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GLOSSARY

Annual peak discharge. The highest instantaneous peak discharge in a water year.

Cubic feet per second (ft*/s). The rate of discharge representing a volume of 1 cubic foot of water passing
a given point during 1 second and is equivalent to 7.48 gallons per second, 448.8 gallons per minute,
or 0.028 cubic meters per second.

Discharge. The rate of flow of water in a stream at a given place and within a given period of time.

Drainage area. An area from which surface runoff is carried away by a single drainage system. Also called
watershed, drainage basin.

Flood. A relatively high flow, as measured by either gage height or discharge, which usually overtops the
natural banks along some reaches of a stream.

Flood peak. The maximum rate of flow, usually expressed in cubic feet per second, that occurred during
a flood.

Frequency. The number of occurrences of a certain phenomenon in a given period of time.

Gaging station. A particular site on a stream where systematic observations of gage height and discharge
are obtained. The station usually has a recording gage for continuous measurement of the elevation of
the water surface in the channel.

Probability. The likelihood or chance that a flood or storm will occur or that the magnitude of a flood or
storm will be exceeded.

Iv



Qp. The discharge for a recurrence interval of T-years. It is the annual maximum peak flow that will be
exceeded every T-number of years on the average.

Recurrence interval. The average interval of time within which a given flood will be exceeded once. Also
called return period.

Regression equation. It is a mathematical relationship between a dependent variable and one or more
independent variables.

Regulated stream. A stream that has been subjected to control by reservoirs, diversions, or other manmade
hydraulic structures.

Return period. See recurrence interval.

Standard error of regression. Refers to the standard error of estimate of the dependent variable. It is the
standard deviation of the residual errors about a regression line used to predict the dependent variable
converted to an average percentage. Approximately two-thirds of the data values for the dependent
variable are included within one standard error of estimate.

Water year. A continuous 12-month period from October 1 to September 30, during which streamflow
data are collected, compiled, and reported.

Watershed. See drainage area.

SYSTEM OF MEASUREMENT UNITS

The following report uses both the English and the metric systems of units. In the text the English
units are given first, and the equivalent measurement in metric units is given in parentheses. The units are
frequently abbreviated, using the notations shown below. The English units given in tables and elsewhere
can be converted to metric units by multiplying by the factors given in the following list.

Multiply English unit By To obtain metric unit
Inches(in)...................... 2.54 x 10 Millimeters (mm).
2.54 x 10° Centimeters (cm).
2.54x 107 Meters (m).
Feet(ft) ............ ... ... ..... 3.048x 10! Meters (m).
Miles (mi) . ...ocvvenneenan. .. 1.609 x 10° Kilometers (km).
Square miles (mi?). . . .............. 2.590 x 10° Square kilometers (km?).
Feet permile (ft/mi) . .............. 1.894 x 107 Meters per kilometers (m/km).
Cubic feet (ft3). . . ... ............. 2.832 x 10* Cubic decimeters (dm?).
2.832x 1072 Cubic meters (m®).
Cfs-day (ft*/s-day). .. .............. 2.447 x 10 Cubic meters (m?).
Cubic feet per second (ft*/s). .. ..... .. 2.832 x 10' Liters per second (L/s).
2.832x 10! Cubic decimeters per second (dm?/s).
2.832x 1072 Cubic meters per second (m?/s).



TECHNIQUE FOR ESTIMATING MAGNITUDE AND FREQUENCY
OF FLOODS IN ILLINOIS

By George W. Curtis

ABSTRACT

A technique is presented for estimating flood magnitudes at recurrence intervals ranging from 2 to 500
years, for unregulated rural streams in lllinois, with drainage areas ranging from 0.02 to 10,000 square miles
{0.05 to 25,900 square kilometers). Multiple regression analyses, using streamflow data from 241 sampling
sites, were used to define the flood-frequency relationships. The independent variables drainage area, slope,
rainfall intensity, and an areal factor are used in the estimating equations to determine flood peaks. Exam-
ples are given to demonstrate a step-by-step procedure in computing a 100-year flood for a site on an

ungaged stream and a site on a gnged stream in lllinois.

INTRODUCTION

The purpose of this report is to present techniques and procedures for estimating the probable magni-
tudes and frequencies of floods for both ungaged and gaged streams in Illinois. The report is oriented
toward planners and designers of engineering projects such as highways, bridges, culverts, flood-control
structures, and drainage systems, and toward planners responsible for planning flood-plain use and estab-

lishing flood-insurance rates. The report provides a simple straightforward approach for estimating floods.

Previous investigators (Mitchell, 1954, Speer and Gamble, 1965, Wiitala, 1965, Patterson and Gamble,
1968, Ellis, 1968, Carns, 1973) have all provided estimating techniques. Additional data and improved
analytical methods that have become available since these reports were published increase the confidence

in estimating techniques provided in this report as compared to earlier techniques.

