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

For example, after the 1937 flood on the Ohlo River, the
Corps of Engineers estimated the flood losses at Paducah, Ken-
tucky, to be $25,500,000.1 A fleld party from the Tennessee Val-
ley Authority working in the same area at the same time, concluded
that the losses amounted to $13,167,692, or 51 per cent of the
Army figures.2 The difference apparently arose from the fact that
the two agencles used different methods for evaluating the same
losses and started with divergent assumptions as to the impact of
flooding upon a community. JInevitably, the studles ended far
apart in their findings. Simllar differences are possible wherever
losses are evaluated, and statistics on losses will remain in-
consistent as long as relatively uniform criterla are not adopted.
Until they are adopted, 1t will be frultless to attempt to com-
pare numerical estimates of flood losses for one area with those
for other areas.

Soclal Impacts of Flood Losses

A basis for a relatively uniform appraisal of flood losses
from a national standpoint was suggested by a subcommittee of the
National Resources Committee in 1959,5 but much confusion remains
among investigators, in part because of faulty techniques and in
part because of differences in basic assumptions as noted above.

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

175th Cong., lst Sess., Levees and Flood Walls, Ohio River
Basgin, Hearings before the House Committee on Flood Control on
H.R. 7393 and H.R. 7647 (Washington: Government Printing Office,
1937), p. 28.

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 (Unpublished.)

3National Resources Committee, Report of the Subcommittee
on Flood-damage Data (Washington: National Resources Committee,
1939), pp. 1-6.
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impacts of floods.

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

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

18 most widespread and most readily measured. Involving all forms

of property, including land itself, these losses lend themselves

to appralsal by the usual methods of property valuation.l
Soclal impacts resulting from interrupting the production

of goods and services are commonly and loosely grouped under the

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

They may be considered to involve elther a complete elimination

of production or a delay in production. In either case the effect
i1s to waste labor, management, equipment, supplies, and land in so
far as they are not used with normal efficiency during the period
of time that flood effects are felt. If the opportunity to produce
such goods or services 1s permanently lost and not merely suspended,
the total of goods and services wasted may be counted as flood

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

1The problems of evaluating such impacts resemble other
problems of property evaluation, the chief difference being that
decrease in productivity 1s measured rather than increase of pro-
ductivity. The techniques of evaluation are thus those which have
been reviewed 'at length by Bonbright and Clark. See James C. Bon-
bright, The Valuation of Property: A Treatise on the Appraisal of
Property for Different Legal Purposes (New York: McGraw-Hill Book
Co., 1937), I, 10-39, 113-266, and John Maurice Clark, Preface to
Soclal Economics: Essays on Economic Theory and Social Problems
(New York: Farrar and Rinehart, Inc., 1§36;, particularly pp. 48-
60.

For a speclal review of valuation problem relating to
flood losses see Reginald C. Price, Myaluation of Benefits and

Costs of Flood Control Measures" (Unpublished Master's thesis,
American University).
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TABLE S

WATER -BORNE OUTBREAKS IN UNITED STATES DUE PARTLY
OR WHOLLY TO FLOODS, 1920-19362

Number Typhold |Typhota | PLarrhes
Outbreaks and Cases Out - Cases Deaths Dysentery
breaks Cases
From all causes....... 399 12,585 862 103,032
Associated with floods 18 648 37 946
Percentage assoclated
with floods....eenwe 2.2 1.9 2.3 1.1

8source: Arthur B. Gorman and Abel Wolman, Water-borne
Outbreaks in the United States and Canada and Their Significance
(New York: Americaen Water Works Association, 1939]}.

and nursing services in the flood area.

Probably the most far-reaching loss inflicted by floods
upon public health is that resulting from malnutrition due to de-
struction of food crops. Famine and flood do not go hand in hand
in the United States as they frequently do in the North Chinese
plain and the other great flood plains of Asla, but pellagra has
been a prominent consequence of flood in sectlons of the South
where single-crop cotton culture prevails. Following the lower
Mississippl River flood of 1927, pellagra increased markedly in
the overflow areas of Tennessee, Arkansas, and Mississippl as a
result of decreases in milk production, losses of poultry and
swine, and reduced production of vegetables.1 These unfavorable
dietary conditions were enforced by lowered income resulting from
unprofitable cotton crops in 1925-1927, prices in the latter year
reflecting flood losses as well as market depression.

According to LePrince, if overflow in the "malaria belt"
occurs when temperatures reach 76° F. and 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

lJoseph Goldbsrger and Edgar Sydenstricker, "Pellagra in
the Mississippl Flood Area," Public Health Reports, XXXXII (1927),
2706-2725.

2J. 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 Mississippl and other Southeastern streams, such as the
Pee Dee, where broad-crested floods inundate the lowlying zones
for two weeks at a time.

