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GREATEST KNOWN AREAL STORM RAINFALL DEPTHS
FOR THE CONTIGUDUS UNITED STATES

1 ANnD JOHN T. RIEDEL

ALBERT P, SHIPE
OFFICE OF HYDROLOGY, NATIONAL WEATHER SERVICE, NOAA
SILVER SPRING, MD.

ABSTRACT. The greatest known areal storm rainfall depths
for the contiguous United States are presented for the
winter, spring, summer, and fall seasons. The depths are
for 100, 200, 1000, 5000, and 10, 080 square miles

(259, 518, 2590, 12 ,950, 25,900 km“) for 6, 12, 24 and 48
hours. The ra1nfa11 values are given on maps and
1dent1f1ed on adJacent tables.

INTRODUCTION

‘Basic to many hydrometeorological studies are areal depths of rainfall,
Because of the great variability in storm precipitation from point to point,
an areal average depth is more representative of effective basin catch and
is the precipitation value that can be used directly for many purposes. We
- believe this report giving the greatest known areal rainfall values will be
useful to many studies in the fields of meteorology and hydrology.

The first known published record of areal storm rainfall depths for the
United States (Miami Conservancy District 1936) was the result of many years
of effort in determining the greatest 1-, 2-, 3-, etc., day areal depths in
major storms east of the 103d meridian. ' :

~ In the late 1930's, the Weather Bureau established a Hydrometeorological
Unit, funded by the U. S. Army Corps of Engineers, whose function continues
to be the making of hydrometeorological studies, in particular, regarding
estimates of extreme rainfall rates over selected regions or drainages.
Estimates of the most extreme rainfalls that nature can provide are used
~as meteorological criteria in design of water control structures. A first
step in this joint effort of the Corps and the Weather Bureau was to de- !
termine the maximum depths of major rainfalls systematically by 6-hr dura-
tion steps over standard area sizes. These values are published in "Storm
Rainfall in the United States" (Corps of Enginers 1945- ), a continuing
effort to include maximum areal depths for all major storms. To date (January
1976) 539 storms are included. For convenience we will refer to this document
as "Storm Rainfall." :

1River District Office, Indianapolis, Indiana (present affiliation).




The method for computing such maximum rainfall depths has been systematized
into an objective procedure. The procedure requires station mass curves of
rainfall (accumulated rainfall vs. time) and the total storm isohyetal map.
The procedure is published in a World Meteorolog1ca1 Organization Manual (WMO

_+No. 237, TP 129, 1969).

\(_,‘

,;\ Over the years the Hydrometeorological Branch has accumulated numerous
t“f;9'other areal rainfall depths. These come from several sources that are de-
T scribed in the next section. The objective of this report is to catalog the

—five greatest known areal storm rainfall depths from all of these sources
within each of 40 sections for the four seasons. B

STURM DATA

The best data set for this report is "Storm Rainfall". Detailed and con-
sistent computations for maximum areal depths are included in this publica-
tion for all storms in this set. In the tables and maps that follow, depths
for storms from this set are identified by "Storm Rainfall" or by letter "A".

A second set of data consists of depths that the Hydrometeorological Branch
has accumulated over the years from a number of sources. This includes esti-
mates for storms made by Corps of Engineers District Offices. It also in-
cludes estimates based on published and unpublished isohyetal patterns for
which the Hydrometeorological Branch has used approximate methods with a few
recorder stations to obtain the timehdistribution. For particular large
basin studies, the Hydrometeorological Branch has plotted isohyetal maps from
the Climatological Data (National Weather Service) and used approximations to
obtain estimates of maximum areal depths for selected duratioms. For all
estimates in this second data set,either the standard systematized depth-area-
duration analysis was used in part or alternate procedures were applied. For
the maps and tabulations of this report, depths from this data set are iden-
tified by "Hydrometeorological Branch" or "H". '

