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ABSTRACT

During 1950's and 1960's, the U.S. Geological Survey summarized
floods of each year in an annual series of Water-Supply Papers. The
series was discontinued after the 1969 volume; however, in 1987 a
program was begun to prepare and publish summaries for 1970 and
succeeding years. These reports were published in several formats
and cover the years 1970 to 1989, 1990 to 1991, and 1992 to 1993.
Currently the summaries are being published in 5-year increments
beginning with 1994-98. Other various reports are available through
the U.S. Geological Survey's online library that document selected
individual flood occurrences. The library can be accessed at:

During the 20th century, floods were the Flood Information on the Internet

number-one natural disaster in the United States
in terms of the number of lives lost and property
damage. The deadliest flood of the 20th century
claimed more than 6,000 lives-- people who
drowned in the storm surge from a hurricane
that inundated Galveston, Texas, in 1900. The
costliest flood on record was the $20 billion
flood on the Missouri and upper Mississippi
Rivers and their tributaries during the summer
of 1993. Thirty-three of the most significant
floods (in terms of number of lives lost and (or)
property damage) in the United States during the

Streamflow information can be accessed through the Internet at several
adresses, including:

http://water.usgs.gov/public/dwc/
which will display the map shown below.
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20th century are listed below according to the National
various types of floods. Confluence of Mississippi and Missouri Rivers, August 1993. Extensive floods in the Mississippi streamflow
River Basin during the spring and summer of 1993 caused $20 billion in damages. (Photograph, conditions
The U.S. Geological Survey has published Srenco Photography, St. Louis, Mo.)
National Flood Summaries periodically to
document the occurrence of floods nationally.
Floods can occur at any time of the year, in Floods are the result of a multitude of
For more than 110 years the U.S. Geological any part of the country, and at any time of naturally occurring and human-induced .
Survey (USGS) has measured flood magnitudes the day or night. Most lives are lost when factors, but they all can be defined as the
for the Nation's benefit while supplying people are swept away by flood currents, accumulation of too much water in too little
additional streamflow data with its extensive whereas most property damage results from time in a specific area. Flood types include )
stream-gaging network. Near-real-time flood inundation by sediment-laden water. Flood regional floods, flash floods, ice-jam floods,
information is now available for most currents also possess tremendous storm-surge floods, dam- and levee-failure By clicking on the area of interest, the State map for that area 1s
streamflow-gaging stations nationwide via the destructive power, as lateral forces can floods, and debris, landslide, and mudflow accessed. Clicking on the station of interest results in the Web page
World Wide Web. demolish buildings and erosion can floods. for that station being displayed. Stage and discharge for several days
undermine bridge foundations and footings " and links to other data, such as the annual peak-flow file and historic
Patterns and causes of floods are examined and leading to the collapse of structures. The accompanying map and table locate and u.;e,'gii’ﬁ;fgjm;e/n,gr,up data, are provided
a method for prediction of floods using solar describe 33 of the most significant floods of ’ ' \
irradiance variations is presented. the 20th century.
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(M. million: B, billion] The basic building block for a streamflow data conditions are safe, a direct measurement by USGS The USGS .Current.1y (2000) maintains more than 7,000 g
network is the stage-discharge relation that is hydrographers is preferred. However, during major stream-gaging stations .thr.oughout the Unlteq States, 20 21 22 B 25 26 27
— e - = , e e e t developed at each gaging-station location. floods, direct measurements often are impossible or Puerto Rico, and the Virgin Islands that monitor ——— STREAHFLOM A WEDIAK DATLY STRERHFLON,
00 a ate rea or stream with flooding eporte roximate omments . .4 . . ased on 3 years of recor
s Map e s Measurements of the flow (discharge) are related extremely dangerous, and indirect methods must be streamflow and pr(?V1de datq to various Federal, State,
(uninflated) oraphically to the respective water levels (stage), used. and loocal cooperating agencies as.well as the general
Regional 1 Mar.-Apr. 1913 Ohio, statewide 467 $143M Excessive regional rain. which then enables discharge to be determined from public. Some of these stream-gaging stations have been
flood 2 Apr.-May 1927 Mississippi River from Missouri to Louisiana 313 $230M Record discharge downstream from Cairo, lllinois. . . . . : . . - 5
3 Mar 1936 New England 150+ $300M Excsssive rainfall on snow: stage data. Accurate identification and measurement of high- in operation since before 1900, providing more than a
4 July 1951 Kansas and Neosho River Basins in Kansas 15 $800M Excessive regional rain. water marks from floods are very important in the century of water informaton for the Nation. In addition to .
5 Dec. 1964-Jan. 1965 Pacific Northwest 47 $430M Excessive rainfall on snow. . . . _ ) . . idi itical inf ti flood heicht d
