carried out fully , will 
reduce the cr est s of great floods notably, but all of them are 
intended t o reduce somewhat the magnitude of the more frequent 
floods and t o change the debris characteristics of t he streams 
involved. In the Los Angeles Basin , the debri s load of the moun

tain streams will be reduced and the hazard of heavy flows of 
water and debris from burned-over areas wil l be minimized. In the 
Trinity Basi n, flood losses, par t i cularly from floods less than 
the pr obable maximUlll , on tributaries not affected by the r eser 
voirs planned by the Corps of Engineers will be reduced, and a 
smell amount of sll t ing in the main channel will be eliminated. 
On Buffalo Creek, the silting of Buffalo Harbor will be reduced 
materially, the coat of maintain i ng state roads subject to erosion 

and silting in time of flood will be cut , and a small amount of 
flood losses wi ll be preven ted. In the Codorus Creek Bas i n , as 
with all t he others , the principal benefit will accrue to owners 
and operators of the treated lands in terms of increased farm i n
come made possible by improved farming practices. 

The surveys leading t o the recommendation of these programs 
have over come serious obstacle s i n the coordinati on of the serv
ices of three technical agencies (the Bureau of Agricultural Eco-
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TABLE 12 

LAND-IMPROVEMENT PROGRAMS RECOMMENDED BY !EPARTMElfl' OF AGRI
CULTURE IN REPORTS U?fDER AUI'HORITY OF FLOOD-CONTROL ACTS 

Basin 

Buffalo 
Creek, 
N.Y. 

Trinity 
River, 
Te.xas 

Codorus 
Creek, 
Pa. and 
Md. 

Los 
Angeles 
River, 
Calir. 

Characteristics 

Physiography: 80)( in Allegheny Pla
teau; 20% in Ontario plain; gla
cial till. 

Occupanca: Outside of the Buffalo 
urban a r ea, 75% land is used for 
farming , chiefly dairy and gen
eral farms. 

437 sQuare miles. 
Physiography: Rises in high plai ns 
and flows through blackland prai
ries onto the coastal plain of 
the Gulf. 

Occupe.nce: 87~ of land is used for 
farming; 45% of land ls cultivated; 
row-crop cotton farms,4o% of area: 
general farms 20%: pasture farms 
12t ; ranches, 12% 

12,900 square miles. 

Physiography: Rolling to billy. 
Occupance: Almost wholly in farms; 
72% of land is cultivated: pros
perous general farms. 

277 sauare miles. 
Physiography: 43% foothills and 
mountains; 57~ benchland and 
valleys. 

Ocoupance: 35~ is bu1lt-up sec
tion of Los Angeles: 22( la 
agriculture and grazing: 43% is 
brush and woodland. 

839 square miles. 

Benefita8 

Flood damage r educ
tion $212 , 000 . In
creased farm income 
$3 , 041 , 000. Silt 
reduction 
$1 , 765 , 000 . Savings 
in road maintenance 
$515 . 000. 
Annual basis. Flood 
damage r eduction 
~598,000. Increased 
farm income from 
changes in flood
plain use $757, 000. 
Silt reduction 
$82 , 000. Increased 
farm income 
$14,134, 000. Gain 
1n income in pur
chase area $227,000. 
Increased farm i n
come $1,386,000. 

Reduction of water 
and debris damage 
$15,671, 000. Silt 
reduction 
$6,217,000. Water 
conservati on 
$1 , 207, 000. In
creased farm income 
~15,911,000 . For
est-fire loss re
duction $1,577 , 000. 
Savings in road 
maintenance 
$711 , 000 . Aid to 
mountain recreation 
l 736 . 000 . 

aBenefits for the Trinlty Basin are COOlputed upon an en
nual basi s; those for the o ther basins are cOll!puted upon the ba 
als of present value. 
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TABLE 12 - Continued 

Recan.mended Program 
Total Cost • .. 

During ..... 
Measures Peri od. Public Private ~ 0 

4).., ..... 

ot Instal- i::..,.., 
Q) 0 "' latlon IOU~ 

Farm-land treatment (80% 
participation by farmers ). $ 1,274,000 $ 487 , 000 $ 787, 000 

Treatment of 10, 800 acres 
of submarginal land t o 
be purchased .•.••• • ... • .. 117 , 000 117, 000 . .. 

Streambank stabilization .. 1 . 618 . 000 1.618 . 000 . .. 
Total ..••...•....... . 3, 009 , 000 2,223, 000 787,000 1.84 

Farm -land treatment •• •••.• 53 , 829, 000 27,172, 000 26, 657,000 
Treatment of land pr o-

posed tor public pur-
cha.a& • • . •••••••••••••.•. • 2 , 857 , 000 2,583 , 000 274, 000 

Public purcbaae of land ... 2 , 068, 000 2,068, 000 . .. 
Fire control • ...•.•.•••.• • 196 . 000 . 196. 000 . .. 

Total . . .••. •••• •.•• . . 58, 952 , 000 32, 020, 000 26, 931 , 000 2. 88 

Farm-land treatmen t To be divided upon 
(65% participation by basis of current Soll 
farmers ) .•••.••..••••..•• 510, 000 Conservati on District 2.71 

programe. 

Farm-land treatment ....... 10, 978 , 320 991 , 820 9,986 , 500 
Fire control •.. • ..•....•.. 17, 975 ,981 17, 975 , 981 . .. 
Cover improvement .... ..... 82,100 82 ,100 . .. 
Road improvement •..••..•.. 1, 238,275 1,187 ,594 50, 681 
Mountain channel improve-
ment • • •.•• • ...•.••...•••. 3,850,000 3 , 850, 000 . .. 

Debris basins and minor 
channel improvements and 
contingencies ..•....... . . 2 , 055,493 2 , 055 , 493 . .. 

Total .•••..•••....••• $36, 180, 169 ;jp26, 142, 988 $10,037 ,181 
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nom1cs, the Forest Serv1ce, and the So11 Conservat1on Serv1ce), 

and they have required the development of new methods for hydro· 
logic analysis ot factors related to 1ntiltration rates. Profit
ing from the early difficulties or the Corps o f Engineers in esti 
mating flood-protecti on benefits, the investigators of the Depart
ment of Agr1culture have adopted more nearly uniform means f or 
computing the present wort h of each ot the benefits t o be der1ved. 
The survey r esults have established definitely the praotioability 
and necessity ot land-use measures as a corollary ot engineering 
works in certain drainage a reas where silting is a significant 
problem. All of these developments have been forward steps. 

Kore i mportant than any of the for egoing lessons, the sur
veys by Agriculture have shown tbe d1sadvantages and difficulties 
of considering land-use pract1ces chi efly in t erms of flood-loss 
reduction or of cons1dering such flood-abatement measures without 
regard to the alternat1ve forms of adjustment to f loods . The 
early tield investigations by the Department were directed prima
rily at reducing flood losses and at contr olling menaces to tlood
protection structures by means of work on the land upstream. 
Flood control pr ovided a symbol, a banner, f or an attack upon ero 
sion and wa t erflow and other land-use and misuse problems of the 
areas specified in the Flood Control Act of 1936. Now that the 
campaign is well advanced and a few strategic positions have been 

taken, it is doubtful whether or not the primary 8111phas1a should 
continue to be upon flood abatement . The surveys thus far com
ple ted show i n each area a greater benefit accruing t o the income 
of farmers t han to any other purpose . They also make it abundantl y 
clear that remedial programs can be effective only if designed 
and carried out i n such a way that they will have tbs partici
pation of t he farmers, ranchers, and timber operators permanently 
concerned. Such partici pati on in turn can be gained only if the 
program yields substantial return~ to the oper ator. Where the 
operator doe s not stand to e;ain f rom improvements i n the i n terest 
of meritorious downstream benefits, public subsidy or public land 
acquisition probably is necessary t o bring about the changed prac
tices, as in the case of sections of the Upper Trinity Basi n. 
Just as one engineering pro ject on a etream system may set in mo
tion a series of readjustments affecting reaches above and below 
it, eo flood-abatement measures are likery t o have profound ef
fects upon the agricultural economy ot the upstre&111 drainage areas . 
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For example, the heavy eilt deposits reported above to have 
occurred during the Ohio Valley flood of 1937 raise the question 
as to the corollary effects which that movement of sediment had 
upon the welfare of the upstream farms, woodlands, and stream 
channels from whi ch 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 baa been attained for the first time a procedure tor 
analy~ing all aspects of land use in a drainage area. This must 
be 1.mproved and extended as an integral part of finding the most 

effective use of all of the nation's resources, but i t properly 
should carry the banners of farm income, navigation and other 

uses of water, and forest and soil conservation as well as or more 
than that or flood control. 

Furthermore , it has become apparent that such comprehensive 
surveys , however labelled, can be effective only if related care!Ul

ly to engineering studies for flood protection and for multiple 
uses of water. The ideal regional survey envisaged by pioneering 
members of the Waterways Colll!ll1sslon in 1918 and by the Mississippi 
Valley Coa:mittee 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 possible and practicable. 

Flood a batement is an adjustment, then, which bolds some 
hope or assistance in the reduction of flood losses, particularly 
from the more frequent floods, in suitable areas . The full poten

tialities of the land-management measures which it includes can
not be developed except l n tbe 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 major types of engineering works are in use for flood 

protection. They are (l) levees and floodwall ~ (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 '1tselt, 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 bave strengthened and stimulated the national economy, while 
others have tended to embal~ with public subaidiea communities 
which have loat their part 1n regional and national lite. Still 
others have reduced flood losses at a cost which appears tar in 
excess or the cost of alternative 4djustments. 

Bach type of protection wory bas been tried widely 1n the 
United States, and in the light of tnat experience 1t is possible 
to point out certain or the distinctive costa and benefits which 

at ta ch to each of them. The pro bl em ot co'llpar· l11g cos ta and bene -
f1ta in order to determine the limit or economic justification for 
flood protection applies •1th equal force to all protective works. 
and 1t 1s considered separately. 

Levees 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 manufacturtng belt and ln the al
luvial valley of the Mississippi River. Barriers of earth have 
been the obvious defense first considered in most flooded areas. 
They were the principal measures in tbe early Federal plane for 
protection against floods in t he lower Mississippi Valley and in 
the Sacramento Valley, and were employed by the few municipalities 

and the numerous levee districts which constructed flood-protec
tive works prior to 1936. 

In addition to the usual costs or acquiring land, clear
ing land, moving earth , and providing necessary drainage and cover, 
levees may require other costly changes In land oocupance. The 
most common problem is that or d1aposing 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 or highways and 
railways, or tbe establishment of new grades for them , or the 
maintenance for them of l e vee openings which may be closed quickly 
In an emergency. All these corollary costs were regarded unti l 
1938 as items wb.1ch should be provided by local interests, but 
recently the trend has been toward Federal assumption of the costs 
ot pumping plants and of changes in storm-water drainage systems. 
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 levee 
constructlon. 1 A secondary consideration entering into opposition 
to levee plans in some instances undoubtedly has been that levee 
lines mark unmil!takably those zones of a flood plain which remain 

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 stability 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 ls 

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 available channel capacity suf
ficiently 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 lands . 2 In this lll&.nner 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 
more widely than any other protection measure. For the most part, 

l.rhe most recent case ~s that of a re ~· tential section in 
Harrisburg, Pennsyl.vanla, which preferred scent.ry and floods to a 
levee and no floods. 77th Cong. t 2d Seas., Report of Chief of 
Engineers on "Susquehanna River, ' 1942. . 

2 72d Cong., lat Seas., I llinois River, Illinois, House 
Doc: 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 tbom 1a 
available, but their extent and size is suggested by the fact that 
channel-improvement projects were authorized under the Works Proj
ects Administration in at least 500 localities in the period 1938-
1941.1 These projects, having a total estimated coat of 
$57,857,000, and an average coat of $102,000 per project , were 
approved for construction as and when the relief load permitted. 
The location of all work-relief projects approved for flood pro
tection between 1935 and 1941, and having a coat of more than 
$100,000 each, is 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 channel cross-sec
tions by deepening and widening, (2) lining channel beds and ·walls, 
(3) altering channel thalwegs by elimination of curves and by cut
offs across meander bends, and (4) clearing vegetation and debris 
from channels and adjacent flood plains. or 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 bas caused abnormal sedimentation, as in the 
upper Yazoo Basin in Mississippi, 2 or in valleys where careless 
lumbering practices have resulted in clogging streams with fallen 

3 logs and brush, as in the Flint River valley of Northern Alabama, 
the channel tm.Provements alter the natural relation of stream flow 
to bed erosion and debris deposition and may thereby set in mot.ion 
important shifts in stream pattern. The dynam1cs of such shifts 
have been discussed in Chapter III. The physical processes are 
relatively slow in operation but in the brief experience with chan
nel improvements there already have been some notable examples of 
downstream changes . In the Fox Basin, Missouri, the straightening 

1 76th Cong., 1st Seas., 
Hearings before House Committee on 
ernment Printing Office, 1941). 

2Happ, Rittenhouse , and Dobson, ~p. cit . , pp. 56-62. 
3UnfavorablE! report of the Chief of Engineers on "Flint 

River, Alabama and Tennessee," January 31 , 1941. 
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Fig. 8.--Major flo~-protection projects approved for con
~truction under emergency relief appropriations, 19:55-1941 . 
(Source: Work Projects Administration.) 
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ot 69 miles of channel for flood protection during the period 

1911-1922 has increased the eroa1ve work of tbe etream 80 much 
that more than 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 1ncreased. 1 The investigations of Soil 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 upstream impedes the use of adjacent agricultural lands by 

blocking drainage outlets . 
The effects of the largest single scheme of channel al

teration--the cutoff plan of the Mississippi River Commission for 
the meandering reach of the river between the mouth of the White 
River and Natchez--are still matters of speculation. It was 
demonstrated in 1937 that the cutoffs may be expected to reduce 
flood crests substantially in that reach by increasing the flood 
slopes, 3 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 deposition in 
the tributaries, and it is not impossible that nknick po1ntn phe
nomena involved in a lowered level of downward erosion may appear 

in the lower parts of those streams . 
A different type of coat may result from straightening 

channels in urban areas where commercial land uses are affected. 
If portions of the commercial occupance in a city are separated 
from associated or tributary areas by a shift in a stream, ae wae 
done in connection with the proposed flood-protection works at 
Columbus, Ohio, pronounced changes may occur in the volume and 

1unfavorable r 'eport of the Chief of Engineers on "Fox 
River, Missouri,'' December 20, 1941. 

2Happ, Rittenhouse, and Dobson, op, cit., pp. 101 and 71. 
3 The cutoff program as of 1941 had reduced the length of 

the channel in this reach from 383 miles to 246 miles. 77th Cong., 
1st Sesa . , Flood Control on the Lower Mississippi River, House 
Doc. No. 359 (1941), pp. 14, 26-22~ 

1 
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character of business transacted. This la relatively rare because 
a 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 fl.ood waters have been tried on a large 
scale only in the Lower Mississippi Valley and the Sacramento Val
ley, In both areas, floodways have been leveed off to carry floods 
that exceed the height of the set-back levees or controlled spill
ways at their head. From an engineering standpoint these measures 
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 efficiency is many times greater if the land is cleared 
than if it is wooded. Moreover, there is heavy pressure by inhab
itants of such areas to remain in their old homes. 

In the Lower Mississippi 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 guide 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 bas 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 

question of whether or not the frequency of flooding in the flood
way areas will be increased by their use for that purpose, and 

there bas been strong agitation by influential groups of land
owners to obtain authorization of alternative works, such as cut
offs, which would eliminate the need for the floodways and permit 
r~sidents to enjoy the same degree of protection granted to their 
neighbors on the other side of the guide levees 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 !loo~way occupants when 
the emergency outlets are used, as they were at Birds Point in 

1937 . In 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 
F'ederal 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 social resistance to continued use of the floodways, and 
it fails to cushion the impacts of flood upon thelr occupants . 
In the instance of the small Bonnet Carre spillway from the Mlssis
sippi River into Lake Ponchartrain 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 tloodways might pro
vide an opportunity to promote improved living con.ditions by favor
ing a better balanced farm economy and by initiating certain 
structural and land-use adjustments, such as the location of per 
manent dwellings outside of the floodways. 1 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 a few instances of small-scale floodway con
struction by levee districts which bas been abandoned or impaired 
because of sedimentation, but these dangers have not yet become 
threatening in the Lower Mississippi and Sacramento valleys. 

