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Part A. Description of Basin Studies

INTRODUCTION

This report provides a working guide for hydrol-
ogists and engineers who are concerned with the
frequency distribution of rainfall and the patterns
and characteristics of severe precipitation events
for six major basins in Illinois. These are the basins
of the Kaskaskia, Big Muddy, Sangamon, Little
Wabash, Embarras, and Spoon Rivers (figure A-1).

Extensive analyses of the distribution of extreme
precipitation events in Illinois have been carried
out as part of the meteorological research and ser-
vices program of the Illinois State Water Survey
since 1948 (Stout and Huff, 1962). As a result of
these analyses, a large amount of information has
been compiled on the time and space distribution
of precipitation. Analytical and statistical tech-
niques have been developed for new and better use
of the existing data.

Because of these factors and interests in basin-
related information on the design and operation of
hydrologic structures, it was desirable, as well as
feasible, to define hydrometeorological relations on
a smaller areal scale than had been used previously.
In most previous studies, Illinois has been treated
as a unit area or the state has been divided into
several climatological sections. For several hydro-
logical applications, hydrometeorological analyses
by major basins are needed and are preferable to
climatic section analyses. All available data compiled
by the Water Survey, the U. S. Weather Bureau
(now National Weather Service), the Corps of Engi-
neers, and others were used.

Investigations of the Kaskaskia Basin were under-
taken as the initial effort to define the hydromete-
orology of major Illinois basins. The approach
evolved was followed in similar studies for the other
five basins included in this report. After describing
the types of analysis applied to each basin, the fol-
lowing six major sections address the six basins.
The next section describes certain storm character-
istics that are mutually applicable to all six basins,
such as storm orientation and shape and synoptic
weather systems that produce the heavy storms.
This is followed by a section which compares vari-
ous storm characteristics among the basins.

Scope of Investigations

In carrying out the studies, calculations have
been made of: the frequency distribution of areal
mean rainfall for return periods of 1 to 100 years
and storm periods of 6 to 48 hours; the frequency
distribution of areal mean rainfall for fixed subareas
of each basin for areas of 10 to 400 square miles
and storm periods of 1 to 48 hours; and the fre-
quency distribution of areal mean rainfall for incre-
mental areas of 25 to 1000 square miles and dura-
tions of 6 to 48 hours for non-specific areas of each
basin, that is, basin storm envelope values.

Data for the 75-year period, 1887-1961, were
used in the frequency analyses, since analyses of
outstanding storms during this period had been
made in conjunction with earlier research projects
at the Water Survey. Determination has been made
of the characteristics of storm area-depth relations,
which, in turn, provide a quantitative measure of
the characteristics of the storm rainfall patterns.
The orientation and shape of severe rainstorms,
their monthly and seasonal distribution, the elapsed
time between successive severe storms, and the
synoptic features associated with them have been
evaluated.

This report is devoted primarily to the presenta-
tion of results in a form convenient for application
by hydrologists or other interested users. It is in-
tended as a hydrological design and operational
guide. Consequently, the methodology and tech-
niques employed in the various studies are discussed
only briefly, but in most cases references are cited
in which the reader may obtain detailed information
if desired.
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DEFINITION OF TERMS

Frequency Distribution of Point Rainfall

Normally, the frequency distribution of rainfall
is expressed as the average time interval in years
between rainfall amounts of a given magnitude for
storm durations of various lengths in hours. This
nomenclature is used throughout this report. Tables
are used to show the frequency distribution of rain-
fall at any given point in the basins. Interpretation
of each table is explained in the text for the Kas-
kaskia Basin (initial study).

The point rainfall relations are based on long-
term records at first-order and cooperative stations
of the U. S. Weather Bureau. Since the relationships
were derived from point rainfall observations, they
should be used only for point estimates; they should

not be used to estimate the frequency distribution.

of areal mean rainfall within the basin.

Also, it is important to understand that frequency
distributions refer to average relationships over an
extended period of time. For example, a "5-year
storm" is expected to occur 20 times within a
100-year period; it is not implied that every 5-year
period will have a rainstorm equivalent to the "5-
year storm" indicated by the frequency distribution,
or that no more than one of these storms will occur
in any given 5 years. Data analyzed for this report
show that occasionally more than one "5-year storm"
may occur within the same month on a basin. Simi-
lar findings in the Chicago urban area were found
in an earlier study (Huff and Vogel, 1976).

Frequency Distribution of Areal Mean Rainfall

For most hydrologic applications, the frequency
distribution of areal mean rainfall is preferable to
point rainfall distributions. Areal distributions will
be shown for the entire basin, and in the case of
the elongated Kaskaskia, Little Wabash, and Em-

barras basins, for the upper and lower portions. In-
terpretation is the same as described above for point
rainfall, except that the data apply to areas rather
than to points within an area.

Frequency Distribution of Mean Rainfall
on Small Areas

These relations refer to the frequency distribu-
tion of areal mean rainfall over any selected specific
area of 10 to 400 square miles within the basin.
These selected areas are fixed in space, and, there-
fore, do not define the maximum storm amounts
which may occur somewhere in the basin within a
given recurrence interval.

Frequency Distribution of Maximum Rainfall
on Small Areas

The frequency distribution of the heaviest areal
mean rainfall which may occur over any contiguous
area of 20 to 1000 square miles within each basin
is shown. These areas are not fixed in space — they
may be located anywhere within the given basin
and the location may or may not change from one
storm to another. In essence, these frequency dis-
tributions represent maximum values of storm mean
rainfall which will be recorded over small contiguous
areas somewhere in the basin for given storm dura-
tions and average recurrence intervals. These are
sometimes referred to in the literature as envelope
values of rainfall.

Area-Depth Curves

These curves, derived from planimetering of iso-
hyetal maps, show the relationship between storm
rainfall depth and area, and provide a mathematical
expression of the areal rainfall distribution. The
slope of the area-depth curve provides a measure of

3



the storm rainfall gradient, and the y-intercept in-
dicates the maximum rainfall within the given area.
The area-depth relation is one of the fundamental
relations used in storm studies and is applied by
the hydrologist in storm runoff determinations.

Storm Orientation

Since most individual storm elements have a
component of motion from the west, the azimuth
angle ascribed to each storm in the basin studies
ranged from 180° to 360°. Thus, if a storm had an
orientation along a line from 230° to 050°, the
orientation was recorded as 230° in our computa-
tions, and consequently in the summary tables of
basin storm orientations throughout this report.
With the above orientations, our studies have shown
that the major rain-producing cells within a storm
will usually move from the SW, WSW, W, or WNW
(Vogel and Huff, 1978).

Synoptic Storm Types

The weather conditions associated with each of
the severe rainstorms were classified according to

five general synoptic weather types. Three types of
frontal storms (cold, warm, and stationary) were
used in the classification of synoptic types. With
cold and warm fronts, the rainfall is associated with
the approach and/or passage of the front or a minor
wave on the front. Stationary fronts are those in
which the rainfall is associated with overrunning of
warm, moist air over cold air, or with minor waves
traveling along a relatively stationary boundary be-
tween cold and warm air. Precipitation associated
with the passage of a major cyclone was classified
as a low center. Air mass storms include those which
occur in a relatively homogeneous body of air with-
out the presence of fronts.

Seasons

Throughout this report, winter refers to the three
months from December through February. Similar-
ly, spring is March-May, summer is June-August,
and fall is September-November, all the standard
climatological divisions.

COMPUTATION OF MEAN RAINFALL FREQUENCY DISTRIBUTIONS

Total Basin Relations

In determination of the frequency distribution
of average storm rainfall on a basin, all major 2-day
rainstorms in the sampling period (usually 1887-
1961) were used. Maps of each storm were drawn
and planimetered and the basin average rainfall for
the storm calculated. In some cases, this was done
for both large sub-areas and for the entire basin.

The 2-day storm period was used as the analytical
base in this study because our investigations have
shown that nearly all of the severe rainstorms en-
compassing areas of 1000 square miles or more in
Illinois initiate in the afternoon or evening and ex-
tend into the following morning. The reporting time
for daily rainfall amounts at climatic network sta-
tions of the National Weather Service varies, but is
most commonly about 6 pm. As a result, the heavy
storm rainfalls are split into two consecutive daily
amounts in the climatic data publications.

In each basin, the average rainfall for each storm
was converted from 2-day to 48-hour amounts by
multiplying by 1.02, the transformation factor
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listed by Huff and Neill (1959). Next, the storm
average rainfall was multiplied by a gage density
factor calculated for each decade. This factor was
developed from studies of field-surveyed storms
from 1951 through 1960 and by comparison of
these storms with climatological network data
(Huff and Semonin, 1960). The gage density factor
is an empirical correction for underestimation of
the maximum storm amounts that results from in-
adequate density of raingages in the normal clima-
tological network during the sampling period. In
the 1890-1899 decade, there were fewer than 100
raingages in Illinois, whereas by the 1950-1959
decade there were approximately 250. The areal
average rainfalls, modified for calendar day and
gage density factors, were then ranked, and the
frequency distribution of 48-hour storms for each
of the areal divisions was determined.

The next step was to determine the frequency
distribution of basin average rainfall for storm
periods of shorter duration. This was done through
development of empirical relations between 48-hour



rainfall amounts and amounts for shorter duration
through use of a large number of Midwest storms
analyzed by the U. S. Army Corps of Engineers
(1945) for storm periods of 6 to 48 hours. These
empirical relations developed from the Midwest
storms were checked against a smaller sample of
severe Illinois storms analyzed by the State Water
Survey during 1951 through 1960, and it was found
that the two sets of values corresponded closely.
The empirical relations consist of two transforma-
tion factors, one for storm magnitude as measured
by the areal mean rainfall for the 48-hour base
. period, and the other a storm duration factor. Ap-
plication of these transformation factors to the fre-
quency distribution of 48-hour average rainfall pro-
duced frequency distribution for periods of 6, 12,
18, 24, and 36 hours.

Sub-Basin Relations for Small Fixed Areas

For hydrologic design application, it is frequent-
ly desirable to have knowledge of the frequency
distribution of average rainfall over relatively small
segments of a major basin. For example, such in-
formation is useful for structural design involving
tributaries of the main stream. Through use of re-
lations between point and areal mean rainfall on
small areas developed by the U. S. Weather Bureau
(Hershfield, 1961) and the point rainfall frequency
relations for Illinois determined by Huff and Neill
(1959), average rainfall relations were calculated
for sub-areas of 10 to 400 square miles in the basin.

This procedure was necessary because long-term
records of areal mean rainfall, which are necessary
for the development of reliable frequency relations,
are not available in sufficient quantity. This would
require long-term records from dense raingage net-
works. However, during the past 25 years sufficient
network data have become available, especially in
Ilinois, to develop generalized relations between
equivalent magnitudes of point and areal mean rain-
fall for a given frequency on small fixed areas. The
relations have been expressed in the terms of trans-
formation factors that provide the average ratio of
mean to point rainfall for a given frequency of oc-
currence. These are then applied to long-term point
rainfall frequency relations to obtain estimates of
equivalent mean rainfall frequency relations. This

ratio has been found to be independent of recur-
rence interval and climatic divisions of the United
States, but strongly related to areal size and storm
duration. For example, the ratio for a 1-hour storm
period is 0.93 on an area of 10 square miles and
this decreases gradually to 0.64 on 400 square miles.
Similarly, the average ratio increases with storm
duration. As an example, on 10 square miles, the
ratio increases from 0.93 for 1-hour storm periods
to 0.98 for 24-hour rainfalls.

Heaviest Mean Rainfall Occurrences
on Small Sub-Areas of Basins

For a given recurrence interval, the heaviest
mean rainfalls would not be expected to occur in
the same place within a basin from one storm to
another. Information on this subject is useful when
hydraulic structures are to be designed with a low
risk of failure. Therefore, analyses were performed
to provide a measure of the maximum rainfall to
be expected anywhere in each of the major basins
under various conditions of areal size, storm dura-
tion, and recurrence interval.

In computing the frequency distribution of
heaviest mean rainfalls, isohyetal maps of the
heavy historical storms were used in conjunction
with area-depth computations from the isohyetal
patterns to record the maximum mean rainfall over
contiguous sub-areas emanating out from the most
intense storm center in the isohyetal pattern. This
provides the mean rainfall over successively larger
areas of the storm maximum rainfall proceeding
outward from the storm center. These heaviest
means for selected areas ranging from 25 to 1000
square miles within each major basin were then
ranked, and the ranked data were used to compute
mean rainfall frequency relations of maximum
storm rainfall. As indicted earlier, these maximum
rainfall areas varied in location between storms, so
that the frequency relations, presented later for
each basin, represent envelope values within any
given recurrence interval. Modifications for calen-
dar day, gage density, and storm duration variations
were incorporated into these computations in the
same manner as described previously for the basin
mean rainfall relations.



AREA-DEPTH RELATIONS

Area-depth relations are useful in hydraulic de-
sign problems, since they provide a measure of the
basin mean rainfall, point maximum rainfall, and
rainfall gradient in convenient mathematical terms.
Basin area-depth relations were computed for each
heavy storm having duration of 48 hours or less.
From the storm area-depth computations, the aver-
age slope of these curves in each basin was deter-
mined for storms of various duration. The slope at
any given point of the area-depth curve was spec-
ified as the ratio of the mean rainfall for the
incremental area to the total basin mean. This
provided a non-dimensional, normalizing procedure
for combining storms of various intensity, or other
pertinent characteristics, so as to obtain mean
area-depth relations for use as a design guide by the
hydrologist. The area-depth ratios (curve slopes)

were modified for gage density changes.

Next, average area-depth slopes were determined
for various storm periods, through use of empirical
relations between 48-hour rainfall amounts and
amounts for shorter durations at various incremental
areas within storms. These empirical relations, as
indicated previously, were determined from a large
number of Midwest storms analyzed by the Corps
of Engineers and from Illinois storms for which
field surveys were conducted by the Water Survey.

Table B-6 (next section) provides an example of
the output from the area-depth studies for the Kas-
kaskia Basin. Shown are slope factors for construct-
ing average area-depth curves for engineering design
applications, when the concern is for storm periods
ranging from 6 to 48 hours on this major basin.

TIME DISTRIBUTION OF STORM RAINFALL

Time Distribution within Storms

An important consideration in the design of
storm-sanitary sewer systems and other hydraulic
structures is the time distribution of rainfall within
storms. The time distribution can strongly influence
the runoff characteristics, and, consequently, the
flash flood potential. As part of the basin studies,
investigation was made of the time distribution of
rainfall in Illinois severe rainstorms of record for
which detailed data were available to define the
time distribution accurately. These relations are
not expected to vary significantly within the state.
They are equally applicable to the six basins inves-
tigated in this report.

Time between Successive Severe Rainstorms

A problem sometimes confronting the hydrol-
ogist is how soon after a severe rainstorm may a

second severe storm occur. As part of the basin re-
search, an investigation of the elapsed time between
severe rainstorms was undertaken. First, all storms
in which the mean rainfall equaled or exceeded the
value for a recurrence interval of 2 years were listed
by date for the entire basin. From these tabulations,
the frequency distribution of elapsed time between
storms with mean rainfall equaling or exceeding
the 2-year recurrence value was determined. This
procedure was repeated for 5-year recurrence values.
Although frequency distributions are presented in
terms of average recurrence intervals, the storms
which produce the rainfall amount assigned to a
given recurrence interval do not occur with regular-
ity. Thus, an average 2-year value may occur several
times in one 2-year period, and then not occur again
for 3, 4, or more years.



OTHER CONSIDERATIONS

Orientation of Storms

Because the rainfall-runoff relations on a water-
shed are affected appreciably by the orientation of
the storms causing floods, investigation was made of
the distribution of the orientation of the major
axes of heavy rainstorms on the basins. The major
axis of a storm reflects the movement of a storm
across an area and shows the orientation of the core
of heaviest rainfall within a given area. Normally,
the severest floods are produced with storms moving
parallel to the major axis of a basin, other factors
being equal.

Relation between Heavy Storms
and Synoptic Weather

An investigation was made to determine whether
widespread heavy rainstorms occur most frequently
with a particular type of synoptic weather. Such
information is pertinent to the development of
forecasting techniques and should lead eventually
to a better definition of the probability distribu-
tion of heavy storms. In this investigation, data
were used for the 60-year period, 1901 through
1961. Adequate surface weather maps for the study
were not available for the period 1887 through
1900. Published weather maps of the National
Weather Service (daily maps and earlier series of
northern hemisphere maps) were used to classify
the storms. All storms in which the basin mean
rainfall equaled or exceeded the 2-year frequency
value within a 48-hour storm period were used in
the synoptic weather analysis.

Similarities and Difference between Basins

All six basins lie in relatively flat terrain so that
topographic effects are not a major contributor to

their storm rainfall characteristics. In general, the
intensity of storm rainfall for a given recurrence in-
terval tends to decrease from south to north in Illi-
nois as shown in previous studies of point rainfall
frequencies (Huff and Neill, 1959). Convective
storms, which are the primary producer of severe
rainstorms, occur over a longer portion of the year
in the southern than in the northern portion of the
state. Thus, the point rainfall frequency or the
mean rainfall frequency on a fixed sub-area of given
size in the Sangamon Basin in central Illinois (figure
A-1) should be less than that on the Big Muddy
Basin in extreme southern Illinois.

With regard to the storm characteristics under
investigation, some will vary among basins in the
same general precipitation climate, whereas others
will not. Variable factors include the frequency of
basin mean rainfall, the frequency of maximum
rainfall, and area-depth relations. These differences
are primarily related to basin size. For example,
other factors being equal, the mean rainfall for a
given return period will decrease with increasing
basin size.

Other factors influencing the variable factors
mentioned above are the shape and orientation of
the basin. Thus, an elongated basin oriented SW-NE
will tend to have larger rainfall amounts for a given
frequency than a similar basin oriented N-S. In the
first case, the majority of the heavy storm centers
would have a longer trajectory over the SW-NE
basin than over the N-S basin because of predom-
inant storm movements in Illinois. Factors which
should not vary significantly among basins in the
same precipitation climate include point rainfall
frequencies, mean rainfall frequencies over fixed
sub-areas of the basins, storm orientation, seasonal
distribution of storms, and synoptic storm types.



Part B. The Kaskaskia Basin

In the Kaskaskia study, the basin was divided
into two parts by a line perpendicular to the major
axis of the basin through Vandalia (figure B-1).The
upper portion contains approximately 2500 square
miles and the lower portion encompasses approxi-
mately 3300 square miles. Hydrometeorological
data were then compiled for the upper and lower
portions of the basin, in addition to treatment of
the entire basin as a unit area. This division was
based on knowledge of the precipitation character-
istics of the basin obtained from earlier unpublished
Water Survey studies of heavy rainstorms in the
state.

Physiography and Climate

The Kaskaskia Basin (figure B-I) is relatively flat
with elevations ranging from approximately 750
feet above mean sea level (MSL) at the source of
the river in east central Illinois to 380 feet in south-
western Illinois where it empties into the Mississippi
River. Except near the mouth of the river, surface
gradients are relatively flat. The elongated major
axis of the basin that extends 175 miles in a NE-SW
direction exposes it to appreciable changes in cli-
mate within its boundaries.

The annual average precipitation ranges from 37
to 41 inches (figure B-2) and increases southward
and eastward. Precipitation tends to be heaviest in
spring during the 3-month period of April through
June, and normally is driest in winter during De-
cember through February. Normally only 3 to 5
percent of the annual precipitation is snowfall,
which averages 15 inches in the southern part of
the basin and 21 inches in the northern part.

Severe weather events are common to the Kas-
kaskia Basin, especially the lower portion. The an-
nual average frequency of thunderstorm days ranges
from 54 in the extreme southern part of the basin
to 47 in the extreme northern part (Changnon,
1957). Hail occurs most frequently in the west-cen-
tral portion of the basin in the vicinity of Hillsboro
(figure B-1), where a given point may except an
average of three hail days per year (Huff and Chang-
non, 1959). A relatively large number of tornadoes
have been recorded in the extreme southern and

western portions of the Lower Kaskaskia near
Sparta and Edwardsville, and in the extreme north-
ern portion of the Upper Kaskaskia in the Urbana
region (Wilson and Changnon, 1971). These three
areas rank among the highest in tornado frequency
in Illinois with 8 to 12 occurrences per 1000 square
miles during the 1927-1952 period. The central
portion of the Lower Kaskaskia in the region from
Belleville to Centralia is located along the major
axis of the most severe rainstorm belt in Illinois
(Stout and Huff, 1962).

The average annual temperatures range from 52° F
in the northern part of the basin to 57°F in the
southern part. The hottest month usually is July
with a range in normal mean temperatures of 75 to
78°F from north to south in the basin. In January,
normally the coldest month, mean temperatures
vary from 27 to 31°F from north to south.

