lll. Floods: A National Policy Concern

There are seven reasons for the growing concern
about the management of flood hazards. These
ae

- Repeated disasters from Hurricanes
Camille (1969) and Agnes (1972) to recent
dam failures and flash flooding have created
and reinforced a national awareness of floods,
and generated strong State and local political
pressure for action. State and local interests
are becoming more aware that the predomi-
nant measures of the past, physical flood con-
trol and disaster relief, are inadeguate.

« Federa actions are directly or indirectly
creating new legislation and regulation re-
lated to flood hazards management. A large
number of programs, integrated in principle
but not in practice, make up the complex of
programs and policies for improving the man-
agement of natural resources, for the preser-
vation of wetlands, and for wildlife conserva-
tion. Some programs, such as the Coastal
Zone Management Act and the National
Flood Insurance Program, have planning ar-
rangements for both urban and rural areas.

« Structural or physical measures—in the
form of levees, dikes, and dams—are increas-
ingly seen as inadequate by themselves for a
sound approach to flood hazards manage-
ment that would both reduce risks and modi-
fy their impacts. Nonstructural measures,
such as land use planning, are now becoming
important complements to the physical ap-
proaches.

+ Huge new catastrophes with extensive loss
of life and property have become more likely
as the population-at-risk increases.

+ The political implications of adopting al-
ternative strategies to the physical control of
floods could be significant. A reduction in
physical flood control measures implies a de-
crease in the direct economic benefits from
construction and employment. Furthermore,
adopting nonstructural measures to mitigate
flood hazards implies new land use controls.
These are widely perceived as being disadvan-
tageous in the short term to some important
local interests.

. Political boundaries are not respected by
floods. Consequently, their effects and their
management overflow the jurisdictions of
States, counties, and local governments. This
gives flood events a regional character and
thus poses problems of intergovernmental co-
ordination in the management of floodplains.

+ New knowledge about the causes and ef-
fects of floods stimulates an interest in putting
that new knowledge into effective practice.

THE PHYSICAL BASES OF FLOODS

The three principal causes of floods in the
United States are the overflow of riverbanks, flash
floods, and hurricane-induced surges of water. Nu-
merous other phenomena can also cause signifi-
cant flood problems. For example, seiches, which
are surges of water that principally occur in lakes
and large water bodies as a consequence of sharp
changes in atmospheric pressure, do substantial
damage in the Great Lakes region. In addition to
Hawaii and Alaska, extensive coastal areas in the
United States are subject to tsunamis, formerly
called tidal waves.

Civil works, notably dams, may break, creating
their own artificialy induced floods. Flooding may
also occur as aresult of natural or artificialy in-
duced soil subsidence. Another manmade factor
in flooding is back flushing through water con-
duits, especialy in sewer systems.

Flood hazards may also originate from causes
quite remote from the flood site itself. Land clear-
ance of forestsfor farming may change the local
ecology, thereby altering runoff water retention
characteristics in a river basin. Depending on the
size of the basin and the extent of the changes
made, this may become a primary source of flood-
ing.

A large part of the nationa shoreline is vulner-
able to continuing erosion from flood-related
events. Average annual losses exceed $300 mil-
lion.1 With the population continuing to move

IGilbert F. white, and Eugene J. Haas, Assessment of Research on

Natural Hazards (Cambridge, Mass.: The M.I.T. Press, 1975), p. 361.
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toward coastal areas in greater numbers as trends
indicate, coastal erosion will be responsible for a
greater percentage of flood losses. (This particular
hazard has its own set of problems, which are dis-
cussed in appendix A.)

When large areas of cities and suburbs are cov-
ered with concrete, asphalt, and buildings, a
drainage problem is created because the soil’s
natural ability to retain water is sharply reduced.
This can seriously aggravate flooding problems. A
classic example is the so-called Four Mile Run in
the northern Virginia area of suburban Washing-
ton, D.C. In part, as a result of extensive develop-
ment, Four Mile Run experienced two officially
designated flood disastersin 1970.°

Occasionally, a geophysical event is indirectly
responsible for a flood disaster. For example, a
landslide caused by heavy rains may, if it fallsinto
an artificial lake, cause a wave to overflow the
dam, and an earthquake may induce a landdlide or
cause a dam to fail. (Dam failures will not be given
further consideration in this report since they are
a subject of current investigation and appear to be
receiving adequate attention.)

The principa sources of floods roughly in order
of attributable losses are:’

riverbank overflow,
conduit backwater flood,
groundwater flood,
headwater flood,

e flash flood,

¢ subsidence flood,

® ice backup,

debris backup,

® dam breakage, and

e geologica sink flood.

THE GEOGRAPHIC SCOPE
OF FLOODS

Flooding is primarily a problem in river valeys,
on floodplains, in the coastal zone, and on the pe-
rimeters of large lakes. Unfortunately, historical
necessity and esthetic appeal make areas prone to
flood hazards among the most attractive in which
to live or work.