Reservoirs 

Two types of reservoir control are in use in the United 

1The 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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Statea . Detention reservoirs have been constructed with the sole 
purpose or slowing up excess water -and-sediment flows in the Miami 

Basin ot Ohio, the Winooski Valley ot Vermont, the Upper Susquehanna 
and Delaware vall eys i n New York, the Los Angeles drainage area in 
California, the Fountain Valley above Pueblo, Colorado, the St. 
Fran cia Basin in Arkansas and •11asouri, and a few other areas. 
Storage reservoirs will.ch use all or part of their storage t or other 

purposes have been undertaken by state agencies i n the Hudson and 
Black basins or Kew York, the Muskingum Basin of Ohi o, and the 

Colorado and BraEoa basins in Texas. Tbs Federal government has 
initiated the constructi on of storage reservoirs in the Merri~ack, 

Connecticut, Savannah, Mobile, Missi ssi ppi, Colorado, Sacramento
San Joaquin, Willamet t e and Columbia basins. Of these, the most 
nearly complete system or control tor a large drainage area has 
been developed in the Tennessee Basin by the Tenness ee Valley Au

thority, and the most extensive system or reservoirs is that author
ized by the Fl ood Control Act of 1938 for the Ohio , Upper Missis
sippi, Lower Missouri, White, Arkansas, and Red basina to aid in 
Lower Mississippi fl ood protecti on. 

Without describing the engineering features of these great 
programs, which are covered adequatel y by the reports of the re

sponsible constructing agencies, attention may be drawn t o their 
distinctive coat s and benefits. By t aking the top off of the 
flood crests, detenti on reservoirs eliminate overbank flow and, 
where encroachment has not proceeded into the stream channel, per
mit bankf'ull discharge. They thereby prevent the sedimentation 

and cutting which a ccompanies overbank flow, at the same time 
allowing t or the natural cleansing action of efficient fl ow with 
in the banks. They do not affect stream regimen at other times. 

Storage reservoirs may be and frequently are operated to reduce 
fl ood crests more extensively so as to prevent the occurrence of 

fl ows approaching bankf\ill capacity, and they also are used t o in
crease the volume or low flows. The more stable pools of storage 
reservoirs are likely to promote the formation of deltas and 
debris plugs in the l ower reaches of tributary alleys, and to 

accelerate deposition of debris at the heads of the reservoirs . 
Re servoir construction on a large scale is so recent in the United 

States that t here baa been little opportunity to observe its ef 
fects upon the natural l andscape. Experience with a few of the 

projects already sugge ~t s that the coats 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 Dem probably supplies 
an even more dramatic case of dislocations resulting rrom a reser
voir 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.1 A wave of scouring has begun to move downstream from 
the dam, and although it la diminishing in severity as it pro
gresses and as a new equilibrium between bed conditions and stream 
velocity and turbulence is establ i shed , the ditch headings, pump
ing plants, and drainage works of irrigation districts along that 
reach of the river have suffered sufficient l oss so that steps 
have been taken to recover damages from the United States. 

Another reservoir cost heretofore largely ignored results 
from the dislocation of people living in or adjacent to reservoir 
areas . The expense of land acquisition has been taken commonly to 
include only the ne cessary reimbursement s to land owner s for land 
or for damages 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 divi ded into uneconomic 
operating uni ts . The total payments on those bases in settled 
portions of the country fall far short of coveri ng the full social 
losses that attach to reservoir construction. 

Geographical s tudies 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 
ot losses that can result even where economic organization is 
r elat i vely simple . 2 Reservoir construction required, in the 

1oodfrey Sykes, The Colorado Delta, American Geographical 
Soci ety Special Publication No. 19 (Carnegie Institution of 
Washi ngton and Ameri can Geographical Society of New York, 1937) , 
p . 174 . 

2o. Donald Hudson and Malcolm J . Proudfoot, "The Proposed 
Fowl er Bend Dam and Reservoir on the· Hiwasaee River- -An Evaluation 
ot Probable l!:l'fects , 11 Tennessee Valley Authority, September 26, 
1935. 

l 
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opinion of the 1nveat1gators, the purchase of approximately 24 , 100 
acres, of wh1 cb 7 ,100 acres ware 1n the reservoir and 17,000 aorea 
were on adjacent uplands. Tbe purchase area bad a population of 
883 , ot wbom 40 per cent were tenants. Kore than three-quarters 
of tbe lower valley lands 1n the reservoir area were owned by cor
porat1oos. Tbe farmers of the area were poverty stricken or at 

beat bad meagre financial resources. One out of eight was on re · 
lief. A land claasitlcation by the unit -area method showed tbat 
virtually all the land ot excellent or good quality ln the vicinity 
of the reser•oir was in the valley bottoma. There were no prom· 
is1ng opportunities t or agricultural resettlement nearby, but 1t 
seemed possible tbat temporary employment might be f ound tor 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 tbe recreational facilities to be developed in the purchase 
area. Under these conditions, the payment of land owners tor the 

property acquired could hardly be expected to cover the expense 
wb1cb public agencies faced in oaring tor those displaced tenants 

who were wi thout reserves to enable them to move to other loca
tions. The same problem haa been encountered on a much larger 
scale in other reservoirs of the Tennessee Valley Authority, and 
while the labor policy ot the Authority has favored tbs employment 
and vocational training of displaced workers, there baa not yet 
been a large Federal reservoir project 1n which specific provision 
waa made in project plans and cost estimates t or coping with the 

problems of such workers. In recent years, the Tennessee Valley 
Authority baa made extensive investigations along these 11nea and 
has sought to evaluate the etteota of reservoir construction not 
onl y upon agricultural income in ad jacent areas , but also upon 
mineral, f orest, wildlife, and manufacturin.g production and upon 
public health. 

Greater progreu nae 'bean made in evaluating the prospec

tive benefits from multiple-purpose reservoir projects, and this 
la evident 1n recent reports of the Corpe of Enginsera, Bureau 
of Reclamation, Federal Power C01111111sa1on, and Tenneesee Valley 

Author1ty. 1 The problems associated with such evaluation are be-

1940, 
in a 



-

151 

yond the scope of the fl ood pr oblem, and t hey are mentioned here 

only to indicate tbat tbo otber P'U'POH8 of navigation, oloctr1c· 
power generation, pollution abatement, wlldll!o conservation, and 
recreat1on may enter, some or all of them, i nto the design, justi
fication, and operation ot a storage reservoir project . 

Limit ot Juatit1oat1on 

In the light of t he general concept ot just1!1cat1on for 
flood-plain readjustment suggested above , the appraisal o! each ot 
the f our forms of f l ood protection involves, in essence , three 
steps: (1) determination or benefits, (2) determination of coats , 
and. (3) comparison of benefits and cost s . There can be little 
quarrel with such a statement of the appraisal process as appli ed 

to flood protection. Only in its applicati on to specific flood 
plains ls there room for disagreement, and there the variations 
among recent investigators are wide and deep. 

Flood protection has been the subject of more quant1ta
t1 ve valuati on than all the other fl ood-plain readjustmenta . 1 

From the a ccumulated experience of engineers in studying hundreds 
of prospective protection works, it ls possible to select some 
of the essentials of a comprehensive and consistent appraisal, 
and also to axa.mlne the chief problems associated with such ap
praisal. If some of these pr oblems appear to be issues of minu
tiae, it should be recalled that s11gbt differences in procedure 
1n the valuation or fl ood losses may result in large variation 
1n the conclusions reached. Indeed, as will be demonstrated later, 

so great are t he effects o r slight manipulati ons in t he appraisal 
techniques that some doubt ls cast upon the utility o! the entire 
process or determining justificati on. A review or current prac
tice shows that, while a general formula or the f orm 

1ty, and published by the members of the Seminar. 

~elatively exhaustive statements of valuation techniques 
employed by the Corps of Engineers are given in James B. Lampert , 
"A Study of Methods of .Determining Flood Iemages and of Bvaluatlng 
Flood Control Benefits" (Master's thesis, Maaaachuaetta Institute 
ot Technology, 1939 ), and Edgar R. Foster, "Evaluation of Flood 
Losses and Benefits," Proceedijf.'a of the American Societl ot Civil 
Engineers, CVII (1941) , 865-82 • The problem of appraia ng bene
fj ts receives detailed analysis in Price' a t hes is noted above. 
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Benefits 
Bconom1c justification = Costs (3) 

may state many of the considerations in evaluating flood protec 
tion, t he resulting benefit-cost ratio in most instances of prac
tical application bides in its apparently precise algebra a large 
body ot assU111ption, inaccuracy, and arbitrary judgment. 

Estimation of benefits.--Protection against floods yields 
benefits in three ways, as follows! 

(1) Through eliminating or reducing the factor ot fl ood 
I 

loss. 
(2) Througb promoting a more productive adjustment to 

other floodplain factors , such aa to alluvial soils. 

(3) Through the beneficial effects which the protection
works themselves may have upon population and land use in the 

flood plain. 
It ie not enough to assume that the curbing of flood wa ter 

will serve merely to prevent or reduce the occurrence in future 

of losses which otherwise would be experienced; new production 
values may be created by the reducti on of the fl ood hazard and by 
the existence of the protection-works. 

In so far as loss prevention or reduction is concerned , 
Lampert has shown that 5 major steps are involved in their ade 
quate appraisal i n any flood plain. 1 These steps are as follows: 

(1) Estimation of the loss which is likely to result from 
floods of specified magnitudes for each 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 tor all crest s less than the probable maximum crest. 

(3) Estimation of the probable frequency of occurrence of 
each stage above flood stages . 

(4) Calculati on of the amount of losses which may be ex 
pected to occur during the period' for which flood frequency is 
estimated. 

(5) ~st1mat1on of the losses which would be prevented by 
the construction and operation of the anticipated protection works. 

These tive steps are involved in a comprehensive estimate 
of prevented losses wherever the hyd.rologic and economic data 

1Lampert, op. cit. 
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permit them. Obviously, 1! the basis !or calculating flood proba
bility is weak, or if the data concerning proapect1vo losaoa aro 
inaccurate, the relatively precise procedure suggested above may 

be inappropriate. One commonly-used alternative la to assume that 
flood loaaea in f\lture will be approximately the same as those for 
an equal period of time in the recorded past. Thia sill:ple method 
waa used in many reports prior to lg3s. It was applied in some 

areas with correcti ons for expected changes in flood-plain occu
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 re corded t or 
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) detailed house-to-house canvass 
throughout the entire fl ood plain. The choice of method used 1n 

the est1matee requires consideration of the diversity of flood
plain occupance, of the reliability of past estimates , and or the 
degree to which the flood problem in the area justifies expendi
tures for survey purposes. 

Without attempting to discuss these specific methods, it 
seems clear from the nature of flood losses and from the exper~ 

ence now available in estimating benefits that a sound estimate 
requires several conditions. First , there ls need for a common 
base upon which all o! the losses to be reduced can be evaluated. 
Property losaea may be evaluat ed satisfactorily on the basis of 
sales price, or of capitalized income, whereas original coat and 
replacement coat may be used only with judicious allowance for 
depreciation and obsolescence. Whatever the basis selected, the 
total estimate ls of questionable value unless those same criteria 
are applied consistently. 

The test of consistency la 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 
valuation bases as capitalized income or sales price are available 
for the latter two classes of loss. Congreaelonal guidance with 
respect to this problem la lacking, and, in 1ta absence, the deci
sion as to the base to be used 1n Federal valuation of flood pro
tection ia left to reporting offi cers. To the extent that the 
bases for any given project are mutually inconalatent, the esti
mates of total benefits do not reflect a balnnced picture of the 
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social impacts which are to be prevented or ameliorated by flood 
protecti on. 

Second, due allowance should be made for non-recurring 
losse s . To the extent that property ls repaired or rebuilt in a 
way that renders it free from or leas subject to the f lood hazard, 
its loss at one time cannot represent a 'benefit t o 'be experienced 
in future. 

Third, reas onable correction should be made for prospec
tive changes in flood- plain oocupanoe. Neglecting for the moment 
major 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 ex.ample, the central buainesa districts of cities such ae Loa 
Angeles and Detroit could i n 1930 ae well as in 1940, on the 'basis 
of local and national population trends, be expected to continue 
to grow. On the other band, it seemed highly doubtful i n 1940 
that any significant expansion could be expected in the commer
cial areea of marg1nai pr oducing 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 i t la dangerous merely to extrapolate t rend lines of 
populati on growth, as done in several cases , Some investigators 
have sought t o a pply percentage increases to the lose estimates 
obtained 'by the methods descri bed above, 1 and others have t aken 
the poai ti on that increases in intenai ty of occupanoe would off
ae t the non- recurring losses and have, on that ground, retained 
the latter. 

It is ea sy to allow the drama of flood disaster to distort 
the importanc e of 'benefits, and no indirect 'benefit ls more sub 
je ct to emotional bias than prevention of the loss of bum.an life. 
Newspapers make headline -capital of hazards t o life, and sometimes 
even a hard-headed engineer indulges i n that tendency. In 1937, 

following the violent floods in the Ohio Valley , the Chief of 
Engineers, in recommending a $436,000,000 constr uction program 
to protect partially agai nst the occurrence of the probable maxi
mum flood, stated in his report: 

While figures have been compiled to establish the monetary 
benefits from the construction of the works that have been 

176th Cong. , let Sees. , B.rad:r Creek, Texas , Bouse Doc. No. 
441 (1939) , p. 21. 
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described, and t o establish their e conomic juati!ication, I 
am or the opi nion that the real justification tor this large 
expenditure is to be found i n the saVing of human life and 
suffering, and in the prevention of the disturbance of the 
affa.ira o! the Nation brougbt about by a !lood diaaater.l 

At least 140 lives had been l oat, and more than 500,000 people had 
been driven from t heir homes. Construction of the recommended 
works would not prevent the occurrence of high water in those por
tions of the valley which woul d 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 i nquire whether the same expenditures 
might not be used to better advantage in preventing the loss of 
140 lives and the suffering of 500, 000 people tor a abort time 
during the period of more than 100 years when a great flood proba
bly will occur ono e. Pneumonia, whi ch caused a la.rge proportion 
of the loas of life in t he 1937 flood, takes an annual toll in 
the United States of 150,000 lives. Accordlng to conservative 
estimates by public-health offi cials , that mortal.tty could be 
reduced by more than 25 per cent by providing serum and laboratory 

diagnosti c servi ces for pneumonia caaea that are amenable to aerwn 
trejltment . The serum cost s $25-75 per case, and there are only 8 
states which have active programs for typing cases in order to 
determlne the treatment required. A national program to give ade
quate diagnosis and to supply serum to the needy would coat 

2 $22 , 000, 000 annually. An expenditure for pneumonia treatment of 
$3, 000, 000, the amount probably required annually to maintain the 
Ohio River reservoir system when completed, would make poaaible 
the aa ving of approxime. tely 4, 800 li vea annually. Considering 
thia alternative for improving health, tremendous value muat be 
assigned to "disturbance of the affairs ot the Nation" in order 
to justify the recommen.ded expenditure on the grounds or prevent
ing human suffering and economic disturbance, especially in view 
ot the modest effeot whl ch the 1937 !lood seems to have had upon 

Lower 
Govern -
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the e conomic affairs ot the nation as a whole. 
Although the benefita frOlll preventing flood loss may, un

der certain conditi ons of regional or national growth and change , 
be expected to increase or decrease during the lite of protection
works, a second type of benefit may result from land-use changes 
directly induced by flood protecti on. This class of benefit 1n
clude a (l) reclamation of wet or waste lands for agr i cultural or 
urban purposes, and (2) the at1mulat1on ot i ntensified occupance 

1n areas already occupied. 
Three of the more conapicuous examples of re clamation of 

wet l ande i n the United States--the Lower Mississippi alluvial 
valley, the Sacramento valley , and the Lake Okeechobee areas-
were the result of land-drainage activities in combination with 

flood-protective works whi ch since 1917 have been Federal respon 
eibili t1ea . Wet land reclamation la not contingent upon flood 
protection i n every instance, but the t wo are associated in most 
re clamation enterprises i n humid and subhumid climates . Without 
drainage, the protected landa cannot be cultivated effectively, 

and wi thout protection e ven the best-drained lands are uninviting. 
The amount of benefit attributable t o fl ood protection 

under those conditions probably can be evaluated moat accurately 
in terms of the increased income which is expected to accrue . The 

method of computing different1ala in t he value of protected and 
unprotected land of similar qual ity has been used widely , 1 but is 
aubject to distortion resulting from the use of present selling 
prices of unprotected land. These often reflect anticipation of 
t he time when protect! ve works may be construc ted. Moreover, such 

d1fterentials are primarily a measure of benefit accruing t o the 
landowner and do not take into account the net change i n pr oduc
t1v1 ty f rom a national atandpoi.nt. Pri ce points out this wealmeas 
ot t he differential method in his analysis of the Cor ps of Engi 

neers' report on Ste , oenevi evo County, M1aaour1, sbow1ng bow the 
values obtained by land appraisal r enect only the probable i ncre 
ment in land rental, and neglect the t otal effect upon goods pro-

Flood 

River, 
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duced. 1 

In the Ya100 backwater area, tor example, tho value of 
protection might be computed by comparing present land values with 
those tor similar 1oil type1 now enjoying complete protection. 
Difficulty ari1ea fr om the tact that apeculatora already have 
acquired large sectiona of the area wi th the hope of reaping prof
its it and when protection makes settlement poaaible . 11 protec
tive work ia properly guided , the national benefits !ran direct 

settlement activities in the backwater area oan be large by com
pari1on with the returns to land owners . As indicated in a recent 
Department ot Agriculture study, there are great opportunities 
tor peopling the fertile Delta soi l s on a aelt-autticient basis, 
thus relieving the pressure ot population upon the eroded and in
fertile soils of the Mississippi uplands. These opportunities are 
beat measured in terms of the income-producing capacity of indi

vidual farm families. 
The second aspect of enhancement of producti ve capacity 

ia that associa ted with an intensification of occupance 1n the 

area to be protected . In its moat simple form, the type ot farm
ing may change in responae to a reduction in flood hazard, aa, t or 
example, the prospective ahitt trom pasture to teed crops in the 

2 Borda Creek Valley or Texas . In its moat compli cated form, the 
central. busineaa district ot a city may be encouraged to expand 

a nd rebuild in tbe flood plain, aa in the Miami Valley, Ohio, after 
the flood of 1913. 3 Theoretically, such changes should be re
flected in land values, but their effects are di ffi cult to sort 
out among the secular trends in land value, and among the hysteri

cal deflations and subsequent inflations of selling price which 
accompany any aerioua disaster. The writer is not aware o t any 
well-defined efforts to make such measurements. 

