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INTRODUCTION

Severe rainstorms of short dura-
tion, defined as those lasting 48
hours or less and producing rainfall
of 6 inches or more, are usually char-
acterized by irregular rainfall pat-
terns, steep rainfall gradients, and
small core areas of very high rain-
fall. Information concerning such
storms is desired by many scientists
and engineers for application in var-
ious fields. The present 17, S. Weath-
er Bureau eclimatological raingage
network in IMlinois does not and can-
not be expected to desceribe ade-
quately the characteristies of indi-
vidual storms. The spacing of official
network gages is too sparse to secure
sufficient detailed data.

Since 1947, whenever possible, the
Tlinois State Water Survey has at-
tempted to obtain supplemental data
on rainfall, mainly by field searches
immediately following heavy rain-
fall. Field measurements are col-
lected by canvassing the storm areas
to find persons having raingages or
well-exposed vessels of any type,
such as buckets, jars, or cans, which
would furnish measurements of the
storm rainfall. These supplemental
field surveys over the past ten years
have provided a considerable amount
of interesting and valuable informa-
tion on severe rain rainstorms, More-
over, the aceumulated field data are
now of sufficient quantity to permit
evaluation of their usefulness.

Obtaining detailed information on
severe rainstorms Is necessary for
the purpose of defermining the phys-
ical characteristics of storms so that
the time and space distribution of
the storm rainfall may be better de-
fined. Specific factors of interest in-
clude maximum rainfall values,
mean rainfall values, areal dimen-
sions, pattern charaeteristies, dura-
tion, and intensity. This information
s desired principally by hydrolo-
gists and meteorologists for applica-
tion in the design of hydraulic strue-
tures for small drainage arcas and
in the study of rvainfall physics, re-
spectively.

MErHoboLogy oF Evarvaring
USErvnyess o Finnp Dara

The usefulness of the field data
collected on rainfall is evaluated
mainly by comparing them with
published Weather Bureau data.
Obviously, the field data plus the
Weather Burcau data should more
accurately deseribe rainstorms than
the Weather Burean data alone, but
the magnitude and significance of the
differences between the two must be
ascertained before any evaluation
can be made.

During 1957 four extremely se-
vere rainstorms oceurred in Illinoig
and surrounding states. Tnformation
and maps of these four storms, an
unusnal number for one year, arc
bresented herein to illnstrate the de-
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tail obtained from field survey data.
The four storms in 1957 are among
the heaviest on record in Illinois.
Extensive field surveys to obtain
rainfall data for detailed analysis
were conducted by the State Water
Survey on three of the four storms.
For the one storm not surveyed de-
tailed data in the region of heavy
rainfall were obtained because at
that time the State Water Survey
in cooperation with Southern Tlinois
University maintained a dense net-
work of raingages in the storm area.

Tn addition to the indication of
usefulness as shown by rainfall
maps, the results of all field data,
collected on severe rainstorms oceur-
ring in Ilinois during the 1948-57
peried, have been summarized and
statistically compared with Corps of
Engineer data and Weather Bureau
data through use of area-depth re-
lationships.

SpveERE RAINSTORMSE DURING 1957

The first of the four severe rain-
storms in Tlinois during 1957 lay
in an east-west belt across Illinois
along the northern edge of the Shaw-
nee Hill region on May 21-23 (I%ig.
1). The storm began on the after-
noon of May 21, ended 39 hours later
during the forenoon of May 23, and
consisted of three separate rain pe-
riods. The first and most severe pe-
riod began at 4:00 p.m. on May 21
and ended in the morning of May
22 the second occurred during the
afternoon of May 22, while the third
and final phase of the storm oc-
eurred the night of May 22-23. Al-
though no field survey was ac-
complished, 60 raingages in a 400-
square-mile network located near the

core of the storm furnished consid-
erable detail on the rainfall pattern.
Data from these gages and from 68
Weather Bureau gages in southern
Ilinois provided 128 rainfall meas-
arements of this storm in Illinois.

Rainfall excceding 6 inches cov-
ered an area of 2576 square miles
in Tllinois, Tndiana, and Missourt.
The maximum amount recorded in
this storm was 9.60 inches at the
Weather Bureau station in Harris-
bure, Illinois, whereas the peak
amount from the network of rain-
oages was 8.01 inches at a gage 6
miles east of Marion, Ilinois. Al
though the raingage network did not
furnish the highest rainfall value
for this storm, it did influence the
isohvetal pattern in the core of the
storm.