2Wesley Marx, Acts of God Acts of Man (New York: Coward

McCann and Geoghegan, 1977), p. 46.
. Earl Jones, Chief, Field Services Branch, Office of Technica

Support Department of Housing and Urban Development, personal
communication, 1978.
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The principal river basins and coastal zones that
are subject to floods are shown in figure 2. Both
rural and urban communities are vulnerable.
Figure 3 represents a principa river basin in New
York State. The historical pattern and frequency
of flooding in that area are shown in table 2. This
particular river basin illustrates a common pattern -
in the temporal distribution of floods, namely
their relative infrequency. Between 1886 and 1972
there were 12 major floods due to heavy rain,
snowmelt, hurricanes, or other causes. While their
rare occurrence may remove floods as a source of
constant concern to both residents and local gov-
ernments, it necessitates bringing foresight in
long-range planning to flood management.

THE COSTS OF FLOODS

It is difficult to calculate accurately the costs of
flood hazards or of the measures taken to aleviate
or moderate them. However, useful calculations
can be made of the cost of prudent means for pre-
venting or mitigating possible flood losses. Calcu-
lation can also give a sense of the magnitude of
damage that floods have caused, and can be used
to create an awareness of the role that current
choices play in determining future losses. In the
following sections patterns of loss of life and prop-
erty, and of the geographic distribution of the
costs of floods are reviewed.

National Exposure to Flood Hazards

Seven percent of the 48 contiguous States are in
the 100-year flood zone. This means that these
areas are subject to aflood of such severity that
there is a |-percent probability of its occurring in
any given year. Goddard cites, in addition, poten-
tial catastrophes existing in other areas of the
United States:’

+ Over 200,000 square miles are subject to in-
undation, an area equal to the combined size
of Cdlifornia and Ohio.

+ One-sixth of al urban areas are in the 100-
year floodplain.

« There are more than 20,000 flood-prone com-
munities in the United States, and 16,500
square miles of urban floodplain.

« There are more than 6.4 million single-family
houses Iocated in floodplains.

—J=¢E Goddard, “’ Th_Nation’s Increasing Vulnerability to

Flood Catastrophe,” Journal o Soil and Conservation, March-April
1976, pp. 48-52.
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Table 2.-Frequency and Cause of Flooding
Between 1886 and 1972 in the New York State
Counties of Livingston, Steuben, and Chemung

Jan. 5-12, 1886
Elmira (snowmelt, heavy rain, ice)
June 1-2, 1889
Elmira (cause not stated)
Sept. 9-10,1890
South Canisteo, Schuyler, Chemung, Steuben
Counties generally (heavy rain)
May 20-21, 1894
Elmira (heavy rainfall)
Aug. 8, 1917
Binghamton, Elmira (heavy rain)
Nov. 30,1927
Hornell, Addison, Corning (heavy rains)
July 1935
Elmira (heavy rains)
May 25-28,1946
Corning, Elmira (heavy rains)
Dec. 10-11,1952
Elmira, Oneonta (heavy rains, snowmelt)
Oct. 15,1954
Binghamton, Elmira, Hornell (hurricane rains)
Mar. 30-31, 1960
Elmira—small stream flooding (heavy rains, snowmelt)
June 20-25, 1972
Bath, Corning, EImira, Owego (heavy rains)

SOURCE: N.Y.S. Climatologist’'s Records, U.S. National Weather Service, Cor-
nell University, Ithaca, N.Y.

From: David W. Tregaskis, “Needed Changes in the National Flood Insurance
Act to Reflect Farm Flood Loss Experience,” Department of Agricultural Eco-
nomics, Cornell University, April 1975, app. 2.

Commerce, transportation, safety, and the ne-
cessity for water for industrial processes or domes-
tic use are all valid reasons for people to live and
work in floodplains. Severa of these historical rea
sons, however, have been largely superseded by
national roads and pipeline systems. Furthermore,
living near water is both esthetically and environ-
mentally appealing. This attracts large numbers of
vacationers and homeowners. It thus creates a
long-term conflict with those who wish to convert
the floodplain into common use open space or
other low-density purposes.

By 1973, over half the floodplains in urban
areas had been developed. | This covered an area
of town and country totaling approximately 8,800
square miles (see table 3), which is 125 times the
size of the District of Columbia.

Despite over four decades of public investments
for controlling floodwaters and providing saf ety
for those living near hazard areas, the population
and resources at risk are greater than ever. Hood
losses are increasing, and the very construction
that has made floodplains safer in the short run

31bid., p. 48.

has increased both the number of people at risk
and the degree of risk they will face in the long
run.