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

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

The fourth type of impact 1s that experienced by private
and public interests alike in evacuating the flooded area and in
reoccupying and rehabilitating it later. These are losses quite
apart from the losses accruing to property and production. They

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

Problems of Loss Valuation

If loss data are used in estimating benefits they must be
assigned some value, however rough. This valuation process 1s
complicated in at least two major respects, each relating to the
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TABLE 10

SEDIMENT DEPOSITION AND REMOVAL DURING THE
OHIO VALLEY FLOOD OF 193728

Area Volume
Effect on Land
Acres Per Cent Tons
Valley lands
Ares damaged: .
Urban deposits....... 89, 093 11.0 + 3,835,200
Rural sand deposits.. 26,726 3.3 +16,858,651
Removals............. 69,567 8.5 -12,312,777
Total........... 185,386 22.8
Area benefited........ . 304,066 37.4 +30,222,457
Area unaffected........ 323,384 39.8 | .....
Total.eeeeecasae 812,836 100.0 +38, 603, 531
Tributary backwater lands 763,949 N 8,429,306

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

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

1Carl B. Brown and Mark H., Brown, "Sedimentation Survey
Following the Ohio River Flood of January, 1937," Unpublished re-
port of the Soll Conservation Service.
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of acreage affected, the Ohlo Valley gained at the expense of up-
stream valleys. In terms of net change in productivity, it 1s
impracticable to generalize; there 1s 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 silica-sesquioxide ratio
of soils of unconsolidated water-laid sediments in Wales to the
precipitation of silicic acid from river waters.l While the ef-
fect has not been investigated in the United States, 1t 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 is well recognized in the arid and
semi -arid reglions, particularly in the Southwest, where water-
spreading devices are being expanded actively under public aus-
pices. On the Great Plains spring floods form a definite part of
the agricultural schedule, Thus, in the Missouri Plateau of Mon-
tana, North Dakota, and Wyoming annual spring-flood flows are re-
garded as beneficial because the molsture 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
ad jacent lands.

Flood Plains--Advantages and Disadvantages

Most of the entries for floods on a balance-sheet for
flood-plain adjustment belong on the red side of the ledger. On
the whole, floods in the United States cause greater loss than
gain in human occupance. A few items, such as channel cleansing
and some of the deposits of sediment are proper entrles 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

1. W. Robinson, "The Nature of Clay and Its Significance
in the Weathering Cycle,” Nature, CXXI (1928), 903.

2’73d Cong., 2d Sess., Missouri River, House Doc. No. 238
(1935), pp. 318-319, 326-327, 310 and 303.
Unfavorable report of the Chief of Englneers on "Belle
Fourche River, Wyoming and South Dakota," June 30, 1941. (Un-
published.)
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divided into two groups. The "regional factors," or those which
apply to adjoining areas as well as to flood plains, can be deter-
mined only by comprehensive regional study, and, therefore, are
not a part of this analysis. The "flood-plain factors," or those
which apply only to flood plains, may be segregated by means of
less comprehensive engineering and geographic studies, and are
noted here briefly.

Slope and Contour

Rarely does a flood inundate a high-grade residential dis-
trict in an American town or city. The lower-income groups in ur-
ban areas suffer proportionately more from floods than do those
in higher brackets. For example, Garland shows that in the cities
of the Ohio Valley between Huntington, West Virginia, and Mays-
ville, Kentucky, the better residential areas are on terraces and
valley bluffs above the reach of floods, and that new residential

development is moving out of the flood plain, although the earliest

occupance of that character first located upon ridges in the val-
ley bottom.1 Farther upstream at Pittsburgh, the urban areas
flooded in 1936 were chiefly manufactural, commercial, and low-
grade residential occupance. Six thousand four hundred nineteen
dwellings out of a total of 153,810 in the city were under water.
Prior to the flood, 22 per cent of the dwellings in the flooded
area had been rated unfit for use, whereas only 3.8 per cent of
all city dwellings had been so rated. At least 40 per cent of
the flooded dwellings were without indoor water closets, in con-
trast with an average of 14 per cent for the entire city.2 It
seems to be a reasonable hypothesis that wherever a flood plain
is narrow or of medium width, the better grade residential occu-
pance seeks the upland. Flood plains lack the scenic views and
the interrupted landscape that commonly go with hillside or up-
land location, and they also are more likely to be occupied by
objectional commercial and manufactural forms. Aesthetic consid-
erations therefore lead housing development, particularly higher-
cost resldences, out of many flood plains. There do not appear

1John Henry Garland, Occupance of the Eastern Segment of
the Middle Ohio Valley (Chicago: UniveraIty of Chicago Libraries,
1940), pp. 105-106.