Frequency Distribution of Point Rainfall

Table B-l shows the frequency distribution of
point rainfall in the Kaskaskia Basin for storm pe-
riods of 1 to 48 hours. The relations presented in
table B-1 are based on earlier studies by the Water
Survey (Huff and Neill, 1959) and the U. S. Weath-
er Bureau (Hershfield, 1961). The data are appli-
cable to any selected point in the basin. Differences
between the upper and lower portions are slight, so
no division was made.

Use of table B-l is illustrated by the following
example. Assume one wishes to determine the 12-
hour point rainfall to be expected on the average

Table B-1. Point Rainfall Frequency Relations
on Kaskaskia Basin

Storm Depth (inches) equaled or exceeded for

duration given recurrence interval (years)
(hours) 2 5 10 25 50 100
1 14 1.7 1.9 2.5 3.1 3.6
2 1.7 2.0 2.3 2.9 3.7 4.4
3 1.9 2.3 2.7 33 4.1 4.9
6 2.3 2.7 3.2 4.0 4.9 5.9
12 2.6 3.3 3.8 4.8 5.8 7.0
18 2.8 3.6 4.2 5.3 6.4 7.8
24 31 3.9 4.6 5.8 7.0 8.4
48 3.4 4.2 5.0 6.3 7.5 9.0



Monticello

il

~ Urbana
»

Decatur
. Tuscoela
L
Sullivan ’p
L]
.Charleston
N . . »
Morrisonville Windsor e

» * ¢~ Mattoon
Carlinville f\_/ Pana Shelbyv:.lle
. UPPER
Hlllsboro PORTION | .
> Effingham
Mt. Olive 8 .
/* By Do
- Vre-e Vandalia
Al:-OD Greenv:.lle [ .(
i f
Edwargﬁyllle 5 4? LoulsVLIle
7 LOHER £
Colllnstllle PORTION Salem Flora
L ]
. ) Belleville eaCarlyle
E. st.” ¢ skia Centralla
Louis 10‘61&0 e
f
Waterloo 'anh“'ll\_}’RlchVJ.ew
* s New Athens*—/
Coulterv1lle 4 St?eam gage
e « Raingage
o' * sparta SCALE OF MILES
Prairie du 0 10 20 30
Rocher W~ E o ———

Figure B-1.

Location maps, Kaskaskia Basin




10

Litchfi_e.]d
38 / el
‘ ™ Vandalia

Greenville ®
L 3

Edwardsvill e'

SCALE OF MILES
0] 10 20 30

Figure B-2. Annual average precipitation, Kaskaskia Basin




of once in 25 years at a point in the basin. Move
down the column labeled "storm duration" to 12
and then move horizontally to the column for a re-
currence interval of 25 years. This gives a value of
4.8 inches.

It is stressed that the data in table B-1 are for
points within an area and should not be used to
estimate the recurrence interval of areal mean rain-
fall over all, or a portion, of the basin. Such esti-
mates will be provided in later sections of this re-
port.

Also, the user is cautioned that the frequency
data are for average conditions. Thus, the 25-year
storm of 4.8 inches discussed above does not neces-
sarily occur within every 25-year period and, con-
versely, more than one storm of this magnitude
may occur in any given 2 5-year period. In a normal
100-year period, the 25-year storm should be equal-
ed or exceeded four times.

Frequency Distribution of Mean Storm Rainfall
Average Relations

It was found that the frequency distribution of
mean rainfall in the Upper Kaskaskia was closely
approximated by a general equation of the form:

logT=a+bR (1)
in which T is the frequency in years, R is the aver-
age rainfall depth, and a and b are regression con-
stants. In the Lower Kaskaskia and for the entire

basin, the best fit was obtained with a general
equation of the form:

logT=a+blogR 2)

in which T, R, a, and b represent the same quantities
as in equation 1.

Presentation of Results

For the convenience of the user, the frequency
distributions of average rainfall for each of the three
Kaskaskia areas have been summarized in table B-2
for storm periods of 6 to 48 hours. For equal re-
currence intervals, the average rainfall is greater in
the Lower Kaskaskia than in the Upper Kaskaskia,
and the difference becomes greater as the recurrence
interval increases. This increasing difference with
lengthening recurrence interval results primarily
from the occurrence of three severe heavy rain-
storms in the Lower Kaskaskia in which the basin

Table B-2. Basin Mean Rainfall Frequency Relations

Recurrence Average rainfall depeh (inches) equaled or exceeded

interval Jor given stonn period (bours)
{years) 6 12 18 24 i 36 48
Upper Kaskaskia
.1 1.0 1.2 1.4 1.5 16 1.7 1.8
2 1.4 1.8 2o 22 23 24 25
5 20 25 28 30 32 33 34
10 2.4 3.0 34 37 39 40 4.2
15 2.6 3.3 37 40 43 44 46
20 28 36 40 43 46 47 49
25 2.9 3.7 42 45 48 49 3.1
30 3.0 39 43 47 49 51 5.3
40 3.2 4.1 46 49 52 54 5.6
50 3.3 42 48 i1 54 56 59
75 36 46 5.1 5.5 58 6.0 6.3
100 38 438 54 58 61 63 6.6
Lower Kaskaskia )
1 1.2 1.6 1.8 1.9 20 21 22
2 1.5 19 22 24 25 26 2.7
5 20 25 2g 31 3.2 33 35
10 2.4 3.0 34 38 40 41 43
15 2.7 34 38 42 44 45 48
20 29 37 42 46 48 50 52
23 31 40 45 49 51 53 5.5
30 33 42 47 51 54 56 58
40 3.5 4.5 5.1 5.6 59 6.1 6.3
50 3.8 48 54 60 63 65 67
75 42 54 61 67 71 73 175

100 4.6 5.9 6.6 7.3 7.6 7.9 82
Entire Kaskaskia

1 1.0 13 1.5 1.6 1.7 18 2.¢

2 1.2 1.6 18 20 21 22 24

5 1.6 21 24 26 28 29 31
10 2.0 2.6 30 3.2 34 36 38
15 23 30 3.3 3.6 39 41 43
20 2.5 32 36 4.0 42 44 47
25 2.7 3.4 39 43 45 4.7 5.0
30 2.8 3.6 4.1 4.5 48 50 53
40 3.0 3.9 4.5 4.9 52 54 5.7
50 32 42 4.8 5.2 55 58 6.1
75 3.7 48 54 59 62 65 6.9

100 4.0 52 59 6.4 68 71 7.5

mean rainfall exceeded that of any storm recorded
in the Upper Kaskaskia. Data on these storms will
be presented in a later section.

The interpretation of table B-2 is illustrated by
the following example. Assume one wishes to de-
termine the average storm rainfall for a 24-hour pe-
riod that will occur on the average of once in 10
years over the 2500 square miles comprising the
upper portion of the basin. Thus, for the Upper
Kaskaskia, move down the recurrence interval col-
umn to 10. Then move horizontally to the column
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labeled 24 and read the value at that point. This
gives 3.7 inches as the areal mean rainfall which
will be equaled or exceeded during a 24-hour peri-
od on the average of once in 10 years, or 10 times
in 100 years.

Effect of Sampling Period

For use in evaluation of the results of the Kas-
kaskia study, and in planning similar studies for
other basins in the state, an analysis was made of
the effect of sampling period length upon the fre-
quency distribution of mean rainfall over a basin of
moderate size. The Upper Kaskaskia (2500 square
miles) was selected for this analysis.

The frequency distribution of average basin rain-
fall for 48-hour storms was calculated from data
for 10, 20, 30, 40, 50, and 75-year periods, as
shown in table B-3. This table shows that relatively
small differences exist in the frequency distribution
for recurrence intervals of 2 to 100 years calculated
from the different base periods. This, in turn, in-
dicates that a long record of rainfall is not neces-
sary to determine the frequency distribution of
average basin rainfall. Although the differences
shown in table B-3 may be smaller than would nor-
mally be found if several basins were analyzed in
the same manner, a record of 20 to 30 years is
probably sufficient to calculate frequency distribu-
tions of average rainfall on basins of moderate size
to a degree of accuracy compatible with other hy-
drologic measurements.

Table B-3. Mean Rainfall Frequency Relations
for 48-Hour Storms on Upper Kaskaskia,
Based on Different Sampling Periods

Length of Rainfall (inches) for given
Sampling period recurrence interval (years)
periad (years) 2 5 0 25 50 100
1951-60 10 22 32 40 51 5% 6.7
194160 20 25 34 41 50 57 64
1931-60 30 25 35 43 53 6.1 68
1921-60 40 25 34 42 50 58 64
1911-60 50 25 35 43 53 6.1 69
1887-60 75 25 34 42 51 59 66
Differences (%) from 1887-1966 values
1951-60 1¢ 12 6 5 G 0 2
1941-60 20 0 0 2 2 3 3
1931-60 30 0 3 2 4 3 3
1921-60 40 0o o o0 2 2 3
0 3 2 4 3 5

1911-60 50

12

Frequency Distribution of Mean Rainfall
on Small Areas

Table B4 presents the results of the analyses in
the form of frequency distributions for storm pe-
riods of 1 to 48 hours, recurrence intervals of 2 to
100 years, and areas of 10 to 400 square miles. The
frequency data apply to any specific integral area
within the basin, that is, any area of 10 to 400
square miles fixed in space.

Use of table B4 is illustrated in the following
example. Assume one wishes to determine the aver-
age rainfall for a 6-hour storm period that can be
expected to be equaled or exceeded on the average
of once in 25 years in an area of 100 square miles
centered at Vandalia (see figure B-1). In table B-4,
refer to the section labeled "6-Hour Storm Period."
Move down the recurrence interval column to 25,
then move horizontally to the columnfor 100 square
miles. This gives a value of 3.4 inches. This proce-
dure is repeated for any other combination of storm
period, recurrence interval, and area desired by the
user.

Frequency Distribution of Heaviest
Mean Rainfall on Small Areas

Table B-5 shows the frequency distribution of
the heaviest areal mean rainfalls which occur over
any integral area of 25 to 1000 square miles in the
upper and lower portions of the basin for storm pe-
riods of 6 to 48 hours. As pointed out previously,
these areas are not fixed in space — they may be
located anywhere within the boundaries of the
specified portion, and the locations may or may
not change between convective storms.

The interpretation of table B-5 is illustrated by
the following example. Assume one wishes to
know what is the greatest average rainfall for a 12-
hour period which will occur over an integral area
of 100 square miles anywhere in the upper portion
of the Kaskaskia Basin on an average of once in
25 years. In table B-5, under "12-hour storm pe-
iod," move down the column labeled 100 square
miles and read the value opposite 25 years. This
value is 7.5 inches, and the interpretation is that
once in 25 years, on the average, there will be an
integral area of 100 square miles somewhere in this
portion of the basin that will have a mean storm
rainfall of 7.5 inches.



Table B4. Frequency Distribution of Areal Mean Rainfall for Specific Integral Areas on Kaskaskia Basin

Recurrence Average Jepth (inches) equaled or

interval exceeded for given area (square miles)

{years) H 25 50 160 200 200
1-Hour storm period

2 1.3 1.2 1.1 1.0 10 09

5 1.6 1.5 1.3 1.2 1.1 1.0

10 1.8 1.7 L5 1.4 1.3 1.2

25 2.4 2.2 2.0 18 1.7 1.6

50 238 2.6 24 22 2.0 19

100 3.3 30 28 2.6 24 2.2
2-Hour storm period

rA W 1.6 1.5 1.4 1.3 1.2

5 20 1.8 1.7 1.6 1.5 i4

10 23 21 20 - 19 1.8 1.6

25 2.8 26 25 2.3 22 2.1

50 3.5 3.3 3a 2.9 2.7 2.6

100 4.2 3.9 3.7 3.5 3.3 31
3-Hour storm period

A 1.8 1.8 1.7 16 1.6 1.5

3 22 2.2 21 2.0 1.9 1.8

10 2.6 2.5 2.4 2.3 2.2 2.1

25 3.2 LN | 29 28. 27 2.6

50 3.9 3.7 3.6 34 3.3 31

100 4.7 4.5 4.3 4.1 39 3.7
6-Hour storm period

2 2.3 22 21 2.0 20 1.9

5 2.7 26 25 24 23 2.2

190 3.1 30 29 28 2.7 2.6

25 38 3.7 3.6 34 3.3 32

50 4.7 45 44 4.3 4.1 3.8

100 56 5.4 52 5.0 4.8 4.7

This area is not fixed in space — it may be lo-
cated anywhere in the 2500 square miles and its
location may or may not change from one occur-
rence to another. Conversely, in the preceding sec-
tion, frequency distributions were shown for areas
fixed in space within the basin, and the 12-hour,
25-year average rainfall for a fixed area of 100
square miles is 4.3 inches. This is 57 percent of the
maximum value.

The maximum or envelope values of storm rainfall
within a given basin, such as shown in table B-5,
are the result of the non-uniform time distribution
of rainstorms. For example, if all unit areas of
smaller size within the 5800 square miles comprising
the Kaskaskia Basin received an equal number of
storms of equivalent intensity within periods of 2
to 100 years, table B-5 would not exist. That is,
any area selected within the basin would have the
same frequency distribution as any other area.

Recurrence Average depth (inches) equaled or
interval exceeded for given area {square miles)
{years) 10 25 50 100 200 400

12-Hour storm period
2 2.6 25 24 24 23 22
5 31 30 30 29 28 28
10 3.7 36 36 35 34 33
25 4.6 45 44 43 42 41
50 5.6 54 53 52 51 50
100 6.7 65 64 62 6.1 6.0
18-Hour storm period
2 2.7 27 26 26 25 25
5 3.4 34 33 32 3.2 31
10 4.0 39 38 38 3.7 36
25 5.1 50 49 48 47 46
50 6.1 60 359 58 58 5.7
100 75 73 7.2 70 69 6.8
24-Hour storm period
2 3.0 3o 29 29 z8 27
5 37 36 36 35 3.5 3.4
10 4.4 44 43 43 42 41
25 5.6 55 54 53 52 52
50 6.7 66 65 64 63 6.2
100 8.1 79 78 73 76 7.5
48-Hour storm period
2 34 33 3.3 32 3.2 3a
5 4.0 40 19 39 3g 138
10 4.8 48 47 4.6 46 45
25 6.1 60 59 58 58 5.7
50 7.2 7.1 7.0 69 6.8 6.8
100 88 87 86 85 84 83

However, this is not how nature works. If the
precipitation climate is the same throughout a given
basin, then over a very long period of time (perhaps
several hundred years) all smaller units of area with-
in the given basin would experience the same total
distribution of storms. However, when periods of
relatively short length such as 25 to 50 years are
analyzed for a basin, considerable variability may
be found in the frequency distribution of rainfall
for smaller sub-areas in the basin.

For example, in a given 25-year period, some in-
tegral areas of 100 square miles in the Kaskaskia
Basin may receive their 50-year, 100-year, or longer
storms, since these storms must occur sometime
but rarely at the same time over a relatively large
area. Conversely, some integral areas might receive
less than an average 25-year storm in any given 25-
year period. From the experience of several small
areas over a period of 25 to 50 years, estimates of
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Table B-5. Frequency Distribution of Heaviest Mean Areal Rainfall on Basin Sub-Areas

Upper Kaskaskia

requency

Average depeh (inches) for given area (sguare miles)

Lower Kaskaskia

Average depth (inches) for given area (square miles)

1000 25 50 100 200 500 1000

{years) 25 30 100 200 500
6-Hour storm period

2 3.3 3.3 3.1 2.9 2.5

5 4.4 4.2 3.9 3.6 31

10 5.5 5.2 49 45 39

25 70 6.6 6.2 5.7 4.9

50 7.8 7.5 7.0 6.4 5.5

100 9.0 8.6 8.0 7.4 6.4
12-Hour storm period

2 4.2 4.0 3.7 3.5 31

5 5.3 50 4.7 4.4 3.8

10 6.6 6.3 59 54 4.7

25 84 8.0 7.5 6.9 6.0

50 9.5 9.0 8.4 7.8 6.8

100 108 10.4 9.6 8.9 7.8
18-Hour storm period

2 4.6 44 41 3.8 33

5 59 5.6 5.2 4.3 4.2

10 7.1 6.8 6.4 59 " 52

25 9.2 8.8 3.2 7.5 6.6

- 50 10.2 2.8 2.1 8.4 7.4

100 11.8 11.3 105 9.7 8.6
24-Hour storm period

2 4.9 47 43 41 3.6

5 6.2 59 53 51 4.5

10 7.6 7.3 6.8 6.3 5.5

25 9.7 9.3 8.7 8.0 7.0

50 10.8 10.4 9.5 2.0 7.9

100 12.5 120 112 10.4 9.2
48-Hour storm period

2 5.4 5.1 4.8 4.4 3.9

5 7.0 6.7 6.3 58 5.0

10 8.7 82z 7.7 7.1 6.3

25 10.5 10.1 9.4 8.7 7.6

50 12.1 115 108 10.0 &8

100 13.8 131 124 11.5 10.1

2.1 3.5 3.3 3.4 29 25 2.1
2.7 4.5 43 4.0 3.7 3.2 2.8
3.3 5.7 5.4 5.0 4.6 4.0 3.4
4.3 735 7.1 6.6 61 _ 53 4.6
4.7 9.1 86 80 7.4 6.4 5.6
5.5 11.4 108 10.1 9.3 8.0 7.0
2.7 4.2 40 3.7 3.5 3.1 2.7
3.3 5.5 52 49 45 40 3.5
4.1 6.8 6.5 6.0 56 4.9 4.3
5.3 9.0 85 B0 74 6.5 5.7
5.9 11.0 105 938 9.0 7.9 6.9
6.8 13.7 13.1 123 11.3 - 9.9 8.6
2.9 4.6 44 4.1 3.8 34 3.0
3.7 6.0 57 5.3 5.0 4.4 3.8
4.5 7.3 6.9 6.6 6.1 5.4 4.7
5.8 9.7 92 88 81 71 6.2
6.4 120 11.3 10.7 98 8.7 7.6
7.5 150 142 134 124 109 9.5
3.1 49 47 43 41 36 3.1
39 6.3 60 5.6 52 4.6 4.0
4.8 7.8 7.5 7.0 6.5 5.7 5.0
6.2 104 100 9.4 86 7.6 6.7
6.9 127 122 11.3 10.5 9.3 8.1
8.0 15.8 15.1  14.2 13.1 116 10.1
3.4 5.4 51 4.8 45 3.9 15
4.4 7.0 6.7 6.3 58 5.1 4.5
5.5 8.7 83 78 7.3 6.4 5.6
6.7 116 11.0 104 96 85 7.5
7.7 1441 13.4 127 117 104 9.1
88 17.5 16.7 15.8 147 129 114

the average frequency distributions, such as shown
in table B-4, can be made. Maximum distributions,
such as shown in table B-5, are then obtained from
analyses of the abnormally high rainfalls experienced
among smaller integral areas within the larger area
of the basin.

Area-Depth Relations on the Kaskaskia
A verage Relations

From planimetered rainfall maps of heavy 48-
hour storms in the 75-year sampling period, area-
depth curves were constructed for each storm, and
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the average slope of these area-depth curves was de-
termined. In all, 54 storms were analyzed for the
upper portion, 58 for the lower portion, and 67 for
the entire basin, or a grand total of 179 cases.
Slopes were determined from ratios of average rain-
fall for selected incremental areas (10, 100, 1000
square miles, etc.) within the storm to the basin
average rainfall. From these calculations, average
ratios for the selected incremental areas within
each of the three basin divisions were calculated.
These ratios were then modified for gage density
changes, through the method described earlier in
Part A. Results are summarized in table B-6.