Costs—Annual and Cumulative Losses

Loss of life, which depends on the size of aflood,
as fluctuated over the past four decades (see
figure 4). In this period, about 4,000 U.S. residents
have lost their lives in floods. The exact number is
uncertain. The Red Cross and the National
Weather Service, working with unpublished data,
indicate the average annual loss of life to be 47.6
and 57.2 respectively; and unpublished Federal In-
surance Administration (FIA) data indicate that
in 1975 there were 89 lives lost. This appears
minor in comparison with the 1911 Y angtze River
flood in which 100,000 persons died or the re-
peated flood disasters in Bangladesh. By compari-
son with death tolls in the less well-developed
countries, the loss of life in the United States is
relatively insignificant. The U.S. flood in which
the most lives were lost—6,000—was caused by the
Galveston, Tex., hurricane of 1900.

The historical pattern of losses in severe individ-
ua floods is illustrated in table 4. The average
number of lives lost in 77 magor floods from 1913
to 1973 was 52; 14 involved no known loss, and
the 4 worst took 467, 313, 237, and 187 lives.
Some sense of the annual loss of life in relation to
national development can be seen from figure 4,
which shows the annual loss of lives for each $10
million of property damage.

Property Losses

Property losses are rising rapidly. Between 1953
and 1973, the annual property loss, according to
one estimate, has risen from $1.5 billion to $3.8
billion (1973 dollars), and Federal outlays for
disaster relief for that same period rose from $52
million to $2.5 billion (1978 dollars).

In the four decades since 1936, approximately
$14 billion has been expended on flood control
construction including dikes, dams, levees, chan-
nels, and sea walls. But there appears to be no
clear relationship between that construction and
any reduction in loss of life or property.

Coastal erosion, while not totally attributable
to flood hazard conditions, is closely associated

sTbid., p. 49.
Ibid., p. 49.
“Ibid., p. 50.
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Table 3.-Exposure to Floods of Selected Urbanized Areas

Floodplain (FP)

Totala Total Developed
Population Area Area /0 of Area % of
Urbanized areab(UA) (1000s) (sq. mi.) (sq. mi.) UAc (sq. Mi.) FPc
Asheville, N.C........ ... . i i 725 35.3d 1.6 4.4 1.0 65.0
Boise,Idaho........... ... ... .. 85.2 29.4 25 8.5 2.1 84.0 -
Boston, MasS.... ... 2,652.6 664.4 62.4 9.4 11.9 19.1
Charleston,S.C........ ... ... i 228.4 99.2 39.8 40.1 21.2 53.3
Chicago, Ill. ... 6,714.6 1,227.2 131.8 10.3 75.1 57.0
Dallas, TeX. .o v v e 1,338.7 674.2 146.1 21.7 28.0 19.2
Denver Colo.. ... 1,047.3 292.8 30.6 10.5 19.1 62.2
Fargo, N. D.-Moorhead, Minn. . ............... 85.5 23.5 94 40.0 5.1 54.3
GreatFalls,Mont. . ......... ... ... .. v, 70.9 21.8 20 9.2 1.9 97.0
Harrisburg, Pa. . ....... ... ... ... ... .. ... 240.8 78.4 9.7 12.4 8.1 83.5
Lansing,Mich........ ... ... ... ... .. .. ..., 229.5 734 48 6.5 9 18.8
Lincoln,Nebr. . ....... ... i i 1534 52.1 13.8 26.5 6.9 49.6
Lorain-Elyria,Ohio . ........................ 192.3 106.4 5.3 5.0 6 11.3
Monroe,La. ... 90.6 40.1 325 81.0 26.8 824
Norfolk-Portsmouth, Va. .................... 668.3 299.0 59.2 19.8 15.5 26.2
Omaha, Nebr.-Council Bluffs, lowa. .... ...... 491.8 151.2 50.6 33.5 23.1 455
Phoenix, Ariz.. ... 863.4 387.5 71.2 18.4 63.5 89.2
Portland,Oreg. . .. ... 824.9 266.8 14.5 5.4 85 58.7
Reno, Nev. . ... 99.7 375 2.0 5.3 9 45.0
Richmond,Va........... ... ... .. . ... 416.6 144.6 12.9 8.9 1.7 13.2
St.Louis, Molll........... ... . 1,882.0 460.6 136.1 29.6 91.7 67.4
Salt LakeCity, Utah. ........................ 479.4 184.3 12.9 7.0 10.1 78.3
SanJose,Calif. ......... .. ... 1,025.3 277.2 80.0 28.8 67.9 84.7
SpokaneWash.............. ... .. ... .. .... 229.6 77.8 1.9 24 9 47.4
Tallahassee, Fla. . .......... ... ..o .. 77.9 29.8 3.1 10.4 26 83.9
Texarkana, TexX.-Ark. .. ... 58.6 34.3e 47 13.8 21 44.2
Total. ... e 20,319.8 5,818.8 9414 - 497.2 —_
Average (weighted) . . ..................... 16.2. 52.8

aNatural 100-year floodpiain.