Annual peak discharges from 303 gaging stations having at least 10 years of record through the 1975
water vear were used to define station flood-frequency relationships. Two hundred ninety-two (292) of
these stations are located in lllinois, 4 in Indiana, and 7 in Wisconsin. Drainage areas for the stations ranged
from 0.02 to 9,550 mi? (0.05 to 24,700 km?). Locations of these gaging stations are shown in figures 1
and 2, and the geographic coordinates for each station are listed in table 1. These, and all other figures
and tables, are grouped together on pages 10 to 70 for easy reference.

A flood-frequency curve defines the relationship of flood-peak magnitude to exceedance probability or
recurrence interval. Exceedance probability is the percent chance that a given magnitude will be exceeded
in any one year. Recurrence interval is the reciprocal of the exceedance probability times 100, and is the
average time interval between actual occurrences of a flood peak of a greater magnitude. For example,

a flood having an exceedance probability of 1 percent has a recurrence interval of 100 years; or, a 100-year



flood may be exceeded on the average once in 100 years. However, probability only describes the likelihood
of a random event occurring and a flood magnitude of a given recurrence interval may be exceeded in a
much shorter period of time, such as successive weeks or months. Flood-frequency relations for gaging
stations were defined using the U.S. Water Resources Council (1976) guidelines. These guidelines outline
procedures to fit observed annual peak data to the log-Pearson Type III frequency distribution.

Streamflow and basin characteristics from 241 of the above 303 stations were used in multiple regres-
sion analyses to develop estimating equations for flood frequencies on unregulated rural streams in Illinois.
Streamflow records from 62 of the 303 stations were affected either by urbanization or by regulation, and
these stations were not included in the regression analyses. Relationships were developed for estimating
peak flows corresponding to the 2-, 5-, 10-, 25-, 50-, 100-, and 500-year recurrence interval flood (T-year
flood, or Q). The regression analyses indicated that the independent variable drainage area (A), slope S,
rainfall intensity (I), and an areal factor (Af) are the most significant variables to use in estimating flood-
peak discharges on lllinois streams. Furthermore, one estimating equation for each recurrence interval and
one set of basin characteristics provide a straightforward technique to describe flood frequencies for both
small and large Illinois streams. Frequency-discharge data, watershed characteristics, and other pertinent
data are tabulated in tables 1 and 2. The reliability of flood-frequency estimates is uncertain for very large
return periods. Because of this uncertainty, the 500-year flood discharges are omitted from table 1. An
estimating equation for the 500-year flood is provided primarily for planners who are required to compute
this event for special purposes such as flood-insurance studies. Only those stations used in the regression

analyses are listed in table 2.
The flood-frequency and the regression analyses, used to develop the technique presented in this
report, are defined in detail in Curtis (1977).

ESTIMATING TECHNIQUE

Flood-frequency equations, applicable Statewide, for estimating Q for various recurrence intervals

are shown below along with associated equivalent lengths of record:

Equivalent

Equation record

(years)
. Qz = 42.7 A0.776 80.466 (1_2.5)0.834 Af 4 (1)
QS =711 A0.769 SO.485 (1_2_5)0.833 Af 4 (2>
on = 90.8 A0.767 SO.494 (1_2.5)0.833 Af 5 (3)
Q25 = 115 A0.764 SO.504 (1_2.5)0.834 Af 6 (4)
QSO = 134 A0.763 SO.SIO (1_2.5)0.836 Af 6 (5)
QlOO = 152 A0.762 SO.SIS (1_2.5)0.836 Af 7 (6)
QSOO — 191 A0.76l SO.SZB (1_2.5)0.837 Af 7 (7)



The four variables required to solve the equations are: drainage area (A), main-channel slope (S), rainfall
intensity (I), and areal factor (Af). Drainage area, in square miles, and main-channel slope, in feet per mile,
are determined from topographic maps. Slope is the main-channel slope and is determined between points
10 percent and 85 percent of the total distance measured along the low-water channel from the site to the
basin divide. The rainfall intensity is the maximum 24-hour rainfall expected to be exceeded on an average
of once every 2 years. Rainfall intensity was obtained from Hershfield (1961). A constant of 2.5 was sub-
tracted from the rainfall intensity to decrease the range and the magnitude of the regression coefficients
for each recurrence interval. The rainfall intensity, in inches, and areal factor are determined from figures 3
and 4, respectively. Equivalent years of record is discussed in the section “Accuracy and Limitation,” and
the areal factor is discussed in detail in Curtis (1977).