In this connection, mention should be made of depre ciation 
in property value aa an alleged flood loss. It baa been shown 
that such depreciation may constitute a duplication of property 
and production losses in so tar as it allows tor prospective f lood 

l Price , op. cit. 
276th Cong. , lat Seas. , Pecan Bayou, Te11.a, Bouse Doc. 

Wo. 370 (1939), p. 46. 
3Altred J. Wright, "Ohio Town Patterna, • Geographical Re 

view, XXVII (1937), 623. 
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101111es. For the sam.e reasons, it is believed that, to similar de
gree, the preventi on or such depreciation is not properly a bene
fit and should not be considered in the analysis of flood protec
tion.1 

Protective works may yield benefits quite distinct from 
prevention of flood losses or from enhancement or productive ca
pacity or from multiple purposes served by storage reservoirs. 

These are the benefits that result from the construction 
ot public works. Without attempting to enumerate those effects, 
attention may be called to one great advantage to be gained from 
reservoir construction. ln some areas, such as the Tennessee Val
ley, reservoir work provides an opportunity to train the construc
tion employees in vocational and citizenship skills which they 

need to improve their level o! living. This benefit has been lost 
1n the past by the Federal goverrunent 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 
ea.me problem is nowhere m.ore evident than in the estimation of 

costs . The first-named approach is that followed by the Corps of 
&ngineers. All current reports by the Chief ot Engineers caiculate 
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
men~ over a period usually not more than 50 years (depending upon 
the expected life of the works), plue the cost or Federal mainte
nance and operation incurred by the works, and less such opera

tion and mainten.ance 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-

1Althougb differential in land va lues 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 re cent studies . Its utility depends 
upon the degree to which it appraises all factors affecting the 
productivity of the flood plain wben protected and all of these 
may not be effective upon selling price . Otis Ill. Page in "Basic 
Economic Considerations Affecting Single and Multiple Purpose 
Projects," Proceed.in a of tb.e American Socie of Civil Kn ineera, 
LXVIII (19 , 4li- , suggests that the loss re uct on and f
rerent1al 1n land value methods should be used jointly, and that 
the one yielding the highest 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 

gro~po, (b) rolatod oxpond1turea by otber Federal departments, aa 
for fish hatchery relocation, (c) interest during construction at 
3 per cent for half the construction period when it is more tha.n 
two years, (d) value of Federal properties which will be destroyed 
or damaged by the project, and (e) deduction for accrued amorti
zation charges of such exiating Federal improvements as will be 
replaced by the project. 

(2 ) Non-Federal annual charges are taken as the net non
Pederal 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 improvem.ents owned by local groups . The 1 tem of non-Federal 
investment comprises (a) tunds contributed to supplement Federal 
first cost of construction, (b) value of lands, easements, and 
rights-of-way to be f'urnished, (c) construction, such as utility 
relocation, at 4. 5 per cent for half the construction period whe.n 
it is 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 project. 1 

So far as it 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 t or non
Federal than Federal investment are open to question on economic 
grounds which are not discussed here . 

The method omits from consideration many social coats 
which result from the construction of a project as surely as do 
the benefits obtained through loss prevention. These additional 
coats, which have been described in foregoing sections, consist 

chiefly of (1) social dislocations incurred by reservoir construc
tion, and (2) changes i n stream channel and regi men caused by the 
engineering works. It ls believed that evaluation of those items 

1war Department, Office of the Chief ot Engineers, "Circu
lar Letter," August 14, 1939, pp. 2 - 6. (Jll1meograpbed.) The in
terest rates have since been changed to 3 per cent for Federal 
and 4 per cent tor non-Federal charges . 
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la largely practicable, and that they can be placed on a fairly 
sound, even though less accurate basis, than the usual engineering 

estimates of first cost. 
Indirect , intangible , and production benefits.--The fore

going discussion has carried forward the distinction made in the 
section on 11Plood losses" between property and production losses. 

Property benefits have been distinguished from production benefits 
on the same basis . 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 aot1v1t1es , are not susceptible to measurement by means now 
available. 

Such terminology differs from that employed 1n numerous 
engineering studies of flood control. In many of those studies 
the terms 11 1ndirect" and 11intangible" a.re used to mean any bene 
fits, other than prevention of property loss, which 1n the investi
gator' a judginent warrant receiving some weight in the equation for 

justitication. 1 The terms "indirect'' and "intangible" are not 
used here, partly because of the confusion in connotation to which 
such use would lead, and partly because their ambiguous meanings 
express a diversity of definitions which no longer seems neces
sary . By subdividing benefits into the classes noted above, it 
is possible to consider the effects of flood protection without 
making allowance for an unspecified and dimly-perceived class of 

effects. 
Comparison of coste and benefits.--In the interest of con

sistency 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 or the same 
assumptions with respect to the benefited area , the equation is 
an 1naccura te measure of jus ti fi ca ti on . The methods of compa.ri eon 
involve questions of economic theory which the writer is 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 whi ch have a much shorter life than the 

~be terms "general" and "special" may also prove useful 
under certain conditions . "Limit of BconQlll1c Just1f1cat1on for 
Pl ood Protection," Journ.al or Land and Publ le Ut1li ty Ikonom1cs, 
XII (May, 1936), 135-138. 
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probable frequency of the project tlood against which protection 
ls to be given. In such instances the inhabitants of a flood 

plain may wish to increase arbitrarily the estimates of probable 
flood benefits by assuming that great floods will occur more fre
quently than is considered probable. This inconsistency does not 
seem objectionable so long as it is clearly a matter of public 
choice rather than of technical judginent. 

Second , it the national point of view is 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 inevitably to placing a disproportionate weight upon one or 
more types of benefits or costs. 

Although there 1s no single, precise method which ls most 
likely to lead t~ a fair and judicious appraisal of the benefits 
and costs of flood-protective works , a number or essential ele 
ments in any such appraisal are disclosed by the foregoing analy
sis . Federal experience 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 tbs following quali

ties: 
(1) It attempts to appraise all relevant benefits and 

costs. 
(2) It takes into account the possible benefits trom pro

moting a more productive occupance of the fl ood plain and from 
construction of the protection works tbemeelves, as well as the 
benefit from prevention ot future flood losses. 

(3) In evaluating possible benefits, it adopts throughout 
a consistent assumption as to the area 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 pr ospective 
changes i n the use of the flood plain due to factors other than 
floods. 

(5) It recognizes in evalustlng costs that the effects of 
flood protection may eAtend beyond ordinary bu1lding costs into 
the dislocation of social organization, and into tbs disturbance 
of stream processes. 

(6) It seeks to identify each class of possible benefit 
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or cost, and to assi.gn to each a monetary value wherever practi
cable , but it avoids a degree of precision in measuring those 

values which is not warranted by the reliabili ty of the data meas
ured. 

(7) It compares benefits and costs on a basis which takes 
account of the possible occurrence of the probable maximum flood, 
but 1111l1 ch 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 all seven of these qualities. Most of 

them fail 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 ventur e a monetary 
appraisal of benefits for which relatively det ailed statistical 

data are not available. 
Probably the major departure from these essentials lies 

in the apparent precision with which the comparison of costs and 

benefits is expressed. Ratios to the second decimal place are 
used to compare findings based upon data ~hich, at best , are not 

reliable beyond the first or second whole digits. One project is 
recommended f or authorization because it bas a benefit-cost ratio 
of 1:1.08. 1 Another is disapproved because it has a ratio of only 
0. 75. 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 arbitrarily selected increase 
of as much as 40 per cent to allow tor 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 ls par
ticularly subject to inaccuracy when, i n arriving at it, large 
groups of benefits and costs are ignored entirely. It is as 

though in determining the need tor purchasing an aut anob1le , 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 probabl e cost of repai rs 

1Report of Chief or Engineers on "Chittenango Creek and 
Tributaries, " New York, November 3. 1941. 

2Report of Chief of Bngineers on "Whitewater River, Minne
sota," September 26, 1941. 
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and tire replacement, and (3) comparing theae coats with a carefUl

ly prepared estimate or aav1nga 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 vacation trips and to go for a doctor in an emergency, 
or the experuie of increased family traveling or of having an invi
tation tor the youngsters to wan.der far in search of amusement, 
any one of which m1gbt be the determining consideration. 

This is not meant to suggest complete abandonment ot the 
coat-benefit ratio. The ratio ia helpful . It would be more help

fUl if more pbaaea of benefits and coats went into its computati on, 
and if it were recognized aa having no more precision and accuracy 
than its least reliable components. 

Emergency Measures 

The obvious alternative to keeping floods out ot a flood 

plain is to get damageable property and productive proceaaea out 
of the way of floods . Staying out or a flood plain to begin with 

is the simpler procedure , and belated efforts now are being made 
to control further unnecessary encroacbmenta, but auch control 

doea not relieve distress from time to time in areae already occu
pied. Where permanent readjuatmenta do not prove justified, some 
ot the di stress can be alleviated by measures ot a temporary char
acter . The principal linea of emergency action are removal, flood 

fighting, and re-scheduling. 

Removal 

Temporary removal meaaurea have been developed on a small 
acale in numerous flood plains, but only a tew 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 ot 1936 illustrates s ome of the possibilities 
and difficulties of removal. Both etores are at the aame elevation 
and the owners carry on approximately the same volume of business. 
One prepared for the predicted flood by using hie delivery trucks 

to transfer, within six houre after receipt of the forecast , all 
the goods and movable tixturee to higher land. The loaa amounted 
to the coat of $200 tor moving, plua the coat ot redecorating the 
interior. The other etorekeeper piled his goods on caees and plat-
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f orms in anticipation of a flood crest which would reach a height 
of f ive feet above floor level. The crest actually went several 
feet above that level and caused a complete loss in damageable 
goods, amounting to $3, 000. Prompt acti on following a forecast 
may result in large savings, but if the action assumes accurate 
forecasts and if the forecasts prove to be too low, the loss may 
be greater than if no forecast had been made. 

A steel plant in t he 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, like several other large corporPtions on 
that reach of the Ohio River, has planned and mai ntained its own 
system for evacuation . Each division of the plant is carefully 
marked and labeled so as to show its elevation above low water 
and the point at which flood waters would cut it off from dry land 
or would i nundate critical items such as power machinery and pumps. 

When flood waters are expected to reach or exceed one of these 
critical heights in a given division, evacuation begins according 
to plan. Machinery is hoisted above the reach of the water, of
fice records and supplies are removed, and pumps are arranged so 

as to be of maximum value i n cleaning up the plant after the flood 
has receded. In t hese and many other ways the company gets its 

damageable 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. Officials 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 feas1bil1ty 

or undertaking such an adjustment rests in large measure ~pon the 
mobi1ity of the property affected. The relative amount of remov
able property governs the extent to which temporary evacuation is 

possible , and the value of such property sets an economic limit 
upon the expenditure for removal. Whether or not it is the most 
effective form of adjustment can be determined only after apprais
ing other possibilities. 

Scores of examples of removal techniques applied by 1nd1-
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viduals might be cited. These range from the Pittsburgh shop

keepers, who have their first-floor showcases mounted on rol lers 
so as to facil i tate removal by elevators to upper stories , to the 
Kansas City railways with their plans to elevate their bridges 

over the Kansas River , when a flood approaches, by using a system 
of emergency jacks. 

Several district chapters of the American Red Cross wer e 

responsible for drafting a similar evacuation plan on a larger 
scale ~or the Lake Okeechobee area in Florida . The farmers and 
townspeople of the Everglades lands surrounding the Lake su.ffered 
tremendous losses in 1928 when a passing hurricane generated a 
flood wave which swept over the lake shore and inundated areas 
extending several miles from the shore. Heavy loss of life 
occurred . Flood-protection levees and outlet works were author 
ized in 1930, but as a substitute during the construction peri od 
and as an added precaution later, the Red Cross chapters worked 
out a plan to prevent a repetition of the 1928 experience 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 detail. 1 Definite responsibili 
ties were ass1gn~d to persons or agencies for providing warnings, 
transportation, food, shelter, medical care , and other nece ssi
ties . Provision was made to revise the assignments and schedules 
.currently. Arrangements also were made for an or derly reoccupa
tion of the flooded area . Fortunately, the plan has never been 

used, but it i s always ready, and, if executed properly, is 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 tor them on all unprotected flood plains havin~ 
r elatively dense populations. By 1941 the national organization 
had sti mulated tbe pr eparation of plans for virtually all of the 
Ohio River urban areas , and for a nU111ber of other towns and cities. 
Each disaster-relief plan provides tor: (1) the organization of a 

1soutb Florida Red Cros a Sa fety Cammi ttee , Florida Refugee 
Evacuati on Plan, Lake Okeechobee Area, July, 1936. 



166 

continuing local group to prepare , revise, and execute the plan, 
(2) identificati on of the area exposed to the nood hazard, (3) 
dissemination of warnings, (4) rescue of persons from nooded 
areas, (S) medi cal care , (6) transportation of the refugees to 
suitable living quarters, (7) purchase of necessary supplies, and 
(8) registration and information services for refugees and others 

affected. 1 These plans have been used w1th good effect in some 
areas . Given 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 
resources of the communiti es in dealing with flood sufferers. 
Thie 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 refugees. 2 

The local plans are being supplemented by state-wide dis
aster relief plans whi ch have been prepared in cooperation with 

the states of Alabama, Arkansas, Illinois, Kentucky, Louisiana, 
Ohio, Pennsylvania, Rhode Island, Virginia, and West Virginia . 

Larger problems, such as the transportation of refugees, 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 f or the required work is clearly divided and assigned. 3 

These plans and allocations for responsibility minimize adminis
trative contusi on in time of flood and make it possible to provide 

long 1n advance for warning services, emergency communications, 
and refugee concentrati on camps. 

The Red Cross plans relate to basic needs for life-saving, 
health, food, clothing, and shelter f or 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 

1Amerioan Red Cross, Sample Disaster Preparedness Plan, 
Black County Chapter, April, 1941. 

2American Red Crose, Ohio-Lower .Mississippi Flood Disaster 
of 1937 (Washington: American Red Cross , 1937) . 

American Red Cross, New York-New and Hurricane and 
Floods, 1938 (Washington: American ed Croes , 1939 . 