| South Pl d Ark R Colorad $570M N wh . Dlscharge measurements can either be direct, using a accurate mapping of inundated areas as well as in the g}”OVﬁ mng Crlh 1Cal 1n Qrma 10n 051 doo e1§ . S ?ln 0 0 a m a g e n 0 rm a I 0 n
6 une 1965 outh Platte and Arkansas Rivers in Colorado 24 570 14 inches of rain in a few hours in eastern Colorado. ST . . . ~ T 1scharees. these stations nrovide data used 1n the
7 June 1972 Northeastern United States 117 $3.2B Extratropical remnants of Hurricane Agnes. current meter, or indirect, using mathematical tlow aI.lalySIS of water-surface proﬁles for lI.ldII'GCft . 65, P . . . )
8 Apr.-June 1983 Shoreline of Great Salt Lake, Utah unknown $621M In June 1986, the Great Salt Lake reached its highest equations. Both methods require that an elevation of discharge measurements. These elevations, in effective management of water-supply and water-quality Flood damage information and number of deaths are available from
June 1983-1986 elevation and caused $268M more in property damage. . . . . . . 1 1 1 1 : : : : :
9 May 1983 Central and northeast Mississippi 1 $500M Excessive regional rain. the floodwater surface be determined by a water- combination with ﬂood—frequency analys1s using needs, protection of aquatic habitat, recreation, and tl‘:e National Climatic Data Center. The information can be accessed
10 Nov. 1985 Sh\?_rrlg.r;q::f:],dJ\i/:lvrggf,vgrr;an;anoke Rivers in 69 $1.25B Excessive regional rain. level gage or by a detailed survey of high—water many years of annual flood maximums, are used by water-resources research. al:
irgini irgini . . .
marks. If time allows and the Federal Emergency Management Agency (FEMA) http://wwwd.ncdc.noaa.gov/cgi-win/wwcgi.dll?wwEvent~Storms
11 Apr. 1990 Trinity, Arkansas, and Red Rivers in Texas, 17 $1B Recurring intense thunderstorms. to determine flood-insurance rates
Arkansas, and Oklahoma '
12 Jan. 1993 Gila, Salt, and Santa Cruz Rivers in Arizona unknown $400M Persistent winter precipitation.
13 May-Sept. 1993 Mississippi River Basin in central United States 48 $20B Long period of excessive rainfall.
14 May 1995 South-central United States 32 $5-6B Rain from recurring thunderstorms.
15 Jan.-Mar. 1995 California 27 $3B Frequent winter storms.
16 Feb. 1996 Pacific Northwest and western Montana 9 $1B Torrential rains and snowmelt.
17 Dec. 1996-Jan. 1997  Pacific Northwest and Montana 36 $2-3B Torrential rains and snowmelt. 20
18 Mar. 1997 Ohio River and tributaries 50+ $500M Slow-moving frontal system.
19 Apr.-May 1997 Red River of the North in North Dakota 8 $2B Very rapid snowmelt. 15 Flood —
and Minnesota = ood-
20 Sept. 1999 Eastern North Carolina 42 $6B Slow-moving Hurricane Floyd. = 0 L ;’;3;?'”9 |
Flash 21 June 14, 1903 Willow Creek in Oregon 225 unknown City of Heppner, Oregon, destroyed. %
flood 22 June 9-10, 1972 Rapid City, South Dakota 237 $160M 15inches of rain in 5 hours. = oL _
23 July 31, 1976 Big Thompson and Cache la Poudre Rivers 144 $39M Flash flood in canyon after excessive rainfall.
in Colorado | | | | | | |
24 July 19-20, 1977 Conemaugh River in Pennsylvania 78 $300M 12 inches of rain in 6-8 hours. I]I] | 7 3 4 g B 7 g
Ice-jam o : Time, in hours
25 May 1992 Yukon River in Alaska 0 unknown 100-year flood on Yukon River. ) ]
flood ! ! Discharge measurements made during floods Some floods are measured by USGS
Storm- 26 Sept. 1900 Galveston, Texas 6,000+ unknown Hurricane. are used to develop stage-discharge relations hydrographers using indirect methods that L : : : : ) ) )
surge 21 Sept. 1938 Northeast United States 494 $306M Hurricane. at each gaging station. (Photograph, involve surveys of valley cross sections, USGS sFt’Leam gagi:ng staltllt\alns qt_mékly_prgxlde earlg f:°°d V\&arll_lfmgs for many flash-flood-prone
flood 28 Aug. 1969 Gulf Coast, Mississippi and Louisiana 259 $1.4B Hurricane Camille. Lawrence Journal World, Lawrence, Kans.) bridge-opening measurements, and high-water areas. (Photograph, Darel Noceti, Rapid Shooters, Coloma, Calif.)
Dam- 29 March 12, 1928 St. Francis Dam, California 420 unknown Structural dam failure markts. thattare usedtmdn.‘atll:ematlcal flow Flood damages in the Red River of the North 1997 Flood were nearly
failure 30 Feb. 2, 1972 Buffalo Creek in West Virginia 125 $60M Dam failure after excessive rainfall. equations to compute discharge. $2 billion. (Photograph, Grand Forks Herald, Grand Forks, North
flood 31 June 5, 1976 Teton River in Idaho 1 $400M Earthen dam breached. Dakota.)
32 Nov. 8, 1977 Toccoa Creek in Georgia 39 $2.8M Dam failure after excessive rainfall.
Mudflow 33 May 18, 1980 Toutle and lower Cowlitz Rivers in Washington 60 unknown Result of eruption of Mt. St. Helens.
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Patterns of Flooding in the United States Causes of Floods
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S,treamﬂow records on some rivers e),(te,nd baCk l.Il g[lréglen%a()s\; ii)alifgﬁ fg:;issgcfl ig?ﬁ?ﬂgﬁ; aI;(IllaE.llnI;l;;lltgeak Patte.rns n ﬂOOdl.Ilg Va{.y gciﬁ ss the IlatthIl. \fyhﬁn a 5.—}768.1' The percentage of all gaglng stations thr OllghOllt the nation GIObal Warming may be Changing the runoff characteristics Persistent upper_]evel atm()spheric wind patterns
time for more than 100 years. The Mississippi River . . . qHenty andy: . MOVINE avErage 15 appliee, Hie PErceidge o1 4t Sa5Ns with basins over 50 square miles that experienced the top of some river systems. The Columbia River at the Dalles, includine the velocit iti d t
at St. Louis. Missouri. has a record of annual peak estimate the risk of a certain magnitude flood in any given stations with basins over 50 square miles in the Pacific . . . L : 1ncluding he velocity, posilion and curvature