2

Pittsburgh Business Review, VI (1936), No. 5, pp. 17-20.
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to be any clear-cut savings to residential construction in flood
plains as compared with 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 1ndependent-
ly of the use of any available water-transportation facilities,
these uses demand relatively level ground and are able to pay for
it.

The same is true of heavy manufacturing activities which
require large floor space, outdoor storage facilities, or exten-
sive railroad sidings, particularly plants for which single-story
shops afford economies in lighting, heating, foundations for heavy
machinery, reduction of vibrations, floor construction, and han-
dling of materials.2 Steel-rolling mills and o1l refineries are
among the types of plants that have been located on flood plains
in part to take advantage of the lower construction and operation
costs made possible by the terrain. A glance at the topographilc:
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, Pennsylvanla,
where plants of the Bethlehem Steel Corporation and of the Lorain
Steel Company occupy a large part of the flood plain and provide
work for more than half the industrial laborers there. This small
strip of bottom land on one of the main routes between Phila-
delphia and Pittsburgh attracted agricultural settlers in 1800,
and became a busy terminal on tne western branch of the Pennsyl-

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

2Milo S. Ketchum, The Design of Steel Buildings and the
Calculation of Stresses in Framed Structures (New York: McGraw-
Hill Book Co., Inc., 1952}, pp. 361-362.

3D. H. Davis, "Urban Development in the Kentucky Moun-
tains," Annsls of the Association of American Geographers, XV
(1925), 94.
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vania Canal in 1834, Iron ore deposits in the nearby upland were
developed shortly thereafter, and an iron industry grew up to use
those supplies as well as local coal supplies. Today, the manu-
facturing plants utilize the bottom land with its nearly level
terrain, its water supply and access to 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 milling equipment, and storage facilities are on nearly level
land, even though at some distance from the mine mouth.

In mining, as with most heavy manufacturing, the attrac-
tion of a lowland terrain, whether great or small, 1s exercised
indirectly in many instances, through the effect of slope and con-
tour on transportation facilities. Where the railway and highway
go, commerce and manufacturing also go, and thus these classes of
use tend to concentrate in assoclation one with another on flood
plains rather than on adjacent uplands, For example, some recent
manufacturing developments in the Middle Ohio Valley were located
30 as to be near the valley-bottom railway rather than the river
1tse1f.2

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

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

2Garland, op. cit., pp. 81-82.
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Yazoo Delta of Mississippi in the early 1930's indicate that the
costs of farm operations using machinery, something which 1s prac-
ticable upon the lowlands, were appreciably lower than on farms
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 1s that the men-
ace of soll 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 amount to as
much as 68 per cent of the total construction costs on an average
dirt road, whereas they may be as little as 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 1s desigred to fit surface configu-
ration only in so far as necessary to minimize the cost of exca-

1Lewis_E. Long, Farm-power in the Yazoo-Mississippi Delts,
Mississippil Agricultural Experiment Station Bulletin, No, 285
(1931), pp. 20-30. -
M. G. Varden, J. O. Smith, and W. E. Ayres, Making Cotton
Cheaper, Mississippi Agricultural Experiment Station Bulletin,
No. 250 (1931), pp. 20-24.

2H. B. Shaw, "Highway Grades and Motor Vehicle Costs,"

{gg;eedings of Twelfth Annual Meeting of Highway Research Board,
s Ps 91.

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

John H. Bateman in Introduction to Highway Engineering
(New York: John Wiley & Sons, 1939), p. 350, suggests 5 per cent
as the maximum grade for gently-rolling country.

3Sigvald Johannesson, Highway Economics (New York: McGraw-
Hill Book Co., Inc., 1931), p. 26.
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vation and to avoid unstable subsurface conditions.1

Considerations of traffic flow, alignment, curvature, and
underlying subsoll and rock, play on the whole a much larger role
than does the grade factor in affecting the placement of new or
relocated highways. With increasing development of high-speed,
hard-surfaced highways, requiring low curvatures, new locations
in areas of low or medium relief are likely to be in available
flood plains more on account of the prior location there of dirt
highways, railways, and towns than on account of any advantages
afforded by the flood-plain configuration. The exception, of
course, 18 in areas of high relative relief, such as the mountain
valleys of the Middle Rockies in Colorado, where valley bottoms
or lower valley walls afford the only practicable locations for
highways.

Drainage and Ground Water

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

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

1Arthur G. Bruce, Highway Design and Construction
(Scranton: International Textbook Co., 1937), p. 66.
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as well as builldings 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 -
1y 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 dralinage 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 financlal distress by the 1950'3.1

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 reguired
for effective drainage, these lands were sufficiently productive
to support a profitable agriculture., WNeither floods nor poor
dralnage 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
fertile for cotton culture, on account of the difficulty of drain-
age and the fear of mosquitoes and the accompanying "fever." Set-
tlers in the Middle Illinois Valley commonly avoided the flood
plain for the same reason.2 Mosquitoes no longer are the menace

1Emil Schram, Speech before American Society of Agri-
cultural Engineers, June 18, 1934.