A third data set is storm rainfall depths determined by the Bureau of Re-
clamation or by the Cooperative Studies Section (now Special Studies Branch)
of the U. S. Weather Bureau (now National Weather Service) funded by the

- Bureau of Reclamation. Most of these data are for the Western States. Some
of these depths were determlned by standard procedures. Others result from
less complete or approximate studies 51milar to those in the second set.
~Depths from this third set are identlfled 1n this report by "Bureau of
Reclamation' or "R". :

Detailed isohvetzl maps and mass curves of station rainfall are available
for the data from "Storm Rainfall."” The amount of basic data for the remain-
ing storms varies. For some storms only 1sohyetal maps are available. For
some, only maximum average depths for the storm duration are available. For
others, only rainfall over a particular drainage basin is considered; that is,
the depths are not "storm centered". Depths obtained from the 11terature and
unpublished studies, in some cases have no back-up material, in others,

a bare minimum. , ..




DISTRIBUTIONS OF STORM AREAL DEPTHS

"Table 1 shows the number of storms from the three sources just described
for which some maximum areal rainfall depths are available. "Storm Rainfall"
provides 63 percent of the total of 853 storms, "Hydrometeorological Branch",
26 percent, and ''Bureau of Reclamation," 11 percent.

- Table l.--Number of storms from thtee sources for which areal depths are
available. ,

© Source R , - Number of storms = 7% of total
1. "Storm Rainfall" : ; : 539 ' 63
2. "Bureau of Reclamation" : ' 93 ' 11
3. "Hydrometeorological Branch"
~ {includes data extracted from the literature) 221 26
. Total 853 100

~All the storms do not give maximum depth-area-duration (D-A-D) values for
the entire array of area sizes, from 10- (25.9 km2) to over 50,000 mi2
(129,500 km2) and durations from 6 to over 72 hr. It is natural that there
would be more data for shorter durations than for longer and for smaller
areas than for larger because nature has produced more shorter duratisn and
smaller area storms. Table 2 summarizes the number of areal rainfall depths
available for a full range of standard areas and durationms.

P - . N . - ) \

Table 2.--Number of storm rainfall depths for stahdard area sizes and
durations

Duration (hr)

Area

gl mi? 6 12 18 26 30 3 48 60 72
26 10 . , 695 682 657 659 557 593 560 409 391

259 100 e 124 708 " 673 682 568 608 574 410 401
518 200 " 719 707 673 684 566 608 578 406 403
1295 500 730 717 681 695 577 615 592 414 415
2590 1000 - + 750 739 693 718 585 625 605 420 420
5180 2000 697 693 650 667 563 583 556 413 396
12,950 5000 666 665 632 656 648 570 556 407 401
25,900 10,000 603 604 576 601 502 529 521 381 378

51,800 20,000 "469 469 4d5 469 409 432 424 327 315
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More data appear at 1000 mi2 (2590 ka) than any other size area because the
Hydrometeorological Branch made a special effort to determine large-area
depths for a generalized extreme precipitation study covering large basins in
the Eastern two-thirds of the United States (Rjedel andechreiaer 1972). Ehe
.study covered area sizes between 1000 (2590 km“) and 20,000 mi“ (51,800 km®).
The seasonal distribution of available storm D-A-D data is of interest.
For studies involving a contribution of runoff from snowmelt, it is necessary
to consider the capability of extreme rainfall in the spring on top of a snow
cover as well as the most extreme for other seasons of the year. Table 3
shows the distribution of the available D=A~D data among the 12 months. When a
storm date bracketed 2 months, the storm was assigned the earlier month.