Flood-frequency discharge equations may be developed for any recurrence interval between 2 and
100 years. The regression constant and coefficients for all parameters in equations 1 to 7 are plotted ver-

sus recurrence interval in figure 5.

The equations are based on English units of measurement and are not applicable for use with metric
units. To convert the final answers of discharge from cubic feet per second to cubic meters per second,
multiply by the factor 0.0283.

Accuracy and Limitation

The accuracy of a regression equation may be expressed in two ways. The standard error of estimate
is the measure of the distribution of the observed data about the regression equation. The standard errors
of the estimating equations 1 to 7 are the ranges of error, expressed as percentages of the estimated values,
within which about two-thirds of the estimates should fall. The accuracy of a regression may also be ex-
pressed in equivalent years of record. Equivalent years of record for equations 1 to 7 were determined
using techniques developed by Hardison (1971). When converted to equivalent years of record, the
standard error of estimate is expressed as the number of actual years of streamflow record needed at an
ungaged site to provide an estimate equal in accuracy to the standard error of estimate. The accuracy of
equations 1 to 7 is summarized in table 3.

The flood-frequency equations in this report may be used to estimate magnitude and frequency of
floods on most llinois streams for drainage areas ranging from 0.02 to 10,000 mi? (0.05 to 25,900 km?),
slopes ranging from 0.7 to 250 ft/mi (0.13 to 47.4 m/km), and 24-hour 2-year rainfall intensity from 2.6 to
3.6 inches (66.0 to 91.4 mm). The equations are not applicable to streams where floodflows are appreciably
affected by natural or reservoir storage; channel changes; diversions; urbanization; unusual hydrogeologic
or morphologic conditions such as in karst terrane, bluff-flood plain combinations (streams that traverse
the bluff and adjacent flood plain of major rivers), and so forth; or other unusual conditjons that affect
floodflow.



Weighting of Independent Estimates

A technique is recommended for weighting flood estimates at a gaged site and flood estimates at an
ungaged site located on a gaged stream. The weighted value becomes the “best” estimate of the flood dis-
charge at both sites. Judgment must be used in deciding whether the location of the gaging station is such
that station data will improve the estimate at the ungaged site, However, it is recommended that no weight-
ing be made to a flood estimate at an ungaged site when the drainage area is less than 30 or greater than

200 percent of the drainage area at the gaged site.

The T-year flood estimated from a fit of the log-Pearson Type IlI {frequency distribution to the station
data and the corresponding estimate from the regional equation are considered independeat. The station

weighted value was obtained by using the equation:

Yrs of record (log sta. Q) + Eq yrs record (log regional Q)
Log Qp = )

Yrs of record + Eq yrs record

In equation 8 station Qr is obtained from the first line of discharge values in table 1 and converted to a
logarithm (log). The years of record are determined from table 2. The regional Q is computed using the
desired regional estimating equation on page 2 or obtained from the second line of discharge values in
table 1 and then transformed into logs. The equivalent ycars of record lor the equation are also given on
page 2. The anti-log of the result from equation 8 is the weighted or best estimate of the station flood
discharge. For convenience, the weighted or best station discharge estimates have been tabulated in the
third line of values in table 1. The equation may be used to update the values of line 3 in table 1 as addi-

tional years of record are obtained.

The station Q from equation 8 can then be used to determine a weighted or best estimate of Q at
an ungaged site above or below the gaging station. The procedure for determining Qp at an ungaged site
is as follows:

Qr (weighted at the gage)
Weighted Qp = x  Qr (regional at ungaged site) ©)]
Qr (regional at gage)

The regional Q at an ungaged site in equation 9 is computed from the appropriate equation on page 2.

Mustrative Fxamples

Figure 6 is a flow diagram showing the proper sequence used in determining a flood-peak discharge.
The application of the flood-frequency estimating equations is also illustrated by a step-by-step procedure
for two examples. The first example illustrates the recommended procedure used to estimate a flood dis-
charge for a site located on a rural ungaged stream and the second example illustrates the technique used
when the site is located on a rural gaged stream. The equations may be solved either mathematically or by
using the appropriate nomographs in figures 7 to 13. The values from the graphical solutions will generally

be within 3 percent, with a maximum error of about 5 percent, of the values obtained mathematically.



Example 1: Assume the discharge is needed for a 100-year recurrence flood at a site located on an

ungaged stream:

1. Determine the size of drainage area (A), in square miles. The area can be planime-
tered on topographic, county, or other maps suitable for delineating the watershed

boundary. For this example, assume A = 200 square miles.

2. Determine the slope (8),in feet per mile. Slope is based on the difference of eleva-
tions divided by distance between points 10 percent and 85 percent of the total
distance measured along the low-water channel of the stream from the site to the

watershed divide. For this example, assume S = 7 feet per mile.