2Harlan H. Barrows, Geography of the Middle Illinois Val-
ley, Illinoils State Geological Survey, Bulletin No. 15 (Urbana:
Unive

rsity of Illinois, 1910), pp. 76-77.
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which they constituted in earlier days. Breeding-control meas-
ures and house screening have been so perfected that inconvenience
and the menace to health can be eliminated or reduced at rela-
tively modest cost. '

Rarly settlers preferred flood-plain locations in some
regions because of the abundance there of ground water. In the
peopling of the Illinols prairies, water supply was one of the
several factors which tended to restrict many initial settlements
to the borders between wooded hillsides and adjolning 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 of the Great Plains and Texas
coastal drainages, in which ground water 1s generally more plenti-
ful in valley bottoms than in interstream 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
flood plains of valley floors and of mountain pediments have
offered to early pueblos as well as 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 is well recognized, and need not be elabo-
rated.

Soil

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

1Derwent Whittlesey, "Rarly Geography of Northern Illi-
nois," Science (new series), LXXXI (1935), 228.

2Oscar Edward Meinzer, The Occurrence of Ground Water in
the United States, with a Discussion of Princij;.es, Geological
Survey Water Supply Paper, No, 489 (Washington: Government Print-
ing Office, 1923), pp. 192, 291-298, and 303-306.

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

of the region and with its physiographic position. Such soils
have zonal characteristics in common with other members of their
own soil group and family, of course, and they have few character-
1stics, except those of drainage, not shared by other types in the
same serles outside of the flood plain.

Azonal soil types present bewlldering varlety, and 1t is
not practicable to generalize as to their advantageous and dis-
advantageous features in so far as crop ylelds and tillage prac-
tices are concerned. It already has been noted that flood-plain
soils are markedly less subject to erosion through sheet wash and
gully formation than other major soil groups lnasmuch 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 infreguent flood
phenomena, it probably 1s safe to say that alluvial flood plalns
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 solls. 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 1n such
diverse sections as the irrigated valleys of the Gila Basin, Ari-

lE. J. Carpenter and S. W. Cosby, So0il Survey of Contra
Costa County, California, Bureau of Chemistry and Solls, Soil
Survey (Washington: Government Printing Office, 1939), pp. 52-53,
85,

20. S. Pearson, D. G. Greenleaf, H. R. Adams, and Winston
Neoly, Soll Survey of Wyomi County, New York, Bureau of Chem-
iatry and Solls, goIl Survey (Washington: Govermment Printing Of-
fice, 1938), pp. 31-32, 34.
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zona,l 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 loams of the natural levees
and the boulder deposits of alluvial rans5 to the poorly-drained
phases of the tough clays which 1ie 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, water transportation, water power and recreational facili-
ties. The early location of towns and cities on American flood

g, c. Eckmann, Mark Baldwin, and E. J. Carpenter, "Soil
Survey of the Middle Gila Valley Area, Arizonsa," Field Operations
of the Bureau of Soils, 1917, p. 18.

2w1111am DeYoung, F. O. Youngs, and T. W. Glassey, Soil
Survey of the Milk River Area, Montana, Bureau of Chemistry and
Soils, Soil Survey (Washington: Government Printing Office, 1928),
pp. 15-22, 33-35.

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

4A good example is the overflow phase of the Hadley loamy
fine sand in the Connecticut Valley. W. J. Latimer and L. R.
Smith, Soil Survey of Hampden and Hampshire Counties, Massachusetts,
Bureau of Chemistry and Soils, Soil Survey (Washington: Government
Printing Office, 1928), p. 23.

G. L. Fuller and S. 0. Perkins, Soll Survey of Wayne Coun-
ty, Georgia, Bureau of Chemistry and Soils, Soil 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 Agriculture, 1938 (Washington: Government
Printing Office), pp. 1001, 1067-1068, 1133-11 3.

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

Geographers, XXIV (1934), 5.
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plains 1s to be explained largely in terms of one or more of these
factors.

The towns which experience major flood losses along the
Merrimack River in Massachusetts centered their most vigorous
economlc development around the generation of mechanical water
power at falls in the river.l Technological 1imits 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 Lowell2 and Lawrence
and Manchester were congregated along the streams, contending for
locations near the falls where low-head hydraulic turbines could
be used. The perfection of electric transmittion made it feasible
to use Merrimack power far beyond the reach of the creaking, cum-
bersome relays of pulleys and drive shafts that first fed energy
into the 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-
curs at such places, of which Norwich 1is typical.4 Those losses
are payments made from time to time for advantages which have dis-
appeared, and commercial and residential occupance continues to
cluster around mills that, were it not for prior investment, could
as well be located above the flood plain.