Table 3.--Seasonal distribution of available areal rainfall depths

Month ' Jan Feb Mar Apr May June ’Ju1y~ Aug Sept Oct Nov Dec Tot.
No. of - ‘ : ; ’

Storms 43 37 53 44 80 133 97 101 124 50 37 54 853
% of

Storms 5 4 6 5 10 16 11 12 15 6 4 6 100

The table emphasizes the limited data available for analysis where seasonal
~variation is important. For example, fewer than 125 storms have been analyzed
- over the contiguous 48 United States in April and May, the.critical snowmelt
period for many locations. The table shows that over half of the total ana-
lyzed storms occurred in the period June to September; the season of most
importance with respect to the greatest rainfall potential over many of the
states.,

Also of interest is the regional distribution of the data over the 48
states. This is shown in a rather broad way in figure 1.

Eigure 1.——Distribution of available storm areal rainfall data among four
regions of the United States. - '




The contiguous 48 states are divided into four approximately equal-sized re-
gions by the 100th meridian (through western Kansas) and the 40th parallel of
" latitude to the west (approximately through Denver, Colorado) and the 37th
parallel of latitude to the ‘east (along the southern border of Kansas). The
outstanding feature of the figure is that only about 29 percent of the storms
are in the western states,

Another 1nteresting distribution of the storms is chronological. The e
earliest storm is 1819 but only two occurred prior to 1866. There are 34
storms or 4 percent of the total, prior to 1890. The largest number, 179 or
21 percent of the total are in the decade of 1935 to 1944, Between 1906 and
1945 there are 612 or 72 percent of the total. The large number of records
of storms in the last period is due to a concentrated effort to obtain basic
storm data soon after establishment of the Hydrometeorological Branch. Since
1945, all major storms are included, but lesser storms have been omitted.
Other factors that affect the chronological distribution are how much effort
can be put into storm analysis, and the number of flood control projects being
considered at various times. The actual occurrences of major storms are be-
lieved to have a minor effect on the chronological distribution of the number
of storms in this report.

MAXIMUM OBSERVED AREAL RAINFALL DEPTHS
FOR THE UNITED STATES

The maximum observed areal rainfall depths for the United States from the
available data are summarized in table 4. All of the values are from "Storm
Rainfall". Because of leis interest in storm depths over large areas, say
for 20,000 mi2 (51,800 km“), some greater values for larger areas may not
have been included. One such case is known, that is the U. S.-Mexico storm
of Sept 19-24, 1967. This storm was analyzed out to the enveloping &4-in,
(101-mm) isohyet. Had the storm analysis been extended to the 3-in., (76-mm)
isohyet, considerably greater depths would have been recorded for 100,000

(259 000 km?2) for at least 48 and 72 hr than those shown in the table.

FIVE GREATEST AREAL DEPTHS
BY SECTIONS OVER THE UNITED STATES

The major purpose of this report is to present the greateét areal rainfall
depths by seasons and regions over the United States. To keep the report from
being too large, depths are shown only for areas of 100-, 200-, 1000-, 5000-,
and 10,000 miZ (259, 518, 2590, 12,950, 25,900 km2) for durations of 6, 12,
24, and 48 hr. For depths between the given durations and area sizes, inter-
polation should give a reasonable estimate. Smaller area sizes were omitted
in order not to become involved with extreme point values. Such data are
given in Technical Papers (Weather Bureau 1963, 1951~-1961, and 1952).

The United States was divided into 40 Sections by a 5-degree latitude and
longitude grid. There are several departures from the 5 x 5-degree sections
to allow combining a small portion of northern Michigan into section No. 8,




Table 4.--Maximum observed areal rainfall depths for the United States
(Average rainfall in inches and (millimeters))

 Area

10 mile2
)

26 km

100 mile?
(259 km 2)

200 mile%
618 km <)

500fm11e§
(1,295 km -“)

1,000 mileg
(2,590
2,000
(5,180 km °)
5,000 mile§
(12,950 km %)

5,900 kr  2)

mile?
km %)

20,000
(51, 800

50> 000

oq 2
m11e2
(129,500

km . )

100, 000 mile3
@59, 000 knm  2)

Storm

[

g q:x‘u-w-s‘m MO oL o

km )

mileg_

2 B
5

6

24.7a
(627)

19.6b
(498)

17.9%
(455)