Table B-6. Average Slope of Area-Depth Curves

incremental
areas

Ratia of niean rainfall on incremental

areas 1o basin mean rainfall

Jor given starn duration {(bours)

{square miles) & 12 18 24 36 48
Upper Kaskaskia
25 1.99 187 1.84 1.79 177 1.75
50 1,59 1.79 1,75 L71 1.69 1.67
100 1.80 1.7t 168 1.64 1.62 1.60
200 1.68 161 158 1.55 153 . 1.53
500 1.47 143 140 1.38 1.36 1.36
1000 .28 1.25 1.24 122 1.21 1.20
1500 1.15 114 113 1312 L1l 1.10
2000. 1.07 106 106 105 105 1.05
2500 1.00 100 100 t0¢ 100 1.00
Lower Kaskaskia
23 211 195 189 187 181 180
50 2,01 1.88 181 179 1.74 1.72
. 100 192 1.79 175 173 168 1.66
200 1.79 1.70 165 163 1.59 1.57
500 1.59 152 148 146 1.44 1.43
1000 1.3¢9 1.33 1.31 131 1.29 1.28
1500 1.25 1.23 121 120 1.19 1.18
2000 1.17 1.15 1.14 113 1.13 1.13
2500 1.09 108 108 108 1.07 1.07
3300 1.00 100 100 100 1.00 1.00
Entire Kaskaskia ] _
25 2.41 222 213 208 198 1.95
50 230 213 205 200 191 1.88
- 106 220 - 203 198 193 1385 182
200 2.10 1.98 189 1.84 1.77 1.74
500 1.86 176 171 167 161 1.59
1000 l.64 1.58 1.54 1.53 1.47 1.46
1500 1.49 145 144 141 138 1.36
2000 1.40 1.37 1.35 1.34 1.31 1.29
2500 1.32 129 128 128 125 1.24
3500 1.20 1.18 117 1.17 1.16 1.15
4500 1.09 1.08 108 108 1.08 1.07
5800 1.00 1.00 100 100 1.00 1.0¢

Thus, to obtain the average rainfall over the 25
square miles with the heaviest storm amount, mul-
tiply 4.0 inches (the 3300 square miles mean) by
1.95, the slope factor for 25 square miles in 12-hour
storms. This results in a 25 square mile mean of 7.8
inches. Repeat this procedure for each incremental
area from 25 to 3300 square miles and the area-depth
relationship shown in table B-7 is obtained.

Table B-7 then provides the best estimate of the
average area-depth relationship in 12-hour storms
with an average recurrence interval of 25 years on
the lower portion of the Kaskaskia Basin, based up-
on data presently available for such determinations.
Average area-depth relationships for other storm
durations and recurrence intervals can be obtained
by following the above procedure used in prepara-
tion of table B-7. Curves can be constructed, if de-
sired. The average area-depth relations are closely
approximated by a general equation of the form:

logR=m+n A*

in which R is average rainfall depth, A is area, m is
maximum point rainfall, and n is the slope of the
curve. Thus, the data in table B-7 will plot as a
straight line, if log R is plotted against the 0.4-power
of the area. For all practical purposes, linear inter-
polation can be used in table B-7 to obtain values
for areas not listed.

Relations in Outstanding Storms

On June 14-15, 1957, one of the heaviest storms
on record in Illinois had its major axis across the

Table B-7. Average Area-Depth Relations
in a 12-Hour, 25-Year Storm on the Kaskaskia

Use of table B-6 is illustrated by the following
example. Assume, for engineering design purposes,
that it is desired to determine the average area-depth
relationship in 12-hour storms on the lower portion
of the Kaskaskia (3300 square miles), and that the
design is to be based upon the storm mean rainfall
which is expected to occur on the average of once
in 25 years. From table B-2, a value of 4.0 inches
is obtained for the average 12-hour, 25-year storm
oh the lower portion of the basin. Next, refer to
table B-6 under the heading "Lower Kaskaskia."
In the column for 12-hour storms, a series of ratios
is listed for the incremental areas of 25 to 3300
square miles which are shown in the first column.

Area Average vainfall {inches)
(square miles) Upper Lower Entire
25 6.9 7.8 7.6
50 6.6 7.5 7.2
100 6.3 7.2 6.9
200 6.0 . 6.8 6.7
500 5.3 6.1 6.0
1000 4.6 5.3 5.3
1500 4.2 4.9 49
2000 39 4.6 4.7
2500 3.7 4.3 4.4
3000 4.1 4.2
3300 4.0 4.1
4000 3.8
4500 36
5000 3.5
5800 34
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Table B-8. Depth-Duration-Area Data in Heaviest Storms

Starm
perind
{Irorurs) 25 50 1) 200
Upper Kaskaskia, fune 27, 1957
3 4.2 4.0 3.8 3.5

6 8.3 80 7.5 6.9
12 11.5 11.2 106 2.9
24 12.1 11.7 11.2 10.5
25 50 100 200

Lower Kaskaskia, fune 14, 1957
3 7.7 7.3 6.6 5.8
6 11.2 10.5 9.6 8.4

12 14.6 13.9 13.0 12.0
24 14.6 13.9 13.1 12.1

Lower Kaskaskia. Less than two weeks later on
June 27-28, a similar storm took place on the Upper
Kaskaskia. Detailed field surveys of these storms
by the State Water Survey and comprehensive anal-
yses of hydrometeorological factors associated
with them were made by the Water Survey (Huff et
al., 1958). Area-depth relations in these two storms
for periods of 3 to 24 hours have been summarized
in table B-8, and isohyetal patterns are shown in
figures B-3 to B-6.

Actual duration of the June 14-15 storm was 15
hours, and the June 27-28 storm produced rainfall
for 18 hours. On the basis of the average rainfall
frequency relations in table B-6, the Upper Kaskas-
kia storm on June 27-28 was more severe with re-
spect to its area of incidence than the Lower Kas-
kaskia storm on June 14-15. The 12-hour and 24-
hour amounts on June 27-28 represent a 100-year
storm on the Upper Kaskaskia and the 6-hour basin
average of 3 inches represents a 30-year storm. In
the Lower Kaskaskia storm on June 14-15, the 24-
hour basin average of 5.1 inches is equivalent to a
storm expected on the average of once in 40 years;
the 12-hour amount of 4.8 inches represents a 50-
year storm, and the 6-hour basin average of 2.5
inches is equivalent to a storm magnitude expected
on the average of once in 13 years.

Figure B-7 shows hydrographs for the upper por-
tion of the basin above Vandalia and for all of the
basin above New Athens (see figure B-1) for the pe-
riod prior to, during, and following the storms of
June 14-15, and June 27-28, 1957. The average
daily rainfall on all days with an average of 0.10
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Average depeh tinghes) for given area (square miles)

500 10010} 1300 2000 2500

30 25 2.2 1.9 1.7
59 48 3.9 34 3.0
86 7.1 6.1 5.3 4.8
9.2 8.0 7.1 6.5 6.1

500 1000 1500 2000 2500 3300

45 3.4 2.8 2.2 1.9 1.6
66 3.0 4.0 34 2.9 2.5

100 82 6.9 6.1 5.5 4.8
10.2 8.5 7.2. 6.4 5.8 5.1
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Figure B-3. Storm of June 14-15, 1957

inch or more is shown also for the areas above the
two streamgaging stations. The daily rainfall obser-
vations at the U. S. Weather Bureau stations used
in preparing figure B-7 are usually made about
1800 CST; in the case of the two heavy June storms,
the 2-day totals occurred within less than 24 hours,
as pointed out earlier.
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Figures B-8-B-16 show isohyetal patterns in
other outstanding storms of 12 to 48-hour dura-
tions on the Kaskaskia basin in the period from
1900 to 1960. These patterns are based primarily
on data from U. S. Weather Bureau records, and
therefore do not have as great pattern detail or ac-
curacy as the field-surveyed storms of table B-8
and figures B-3-B-6. However, original station
records (Form 1009) of the Weather Bureau in the
Kaskaskia region were thoroughly examined, and
much information not available from published
climatological data was obtained in this manner to
aid in the isohyetal analyses. While these storm
maps are not considered as reliable as those for the
field-surveyed storms, they do provide additional
information on the general magnitude of rainfall
and characteristics of the patterns in severe rain-
storms on the Kaskaskia basin. Table B9 shows
area-depth relationships in these storms.

Location of Storm Centers

The 67 storms used in the area-depth study for
the entire basin were analyzed to determine wheth-
er heavy storms showed a tendency to maximize in
specific regions of the basin. In this analysis, the lo-
cation of the heaviest rainfall in the basin in each
storm was plotted, as shown by the solid circles in
figure B-17. If the heaviest basin rainfall was an ex-
tension of a center from another basin, the circle
was placed on the border of the Kaskaskia. If more
than one major center existed on the basin, each
was plotted. Occasionally, the upper and lower
portions would each have a major center in the
same storm.

Figure B-17 shows three regions in which storm
centers clustered during the sampling period from
1887 to 1963. One region extends across the upper
portion of the basin in the region of Shelbyville.
This region corresponds well with a moraine area
of relatively high elevations with respect to the sur-
rounding territory, and a relatively rapid change in
elevation occurs from south to north in the path of
the prevailing moist wind flow.

The second region of above normal occurrences
of storm centers is in the lower part of the basin in
the Belleville-Centralia area, and corresponds closely
with the region of most frequent occurrence of sta-
tionary fronts in Illinois (Stout and Huff, 1962).
The most severe rainstorms among the 67 used in
this study occurred in this region. For example, the

three 48-hour storms in which the basin mean rain-
fall exceeded 6 inches occurred in this area. Also,
the storm of June 14-15, 1957, in which 6-hour to
12-hour amounts were the greatest on record for
the basin, was centered in this region of the basin.

The third region of relatively frequent occurrence
of storm centers is along and near the southern
boundary of the basin (figure B-17). In this region,
relatively steep topographic gradients are located
to the southwest and west (Mississippi River bluffs)
in the direction of moisture inflow from the Gulf
of Mexico.

Monthly and Seasonal Distribution of Storms

Table B-10 shows the monthly distribution of
heavy 48-hour storms for the upper, lower, and en-
tire basin in the period from 1887 through 1961.
In this analysis, all storms were used in which the
areal average rainfall equaled or exceeded the
amount to be expected once in 2 years, on the
average, based upon the basin rainfall frequency
study discussed previously. This method of selection
provided 36 storms for each of the three areas.

Table B-10 indicates that March, June, and
November are the months when heavy storms are
most likely to occur in the upper basin. April and
August are the months when the greatest number
of heavy storms have been recorded in the lower
portion of the basin, but June, September, and
November have had nearly as frequent occurrences.
For the entire basin treated as a unit, there was little
difference between several months in the frequency
of heavy storms. Although March has experienced
five heavy storms in the 75-year sampling period,
five other months have had four storms.

Table B-II is similar to table B-10, except that
the frequency of heavy storms is shown for 3-month
instead of monthly periods. In all three basin areas
the lowest frequency of heavy storms occurs in the
winter months of December through February. No
particular 3-month period stands out for high fre-
quency of storms in the upper and lower basins;
nearly equal frequencies are indicated in several of
the 3-month periods from early spring to late fall.
In table B-11, the upper portion of the basin shows
evidence of a Iull in the occurrences during midsum-
mer to early fall. The lower portion shows a decrease
in frequency in the May-July period. When treated
as a single area, the entire basin indicates a prefer-
ence for spring and fall occurrences.
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Table B-9. Area-Depth Relations in Outstanding Storms

Duration ’ Average deptl (tnches) for giiven area (square miles)
Date (hotrs) 25 30 FLL] 26K San)y 1000 1500 2000 2500
Upper Kaskaskia
6/28/02 19 4.2 4.2 4.1 40 38 36 34 3.3 3.2
6/27-28/02 43 6.8 6.7 6.5 6.2 5.7 5.2 4.8 4.5 43
8/19-20/15 20 5.5 54 54 5.3 5.2 1.9 4.6 4.2 3.9
8/19-21/15 33 7.1 7.1 7.0 6.8 6.7 6.3 58 5.4 5.1
10/26-27/19 24 3.6 3.6 35 3.3 3.0 2.6 2.2 1.9 1.6
10/25-27/19% 48 6.7 6.6 6.5 6.4 6.1 5.7 5.4 5.1 4.7
9/8-9/26 12 8.8 8.7 85 8.3 7.6 6.6 58 5.0 4.4
4/22/44 15 5.5 5.4 5.3 5.1 4.7 4.3 4.0 38 3.6
5/16-17/43 24 4.3 4.2 4.1 39 35 31 2.8 2.6 24
5/16-18/43 48 5.8 5.7 5.6 5.4 5.0 +.7 43 4.1 39
1/3-4450 12 3.5 34 3.3 3.2 3.0 2.8 2.6 2.5 2.4
1/3-4/50 24 5.9 5.8 5.7 5.5 5.2 4.8 4.5 4.3 4.1
6/27-28/51 12 4.7 4.6 4.4 4.2 38 3.3 3.0 2.8 2.6
6/27-28/51 24 5.2 5.1 50 4.8 4.4 1.0 3.7 3.5 3.3
6/26-28/51 48 5.6 5.5 5.4 5.3 5.0 4.8 4.5 4.3 4.1
25 50 oo 200 500 foop 500 2000 2500 3300
Lower Kaskaskia :
3/24-25/04 25 6.1 6.0 59 5.7 54 5.0 4.3 4.6 4.4 4.2
3724-25/13 48 4.8 4.7 4.6 4.6 4.4 4.2 4.1 4.0 3.9 3.8
9/16-17/05 20 9.1 8.7 8.4 7.8 6.7 5.7 5.1 4.6 4.2 3.6
10/17-18/05 12 7.5 7.1 6.7 6.0 5.1 4.4 39 3.6 3.3 2.9
| 8/19-20/15 20 76 75 73 7.0 6.6 6.1 58 55 5.3 5.0
8/19-21/15 3% 7.9 7.8 7.8 7.7 7.6 7.4 7.1 6.8 6.6 6.2
1/28-30/16 48 58 5.7 5.6 5.3 4.9 4.5 4.2 4.0 3.8 3.5
8/12-13/16 32 5.8 57 . 87 5.6 5.4 4.9 4.5 4.2 4.0 3.%
10/26-27/19 24 6.7 6.6 6.4 6.2 5.8 5.3 5.0 4.7 4.5 4.2
10/25-27119 48 9.8 9.7 9.6 9.5 9.2 8.6 8.3 80 7.8 74
5/16-17/43 24 5.7 56 5.3 5.0 4.2 3.2 2.6 2.1 138 1.4
5/16-18/43 48 7.6 7.4 7.1 6.7 5.7 4.5 38 3.3 2.9 2.5
8/15-16/46 24 13.7 136 134 13.1 122 10.7 9.3 8.3 7.4 6.0
8/14-16/46 48 181 180 178 17.5 17.1 16.2 146 13.1 11.8 9.7
1/3-4/50 12 6.5 6.3 6.0 5.7 50 4.3 39 3.6 3.4 3.1
1/3-4/50 24 7.4 7.1 6.8 6.4 5.9 5.4 5.0 4.7 4.5 4.2
25 50 100 200 500 1000 {500 2000 2500 3500 4500 5800
Entire Kaskaskia
3/24-25/04 21 6.1 6.0 59 5.7 5.4 5.0 4.8 4.6 4.4 4.2 4.0 3.7
3/24-25/13 48 4.8 4.7 4.6 4.6 4.4 4.2 4.1 4.0 3.9 3.8 3.6 3.5
8/19-20/15 20 7.6 7.5 7.3 7.0 6.6 6.2 5.9 5.6 5.5 5.2 5.0 4.7
8/19-21/15 33 7.9 7.8 7.8 7.7 7.6 7.4 7.2 6.9 6.7 6.4 6.1 5.8
10/26-27/19 24 6.7 6.6 6.4 62 5.8 5.3 5.0 4.7 4.5 4.1 3.6 3.0
10/25-27/19 48 9.8 97 2.6 9.5 9.2 8.6 8.3 8.0 7.8 7.3 6.7 6.0
5/16-17/43 24 5.7 5.6 5.3 5.0 4.4 3.8 3.5 33 3.0 2.6 2.3 1.8
5/16-18/43 48 7.6 7.4 7.1 6.7 6.0 5.5 5.0 4.7 4.4 4.0 3.5 3.0
8/15-16/46 24 13.7 136 134 3.1 122 10.7 9.3 8.4 7.7 6.3 5.1 3.9
8/14-16/46 48 181 180G 178 17.5 171 16.2 146 131 11.8 9.6 7.8 6.3
1/3-4/50 12 6.5 6.3 6.0 5.7 5.0 1.3 3.9 3.7 3.5 3.2 3.0 2.7
1/3-4/50 24 7.4 7.1 6.8 6.5 5.8 5.3 5.0 48 4.6 4.4 4.3 4.1
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Table B-10. Monthly Distribution of 48-Hour
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Table B-11. Seasonal Distribution of 48-Hour
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Part C. The Big Muddy Basin

The Big Muddy Basin is located in extreme
southern Illinois where it drains an area of approxi-
mately 2400 square miles (figures C-1). The basin
is relatively flat with elevations ranging from slightly
over 300 feet MSL in the river valley in the south-
western portion of the basin to 700-750 feet in the
extreme southern part of the basin. Except for the
extreme southern and southwestern regions, the
basin is very flat with elevations ranging from 350
to 500 feet MSL.

Basin Climate

The annual average precipitation is 42.5 inches
on the basin and increases from 40.5 inches in the
northwestern part of the basin to 46 inches in the
extreme southern part (figure C-2). A relatively
steep gradient of annual precipitation is found in
the southern part of the basin, in which a northward
decrease from 46 to 43 inches occurs in less than
20 miles. Precipitation normally is the heaviest in
the 3-month period of April, May, and June, in
which the average basin rainfall is 12 inches. The
driest period occurs most frequently from Decem-
ber through February; in this 3-month period, the
average precipitation is 9 inches, with an increase
from 8 inches in the northwest to 10.5 inches in
the southeast (figure C-3a). Snowfall normally ac-
counts for only 3 to 4 percent of the total annual
precipitation, and averages 13 inches in the southern
and southwestern parts of the basin and 14 to 15
inches in the northern and eastern parts.

The annual average frequency of thunderstorm
days ranges from 56 in the extreme southern part
of the basin to 53 in the northern part (Changnon,
1957). The basin lies in the region of Illinois in
which thunderstorm frequency is greatest. The fre-
quency of hailstorms is moderate with respect to
the rest of Illinois. On the average, a given point in
the basin can expect 2 to 3 days per year with hail
(Huff and Changnon, 1959). The Big Muddy Basin
lies east and southeast of the region of maximum
tornado occurrences in Illinois (Wilson and Chang-
non, 1971). In the extreme western part of the

basin, 2 to 4 tornadoes per 1000 square miles can
be expected in an average 25-year period. This
frequency increases to 5-6 per 1000 square miles in
the eastern part of the basin. The zone in which
severe rainstorms in Illinois are most frequent
(South and Huff, 1962) crosses the Big Muddy
Basin in a NW-SE direction from the vicinity of
Nashville to the east central part of the basin.

The annual average temperature ranges from ap-
proximately 56.5°F in the northern part of the
basin to near 58° in the southern part. Normally,
the hottest month is July in which the monthly
mean varies from 78° in the north to 79° in the
south. In January, normally the coldest month,
mean temperatures vary from 34° in the northern
part of the basin to 36° in the southern part.

Frequency Distribution of Point Rainfall

Table C-1 shows the frequency distribution of
point rainfall in the Big Muddy Basin for storm pe-
riods of 1 to 48 hours. The relations presented in
this table are based upon studies by Huff and Neill
(1959) and the U. S. Weather Burecau (Hershfield,
1961). The data are applicable to any selected point
in the basin.

Use of table C-1 is illustrated in the following
example. Assume one wishes to determine the 12-
hour point rainfall to be expected on the average
of once in 25 years at Du Quoin (figure C-1). Move
down the column labeled "storm duration" to 12;

Table C-1. Point Rainfall Frequency Relations
on Big Muddy Basin

Storm . Depth (inches) equaled or exceeded for
duration given recurrence interval (Years)

{bours) 2 5 10 25 50 o0
1 1.6 1.9 2.2 2.7 33 4.0
2 1.9 2.2 2.7 33 39 4.7
3 2.1 2.5 3.0 3.6 4.3 5.2
6 2.5 3.0 3.6 4.4 5.2 6.3
12 32 3.7 4.3 52 . 5% 7.4
18 3.4 40 47 5.8 67 82
24 3.5 4.3 50 6.3 7.3 88
43 3.6 4.5 5.4 6.8 7.9 .5
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Table C-2. Basin Mean Rainfall Frequency Relations

- Recurrence  Avevage rainfall depth (inches) equaled or exceeded
interval for given storm period (bours)
(years) [ i2 18 24 10 _36 48
1 1.1 1.5 1.6 1.7 18 19 20
2 1.6 2.1 2.4 2.5 27 28 29

5 2.3 2.9 3.3 3.5 3.9 38 40
10 2.7 3.5 39 41 44 45 47

15 30 38 4.3 4.6 48 5.0 5.2
20 3.2 4.1 4.6 49 52 54 5.6
25 3.4 43 48 5.2 55 37 59
30 3.5 4.5 3.0 5.4 57 59 6.1
35 3.7 4.7 5.2 56 59 6.1 64

. 40 g 49 5.4 58 61 63 6.6
50 4.0 51 5.7 6.1 64 66 69
75 4.4 5.7 6.3 6.7 7.1 7.3 1.7

100 4.7 6.1 6.7 7.2 76 7.8 82

then move horizontally to the column for a recur-
rence interval of 25 years and read the required
value, which in this case is 5.2 inches. As pointed
out in the section on definitions, the data in table
C-l apply to points only, and should not be used
for estimates of areal mean rainfall which will be
provided in ensuing sections of this report.