OEstablishsd and rsportsed by U.S. Bursau of Census, 1870.
CBecause areas are rounded to tenths, some percentages may not agree.
9Bureau of the Census limits, but revised measurements.

%inciudes the additional incorporated areas.

SQURCE: American Society Civit Engineers UWRRP Technical Memorandum No. 19.

with severe weather, particularly hurricanes. (See
appendix A for additional discussion.) From $300
million to $400 million in property losses occur an-
nually in the coastal zones due to erosion.’ The
Corps of Engineers reported in 1971 that 15,400
miles of U.S. shoreline experienced significant ero-
sion with some 2,700 miles considered to be in
critical condition.!? In Michigan alone, with 3,000
miles of shoreline, property losses over a 3Y2-year
period were approximately $47,000 per mile.!!

There is as much as a twofold or threefold vari-

ation

QLWL 2ad LG LOLMILIIGALL S UV UV tUSOLS

part to the lack of systematic accounting, and in
part to the methods used in calculating the value
of flood losses. Replacement value and deprecia-

in the estimares of flood losses. This is due in

A 210 1O AU ki

Gilbert F. White and Eugene ). Haas, op. cit., p. 361.

10.S. Army Corps of Engineers, National Shoreline Study, August
1971, from the abstract.

John W. Armstrong, Director, Coastal Zone Laboratory, Univer-
sity of Michigan, personal communication, [978.
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tion value give quite different loss estimates. One
comprehensive systematic evaluation by Earl
Jones of the Department of Housing and Urban
Development (table 5) puts total flood losses at
$2.8 billion per year.

In an indenendenr erndv

o
41 Qi GLPLLIALIRL St

Ioahn Wiggine pu |-|
Yy, jonn wiggins

annual losses due to floods at $1.9 bllhon, based
solely on losses to structures.!? At least one-third
more could be added on if losses of infrastructure,
telephones, utilities, water and sewage systems,
pavement, etc., were counted. This would bring
the total to abour $2.6 billion per year. Regardless
of the method of calculation, it is evident that the
losses are large, and that the chief cause is river-

\'”lfl‘\ mmpw"\nr 'PGQ (‘DIIQPF‘ }\U

alaz OO L T L S wh ] Aol

bank n\,mrﬂn\_u
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backwater and groundwater flooding.

ZJohn H. Wiggins, Risk Reduction Through Natural Hazards Research,
for the National Science Foundation, Apr. 21, 1976, from the execu-
tive summary.
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Table 4.-Losses in Individual Severe Floods in the United States Since July 1902
(Property losses in thousands of dollars)

Date” Location Lives*. ProDerty
May-June 1903 ........... Kansas, lower Missouri, and upper Mississippi Rivers ............. 100 $ 40,000
March 1912 ............. Lower MiSSiSSippi RiVer .. ... - 70,000
March 1913 .............. Ohio Riverand tributaries . . .............. ... ... .. ... .. ... 467 147,000
December 1913. .. .. .. .. .. TeXAS RIVEIS. . ... 177 9,000
June1921.............. Arkansas River in State of Colorado. .. ............... ... ........ 120 25,000
September 1921. .. .. ... TeXasS RIVEIS. .. ... i e e 215 19,000
Spring of 1927.... .. .. .. .. Mississippi Valley . . . ... .. i 313 284,118
November 1927. ......... New England Rivers. .. ... 88 45,578
May-June 1935........... Republican and Kansas Rivers . ............ ... .. 110 18,000
July 1935............... Upper Susquehannatributaries . ........... ... i 52 26,000
March-April 1936......... Rivers in Eastern United States . ... ........ ... ... 107 270,000
January-February 1937 . . .. Ohio and lower Mississipi River basins. . ........................ 137 417,685
March 1938............. Streams in southern California. .. ....... ... ... o i 79 24,500
September 1938. ........ Rivers in New England. . .......... . . i - 37,000
July1939............... Licking and Kentucky RiVers. . ........... i 78 1,715
August 1940............. Rivers in southern Virginia, the Carolinas, and eastern Tennessee . .. 40 12,000
May 1942............... Delaware and Susquehanna River Basins . ....................... 33 13,000
July 1942, .............. Upper Allegheny River and Sinnamahoning Creek Basins . ......... 15 10,000
November-December 1942 Willamette RiVer. . ... ... . . e e 10 6,900
April-Junel943. .......... Maumee, Wabash, upper Mississippi Missouri White,and Arkansas

RIVEr BaSiNS . . ..o 60 172,500
August 1943 ... .......... Little Kanawha RiVer . . ... o e e e 23 1,300
April-Junel944. .......... Upper Mississippi Missouri, Arkansas, Red, and lower Mississippi