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

1Victor S. Clark, History of Manufactures in the United
States (New York: McGraw-HI1ll Book Co., for Carnegie Institution
of Washington, 1929}, I, 404-405, 409.

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

3Preston E. James, "The Blackstone Valley: A Study in
Chorography in Southern New England," Annals of the Associlation
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 Potomsac Rivers.l For the
most part they seem to have been designed to withstand moderately
high flood flows; machinery was well anchored, bullding construc-
tion was sturdy, and provision was made to store damageable goods
above the reach of floods. There is no record of the number in
operation today. An unknown proportion of them are located suf-
ficiently above the flood 1line, being connected with the stream
channels by small diversion cenals 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 mainteined against flood damage, but as soon as the need for
them disappeared, the structures disintegrated rapidly.

The other ma jor power users are the hydroelectric gener-
ating plants themselves. Their storage and diversion dams must
occupy streem 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
Pennsylvanlia Water and Power Company on the Susquehanna Kiver was
built in the belief that it would be dry in the greatest flood,
but 1n 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

lH. H. Bennett, "Utilization of Small Water Powers,"
Transactions of the Third World Power Conference, 1936, VII, 476-
482.

ZUnfavorable preliminary report of the Chlef 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 megnitude 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 1s 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, 1t 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 1s not likely to
bulk large in any analysis of city relocation or readjustment.
Apparently, it is 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
for each ton of coal.2 For this reason and because of possible
savings in handling coal where it cen 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, "avallability of condensing water 1s of
greater importance than all the other factors governing station
location."® In numerous cities and villages, such as Iowa City,

1Ice and Floods: Holtwood and Sefe Harbor, March, 1936 (n.p.:
Pennsylvania Water & Power Co. and Safe Harbor Weter Power Co.,
1936), pp. 41-73.

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

p. 272.

5Gustav Gaffert, Steam Power Stations (New York: McGraw-
Hill Book Co., Inc., 1940}, p. 470, He states that 0.6 to 1 gal-
lon per minute of condensing water 1s required for one kilowatt
of installed capacity.
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Iowa, the waterworks have been located on a flood plain with full
knowledge of the flood hazard in order to take advantage of low
pumping costs.

A closely related problem is waste disposal. From the
isolated farm house with its outhouse overhanging the convenient
brook to the large paint-manufacturing plant which chooses a
waterside site in order to dump tons of polsonous trade waste
every day, a main objective of waste-disposal has been to get the
waste into a public water;ay as quickly, easily, and cheaply as
possible, leaving to others downstream the task of coping with the
polluted waters. Stream channels are natural sewers, and the
closer a source of pollution can be situated to them the easier
will be the task of disposing of that waste. Municipal sewerage
did not develop until after 1855 and there was little incentive
for early American towns to locate near watercourses as ready
depositories for domestic waste.l Sewers for storm-water drain-
age, combined with cesspools or open pits, were the order of the
day. To a minor degree, it now 1s advantageous from the stand-
point of sewerage costs to locate municipal sewerage works as near
as practicable to the receiving stream. A review of the technical
literature on this subject indicates, however, that the flood
hazard is a relatively unimportant factor in sewer and treatment-
plant construction. The exceptions are the manufacturing plants
that produce large quantities of objectionable waste. The more
objectionable ones are paper mills, canneries, distilleries, tex-
tile mills, steel-pickling plants, o1l refineries, and tanneries.2
Even with these plants, flood-plain location is not especlally
desirable. Waste generally flows by gravity to the receliving wa-
ter, and thus distance from a height above the water does not in-
volve expense unduly greater than that for a waterside location.

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

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

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 Mississippli river system}

Certainly, too, the dominant consideration leading to the multi-
plication of iron and steel plants along the Upper Ohio River in
recent decades has been cheap water transportation. Bngineers esti-
mate thet it costs 10-25 cents to collect and transport a ton of
coal from Upper Ohio Valley mines to the river banks, § cents to
load from tipple to barge, 5 cents to unload from barge to rail-
road car, 8 cents to unload from railway car to stock pile, and
38 cents to distribute by rail from a water terminal to stock piles
away from water, Barge transport costs approximately 3 mills per
ton mile, which would amount to 27 cents per ton for a haul from
Point Pleasant, Ohio, to Portsmouth, Ohio, and 79 cents per ton
for a haul from Point Pleasant to the Mouth of the Allegheny
River.2 Although the costs of loading coal from tipple to rail-
way car and of unloading it to a stock plle are slightly smaller
than the costs of loading to and from barges, because river tipples
need to be heavier than land tipples in order to withstand floods,
the consumers of coal can make substantial savings by arranging
their plants so that direct shipment may be made from mine to re-
ceiving plant. The major costs are incurred in transshipment at
both ends of the line, and it 1s this item, as much as savings in
direct 1line haul by water, that 1is responsible for the clustering
of commerce and processing that persists on some river banks in
the face of repeated flood disasters.

