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PRECIPITATION RELATIONS FOR USE IN DAM SAFETY PROJECT 

by 

Floyd A. Huff 

The purpose of this report is to provide information on the time and 

space distribution of excessively heavy rainstorms in Illinois. Such in

formation is required in conjunction with the Dam Safety Program of the 

Water Resources Division, Department of Transportation, State of Illinois. 

The precipitation analyses were carried out by the Atmospheric Sciences 

Section, Illinois State Water Survey, under a contract with the Department 

of Transportation. 

Objectives of Precipitation Analyses 

Four basic tasks were undertaken in the precipitation study. The 

first was to provide regional estimates of the probable maximum precipitation 

in Illinois for various storm periods and areas. The second task consisted 

of analyses of the maximum observed rainstorms in Illinois to develop a 

method for adjusting the probable maximum precipitation values, so as to 

obtain realistic values for hydraulic structural design in the state. The 

third task was to provide a set of regionalized values of 100-year rainfall 

frequencies for various regions of the state. In carrying out the precipita

tion analyses, relationships were developed for areas ranging from 1 to 300 

square miles and for storm periods of 1 to 48 hours. The fourth task was to 

provide recommendations for time-distribution patterns of 100-year storms 

and probable maximum precipitation values for Illinois for durations of 1-

hour, 6-hour, and 24-hour durations for areas from 0.5 to 300 square miles. 
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Approach to Problem 

In an earlier study, extensive analyses and statistical testing were 

performed to divide Illinois into several sections of similar storm rainfall 

climate, with major emphasis on extreme storm events (Huff and Neill, 1959). 

As a result, the state was partitioned into the four sections shown in 

figure 1, and these have been used for developing the precipitation relations 

for the dam safety project. The Northwest Section encompasses 12,860 square 

miles, the North Central has 22,245 square miles, the South Central includes 

14,535 square miles, and the Southeast Section has an area of 6765 square 

miles. 

The basic source of information for establishing the time-space dis

tribution of probable maximum precipitation (PMP) was publications of the 

National Weather Service (Riedel et al., 1956). The National Weather Service 

(NWS) has provided PMP values for storm periods of 6 to 72 hours and areas of 

10 square miles and greater. However, for the dam safety project, there is 

a need to establish PMP values for shorter periods (1 to 6 hours) and for 
2 smaller areas (0.5 to 10 mi ) in addition to those provided by NWS. This was 

done from reconstruction of depth-duration-area curves that fit the PMP data, 

and extrapolating the curves with careful consideration given to all available 

information on the time-space characteristics of severe rainstorms in Illinois 

and the Midwest. Results for the shorter time intervals and areas must be 

considered first approximations subject to the usual extrapolation errors. 

In regionalizing the PMP values, some adjustment was made in the pub

lished values to provide precipitation relationships in agreement with storm 

precipitation patterns derived from extensive studies of severe rainstorms 

in Illinois by the Water Survey. The adjustment was appreciable in the North 

2 



Figure 1. Regional divisions used in analyses 
of extreme precipitation events 
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Central Section (figure 1), but minor elsewhere. Survey studies of seyere 

rainstorms have utilized historical rainfall data extending back to 1887, 

detailed field surveys of major flood-producing storms by the Atmospheric 

Sciences Section, and operation of several dense raingage networks beginning 

in 1948 and continuing to the present time. 

Probable Maximum Precipitation 

Figure 2 shows a family of curves for each of the four Illinois climatic 

sections. These summarize our best regional estimates of probable maximum 

precipitation. Individual curves are shown for point rainfall and for areas 

ranging from 10 to 500 square miles. Interpolation between curves should be 

used for other areas of interest. For all practical purposes, the point 

values can be assumed to represent areas of 1 square mile or less. Values 

read from the curves are presented for each section in table 1 to facilitate 

application of the results, which are difficult to read from the condensed 

logarithmic scales of figure 2. It is again stressed that extrapolation 

procedures had to be used in extending the NWS values from 10 square miles to 

smaller areas and from 6-hour storm periods to smaller time intervals. Values 

in these time and area ranges should, therefore, be considered first approxi

mations in computations of the effects of such storms on hydraulic structures. 

Development of Realistic Storm Rainfall Values for Design Purposes 

Because of the extreme rarity with which probable maximum precipitation 

amounts have been observed, a need existed to develop a method for adjusting 

the PMP storm amounts to more realistic values for design applications in 

Illinois. Considerable research in this direction was accomplished in earlier 
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Figure 2. Probable maximum precipitation estimates 
for Illinois regions 
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Table 1. Probable Maximum Precipitation in Illinois 
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Water Survey studies (Huff and Neill, 1959; Huff, 1979). This research 

has provided the basic information which was adapted to the present problem. 