River Basins and eastTexas Mvers .. ............uuirinenenn . 17 82,000
February-March 1945. . ... Ohio RIVEr ... i e e e e e e 18 30,000
May-July 1947.. .......... Lower Missouri and middle Mississippi River Basins .. ............ 29 235,000
May-Junel948. .......... Columbia River Basina. . ...t 35 101,725
May 1949................ TNty RIVET . e 10 14,000
June 1949...............Shenandoah and Potomac Rivers................ .. ... iuuoo.. 1 8,850
Junel950............... Rivers in central West Virginia............. ... ... 3N 4,020
June-July 1951 . .......... Kansas and Missourib ............ ... .. ... ... ... ... ... 28 923,224
April 1952 ... ....... ... .. Red River of the North, upper Mississippi and Missouri River Basins ¢ 1 198,000
April-May1953. .......... Louisiana andTeXas . .. oottt e 12 38,959
June1953............... Northwestern lowa. . ... e 14 32,950
June 1954 . ... .......... Middle Rio Grande and lower Pecos Rivers. ...................... 16 19,079
October 1954 . ........... Pecos River in New MexXiCo. .. ... 13 1,783
March 1955.... .......... Ohio RIVEr BaSin. . ..ot 15 14,396
August1955............. Hurricane "Dianne” floods in the Northeastd..................... 187 714,079
December 1955. .......... WeSt COaSEt FIVEIS € . .. 61 154,532
January-February 1957 . . .. Streams in southeastern Kentucky, southwestern West Virginia, and

adjacent areas inTennessee and Virginiaf..................... 14 58,000
February 1957............Snake River and tributaries . .. .......... . it _— 20,500
April-June 1957...........Rivers in Texas, Arkansas, Kansas, Louisiana, Missouri,

and OKlahoma. . ... . 18 105,000
June-July 1957........... Wabash River and tributaries .. ........ ... ... .. . - 63,000
June1958 ............... WhiteandWabashRivers .. ......... ... ... ... ... . .. ... — 63,000
July1958................ Flash flood on east Nishnabotna River(lowa). . . .................. 19 5,850
January 1959............. OhioRiverBasin. ........ ... ... i i i - 81,921
July1961................ Fiash flooding on smalil streams in Charleston, W.Va. . ............ 22 3,238
March1963.............. OhioRIver Basin. . ...t e 26 97,600
June1964 ............... MONtANA . ... e e N 54,279
December1964. .......... CaliforniaandOregon . .......... ... .. i e 40 415,832
March1964.............. OhioRiverBasin. . ... e e 13 81,602
March-May 1965.......... Upper Mississippi, Missouri, and Red River of the north river basinsg. 16 181,325
May1965................ BrazosS River .. ... - 30,802
June 1965 ............... SouthPlatte RiverBasin ................. ... iiiiiiinnan. 16 415,076
June1965 ............... Sanderson, Tex., flashflood............ ... .. .. ... ... ... ... 26 2,715
Juneisesd ............... Arkansas RiverBasin. .............. ... ... i 16 58,340
April-May 1966 ........... Sabine and Trinity Basins, Texas . .. .......... ... .. ... ..c.ou... 14 20,100
June1967 ............... Platte River BasininNebraska......................ccoveiiun.,. - 35,275
September1967.......... Hurricane '‘Beulah’ floodsinTexas ............................ - 98,239
Augusti1967 ............. TananaandChenaRiversinAlaska............................. - 98,550
May1968................ Riversinnorthern New dJersey ....... ... ..., —_ 166,690
January-February 1969 ... . FloodsinCalifornia............ ... ... .. . . it iiiinann... 60 399,233
March-April 1969 ......... Snowmeilt floods in upperMidwesth . .. ... .. ... ... .......... - 151,000
July1969................ NorthernOhio. .. ... ... 30 87,915

20



Table 4.-Losses in Individual Severe Floods in the United States Since July 1902, cont.
(Property losses in thousands of dollars)

Date* Location Lives* Property
August 1969 ............ James River Basin in Virginia . ........coviiiniiiiii ., 153 116,000
January 1970. ... .... ... .. Sacramento RIVEr Basin ... ......otuuitte e 18 38,120
September 1970. .. ... ... AAFIZONA . . ..ottt et e 23 5,000
October 1970 .. .. .. .. .. . PUBIEO RICO ... o o oo et et e e e e e e e 50 62,000
August 1971 ............ NewlJersey("Doria” rainfall) ... ......... ... ... .. ... ... .. ... - 138,700
September 1971.......... Southeastern Pennsylvania..............ouuiiniiiineinain.. 13 19,010
February 1972..... .. .. .. BUffalo Creek,W. Va.. . . . ...ttt e 125 10,000
May 1972........... ... South-central Texas flash floods . ............. ..., 18 17,500
June1972...............Black Hills of South Dakota .............cuuuriiiiniinnnnnn... 237 164,947
June1972.............. Eastern United States (Hurricane “Agnes”floods) . ............... 105 4,019,721
SPring 1973. .. .. .. oo oo .. MiSSISSIPPI SYSEEM & v vttt e et e e e 33 1,154,770
May 1973............... Flash flooding in mountains of North Carolina and southwest

VirgiNia . o 12 29,485
June1973.... ........ ... Connecticut Basin in Vermont, Connecticut, and New Hampshire . . . 11 64,000
June1973.............. San Jacinto Basin and small adjacent basins in southeast Texas . ... 10 62,500

*The 1966 to 1972 Annual Issues of Climatological Data, National Summary (as
well as various earlier issues) contain this table which lists additional signifi-
cant severe floods during the period of record.