If a commodity is handled in bulk, and if its transporta-
tion cost is a substantial part of its total cost, there is strong
resistance to removing the storage or processing facilitles far
from a wharf., Theoretically there exists for every commodity an
areal 1imit beyond which it cannot be transshipped economically
from water carriers and still compete with deliveries by other
carriers. From the standpoint of transport cost alone, storage or
processing should take place as near as possible to the water's
edge consistent 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-

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

%76th Cong., 1st Sess., Lake Erie and Ohlo River Canal,
House Doc. No. 178 (1939), pp. 293-298.
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flect the resultant of these two forces.

With the increasing development of recreational facili-
ties in the environs of urban areas in the United States in recent
years, largely as a result of improved automobile transportation,
flood plains in such localities have been utilized more intensive-
ly than formerly for summer cottages. From the Potomac Gorge near
Washington, D. C., to the San Bernardino mountains sbove 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, thelr owners or renters find it practicable to
risk the chance of an occasional loss.

Corridor Facilitles

Although the gradients of flood plains may not have spe-
cial inducements for highway locatlion, i1t has long been recognized
that the floors of valleys in relatively rough terrain are par-
ticularly well suited to through routes of railway travel, and,
in an earlier day, highway travel. The flood plain may not itself
be attractive, but the valley bottom may be very much so. Perhaps
the best demonstration is that the main lines of the Pennsylvania
and Baltimore and Ohio rallways cross the Appalachians in long
valleys and are subject to heavy flood losses.

An early American railway bullder advised his assistants,
"first get into your heads the drainage, drainage, DRAINAGE. The
drainage and location of the dralnage is the framework on which
you must hang your location!"1 So he epitomized the guiding prin-
ciple of railway locatlion in the United States during the latter
part of the nineteenth century. In seeking line locations which
would yleld the most favorable ratio of annual revenue to the
cost of construction and operation, the bullders attempted to
find the easiest possible grades for the longest possible dis-
tances, and adjusted distance, curvature, and cut-and-fill opera-
tions over short distances to meet that primar- *equirement.z

lQuoted by Clement C. Williams, The Design of Rallway Lo-
cation (New York: John Wiley & Sons, 1924), p. 388.

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

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

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

In addition to favorable grades, some river valleys had
the advantages of relatively low curvature, comparatively large
concentrations of settlement, and low cost cut-and-fill opera-
1:1ons.‘-5 The leading analyst of railway location noted in 1880
that in locating valley lines it was difficult to make due allow-
ance for the fact that in those locations "nature has made our
£111," 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 whole they
are less favorable to making slight readjustments in ruling gra-
dient so as to effect economies in operation.

With such considerations tending to govern the location
of railways, flood plains were attractive not so much because of
minor variations in surface configuration as because of the long,
low gradients which they made avallable. These corridor faclli-
ties were, then, especially significant for railways. Highways
and urban occupance have developed flood-plain locations in many
instances in order to be near some railway rather than because of
any other advantages of the flood plain.6

lW1111ams, op. cit. p. 388.

2Wellington, op._cit., p. 688.

3Wi11liams, op. cit., p. 389.

4Wellington, op. cit., p. 850.

Swil1iams, op. cit., p. 389.

6San Bernardino, California 1s an example cof a city which
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On the whole, the flood hazard does not seem to have bheen
a ma jor deterring factor in the minds of railway builders. Welling-
ton said:

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

The records of raillway 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 for economy in rallway costs, they neglected the costs to
the urban-land users who followed the railways into the valleys.
It seems probable that in some locations, if the advantages and
disadvantages of a flood plain for an entire community rather than
for a railway alone had been computed, a different location would
have been selected,

Soclal Institutions

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

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

developed partly on a flood plain because of cou.cidor 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, Universlty of Ca ornia
PubITcatTons In Geéography (Berkeley: University of California
Press, 1940), pp. 11, 37, 44-46.

ZWellington, op. cit., pp. 783-784.
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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 functions that grew up around the use of river trans-
portation as d4id the cotton and wholesale district of Memphis.2
The commercial towns of the Mississippl delta are located primari-
1y in relation to agricultural occupance, which capitalizes upon
the rich alluvial soil and the relatively level terrain. Perhaps
more generally important than the attractions of manufactural and
commercial enterprises are the attractions of community facilities
once they are established. Schools, streets, public-safety serv-
ices, and public utilities are an incentive to new occupance that
otherwise would find no speclal advantages in the flood plain;
highways follow railways into valleys in order to traverse towns
on the railways rather than because of any special advantages of
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 of Codorus Creek to utilize the water power
and water supply. Improvement of the treek for navigation made
it the locus of commercial activities in the 1830's. Today the
creek is no longer used either for poier or navigation, its waters
are polluted, and the city's water supply comes from a reservoir
four miles up.'.at:reeun.:5 Now it is solely a 1liability, causing mean
annual losses in excess of $100,000, and requiring a Federal ex-
penditure 9f $4,115,000 for remedial channel-improvement and reser-

1Murphy, op. cit.