On June 14-15 one of the more se-
vere rainstorms of any duration to
be recorded in the Middle West oc-
curred in southwestern Iilinois and
castern Missouri (Itig. 2). All of the
rainfall in the core of the storm near
Belleville fell within a 15-hour pe-
riod beginning at 5:00 p.an. on June
14. A total of 302 rainfall observa-
tions were obtained for ascertaining
the isohyetal pattern and 205 of
these were collected by the field sur-
vey. Rainfall amounts exceeding 16
inches oceurred in the center of the
storm and rainfall in excess of 6
inches fell on more than 2000 square
miles. The highest rainfall recordead
for the storm by a Weather Bureau
cage was 12.01 inches 11 miles north-
wost of Belleville. However, the max-
jmum value discovered by the field
survey was 16.54 inches, 6 wmiles
west of Belleville, which exceeded
the 24-hour maximum rainfall vee-
ord for Illinois. Examination of the
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a. Weather Bureau Data
Fi6. 1.—Isohyetal patterns for May 21-23, 1957.

storm rainfall maps (Figs. 2a, b)
reveals that the Weather Bureau
data (Fig. 2a) failed to describe
adequately the core of the storm,
although the overall patterns on both
maps are quite similar,

On June 27-28 the third major
rainstorm in Illinois of 1957 oc-
curred (Fig. 3); it also had an cast-
west orientation similar to those of
the two previous storms. All of the
rain in this storm occurred in less
than 24 hours, while the major por-
tion occurred within a 12-hour peri-
od beginning at 10:30 p.m. on June
27. More than 400 observations of
rainfall were obtained in Illinoig
with 255 of these being collected by
the field survey. The highest amount
recorded by a Weather Bureau sta-
tion was 10.82 inches at Paris. How-
ever, the highest value obtained by
the field survey was 13.10 inches 7
miles west of Paris. Rainfall in ex-
cess of 6 inches fell over 3343 square
miles in Illinois and Indiana. As
shown in Figure 3, the field data

b. Field Data Plus Weather Bureau Data

plus Weather Bureau data (Fig. 3b)
supplied considerably more detail of
the rainfall pattern, which was quite
irregular along the axis of the storm,
than did the Weather Bureau data
alone (IFig. 3a). In addition, the
field data revealed a second core of
more than 12 inches northwest of
Effingham, which was not apparent
from the Weather Bureau data.

On July 12-13 the final severe
rainstorm during 1957 oceurred in
northeastern Illinois (IMig. 4), and
was the third storm of the year to
have rainfall in excess of 10 inches.
This was the only storm of 1957 that
did not have an east-west ma jor axis.
The north-south orientation exhib-
ited by this storm is very unusual
for these short-duration storms. An
analysis of 59 severe short-duration
storms which occurred in Tllinois
from 1915 to 1957 reveals that 84%
had approximately east-west orien-
tations while only 7% had approxi-
mately north-south orientations.

The field survey collected 211 ob-
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b. Field Dota Plus Weother Bureou Data

Fie. 2.—Isohyetal patterns for June 14-
15, 1957.

servations and, ecombined with those
furnished by other organizations,
provided a total of 454 measure-
ments of rainfall from the storm.
The Chicago office of the Weather
Bureau also collected 75 measure-
ments from volunteer observers in
Cook County. In this storm, rainfall
exceeding 6 inches covered an area
of 1965 square miles in Illinois and
Indiana. All the rainfall occurred
during a 21-hour period beginning
at noon on July 12. The maximum
observed in this storm, 11.10 inches
in Kankakee and near St. Anne, was
noted by the field survey. The maxi-
mum recorded by a Weather Bureau
station was 9.56 inches at Peotone.
Comparison of maps (Fig. 4a and
4b) reveals that, as with other 1957
storms, considerable detail is added
by the field survey data.
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Area-DeprTH RELATIONSHIPS FOR
1948-1957 SEVERE STORMS

The Illinois State Water Survey
conducted field surveys of four se-
vere rainstorms occurring in the
nine years prior to 1957. Data from
these storms and the four 1957
storms have been combined to pro-
vide more extensive data for statis-
tical evaluation of the usefulness of
field data on severe rainstorms.
Since the physical characteristics of
these storms, or similar future
storms, materially affect the magni-
tude and characteristics of stream
runoff in watersheds over which they
may occur, hydrologists have de-
vised a method for numerically de-
seribing rainstorms. This method is
the area-depth relationship and can
be expressed graphically as the num-
ber of square miles covered by vari-
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b. Field Data Plus Weather Bureau Data

Fic. 3.—Isohyetal patterns for June 27-
28, 1957.
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ous average amounts of rainfall in
a storm of a given duration.