15.4b
-(391)

13.4b
(340)

11.2b
(284)

8.1bj
(206)

5.73
(145)

- 4.03
(102)

2.5eh
(64)

1.7h
(43)

Duration (hours)

12 -

29.8b
~(757)

26.3c
(668)

25.6¢c
-~ (650)

24.6c

(625)

22.6c
- (574)

17.7¢c
(450)

11.1b
(282)

7.9
(201)

6.0k
(152)

4.2¢g
- (107)

2.51ih
(64)

18 24
36.3¢c 38.7¢ 41.8c
(922)  (983) (1062)
32.5¢ 35.2¢  37.9¢
(826)  (894)  (963)
31l.4c  34.2¢ 36.7¢
(798)  (869) (932)
29.7¢ 32.7¢ 35.0¢
(754) "(831) (889)
27.4¢ 30.2¢ 32.9¢
(696)  (767) (836)
22.5¢ 24.8¢c 27.3c
(572) . (630) (693)
14.1b 15.5¢ 18.7d
(358) (394) (475)
10.1e 12.1e 15.1d
(257) - (307) (384)
7.9e  9.6e 11.6d
(201) (244) (295)
5.3e 6.3e 7.9%
(135)  (160) (201)
3.5e 4.3e 5.9m
(89) (109) (150)

.5-10 July

Date

17-18 July 1942
8-10 Sept 1921
3-7 Sept 1950 -
27 June-1 July 1899
13-15 Mar 1929
1916
1900
1908

15~-18 Apr
22-26 May

©19-22 Nov 1934

27 June-4 July 1936
12-16 Apr 1927
19-24 Sept 1967

29 Sept—-3 Oct 1929

Location of center

36

Smethport, Pa.
Thrall, Tex.
Yankeetown, Fla.
Hearne, Tex.

‘Elba, Ala.

Bonifay, Fla,
Eutaw, Ala.
Chattanooga, Okla.
Millry, Ala.

Bebe, Tex.

Jefferson Parish, La.

Sombreretillo, Mex.
Vernon, Fla.

48

43.1c
(1095)

38.9¢
(988)

37.7¢
(958)

36.0c

(914)

33.7¢c .
(856)

28.4c
(721)

20.7d
(526)

17.4d
(442)

13.84
(351)

' 9.92
(252)

6.6f
(168)

72

45.2¢
(1148)

40.6¢c
(1031)

39.2c
(996)

37.3¢c
(947)

34.9c
(886)

29.7¢c
(754)

24,44
(620)

21.3d
(541)

17.6d

- (447)

13.2¢
(335)

B.9f
(226)

Corps of Engineers

Assignment No.

OR9-23
GM4-12
SA5-8 -
GM3-4

LM2-20
GM1-19
LMV-2-5

- SW1-10

LMV-1-18
GM5-6
LMV4-8
SW3-24
SA3-23

*More than half of the area covered is in the United States.




the northern portion of New England and New York into section No. 9, a small
additional coastal portion into section No. 38, and a small portion of south-
ern Texas into section No. 39.

Within each of these 40 sections, the five greatest knownyaréal’depths are
given on maps for each of the five area sizes and four durations. This is
done separately for each of the four seasons: )

Winter: December, January, February
Spring: March, April, May
Summer: June, July, August
Fall: September, October, November

Each map is followed by a table identifying the storms contributing the five
greatest depths. Clarification of the information in the tables is given in
table 5.