**No entry indicates that fewer than 10 lives were lost.
&Monthly Weather Review, January 1949.

brechnical Paper No. 17.

CTechnical Paper No. 23.

drechnical Paper No. 26.

Table 5.—Annual Property Loss Attributable

to Fioods

Source Loss($)

Riverbank overflow. ............ $I biilion
Conduit backwater flood ........ 800 miilion
Groundwater flood. ............ 400 million
Headwater flood ............... 250 miliion
Flashflood ................... 200 million
Subsidenceflood.............. 70 miilion
lcebackup .................... 20 million
Debris backup................. 20 miilion
Dam breakage................. 10 million
Geological sink flood . .......... I million

Total ..................... $2.771 trillion

SOURCE: D. Earl Jones, personal communication.

The situation has been continuing to worsen,
particularly with respect to the demography of ur-
ban, riverine, and coastal zone development. Ac-
cording to Gilbert White, the present rate of ur-
ban expansion into floodplains is between 1.5 to
2.5 percent annually.!? This means roughly a dou-
bling of the risks per generation. Encroachment
on floodplains even occurs in areas with zero
growth or declining population.

BGilbert F. White, Flood Hazard in the United States: A Research As-
sessment, Monograph #NSF-RA-E-75-006 (Boulder, Colo.: [nstitute of

Behavioral Science, University of Colorado), p. xviii.

8Climatological Data, National Summary, December 1955.

'Climnologicd Data, National Summary, January 1957.

UTechnical paper No. WB-3.

PNOAA Technical Report No. 13.

IClimatological Data, National Summary, October 1970.

Climatological Data, National Summary, June 1972; Geological Survey Profes-
sional Paper 924.

Impending Catastrophes

Catastrophic floods are highly likely in more
than one part of the United States. Galveston,
Tex., Key Biscayne, Fla., Boulder, Colo., and
Orange County, Calif., are examples of the many
areas that are likely to experience flood disasters
with possible losses of thousands of lives and bil-
lions of dollars in property damage. The tendency
to think in terms of annual or average losses,
which then become the sole criteria for planning,
diverts attention from potential catastrophes.

The combination of unrestrained urban sprawl,
expansion into coastal zones, and continued reli-
ance on the engineering approach to floodplain
management almost certainly presages catas-
trophic floods in the next several decades. The
relatively small loss of life caused by floods in re-
cent vears belies the number of American cities
and counties vulnerable to exceptionally high
flood losses. The following potential disasters sug-
gest the urgent need to move to more prudent
management of flood hazards.

¢ Colorado.—According to a scenario pro-

posed by Gilbert White, the city of Boulder
faces a hypothetical catastrophic flood that
could take over a hundred lives and cause $80
million worth of property damage.!*

#Ibid., pp. 111-117.
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® Florida. -In south Florida, floods accompa-
nying a hurricane, according to White, could
cause many deaths due to the vulnerability of
bridges, causeways, and drawbridges to storm
surges. Citing the transitory nature of Florida
residents, he contends that a large part of its
population has never experienced a severe
hurricane. That ignorance could hamper

evacuation and warning response:

In sum, the total loss of life is high. A
storm surge well in advance of the hurricane's
center catches many still preparing to evac-
uate. Flooding of escape routes due co heavy
rain exacerbates the severe traffic tie-ups
which are normally expected with a Iarfge
number of automobiles. (Rush hour traffic
probably represents less than 25 percent of
the traffic which could be expected with a
warning to evacuate, and even this amount
cannot be accommodated without mgjor de-
lays.) Warning and evacuation as they now
are planned and proceed are inadequate re-
sponses to the posited threat.!’

e California.—In 1 month in 1966, the Santa
Ana River basin suffered two storms of such
severity that each was likely to occur only
once in 30 years. They caused $85 million in
damage and qualified three counties for Fed-
eral disaster relief. The flood control system
itself came close to failing. This compelled the
Corps of Engineers to study what ‘the post-
disaster consequences would be if a storm of
greater magnitude should occur. The study
was referred to by the Corps as a “ standard
project flood.” It is, however, areasonable up-
per limit guideline for providing a high degree

of flood protection to an urban area.