3An example is The Arkansas Plan ~or Flood Relief in Raet
ern Arkansas, Arkansas State Planning Board cooperating wltb the 
American Red Crose and other agencies, 1938. 
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Ci ncinnati and Los Angeles are outatand1ng, plana have been pre
pa red and used to coordinate Red Croaa work and the work ot indi

vidual plant operators by maintaining electricity, water , gas, 
transportation , fire protection, police, and other essential pub

li c services under municipal authorities bavina broad emergency 

P091era. 1 

Flood Fighting 

Floods may be fought back temporarily by (1) works to pro
tect towns or other large areas and (2) works t o protect individual 

building units or pieces or pr operty within buildings. As a t empo
rary expedient until permanent works are construc ted, or as a meas

ure which is less expensive than the constructi on of permanent 
works, flood fighting has been used suooessfully in a f ew sections 

of the Uni ted States. 
In Washinaton, D. C. , prior to the building of the l evee 

to protect government offi ces in the West Triangle, the Corps of 

Bngineers had detailed plans t or emergency sand-bagging along the 
line ot the pr oposed levee, and during the Potomac flood or 1937 
the nearby companies of the Civilian Conservation Corps were 
called upon to carry out t he wor k . The Corps now baa very broad 
authority to assist in sucb work throughout tbe United States, 
and its distri ct offices have made or are making plans t or emer 
gency action in appropriate localities. 

During the flood ot May, 1941, the Weather Bureau forecast 
or stages or the upper Ri o Grande resulted in the construc tion by 
the Civilian Conservation Corps and tbe State Engineer or an emer
gency levee to protect t he village ot Bapanola, New Mexico, f r om 
water which otherwise would have caused property l o aaea estimated 
at $136, 000 . (The l osaea woul<! have been high by comparison w1 tb 
t he total value of property. because 64 or th.e 68 buildings in 
the village ar e of adobe construc tion and would have melted away 
as the waters rose.) It l a not possible t o estimate the coat of 
making the forecast in this lnatanoe, but the levee work cost 
approximated $13 , 000. 2 Regardless of the feasi bili ty of pr oviding 

1Propoaed emergency code or the Cit y or Cincinnati . 
Burton L. Bunter, "Disaster Preparedness Plan Used Dur

ing Loa Angeles Flood,"- Public Management , X.X. (19~) , 119- 120. 

2unpublisbed report of Weather Bureau on "Flood Loss 
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permanent protection for Espanola, or of moving the village to a 
less vulnerable location, it is apparent that the costs of making 
a forecast and of hastily erecting temporary protection works were 
amply warranted by the benefits obtained that year. 

On a smaller scale, the same technique of erecting tempo
rary barriers to keep water out of critical areas has been tried 

rather widely and successfully . The flood qf July, 1938, in the 
Pawtuxet Basin in Rhode Island caused direct losses twice those 
of the flood of March, 1936, although it was not notably higher, 
the increase in loss being principally the result or the failure 
of emergency sandbagging and pumping operations at a single manu
facturing plant. 1 If that emergency work had been effective, the 

estimated benefits from flood protection for the basin would have 
been reduced by at least one-half. Inasmuch as the manufacturing 
plants which are crowded into the narrow flood plain of the 
Pawtuxet account for 70 per cent of the total flood losses, it 
seems possible 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
sirable. 

On a still smaller scale, there are numerous techniques 
which have been developed principally by manufacturers to fight 

against losses within flooded buildings. Just as towns or build
ings may be protected effectively by emergency measures, so also 

may the parts or contents of a building be hastily guarded if time 
permits. 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 breakage by floating debris. 

(3) Filling empty tanks with water to prevent them from 

floating from their foundations on the f lood crest. 
(4) Coating metal parts with heavy grease to prevent 

ru.sting . 

(5) Packing machinery with grease or other packings to 

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

. 
176th Cong., 3d Seas., Pswt uxet 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 railway 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 major classes of loss . Recalling the characteristics of 
flood losses as discussed in Chapter III, it is clear that flood 

fighting is especially well suited to the prevention of certain 
classes of loss. Whereas plate glass windows and machinery ac

count for an outstanding proportion of commercial and manutactural 
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-scheduling 

The third class of emergency measures--re-scheduling-
compr! ses shifts in public service and other production schedules 
which result in maintaining service in time of flood. Aa noted 

in the preceding chapter, the public utilities of the country have 
an enviable record for performance in the face of severe flood dis
aster. Thia reflects hard work and ingenuity. Increasingly, al
so, it reflects careful preparation to shift the schedule or 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 
it became necessary to route calls through Phoenix, Denver, Salt 
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 months 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 
men were on hand to replace the pipe promptly and to maintain 
service. 1 

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



TABLE 13 

RELATIVE SUSCEPTIBILITY OF FLOOD LOSSES TO REDUCTION BY 
EMERGENCY MEASURES BASED ON FLOOD FORECASTING 

Class of Loss 

Agricultural 
l. Crops 

a. Unharvested m~ture crops . . .. ....... . 

b. Decrease in yield .. . ... ... . , . ...... . 
c. Reseeding perennial crops .......... . 
d. Crops not planted .......•.•• .• ..• .. . 
e. Replanting of crops . ..•. .. . .. .•• .... 

2. Stored crops . • ........ .. .... •.•. . • . .• .• 
3. Orchard •......•....••............•..... 
4. Farm timber •....•.. ....••... •....... . .• 
5. Livestock & 11veetock products ....•.... 
6. Residence--see "Urban Residential'' 
7. Furnishings •........•... .. ...... • ...... 
8. Personal belong!ngs ...••....•. . ....•... 
9. Other farm bui ldings ...... •. .•....... .. 

10. Farm machinery & equipment •...•••.••... 
11. Automobi l es, trucks, wagons, boats ..... 
12. Fences, roads & outdoor improvements • .. 
13 . Drainage & irrigation works . . ......... . 
14. Land ....... • ..... . • •. ...•... •. .•.• . •• ·• 
15. Non-farm income .•... .. •....•.. . ......•. 
16. Evac~~~~~ & re-occupation • ............ 

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

Flood Forecasts 

Large 

x 

)( 

x 
x 

)( 

x 

Medium 

)( 

Small 
or None 

)( 

x 
x 
)( 

x 
x 
x 

x 

)( 

)( 

)( 

x 
x 

Emergency Measures 

Re-scheduling--Early 
or more rapid harvest 

Re-scheduling--Delay 
in planting 
Removal 

Removal 
Removal 

Removal, flood fighting 
Removal 

Re-scheduling 

..... 
~ 
0 



TABLE 13 - Cont i nued 

Class of Loss 

Ur ban Resi dential 
l. Resi dence 

a . Foundation . • . . .... . ... . • . ... . .. .. ••. 
b . Superstructure . .. • •. . •.••• . .••.•..• . 
c. Improvements (fixed) .• .• • •• .••.••.•. 
d. Decorati ons •.•. . .•... • ••......• . . • . . 

2 . Furnishi ngs • ••. . ....•..• • •••.• . •.. . ••• . 
3. Personal belongings . •• •• • . .•. ••• •• . ... • 
4 . Garage & other bui ldings .. •• • •• . • . • ••. • 
5. ' Automobile s , wagons , t rucks ..•• • ••. . .•• 
6, Gr ounds & outdoor impro vements • .• . • . ••• 
7. Loss of property income • • • • •• • • .•.• . .. • 
8. Evacuati on & r e -occupati on • • ••••.• . .••• 

Retail & Wholesal e Commerci al 
1. Building--see "Urban Residential" 
2. Furnishings .. . • • .... •.• • • • • •.• •••• ..• • . 
3. Equipment . . ... . . ..... . . • . . ...... . .• . . . . 
4. Stock of merchandise • . •.••••• • • • •••••• • 
5. Minor bui ldi ngs . . . ..... . ... .. .. . . . . . .. . 
6. Automobiles , wagons, t r ucks, etc • • • ..•. 
7. Gr ounds & impr ovements • •. •• . • •.•• • • • • . • 
8. Bus iness inter rupti on 

a . Producti on of goods and s er vices • ••• 
b . Productive e qui pment & supplie s •••.• 

c . Exce s s cos t of delayed sale s ..... .. . 
9. Evacuati on & r e-occupati on • • • • • • • ••. ••• 

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

Flood Forecasts 

Large 

x 
x 

x 

x 
x 
x 

x 

Medi um 

x 

x 
x 

Small 
or None 

x 
x 

x 
x 

x 

x 
x 
x 

x 

x 

x 
x 

Emergency Measures 

Flood fighting 

Removal 
Removal 

Removal 

Removal , flood fighting 
Removal, flood fighting 
Removal 

Removal 

Re-sche dul i ng 
Flood f i ghti ng , re
moval, re -schedul i ng 

,_, 
-.J ,_, 



TABLB 13 - Continued 

Class of Lo8s 

Manu.factur1.ng 
1. Build1ngs--eee " Urban Resi dential" 
2. Office furnishings & record s ......... . 
3. Plant machinery • ..• • ...... . . . . .. •..•. . 
4 . Stock of raw material~ or finished 

goods . .. . ... . ..................... . .... . 
5. Minor buildings . . .•...• . . . •. • .. . .. • . •. 
6. Automobiles, wagons, trucks, etc ..... . 
7. Gr ounds & improvements ..•............. 
8. Business interruption 

a . Production of goods •.. . • . ..... . .... 
b . Productive equipment & supplies .... 
c . &xoess cost of delayed production .. 

9. Evacuation & re-occupation .. . . . ...... . 
Public Buildings & Grounds 
1. Build1ng1 -see "Urban Residential" 
2. Furnish11.6s .. . . . .................... . . . 
3. Equipment ... . . . ....................... . 
4. Stocks o.r supplies •....... ..•.•.•.. ... 
5. Public records , books or other 

valuables ... .. . . ....... ... ... . ........ . 
6. Minor buildings . .••..•....... . ..... . .. 
7. Grounds ... • .......•. . ...•...... . . . . ... 
6 . Automobiles, wagons, trucks, etc . . ... . 
9. Evacuati on or re-occupation . ..... . . . . . 

Degree t o Which Losa May Be Re
duced by Emergency Measure8 
Baaed on Timel7 and Accurate 

Flood Forecasts 

Large 

x 

x 

x 

x 

x 

x 

x 

Medium 

x 

x 
x 

x 

Small 
or None 

x 

x 

x 
x 

x 
x 

x 

Emergency Measures 

Removal 
Removal,flood fighting 

Removal , flood fighting 

Removal 

Removal 
Removal,flood fighting 
Removal 

Removal 

Removal 

.... 

..;i 
I\) 
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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 ot emer

gency filling materials to be used on eroding railway road beds; 
delaying the planting or cultivati on of crops until arter 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 bigll water, and it is increasingly apparent 
that a very large proportion ot the interruptions in public serv
i ces whi ch 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 ri sea. 

In ignorance ot ways ot recovering and rehabilitating 
damaged goods, people often discard property which can be repaired 
at far leas coat than it can be replaced. A familiar ecene in 
the slimy dooryards of a flooded town are the pianos that have 
been dbrown out unceremoniously almost as soon as the watera re
ceded. They are dreary pieces of muddy, warped veneer and wire. 
Yet, if taken in hand soon enougll, they may be put in good ahape 
at modest cost. Likewise, books often are discarded when they 
m1gllt be retained in readable shape if properly pressed, dried, 
and cleaned. Another common error in salvage baa been to begin 

repainting before the damaged surfaces were thoroughly dry . 

With the exception of a useful pamphlet issued by the 
O. s. Department of Agriculture for farm~rs, and 1~ormal advice 
from Red Cr oss wor kers and others experienced in flood-relief 
work, little help baa been given to property owners in reclaiming 

dalll8ged goods. 1 Large manufacturing and co11D11erc1al units have 
learned means or salvaging the most out ot flooded property, but 
their experience is not widely known. Probably 5 per cent of cur

rent losses could be re couped it t'ull information were to be made 

10. s . Department ot Agriculture, First Aid tor Flooded 
Homes and Farms (Washington: Government Printing Otfloe, 1937), 
pp. 1-16. 
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available as a part of relief activities. Not much good would 

come from education ahead or a flood; the sufferers rarely are 
interested beforehand, 

Value of Blllergency Measures 

With the exception or a few sample studies made by the 
Weather Bureau during 1941, no detailed investigations have been 

made of the extent to which total flood losses might be reduced 
by emergency measures of the three classes described 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 is based upon such illusive data that lt cannot be 
accepted as a measure of present reductions. 

Excluding flood fighting for large areas, because it is 
subject to the same analysis as that made for permanent protection 
works, 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 80 per cent under favorable 

conditions . Bssentlal public servi ces can be maintained •1th a 
high degree of efficiency. It bas been demonstrated that large 
populations in both urban and rural areas can be evacuated promptly 

and in an orderly manner without significant l oss of life or im
pairment of health. It also has been shown on numerous flood 

plains that property losses involving stored goods, store fixtures 

and wi ndows, household furniture, machi nery, railway rolling stock, 
and other movable equipment can be reduced largely by a combina 

tion or removal and flood fighting. Such reductions are possible 
only in urban areas. They now are practiced most widely by large 

commercial and manutactural concerns. They also have been adopted 
moat effectively by persona and institutions located in the lower 

flood zones. 

It is the writer ' s observation in the Potomac and Ohio 
basins that wherever a damaging fl ood is followed by another with

in a year or two, the losses to movable goods are materially lass 
for tbe second flood. So long as the experienc~ of the first dis
aster is fresh in mind, tbs shopkeepers are alert to the flood 
forecast and they are quick to move their goods upstairs, batten 
~own windows, and otherwise prepare f or the emergency. Reports 
from the r ock-products plants along the Ohio River following the 
1937 flood indicate that whereas the upstream plant operators 1n 
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river reaches which had been under water in 1936 and in which the 

1937 croat did not oxcoed tho previous high wore quick to 1110ve 
their motor equipment above the flood stage , many operators down

stream were caught unprepared. 1 Where floods do not exceed t ho 
stages of relatively recent infrequent floods, the uae of removal 
techniques seems to approach a maximum among manutacturera . One 

of the key problems of successful emergency plans is to find ways 
ot preventing this alertness and knowledge trom being entirely 

lost as years pass without floods. Experience bas shown that un

less floods are frequent the householders and amall businessmen, 
and even some l arge stores and manufacturing plants, tend to for

get the flood lessons. 
It therefore appears that emergency measures afford the 

mos t promising opportunities for lose reduction in the upper zones 
of flood plains having urban occupance with high proportions of 
residential and small and medium-size commercial and manufactural 

occupanco. 
To be successful, all such measures roqu1re three condi 

~i ons : (l) public information as to the extent or tbe flood hazar d, 

(2) adequate plans and equipment for removal, flood-fighting, or 
re-scheduling operations, and (3) adequate forecasting ot 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 tho 1937 flood in the 
Ohio Valley, it is still difficult to predict tbe probable maxi
mum flood for a given stream, and even when such a flood ia pre
dicted there ls no agency which makes a business ot promptly in
forming all persons within tbe affected zones . Moreover, the 

absence of floods over a period o f time may lull the residents ot 
flood plains into a false sense of security which may retard emer 

gency action. 
Inasmuch as tbe planning of emergency measures baa been 

largely a matter of private initiative, it is plain that tbe pos
sibilities of using emergency measures are not recognized ful l y . 

The whole arrangement of emergency meaaurea can be effec

tive only if built around accurate flood forecasts made t or a 
sufficient period in advance, and adequately disseminated. An 

inaccurate forecast may oauee more harlD than good. If it ia too 

1Nordberg, op. o1t., pp. 44-47. 
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low, mucb property will be caught by tbe advancing waters ; if it 
is too b1gb, people will l ose confidence in tbe forecasting sys 
tem and fail to beed it when next 1t is needed. 

Only a few flood plains in the United States now enjoy 
accurate flood forecasts . Tte f orecasts for tbe lower M1asisa1ppi 
River and tbe lowermost reaches of its major tr1butariea--tbe 
Arkansas, Red, Missouri, Ob1o, Tennessee, and Upper Misa1ss1pp1- 
are relatively reliable, aa are those f or 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 fore cast s are useful , 
but not accurate t or h1gbly i nfrequent crests. In only a few of 

the headwater areas are t here relatively precise f orecasting sys 
tems , and even 1n an area such as the Monongahela Basin , the 
Weather Bureau 's foreca sts do not cover more than a few points on 

the stream and are not sufficiently frequent or widel y distr ibuted 
t o be of uae t o many of the persons affected. 1 With the exception 

of a few placea where the Bureau has helped establish a special 
warning service, and wi th t he exception also of Loa Angeles County, 
there are no small drainage areas for wb1ch forecasting systems 
have been well developed. 

Str uctural Adjust~ents 

More wides pread than any other adjustment to floods ls t he 

practice ot altering or designing structures so as t o reduce losses 
that otherwise would occur. Without changing the use or land and 
without emergency efforts at removal , flood- tigbting or re-eched
uling, it la possibl e t o reduce flood losses 1n some t owns and 
cities as much as 50 per cent by simple engineering alterations. 
Likewis e 1t is prac ticable t o enhance the productivity of certain 

valley farm.a by adopting atr uctures that turn flood waters from 

11ab111t1ea into aaaeta . 
The ch1et f orms ot structura l adjustments whi ch have been 

used successfully are 1n building design; layout and el evation of 

1A reconnaissance of tbis area by the Weather Bureau ob
servers after the flood ot June 4-5 , 1941 showed that many house
holders bad no real warni ng of that sharp rise , and t hat a nwnber 
or t he larger manufacturers and river boat operators looked to 
their own observers and t o lock tenders t or forecasts . 
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publlc utillty systems; culvert and bridge openings; highway and 
railway roadbeds; water diversions; and fence and hedge layout. 