Frequency Distribution of Storm Mean Rainfall

Tables C-2 to C-4 show frequency distributions
of areal mean rainfall for the Big Muddy Basin. A
description of how these tables were derived and
their interpretation is contained in the first section
of this report. Table C-2 shows the frequency of

Table C-3. Frequency Distribution of Areal Mean Rainfall for Specific Integral Areas on Big Muddy Basin

Recurrence Average depth (inches) equaled or
interval exceeded for given area (square miles)
(years) 10 25 50 100 200 400

1-Hour storm period .

2 1.5 1.4 1.3 1.2 1.1 1.0

5 1.8 1.7 15 14 1.3 1.2

10 2.0 1.9 1.8 1.6 L5 1.4

25 2.6 24 22 2.0 1.8 1.7

50 3.1 29 26 2.4 22 2.1

100 3.7 3.5 3.1 2.9 2.7 2.5
2-Hour storm period

2 1.8 1.8 1.6 1.5 1.4 1.3

5 2.1 ‘2.0 1.9 1.8 1.6 1.5

10 2.5 2.5 2.3 2.2 2.0 1.9

25 31 30 28 2.6 2.4 2.3

50 3.7 3.6 3.4 3.1 2.9 28

100 4.5 44 4.1 3.7 3.5 3.3
3-Hour storm period

2 2.0 2.0 1.9 1.8 1.7 1.6

5 2.4 24 23 2.1 2.0 1.9

10 2.9 28 27 2.5 24 23

25 3.5 34 32 3.1 2.9 2.8

50 4.2 4.1 39 3.7 3.4 3.3

100 5.0 4.9 4.7 4.4 4.2 4.0
6-Hour storm period

2 2.4 24 23 2.2 2.1 2.0

5 29 29 238 2.7 2.6 25

10 35 3.5 3.3 3.2 3.1 3.0

25 4.3 42 4.1 39 3.7 3.6

50 5.1 50 48 4.6 4.5 4.3

100 6.1 6.0 58 5.6 5.4 5.2

Recurrence Average depth (inches) equaled or
tneeroal exceeded for given area (square miles)
{years) 10 25 50 100 200 406

12-Hour storm period :

2 3.1 3.1 3.0 2.9 28 27
5 3.6 3.6 3.5 34 3.3 3.2
10 4.2 4.2 4.0 3.9 38 37
25 5.1 5.0 4.9 4.7 4.6 4.5
50 5.8 5.7 5.5 5.4 3.2 5.1
100 7.3 7.2 7.0 6.8 6.6 6.4
18-Hour storm period
2 33 33 32 3a 3.0 3.0
5 3.9 3.9 3.8 3.7 3.6 35
10 4.6 4.6 4.4 4.3 4.2 4.1
25 5.7 5.6 5.5 54 5.3 5.1
50 6.6 6.5 6.4 6.3 6.2 6.0
100 8.0 7.9 7.7 7.6 7.5 7.3
24-Hour storm period '
2 3.4 34 33 32 31 31
5 42 ' 42 41 4.0 3.9 39
10 4.9 4.9 4.3 4.7 4.5 4.5
25 6.2 6.2 6.0 5.9 58 5.7
50 7.2 7.2 7.0 6.8 6.7 6.6
100 8.6 86. 84 8.2 8.1 8.0
48-Hour storm period
2 3.6 3.6 3.3 34 3.3 32
5 4.5 4.4 4.3 4.2 4.1 4.1
10 54 5.3 5.2 5.1 5.0 4.9
23 6.7 6.6 6.5 6.4 6.3 6.2
50 7.8 7.8 7.6 7.5 7.4 7.3
100 9.4 9.3 9.1 9.0 8.9 88



Table C4. Frequency Distribution of Areal Maximum
Rainfall on Big Muddy Basin

Recurrence - .
interval Average depeb (incbes) for given area (square niles)
(years) 25 50 100 200 500 1000

6-Hour storms

2 3é 35 3.3 3.1 2.8 2.4
5 4.7 4.5 4.3 4.1 3.7 32
10 5.8 5.6 5.3 4.9 4.5 3.9
25 7.6 7.4 6.9 6.5 5.9 5.1
50 9.3 o.0 8.5 7.9 7.1 6.2

100 11.4 11.0 103 2.7 8.7 7.6
[2-Hour storms

2 4.4 4.2 4.0 3.7 34 3.1
5 5.7 5.5 5.2 4.9 4.5 4.0
10 7.0 6.7 6.4 59 5.5 49
25 9.1 8.8 8.2 78 7.1 6.3

50 11.2 108 10.2 9.6 8.7 7.8
100 13.7 13.2 124 116 107 2.4
18-Hour storms

2 4.8 4.6 4.4 4.1 3.7 3.3
5 6.2 6.0 5.8 5.2 49 4.3
10 7.6 7.3 7.1 6.5 6.0 5.3

25 10.¢ 9.0 o1 8.5 7.8 6.9

50 12.2 11,7 11.2 10.4 9.5 8.5

100 14.9 144 137 127 1146 10.3
24-Hour storms

2 5.0 4.9 4.7 4.3 3.9 3.6

5 6.6 6.3 6.1 5.7 5.1 4.6

10 8.0 7.7 7.5 6.9 6.3 5.7 .

25 10.5 102 9.6 9.1 8.3 7.4

50 12.9 124 119 11.2 101 9.1

100 15.7 152 14,5 13.6 12.3 109

48-Hour storms

2 5.6 5.4 5.2 4.8 4.4 4.0

5 7.3 7.0 6.8 6.4 58 3.2

10 39 86 8.3 7.7 7.1 6.4

25 11.7 11.3 107 10.1 9.3 8.3

50 14.3 138 132 124 113 10.2

100 17.5 169 16.1 151 138 12.4

mean rainfalls for the entire basin and table C-3
shows similar relations for specific integral parts of
the basin (areas up to 400 square miles fixed in
space). Table C-4 shows the distribution of the
heaviest mean rainfalls to be expected somewhere
in the basin for contiguous sub-areas of 25 to 1000
square miles for a given recurrence interval and rain
period.

Comparison of the mean rainfall frequencies for
the Big Muddy and Kaskaskia Basins shows that
the Lower Kaskaskia and Big Muddy have similar
expectancies, especially in storms having durations
of 24 to 48 hours. This is not surprising, since the
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Big Muddy is adjacent to the Lower Kaskaskia.
However, the frequency distributions for small areas
within the basins (tables C-3 and C-4) show mean
rainfall for a given rain duration to be considerably
greater in the Big Muddy, and this difference in-
creases as the recurrence interval becomes longer.

Area-Depth Relations

Table C-5 shows the average slope of area-depth
curves in the -Big Muddy Basin for storm durations
of 6 to 48 hours. These slope data can be used for
constructing typical area-depth curves for storm
mean rainfalls of various magnitudes. A description
of how these slopes are derived and the application
of the information in design problems are given in
the Part A of this report.

An example of the potential use of the slope
data in hydrologic design is shown in table C-6
which provides an average area-depth relation in a
12-hour storm having a recurrence interval of 25

Table C-5. Average Slope of Area-Depth Curves
on Big Muddy Basin

Ratio of mean rainfall on incremental

Incremental areas to basin mean rainfall
area for given storm duration (bours)
(square miles) 6 i2 18 24 36 48

25 1.99 188 1.86 183 1.81 1.79
50 1.94 1.83 180 178 176 1.74
100 1.84 1.7 172 171 1.69 1.67
200 1.73 1.65 1.62 162 1.60 1.58
500 1.53 1.48 146 144 1.43 1.42
1000 1.32 1.29 1.28 1.28 1.27 1.26
1500 1.18 117 116 116 1.15 1.15
2000 1.07 1.07 1.07 107 1.06 1.06
2380 1.00 10¢ 100 100 1.00 1.00

Table C-6. Average Area-Depth Relations in a 12-Hour,
25-Year Storm on the Big Muddy

Areq Average
(square ntiles) rainfall (inches)

25 8.1
50 7.9
100 7.5
200 7.2
500 6.4
1000 5.5
1560 5.0
2000 4.6
2380 4.3



Table C-7. Depth-Duration-Area Data in Storm of August 16-17, 1959,
on the Big Muddy Basin

Storm tinding
periad time
(hours) {C5T) 25 50 100 200
3 03 4.3 4.1 3.8 3.5
6 05 4.9 4.8 4.7 4.5
12 09 9.2 8.9 8.5 8.0
24 12 10.3 101 938 9.5

Average depth (inches) for given area (square miles)

560 1060 1500 2000 2380
3.0 24 2.1 1.8 1.7
4.0 3.6 32 29 23
7.1 6.2 5.6 51 48
8.7 7.9 7.3 67 64

Table C-8. Depth-Duration-Area Data, Little Egypt Network, August 16-17, 1959

Storm Ending
period time Average depeb (ineches) for given area (square miles)
thours) (CST) f 5 10 25 5 100 200 300 400 530
1 01 29 2.8 2.7 2.5 2.3 2.0 1.7 1.4 1.1 0.9
2 02 4.3 4.2 4.1 ERY 3.6 3.3 2.8 2.5 2.2 1.8
3 03 4.5 4.4 4.3 4.1 4.0 3.7 3.4 3.1 2.8 2.4
6 06 4.9 4.8 4.7 4.6 45 4.3 4.0 3.8 3.7 3.5
12 0% 9.7 9.5 2.3 2.0 8.6 8.2 7.5 7.1 6.7 6.3
24 12 10.7 106 104 102 9.9 9.4 8.9 8.6 8.2 1.8
Table C-9. Hourly Area-Depth Data, Little Egypt Network, August 16-17, 1959
Hour
ending Average depth (inches) for given area (square miles)

(CST) i 5 10 25 50 100 200 3o 400 550
17 1.10 1.04 1.00 0.93 087 0.78 0.63 0.52 0.43 0.32
18 1.30 1.25 1.20 1.12 103 0.92 0.78 0.70 0.62 0.52
19 0.76 072 0.70 0.66 061 0.53 0.44 0.36 0.29 0.20
20 0.47 0.45 0.42 0.40 0.37 0.32 0.26 0.20 0.16 0.12
21 0.75 0.72 0.70 067 0.62 0.55 0.47 0.39 0.32 0.27
22 1.28 1.23 1.20 1.13 1.04 0.93 0.78 0.65 0.52 0.38
23 0.36 0.35 0.33 0.31 0.30 0.28 0.24 0.20 0.18 0.16
24 1.32 1.25 i.18 1.07 0.96 0.78 0.59 0.49 0.42 0.33
o1 292 231 2.7 2.54 2.33 2.04 1.67 1.36 1.15 0.92
02 2.17 2.11 2.06 1.97 1.87 1.71 1.50 1.30 - 1.09 0.85
03 1.15 1.12 1.09 1.06 1.00 0.92 0.82 0.76 0.68 0.59
04 1.15 1.69 1.06 1.00 0.92 0.82 0.69 0.58 0.48 0.35
05 1.33 1.28 1.24 1.17 1.08 0.96 0.81 0.67 0.54 0.37
06 1.60 1.45 1.37 1.19 1.05 0.94 0.76 0.62 0.49 0.37
o7 1.76 1.69 1.64 1.57 1.46 1.32 1.11 097 0.35 0.66
08 241 2.32 2.26 2.13 1.99 1.80 1.52 1.30 1.11 0.87
09 1.49 1.43 1.38 1.29 1.20 1.05 0.88 0.73 0.60 0.43

years. The average basin rainfall for 25 years was
obtained from table C-2. This was then used in
conjunction with the 12-hour slope values of table
C-5 to construct a curve from which table C-6 was
obtained.

The slope relations for the Big Muddy in table C-
C-5 do not vary much from those for the Upper
Kaskaskia (table B-6). These two areas are similar

in size, and the nearly equivalent slopes indicate
that the spatial relative variability in heavy storms
is similar in the Kaskaskia and Big Muddy Basins.

Area-depth relations in the outstanding storm of
August 16-17, 1959, are presented in tables C-7 to
C-9. Available data indicate that this is the heaviest
storm to occur on the Big Muddy Basin in the 92
years of weather records (1887-1978), available at
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the time this report was prepared. The Little Egypt
Network of 50 raingages in 550 square miles was
located in the Big Muddy Basin and provided an un-
usual amount of information on the characteristics
of this storm (Huff and Changnon, 1961).

Table C-7 shows area-depth relations in the
August 1959 storm for periods of 3 to 24 hours in
the Big Muddy Basin of 2380 square miles. Tables
C-8 and C9 show relations within the Little Egypt
Network where the storm produced over 10 inches
of rain at the storm core. The hourly area-depth re-
lations in table C-9 show how the storm intensity
fluctuated with time. Studies of outstanding storms
in Illinois indicated that this storm provides a typi-
cal statistical model for hydrologic design problems
that deal with protection against extreme storm
rainfall events (Huff and Changnon, 1964). Isohyetal
patterns for maximum 3-hour, 6-hour, 12-hour,
and 24-hour rainfall in this storm are shown in
figure C-4. Note the 10-inch centers on and west of
the Little Egypt Network.

Table C-10 shows area-depth relations on the
Little Egypt Network in a 4-day storm period (May

5-9, 1961) of unusual occurrence. Relations are
presented for several partial storm periods in this
96-hour storm. The area-depth relations for the
maximum 48-hour rainfall are shown for the entire
basin in table C-I 1. Isohyetal patterns for maximum
6-, 12-, 24-, 48-, 72-, and 96-hour rainfall are shown
for the May 1961 storm on the Little Egypt Net-
work in figure C-5. The isohyetal pattern for maxi-
mum 48-hour rainfall on the basin (5/7, 0100 to
5/9, 0100) is presented in figure C-6. Most of the
4-day rainfall occurred during this 48-hour period,
This is another of the most severe rainstorms ever
observed on the Big Muddy Basin.

Area-depth relations in other selected storms of
heavy intensity on the basin are also shown in table
C-11. The isohyetal patterns in these storms are
presented in figures C-7 to C-14.

Monthly and Seasonal Distribution
of Heavy Storms

Tables C-12 and C-13 show the monthly and 3-
monthly frequencies of storm rainfall which equaled

Duration

(hours) t 5 10 25
6 462  4.37 420 392
12 508 485 470 * 4.46
18 5.82 5.71 5.63 5.45
24 587 577 5.70 5.52
30 ©6.37 6.28 6.21 6.08
36 842 829 8.22 8.02
48 8.68 855 8.48 8.28
60 1061 1048 10.38 10.27
72 1072  10.60 10,52 10.32
96 11.32 1120 11.12  109%

Srorm " Duration
date thours) - 25 50
3/24-25/04 25 68 6.8
10/4-5/10 48 97 96
10/4-5/10 60 108 10.7
3/24-25/13 45 69 69
8720-21/15 36 54 5.4
10/25-27/19 48 88 87
3/10-11/35 48 66 6.6
8/15-16/46 24 13.6 134
8/14-16/46 48 - 154 152
5/21-23/57 48 7.9 7.8
5/7-9/61 48 88 87
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Table C-10. Depth-Duration-Area Data, Little Egypt Network, May 5-9, 1961

Average rainfall depth (inches) for given area (square miles)

50 100 200 300 400 550
3.57 3.23 2.93 2.62 2.40 2.18
412 3.83 3.56 3.26 3.05 2.82
5.28 4.98 4.59 4.33 4.05 3.74
5.38 5:09 4.73 4.48 423 393
5.94 5.73 5.47 5.24 5.06 4.78
7.81 7.52 7.10 6.80 6.53 6.20
8.07 7.78 7.37 7.07 6.80 6.47
9.94 9.62 9.16 8.82 8.52 8.15

10.11 9.83 9.40 9.10 8.84 8.51
10.73 10.46 1006 9.75 9.50 2.15

Table C- 11. Unmodified Area-Depth Relations on Big Muddy Basin

Average depth (inches) for given area (square miles)

oo 200 500 1000 1500 2380
6.7 6.5 6.2 5.8 5.4 4.7
2.4 9.2 8.9 8.4 7.8 6.6
106 103 10.0 9.4 8.6 7.4
6.8 6.7 6.5 6.0 5.7 5.1
53 5.2 5.0 4.7 4.5 4.1
8.6 8.5 8.1 7.2 6.0 4.5
6.5 6.4 6.2 5.9 5.7 5.3
3.1 12.7 11,7 10.2 88 6.3
148 140 12.7 114 9.7 7.3
7.7 7.5 6.9 5.8 5.1 4.2
8.6 8.3 7.8 7.2 6.8 6.1
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Storm of March 24-25, 1913
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Figure C-12. Storm of August 14-16,1946
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Table C-12. Monthly Distribution of 48-Hour
Heavy Rainstorms

Month Number Month Number
January 5 July 3
February 1 August 5
March 3 September 3
April 5 " October 4
May 4 November 1
June 2 December 2

or exceeded the average 2-year recurrence value for
48-hour amounts. This method of analysis provided
38 qualifying storms. Since most of the heaviest
storm amounts for shorter periods came out of
these storms, the distribution can be considered
typical also for storm periods of 6 to 48 hours.
Maximum 1-hour to 3-hour amounts are most likely
to occur in late spring to early fall.

Tables C-12 and C-13 show no strong domina-
tion by a particular month or season. Overall, these
storms are most frequent in spring (March-May)
and in late summer to early fall.

Location of Storm Centers

Next, an analysis was made to determine what
percentage of the 50 severe rainstorms had their
heaviest rainfall concentrated in die upper portion
of the basin, regardless of orientation. For this pur-
pose, the basin was divided into four segments by
lines drawn perpendicular to the major axis of the
basin at equal intervals from the source to the
mouth of the river, as shown in figure C-15. The
location of the heaviest rainfall in, the basin was then

Table C-13. Seasonal Distribution of 48-Hour
Heavy Rainstorms

I-Month 3I-Month
period Number period Number

Jan-Mar 9 Jul-Sep 11
Feb-Apr 9 Aug-Oct 12
Mar-May 12 Sep-Nov 8
Apt-Jun 11 Oct-Dec 7
May-Jul 9 Nov-Jan 8
Jun-Aug 10 Dec-Feb 8

indicated by the solid circles in figure C-15. Many
of the heavy Big Muddy storms were extensions of
storms centered on adjacent basins, as is readily ap-
parent from the number of dots on the basin border.

Results of this analysis indicated a tendency for
a disproportionate number of storms to have their
heaviest rainfall near the mouth of the river. In this
section, 32 percent of the storms maximized,
whereas 22, 24, and 22 percent, respectively, maxi-
mized in Sections 1, 2, and 3. The greater frequency
in Section 4 is due to a trend for heavy storms to
be centered south of the Big Muddy Basin, since 11
of the 16 occurrences were associated with such
storms. Excluding the border storm centers in figure
C-15, a slight trend is indicated for storm centers
within the basin to occur in a region extending
northeastward from near the river mouth to the
east central part of the watershed, as shown by the
dashed line envelope of storm centers.

From a practical standpoint, it is concluded that
the probability of a severe rainstorm being centered
in the upper reaches of the basin is slightly less
than in the lower reaches, but the difference is not
sufficient to be incorporated into the design of hy-
draulic structures at this time.
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Figure C-14. Storm of May 21-23, 1957
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Part D. The Sangamon Basin

The Sangamon Basin encompasses an area of ap-
proximately 5450 square miles in central Illinois
(figure D-1). The Sangamon River discharges into
the Illinois River. The topography of the basin is
relatively flat with elevations ranging mostly from
550 to 700 feet MSL. A few hills exceed 800 feet
MSL and these are mostly in the northeast part of
the basin.

Basin Climate

The annual average precipitation increases grad-
ually from northwest to southeast across the basin
with amounts ranging from slightly under 3 5 inches
to approximately 38 inches (figure D-2). Basin
mean is 36.40 inches. Figure D-3 shows seasonal
precipitation distributions. Winter (December-Feb-
ruary), spring (March-May), and fall (September-
November) show the same general trend of increas-
ing precipitation across the basin from west to east.
Summer (June-August) has a very flat gradient of
rainfall throughout the basin. The long-term season-
al means are 6.14, 10.85, 10.43, and 8.98 inches,
respectively, for winter, spring, summer, and fall.

The average annual frequency of thunderstorm
days is 49 with a narrow range from 48 in the north-
east to 50 in the southwest part of the basin
(Changnon, 1957). The annual hail frequency
ranges from an average of 2 days per year in the
northeast to 3 days per year in the southwest. The
basin lies in a region of relatively high frequency of
tornadoes (Wilson and Changnon, 1971).