According to its description by Wesley

Marx:

The corps exposed Orange County to a
standard proLect flood on paper. River levees
would breach. The junk autos needed to bol-
ster leveesin this situation ssimply do not ex-
ist, not even in auto-crazed southern Califor-
nia. Knotts Berry Farm and Movieland Wax
Museum would be in 3 feet of water. Sleepy
hamlets turned civic insomniacs—Anaheim,
Garden Grove, Westminster, and Fountain
Valey-would be wading in floodwaters. The
Disngy Matterhorn and freeway overpasses
would be high ground. Rockwell Internation-

a, McDonnell Douglas, Aerojet-General,

BGilbert F. White and Eugene J. Haas, op. cit., pp. 35-36.
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and other corporations aiming for the moon
would need hip boots. A naval weapons sta-
tion would also be awash. Downriver, the oil
town turned civic idol (proud Huntington
Beach) would be calling for rowboats and sea-
planes. Water would stand 2 to 10 feet deep
over 156 square miles of the Nation's Fastest
Growing County. Some 300,000 homes -
would be damaged. Total damage to homes,
businesses and industries, transportation,
work loss, and other economic entities would
be an estimated $3 billion under 1974 condi-
tions of development (the corps). This pro-
jected damage toll would equal that racked up
by tropical storm Agnes, which performed
over a much larger geographic area.!¢

The above forecasts of disasters that would be
accompanied by a high loss of life and extensive
property damage reflect the consequences of con-
ditions typical of many American regions. Public
policies that are largely limited to physical controls
create a false sense of security which encourages
the intensive development of vulnerable terrain.

The potential catastrophes described above
have had very real, tragic precedents in recent
history. On June 9, 1972, Rapid City, S. Dak., ex-
perienced the most destructive flash flood in the
Nation’s history. It took 231 lives and did more
than $100 million worth of property damage (see
table 6). Although the history of flooding in that
area is well-documented, major floods had not oc-
curred for five decades, and development took
place unhampered by concerns about a flood haz-
ard. Thus, it exemplifiesthe type of catastrophic
destruction that could be experienced by other
more densely developed areas as a consequence of
an unusua flood-producing event, if floodplains
continue to be developed without regard for the
possibility of severe floods.

The flood history of Rapid City (see table 6),
which was available to al of its flood planners, il-
lustrates the consistent pattern of flooding that
should have alerted them to the potentiality of a
catastrophe.

Public policy in flood hazards management
needs to be concerned with two types of flood risk.
Thefirst is a noncatastrophic flood. In this type,
there is a slow and steady risein losses. The second
is the potential catastrophe, with enormous loss of
lives and property.

16Wesley Marx, op.cit., P- 3.



Table 6.-Flood

History of Rapid City, S. Oak.

Date of fl

ood Damages ($)

Loss of life

........... 5,000
?

?
250,000+

I N N I N N |

........... 100,000,000+
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SOURCE: Gilbert F. White, Flood Hazard in the United States: A Research As.
sessment (Boulder Colo.: University of Colorado, 1975), p. 60.

ELEMENTS OF NATIONAL
RESPONSE

Since the Lower Mississippi Flood of 1927, the
Federal Government has been closely involved
with the planning, design, funding, construction,
and operation of flood control programs. Table-i
describes the significant Federal responses since
that year. From these it can be seen that specific
disasters have provided strong incentives for new
initiatives.

Between 1928 and 1968, the major emphasis
was on the construction of massive engineering
projects including flood control dams and reser-
voirs, widening and straightening channels, and
local levees, dikes, and floodwalls. The intent in
each case was to restrain floodwaters from affect-
ing human activities and settlements. These meas-

Table 7.-Chronology of Major Floods and Public Response

Date  Major flood disasters Significant events in national response
1927. . Lower Mississippi— 1927 Mississippi Flood Control Act of 1928
New England—1927
1930. . Tennessee Valley Authority Act of 1933
Report of Water Resources Committee of National Resources Board— 1934
1935. . Kansas River— 1935 Flood Control Act of 1936
Upper Susquehanna—1935 Flood Control Act of 1938
Eastern United States—1936
Ohio/Middle Mississippi— 1937
New England— 1938
1940. . Flood Control Act of 1944
1945. . Publication of “Human Adjustment to Floods” by G. F. White—1945
1950. . Kansas and Missouri Rivers—1951 President’s Commission on Water Resources Policy— 1950
Watershed Protection and Flood Prevention Act of 1954
1955.. New England—1955 Publication of Floods by Hoyt and Langbein— 1955
Flood Insurance Act— 1956
1960. . Gulf Coast—1960 Floodplain Information Program, Corps of Engineers— 1961
Southwest and Midwest—1961
Atlantic Coast—1962
Louisiana—1964
1965. . Upper Mississippi— 1965 Southeastern Hurrican Disaster Relief Act of 1963
Upper Mississippi— 1969 Water Resources Planning Act of 1965
HUD Study on Flood insurance—1966
Report of Task Force on Federal Flood Control Policy— 1966
Executive Order 11296-1966
National Flood Insurance Act of 1968
1970. . Rapid, S. Oak.— 1972 Flood Disaster Protection Act of 1973
Hurricane Agnes— 1972 Water Resources Development Act of 1974
Upper Mississippi— 1973
1975. . Mid-Atlantic—1975 Executive Orders 11988, 11990-1977
Massachusetts Coast— 1978
Southern California— 1978
SOURCE: Office of Technology Assessment.
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ures have been accompanied, to a limited extent,
by floodplain zoning to prevent downstream chan-
nel encroachment (a condition frequently required
by the Corps of Engineers that appears to be more
honored in the breach than in the observance.)
Other measures that have been employed in rura
areas since the 1930’ s include reforestation and
soil conservation techniques. Whenever floods
have occurred despite these measures, various
forms of public and private disaster assistance
have been supplied. The Federa share of this
assistance has been rising sharply.