Table 5.--Identification of storm listings

LI g e CORPS .
*COMMENT ASSIGNMENT LOCATION
VALUE AREA/DUR STORM DATE & SOURCE NUMBER  LAT. LONG.
10( 14) , ,

A 12/29/13-01/03/914 R - 3955 12125
1/11/09-01/16/909 R - 3900 12025 -

( 1011- 24) 12/09/37-12/12/937 H - 3945 12130

12/08/29-12/13/929 R - 4105 12210

I 2/4/40-02/29/940 R - 3955 12125

1

Section Number
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o
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]
L
o
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=
—
o«
34
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=

Rainfall Depth in Inches
Area and‘Duration of Rainfall if —>

Different from Map Area and:

Duration (miz-hr)
Storm Beginning and Ending Dates —>

Storm Centér Latitude in Degrees —>

and Minutes
Storm Center‘Longitude in Degree

R-Bureau of Reclamation
H-Hydrometeorological Branch
and Minutes

A-"Storm Rainfall"

i




The section number on the left is followed by the total number of storm
depths in the section. The five greatest depths are then given in inches.
If a depth is based on basin-centered data rather than isohyetal-centered
data, it is preceded by a "B". Basin-centered depths are always the same or
less than isohyetal-centered data for the same storm.

Not every storm has a complete array of D-A-D values. Instead of not in-
cluding data if no values were available for a standard area size or duration,
the following was done: '

1. If there was no value for the map area size, the value
for the next larger area available is given.

2. If there was no value for the map duration, the longest
duration value, shorter than the map duration,:is given,

3. Both of 1 and 2 can apply to some storms.

The storm values falling into any of these three categories are identified
on the maps by an asterisk, and the actual area and/or duration of the depths
are given in the table under_"Comment Area/Dur."

Next, the tables give the storm period and source of the data. Should a
storm overlap into the next season, the beginning of the storm period deter-
mines into which season the storm is placed. The sources discussed earlier
are coded as follows:

Code
"Storm Rainfall" ' A
Bureau of Reclamation R
Hydrometeorological Branch H

~ The Corps of Engineers storm assignment number for "Storm Rainfall" is given
for ease of identification, The latitude and longitude of the storm center
or greatest station rainfall concludes the table,

There are some storms that extend over a very large area and have two or
more distinct isohyetal centers. For some such cases in "Storm Rainfall,"
separate D-A-D values have been determined for each distinct center, as well
~as a D-A-D array of values for the total isohyetal pattern. If two or more
of the distinct storm centers are located in the same section, then the D-A-D
values for the total isohyetal pattern is the only one considered.




LIMITATIONS OF PRESENTED DATA

The mapped depths are the greatest known to us at the present time (January
1976). A preprint of this report circulated to various government agencies
early in 1975 uncovered several dozen additlonal depths that have been in-
cluded.

Inspection of the maps shows no analyzed storms for certain sections,
seasons, area sizes, and durations for many maps. Fewer than five storm
values are available for many sections. Transposition of storms in the rela-
tively flat eastern two—-thirds of the States compensates for sparce storm data
in many studies; however, there are yet many regions where storm analyses are
desired and should be made. In some regions, particularly where fewer than
five storms are available, the smallest value shown for a particular duration
or area may have been exceeded by some storm not analyzed. This may be
especially true if there is a significant difference between the smallest
storm value and the next larger. This results partly from inclusion in the
data set of values for all durations and areas for a storm even though it may
have been significant only for some durations and areas.

The arbitrary gridding of the United States with 40 sections by latitude,
longitude, and political lines does not give representative storm depths by
climatological divisions, similar terrain features, or any other geographical
regioning such as river drainages, etc. Thus, especially for the western
States, the mapped values cannot be enveloped for an indication of rainfall
potential for a drainage or area. For a record of greatest storm depths for
a drainage, one should go to the tables to identify the storms centered in the
drainage of concern, if any, and survey the storms in adjoining sections
which may have rainfalls extending into the drainage.

A translucent overlay is included that will allow easy identification of
sections and State boundaries.

The 40 sections have nothing to do with the transposability of storm
amounts. This has not been studied in a general way. Depending on the. rea-
sons for making transpositions, the distance and direction of transposition
varies. 1In studies giving estimates of the most extreme rainfalls that na-
ture can produce, we have considered transposition for some of the storms.
For that purpose some storms can be transposed across several states, while
others are intimately associated with the underlying terrain where they oc-
cur and cannot be transposed without detailed studies of terrain influences.