Buildings 

Many swamp-dwellers i n the alluvial valley of the Missis
sippi River use their building foundations t o prevent flood losses. 
Perching their homes and schools on posts so as t o stand above 

the relatively frequent noods, they pay in inconvenience an.d in 

the cost of the higher f oundati ons for freedom in moat years from 

high water. This practice is rarely f ound outside of swamp and 
ma.rah areas , 1 but in some flood plains, summer cottagers have been 
quick to adopt similar measures for reducing losses . A1ong 
Neshaminy Creek, near Philadelphia, 30 per cent of the summer cot 

tages are reported to have been raised since 1937 above the height 
of the probable maximum flood. 2 The major difficulties wi th this 
rather inexpensive measure seem t o be that the raised cottages are 
more subject than others to being undemined by swift currents 
and that danger to life is increased by the inclination of people 

to remain in the houses after a flood bas begun, Recreational 
land users are peculiarly responsive to the need t or structural 
adjustments because they must arrange for the contingency that 
floods will occur while they are away, and because the water course 
gives t hem a special incentive t o rebuild in the same sites after 

flood losses have been experi enced . 

Buildings, bridges , and 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. Por ex
ample, the international highway bridge over the Rio Grande at 
Laredo, Texas, was outfitted with a removable set of bridge r ail 
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 etream current .3 

A variation in design is found in the Coquaille Valley on the 

177th Cong. , lat Sees . , Unfavorable report of the Chief 
of Engineers on "Neshaminy Creek, Pennsylvania," 1941. 

2 73d Cong. , 2d Seas., Eel Ri ver , California, House Doc . 
No . 194 (1934) , p. 41. . 

3J. W. Baratta, "Bridge Railings Removable in Case of 
Floods," Engineering News-Re cor d , January 28, 1936, pp. 121-123. 
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Oregon coast, ·where the fertile alluvial bottom lands are used 
intensively for dairy pasture and where m.any dairy barns are 
constructed with two levels ot milk rooms so that the herds can 
be moved upstairs when tidal tlooda inundate the ground tloor. 1 

Anchoring ia an important phaae ot design tor insubstantial 
buildings and for tanks which are likely to be floated ott their 

foundations by tlood create. A familiar scene in almost every 
narrow flood plain during a tlood 1a the piling up of' tanka, a.mall 

trame buildings, and other debris against bridges . These debris 

duls cause an increase in the now line upstream and result in 

the flooding of areas that otherwise would r emain dry. This was 
the case along Willa Creek 1n Cumberland, Maryland, in 1 936. 

Moreover, if the tanks contain inflammable liquids the hazard of 
fire is increased tremendously. Recognizing thia danger following 
the Ohio Valley flood of 1937, the National Board of Fire Under

writers prepared a set of regulati ons with respect to the construc
tion and operation ot containers t or inflammable liquids, and 
urged their adoption by municipalities having flood problems. 2 

These measures , which include provision tor anchoring, have been 
recommended for uae wherever a municipality does not prohibit the 

storage of oil on its flood plains. 

Public Utilities 

On a larger scale, the same type ot adjustment haa been 
made by public utilities seeking t o prevent interruption of their 
services at flood time. If wate r pumps , gas plant, electricity 

plant and substations, and telephone exchanges can be kept in 
operation, the major inconveniences from interruption of public 
service can be minimized. Following tbe flood ot 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 ae a criterion 
and to rearrange their facilities accordingly. Intakes , pump 
houses , substations, switchboar ds , vaults, and other key items in 

173d Cong., lat Sosa. , Coquaille River, Oregon , House Doc. 
No. 78 (1931), pp. 27- 28. 

2National Board of Fire Underwriters, Recommended Safe-
tor Fla11111&ble Li uida Stora e Tanks in to 
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the systems were elevated or moved or protected. Transmission 
ayatoms were mod1fied ao that electr1c powor could bo brought in 

from other areas when the ri•erside plants w~re under water, In 

numerous less dramatic ways the systems were prepared to withstand 
an even larger blow. 1 From such experiences as these the water 
works and utility plant operators have had costly lessons t or llljUly 
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 floods. 2 

Bridges and Culverts 

Bridges and culverts are variously designed to pass tlood 
flows . Some are intended to carry probable maximum floods, and 
others are expected to suffer flooding from time to time. The 
early railroad bu.1lder' s attitude toward culvert and bridge design 
is expressed by this statement: 

The advisability of designing a culvert to withstand any 
storm-flow that may ever occur is considered doubtful. Sev
eral years ago a record-breaking storm in New Bngland carried 
away a very large number of bridges, etc. , hitherto supposed 
to be safe . It was not afterward considered that the design 
of those bridges was faulty, because the extra cost ot con-
1tructing bridges capable or withstanding such a flood, added 
to interest 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 bas 
some weight, but not enough to justify a great additional ex
penditure, tor common prudence would prompt unusual prec~utions 
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, piers, and abutment• that will 
withstand the stream erosion which reaches its peak with the flood 
crest but • blob may be vigorously in progress at other perioda . 

It bas been estimated upon the basis of incomplete data that as 
a result of floods 9, 000 highway bridges of 20-toot span or more 

1Nat1onal Board of Fire Underwriters, The Flood Problem 
in Fire Prevention and Protection (Advisory Bngineerlng OoWlcli 
reprlrit, n . p. , May, 1939), pp. 32-43. 

2F. W. Ball , "Temporary Protection of Water Works 1n 
Flooded Areas," Journal of the American Water Works Association, 
XXIV (1932) , 1863-iesi. 

3 Walter Loring Webb, Railroad Construction: Theory and 
Practice (New York: John Wiley & Sona, Inc., 1932), p. 254. 
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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 
States .1 While eome highway engineers take the position of the 

railway engineer quoted above, others consider that an extra ex
penditure of 5 to 8 per cent of the total construction cost would 

be sufficient to eliminate such loaees in future. 2 

This much seems clear. There are sufficient hydrologic 
data to be able to predict flood flows for moat drainage areas in 
the United States. There are adequate engineering techniques for 
designing openings to pass those flows. The question is whether 

or not it would be more desirable to build more expensive struc
tures which would be free from flood hazard. The economic con

siderations may shape the answer, but, in addition, the public 
policy increasingly reflects the view that when a governmental 
agency builds it must do so in a fashion free from flood loss, 
even though at large cost. This attitude seems to accompany 

centralized administrative responsibility, and it parallels the 
mounting caution of the railways in such matters ss they become 
larger and more rigidly organized. 

The railway companies have now developed elaborate means 

of protecting their roadbeds from wa shouts. These include rip
rapplng, 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 
openinga . 3 

On the whole , the record in this respect ls good. 
Perhaps no other class of loss displays such a high proportion of 
non-recurring iteme. For example, in the Nishnobotna Basin in 

Western Iowa and Missouri, most of the transportation losses of 
previous years will not be repeated during future floods because 
the damaged highways and' railways bave been abandoned, strengthened, 

or raised in the course of making repairs. 4 Similar improvements 

1Russell J. Borhek, "Flood, Bridges, Foundations and Fail 
ures," Roads and Streets, LXXXII (1939) , 66 and 68. 

2Ibid. 
3Amer1can Railway Engineers Association, Manual, revised 

to March 12, 1936, pp. 1-11. 
4"FolloW1ng some of the larger floods in the past, repairs 

and changes were made to the transportation system which will pre -
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are becoming standard practice in highway design. 

Water Control 

Special structures may be erected with advantage in some 
areas to retard the erosive effects ot 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 or their 
buildings to guard against the drift carried by high watsrs. 1 It 
is the writer's observation that in many flood plai ns landowners 

have overlooked opportunities to check erosion from floods by 
tree and bush planting and by protective arrangement or fences 

and hedges. Damages to land and buildings can be reduced thereby 

and some benefits may be gained from silt deposition. As noted 
in Chapter III, slight differences in ground cover and simple man
made obstructions 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 behind 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 or 1931 
on the West Nishnabotna River, which caused $15,500 damage to the 
Chicago and Northwestern Railroad, this portion or the line was 
abandoned; therefore, this damage ls not subject to recurrence. 
On the east branch of the West Nishnabotna River, the bridge which 
caused a loss of $125,000 to the Rook 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 1929, highways, roads and bridges on the West 
Nishnabotna River sustained losses amounting to &49,800, and t .be 
flood of 1929 caused $16,000 damage to these improvements on the 
East Nlshnabotna River, yet during the large flood of 1939 no 
such severe l ossss occurred. • . • • " Report or Corpe of Bngi -
neers on "Nlshnabotna River, Iowa and Jilssouri , 11 December 26, 
1941. 

177th Cong. , 1st. Seas . , Unfavorable report of the Corps 
of Engineers on "Neakowin Creek, Oregon," 1941. 
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moisture content ot 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 soil are most bene
ficial. A tew permanent pas turea in Piedmont Plateau Valle ya of 

lilaryland and Pennsylvania have small deflecting dams and barriers 
which divert flood waters, thus reducing bank erosion and improving 
soil fertility. The agricultural values of these devices over -
shadow any benefits from reduction of flood losses. 1 Indeed, meas
ures tor the obstruction or water flow may increase the crest of 

a given fl ow, inasmuch as surface resistance decreases velocity 
and promotes the storage of water in that reach of the valley. 

Taking all ot these structural adjustments together, it 
is evident that large and reliable reductions in flood losaes may 
be obtained without protection worka. They have the disadvantage, 
however, ot encouraging continued occupance ot flood plains in 

time or flood , and thereby increasing slightly the ha~ard to human J 
lite . Successful structural adjustments for occupance that is 
related t o advantageous flood-plain factors may attract other oc
cupance that is less well suited 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 ls a continuing 
opportunity, accordingly, to make appropriate structural adjust-
ments; whil e it reaches a peak immediately after floods, it exists 
at all times. 

Land Use 

Emergency measures and structural changes may reduce flood 
losses, 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 similar readjustments cry out for at
tention, and although there la doubt as to the degree to which 

public aid can be used effectively to promote the changes, there 

1Jay A. Bonateel, Solla of the Eastern United States a.nd 
Their Use--XXXIX, Meadow, BUreau of Soila C!rcUlar No. 68 (1912), 
p. 13. 
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la little doubt that public powere can and should be exercised in 
greater degree to prevent an extension of un•1ae flood-plain occu
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 or non-agricultural land. Yet they did little damage . Moat 
of the area that would be under water during the probable lll8Jdmum 

flood ia in parka, and the remainder is used for boathouses, ship
ping yards, sand and gravel works, an.d similar structures. With 

the exception of several score low-claaa residences, a few manu
facturing plants whi ch grew up along the old Chesapeake and Ohio 

Canal , and three great blocks of Federal office buildings along 
Constitution Avenue, the built-up parts of Washington are on 

ground free from the probable maximum flood. The 1937 flood 
injured the public park areas only by abutting off some crosa
river traffi c for a time, and by damaging the gardens, walks, and 
graaa. Intentionally or not, Washington baa neatly adjusted its 
public land use to the flood hazard. With the completion ot an 
artfully-concealed levee to protect the offi ce buildings, the 
greater part of the built-up occupance either 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 tor building a1tea unless the valley is na.rrow and 

the neighboring uplands rough. Factors of drainage have combined 
with the flood hazard to make it advantageous tor farmers t o keep 
their cash crops and buildings out of frequently-flooded meadows 
unless artificial drainage works are provided. 1 Similarly, in 
the Cumberland Bnclave area or Kentucky, the rural communities 
while centering upon valley floors are arranged so that buildings 
generally are above the flood plain which la planted regularly 
to corn. 2 Thia adjustment la so common that it la taken tor 
granted and no question is raised as to why other farmers find 
themselves flood victims. 

l 
~·· p. 19. 

2carl Ortwln Saue~, Geo~·~~ ot the Pennlfio~l, Kentuckv 
Geological Survey, Serles VI, XX = ankfort: Ken\ic~ Geological 
Survey, 1927), 177-179. 



Changes in Crops 

The auccoaatul arrangement of crops by some farmers sug
geate the practicability or curbing flood l osses more widely by 
that means. For example, dairy tanners along the narrow valley 
ot the U.pqua River, Oregon, COlllDIOnly plant the flood plain with 

alfalfa or perennial grasses which suffer only slightly from 
floods. 1 Inasmuch as cultivated crops vary tremendously in their 
tolerance to flooding and to deposition of silt, it is important 

to select species of plants that will resist both. Moreover, 
studies in tho Ohio Valley and in Vermont aho• that alight differ
ences in cover cr ops may have a marked effect upon the work of 
flood water . During the Ohio River tlood of 1937, under condi
tions which wore similar in other respects , a pasture covered with 
sod gained one-fourth t o throe-eights of an inch of silt loam 

while a clean - tilled cornfield l ost the same amount; a field of 
rye gained half an i nch or loam while a nearby cornfield lost 
three-q'U&rtera or an inoh. 2 Thin stands of certain grasses were 
highly beneficial, whereas other oropa , such as soybeans, had a 
pronounced loosening effect upon the soil and were conducive to 

removal. The effects of land use were parti cularly important in 
narrow flood plains. Those relationships between cover and l oss 
are recognized fairly well by tanners in some flood plains sub-
J ect to frequent overflow, but they have not been studied widely 
or intensively, and farmers in moat zone s of leas frequent flood
ing seem unfamiliar with them. 

Urban Relocation 

Records of urban occupanoo show that once firmly eatab -
118hed in tho path or floods, cities and towns and parts thereof 
are sl ow to retreat to higher ground. Where •1 thdrawal from a 
flood plain baa taken place i n whole or in part, one of several 

processes or change have governed. In ea.rly urban settlements on 

flood plains it is somewhat common tor the town to move to or 
above tho higher flood zones after a flood has shown the hazard 

176th Cong., 3d Seas., tbpqua River, Bouse Doc. No. 684 
(1940) , p. 15. 

2srown and Brown, op. cit., pp. 98-99. 
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in the lower zones. At Loa Angeles, f or example, the first Spanish 
pueblo was located b~ specifi c direction or the Spanish Governor 

at a site on the banks of the Los Angele s River aa near as possible 
to the river without incurring danger of floods, but a few year s 
later i t was mo ved when floods were f ound to 
first selected. 1 

reach to the si t e 

After flood-plain 

or gradual withdrawal hoa 
t he writer is famil1sr. 2 

settlement i s well established, a process 
taken plac~ in a few areas with which 

At Har pers Ferry, the first settlement 
was on t he flood plain and ad jacent hil lside of the Shenandoah at 
its junc tion with the Potomac. There the Chesapeake and Ohio ca
nal and the Bal timore and Ohi o

9
Ra ilroad crossed the mouth or the 

Shenandoah Valley, there an earl, ferry and later a hi ghway cross
i ng were established, and there a Federal arsenal was built pri or 
to the Civil War t o use the available water power. Although t he 
early settlement centered 1n the fl ood plain , there was afterwar d 
a slow and i rregular uphill movement. New residences wer e built 
above flood level, and a new commerci al center took root on t he 

rolatively flat upland half a mile from the old center. By 1936 
the flood plain was occupied by the railroad station, a small 
power plant on the Canal , a pul p mill, a pproximately t wenty store 
buildings, a garage, two dozen resi dences , and the remains o f the 
old arsenal. In the noxt year the river flooded the plain to a 
dep t h of as much as t en f oet . One-hal f of the stores f ai led t o 
reopen , the mill was abandoned, and two - t h i rds of the r e sidences 
were destroyed or abandoned. 

In onl y three places in the Uni ted States have complete , 

outri ght changes in urban units been made in later years . The 
little town of ColU111bus , Kentucky, moved out of the Mississi ppi 
River flood plain in 1928, and Leavenworth , Ind1ans , an~ Shawnee
t own, I llinois , went uphill out of reach of the Ohio River i n 

1938 and 1940, respectively. 3 

1Ruth 8 . Baugh, "Site of Early Los Angele s , " Economic Ge
ography, XVIII (1942) , 91 . 

2A case of partial withdrawal i s de scribed by Glenn T. 
Trewa r tba in "The Prairi e du Chien Terra ce: Geography of a Con
fluenc e Site," Annals of the A11 11ociat1on of Amer iclln Geogra pbera, 
X.XII (1932), 120, 137 -15!. 