In developing the PMP adjustments, all available Illinois data on 

maximum observed rainfall amounts for various storm durations and areal 

extent were utilized. This consisted of data appearing in publications 

of the NWS and the Corps of Engineers, analyses of all outstanding Illinois 

storms by the Water Survey beginning with 1887 data, plus comprehensive 

field surveys and dense raingage network operations by the Survey's 

Atmospheric Sciences Section, 

From the foregoing sources, Huff (1979) developed areal mean rainfall 

frequencies for Illinois which showed the maximum rainfall amounts expected 

to occur somewhere in Illinois for recurrence intervals of 10 to 100 years, 

various rainfall durations, and areas of various size. These are envelope 

values for the state and do not apply to any specific location within the 

state. 

The 100-year frequencies are shown in table 2 for several areas and 

durations to illustrate the envelope relations. Thus, for a 12-hour storm 

period, a mean rainfall equaling or exceeding 15 inches is expected to 

occur over a contiguous area of 25 square miles somewhere in Illinois on the 

average of once in 100 years. Similarly, a mean of 13 inches is expected 

over a contiguous area of 100 square miles, and this reduces to 10.5 inches 

for 500 square miles. A 6-hour total of 12,7 inches is expected on 25 

square miles somewhere in the state in an average 100-year period, and this 

lowers gradually to 8.4 inches when the contiguous area is increased to 

500 square miles. 
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Table 2. 100-Year Frequency of Areal Mean Rainfall -
Illinois Envelope Values 

Calculations were made of the ratio of 100-year envelope storms 

(table 2) to probable maximum precipitation (table 1). Results indicated 

that these ratios are independent of duration and area for storm durations 

up to 48 hours and for areas up to 1000 square miles. Therefore, ratios 

for the several durations and areas investigated were averaged to obtain 

the most representative values. Combining all durations (1 to 48 hours) 
2 and areas (1 to 300 mi ), the average ratio was 0.57 for the NW Section, 

0.59 in the NC Section, 0.54 in the SC Section, 0.53 in the SE Section, 

and 0.56 for the entire state. 

The storm rainfall amounts obtained by multiplying the PMP values 

of table 1 by the above ratios is recommended for adjusting the PMP to 

obtain more realistic design values for the dam safety program in 

Illinois. The values obtained by this method still represent extreme 

events expected to occur over only a very small portion of the state in 

a given 100-year period. 

100-Year Rainfall Frequencies 

The third task was to provide 100-year rainfall frequencies on fixed 

areas, such as a river basin, for storm durations of 1 to 48 hours. Fre

quencies were to be specified for point rainfall and for basin areas up to 
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300 square miles. Results of this investigation are presented in table 3. 

The areal values were determined from Water Survey data on point rainfall 

frequencies, using transformation factors developed by the U. S. Weather 

Bureau (Hershfield, 1961) and verified by Illinois network studies. The 

100-year values in table 3 are only 22% to 32% of the probable maximum 

estimate of table 1. 

Time Distribution 

Time distribution of Probable Maximum Precipitation (PMP) is hard to 

define because of the rare occurrence of rain storms which closely approach 

the PMP values. For example, in Illinois during the period from 1887 to 

1978 the maximum storm rainfalls ranged from 50 to 65% of the calculated 

probable maxima (Huff, 1979). The World Meteorological Organization (1973) 

suggested several possible arrangements of precipitation with time for PMP 

storms, but they stress that any chronological order of rainfall must be 

realistic, and it is the responsibility of the hydrologist to determine which 

time distribution will produce the maximum runoff. Also, they recommend that 

the time distribution of probable maximum storms could be derived from rains 

which had produced critical runoff amounts or rates in or near the basin. 

Thus, if time distribution curves were available from a number of heavy 

storms within a region, they could be used as a first approximation to the 

chronological ordering of PMP. 

Fortunately, the time distributions of a large number of heavy rain 

storms have been obtained from a dense raingage network in east central 

Illinois (Huff, 1967; Huff et al., 1969; Huff and Schickedanz, 1970). These 

time distribution relations have been compared with those derived from other 
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Table 3. 100-Year Rainfall Frequencies in Illinois 
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heavy rainstorm data collected on networks at Chicago and St. Louis. No 

significant differences were found, so the east central Illinois relations 

have been adopted as a first approximation of PMP relations in Illinois. 

Huff (1967) used data from 261 storms for the 11-year period from 1955-

1966 on a 400-square mile network in east central Illinois to derive compre

hensive time distribution relations. A storm was defined as a rain period 

separated from preceding and succeeding rainfall by 6 hours or more. All 

storms were used in which the network mean rainfall exceeded 0.5 inch, 

and/or one or more gages recorded over 1 inch. Within the data period 

storms having total durations from 1 to 48 hours qualified for the study. 

The time distributions were expressed as cumulative percentages of 

storm rainfall and storm duration to enable valid comparisons between 

storms and to simplify analyses and presentation of data. Relations were 

developed for point rainfall and for areal mean rainfall on areas of 50 to 

400 square miles. Areal groupings showed only small changes in the time 

distribution with increasing size of sampling area from 50 to 400 square 

miles. Therefore, an average relationship for these areas was determined. 