Since 1968, the emphasis in national flood
policy has shifted towards an increasing reliance
on nonstructural measures, such as flood in-
surance and land management, for averting severe
flood losses and possibly redistributing their eco-
nomic burden. The National Flood Insurance Act
of 1968 (see chapter VII) established a program for
insuring buildings and their contents against flood
damage in both coastal and riverine hazard areas.
The program requires the adoption by each com-
munity of local regulations that satisfy minimum
national standards for floodplain management, as
a prerequisite to the sale of insurance to property
owners. Additional legidation during the 1970's
has broadened the National Flood Insurance Pro-
gram to require the purchase of insurance as a con-
dition to the approva of federaly related financ-
ing in hazard areas. Two Acts in 1974 authorized
Federal cost-sharing for nonstructural measures
(such as land acquisition), and required that ef-
forts be made to mitigate disasters as a condition
of Federal disaster assistance. These and other per-
tinent Federal laws are summarized below (see
table 7):

* Federa Flood Control Act (33 USCA
sees. 701a et seq.); Flood Control Act of
1936 (Public Law 74-738); Flood Control
Act of 1938 (Public Law 75-761); and sub-
sequent Rivers and Harbors Acts.

These comprise the organic Federal law
concerning the control of floods by means of
structural projects. dams, channelization,
local protection works, etc. Primary respon-
shility is assigned to the U.S. Army Corps of
Engineers, with the Department of Agricul-
ture assigned jurisdiction over small upstream
watersheds with problems of erosion and run-
off. The 1936 Act set forth the fundamental
criterion that Federal funding is restricted to
projects whose “benefits to whosoever they
may accrue exceed their estimated costs. ”
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. Watershed Protection and Flood Pre-
vention Act of 1954 (Public Law 83-566;
16 USCA, sees. 1001 et seq.).

This Act established the “small watershed”
flood management program of the U.S. De-
partment of Agriculture Soil Conservation
Service. The Service is authorized to under- -~
take planning studies for watersheds of less
than 250,000 acres and to implement flood
control programs including land treatment,
construction of flood detention reservoirs,

_ and other measures.

Z Water Resources Planning Act of 1965
(Public Law 89-80, 42 USCA 1962 et seq.).

This Act established the U.S. Water Re-
sources Council as an independent Federal
agency responsible for the review and analysis
of water resource issues and for the supervi-
sion of studies by river basin commissions. It
aso provided for the establishment of Federal
river basin commissions, six of which are now
in existence (New England, Ohio, Great
Lakes, upper Mississippi; Missouri, and Pacif-
ic-Northwest.) This Act also authorized
grants to States for water resource planning
and studies.

. National Flood Insurance Act (42 USCA
sees. 4001 et seq.).

Tide XI1I of the Housing and Urban Devel-
opment Act of 1968 (Public Law 90-448)

"Housing and Urban Development Act of
1969 (Public Law 91-152)

Flood Disaster Protection Act of
1973 (Public Law 93-234)

This Act established the National Flood In-
surance Program as a vehicle for promoting
prudent management of floodplains, and for
alocating some of the costs of flood losses to
occupants of flood hazard areas through the
mechanism of insurance. (See chapter VII.)

. Water Resources Development Act of

1974, sec. 73 (Public Law 93-251)

This section requires those Federal agencies
responsible for floodplain management to
consider nonstructural alternatives to meas-
ures authorized in the Federal Flood Control
Act. Federal agencies are authorized to par-
ticipate in the implementation of such non-
structural alternatives at alevel of 80 percent
of total project costs or more.

. Disaster Relief Act of 1974, Sec. 406
(Public Law 93-288).

This section requires as a condition of any
disaster loan or grant made under this Act
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that the recipient shall agree that reconstruc- Following this overview of the historical and
tion thereby assisted shall conform to applica current basis for policy concerns, a framework for
ble building standards. States and local gov- flood hazards management is considered in the
ernments encompassing property eligible for next chapter.

disaster assistance shall evaluate the existence

of natural hazards and shall adopt necessary

measures to mitigate such hazards.
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