3There a r e recor ds of a f ew earl i er r elocations. For ex 
lllllple , Ste. Genevieve , Missouri moved f ollowing tbe flood o f 
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All three relocations have been uphill tights against 
more than floods and terrain. Social inertia, tbe attractions ot 
flood-plain locations, and tbe task or organizing group action 
have tended to retard sucb ab1tts. Sbawneetown's migration was a 

difficult and tedious experience tor all concerned, and it is not 
yet complete. Leavenworth moved •1th less difficulty. Nevertbe

lese tbere were numerous complications , large and small, in the 
Leavenworth experience wb1cb illustrate on a small scale tbs prob

lems ot readjusting urban land uee. 1 Near Leavenworth tbe Obio 
River flows througb a valley bordered by alternating covered ter

races. Early ateamboat landings de veloped at these wide places 
1n the valley plain, and the little village or Leavenworth began 

at one ot them in 1820. Tbe town was under water at least twelve 
twelve times between 1831 and 1937. Then the 1937 flood, the 
greatest of record, covered tbe main street to a depth of more 
than 15 feet, inundating all but eight homes, a factory building, 

and a schoolhouse , driving tbe 420 inhabitants to these places and 

to the nearby bluffs, causing physical damages estimated at 
$272 , 000, carrying away or wre cking 46 residences and five busi
ness buildings, and leaving behind a tbick coat of mud. Sustained 
chiefly by retail trade and a button factory using river shells, 
tired ard discouraged by tbe tragic experience, why, inquired the 
townpeople, should tbey rebuild there? Tbey set out to tind a 
safe alternative. Witb tbe belp or the American Red Croaa, and 

ot tbe Indiana State Planning Board and other public agencies, a 
new town plan was designed tor a site one and one- fourth miles 
inland and 400 feet higher at the top or the blutt. Red Croes 
funds in the amount of $100,000 were used to build and outfit new 

bomea, such aid being on the baaie or need ratber than of losses 
sustained. A Disaster Loan Corporation loan wae obtained to cover 
the required local contribution of $25,000 tor the Work Projects 

Ad:minietration to build atreota, a water system, a aewer system, 
sidewalks, and a town bal l, at tbe new site, and a park at the 

1785. Francia J . Yealy, Sainte Genevieve, The Story ot kisaouri's 
Oldeat Settlement (Ste. Genevieve: Bicentennial Historical Commit
tee, 1935), pp. 25, 61-62. 

The town or West Hennepin, Ill~no1a was abandoned a te• 
years after its founding in 1836. Barrows, op. cit. , p. 84. 

1Robert E. Bondy, The Story of Leavenworth, Indiana, Re
print from The Red Crose Courier, January and February, 1938, 
12 pp. 
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old site. Upon petition of the t own board, the state highway was 

relocated through the new site, The Ftder-1 CQDtr1~ut1on tor thia 
project amounted to $100 , 000. The t otal expenditure of more than 

$225, 000 of public funds in addition to the expenses borne by pri
vate individuals oanpares with an assessed valuation for tax pur

poses of $163, 000 and wi th an expenditure of $490 , 000 which the 
Corps of Engineers estimated as necessary t o pro tect the old town 
by means of a levee, but it mea nt the end of t he flood problem at 

Leavenworth. Although a f ew of t he inhabitants are remaining in 

the old t own and i t was unnecessary to move the button mill, the 
possible losses in future will be small. The remainder of the 
land at the old site is held by the t own as a park , as already 
noted. Leavenworth retains most of the advantages which is pos

sessed before the move, and bas escaped the disadvantage of flood
ing. It 1s connected with a main highway and secondary highways 
leading to agricultural trade areas, t he button factory furnishes 

some employment, and it is a suitable home f or retired farmers and 
road workers. In additi on, it is new in appearance, and enjoys a 

beautiful view across t he Ohio River . Probably it will not grow. 
It is less likely to decline than would be t he case but for re
moval , and it is removed from the liability aide of the national 

ledger in time of flood. 
The Leavenworth move was impeded by social resistance. 

There were recalcitrants t o be persuaded and placated. Some old 

families were reluc tant t o l eave . Others were sure that the new 
town could not be as comfortable as the old one, or that the ex

pense would be prohibitive. Bach family presented an individual 
financial problem to be considered in relation t o the tinaneee 
of the town as a unit . The need for direct relief and tor loans 
and the capacity to pay tax asss saments were different with each 

family . The acquisition of the new site and the transfer of titles 
tor the ol d site were involved pro cedures. But the change was 
made. 

It was aided materially by the violence of the 1937 flood, 
an.d by the guidance provided by state and national officials. 
With bitter expe~ience of the flood fresh in their memories, moat 
of the townspeople were re ceptive to the idea of a change. 

Urban readjustment by means of changed land use has dis
tinctive costs that result from abandoning p~oductive capital and 
from relocation. Useful building• 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 f ound for t he old structures. The relocation 
costs are manifest in the planning and organizati on of changes and 
1n the social dislocations which may f o llow from moving families 
and business enterpri ses. A change is not necessarily benefi cial; 
it mav serve t o freeze a type of occupance in a new location f or 

- hich it is not suited, or t o buoy up an occupance that is deterio
rating in any event because of market conditions , technological 

a dvances, or r elated e conomic c ircumstances. 
Reloc.ation mav also stimulate new lif e, and induce urgent

l y -needed community reorganization. The Leavenworth move resulted 
incidentally i n the mer ger of t hree chur ch groups. Properly de
signed and executed on a favorable sit e , relocation stimulates 
civic improvements and revitalization. 

Public Measures to Promo te Improved Land Use 

There ls an increasing tendency for public agencies t o 
promote effective land use on flood plains by public measures. 
At least four such measures now are available . They are (1) sub

sidized relocation , (2) subsidized abandonment , (S) land acquisi
tion , and ( 4 ) zoning. 

Subsi dized rel ocation.--The Leavenworth move was sympt om
atic of public discussion of the question of relocati ng communi 
ties that had suffered during the Ohio Valley flood o f 1937. So 

many flooded t owns were in a declining economic cond ition and the 
costs of protecting many of t hem from floods by means of levee s 

was so great that interest was created in possible alternatives. 

One measure of the costliness of the protection pr ogram studied 
by the Corps o f Bngi neer s is that or t he 158 communities affected 
i n that f lood, 80 had an assessed property value less than the 

aw.ount required to build pr otecti on works. 
To cope wi th this situation in part , the Flood Control 

Act of June 28, 1939, in authorizing levee construction, provided: 
That in any case where the construction cost of levees or 

flood walls included in any authorized proj ec t can be sub
stantially reduced by the ovacuation of a portion or all of 
the area proposed t o be protected and by the eliminati on of 
that portion or all of the area from the protection to be ar
forded by the pr oj ect , t he Chief of 6ngineers may modify the 
plan of said proje ct so as to eliminate said porti on or all 
of the area: Provided, That a sum no t substantially exceeding 
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the amount thus sa ved in construction cost may be expended by 
the Chief of Engineers , or in hi s discretion may be trans 
f er red t o any other a ppropr i at e Federal a gency f or expendi 
t ure , t owa r d t lle evacuati on of t he loca l i ty eli mina ted from 
pr o te ction and t he r ehabili tat i on of the persons s o evacuated : 
And pr ovided further, That t he Chief of Engi neers may, i f be 
s o de s i res , ent er i nt o agr eement with Sta t es , l o ca l agenci es , 
or the i ndi viduals conc erned for t he ac complishment by them, 
of such evacua ti on and r ehabil i t ation and f or thei r reimburse
ment f rom said sum for expendit ures ac t ually incurr ed by t hem 
f or thi s purpose . 

In no instance has t his authority been used to da t e . Pa rts of 
New Albany, Indi a na , and Ri pl ey, Ohi o, wer e reloca ted i n 1937 
through t he effo r t s of t he American Red Cr oss , but ot herwise l i ttle 
pr ogres s bas been made. The r easons f or t he lack of application 
of this subsidy f or r el oca tion ar e not c lear, and probably could 

be determi ned onl y by a study of t he rela ti ve a dvantages and dis 
advantages of ea ch communit y's l ocation and of the atti tude s of 

municipal and Federal official s i nvol ved . One contr ibuting con
s i der ati on is that unle ss such r e l ocati ons are under t aken pr omptly 

after a fl ood , c i vi c i n t erest i n t hem ls soon l ost . In this in
stance t he aut horizing act did not pa ss until a yea r a nd five 
months a f ter t he fl ood , a lthough t he engineer i ng reports on which 
pr otecti on was based had considered t hat alternative. 1 

Subsi dized abandonment . --I n certain f lood pl ains it may 
be in the public i nterest to subsidi ze t he abandonment of an enter 
pri se which is highly vulner able t o flood loss es and which performs 
public servi ces of a r estrict ed char a c ter . This s eems to be t he 

ca s e in the Rapi d Creek Valley in the Bla ck Rills of South Dakot a . 

The flood o f 1907 on Rapid Creek r i pped out 104 bridges and dama ged 
16 mi les o f r oadbed of t he Rapi d City, Bl ack Hi ll s and Western 

Rail r oad, with a t ota l l oss of $233, 000. The rai lroad company 
went i nto bankrupt cy , but conti nued operati ons . The surface fea 
tures of t he Black Rills make Rapid Creek canyon t be only rela
tively economical loca t ion f or a railway. A flood aa h igh as that 
of 1907 would do equally great damage now, and i t i a possible that 

a much larger flood may oc cur. Tbi s f ac t or, combi ned with the 
poor economi c condition of t he r a ilroa d, bas led t he officia ls of 
t he r oad t o feel t hat it would be preferable t o a bandon t he r oad , 

1rn a t ew ot her reports it ha s been suggested t hat reloca 
tion might be desirable for occupanoe which could not be pr ote ct ed 
by levee s . For example, 72d Cong . , l at Se ss. , Chootawbatchee 
River, Florida , House Doc. No. 242 (1932) , p . lB. 

l 
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for a settlement of $350, 000 l iquidati on damages , than to continue 

operations with part o f the road relocated in connection with the 
construction of tbe proposed Pactola reservoir for irrigation and 
water supply purpose s on Rapid Creek. 1 The proposal la now under 

study by Federal agencies, and if adopted i t will mark a new f orm 
ot public effort to reduce flood l osses . 

Land acqu1a1t1on.--Publ1c land acquisition has been sug
gested by many as a meana of pr omoting desirable shifts in land 
use , and it ls well established as a Federal ins trument for deal

ing with rural land-uae maladjustments of related character , such 
as appear in over -grazing, eoll erosion , and forest abuse. Alvord 
and Burdi ck , in dealing with the Columbus , Ohio, situation in 

1913 , were among the first engineers to realize this poss ibili ty. 
They re commended that acquisition also be used to prevent further 
encroachment, saying: 

The City of Columbus , about 1885, commenced to grow west 
onto the bottom lands of the Scioto River . These cheap and 
accessible lands were exploited by real estate dealers , sub
divided and sold . Wbat should be done, therefore, to prevent 
a re currence of this kind of public mistake? I t is believed 
that it la the part of wi sdom f or 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 preservi ng them for commons , parka, open spaces, 
or any other purpose s tbe future may point to as being moat 
desirable . No other alternative seems t o present itself which 
will with certainty and effectiveness prevent the population 
from spreading itself i n localities obvi ously endangered by 
flood water. Such a provision has , therefore, formed a part 
of every project herein, and la deemed an indispensable and 
flll'ldamental re quirement to the flood protection of tbe future .2 

The Corpe of Engineers r ecently investigated the pr actica
bility of ueing leveed lands along the Illinois River for flood
control and navigation s torage, and, 1n concluding that no such 

storage uses were warranted, recoamended that one of the districts, 
having an area of 1, 880 acres , be purchased, the levees degraded, 

and the land used ae a floodway and f or wildlife propagation. 3 

This was j ust i fied chiefly on the basis of improving f l ow linee 

1Unfavorable report b y Chief of Engineers on "Rapid Val 
l ey , South Dakota," November 6, 1941, pp. 19 and 38. 

2Alvord and Burdick , Flood Protection tor Columbus, Ohi o, 
p. 275. 

3Part1ally favorable report of Chief of Engineers on "Illi 
nois River--Uae of Levee D1atr1cta 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 subseq~ently 
drainage construction asseslllllents or $147,210 were levied, is now 

to be returned t o its original condi t1on at a cost of ~91 , 700 to 
the Federal government ir tbs recommendati on is adopted. Notwith 
standing agitation for the return or other Illinois River bottom
lands to non-agricultural uaea, 1 no study bas been made of the 
relative productivity of those lands under the suggested alterna 
tive uses. Indeed, the Cincinnati Ci ty Plan Commission study has 
been almost alone in its attack upon the flood problem in terms 
of land-use readjustmenta. 2 

Zoning.--Another partial remedy for unwise land use is 
regulation through zoning ordinances, building ordinances , and aub
di vision control. 3 Regulation of flood-plain use serves either or 
both of two objectives. First , it may limit land oocupance which 
causes a constriction of natural stream channels . This "channel
capacity" regulation is aimed at dumping wnate and building bridge 

approaches and abutments, highways and other structures which de
crease a channel cross-section, reduce water-carrying capacity, 
and increase the height of flood flows. Zoning measures or build
ing regulati ons may be employed to prevent such structures to the 

extent that they cause an increase 1n the height or duration ot 
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 ls 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 11 1 believe the people of the State , instead of seeing 
additional millions o f public money expended t o set back and en
large the levees that now enclose 200, 000 acres 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 ReprP 
sentat1ves, March 31 , 1937. 

2 Kraemer, op. cit. 
3 See Henry C. Klein, Flood Plain Zonin~ and Evacuation, Re-

print from Quarterly of National Fire Protection Association. 
April, 1939. 
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ation of a re sidential area over a r elatively long per iod of time, 
and to l i mit new msnufactural and commercia l uses t o those requir

ing certain advantages of the f l ood plain. 
The t wo objectives are combined in some regulations, and 

are independent in others. 
Most effective flood-plain zoning in the United States 

has been accompl i shed 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 desirable. 
New Jersey provided f or channel-capacity regulation under 

authority of its so-called Home Rule Act of 1917, as amended in 

1929. That act provides that every municipality in the state may 
make and enf orce ord.1nances for the pur pose of 11The defining of 
the l ocat i ons and the establishing of widths , grades and eleva
tions of any str eam, creek , r iver or other waterway, and t he pre
venting of encroachments upon the same. 111 Counties of the second 
class have substantially the same powers , and the State Water 
Pol ley Commission is empowered to prescribe conditions under which 
the erection of any new structure or the renewal of an existing 
structure may be permitted within the natural and ordinary high 

water mar k of any stream. 2 The Commission also ls authorized to 
requlre t he removal or repair of existing structures in the inter
est of the public safety. Encroachment l i nes adopted by the mu

ni cipalities and counties are subject to approval by the Commis
sion. 

The State Water Policy Commission per forms two interlock
ing functi ons . First , it issues permits for construction or al
terations of bridges , cul verts, walls , fills, and other structures 

• 3 
throughout the state. Second , it makes intensive surveys of in-
di vidual streams looking to the setting of encroachment lines and 
the preparation of specific plans for channel impr ovement. Ideal
ly, the surveys should be completed before action is t aken on 

1 Rev. Stats. , Title 40, c.56-1 (k) as amended by Laws 
1938 , c . 229. 

2 Ibid., Title 58, c. 1 . 
3state Water Pol ley C01111Tilssion, Information for Applicants 

for Permits for Construction or Alterstion of Encr oachments on 
Streams Brld es Culverts Walls Fills and Other Structures 
Trenton: T e Commission, l 
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applicati ons for permits to build or alter structures. Practical

ly , tho Comm1se1on acts on many applications on the basis of of
fice or r econnaissance studies of channel and run-off oondi t1ona. 

At th.is 'tfl'iting no lines have been adopted by munici pal 
ordinance, although many recQmnendod improvements have boon con
structed by county or municipal governments or by property owners. 
The lines ar e generally recognized by the r esponsible loca l of f i 
cials ; delay 1n formal acceptance has occurred in the munici pal 

councils. 