2Rayburn Whitson Johnson, Land Utilization in Memphis
(Chicago: University of Chicago Libraries, 1936), pp. o8 and 42.

3Raymond E. Murphy, The Economic Geography of York
Pennsylvania, 4 City of Diversified Industries, FennsyIvania State
College Bulletin, Mineral Industries Experiment Station, No. 17

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

There 18 no ready means of measuring the force of these
soclal factors. Yet they are of major, sometimes sole, importance
in many flood plains in accounting for the continuation of occu-
pance,

Riparian law as an inducement to encroachment.--The ripa-
rian doctrine as developed in English common law that a person
holding property adjacent to a stream has a right to use any part
of the stream bed to its center line so long as he does not im-
pair the flow of water downstream or violate a power of the state
to use and improve the stream has encouraged encroachment upon
the flood plains of the United States.l Even in those states

1The riparian doctrine has been stated in the case of
U. S. v. Chandler-Dunbar Co., 229 U.S. 53, as follows:

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

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

"OUnder 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 1is
subordinate to the right of navigation and must be removed, even
1f the owners sustain a loss thereby, if Congress, in assertion
of its power over navigation so determines. ™

Again in the case of U. 8. v. River Rough Co., 269 U.S.
411, the court ruled as follows:

"In the absence of a controlling local law, the right
of the owner of riparian property on a navigable river to have
access from the front of his land to the navigable part of the
stream, and, when not forbidden by public law, to construct land-
ings, wharves or pilers for this burpose, is a property right in-
cldent 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 1little 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. Familliar sights in commercial districts
located on or near flood plains are the extensions of shops and
office bulldings back over the stream beds, Such extensions are
convenient, and, for a short time, cheap.

In so far as the 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 tke Unlon, to the
geveral 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 ownership
in the land underlying navigable vaters.2 In the New England
states and in some others ownership definitely is in the owners
of adjacent 1ands.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 might interfere with naviga-
tion.

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

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

.2010530n S. Kinney, A Treatise on the Laws of Irrigation
and Water Rights, and the Arid Region Doctrine of Appropriation of
Waters (2d es.; §an Franclsco: Bender-Moss Co., I§I£i, E, 535-546.

3

Ibid., p. 534.

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

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

Lacking any common law curb upon encroachment, it 1s 4iffi-
cult for state or municipal governments to exercise their poten-
tlal authority to 1imit 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 Chapter IV.

Other Factors

Mineral deposits, climate, and natural vegetation are
other factors which have affected human declisions 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 flood waters as is the sand and
gravel industry. The large share of the total cost of sand and
gravel production which 1s involved in transportation makes it
desirable, where water transport 1s avallable, to locate the sort-
ing and washing facllities directly on a river bank, and, where
such facllities are not avallable, to locate them as near as pos-
sible to the deposits. Moreover, in many reglons the more acces-
sible and suitable deposits are located in valley bottoms.3 Thus

1Wallace Hawkins, "Title to River Beds in Texas and Thelir
Boundaries," Texas Law Review, VII (1929), 493-519. )

®Bade, op. cit., p. 318.

3'I‘his 18 true in such diverse areas as Louisiana and Mis-
sourl.

T. P. Woodward and Albert J. Gueno, Jr., The Sand and
Gravel Deposits of Louisiana, Geological Bulletin WNo. 19 (New
Orleans: Department of Conservation, Louisiana Geological Survey,
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it 1s that sand and gravel producers take floods in thelr stride
as a normal part of their production costs, and so organize their
activities and equipment as to minimize losses,

To a minor degree, some other mining operations are lo-
cated in valley flats because the lower altitude affords more
ready access to underlying deposlts and to transportation faclli-
ties than do the adjoining uplands. Conspicuous examples of such
localization within regions having fairly widespread deposits are
the coal mines in the Appalachian bituminous field2 and the fluro-
spar mines in the Lower Ohlo 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 1t difficult to specify
those factors of drainage and wind velocity which have been sig-
nificant in flood-plain occupance, It is falrly 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 less 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 avold the smoke and fumes of the steel plants in the valley

1841), pp. 26, 32-38.
C. L. Dake, The Sand and Gravel Resources of Missourl
(Rolla: Missouri Bureau of Geology and Mines, 1918), pp. 46, 2ll-
244,

1Nordberg, op. cit.