The annual average temperature ranges from ap-
proximately 52.5°F in the extreme northern part
of the basin to 54.5°F in the extreme south. The
coldest month is January when the average temper-
ature varies from 26°F in the northern part of the
basin to 29°F in the southern part. During July,
the warmest month, the temperature gradient is
flat. The normal monthly mean varies only from
75.5°F in the northeast to 76.5°F in the southern
part of the basin.

Storm Precipitation Characteristics

In the series of tables and figures that follow
(tables D-1-D-9; figures D-4-D-16), the distribution

Table D-1. Point Rainfall Frequency Relations
on the Sangamon Basin

Storm Depth (inches) equaled or exceeded for
duration grven recurrence interval (years)
(bours) 2 5 10 25 50 100
1 1.4 1.7 1.9 2.4 2.9 3.4
2 1.6 20 2.2 28 3.4 4.1
3 1.8 2.2 25 3.2 3.8 4.5
6 2.1 2.7 31 3.7 4.4 54
12 2.4 3.1 3.6 4.5 5.4 6.4
18 2.6 33 3.9 50 5.9 72
24 2.8 36 4.3 54 6.5 7.8
48 3.0 4.0 4.7 5.9 7.0 8.5 .

Table D-2. Basin Mean Rainfall Frequency Relations
on Sangamon Basin

Recurrence  Average rainfall depeh (inches) equaled or exceeded
interval for given storm period (bours)
(years) & i2 18 24 30 36 48
1 0.7 0.9 1.0 1.1 1.2 1.2 1.3
2 1.3 1.7 1.9 2.1 22 23 24
5 1.7 2.2 2.5 2.8 29 30 3.2

10 21 27 31 34 36 38 39
15 23 29 33 36 39 40 42
20 24 32 36 39 41 43 45
25 25 33 3.7 40 43 45 47
30 26 34 38 41 44 46 4.8
40, 27 35 39 43 46 48 5.0
50 28 36 41 45 48 49 52
75 30 38 43 47 51 52 55
100 31 41 46 50 53 55 58

characteristics of severe rainstorms on the Sangamon
Basin are presented. This information is presented
in the same sequence as provided for the Kaskaskia
and Big Muddy Basins in Parts B and C, and inter-
pretation of the results is the same. Therefore, ex-
planation of the contents and use of the various
tables and maps will not be repeated.

In general, for a given frequency heavier point
and areal mean rainfalls occur on the Kaskaskia
and Big Muddy than on the Sangamon Basin. Com-
parison of area-depth slopes for the entire Kaskas-
kia and Sangamon, which are close to each other in
size, indicates that rainfall gradients are similar in
storms on the two basins. That is, the average
spatial variability in rainfall during severe rainstorms
is nearly equal.
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Table D-3. Frequency Distribution of Areal Mean Rainfall

for Specific Integral Areas on Sangamon Basin

Recurrence
interval
(years) 10
1-Hour storm period
2 1.1
5 1.4
10 1.7
25 2.1
50 2.4
160 2.8
2-Hour storm period
2 1.3
5 1.7
10 2.0
25 2.6
50 3.0
100 3.6
3-Hour storm period
2 1.5
5 1.9
10 2.3
25 2.9
50 34
100 4.1
6-Hour stormt period
2 18
. 2.3
10 2.8
25 35
50 4.2
100 5.0
12-Hour storm period
2 2.1
3 2.8
10 34
25 42
50 5.0
100 5.7
24-Hour storm period
2 2.6
5 3.3
10 3.9
25 5.0
50 6.0
100 7.1
48-Hour storm period
- 2.8
5 3.6
1o 4.3
25 5.5
50 6.5
100 7.7

48

25

1.1
1.4
16
2.0
23
2.7

13
1.7
2.0
2.5
29
3.3

1.5
1.9
22
2.8
34
4.0

1.8
23
2.8
3.5
4.1
4.9

2.0
2.7
34
4.2
4.9
5.7

2.6
3.3
39
5.0
59

7.0 -

2.7
36
4.3
5.4
6.5
7.7

50

10
1.3
1.5
18
2.1
2.5

1.2
1.5
1.8

23

2.7
33

1.4
1.8
2.1
2.7
3.2
3.8

1.7
2.2
2.7
3.3
4.0
4.8

2.0
2.6
33
4.1
4.8
5.6

2.5
3.2
38
4.8
5.8
6.9

2.7
s
4.2
54
6.4
7.6

0.9
1.2
1.4
1.7
2.0
2.3

1.1
1.4
1.7
2.2
2.6
3.1

1.3
1.7

20 .
2.6

30
3.6

1.6
21
2.5
3.2
38

- 4.5

1.9
26
3.2
3.9
4.6
5.4

2.5
31
37
4.7
5.7

6.8

2.6
35
4.2
5.3
6.3
7.5

Average depth (inches) equaled or
exceeded for given area (square miles)
100

200

0.8
1.1
1.3
1.5
1.8
2.1

1.0
1.3
1.6
2.0
2.4
28

1.3
1.6
1.9
2.5
2.9
34

1.6
2.0
2.4
31
3.7
4.3

1.9
2.5
3.1
38
4.5
5.3

2.4
31
3.7
4.7
5.6
6.7

2.6
34
4.1
5.2
6.2
7.4

400

0.7
1.0
1.2
1.4
1.7
2.0

1.0
1.3
1.5
1.9
23
2.7

1.2
1.6
1.9
2.4
28
3.3

1.5
1.9
2.3
29
3.5

41

1.8
2.4
3.0
3.7
4.4
5.1

2.4
3.0
3.6
4.6
5.6
6.6

2.6
34
4.1
5.2
6.1
7.3

Table D4. Frequency Distribution of Areal Maximum

Rainfall on Sangamon Basin

Reécurrence
interval
{years) 25
6-Hour storms
2 4.2
5 5.1
10 5.8
25 6.6
50 7.2
100 7.8
12-Hour storms
2 5.0
5 6.2
10 6.9
25 7.9
50 8.5
100 9.2
18-Hour storms
2 5.4
5 6.7
10 7.6
25 8.6
5Q 9.3
100 10.0
24-Hour storms
2 5.8
5 7.1
10 8.0
25 9.1
50 9.8
100 10.6
48-Hour storms
2 6.4
5 7.9
10 8.9
25 10.1
50 10.9
100 11.8

50

4.0
5.0
5.5
6.3
6.9
7.5

48
59
6.6
7.6
8.3
2.0

52
6.3
7.2
8.2
90
2.8

5.5
6.8
7.7
8.7
9.5
10.3

6.1
7.6
835
9.7
10.6
11.5

100

3.7
4.7
5.2
6.0
6.6
7.2

4.5
5.6
6.3

1.2

7.9
8.6

49
6.2
7.0
8.0
8.7
2.3

5.2
6.6
7.4
8.5
9.3
101

5.8
7.3
8.2
9.4
10.3
11.2

200

3.5
4.4
5.0
5.8
6.3
6.8

4.2
5.2
6.0
6.9
7.5
8.2

45
5.7
6.6
7.6
8.2
9.0

4.9
6.1
7.0
8.1
3.8
9.6

54
6.8
7.8
9.0
2.8
10.7

500

29
38
4.4
52
5.7
6.2

3.6
4.6
5.4
6.3
6.9
7.6

3.9
5.0
5.9
6.9
746
8.3

4.2
5.3
6.2
7.3
8.0
8.8

4.7
6.0
7.0
8.2
9.0
9.9

Average depth {ind;es) for given area (square wmiles)

1000

2.3
31
3.7
4.5
4.9
5.5

2.9
3.9
4.6
5.6
6.2
6.8

32
4.2
5.1
6.1
6.7
7.5

EX
4.5
5.4
6.5
7.2
8.0

38
5.1
6.1
7.3
8.1
2.0



Table D-5. Average Slope of Area-Depth Curves
on Sangamon Basin

Incremental
area
(square miles)
25
50
100
200
500
1000
1500
2000
2500
3500
4500
5450

Ratio of mean rainfail on incrementol
areas to basin mean rainfail
for given storm duration (bours)

.1

2.46
241
2.30
220
2.00
1.77
1.60
1.48
1.39
1.24
1.11
1.00

Date

12/18/95
7/19-20/96
6/28-29/02
8/20-21/15
6/14-15/17
9/3-4/26
9/8-9/26
3/11-12/39
10/4-5/41
6/27-28/51
5/26-28/56
§/7-8761

i2

223
2,18
2.10
2.00
1.85
1.66

1.52

1.42
1.34
1.19
1.08
1.00

12.0

18

2.15
2.11
2.06
1.95
1.80
1.62
1.49
1.40
1.32
1.19
1.07
1.00

24

2.10
2.05
2.00
1.92
1.75

1.59

1.47
1.38
1.32
1.18
1.07
1.00

36

2.04
200
1.95
1.87
1.71
1.56
1.44
1.36
1.30
1.18
1.07
1.00

48

2.00
1.96
t.91
1.83
169
1.54
1.43
1.35
1.29
1.17
1.07
1.00

Table D-6. Average Area-Depth Relations in a 12-Hour,

25-Year Storm on the Sangamon Basin

(square miles)

Area

25
50
100
200
500
1000
1500
2000
2500
3500
4500
5450

Table D-7. Unmodified Area-Depth Relations on Sangamon Basin

- 25

6.8
6.7
6.8
6.9
7.1
6.3
7.9
49
7.3
9.8

9.2

50

6.7
6.6
6.7
6.8
7.0
6.2
7.8
48
7.2
9.5

11.4

3.5

Average depth (inches) forlgr'wn area {square miles)

100

6.6
6.5
6.6
6.7
6.9
6.1
7.6
4.7
7.0
9.1
10.5
7.5

Table -D-8. Monthly Distribution of 48-Hour
Heavy Storms on Sangamon Basin

Month

January
February
March
April
May
June

Number

o e e O

Month

July
August
September
October
November

December

200 500
6.5 6.3
6.3 5.9
6.4 6.2
6.6 6.4
6.7 6.3
6.0 58
7.3 6.9
4.6 4.5
6.8 6.5
8.7 7.8
9.5 7.7
6.8 58

Number
4
2
8
3
2
1

1600

59
5.4
5.7
6.0
5.7
5.5
6.3
4.3
6.0
7.0
6.1
4.9

Table D-9. Seasonal Distribution of 48-Hour
Heavy Storms on Sangamon Basin

J-Month
period
Jan-Mar
Feb-Apr
Mar-May
Apr-Jun
May-Jul
Jun-Aug

1500

5.7
5.1
5.5
5.7
53
5.3
5.9
4.2
5.6
6.3
51
4.4

2500

54
4.7
5.2
5.3
4.7
4.9
53
4.0
5.2
5.5
4.0
38

Number

5
6
9
12
15
13

3500 4500 5450

5.2
4.3
4.9
5.0
4.3
4.6
4.9
3.8
4.8
4.9
34
3.4

Average

rainfali (inches)

7.4
7.2
6.9
6.6
6.1
5.5
5.0
4.7
1.4
39
3.6
3.3

5.0
3.9
4.5
4.6
39
4.4
4.5
3.7
4.3
4.4
29
31

I-Month
period
Jul-Sep
Auvg-Oct
Sep-Nov
Oct-Dec
Nov-Jan
Dec-Feb

4.7
3.6
4.2
4.2
35
4.0
4.0
3.5
38
4.0
2.6
2.9

Number

14
13
13
6
3
2

49
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Figure D-8. Storm of June 14-15, 1917

Figure D-9. Storm of September 3-4, 1926
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Figure D-10. Storm of September 8-9, 1926
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Figure D-14. Storm of May 26-28, 1956

Figure D-15. Storm of May 7-8, 1961
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Figure D-16. Location of storm centers producing basin mean rainfall in excess of 2-year frequency value




Part E. The Little Wabash Basin

The Little Wabash Basin (figure E-1) is located
in the southeastern part of the state and has an
area of approximately 3200 square miles. The Little
Wabash discharges into the Wabash River near New
Haven in White County. The topography of the
basin is very flat with occasional small hills. Eleva-
tions are generally less than 600 feet MSL. Because
of its elongated shape, the basin was divided into
two parts for some of the meteorological analyses.
The upper portion of the basin, as used in this re-
port, encompasses 1510 square miles and the lower
portion includes 1690 square miles.

Basin Climate

The annual average precipitation increases from
approximately 40 inches in the northern part of
the basin to 44 inches in the extreme southern part
(figure E-2). The basin annual mean is 41.36 inches.
Figure E-3 shows the average seasonal precipitation.
Winter and spring precipitation show the same
general pattern as the annual distribution with a
general north-south increase. However, the increase
is more pronounced in winter. Summer has a very
flat pattern with amounts ranging from 10.5 to
11.2 inches. The fall pattern is also very flat with
amounts ranging from 9.6 inches in the extreme
north to 10.0-10.2 in the southern portion of the
basin.

The average annual frequency of thunderstorm
days ranges from 49 in the northern part of the
basin to 52 in the southern part (Changnon, 1957).
The annual hail frequency averages 2-3 days per
year (Huff and Changnon, 1959). The basin has an
average frequency of tornado occurrences with
respect to the rest of the state (Wilson and Chang-
non, 1971).

The annual average temperature varies from
53.5°F in the northern part of the basin to 57.0°F
in the southern part. The monthly average temper-
ature is lowest in January, when it varies from ap-
proximately 31°F to 35°F from the northern to
southern parts of the basin. In July, the warmest
month, the average varies from 77° F in the extreme
north to 79°F in the extreme south.

Storm Precipitation Characteristics

The distribution characteristics of very heavy
rainstorms on the Little Wabash Basin are contained
in the series of figures and tables that follow (figures
E-4-E-14; tables E-1-E-9). These are presented in
the same order and have the same interpretation as
those for the other basins presented earlier in this
report.

Comparison with the Lower Kaskaskia, which is
approximately the same size as the entire Little
Wabash, shows mean rainfall frequencies very simi-
lar for a given recurrence interval and storm rainfall
period. Thus, for 24-hour storm periods, the 5-year
frequencies are 3.1 inches on both basins. Similarly,

Table E-1. Point Rainfall Frequency Relations
on Little Wabash Basin

Storm Depth (inches) equaled or exceeded for
duration given recurrence interval (vears)
(bours) 2 5 10 25 50 100
Upper Little Wabash Basin
1 14 1.7 1.9 25 3.1 3.6
2 1.7 2.0 23 29 3.7 1.4
3 1.9 2.3 2.7 33 4.1 4.9
6 2.3 27 3.2 4.0 4.9 59 .
12 26 3.3 38 4.8 58 7.0
18 28 36 4.2 5.3 6.4 7.8
24 2.9 38 4.5 5.8 7.0 8.4
48 31 4.0 4.9 6.3 7.5 9.1
Lower Little Wabash Basin :
1 1.6 1.9 22 2.7 3.3 - 40
2 1.9 22 2.7 3.3 39 4.7
3 2.1 2.5 3.0 16 4.3 5.2
6 2.5 3.0 3.6 4.4 5.2 6.3
12 32 3.7 4.3 5.2 5.9 7.4
18 3.4 4.0 4.7 5.8 6.7 8.2
24 35 4.3 5.0 6.3 7.3 8.8
48 3o 4.5 54 6.8 7.9 9.5
Entire Little Wabash Basin
1 1.5 1.8 2.1 2.6 32 38
2 1.8 21 2.5 3.1 3.8 4.6
3 2.0 24 2.9 3.5 4.2 5.1
6 24 29 34 4.2 5.1 6.1
12 2.9 35 4.1 5.0 59 7.2
18 31 38 4.5 5.6 6.6 3.0
24 32 4.1 4.8 6.1 7.2 8.6
48 3.4 4.3 5.2 6.6 7.7 9.3
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Figure E-1. Location map. Little Wabash Basin
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Figure E-2. Average annual precipitation, Little Wabash Basin
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Figure E-4. Storm of July 19-20, 1896 Figure E-5. Storm of March 25-26, 1904
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Figure E-6. Storm of October 4-5, 1910 Figure E-7. Storm of March 24-25, 1913



3
=l5  SCALE OF miLes

G % 10 1%
=TT

—T
o 10
KLLGHETERS

Figure E-8. Storm of August 20-21. 1915 Figure E-9. Storm of October 26-27, 1919

Figure E-10. Storm of September 1-2, 1931 Figure E-11. Storm of November 21-22, 1934
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the 25-year frequencies are 4.9 and 5.0 inches, re-
spectively, on the Kaskaskia and Little Wabash,
and the 50-year values are 6.0 and 5.7 inches. Point
rainfall frequencies were also nearly equal on the
two basins.

Storm rainfall gradients, as measured by area-
depth-curve slopes, show somewhat steeper gra-
dients, on the average, in the Little Wabash storms.
For example, the ratio of the mean rainfall on the
100 square miles of heaviest rainfall to the basin

mean rainfall had an average of 1.88 for 24-hour
storm periods on the Little Wabash as opposed to
1.73 on the Lower Kaskaskia. Assuming average
basin gradients in a storm having a mean rainfall of
3.0 inches on both basins, the mean rainfall over
the 100 square miles around the storm center

. would be 5.6 inches on the Little Wabash and 5.2

inches on the Lower Kaskaskia. This is a difference
of approximately 8 percent, and may not be signif-
icant for most hydrologic design applications.

Table E-2. Basin Mean Rainfall Frequency Relations

Recurrence
interval
{years) .1 12
Upper Little Wabash Basin
1 . 1.1
2 1.4 1.7
5 19 2.5
10 2.4 31
15 2.7 3.5
20 2.9 3.7
25 3.1 39
30 32 4,1
- 35 3.3 4.2
‘40 3.4 4.3
50 35 4.5
75 38 4.8
100 4.0 5.1
Lower Little Wabash Basin
1 9 1.1
2 1.5 20
5 2.4 3.0
10 30 38
15 3.4 4.3
20 3.6 4.6
25 3.8 4.8
30 4.0 5.0
35 4.1 5.3
40 4.2 5.4
50 4.4 5.6
75 4.8 6.1
100 5.1 6.5
Entire Little Wabash Basin
1 B 1.1
2 1.3 . 1.7
5 2.0 2.6
10 2.5 3.2
15 2.8 16
20 3.0 39
25 3.2 4.1
30 3.3 4.2
35 EN 4.5
40 3.5 4.5
50 3.7 4.8
75 4.0 5.1
4.2 5.4

100
60 .

18

1.2
1.9
2.7
34
3.8
4.0
4.3
4.4
4.6
4.7
4.9
5.2
5.6

1.2
2.1
3.3
4.1
4.7

5.0 .