Rainfall distributions were grouped according to whether the heaviest rain

fall occurred in the first, second, third, or fourth quarter of a storm. 

Statistical models of time distributions for each quartile are shown 

in figures 3 to 6 for areas of 50 to 400 square miles combined. These are 

considered typical of midwestern, warm season storms or cold season storms 

in which, unstable rainfall types are the major rain producers. Combining 

all areas, 33%, 33%, 23%, and 11%, respectively, of the storms were classi

fied as first-, second-, third-, and fourth-quartile storms. No distinct 

trend in quartile types was found with increasing area, although there was 
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Figure 3. Time distribution of first quartile storms 
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Figure 4. Time distribution of second quartile storms 
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Figure 5. Time distribution of third quartile storms 
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Figure 6. Time distribution of fourth quartile storms 
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Table 4. Average Time Distribution of Heavy Storm 
Rainfall on Areas of 50 to 400 mi2 

considerable fluctuation between areas- The statistical models are smooth 

curves reflecting the average rainfall distribution with time and, therefore, 

do not exhibit the burst characteristics of a mass rainfall curve. Probabil

ity levels from 10% to 90% are shown, but the 50% level (median) has been 

stressed by a heavier line, since it is probably the most useful statistic. 

table 4 provides median time distributions for the combined areas. 

Interpretation of the curves can be illustrated by referring to the 

first quartile distributions in figure 3. The 10% curve is typical of 

storms in which the rainfall is concentrated in an unusually short portion 

of a storm. It indicates a chance of 1 in 10 that a first-quartile storm 

will have at least 89% of its rainfall in the first quarter of the storm 

period and over 95% in the first one-half of the storm. The 50% curve shows 
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Table 5. Average Time Distribution of First-Quartile Storms 
at 10, 50, and 90% Probability Levels 
on Areas of 50 to 400 Square Miles 

63% and 86% of the rainfall at 25% and 50% of the storm period. The 90% 

curve reflects an unusually uniform distribution for first-quartile storms. 

It may be interpreted as the distribution that will occur in 10% or less of 

the storms. Thus, this curve shows that in 10% of the storms, 39% or less of 

the rain will occur in the first quarter of the storm and 57% in the first 

one-half of the storm. To further illustrate the difference between median 

curve and the 10% and 90% curve, table 5 gives the time distribution of rain 

for first-quartile storms for areas of 50 to 400 square miles. 

Figures 7 and 8 provide additional information on the time characteris

tics of storm rainfall. Figure 7 shows median quartile curves for point 

rainfall, and table 6 gives the time distribution for each quartile for 

point rainfall. Only minor differences were found between the time 
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Figure 7. Median quartile curves 
of point rainfall 

Figure 8. Differences between 
point and 400 mi2 curves 



Table 6. Average Time Distribution 
of Heavy Rainfall at a Point 

distribution of point and areal mean rainfall over areas of 10 square miles 

or less. Figure 8 shows how the first-quartile point curve differs from 
2 that for the largest area studied (400 mi ). The point curve indicates 

larger percentages of the total rainfall at the start of the storms. This 

tendency appears logical for rain on very small areas.. If one assumes a 

storm of given intensity and areal extent moving across two areas of appre

ciably different size, the smaller area will tend to receive a larger per

centage of its areal mean rainfall in the early part of the rain period, 

particularly if the storm is smaller than the network in areal extent. 

Huff (1967) found that fourth-quartile storms occurred most often 

with durations greater than 24 hours, whereas first-quartile and second-

quartile storms occurred most frequently with durations less than 12 hours, 
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and the third-quartile storms most often had durations of 12 to 24 hours. 

Combining all storms, 42% fell into the duration grouping of less than 12 

hours, 33% in the 12 to 24 hour group, and 25% exceeded 24 hours in 

duration. 

The point time-distribution relations in figure 7 and table 6 are rec

ommended for use with PMP rains extending from a point to 50 square miles. 

For areas between 50 and 300 square miles, the time distribution curves pre

sented in figures 3 to 6 and in table 4 should be used. For storm duration 

of 12 hours or less, it is recommended that first- and second-quartile 

curves be used to establish the time distribution of PMP rains. Time dis

tribution for PMP rains between 12 and 24 hours should use the third-quartile 

curves, and for storms greater than 24 hours the fourth-quartile curves should 

be used. It is recognized that the time distribution of any of the quartile 

curves presented can vary considerably, but it is recommended that the median 

curves be used for design purposes to establish the time distribution of 

PMP rains. 

Also, it is emphasized that the relations presented here are empirically 

derived. They are not submitted as exact mathematical relationships, but 

rather as first approximations of a hydrometeorological parameter for which 

quantitative knowledge is sparse. 
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