LS , ; P B 1 Geular st flood 1d North . \ncine th e (25 flood quartile (25-percent) floods for each year displays a good visual Oregon, demonstrates a trend that is similar to the trend in of the jet stream, are unquestionably vital for
discharges that extends back to 1844}. Aqalyses of year. For example, on a particular stream, a flood magnitude orthwest experiencing the top quartl e ( —pergent) oods correlation with the Southern Oscillation Index (SOI) during Northern Hemispheric air temperatures. The relation appears the development of flood situations, Semi-
peaks from 1844 to 1998 show no significant Frend' tﬁatllz)aos a l-pgrce(lilt Ic{hanTet pf ha%)pemng.m anl})l yﬁar hs called ﬁr each y?ar sg)zvz)s avgﬁttern of 1ncr§as§d ﬂoo;hng every the first part of the century. The relation is one that shows to be one of more runoff during cooler temperatures. The air stationary, long wave patterns inchiding
HOW@Y@I', from 1950 to 1998 (48 }76211.'8) there is a Ei ?[ X -}/6?1' ?O . hegu ahl OO dst(l)lmgrlvgrfs. y H00d- yeari a. ter fth | cn gpatte;n fl‘S etected, d [.a Nina condtions OCCUI’I’iIlg Siﬂllllt&ll@OllSly with increased tempel” ature curve 1s very similar to the length of the solar tr()ughs and ridges, and transient short waves
statlstlcally 31gn1flcant upward trend 1n pea.k flow. etention structures have change ¢ Ilood-Irequency ‘ext.rapo ation o1 that pattern 1nt(? the Tuture may provide floo ding. This relation appears to have reversed during the cy cle. which relates shorter cy cles to warmer air tem peratures. dictate intensity o persistence of
When and hqw long streamﬂow records exist curves. insight on future floods and their causes. last 50 years, with El Nino conditions being associated with Solar variability may be an important factor in regional runoff weather systems that produce flooding.
is important is whether a trend is detected. increased flooding. characteristics as well an important factor in global warming.
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solar activity (sunspot.) maximum. In fact, the energy £8 1367 | creates a cool ocean water (COW) anomaly. By . 2 %if < : . :
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The processes responsible for ocean temperature anomalies are not Observations of solar irradiance since Just as differences in temperature and pressure trailing COW anomaly have resulted ina D= I e 450,000 : 0.5
completely understood but may be linked to solar energy variations. 1978 by Earth orbiting satellites have drive daily weather, differences in the total energy Jet-stream pattern that is producing excessive ’ \ S 400000 | : Discharge  oa
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floods or droughts in the Mississippi River Basin. This relation provides 1. Variable solar irradiance i1s absorbed by tropical oceans, creating large pools with different amounts of stored energy. — T quj ’ ; L 0.1 =
an opportunity to develop a technique for estimating water shortages 2. Pools of ocean water with varying amounts of stored energy are transported by major ocean currents. = % 150,000 ' : \ L oo ‘35 8.
and excesses for certain regions. 3. Differential evaporation rates and heat from pools alter global jet stream patterns. E 8 100,000 0-3 E %
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3= 150,000 § A - COOLLPOOL; known as the Quasi-Bienniel Oscﬂlappn (QBO), and the warming
g 100,000 = and cooling of the eastern North Pacific Ocean known as the
%‘g 0 50,000 & Pacific Decadal Oscillation (PDO). Systematic adjustments of the
E § 0.4 \ ° = Warm water adds moisture and heat to the lower atmosphere and creates a ridge SOldar ﬁrra?llance fv?lﬂaglgl(l)s accolrdlng to tge Strellllg];h and P hase of the QBO
1= Hrradiance Change Lagged 5 Years (high pressure) in the upper atmosphere. A trough forms over cool water. and the phase of the result in a good match between

0.8 = irradiance variation and runoff in the Mississippi River Basin.
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