In addltlon to providing a basis for the issuance of per 
mits by the State Water Polley Commission , the surveys are used 

by state and local offi cials as a guide to (1) re~oving channel 
obstructions such as sewer crossings, (2) constructing retaining 
walls and other channel-improvement works, (3) asserting titl e t o 

the natural stream bed , and (4) advising property owners on de
sirable limits of improvements. The authority of the Commission 
baa not been questioned in the courts. Neither has tho state paid 

any damages for removals or alterations required by it. Tho en
iire process seems to have been a cooperative one in which accept 
ance of the principle of staying out of the stream channel bas 

been gained by education and skillful negotiation. 
The Commission haa required the design of br idges and 

culverts with capacity adequate to pass safely the probable maxi

mwn flow. It has not set encroachment lines at the limit of tho 
probable maximum flood . In general, floods o f 15-25 year fre
quency have been used in calculating desirable channel capaci ty , 
thus leaving available for unrestricted occupancy many flood-plain 

areas which are inundated at less frequent intervals . 
Authority to regulate stream-channel encroacbraent also ia 

vested in state and munici~al agencies in Pennsylvania. The State 
~ater and P011er He sources Board ls authorized to issue permits 
for tbe construction of any water obstructi on in any stream or 
body of water or fo r any other actlon changing the course, cur-

l r ent , or cross-section or such water bodies. If the Board deter-
mines that any obatructlon is unsafe or in any way is "der ogatory 

to the regimen of the stream, " it may require the r epair or re
moval of the obstruction. 

1Pamphlet Laws , 555, 88 1-3 (Act of May 6 , 1937); Pamphlet 
f!!.!, 555, !! 1-10 (Act ot June 25, 1913). Act or June i2, 1931. 
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The Pennsylvania Board has established encroachment lines 
in several cities and localities, but it has confined its activi
ties chiefly to the inspection of dams, bulkheads , and other struc
tures projecting into normal stream channels. In rare instances 
only bas it attempted to regulate land occupancy in those portions 
of a flood plain located above the level of mean stream discharge. 

Although the powers of municipalities in Pennsylvania are 
much broader than those of the Boar c , the latter baa review power 
over action by the municipalities and it is in a position to guide 
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 authorized its Supervisor 

of Hydraulics to establish °Flood control zones" on all streams 
in the state and t o issue 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. 111 The submission of appli
cation for permits 1~ mandatory . The State Supervisor is given 

ample powers to enforce his regulations . By May, 1940, 14 flood
control zones had been established, more than 100 permits had been 
issued, and no appeals had bean made to the courts. 2 

As pa.rt of its revision of stato plann1ng laws 1n 1938, 
the State of New York provided that planning boards should take 
into account peril from flood in determin1ng whether or not the 
land in plats for new subdivisions can be used safaly. 3 

The writer ls not aware of important efforts to regulate 

flood-plain use in other states. In some states, notably Mary 
land, 4 state agencies are authorized to investigate waterway ob

structions and, lr desirable , to order their repair or removal. 

1session Laws , 1935, c . 159. 

2 P. lietterton, Flood De.mage Preven~lon , Washington State 
Planning Council, May, 1938, p . 3; Letters from Chas. J, Bartholet, 
State Supervisor of Hydraulics, August 23, 1937 and July 14, 1940. 

3 V/ayne D. Heydecker, 11Recent Amendments to New York State 
Planning Laws , " Planners' Journal , r.v, 91 -93, chaps. 44, 205, and 
264. 

4 
Cumulative Supplement to 1924 Maryland Code , Art. 96B 8 9. 
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In other states, notably W1sccns1n, 1 count1ea have autbor1ty to 
regulate tbe construction or certain structur•a which would attect 
stream flow, but 1t baa not been uaed generally to oot encroach
ment l1nes or to establish zones. Tbe Wiscona1n counties posaeaa 
broad powsra to determine areas in which "trade• and industries, 
and the location or bu1ld1ngs tor specified uses may be prohibited." 

Fragmentary data at band indicate that a few local govern 
ments have used tbe police power to regulate flood-plain encrosch
ment . Outstanding examples are the zoning ordinance tor Jefferson 

2 County, Wisconsin; the zoning of the Cali fornia section or Cincin-
nati, Ohio:3 the zoning ordinance f or parts or Los Angeles County, 
Californ1a; 4 and the buil~g ordinance for Keene, Connecticut. 6 

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 baa been a 
fundamental step; without lt, channels may be subject to progres
sive constricti on . At the aame time, uneconomic encroachment in 
the higher portions of a flood plai n may be expected t o spread so 
long aa zoning and building ordi nances do not l1m1t bu1ld1ngs in 
the path of floods. 

Extension of either type of regulation is d1rti cul t, and 
even the relatively simple process of channel-capacity zoning baa 

encountered serious obstacles. 
The chief conditions which retard t he regulation of flood 

plain use appear t o 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 a flood plain exert strong pressure against 
any measures calculated to limit their choice of land use ; and 

1w1sconsin Laws , 1936, c. 303, S 1. 
2 J. M. Albers , "New Uses f or County Zoning: The Jefferson 

County , Wisconsin Ordinance," Journal of Land & Public Utility 
Bconomics, XIV (November, 1938 ), 460-462. 

3sta te ex rel. Bateman v. Zachr1 tz, et al. , 22 N. E. (2d) 
84 (1939). 

4Add1 t1ons to Ordinance No. 1494 (new aeries ) authorized 
by the Board of Supervisors, June 11, 1940. 

5Amer1can La.nd' Co . v. Cit:r of Keene (Conn. ) , 41 Fed. (2d ) 
48 4 (1930 . 
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(4) there ie little legal precedent for utilizing tbe police power 

of a state in order to prevent or restrict uneconomic land use 
which does not affect channel capacity. 

None of these obstacles is insurmountable. Regulation of 
flood-plain use is known to be practicable in many instances and 
it is capable of ·lfide expansion . 

With the exception of the establishment of "harbor lines" 
and "channel lines" for purposes of D1ai ntaining navigability, the 
Federal government has not sought to regulate the occupanoe of 
flood plains . In several instances during 1940-41 the Chief of 
Engineers, in recommending l ocal flood-protecti on 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 in authorizing the construction 
of projects . 

Public Relief 

If a flood were to strike in a densely-settled river val 
ley of the United States in 1942 the l osses suffered by the flood

plain dwellers would be borne in two ways. Most of the losses 
would be borne by private and public property owners and wage 

earners, as described in the following section. The remainder 
would be carried by public grants and direct rehabilitation work . 

Federal Aids 

As noted 1n Chapter I , the proportion o f the burden oar-
1·ied by public relief in the f orm of credit, grant, end rehabiU -
tation opera tions has increased pr ogressively during the past 75 

years , and the Federal ~hare baa increased even more rapidly. 

Qmlcn· pruent pol1c1ee , the following F'ecteral relief would tie 
available to sufferers: 

Loans 
1. Disaster Relief Corporation loans at 3 per cent for 

repairs and rebuilding of private and public property. Col
lateral is at the discretion of the Corporation. "Character" 
l oans may be made, and interest charges may be waived f or 4 
months. 

2 . Farm Security Admlniatretion loans tor re pairs, re
building, purchase of livestock and seeds, and other farm re
habilitation expense. Rate of interest and period of loans 
a re determined upon the basis 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 pr operty, and for cleaning up private 
property fowid to constitute a public health hazard. 

7. Civilian Conservation Corps assistance in cleaning up 
and r epairing public property. 

There are few wants, 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 total expenditures for relief of all types of disaster dur
ing the same period. Many disasters are aided solely by f\lllds 
drawn first from local chapters . If the distress is severe, funds 
ere drawn next from the national organization's treasury, and 
finally, 1~ the event of great disasters, r.pecial f\llld-raislng 
campaigns are conducted on H national scale. During the past 
twenty years the Red Cross has spent approximately $19 per capita 
on an average of 290, 000 persons assi sted 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 Ad:l!linistration to fl ood sutfer ers. 1 

At the same time, Work Projects Administration expended more than 
$3 , 933 , 000 for rehabilitation of flooded areas in addition to 

$10,780,000 expended t or relief work and fl ood 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 f or that year of 

1These data and the other data concerning relief following 
the 1937 flood are taken from reports submitted to the 75th Cong., 
lat Seas . , in response to$. Res . 119. The reports are published 
i.n Sen. Docs. 63, 72, 78 , and 84, and in a letter appeari ng on 
page 4<:T17, Congressional Record, Vol. LXXXI, April 30, 1937. 
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TABLE 14 

RELIEF ACTIVITIES BY AMERICAN P.ED CROSS IN 
FLOOD DISASTERS, 1920-19408 

Rxpenditurea Flood D1 sasters 

Build ings Persons 

Plood All Num- Destroyed Domesti c Disasters D1 aasters b er or Killed In-
Damaged jured 

724 , 943 903, 723 22 75 105 b 
67,440 264 ,499 7 314 4 b 
77 , 659 419, 320 10 3 , 105 66 1 

6,814 1 , 602 ,174 9 332 1 10 
13 , 146 3,600,026 6 541 12 10 

3 , 161, 086 7,904 , 149 21 3 , 743 341 5 
15, 129, 348 16,544, 258 9 3,805 46 30 

1 , 280,110 4 , 618,736 34 22, 218 79 466 
584 ,193 958, 110 15 2 , 998 7 19 
52 , 540 11 , 621 , 272 s 1 , 004 5 2 

127 , 616 3 , 598,699 5 13, 362 22 3 
31 , S79 1 , 106, 504 22 10, 726 88 41 

342 , 556 l , S67 ,048 13 5,S39 75 170 
147,998 464,413 17 2 , 861 44 108 

4,190, 649 S, 099,206 24 81 , 790 109 ~. 851 

22,SOC,62~ 23, 309 , 288 19 71 , 668 113 sen 
6,236,779 6, 634, 810 37 9,172 216 57 
1 , 069, 474 2,276,109 31 24,087 509 741 

209, 318 748,838 11 9 ,776 120 SS 
119,276 946,626 35 9, 919 67 57 

56, 07S , 147 94 , 187 ,808 3S2 277 , 03S 2 , 029 9,133 
' 

8 Sour ce: Annual repor t s of t he Ameri can Red Cross . 

bNot r e ported. 

Ass1sted 
by Red 
Cross 

36, 035 

413 
1, 361 
2, 696 

1,448 
622 , 060 
71 , 045 
70, 487 
40,801 
1,936 

53, 957 
67. 933 

26 , 718 
75 , 747 

457. 254 
1,117 , 109 

80, 941 

110, 368 
41 , 881 

80, 652 

2 , 960 , 642 



-
199 

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

and Works Projects Administration operati ons. This is the minimum 

part or the burden that was spread among tax-payers and contribu

tors generally, there being other large , but wuneaeured, 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 basis of need. 

Effects of the Public Relief Policy 

Aimed at relieving distress and at cushioning the impacts 
of fl ood losses as much as possible for the individuals a~fected, 

the prevailing policy of public relief tends to spread the flood 

blows widely through the nation, and, in caring for individual 

needs, it i nfluences the character of flood-plain occupance. It 

offers the same help to the foolhardy who needlessly occupy the 

flood plain as to those who are located there because of advanta
geous factors i n 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 similar 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, inasmuch as they involve an immediate expenditure 

of private funds whereas public relief may cover all or a part of 

future losses. 

On the whole, public relief policy helps t o freeze present 

occupance , to encourage further encroachment , and to obscure the 

differences in factors of advantage and disadvantage between the 

flood plain and nearby areas. If no relief were to be ~ven, 

flood sufferers would be inclined after every flood to consider 

whether or not the advantages of the flood plain outweiglled the 

disadvantages of the flood hazard. Business and residential oocu

panoe which did not find strong advantages in their locations 

would find i t hard to compete with si~ilur occupance outside of 

the flood plain, and there would be an impetus to finding a more 

favorable location elsewhere. To the extent that public relief 

softens flood losses by individuals, those differences in locati on 

are effaced. 

Perhaps it is no mere coincidence that flood losses and 
flood relief costs have mounted together during the past 75 years. 
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Neither bas deterred the other. On the contr ary, public relief 
has reduced human suffering fr om floods in such a way as to promote 
or , at leaat , to fail to check the gr owth of causes for even 
greater suffering in future. 

Insurance 

In so far as public relief doea not cushion the impact of 
flood losses, property owners and wage earners cover such losses 
by (1) charging them to operating expense, (2) covering them out 
of reserves set up for that purpose, (3) insura~ce, or (4) becom
ing insolvent and passing the losses on to the creditors. Busi
ness failures due to floods have been rare i n tbe United States . 

Insurance has been tried sporadically and ls a vailable for a very 
small portion of the annual losses . Reserves against flood losses 

are r elatively uncommon. The greater part of the losses seems to 
be carried out of regular operating expenses . Business men and 
wage earners simply attempt to take the flood hazard in their 

stride wi thout making any marked adjustment t o it, but flood in
surance may offer an opportunity to reduce i t s detri mental effects 
at modest cost. 

Corporation Operating Expenses and Reserves 

An examination of tbe income accounts and balance sheets 
of the principal corporations operating manufacturing, public 
utility, and railroad enterprjses in flood plains shows that only 
a few of them provide for reserves which are maintained specifical
ly to cover f}ood losses. The Wheeling Steel Corporation and sev 
eral others have at times established flood reserves to be paid 
out of corporate surplus , but the others either charge flood losses 

to regular oper ating items of maintenance and depreciation, or 
draw upon general reserves that cover other conti ngencies as well 
as floods. 

Inadequacy of Present Insurance 

A small amount of insurance against flood damage is writ
ten in the United States, and most of it is in connection with 
policies designed for other hazards. According to the financial 
statements of the stock companies and mutuals writing fire , marine, 
automobile , earthquake, sprinkler, tornado, and s1m1lar forms of 
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insurance, there are more tban tb1rty organ1zat1ons tbat write 

some type ot policy covering flood damages. 1 In 1038, which was 
taken aa a year when the threat of flood waa treab in the minds ot 
countless business men, those policies yielded an income ot approxi
mately $400,000 to the companies, and required disbursements ot 
approximately $120,000. There could not bave been an extensive 
coverage, therefore, of tbe flood hazard by straight policies tor 
that purpose. 

In so far as loesee are insured it is ohietly in connec
tion • 1th automobile , personal property , inland marine, and other 
specialized policies covering all risks t o specified property. For 
example, the Los Angeles flood ot 1938 caused losses estimated by 
the Corps ot Engineers to exceed $25 , 000,000. Of tbia amount, 
according to an estimate made by the Fire Companies Adjustment 

Bureau, $90, 000-100, 000 was paid as 1ndemn1f1cati on under all
r1sk personal property floater policies, $40, 000-60, 000 was paid 
on other all-riah coverage , and $135, 000-162,000 was paid under 
comprehensive automobile coverage. 2 

The first stock companies organized in the United States 

to deal witb flood risks 1n the 18901 s were wiped out by the heavy 
indemnification that was made, and, indeed, the home otrice ot a 

company f ounded at Cairo , Illinois, was itself destroyed by the 
floods of 1899. 3 By 1927, more than 30 companies had begun to 

write such i nsurance , but the severe floods ot that year required 
heavy indemnities, and t he coverage again was abandoned. While 
it still is possi ble to obtain insurance for virtually any property 

or production process desired, the amounts handled are so Slll&ll 
that tbe premiums are pr ohibitive for most property owners. 

Private insurance of fl ood losses seems to bave tailed for 
the same reasons, 1n part, as private efforts t o provide all-risk 
crop insurance. Fl ood i nsurance was put i n t o eff e ct in lilllited 
areas , thus incurring the danger ot excessive l osse s in one year, 

4 
and lt was based upon inadequate dats as to the degrees ot risk. 

1sest's Insurance Reports (Fire and Marine Edition) (1939-
1940 ed. ; New York: Alfred IC Best Co., me., 1939) . 

2The Western Underwriter, VII (June, 1938), 11 . 
3Altred Manes, Insurance: Facts and Problems (New York: 

Harper & Bros., 1938), p. 160. 
4 75tb Cong. , lat Seas . , Message from the fre1ident or tbe 
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Crop insurance for wheat and cotton now is a practical reality 
under Federal administration, and the plans allow for indemnifi 
cati on of flood losses and f or the setting or prellliums after con
sidering the flood hazard as well as other elements of risk. Un
employment caused by flood also is subject to indemnification un
der tbe 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 losses. 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 premiums. 

Is National Flood Insurance Practicable? 

Success t o date wit h all-risb crop insurance raises the 
question of whether it would be practicable t o establish and oper

ate a national system or insurance against flood losses. A defin 
itive answer would require the type or investigation of risks and 
premium schedules in sample areas which preceded the authorization 
of the crop insurance plan. A tentative answer on the basis or 
related experience and of prospective risks is that a system of 
flood i nsurance appears to be feasible and workable under certain 
conditions , and that it would offer important advantages in pro
moting sound adjustments to fl oods . 