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

3The major producing mines in the flurospar fleld 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 Flurospar,” Engineering and Mining Journal,
CXXXVIII (1937), 331-332.

4Robert G. Stone, "Fog in the United States and Adjacent
Regions," Geographical Review, XXVI (1936), 118, 120.
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bottom and to enjoy cooler summer temperatures.l Other factors,
of course, have been the unsightliness of manufacturing plants,
city noise and traffic, and the advantages of upland landforms.

In cltrus-growing regions, the factor of air dralnage may
be of outstanding importance in connection with farm location and
with the cropping system on Piedmont flood plains. Large sections
of the Southern California citrus area and the Central Valley
prune and grape-producing areas are notably vulnerable to flood in
part because of the superior climate of the lower sections of the
alluvial deposits and in part also because of the superior facili-
ties for delivery of water.2

Whereas the climatic amenities of Eastern uplands has led
residential occupance out of certain flood plains, protection
from hot summer winds and cold winter winds has driven not a few
Great Plains urban settlements into valleys, and so into the paths
of floods, as in the Black Hills.3

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

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

In the Central Prairies and Great Plains, the cottonwood

1Murphy, op. cit.

2Charles C. Colby, "The California Raisin Industry: A
Study in Geographic Interpretation,” Annals of the Assoclation ot
American Geographers, XIV (1924), S0,

Bdward A. Ackermsn, "Influences of Climate on the Culti-
;ation of Citrus Fruits," Geographical Review, XXVIII (1933), 294-
5. 2

S0tto B. Guthe, The Black Hills of South Dekota and Wyoming,
Papers of the Michigan Acaaemy of ScIence, Acts and Tetters, XX
(1934), 364, 369-371, 374.

4

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

Summary of Flood-plain Factors

The examples that have been given merely 1llustrate how
factors of enviromment and of soclal 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 1s every-
where and always advantageous or invariably disadvantageous, nor
is it possible to claim a particular degree of importance for any
one of them.

On the basis of the regional studies which have been ex-
amined, and of the techniques for land utilization which have beer
shown. to be related to each factor, a few of the clearly advanta-
geous and disadvantageous implications may be distinguished by
arranging ‘some of the major factors as shown in Table 11. That
table suggests the probable range of entries which may warrant ap-
praisal in drawing up a balance sheet for human adjustment in an
American flood plain. Floods, while a prominent factor, are not

of sole or even primary importamce in many instances, and under a

favorable combination of circumstances any one of the other fac-
tors may be predominant.

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

Viewed in thias light, a satisfactory solutlion of the flood
problem in any flood plain 1s seen to require consideration of the
factors which heve been important and those which are likely to be
important in relation to the occupance of the area. Certaln occu-
pance, such as that of the steel plants and sand and gravel plants
of the Upper Ohio Valley, has prospered notwithstanding floods be-
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TABLE 11

SUMMARY OF SOME MAJOR FACTORS AFFECTING
ADJUSTMENT TO FLOODS

Occupance
Factor Urban _ _ | Trans-
ﬁﬁ?i;l Rest - chg;r Hﬁi;iﬁ? porta- | Mining
cultural| gential tional

Flood height 0 D D D D D
Flood dura-

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

shapé..... 0 D D D D 0
Flood

velocity.. D D D 0 D 0
Flood debris

load...... AD D D D 0 0
S10P®..ccssss A D A A A 0
Drainage.... D D 0 0 0 0
Ground

water..... A A 0 0 0 D
Sofl........ AD 0 0 0 0 0
Surface .

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

facilities o] 0 A A A 0
Institution-

al inertia 0 A A A A A
Riparian law 0 A A A 0 0
Minerals.... 0 0 0 A A A
Climate..... A DA 0 0 0 0
Vegetation.. 0 A 0 0 0 -0

A

D

(=]
It

Advantageous to occupance in many flood plains.

Disadvantageous to occupance in many flood plains.

Not generally significant.
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cause of 1ts 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-
tlal use of the lower Cincinnatl flood plain 1s an example, has
never been sulted to the site, and derives no advantage from con-
tinuation there. Full and definite solution of the flood problem
for each such area requires, still further, consideration of pos-
sible readjustments and of thelr costs and benefits.

Sound appralsal of possible readjustments in each situa-
tion 1s alded in two ways by analysis of the factors involved.
Analysls reveals, first, the degree to which the particular flood
plain affords advantages, such as fertile solls and cheap water
supply, which should be utilized on a continuing basis if other-
wlise practicable. It reveals, second, the critical factors, such
as prospective machinery losses in manufacturing plants or the
significance of prevalling grade in railway location, around which
effective readjustments can be designed. The greater the range
of readjustments considered, the more important 1s an analysis of

all these relevant factors.



























































































































