5.2
5.5
5.7
5.9
6.2
6.6
7.1

1.2
1.9
2.9
3.6
4.1
4.4
4.6
4.8
5.0
5.1
5.3
58
6.1

Average rainfall depeh (inches) equaled or exceeded
for given storm peviod (bours)

24 30 36 48
1.3 14 14 1.5
2.0 21 22 23
2.9 3.1 3.2 33
36 38 39 41
40 43 44 46
4.3 46 47 49
46 48 50 52
48 50 52 54
4.9 52 54 56

*5.0 53 55 5.7

5.3 56 58 6.0
5.6 6.0 6.1 6.4
66 63 6.5 6.8
1.3 14 14 1.5
2.3 24 235 26
3.5 37 38 4.0
44 47 48 50
5.0 53 55 57
54 57 59 6.1
5.6 60 6.1 64
59 62 64 6.7
6.2 6.5 67 70
6.3 6.7 69 7.2
6.6 7.0 7.2 7.5
7.1 75 7.8 8.1
76 80 83 8.6
1.3 14 14 15
21 22 23 24
31 3.3 35 36
39 42 43 45
44 47 48 50
4.7 50 32 54
50 53 5.5 5.7
5.1 55 57 59
54 38 60 62
5.5 59 60 63
57 6.1 6.3 6.6
6.2 6.6 68 7.1
6.5 70 7.2 7.5



Table E-3. Frequency Distribution of Areal Mean Rainfall
for Specific Integral Areas on Little Wabash Basin

Recurrence Average depith (inches) equaled or
interval exceeded for given area (square miles)
(years) 10 25 50 100 200 400

1-Houy storm period

2 1.4 1.3 1.2 Lt 1.0 1.0
5 1.7 1.6 1.4 1.3 1.2 1.2
10 2.0 1.8 1.7 1.5 1.4 L3
25 2.4 2.3 2.1 1.9 1.7 1.7
30 3.0 28 2.6 23 21 2.0
100 3.5 3.3 30 28 2.5 2.4
2-Hour storm period
2 1.7 1.7 15 1.4 1.3 1.3
5 20 2.0 1.8 1.7 1.6 1.5
10 2.4 23 22 20 1.9 1.8
25 2.9 29 27 25 2.3 2.2
50 3.6 3.5 3.3 3o 28 2.7
100 4.4 43 4.0 37 34 3.3
3-Hour storm period
2 1.9 1.9 18 1.7 16 1.6
5 2.3 23 2.2 2.0 1.9 1.9
10 28 2.8 2.6 25 . 23 2.3
25 3.4 33 3.2 30 28 27
50 41 4.0 38 3.6 34 33
100 4.9 4.8 4.6 4.3 4.1 4.0
&-Hour storm period
2 23 23 2.2 21 20 20
. 5 2.8 2.8 2.7 26 2.5 24
10 3.3 33 31 30 29 28
25 4.1 4.0 3.9 3.7 3.6 34
50 4.9 4.9 4.7 4.5 4.3 4.2
100 5.9 5.9 5.6 54 52 5.0
12-Hour storm period )
2 28 2.8 2.7 26 2.6 2.5
5 34 3.4 3.3 32 3.1 3.0
10 4.0 4.0 3.9 3.7 3.6 36
25 4.9 4.9 4.7 4.6 4.5 4.4
50 5.8 5.7 5.5 54 5.3 5.1
100 7.1 70 68 6.6 6.4 6.3
18-Hour storm period
2 3.0 3.0 29 2.9 2.8 28
5 3.7 3.7 3.6 3.5 3.5 34
10 4.4 44 42 4.1 4.1 4.0
25 5.5 5.4 5.3 52 5.1 5.0
50 6.3 64 6.2 6.1 6.0 5.9
100 7.8 7.8 7.5 7.4 7.3 7.1
24-Hour storm period
2 31 31 3.0 3.0 29 29
5 4.0 4.0 3.9 38 38 3.7
10 4.7 4.7 4.6 4.5 44 44
25 6.0 6.0 5.8 5.7 5.6 5.6
50 7.1 7.1 68 6.7 66 66
"100 8.4 84 B2 8.0 7.9 7.8
48-Hour storm period
2 34 3.4 33 3.2 3.2 3.2
5 43 4.3 4.1 4.0 40 490
10 5.1 5.1 50 49 43 48
25 6.5 6.5 6.3 6.2 6.1 6.1
50 7.6 76 7.4 7.2 7.2 7.2
100 92 9.2 8.9 8.7 86 8.6

Table E-4. Frequency Distribution of Areal Maximum
Rainfall on Little Wabash Basin

Recurrence :
interval Average depth (inches) for given area (square miles)
{years) 25 50 100 200 500 1000
6-Hour storms
2 34 3.3 3.1 2.8 2.6 2.2
5 4.9 4.7 4.4 4.0 3.7 32
10 6.2 6.0 5.4 4.9 4.4 3.9
25 7.7 7.2 6.5 6.0 5.4 4.9
50 8.6 7.8 7.0 6.5 5.0 5.4
100 9.4 8.3 7.5 6.9 6.4 5.9
12-Hour storms
2 4.1 4,0 3.7 3.4 3.2 2.7
5 59 5.6 5.2 4.9 4.5 38
10 7.4 7.2 6.5 5.9 5.4 4.7
25 9.2 8.6 7.9 7.2 8.5 5.9
50 10.3 9.4 8.5 7.9 7.2 6.5
100 11.3 99 9.0 83 178 7.1
18-Hour storms
2 4.5 4.3 4.1 3.7 3.4 29
5 6.5 6.1 58 5.3 49 4.2
10 8.1 7.8 7.2 6.5 5.9 5.1
25 10.0 ¢.4 8.7 7.9 7.1 6.4
50 1.2 10.2 9.4 8.6 7.9 7.1

100 12.3 10.8 9.9 2.1 8.5 7.7
24-Hour storms

2 4.8 46 43 40 36 3.1

5 6.8 6.5 6.1 5.7 5.2 4.4

10 8.6 8.3 7.6 6.9 6.2 5.5

25 10.6 9.9 9.2 8.5 7.6 6.9

50 11.9 10.8 9.9 9.2 8.4 7.7

100 13.0 114 105 9.7 9.0 8.3
30-Hour storms

2 5.0 4.8 4.5 4.1 3.9 3.3

5 7.1 6.8 6.4 5.9 5.5 4.7

10 8.9 8.6 8.0 7.2 6.6 5.8

25 11.1 10.3 9.6 8.8 8.0 7.2

50 12.4 11.3 103 9.6 8.8 8.1

100 13.6 119 110 10.2 9.5 87
36-Hour storms

2 5.1 4.9 4.7 4.3 3.9 34

5 7.4 7.0 6.6 6.1 5.6 4.8

10 9.2 3.9 8.2 7.5 6.7 6.0

25 11.4 10.7 9.9 2.1 8.2 7.4

50 128 116 107 2.9 9.0 83

100 14.1 123 113 10.5 9.7 8.9
48-Hour storms

2 5.3 5.1 4.8 44 . 41 3.5

5 7.6 7.2 6.8 6.3 5.8 5.0

10 9.5 9.2 8.5 7.7 7.0 6.2

25 118 11.0 10.2 9.4 8.5 7.7

50 132 12.0 -11.0 10.2 9.4 8.6

100 14.5 12.7 11.7 108 101 9.3
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Table E-5. Average Slope of Area-Depth Curves

Incremental
areas

Ratio of mean rainfall on incremencal
areas to basin mean rainfall

for given storm duration (hours}

24

1.80
1.72
1.63
1.54
1.36
1.17
1.00

1.83
1.68
1.59
1.47
1.27
1.15
1.07
1.00

2.17

2.04
1.88
1.76
1.58
1.44
1.35
1.26
1.16
1.00

16

1.78
1.69
1.61
1.52
1.34
1.15
1.00

1.81
1.67
1.56
1.45
126
1.14
1.07
1.00

2.11
1.97
1.85
1.72
1.55
1.42
1,32
1.24
1.15
1.00

48

1.77
1.67
1.59
1,50
1.33
1.14
1.00

1.79
1.65
1.55
1.43
126
1.14
1.07
1.00

2,09
1.90
1.82
1.68
1.52
1.40
1.30
1.23
1.14
1.00

Table E-6. Average Area-Depth Relations in a 12-Hour,
25-Year Storm on the Little Wabash Basin

{square miles)

Area

25
50
100
200
500
1000
1510
1690
2000
2500
3200

Average rainfall (inches)
Entire

Upper

7.2
6.9
6.5
6.1
54
4.6
39

Lower

9.0
8.3
7.6
7.1
6.2
5.6
52
4.8

Table E-7. Unmodified Area-Depth Relations for Entire Little Wabash Basin

Average deptlh (inches) for given area (square miles)

(square miles) ] 12 18
Upper Little Wabash
25 1.93 .84 1.82
50 1.84 1.76 1.74
100 1.74 1.67 1.65
200 1.63 1.57 1356
500 1.42 1.39 1.38
1000 1.19 1.18 1.17
1510 1.00 1.00 1.00
Lower Little Wabash
25 1.97 1.87. 1.85
50 1.81 1.72 1.71
100 1.68 1.59 1.61
200 1.56 1.47 146
500 1.34 1.29 129
1600 1.19 1.16 1.16
1500 1.08 1,07 1.07
1690 1.00 1.00 100
Entirve Little Wabash
25 2.44 225 221
50 2.27 2.11 2,07
100 2.20 192 1.90
200 1.93 1.8t 178
500 1.69 1.62 1.60
1000 1.53 1.47 145
1500 i.42 1.37 1.3s6
2000 1.31 1.28 1.27
2500 1.20 118 1.17
3200 1.00 1.00 1.00
Date
7719-20/96
3/25-26/04
10/4-5/10
3/24-25/13
8/20-21/15
10/26-27/19
9/1-2/31
11/21-22/34
8/15-16/46
1/3-4/50

Table E-8. Monthly Distribution of 48-Hour

Month

January
February
March
April
May
June
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25

7.0
8.0

9.0

9.2
5.4
938
6.7
5.3
9.7
6.4

Heavy Rainstorms

Number

i B T ]

Month

July
August

September

Qctober

November
December

50

6.8
7.8
8.6
9.1
5.3
9.5
6.6
5.2
9.5
6.2

100 200
6.6 6.3
7.6 7.4
8.1 7.6
89 87
52 5.1
92 8.9
6.5 6.2
5.0 4.9
9.2 8.8
5.9 5.6
Number

3

4

4

2

4

1

500

5.9
7.0
7.0
8.2
5.0
84
6.0
4.6
78
5.3

Table E-9. Seasonal Distribution of 48-Hour

3-Month
period
Jan-Mar
Feb-Apr
Mar-May
Apr-Jun
May-Jul
Jun-Aug

000

5.5
6.7
6.5
76
4.8
7.9
5.7
44
6.6
4.9

1500

5.1
6.5
6.2
7.2
4.6
7.5
5.5
4.2
5.9
4.7

. 2000

4.8
6.3
59
6.7
4.4
7.2
5.2
4.1
52
4.5

2500

4.5
6.1
5.6
6.3
4.2
6.8
4.9
3.9
4.8
4.3

Heavy Rainstorms

Number

-
~1 0 00 bW

I-Month

, period
Jul-Sep
Aug-Oct
Sep-Nov
Oct-Dec
Nov-Jan
Dec-Feb

3200

3.9
5.6
4.3
5.6
3.9
6.2
4.5
3.7
4.2
4.2

2.0
8.7
7.9
7.4
6.6
6.0
5.6
5.4
5.2
4.8
4.1

MNuniber
11
10
10



Part F. The Embarras Basin

The Embarras Basin is located in E to SE Illinois
and has an area of approximately 2440 square miles.
The terrain is very flat for the most part with oc-
casional small hills reaching to 600 feet MSL along
the river valley. The basin is oriented NNW-SSE
with an elongated shape having an approximate
4:1 ratio between the major and minor axis. For
some analysis purposes, the basin was divided into
two parts (figure F-1). The upper portion has an
area of 1125 square miles and the lower portion
encompasses 1315 square miles.

Basin Climate

The annual average precipitation varies from 42
inches in the extreme southern part of the basin to
37 inches in the extreme north (figure F-2). The
basin mean is 40.08 inches. The average seasonal
precipitation is portrayed in figure F-3. Winter pre-
cipitation shows a general increase from the north-
ern to the southern part of the basin with a relative-
ly strong gradient. Average amounts range from 6.5
inches in the north to over 9 inches in the extreme
south. The variation in spring precipitation within
the basin is considerably less than in winter. There
is approximately a l-inch variation from north to
south. Only small differences in average rainfall oc-
cur in summer also. The range is only about 0.5
inch with the heaviest amounts in the western and
southern portions of the basin. The fall pattern is
similar to winter with a gradual increase in seasonal
amounts from north to south. However, maximum
differences are only about 1 inch.

The average annual frequency of thunderstorms
ranges from 46 in the north to 49 in the southern
part of the basin. This is less than the frequency in
the Little Wabash, Lower Kaskaskia, and Big Muddy
basins which lie to the W and SW of the Embarras.

The annual average frequency of hail is approxi-
mately two days, which is moderate with respect
to other Illinois basins. The northern extremity of
the basin lies in a region of relatively frequent tor-
nadoes, but the central and southern parts are in
lower to moderate frequencies.

The annual average temperature varies from 52°F
in the north to 55°F in the south. In the coldest
month, January, the mean monthly temperature
varies from 27°F in the extreme north to 31.5°F in
the extreme southern part of the basin. During
July, the hottest month, the mean temperature
ranges from approximately 75.5°F in the north to
77.5°F in the south.

Storm Precipitation Characteristics

The Embarras Basin lies directly east of the Little
Wabash Basin. Both basins experience basinwide
heavy rainstorms most frequently in spring and
fall. Summer storms are often more intense at their
centers, but cover much less area, on the average,
than the spring and fall storms. The two basins are
quite similar in their storm characteristics, but
storms do tend to be slightly more intense on the
Little Wabash, according to past experiences. Also,,
winter storms have been more of a problem on the
Embarras in the past than on the Little Wabash. Of
the 48-hour storm periods in which the basin mean
rainfall equaled or exceeded the 2-year recurrence-
interval value, nearly twice as many have been re-
corded on the Embarras in winter. This trend is
reversed in summer when the frequency of heavy
storms is somewhat greater on the Little Wabash.

Storm precipitation characteristics for the
Embarras are summarized in tables F-1 to F-9 and
figures F-1 to F-14.
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EMBARRAS RIVER BASIN
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Figure F-1. Location map, Embarras Basin
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Figure F-2. Average annual precipitation, Embarras Basin
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Figure F-3. Average seasonal precipitation, Embarras Basin




Table F-1. Point Rainfall Frequency Relations
on the Embarras Basin

Storm Depth (inches}) equaled or exceeded for
duration given recurrence interval (years)

(bours) 2 5 {0 25 50 1060
1 1.4 1.7 1.9 23 31 3.6
2 1.7 20 2.3 29 3.7 4.4
3 L9 2.3 26 3.3 4.1 4.9
6 2.3 2.7 31 4.0 4.9 59
12 2.6 3.3 3.7 4.8 5.8 7.0
18 29 36 4.1 5.3 6.4 7.7
24 31 3.9 4.5 5.8 7.0 8.4
48 3.4 4.2 5.0 6.4 7.7 9.2

Table F-2. Basin Mean Rainfall Frequency Relations

Recurrence  Average rainfall depth (inches) equaled or exceeded
interval for given storm period (hours)
{years) & 12 i8 24 30 36 48
Upper Embarras -
1 038 0.9 1.0 1.0 .i 1.2 13
2 1.4 1.8 2.0 2.1 22 23 24
5 20 2.4 2.7 28 29 30 33
10 24 29 32 33 35 36 39
15 2.6 3.2 35 3.7 38 39 42
20 28 34 3.7 3.9 41 42 45
25 29 3.6 3.9 4.1 43 45 46
30 30 3.7 4.0 42 44 46 438
35 3.1 3.8 42 44 46 47 49
40 3.2 3.9 4.3 45 47 48 5.0
50 3.3 4.1 4.4 4.6 48 49 52
75 3.6 4.4 4.7 5.0 52 53 356

100 3.8 4.6 50 5.2 54 55 58
Lower Embarras :

1 0.7 0.9 1.0 1.1 1.2 1.3 14
2 1.5 1.8 1.9 21 22 23 24
5 2.1 2.6 28 3.0 31 321 3.4
10 2.5 31 34 3.6 38 39 41
15 2.7 34 37 40 4.2 4.3 45
20 2.9 36 4.0 4.2 45 46 438
25 3.0 3.8 4.2 4.4 47 48 5.0
30 3.1 39 4.3 4.6 49 50 52
35 32 4.0 4.4 4,7 50 52 53
40 3.3 4.1 4.5 48 51 53 54
50 14 4.3 4.7 5.0 53 535 56
75 36 4.5 5.0 5.3 5.7 58 6.0
100 3.7 4.7 5.2 5.5 6.0 6.1 6.3
Entire Embarras
1 0.7 08 0.9 09 10 11 1.3
2 1.4 1.7 1.9 21 22 23 24
5 1.9 24 2.7 29 30 31 3.2
10 2.2 28 3.1 14 36 37 38
15 2.4 31 3.4 3.7 39 40 4.1
=20 2.6 33 3.6 39 41 42 44
25 2.7 34 18 4.1 43 44 46
30 238 35 3.9 4.2 44 46 4.7
35 2.8 36 4.0 4.3 45 47 4.8
40 2.9 37 4.1 4.4 46 48 49
50 3.0 18 4.2 4.5 48 50 351
75 3.2 4.1 4.5 4.8 51 53 54
100 14 4.3 4.7 5.0 53 5.5 5.7

Table F-3. Frequency Distribution of Areal Mean Rainfall
for Specific Integral Areas on the Embarras Basin

Recurrence Average depth (inches) equaled or
interval exceeded for given area (square miles)
(years) 10 25 50 100 200 400

i-Houyr storm period

2 1.3 1.2 1.1 1.0 0.9 0.9
5 1.6 1.5 1.4 1.2 1.1 1.1
10 1.8 1.7 1.5 1.4 1.3 1.2
25 2.3 2.2 2.0 1.8 1.7 1.6
50 2.9 2.7 2.5 2.3 2.1 2.0
100 3.3 31 2.9 2.6 2.4 2.3
2-Hour storm period
2 1.6 1.6 1.5 1.4 1.3 1.2
5 1.9 1.9 1.7 1.6 1.5 1.4
10 2.2 2.1 2.0 1.8 1.7 1.6
25 2.8 2.7 2.5 2.3 2.1 2.1
50 3.5 34 32 3.0 2.7 2.6
100 4.2 4.1 3.8 3.5 3.3 31
3-Hour storm period
2 1.8 1.3 1.7 1.6 1.5 1.5
5 2.2 2.2 2.1 2.0 1.8 1.8
10 2.5 2.5 2.3 2.2 21 2.0
25 3.2 3.1 3.0 2.8 2.6 2.6
50 4.0 3.9 3.7 3.5 3.3 .32
100 4.8 47 44 42 39 38
6-Hour storm period ’ .
2 2.2 22 2.1 2.0 2.0 1.9
5 2.6 2.6 2.5 2.4 2.3 2.2
10 3.0 30 29 28 26 25
25 3.9 3.8 3.7 3.6 3.4 33
50 4.3 4.7 4.5 4.4 4.2 4.0
100 5.7 5.7 54 5.3 5.0 4.8
12-Hour storm period

' pA 25 25 2.4 2.4 23 2.3

5 3.2 3.2 31 30 2.9 29

10 3.6 36 3.5 3.4 33 3.2

25 4.7 4.7 4.5 4.4 4.3 4.2

50 5.7 5.6 5.5 5.3 5.2 5.0

100 6.9 6.8 6.6 6.4 6.2 6.1
18-Hour storm period

2 28 2.8 2.7 2.7 2.6 2.6

5 35 3.5 34 3.3 33 3.2

10 4.0 4.0 3.9 3.8 3.7 3.6

25 5.2 5.1 5.0 4.9 48 4.7

50 6.3 6.2 6.0 5.9 5.8 5.7

100 7.5 7.5 7.2 7.1 7.0 6.9
24-Hour storm period

2 3.0 30 29 2.9 2.9 2.8

3 38 ig 3.7 3.6 3.6 3.5

10 4.4 4.4 4.3 4.2 4.1 4.1

25 5.7 5.7 5.5 5.4 5.3 5.3

50 6.9 6.9 6.6 6.5 6.4 6.4

100 8.2 8.2 8.0 7.8 7.7 7.6
48-tour storm period

2 3.4 3.4 3.3 32 3.2 3.2

5 4.2 4.2 4.0 39 3.9 3.9

10 5.0 5.0 4.8 4.7 4.6 4.6

25 6.3 6.3 6.1 60 6.0 6.0

50 7.6 7.6 7.4 7.2 7.2 7.2

100 9.1 9.1 88 86 86 86
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Table F4. Frequency Distribution of Areal Maximum
Rainfall on Embarras Basin

Hecuryence
imterval Average depth (inches) for given area (square miles}
{years) 25 50 106! 2040 5042 1000
G-Hour storms
2 2.7 2.7 2.6 2.3 2.1 1.8
5 4.0 3.9 3.6 3.5 32 2.7
10 49" 4.7 4.4 4.2 3.7 3.2
25 6.0 5.8 5.3 5.1 4.3 3.7
50 6.8 6.5 6.0 5.6 4.8 . 4.0
100 7.5 7.3 6.7 6.2 5.2 4.4
12-Hour storms
2 3.2 32 3.1 2.8 2.6 2.3
5 4.8 4.7 4.4 4.2 3.8 3.3
10 5.9 5.7 5.3 5.1 4.5 4.0
25 7.3 6.9 6.4 6.1 5.3 4.6
50 82 7.8 7.2 6.8 5.9 5.0
100 9.0 8.7 8.0 7.5 6.4 5.5
18-Haur storms
2 3.5 35 3.4 3.0 2.9 2.5
5 5.3 51 4.8 4.6 4.2 3.7
10 6.5 62 - 59 5.5 5.0 4.3
25 1.9 7.6 7.1 6.6 5.8 5.0
50 8.9 8.5 8.0 7.4 6.4 5.5
100 9.9 9.5 8.8 8.1 7.0 6.0
24-Hour storms
2 3.7 3.7 3.6 3z 3.0 2.7
5 5.6 5.4 5.1 5.0 4.4 3.9
.10 6.8 6.6 6.2 5.9 5.3 4.6
25 8.4 8.0 7.5 7.1 6.1 53
50 9.4 9.0 8.5 7.9 68 5.9
100 10.4 10.1 9.4 8.7 7.4 6.4
30-Hour storms
2 39 39 38 3.4 3.2 2.8
5 5.8 5.6 5.4 5.2 4,7 4.1
10 7.1 6.9 6.5 6.2 5.5 4.9
25 8.7 8.4 7.8 7.4 6.5 5.6
50 29 9.4 8.8 8.3 71 6.2
100 10.9 10.5 98 9.1 7.8 6.8
36-Hour storms
2 4.0 4.0 3.9 35 3.3 2.9
5 6.0 5.8 5.5 5.3 4.8 4.2
10 7.4 7.1 6.7 6.4 5.7 5.0
25 4.0 8.6 8.1 77 6.6 5.8
50 10.2 9.7 4.1 8.5 7.3 6.3
100 11.3 10.9 101 9.4 8.0 6.9
48-Hour storms :
2 4.1 4.1 4.0 3.6 3.4 3.0
5 6.2 6.0 5.7 5.5 5.0 4.4
10 7.6 7.3 6.9 6.6 5.9 5.2
25 9.3 8.9 8.3 7.9 6.9 6.0
50 10.5 10.0 2.4 8.8 7.6 6.6
100 11.6 11.2  10.4 2.7 8.3 7.2
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Table F-5. Average Slope of Area-Depth Curves
on Embarras River Basin