Trigure 5 shows 24-hour, area-
depth envelope values, or a combina-
tion of the maximum observed area-
depth values, obtained from the eight
storras field-surveyed by the Ilinois
State Water Survey since 1947, An
area-depth envelope curve for 24-
hour storm duration which was de-
veloped from published data of the
Corps of Engineers is also shown in
Iigure 5. These envelope values are
based upon Corps of Engineers’
studies of storms centered in Illinois
during the 1910-46 period; their
rainfall data were largely obtained
from the Weather Bureau climato-
logical network. The curve in Figure
5 based upon Corps of Engineers’
data considerably underestimates the
maximum area-depth values that are
shown to be possible by the State
Water Survey curve for areas of 100
to 7000 square miles.

A further illustration of the sig-
nificant differences between the field
data and the Weather Bureau data
in the qguantitative deseription of
severe rainstorms is shown in Table

0. Weother Bureou Data

b. Field Data Plus Weather Bureau Data

F'16. 4.—Isohyetal patterns for July 12-
13, 1957.
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F'16. 5.—Area-depth envelope curves of
24-hour storms.

1. This table reveals the ratio of
the area-depth values from the field
survey to those derived from the cli-
matological network data for the
same ecight storms during the 1948-
57 period; in every instanee the field
survey values are larger. TFor in-
stance, on the average for a 10-
square-mile area, the area-depth val-
ue, as determined from the field sur-
vey rainfall map, is 1.2 times the
value obtained from the Weather
Burean rainfall map, and the maxi-
mum ratio found in a single storm
for ten square miles was 1.36. Fig-
ure 5 and Table 1 emphasize the in-
ability of existing climatological
raingage networks to define ade-
quately the maximam arca-depth re-
lationships which oceur in severe
short-duration rainstorms.

The inadequacy of the climatolog-
ical raingage network to describe
these storms is a problem of gage
density. The effect of raingage dens-
ity on storm reports can be ascer-
tained by comparing, for each dec-
ade during the past 40 years, the
number of severe storms as deter-
mined by the number of Weather
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TasLE 1.—Ratio of Area-Depth Values
tfrom Field Survey to Climatological Net-
work.

Area, Ratio,
sq. miles av. max.
point 1.28 1.62
10 1.20 1.36

50 1.17 1.26
100 1.16 1.24
200 1.13 1.19
500 1.10 1.14
1000 1.08 1.13
2000 1.05 1.12

Fie. 1.—Isohyetal patterns for May 21-
23, 1957.

Bureau raingages. During 1918-27
there were 10 severe storms as de-
tected by approximately 90 gages,
and in the following decade, 1928-37,
8 storms were discovered with
roughly 100 gages in operation. The
gage density in Illinois inereased
from 120 in 1938 to 161 in 1942,
and to 240 gages by 1947 ; 12 storms
were detected in the 1938-47 decade.
The increase in storms with a rain-
fall of more than 6 inches prevailed
during the 1948-57 decade with a
total of 19, as reported by ap-
proximately 260 gages in operation.
There is no method of directly prov-
ing that the 100% increase in the
number of storms detected during
the past 40 years can be attributed
to the increase in gage density, but
the inecreasing density is undoubt-
edly the principal cause. Data col-
lected on the average physical dimen-
sions of these storms indicate that
it is quite possible that the 90 to
100 gages located in Illinois from
1918 to 1937 might not have de-
tected the areas of 6 inches or more

rainfall assoeiated with many
storms.
SUMMARY

TPor every severe rainstorm during
the past 10 years, which was field
surveyed, the maximum rainfall in
the storm has been discovered by
the field survey, and these values
have averaged 28% higher than the
maximum rainfall obtained at any
Weather Bureau raingage in the
storm area. Rainfall maps plotted
from the field data plus the pub-
lished climatological data have been
found to furnish considerably more
information on the storm pattern
and rainfall gradients than the net-
work data alone. The added map de-
tail and information have provided
average area-depth values ranging
from 5% higher for 2000-square-
mile areas to 209% higher for 10-
gquare mile areas. Research on
storms occurring prior to 1948 has
substantiated findings of the past 10
years concerning the orientation of
the severe rainstorms. More than
80% of the storms tend to orient
their major axes in an approxXimate
east-west position.

This evaluation of supplemental
field data by comparison with
‘Weather Bureau climatological data
is not intended in any way as a criti-
cism of that network which is effee-
tive for large-area storms, as well as
being the bench marks against which
supplemental data are evaluated.
The differences have been shown
only to reveal the usefulness of and
the necessity for collecting addition-
al rainfall data to describe severe
short-duration rainstorms ade-
quately.
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