All storm depths are given in inches and the areas in miz. To expedite
this report, we did not convert these units to the metric system. However,
the following table may be referred to if metric units are desired.
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mi
100

200

1000
5000

10,000

Metric Conversions

Area
2

km
259
518
2590
12,950

25,900

Depth

1 inch = 25.4 mm
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LAT
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FIVE GREATEST OBSERVED 200 SOUARE MILE- 12 HOUR WINTER RAINFALL [N INCHES FOR FORTY SECTIONS
L N N R R R R R T I I I T I T T T T "™
*
.
s
. + +
.
. + 7 +
. 1 - . :
. 11.5¢ + +
. 6.2
* 5.7 2 + +
. 5.2+ 3.3 + +
0 4 .3 2.4 3 + + + 9
¢ 2.4+ 4 3.5+
. + 2.2 5 *
. 21 2.0 6 7
. 2.4 8
. + 2.8 +
.
. + +
. 10
. 9.4 11 + + 20
. 7.1 3.0 + + 4.2
* 7.0 12 + + + 19 2.8
* 7.0 2.9 13 18 4.5 2.0+
[ 6.3 1.8 .41 14 17 3.4
. 1.8 15 16 2.4+
* 21 1.4 2.9+x 2.1
. 8.0 + 2.4+ +
.
. + +
.
. " 22 + +
. L 11.3 + +
+ 10.4 23 + + 30
. 9.2+ S.0 24 + 29 2.9
* 7.9+ 3.3 2.3 5.6
+ 7.8 2.7 .8 25 238
. 2.7+ .8 26 27 5.7 .
» . 2.4 5.2 8.3 4.3 +
. 31 4.5 5.8 4.1
. 8.6 + 2.9« 5.7 4.0 +
* 5.0 32 5.7 3.6+
* 1.8 + 5.6 +
. 1.7+ 33
. 1.7 + + 38
* 1.6+ + + + 6.5+
. : 6.4
. 34 37 4. 7¢
. 4. 8% 35 36 &.9x 4.3
Iy - 9.2 6.9 7.6 +
. 9.0 6.6 7.4
. + 6.2 6.4 +
. 6.0 3.9
. 5.9
N + +
. + + 40
¢ + +
N 39 +
.
*
.
.
*
. + *
.
. + *
*

R R R I N N N RN R R R R R R R R I I T

» AREA 1S GREATER THAN 200 SQUARE MILES AND/OR DURATION IS LESS THAN 12 HOURS. SEE COMMENT COLUMN ON LISTINGS.
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HINTER RAINFALL IN INCHES FOR FORTY SECTIONS

12 HOUR

IVENIIrILATION OF THE FIVE GREATEST OBSERVED 200 SOGUARE MILE

3iunnm

CORPS
ASSIGNMENT
NUMBER

STORM DATE & SOURCE

«COMMENT
AREA/DUR

VALUE

STORM DATE & SOURLE

*CORNENT
'AIEAIOUQ

VALUE
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4C 1000~ 12»
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3¢

4642 10004

2712/15-027147915 H

1000- 12)
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2.0¢
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4=17 44619 B417

GL
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«
-
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4618

12) 12725/69-12/28/969 #

1000-
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4140 11525

2/01/07-02/05/907 R

0>

4042 10536

12) 127/03/13-12/06/913 R

320~

1
8 1.4¢

13¢

cerrarraun e

o)

15¢

2-27 4227 8436

GL

2/09/38-02/14/938 A

1)

18¢

4142 7716

5-11

2/02/83-02/18/883 A OR

NI

3851 12243

12/09/37-12/127937 H

2/28138-03/05/938 H 3724 11230

)

25¢

3701 7639

2/03/20-02/06/920 H -

12)

2000~

2/23175-02/25/875 H

~N

31¢
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oo
@n

3117 10032

H

12) 