Incremental
areas
(square miles) &
Upper Embarras
25 1.79
50 1.69
100 1.56
200 1.46
- 500 1.26
1000 1.05
1125 1.00
Lower Embarras
25 1.80
50 1.72
100 1.60
200 1.50
500 1.33
1000 1.12
1315 1.00
Entire Embarvas
25 2.21
50 2.14
100 2.02
200 1.89
500 1.68
1000 1.44
1500 1.28
2000 1.12
2440 1.00

Ratio of mean rainfall on incremental

areas to basin mean rainfzll
Jor given storm duration (bours)

12

1.1
1.62
1.53
1.41
1.25
1.05
1.00

1.72
1.64
1.55
1.45
1.31
1.12
1.00

2.07
2,01
1.90
1.78
1.60
1.40
1.25
1.12
1.00

ig

1.71
1.61
1.53
1.41
1.24
1.05
1.00

1.71
1.61
1.54
1.44
1.29
1.10
1.00

2.01
1.95
1.87
1.73
1.56
1.35
1.21
1.11
i.00

.24

1.69
"~ 1.60
1.51
1.41
1.23
1.05
1.00

1.68
1.60
1.52
1.43
1.27
1.10
1.00

1.99
1.92
1.84
1.73
1 1.53
1.35
1.20
1.11
1.00

36

1.69
1.59
1.51
1.41
1.23
1.05
1.00

1.69
1.59
1.52
1.43
1.27
1.1¢
1.00

1.96
1.90
1.82
1.71
1.52
1.34
1.21
1.11
1.00

48

1.67
1.58
1.49
1.39
1.23
1.05
1.00

1.67
1.58
1.50
1.41
1.27
1.1¢
1.00

1.94
1.88
1.80
1.69
1.52
1.34
1.21
111
1.00

Table F-6. Average Area-Depth Relations in a 12-Hour,
25-Year Storm on the Embarras Basin

Area

(square miles)

25
50
100
200
500
1000
1125
1315
1500
2000
2440

Average rainfall (inches)

Upper

6.2
5.8
5.5
5.1
4.5
3.8
kX

Lower

6.5
6.2
5.9
5.5
5.0
4.3
4.1
3.8

Entire

7.0
6.8
6.3
6.1
5.4
4.8
4.7
4.5
4.3
38
3.4



Table F-7. Unmodified Area-Depth Relations for Entire Embarras Basin

Average depil (inches) for given area (square miles)

{ate 25 50 1o0g 200 500 1000 1500 2000 2440
3/25-26/04 6.73 6.65 6.52 6.30 5.81 515 4.64 420 387
3/24-25/13 5.96 5.93 5.87 5.77 5.36 469 4.17 3.76  3.45
8/20-21/15 487 4.65 441 415 3.70 3.26 290 2,57 2.26
10/26-27/19 598 593 586 5.78 5.62 5.32 497 4.58 4.06

9/8-9/26 8.98 8.70 835 793 7.11 6.10  5.25 4.49 4.86
3/2-3135 4.99 4.86 472 4.55 4.28 3.99 176 3.57 34
11/2-3/36 4.56 4,53 449 4.44 4.28 4.10 3.39 3.68 3.46
1/3-4/50 6.36 6.28 6.18 6.03 5.68 5.24 4.87 4.55 4.29

8/31-9/1/50  6.19 592 562 529 4.81 434 396 3460 3.25
8/28-29/51 6.28 6.07 5.83 553 5.01 443 3.96 3.54° 319

Table F-9. Seasonal Distribution of 48-Hour
Table F-8. Monthly Distribution of 48-Hour Heavy Rainstorms

Heavy Rainstorms

I-Month 3-Month
Month Number Month Number period Number Tpered , Number
January : 1 July 1 Jan-Mar 7 Jul-Sep s
February 1 August 3 Feb-Apr 8 Aug-Oct 9
March 5 Seprember 1 Mar-May 12 Sep-Nov : 9
April 2 October 5 Apr-Jun 8 Oct-Dec 11
May 5 November 3 May-Jul 7 Nov-Jan 7
June 1 December 3 Jun-Aug 5 Dec-Feb 5
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Figure F-6. Storm of August 20-21, 1915
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Figure F-5. Storm of March 24-25, 1913
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ICALE OF MILES
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Figure F-7. Storm of October 26-27, 1919
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Figure F-10. Storm of November 2-3, 1936

Figure F-9. Storm of May 2-3, 1935
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Figure F-11. Storm of January 3-4, 1950
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Part G. The Spoon River Basin

The Spoon River Basin has an area of 1855
square miles. The river discharges into the Illinois
River at Havana in west central Illinois. The major
axis of the basin is oriented NNE-SSW. The basin
shape is elongated with an approximate ratio of
3:1 between length and width (figure G-1).

Basin Climate

There is only a slight variation in annual mean
temperature and precipitation in the basin. Mean
annual temperature ranges only from approximtely
50.5°F in the north to 51.0°F in the south. Mean
precipitation (figure G-2) varies from slightly under
34 inches to slightly over 35 inches.

Seasonally, the range in temperature and precipi-
tation is small also. Figure G-3 shows the average
precipitation patterns for winter, spring, summer,
and fall. None shows differences exceeding 1 inch
across the basin. Similarly, monthly mean tempera-
tures do not vary much throughout the basin. In
the coldest month, January, the mean ranges from
about 23°F in the north to 24°F in the south. Dur-
ing July, the warmest month, the mean varies from
approximately 74.5°F to 75.5°F.

The average annual frequency of thunderstorms
varies from 47 to 49 within the basin (Changnon,
1957). On the average, the point frequency of hail
is 2 days per year. Compared with the rest of the
state, the tornado frequency is relatively low.

Storm Precipitation Characteristics

Tables G-1 to G-9 and figure G-l to G-14 pro-
vide a statistical description of heavy rainfall prop-
erties in the Spoon River Basin. The severe rain-
storms tend to be concentrated more in summer in
this basin than in the more southerly basins. Thus,
approximately 40 percent of the storms producing
a basin mean rainfall equaling or exceeding the 2-

year recurrence value occur in summer in the Spoon
River Basin compared with 26 percent in the Big
Muddy Basin, the most southerly of the six basins
studied. Conversely, heavy storms are very infre-
quent in the winter in the Spoon River area. Where-
as 20 percent of the heaviest 48-hour storms have
occurred in the winter in the Big Muddy, only 6
percent have been recorded in the Spoon River
Basin where snowfall is the most frequent type of
winter precipitation.

Table G-1. Point Rainfall Frequency Relations
on Spoon River Basin

Srorm Depth (inches) equaled or exceeded for
duration given recurrence interval (years)

{hours) 2 5 i0 25 50 100
1 1.4 1.7 19 2.4 29 . 34
2 16 1.9 2.2 2.8 34 40
3 1.7 2.1 2.5 32 .’1'.7 4.4
6 20 2.6 3.0 3.7 4.4 52
12 2.3 30 36 4.5 53 62
18 2.6 3.3 38 4.9 5.9 6.9
24 28 3.6 4.2 5.3 6.4 7.5
48 10 4.0 4.7 5.9 7.0 8.4

Table G-2. Basin Mean Rainfall Frequency Relations
on Spoon River Basin

‘ecurrence  Average mainfall depth (inches) equaled or exceeded

interval for given storm period (bours)
{years} 6 12 18 249 0 36 48
1 0.9 1.2 1.2 1.4 15 15 16
2 1.5 18 20 22 23 24 25
5 2.1 2.6 2.9 31 7 33 34 35
10 2.4 3.0 34 3.6 38 39 41
15 2.5 3.2 35 3.8 40 41 4.3
20 2.7 3.3 3.7 4.0 42 43 45
25 2.7 3.4 38 4.0 4.3 44 4.6

30 238 35 39 4.1 44 4.5 4.7
40 2.8 3.6 3.9 4.2 45 46 438

50 3.0 3.7 4.1 4.4 46 48 5.0
75 31 LR 4.3 4.6 48 50 352
100 3.2 4.1 4.5 4.8 51 5.3 5.5
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Figure G-3. Average seasonal precipitation, Spoon River Basin



Table G-3. Frequency Distribution of Areal Mean Rainfall

for Specific Integral Areas on the Spoon River Basin

Recurrence
interval
(years} i¢
I-Hour storm period
2 1.3
5 1.6
10 1.8
25 2.2
50 2.7
100 3.2
2-Hour storm period
2 1.3
5 1.3
10 2.1
25 2.7
50 3.2
100 3.8
3-Hour storm period
2 1.6
5 2.9
10 24
25 3.1
50 3.6
160 4.3
6-Hour storm period
2 1.9
1.5 2.5
10 2.9
25 3.6
50 4.3
100 5.0
{2-Hour storm period
2 2.3
5 2.9
i0 3.5
25 44
50 5.2
100 6.1
[§-Hour storm period
2 25
5 3.2
10 3.7
25 4.8
50 5.8
100 6.8
24-Hour storm period
2 2.7
5 15
10 4.1
25 5.2
50 6.3
100 7.4
48-Hour storm period
2 3.0
5 4.0
10 4.7
25 5.8
50 6.9
100 8.3

25

1.2
1.5
1.7
2.1
2.5
30

L5
1.8
2.0
2.6
3.2
3.7

1.6
20
24
30
35
4.2

1.9
2.5
2.9
3.6
4.2
5.0

2.2
29
3.5
4.4
5.1
6.0

2.5
3.2

3.7

4.8
5.7
6.7

2.7
3.5
4.1
5.2
6.3
7.4

3.0
4.0
4.7
5.8
6.9
8.2

50

1.1
1.4
1.5
1.9
2.3
2.7

1.4
1.6
1.9
2.4
2.9
3.4

1.5
1.9
2.2
2.9
3.3
4.0

1.8
2.4
2.8
3.4
4.0
4.8

2.2
28
3.4
4.2
5.0
5.8

2.4
31
36
4.6
5.5
6.5

2.7
34
4.0
5.0
6.1
71

29
38
4.5
5.9
6.7
8.1

1006

1.0
1.2
1.4
1.8
2.1
2.5

1.3
1.5
1.8
2.2
2.7
32

14
1.8
2.1
2.7
3a
3.7

1.8
2.3
2.7
3.3
3.9
4.6

2.1
2.7
3.3
4.1
4.8
5.6

2.4
3.0
3.5
4.5
5.4
6.3

2.6
33
3.9
4.9
6.0
7.0

2.8
18
4.4
5.5
6.6
7.9

Average depeh (inches) equaled or
exceeded for given area (square miles)
200

0.9
1.1
1.3
1.6
1.9
2.3

1.2
14
16
2.1
2.5
3.0

1.4
1.7
2.0
2.6
3.0
3.5

1.7
2.2
2.6
3.1
3.7
4.4

2.0
2.7
3.2
4.0
4.7
5.5

2.4
30
3.5
4.5
5.4
6.3

2.6
3.3
3.9
49
5.9
6.9

2.8
3.7
4.4
5.5
6.5
7.8

400

0.9
1.1
1.2
1.5
1.9
2.2

1.1
1.3
1.6
2.0
2.4
2.8

1.3
1.6
2.0
2.5
2.9
£

1.6
2.1
2.5
30
3.6
4.3

2.0
26
3.1
ERY
4.6
5.4

2.3
29
3.4
4.4
5.3
6.1

2.5
3.3
38
4.8
5.8
6.8

2.8
3.7
4.4
5.5
6.5
78

Table G4. Frequency Distribution of Areal Maximum

Rainfall on Spoon River Basin

Average depth (inches) for given area (square miles)

Recurrence
interval
(years) 25
G-Hour storms
2 3.4
5 4.6
10 5.5
25 6.6
50 7.5
100 8.4
12-Hour storms
2 4.1
5 5.5
10 6.6
25 8.0
50 240
100 10.1
18-Hour storms
2 4.4
5 6.0
10 71
25 8.7
50 238
100 11.0
24-Hour storms
2 4.7
5 6.3
10 7.6
25 92
50 10.3
100 11.6
48-Hour storms
2 5.2
5 7.0
10 8.4
25 16.2
50 11.5
100 12,9

50

3.2
4.3
5.1
6.2
7.1
7.9

38
5.1
6.2
7.5
8.5
9.5

4.2
5.6
6.7
8.2
23
10.4

44
5.9
7.1
8.6
9.8
11.0

49
6.6
7.9
9.6
10.9
122

ioo

3.0
4.0
4.8
59
6.6
7.4

3.5
4.8
5.7
6.9
7.9
8.8

3.9
53
6.3
7.7
8.7
9.7

4.1
5.6
6.7
8.1
9.2
10.3

4.6
6.2
7.4
2.0
10.2
11.4

200

2.8
3.6
4.4
5.3
6.0
6.7

33
4.4
5.2
6.4
72
8.1

3.6
4.8
5.7
7.0
7.9
8.8

3.9
5.1
6.1
7.5
85
9.4

4.3
5.7
6.8
83
9.4
10.5

500

2.3
3.1
37
4.5
5.0
5.4

2.8
3.8
4.5
5.5
6.1
6.6

30
4.1
5.0
6.0
6.6
7.2

32
4.4
5.3
6.3
7.0
7.7

3.6
4.9
5.9
7.1
7.9
8.6

1000

1.9
2.6
3.1
35
3.8
4.0

24
3.3
39
4.4
4.7
4.9

2.6
3.6
4.2
4.8
5.1
5.4

2.8
38
4.5
5.2
55
5.8

31
4.3
5.1
58
6.2
6.5
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Table G-5. Average Slope of Area-Depth Curves
on Spoon River Basin

incremenital
areas
{square miles)

25

50

100

200

500
1000
1500
1854

Table G-8. Monthly Distribution of 48-Hour

Month

January
February
March
April
May
June

78

3

- 2.24

2,10
1.92
1.78
1.54
1.29
.12
1.00

Ratio of mean rainfall on incremental
areas to basin mean rainfall

for piven storm duration (bours)

12

2.14
2.01
1.84
1.70
1.50
1.28
1.11
1.00

Date

i8 24
2.11 2.08
198 195
1.83 181
1.68 1.68
148 1.45
1.27 1.26
1.10 110
1.00 100

16

2.05
193
1.79
1.66
1.44
1.25
110
1.00

48

2.03
1.91
1.77
1.64
1.44
1.25
1.1¢
1.00

Table G-6. Average Area-Depth Relations in a 12-Hour,

Area

(square miles)

25
50

100
200
500
1000
1500
1854

25-Year Storm on the Spoon River Basin

Average
rainfall (inches)

7.3
6.6
6.3
5.8
5.1
4.4
38
3.4

Table G-7. Unmodified Area-Depth Relations for Spoon River Basin

25

9/23-24/61 6.5
9/13-14/61 5.5
3/24-25/54 5.9
7/16-17/50 8.1
6/11-12/46 6.5

918-9/27

7.2

9f24-25/11 6.8
7/18-19/02 7.5
7/17-18/02 7.1

1/2-3/97

5.7

Heavy Rainstorms

MNuniber

(=9 SRR FVEY N o

Month

July
August
September
Qctober
November
December

Average deptb (inches) for given area (square miles)

50

6.4
5.3
5.8
7.8
6.3
6.9
6.7
7.3
7.0
5.6

100

6.2
54
5.6
7.3
6.2
6.5
6.3
7.0
6.8
5.4

Number

— W =1 b N

200 500
5.9 5.5
5.3 5.1
5.4 5.0
6.8 5.8
6.0 5.5
5.9 51
6.2 5.6
6.6 5.8
6.5 5.9
5.2 4.9

Table G-9. Seasonal Distribution of 48-Hour

3-Month

period
Jan-Mar
Feb-Apr
Mar-May
Apr-Jun
May-Jul
Jun-Aug

1000

5.0
4.9
4.6
4.8
4.9
4.4
1.9
5.1
5.2
4.7

1500

4.3
4.9
4.1
42
4.3
3.9
4.3
4.6
‘4.6
4.2

1854

3.9
4.7
3.7
3.9
3.9
3.5
3.8
4.3
4.2
4.0

Heavy Rainstorms

Number

3
5
7
11
14

14

I-Month
period
Jul-Sep
Aug-Oct
Sep-Nov
Oct-Dec
Nov-Jan
Dec-Feb

Number

15
14
12
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Figure G-4. Storm of January 1-2, 1897

Figure G-5. Storm of July 17-18, 1902

FCALE F WILES
o 5 045
| s s——

Figure G-6. Storm of July 18-19, 1902

Figure G-7. Storm of September 24-25, 1911
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Figure G-9. Storm of June 11-12, 1946
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Figure G-10. Storm of July 16-17, 1950

Figure G-11. Storm of March 24-25, 1954
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Part H. Storm Characteristics Mutually Applicable to All Basins

Analyses have shown that certain storm charac-
teristics are similar for all basins regardless of size,
location, or other differences. Although variations
in these characteristics were found between basins,
differences appeared to be randomly distributed
and not related to meteorological or climatological
factors. The variations probably represent sampling
variations rather than real differences. Therefore, it
was decided to average basin values to obtain more
representative relationships for the 6-basin area.

Orientation and Shape of Storms

For each basin, the 50 heaviest storms of record
were used to develop a frequency distribution of
storm orientations. Variations between basins
showed no apparent relationship to basin size or
differences in precipitation climate among the six
basins. Averaging of the orientation data for all six
basins produced the frequency distribution of
azimuths shown in table H-1. As found in other
Ilinois storm studies (Huff and Semonin, 1960;
Huff and Vogel, 1976), heavy rainstorms are most
frequently oriented WSW to ENE, followed by SW-
NE, and WNW-ESE orientations. The results in table
H-1 agree well with those found for storms in
northeastern Illinois by Huff and Vogel (1976).

Studies of the shape of storms in Illinois have
shown that an elliptical shape is most frequently
associated with the isohyetal patterns produced by
severe rainstorms (Stout and Huff, 1962). Table
H-2 shows average shapes, expressed as the ratio of
the major to minor axis of the storm, for isohyetal
centers encompassing areas of 100 to 10,000
square miles. The ratios are applicable to storms
having durations of 6 to 48 hours.

Synoptic Storm Types

The distribution of synoptic storm types was de-
temined through use of all storms having a basin
mean rainfall exceeding the amount expected on
an average of once in 2 years. Data from the six
basins were combined, since there was no reason
from meteorological considerations or examination
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Table H-1. Orientation Distribution of Severe
Rainstorms in 6-Basin Region

Percent
Azimuth of

{degree) storms
180-205 3
206-225 12
226-245 26
246-265 24
266-285 17
286-305 8
306-325 7
326-360 3

Table H-2. Average Shape of Severe Rainstorms
in lllinois

Storm areg enclosed Ratio, major to

{square miles) minor axis

106 2.27

200 2.56

500 2.92

1,000 : 319
2,000 3.47
5,000 3.72
10,000 4.08

of the data to separate them. Considerable variation
existed, but it was randomly distributed and a re-
flection of sampling variation rather than basic dif-
ferences in storm types.

Results are summarized in table H-3. Air mass
storms were seldom associated with the rather large-
scale basin storms, and this agrees with findings
from our raingage network studies in various regions
of Illinois. As shown in table H-3, they accounted
for only 2 percent of the heavy storms for the
combination of six basins. The most for any basin
was six percent in the Big Muddy. The heavy basin
storms were most frequently associated with sta-
tionary fronts. Combining the two categories of
stationary fronts in table H-3, 34 percent were as-
sociated with this synoptic storm type. Cold frontal
storms ranked second to stationary fronts in pro-
ducing the severe storms studied on the six basins.