Bxperience in France, Russia , and Switzerland with insur

ance against damages from floods and other natural catastrophes 
has shown t hat nati onal enterprises can cover fl ood risks at low 
coat witt a satisfactory financial record. 1 Moreover, there have 
been successful efforts in this country by groups of insurance 
companies to join in covering similar specialized risks, such as 
on risks. 2 

Rough estimates of the premiums which would be involved 

of the United States Transmitting the Report and Recommendations 
of the President's CO!l:lllittee on Crop Insurance , House DOc. No. 
156 (19S7), pp. 2"'3. 

1H. Lanz-Stauffer , "Calamities Naturelles et Assurance , " 
Premier Conference Interr.ationale our la Prot ~-tion contre lea 
ca t ea natural es ar a: La Commission Fran~a ae udea 
des Calamite, 1938) , pp. 467-476. 

Curt Rommel, "Bases de l'Asaurance Contre lea Damages 
Cauaea J)acr lea Rlemente Naturels," ~ateriaux Pour t•Stude des 
Calamities, II (1937), 123 -147. 

2 Manea, op. cit., pp. 164-165. 



203 

in insuring r isks in the Pittsburgh area also favor the possi

bility of flood insurance lnaslliuoh as they 1nd1oate that premi ums 
would not be prohibitive. 1 The data now available concerning 

flood frequencies, flood magnitudes, and flood losses are suf 
fic i ently detailed and comprehensive to permit the preparation of 
fairly reliable estimates of risk for the centers of greatest 
flood loss. 

To be successful, & national system of flood insurance 
would require national coverage, so that all 1118.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 system. Otherwise, no 

private company would be willing to write a large amount of i nsur 
ance with the prospect that a flood of the magnitude of the 1936 
flood in New England, f or example, might occur the next year. 
Thi s initial guarantee might be made through Federal reinsurance 

of private insurance, or it might be provided simply by complete 
Federal operation as in the case 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 1n 

dry years or cycles when floods seemed remote. Probably some co
operation from Federal credit agencies 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, it probably could serve to indemnify 
flood losses wherever other adjustments were either impracticable 
or delayed, and could do so promptly and without the stigina of 
public relief. Insurance would have the further advantage of pro-

• viding for a regular inspection system, similar to that maintained 

by fire underwriters, which und.oubtedly would be used to promote 
adoption of emergency measures and structural adjustments to re -

1Prentiss B. Reed, Flood Insurance , Office memorandum, New 
York , September 29, 1937. 
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duce potential flood losses. Moreover, by setting premium r ates 
upon the basis of the hazard involved, an insurance system would 
emphasi ze ditferences in ha zar d and would make pr operty owners 

more sensitive t o them. In thi s fashion , insur ance would t end t o 
atimula t e the movement of unsound occupance out of fl ood plains 
and t o favor t he stable continua tion of succes sf ul occupance wh i ch 
did not wa rrant protection . 



CHAPTER V 

CONCLUSIONS 

In the light of the preceding evidence relating to possible 
adjustments to floods and to factors affecting those adjustments, 
the geographical approach to tbe flood problem whi ch was outlined 
briefly in Chapter I may now be reconsidered with a view to making 
it more specific, and to indicatlng its relationship 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 

are to be used in the public good so as to yield maJtimwn returns 
to the nation with minimum possible social costs, it 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 me.de to the fl ood hazard. At least eight forms of ad
justment have been tried successfully. Si ngly or in canbination, 
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 mea.ns of escape from 

floods at relatively high construction costs. It is impracticable 
for densely-settled a reas, but may be suited to new urban develop

ments, to strategic sections of highways and railways, and to iso
lated residential, co1T1111erc1al, and manufactural occupance in 

sparsely-settled flood plains . 
Flood abatement by means of erosion control , forest-fire 

control, forest planti ng, and rel ated 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 factors involved and the scarcity 
of detailed field observations make lt impracticable to general
ize as to the opportuniti es for reducing the frequency of floods, 
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checking the movement of debris , curbing bank erosion, and reduc 
ing h i ghway erosion by these means i n e.11 parts of the country , 

but i n a few area s such opportunities have been shown to exist. 

Experience to date suggests that land-manageoent measures are the 
most feasible remedy for flood losses in a fe w places , and t hat 

such measures are a cor ol lary of e~gineering works wherever heavy 
flows of debris threaten the life of the works. The i r msjor bene
f it s accrue t o the owners and operators of the land on which the 
11Jlprovements are mo.de, however, and such pr ograms in the ln t erest 
of reducing f l ood losses should be considered also as a part of 
i ntegrated programJT~ ng f or all relevant phases of rural land use. 

Flood protection by levees and floodwalls , channel im 
provements, divers i ons , and reservo irs is t he most reliable and , 

in many instances , the easiest means of reducing fl ood losses . In 
balancing the costs of pr otective works against the benefits ex 

pected from them, it should be recognized that expend1turee greater 
than engi neering costs may be i nvolved in the disturbance of ur
ban land use through l evee and floodwall constr ucti on, of the pop
ulations and i ndustrie s of reservoir areas , and of the occupant s 
of floodway areas, and in deleterious effects which the works may 

have upon erosion and sedimentation processes in the flood plai n 

and stream channel involved. Levees and fl oodwai ls carry a spe
cial disadvantage; if overtopped bye fl ow greater than the de

sign flood, the maximum lose occurs . The other three types of 
works resul t in only par tial loss when :heir designed capacity ls 
exceeded . In the light o f meager evidence it seems poss1 ble t ha t 
reservoirs and channel improvements unless supplemented by lsnd
use measures msy induce or promote further encroachment upon s 
flood pla i n , and so may increase rather than decrease mean annual 

l osses . Sound evaluation of flood-protective works r equire s ap 
~ra lsal of these possibl e cost s , but also a~prai sal on a consist

ent basls of all beneflts, in addition to those resultlng from 
prevention of flood l o ss , which a re i nvolved i n enhancing t he 

productivity ~f the area to be protected, in improving public fa
cilit ies through the prot ect! ve v:orks t hemselv es , i n training 

laborers on the pr oject s, and in stimulati ng better land use. 
Just as amel i oration of fl ood conditions through land-use prac
tices can be evalua t ed effectively only i n conjunc tion with 
broader programs for land improvement and management , so flood 
protec tl ve 0Ror ks , if fully effective , must be planned with an eye 



to the needs and poaaibilitiea of water control and uae i n t he 

same drainage area for other purposes, such as navigation , i r ri 
gation, power, and pollution abatement. 

Emergency measures may reduce greatly the impact o f !looda 
if there are accurate, ti~ely forecasts of their occurrence and 
height, if efficient plana for emergency action have been pre 
pared, and lf the persons affected know the plans aut! iciently to 

act promptly. Properly-orgitnited emergency removal measures have 
proved effective in evacuating large populations with a minimum 

o f discomfort and distress , and with no serious effects upon pub
lic health. They alao have besr. uaed and can be uaed to pr event 

losses of movable property, such aa furniture , store furn i shings, 
stored goods , and machinery, items which in urban areas account 
for a large proport i on of the total propert y loaaea . Flood

fight i ng measures, ranging from emergency levees and bulkheade t o 

coating parts of immovable machinery with protecti ve oil, can 
serve well to decrease damages. Re-scheduli ng operat i ons by manu
facturers, transportation companies , and publi c utili ty a genci e s 
can assist mate rially in maintaini ng essential s ervice s and i n 
minimiting production losses. It la believed that i n most urban 

areas the mean annual flood l osses could be reduced at least 15 
per cent, and, u.~der favorable circumstances , as much a s 50 per 
cent by these emergency measures. They have been adopted by only 
some of the public utilities and large manufacturers , and t hey 
are generally not practiced or even understood by small property 

owners and by occupants o f upper flood zones. 
Structural adjustments may be ~sed to good advantage t o 

prevent, or reduce l osses of valuable property, interruption of 
essential public services, and s couring of farm land. Without 
attempting to pro vide protection f or an entir e ar ea subje ct t o 

fl oods, changes in building design, building layout , COD111unlcati on 
lines , street grades, ond the like can be made while previous 

flood losses are bei ng repaired , and can be executed as a par t of 
regular r epl acement and mai ntenance operations . Such measures, 

in conjuncti on with emergency f lood-fighting and re-scheduling 
measures, can minimize , or even eliminate, public - utility i nter 
ruptions 1n urban areas , and they can reduce materially losses to 
build ings and lands 1n rural area e . 

Land use readjus tment can largel y prevent t.hoee losses in 
agricultural areas which accrue to proper ty and crops that do not 
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depend upon special advantages of flood-plain location, and also 

can curb unsou.1c 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 effectiveness upon public subsidy of 
urban relocation, public subsidy of property abandorunent, public 

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 relief will remain a necessity in cushioning the 

social impact s of floods so long as other adjustments are not 
adopted. It has come to be well organized under Fed~ral auspices. 

Insurance against flood losses has failed under pr ivate 

management in the United States, but i t is a measure which proba
bly would be practicable if national coverage and guarantees 
against catastrophic losses were to be provided during the early 

years of operation. Once in operation , it would allow systematic 
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 e.d justment will be evaluated on a 
consistent basis which recognizes all costs of appropriate remedial 
action, and which considers benefits in terms of the welfare of 

the entire community affected. Such comparison involves various 
cos ts 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 items 

in deciding upon desirable lines of action. It is believed that 
there has been a general tendency to place undue emphasis upon 

hazards to life and health, and to assume without much foundation 

that production losses from flood were large in proportion to 
property losses. Because these components of costs and benefits 

are complex and difficult to measure, caution s .. ~ uld be exercised 
in any attempt to express the feasibility of a given adjustment 

as a simple ratio of measured costs to measured benefits. Such a 
ratio may be more misleading than helpful unless all available 
data have been properly evaluated. 

(3) Any action will seek to take full account o f all fac-
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tors affecting the success of the occupance which is possibl e un

der the vari cus adjustments or readjustments. In so doing, it 
will recognize: 

(a) That location upon a flood plain may be essential to 
certain types of land occupance , such as generating stat i ons , be
cause of special factors of slope and contour, soil , surface water, 
ground water, and corridor facilities. 

(b) That for many types of land occupance , some flood 

plains afford marked advantages of locat i on which do not , however, 
necessarily outweigh the disadvantages of flood hazard. 

(c) Tha t much occupance has developed on flood pl ains in 
association with other occupance depending upon flood-plain fea

tures, but without itself being related directl y t o such features . 
(d) That the present occupance of many flood plai ns re

flects an earlier adjustment to advantageous factors which, be
cause of technological changes , are no longer significant. 

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

(4) Any action ·..,111 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 choice in ter ms of this principl e 
of action are the following: 

(a) All possible adjustments except those in land use and 
insurance tend t o favor the preservation of existing land occu
pance. 

(b) Public relief favors further encroachment upon a flood 

plain by bearing part of the costs of such encroachment. 
( c) Ef rec ti ve et:1ergency measures al so may favor encroach

ment in less degree by reducing the hazard of flood loss. 
(d) Encroachment upon flood plains is likely to continue 

so long as the riparian doctrine is not modified by public regu
lation . 

(e) Insurance and structural adjustments, by requiring a 
property owner t o make some payment for the advantages of flood

plain l ocation which he enjoys, stimulate the abandonment or move
ment of occupance that is not profitable. 

(f) Flood abatement, flood protection, and public relief, 
by pl acing upon public agencies the major burden for reducti on of 
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l osses, encourage the occupants of flood plains to seek those ad
justments at public expense even t hough other adjustments at pri 

vate expense might be l ess costly and more effective f r om the 
standpoint of the nation . 

Present Public Policy 

Prevailing public poli cy in the Uni ted States falls short 

of the foregoi ng f our essentials in several respects . Under 
present legislative directives the Federal government's concern 

with reducing flood losses is limited to flood protecti on , flood 
abatemAnt by land management , certain types of emergency measures , 
public relief, and relocation of a community if it can be accom
plished at a coat l ees 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 ha s been developed for that purpose. The 
forecasting system maintained by the Weather Bureau is unsatis

factory in its co verage of small draina ge areas and its d1seem1-
nat1on 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 me thods a r e not expanded, the potenti
alities of such adjustments will r el'll!lin undeveloped. 

In estimating the limit of feasibility for flood-pr otec
tive works, no consistent basis is in use for evaluat ing benefits 

and costs . Unless some agreement is reached among the agencies 
re sponsible 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 sur vey procedures for f lood protection 

takes adequate ac count of the factors which, in flood-plain occu

panee , have been advantageous or disadvantageous for the present 

use s . As a consequence, it cannot be said with confidence t hat 
present Federal activities have the net effect of promoting sound 
land u se. Publi c relief, flood abatement, and flood pr otecti on 
favor t he retention or present occupance, whether desirable or 

undesirable. With little or no attention to the desirability of 
such occupance, present policy helps to stabilize une conomic oocu
pance. Works t or pr otection and abatement ~nimize the flood 
hazard at public expense t or the most part, and in the pr ocess 
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provide i ncrements in land value to land owners , some of whom oc

cupy the flood plain on a highly speculative basis. Heavy loaaea 
by small property owners are largely subsi dized by the gover nment. 
Further encroachment is thereby tacitly encouraged, and Congl'ess 
has not yet s een flt to requir e regulation ot encroachments as a 
condition of Federal participati on in flood protection. In effect, 

the national treasury bears a large part ot the costs of those who 
prefer to live on flood plains, and does so without inquiring a s 

to whether or not such plains afford any pronounced advantage s tor 
such occupance. 

In areas where neither protection nor prevention is f ound 

to be economically feasibl e , the Federal government assumes no r e
sponsi bi l ity f or fosteri ng types of adjustment other t han public 

relief . I t goes to great lengths to provide protecti on from floods 
if the cost -benefit rati o ls favorable , but contents itsel f with 
merely helpi n6 to rel i eve and rehabilitate flood suffer ers in areas 
where the r ati o is unf avor able. Inasmuch as the cost-benefi t r a tio 

ls no index of the economic vigor ot a community, pr otection is 
given to some towns that are definitely decadent , while i t is with
he ld from some a r eas wher e development, tbougb recent , i s higbly 

promising. Indeed, the more vigorous types of occupance which a re 
highly dependent upon flood-plain l ocations, such a s power plants , 
water works and r a i l ways, have been leaders in de velopi ng emer gency 
measures and structural adjustments, quite independentl y ot publi c 

ly -financed protection measures. Their successful acti~ities have 
attracted, 1n many instances, subsidiary residenti al and camner 
oial occupance which b_As lacked the foresi ght and skil l t o make 

such adjustments , and which bas been more dependent, therefore, 

upon public a i d. 
On the whole , present policy fosters an i ncreasing de pend

ence by individuals and local governments upon the Federal govern
ment for leader ship and f i nancial suppor t in deal i ng with t he 
flood probl em. While encouraging solicitation of further Federal 

ai d and the establ ishment ot types of oocupance r equi r i ng such 
aid, the policy doe s not help or stimulate benefic iaries to ex
plore the possi biliti e s of maki ng other adjustments with a view 
to promoti ng the most effecti ve use of f lood-plai n resources. 
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Needed Geographical Contributions 

I n arrivi ng at these conclusions concerning the character
is tics of a sound approach to t he flood problem, a generhl theory 
as to the factors affecting human adjustment to floods h~s been 
st£ ted tenta tively . This , i t is believed, deserves more detailed 
exemina~ion and experimental applicati on in the l ight of fie l d 
studies . 1leanwhile , 1 t soems to provide a Ul!eful frar.-.e of refer

ence f or two lines of geogr aphical re search which are needed liS 

r.ontr1but1ons to the sol ution cf the flood problem in tbe United 

St e. te s . 
First , the development of new end improved adjustments t o 

floods would be promoted by intensive studies of adj ustments in 
repr esentative areas here end 1n other countri e s, s t udies designed 

to identify the consp1cuousl;1· successful and unsuccessful ad just
ments for each importan t tyre of flood plain and of flood-plain 
occupance . Second , i t would be helpful to ha 1b studies of the 

present and prospec tive importance cf t he various factors a ffect
ing adjustments to floods in areas where protective works are un
der consideration and particularly in areas whe re protection has 
not been deemed to be justified. 

If the flood pl ains of the United States are to be devel
oped progressively so as to utilize as ful ly as practicable the 

advantages afforded by them , and to mi nimi ze the1 r di sadvantages , 
i t will be necessa1•y to adop t a broad guogra phical approach of the 

type outli ned in the pr eceding pages . That appr oach will demand 

an integration of engineeri ng, geographic, economic , and related 
techni ques . The solut i ons will not involve a s ingle line of pub

l ic or private action but will cal l for a combination of all eight 
type s of adjustffients , judiciously selec ted with a view to the 
most effective use of flood plains . 
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