3. Determine the rainfall intensity (I), in inches, from figure 3. The value of I should

be an average for the watershed. For this example, assume 1 = 3.1 inches.

4. Determine the areal factor (Af) from figure 4. For this example, assume Af = 0.85.

o

Select the appropriate equation from page 2 and compute the {lood magnitude.
Q100 = 152 A% 762 §0-515 (1.9 5)0-836 Af
= (152) (200)°-762 (7)°-515 (3.1 . 2.5)°-836 (0.85)
= (152) (56.7) (2.72) (0.652) (0.85)
= 13,000 ft*/s.

The Qio0 may also be estimated by using figure 12. For a drainage area of 200
square miles on the drainage area scale draw a straight line to 7 feet per mile on
the slope scale, turn on pivot line 1 and draw a straight line to 3.1 on the I scale,
turn on pivot line 2 and draw a straight line to 0.85 on the areal factor scale.

From the intersection of this line with the discharge scale read the answer, Q90 =

13,000 ft3/s.

Iixample 2: Assume the discharge estimated is needed for a 100-year recurrence flood at a site located
on a gaged stream, and the gaging station frequency could improve the discharge estimate. The estimate is
obtained by two separate computations. The discharge is first computed for the site using the same tech-
nique as used for a site on an ungaged stream. Secondly, the ratio of the gaging station Qp (weighted)/
gaging station Qr (regional) is used to weight the discharge thus obtained to provide the pest estimate of
discharge for the site.

For illustrative purpose, assume the site in example 1 is located on Kickapoo Creek upstream from
gaging station 05580000 Kickapoo Creek at Waynesville, Illinois (map No. 243). The drainage area, from
table 2, is 227 square miles for the gaging station. The procedure is as follows:



First computation:
1-5. Same as example 1, Q;¢0 = 13,000 ft*/s.
Second computation:

6. From table 1, select from the third line of discharge values the weighted or best
estimate Q190 value for gaging station 05580000. Q4o = 14,400 ft3/s.

7. From table 1, select from the second line of discharge values the station frequency

value computed using the regional equation. Q90 = 13,500 ft3/s.

A dsite 200
8. The drainage area ratio, :n L -2—27 = .88, or 88 percent, and is within
gaged site

the weighting technique limits of application (50-200 percent). Therefore, the
final weighted (best estimate) discharge for the ungaged site is computed using

equation 9.
Qr (weighted at gage)
Weighted = egional at ungaged site
6 1 Qr (regional at gage) x Qr (regio 828 )
14,400
= x 13,000
13,500
= 13,900 ft3/s.

Rivers Excluded From Use of Estimating Equations

The regional equations are not appropriate for making flood frequency estimates on the main stem of
the following streams:

Fox River
Illinois River
Saline River (below mouth of Cypress ditch).

Flood peaks on these streams are altered by channel improvements, levees, dams, diversion, or inter-
basin flow. For the Fox and Illinois Rivers, flood frequencies may be estimated for ungaged sites by inter-
polation between observed data on basis of drainage area. This interpolation is facilitated by the graphs
shown in figures 14 and 15.

Many of the flood discharges recorded for Saline River near Junction include inter-basin flow from the
Wabash River through Cypress ditch just upstream from the gaging station. The magnitude of the inter-
basin flow depends upon the stages on the Wabash River which, in turn, are dependent upon the stages of
the Ohio River. Frequently the stages on the Saline River near Junction are affected by backwater from
the Ohio River. The complexity of flood conditions precludes the use of the regionalized equations for
estimating the frequency of floods on the Saline River downstream from Cypress ditch.



MAXIMUM FLOODS OF RECORD

The maximum recorded discharge for the period of record at most gaging stations is shown in figure 16
and listed in table 2. This figure shows the maximum flood discharges that have been recorded for drainage
areas of different sizes. The enveloping curve is drawn through selected maximum values and serves as a
guide for making rule-of-thumb estimates of the magnitude of floods without reference to their frequency,

that may be expected on streams in Illinois.

CONCLUSIONS

Equations, maps, tables, and graphs are presented in this manual to provide a means of estimating
flood frequencies on both gaged and ungaged natural streams in Illinois. The independent variables drainage
area, slope, rainfall intensity, and areal factor presented in the regression equations are the most significant
variables found for computing peak flow in Illinois. They result in flood peak values with the smallest

standard error and with the least number of variables.

The estimating equations should be used only within the stated limits of application.
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Table 3.—Accuracy of estimating equations,

Qp=aAbse (- 2.5)d Af

. Standard error Equivalent
Recurrence interval, .
. of estimate, years of
in years .
in percent record
2 34.5 4
5 34.5 4
10 36.2 S
25 38.8 6
50 40.9 6
100 42.8 7
500 46.9 7
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