Table H-3. Frequency Distribution of Synoptic
Storm Types on Six Basins

Storm rype FPercent of total storms
Cold front 14
Warm front 6
Stationary front 15
Cold plus warm front ' 10
Low center 11
Air mass storm 2
Cold front with waves 11
© Warm front with waves 12
Stationary front with waves 19
All cold fronts 25
All warm fronts 19
All stationary fronts 33

Time Distribution of Heavy Rainfall

A study was made of the time distribution of
rainfall in severe rainstorms in Illinois. In this study,
the percentage of the 24-hour storm rainfall was
calculated for selected incremental periods in each
of the storms for which detailed field surveys were
made (Stout and Huff, 1962). Results of this study
are summarized in table H-4, which shows the per-
centage distribution for the 3-hour, 6-hour, and
12-hour periods of maximum rainfall in each storm
for which adequate data were available to define
the maximum rainfall.

Calculations were made for selected areas pro-
gressing outward from the storm core. Thus, in the
storm of July 8-9, 1951, 63 percent of the total
storm rainfall over the 25 square miles with the
heaviest storm rainfall occurred during the 3-hour
period of maximum intensity. Similarly, over the
500 square miles with the heaviest rainfall, 60 per-
cent of the total storm rainfall was recorded in the
3-hour period of maximum rainfall, and oyer the
5000 square miles of heaviest rainfall, 45 percent
of the storm total occurred in the 3-hour period of
maximum rainfall.

Table H-4 shows considerable variability in the
percentage distribution between individual storms,
as expected. Median values are given for each in-

cremental period, based upon all storms analyzed,
and these values are considered most useful for hy-
drologic applications. Although based upon data
for storms over several regions in the state, the data
in table H-4 are representative of conditions on
the six basins, since the time distribution relation-
ship in storms should not vary appreciably through-
out the state. Figure H-1 is a graphical presentation
of the median time distribution for selected areas
within severe storms during maximum rainfall peri-
ods of 3 to 24 hours.

Time between Successive Severe Rainstorms

Figure H-2 shows the frequency distribution of
elapsed time between storms having average recur-
rence intervals of 2 and 5 years. The elapsed time
in months is plotted against probability in percent.
Curves were developed initially for each basin, but
combined because differences were relatively small
and randomly distributed among the basins.

Use of figure H-2 is illustrated by the following
example. Assume one wishes to determine the
probability of two storms with mean rainfall equal-
ing or exceeding the average 2-year recurrence
value following each other within a period of 1
month, 6 months, 12 months, and 24 months.
Moving horizontally from the 1, 6, 12, and 24-
month points on the y-axis to the 2-year curve gives
the desired probabilities. The probability of two
such storms following each other within 1 month
is 4 percent, or one chance in 25 that the next 2-
year or greater storm will occur within 1 month.
Similarly, the probability is approximately 22 per-
cent that the next storm will come within 6 months,
36 percent that it will occur within 12 months, and
61 percent that it will take place within 24 months.
With a uniform time distribution, the 24-month
probability would be 50 percent. However, the dis-
tribution is skewed because of the tendency for
heavy storms to occur with greater than average
frequency during wet periods and with subnormal
frequency during drought periods.
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Table H-4. Time Distribution of Storm Rainfall

Percent of 29-bour storn rainfall for given areas (square miles)

Duirie 25 50 1o 200 500 1000 2000 000 10,000
Maximum 3-Hour Rainfall
7/8-9/31 63 64 64 64 60 58 55 45
6/14-15/57 53 51 50 47 44 40 37 30
6/27-28157 36 36 37 36 36 36 37 37 37
7/12-13157 45 45 45 44 42 41 39 36
8/16-17/59 39 38 38 37 35 33 31 27 24
Median 45 45 45 44 42 40 37 36
Maximum 6-Hour Rainfall
7/8-9/51 99 97 97 97 97 96 97 95 93
10/9-10/54 45 45 44 44 43 42 42 40 39
5/26-28/56 78 78 75 73 71 66
5/21-23/57 89 86 84 83 81 76 74 &7
6/14-15/57 7 74 72 69 65 60 54 46
6/27-28/57 70 69 70 69 67 66 65 62 60
7/12-13/57 61 62 62 60 60 59 58 54
7714458 36 85 85 88 79 81 76 87
8/16-17/59 49 49 49 49 49 49 49 49 51
Median 76 74 72 69 67 66 62 58 55
Maximum 12-Hour Rainfall
7/8-9/51 100 100 100 100 100 100 100 100 100
10/9-10/54 62 62 62 62 61 62 62 60 61
5/26-28/56 84 84 82 79 77 74
5/21-23/57 92 91 90 89 87 84 79 75
6/14-15/57 99 98 97 97 - 96 95 93 1 86
6/27-28/57 97 96 95 93 | 90 87 83 78
T/12-13/57 87 87 87 86 86 a4 85 83
7/14/58 100 100 100 100 100 100 100 100
8/16-17/59 90 90 N 89 89 86 85 81 78

Median 91 21 21 89 87 86 85 83 78
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Part I. Comparison of Storm Characteristics Among Basins

Analytical results from the six basins were ex-
amined to determine similarities and differences
among them with respect to mean rainfall frequency
distributions, the spatial distribution of storm rain-
fall as reflected in the area-depth relations, and the
time distribution of storms as shown by their
monthly and seasonal distribution. Findings are
briefly summarized in the following paragraphs.

For comparison of mean rainfall frequency rela-
tions, the characteristics of 24-hour storm rainfalls
have been used. Most of the heavy rainfall in the
storms studied fell in 24 hours and less. Further-
more, the 24-hour relations reflect those for other
storm periods, since the others were usually parts
of the same storm systems as the 24-hour rainfalls.

Basin Mean Rainfall Frequency

Table I-1 shows a comparison of mean rainfall
frequency relations for each basin and partial basin
area studied. As pointed out earlier, basin mean
rainfall frequency is related to basin size, so that
examination of similarities and differences must be
done between areas of similar size. The Upper Kas-
kaskia, Big Muddy, and Embarras (entire basin) are
approximately the same size. For a given recurrence
interval, table I-1 shows the heaviest rainfall amounts
in the Big Muddy, followed by the Upper Kaskaskia.
The Big Muddy is the most southerly of these
basins and has a longer convective rainfall period
on a yearly basis than the other two basins. Also,
temperatures tend to be higher and, therefore, the
moisture-carrying potential greatest in the Big
Muddy. Note that the rainfall differences become
greater as the recurrence interval is increased.
Whereas the maximum difference among the three
basins is only 0.4 inch for the 2-year recurrence,
it increases to 1.6 inches at a 50-year frequency
and 2.2 inches at a 100-year occurrence. The heavier
rainfalls in the Big Muddy are in agreement with
the point rainfall frequency relationships derived
by Huff and Neill (1959) which showed the heaviest
point rainfall for a given frequency is in the extreme
southern part of the state.

Other comparisons between areas of equivalent

size in table I-1 show trends similar to those dis-
cussed above. The major differences in each case
are with the longer recurrence intervals. Differences
at the 2-year and 5-year levels are usually small and
insignificant.

Comparison between Fixed Sub-Areas
within the Six Basins

A comparison of mean rainfall frequency values
for three sizes of fixed sub-areas is presented in
table [-2, based on 24-hour storm rainfalls. Only
entire basins have been compared. The results sup-
port those in table I-1. For a given recurrence inter-
val, rainfall amounts increase southward in the state.
Thus, the largest amounts occur in the most south-
erly basin (Big Muddy) and the smallest in the two
most northerly basins (Sangamon, Spoon).

Sub-Area Envelopes of Maximum Rainfall

Another comparison involved mean rainfall fre-
quency relations for envelope values of mean rain-
fall on basin sub-areas. This refers to the heaviest
mean rainfalls that occurred anywhere in the basin
for a given size of sub-area and recurrence interval.
Again, this was done for 24-hour rainfall. Results
are summarized for selected sub-areas in table I-3.
As expected, trends are similar to those found in
the previous two tables. However, differences are
more pronounced. For example, the heaviest mean
rainfall expected to occur on a contiguous area of
100 square miles, somewhere in the basin, during
an average 50-year period is 11.9 inches for the Big
Muddy compared with 9.3 and 9.2 inches, respec-
tively, for the Sangamon and Spoon basins.

Comparison of Area-Depth Relations
between Basins

Table I-4 shows a comparison of average area-
depth curve slopes for 24-hour rainfalls. The slope
is a measure of the rainfall gradient in the storm,
and, consequently, the spatial variability. Similar
to table I-1, it is necessary to compare areas of
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Table I1-1. Comparison of Basin Mean Rainfall Frequency Relations
for 24-Hour Storm Periods

Area Area average depth (inches) for given recurvence (years)

Basin (square miles) 2 5 10 25 50 100
Upper Kaskaskia 2500 2.2 3.0 3.7 4.5 5.1 5.8
Lower Kaskaskia 3300 2.4 31 3.8 4.9 6.0 7.3
Entire Kaskaskia 5800 2.0 2.6 3.2 4.3 5.2 6.4
Big Muddy 2380 2.5 3.5 4.1 5.2 6.1 7.2
Sangamon 5450 21 2.8 3.4 4.0 4.5 5.0
Upper Little Wabash 1510 2.0 29 3.6 4.6 53 6.0
Lower Little Wabash 1690 2.3 35 4.4 5.6 6.6 7.6
Entire Little Wabash 3200 2.1 3.1 3.9 5.0 5.7 - 6.5
Upper Embarras 1125 2.1 28 33 4.1 46 5.2
Lower Embarras 1315 2.1 3.0 3.6 1.4 50 5.5
Entire Embarras 2440 21 2.9 3.4 4.1 4.5 5.0
Spoon 1855 2.5 3.5 4.1 4.6 50 5.5

Table 1-2. Comparison of Mean Rainfall Frequency Relations

for 24-Hour Storm Periods in Basin Fixed Sub-Areas of Various Sizes
(specific integral areas)

Mean rainfall (inches) for given frequency (vears)

Basin 2 5 io 25 50 100
25-Square-Mile Area
Kaskaskia 30 3.6 4.4 3.5 6.6 7.9
Big Muddy 34 4.2 4.9 6.2 7.2 8.6
Sangamon 2.6 33 3.9 5.0 5.9 7.0
Little Wabash 31 4.0 4.7 6.0 7.1 84
Embarras 3.0 3.8 4.4 5.7 6.9 8.2
Spoon 2.7 35 4.1 5.2 6.3 7.4
100-Square-Mile Area
Kaskaskia 2.9 3.5 4.3 5.3 6.4 7.7 .
Big Muddy 3.2 4.0 47 5.9 6.8 8.2
Sangamon 2.5 31 3.7 4.7 5.7 6.8
Little Wabash 3.0 3.8 4.5 5.7 6.7 8.0
Embarras 2.9 3.6 4.2 5.4 6.5 7.8
Spocn 26 3.3 3.9 4.9 6.0 7.0
400-Square-Mile Area
Kaskaskia 2.7 3.4 4.1 5.2 6.2 7.5
Big Muddy 31 3.9 4.5 5.7 6.6 8.0
Sangamoen 2.4 3.0 3.6 4.6 5.6 6.6
Little Wabash 2.9 3.7 4.4 5.6 6.6 7.8
Embarras 238 3.5 4.1 5.3 6.4 7.6

Spoon 2.5 3.3 3.8 4.8 5.8 6.8



Table I-3. Comparison of Envelope Values of Mean Rainfall Frequencies
for 24-Hour Storm Rainfall Periods in Basin Sub-Areas of Selected Sizes

Mean rainfall (inches) for given frequency (years)

Rasin 2
25-Square-Mile Area
Kaskaskia 4.9
Big Muddy 5.0
Sangamon 58
Little Wabash 4.8
Embarras 3.7
Spoon 4.7
100-Square-Mile Area
Kaskaskia 4.3
Big Muddy 4.7
Sangamon 5.2
Litele Wabash 4.3
Embarras 3.6
Spoon 4.1
500-Square-Mile Area
Kaskaskia 3.6
Big Muddy 3.9
Sangamon 4.2
Litrtle Wabash 3.6
Embarras 3.0
Spoon 32

5

6.2
6.6
7.1
6.8
5.6
6.3

5.5
6.1
6.6
6.1
5.1
56

4.5
5.1
5.3
5.2
44
4.4

io

7.6
8.0
8.0
8.6
6.8
7.6

6.8
7.5
7.4
76
6.2
6.7

5.5
6.3
6.2
6.2
53
5.3

1

1

25

9.7
0.5
9.1
0.6
8.4
9.2

8.7
9.6
8.5
9.2
7.5
31

7.0
83
7.3
7.6
6.1
6.3

50

10.8
12.9
2.8
11.9
9.4
10.3

9.5
11.9
9.3
9.9
8.5
9.2

7.9
10.1
8.0
8.4
6.8
7.0

100

12.5
15.7
10.6
13.0
10.4
11.6

11.2.

14.5
10.1
10.5

94
10.3

8.2
12.3
88
9.0
7.4
7.7

Table 1-4. Comparison of Average Area-Depth Curve Slopes (Rainfall Gradient)
for 24-Hour Storm Periods

Basin

Upper Kaskaskia
Lower Kaskaskia
Entirc Kaskaskia
Big Muddy
Sangamon

Upper Little Wabash
Lower Little Wabash
Entire Little Wabash
Upper Embarras
Lower Embarras
Entire Embarcas
Spoen

Area
{square miles)

2500
3300
5800
2380
5450
1510
1690
3200
1125
1315
2440
1855

Area ratio of incremental area to total area mean rainfall

50

1.71
1.79
2.00
1.78
2.05
1.72
1.68
2.04
1.60
1.60
1.92
1.93

100

1.64
1.73
1.93
1.71
2.00
1.63
1.59
1.88
1.51
1.52
1.84
1.81

200

1.55
1.63
1.84
1.62
1.92
1.54
1.47
1.76
1.41
1.43
1.73
1.68

500

1.38
i.46
1.67
1.44
1.75
1.36
1.27
1.58
1.23
1.27
1.53
1.45

1000

1.22
1.31
1.53
1.28
1.59
1.17
1.15
1.44
1.05
1.10
1.35
1.26

1500

1.12
1.20

S 1.41

1.16
1.47
1.00
1.07
1.35

1.20
1.10

2000

1.05
1.13
1.34
1.07
1.38

1.26
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similar size, since spatial variability is influenced by
the size of the sampling area. Comparing the Big
Muddy, Upper Kaskaskia, and the Embarras Basins,
the north-south trend found in the mean rainfall
frequency distributions does not emerge. Other
comparisons of areas of equivalent size in table 1-4
also show no distinct north-south trend. Further-
more, consideration of basin shape did not separate
the basins. It appears that the differences for areas
of equivalent size are more related to sampling vari-
ations than to differences in precipitation climate
and basin shape among the six basins.

Monthly and Seasonal Distribution
of Severe Rainstorms

Analyses of the monthly frequency distribution
of storms having a recurrence interval of 2 years or
longer produced a rather erratic pattern. However,
when the monthly data were combined to obtain
seasonal distributions, a more distinct pattern
emerged. This is brought out in table I-5 . All basins
show a minimum frequency in winter, but the more
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Table I-5. Seasonal Distribution of Severe Rainstorms

Percent of all qualifying storms

for given season
Basin Winzer Spnng Summer Fall
Kaskaskia 11 31 25 33
Big Muddy 20 32 26 22
Litde Wabash 4 36 25 30
Embarras 16 39 16 29
Sangamon & 25 35 34
Spoon 6 20 40 34
6-Basins combined 11 31 28 30

northerly basins (Sangamon, Spoon) have a lesser
probability than the others of receiving a heavy
winter rainstorm. The probability is greatest in the
Big Muddy, which is the most southerly basin.
Similarly, the probability of a heavy storm in sum-
mer is greatest in the two most northerly basins.
The Little Wabash, Embarras, and Big Muddy have
their greatest storm frequency in spring. The Kas-
kaskia has a nearly equal maximum frequency in
spring and fall.



REFERENCES

Changnon, S. A., Jr. 1957. Thunderstorm-precipitation re-
lations in Illinois. lllinois State Water Survey Report of
Investigation 34, 24 p.

Hershfield, D. M. 1961. Rainfall frequency atlas of the
United States. U. S. Department of Commerce, Weather
Bureau, Washington, D. C, Technical Paper 40, 115 p.

Huff, F. A, and S. A. Changnon, Jr. 1959. Hail climatology
of Illinois. 1llinois State Water Survey Report of Investi-
gation 38, 45 p.

Huff, F. A., and S. A. Changnon, Jr. 1961. Severe rainstorms
in Illinois 1958-1959. Illinois State Water Survey Report
of Investigation 42, 70 p.

Huff, F. A., and S. A. Changnon, Jr. 1964. 4 model 10-inch
rainstorm. Journal of Applied Meteorology v. 3(5):
587-599.

Huff, F. A, and J. C. Neill. 1959. Frequency relations for
storm rainfall in Illinois. Illinois State Water Survey Bul-
letin 46, 65 p.

Huff, F. A., R. G. Semonin, S. A. Changnon, Jr., and D. M.
A. Jones. 1958. Hydrometeorological analysis of severe
rainstorms in Illinois, 1956-1957, with summary of pre-

vious storms. lIllinois State Water Survey Report of In-
vestigation 35, 79 p.

Huff, F. A., and R. G. Semonin. 1960. An investigation of
flood-producing storms in Illinois. In Meteorological
Monographs, American Meteorological Society, v. 4(22):
50-55.

Huff, F. A., and J. L. Vogel. 1976. Hydrometeorology of
heavy rainstorms in Chicago and Northeastern Illinois.
Illinois State Water Survey Report of Investigation 82,
63 p.

Stout, G. E., and F. A. Huff. 1962. Studies of severe rain-

storms in Illinois. ASCE Journal of Hydraulics Division,
v. 8(HY4):129-146.

U. S. Army. 1945. Storm rainfall in the United States,
depth-area-duration data (plus supplementary data since
1945). Corps of Engineers, Washington, D. C.

Vogel, J. L., and F. A. Huff. 1978. Relation between the
St. Louis wurban precipitation anomaly and synoptic

weather factors. Journal of Applied Meteorology
v. 17(8):1141-1152.

Wilson, J. W., and S. A. Changnon, Jr. 1971. [llinois tor-
nadoes. 1llinois State Water Survey Circular 103, 58 p.

91



	CONTENTS
	Part A. Description of basin studies
	Introduction
	Scope of investigation
	Acknowledgments

	Definition of terms
	Frequency distribution of point rainfall
	Frequency distribution of areal mean rainfall
	Frequency distribution of mean rainfall on small areas
	Frequency distribution of maximum rainfall on small areas
	Area-depth curves
	Storm orientation
	Synoptic storm types
	Seasons

	Computation of mean rainfall frequency distributions
	Total basin relations
	Sub-basin relations for small fixed areas
	Heaviest mean rainfall occurrences on small sub-areas of basins

	Area-depth relations
	Time distribution of storm rainfall
	Time distribution within storms
	Time between successive severe rainstorms

	Other considerations
	Orientation of storms
	Relation between heavy storms and synoptic weather
	Similarities and differences between basins


	Part B. The Kaskaskia Basin
	Physiography and climate
	Frequency distribution of point rainfall
	Frequency distribution of mean storm rainfall
	Average relations
	Presentation of results
	Effect of sampling period

	Frequency distribution of mean rainfall on small areas
	Frequency distribution of heaviest mean rainfall on small areas
	Area-depth relations on the Kaskaskia
	Average relations
	Relations in outstanding storms

	Location of storm centers
	Monthly and seasonal distribution of storms

	Part C. The Big Muddy Basin
	Basin climate
	Frequency distribution of point rainfall
	Frequency distribution of storm mean rainfall
	Area-depth relations
	Monthly and seasonal distribution of heavy storms
	Location of storm centers

	Part D. The Sangamon Basin
	Basin climate
	Storm precipitation characteristics

	Part E. The Little Wabash Basin
	Basin climate
	Storm precipitation characteristics

	Part F. The Embarras Basin
	Basin climate
	Storm precipitation characteristics

	Part G. The Spoon River Basin
	Basin climate
	Storm precipitation characteristics

	Part H. Storm characteristics mutually applicable to all basins
	Orientation and shape of storms
	Synoptic storm types
	Time distribution of heavy rainfall
	Time between successive severe rainstorms

	Part I. Comparison of storm characteristics among basin
	Basins mean rainfall frequency
	Comparison between fixed sub-areas within the six basins
	Sub-area envelopes of maximum rainfall
	Comparison of area-depth relations between basins
	Monthly and seasonal distribution of severe rainstorms

	References

