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Multiply inch-pound unit By To obtain SI unit

inch (in.) 25.4 millimeter (mm)
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TECHNIQUES FOR ESTIMATING MAGNITUDE AND FREOUENCY

OF FLOODS ON STRFAMS IN INDIANA

by Dale R. Glatfelter

ABSTRACT

Equations are presented for estimating the magnitude and frequency of
floods at ungaged sites on unregulated and nonurban streams in Indiana. The
equations were developed by multiple-regression' analysis of hasin
characteristics and peak-flow statistical data from 242 gaged locations in
Indiana, Ohio, and Illinois. The State of Indiana was divided into seven areas
on the basis of the regression analysis. A set of equations for estimating
peak discharges with recurrence intervals of 2, 10, 25, 50, and 100 years was
developed for each area. Significant basin characteristics in the equations
are drainage area, channel length, channel slope, mean annual precipitation,
storage, precipitation intensity, and a runoff coefficient. Standard errors of
estimate for the equations range from 24 to 45 percent.

Methods are also presented for estimating flood magnitude and frequency at
sites on gaged streams. Wlood-frequency data based on ohgerved peaks are given
for 270 gaged locations. Twenty of these are on regulated streams, and six are
on urban streams. Basin characteristics are also included for 245 of the gaged
locations on unregulated and nonurban streams. Wo techniques are given for
estimating flood magnitude and frequency at ungaged sites on regulated or urban
streanms.

A rainfall-runoff model was used to synthesize long-term peak data at 11
gaged locations on small streams. TFlood-frequency curves developed from the
long-term synthetic data were combined with curves based on short-term observed
data to provide weighted estimates of flood magnitude and frequency at the
rainfall-runoff stations.

INTRODUC'TION

Purpose and Scope

The purpose of this report is to present techniques for estimating the
magnitude and frequency of floods on streams in Indiana. This information is
necessary in the design of culverts, bridges, and other hydraulic structures,
and in flood-plain management. The contents of this report do not necessarily
reflect the official views or policies of the Indiana Department of Highways or
the TFederal Highway Administration. This report does not constitute a
standard, specification, or regulation.
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Background

A study designed primarily to define flood magnitude and frequency on small
streams was begun in 1972 by the U.S. Geological Survey in cooperation with the
Indiana Department of Highways and the Federal Highway Administration. Davis
(1974) presented equations for estimating the magnitude and frequency of floods
on any stream in Indiana that drained an area greater than 15 mi? and was not
affected by regulation or urbanization. Gold (1980) presented equations for
estimating the magnitude of floods having 2-year and 10-year recurrence
intervals. The eguations in Gold's interim report were valid for unregulsated,
nonurban streams of any size drainage area, but the standard errors of estimate
for the equations were greater then those determined by Davis. An additional
10 years of peak data at most stations used in Davis' report, revised
techniques for flood-frequency determination (U.S. Water Resources Council,
1981), and 10 years of peak data at gaged sites on small streams were used to
update and improve the estimating procedures presented by Davis and Gold.

Methods of Study

Flood-frequency curves were developed from annual peak-discharge data for
242 gaging stations and crest-stage partial-record sites (3 in Ohio, 3 in
Illinois, and 236 in Indiana) and guidelines given in U.S. Water Resources
Council (1981). The flood-frequency curves from the ohserved data were then
used along with basin characteristics in mmltiple-regression analysis to
develop equations for estimating magnitude and frequency of floods. Basin
characteristics and flood-frequency data are presented in tables.

A rainfall-runoff model developed by the U.S. Geological Survey (Dawdy and
others, 1972) was used to synthesize peak data at 11 gaging stations on small
streans. On the basis of the synthetic data, flood-frequency curves were
developed by procedures discussed in Iichty and Iiscum (1978). 4 weighting
technique was used to combine the estimates of flood magnitude and frequency
obtained from the ohserved and the synthetic peak data into one flood-frequency
curve for the station for use in the regression analysis.

The estimating equations presented in the report were developed by
multiple-regression techniques described in Helwig and Council (1979). Basin
characteristics for 242 gaged locations were used as the independent variables,
and corresponding peak-discharge statistics were used as the dependent
variables. On the basis of regression analysis the State was divided into
seven areas. A set of equations for estimating peak discharges with recurrence
intervals of 2, 10, 25, 50, and 100 years was developed for each area. These
equations are applicable only for locations on unregulated, nonurban streams.
Examples showing use of the estimating equations are given in the section
"Bgtimating Techniques.”
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Flood-frequency data are presented in the report for 20 sites on regulated
streams and 6 sites on urban streams that were not used in regression analysis.
The scope of the report does not include development of techniques for
estimating nagnitude and frequency of floods at ungaged sites on regulated and
urban streams. Rather, the data obtained at sites on regulated and urban
streams are presented for use in estimating flood magnitude and frequency at
gpecific locations under current (1983) conditions. A change in regulatory
practices or increased urbanization can greatly affect flow characteristics.
Peak data should be thoroughly reviewed before a flood-frequency analysis is
made.

Peak-discharge data from stations on the Wabash River were analyzed to show

the effect of regulation on flood frequency. Results of separate analyses of
unregulated peaks and of regulated peaks are presented in the report.

Acknowledgments

The report is the result of a cooperative agreement between the Indiana
Department of Highways, the Federal Highway Administration, and the U.S.
Geological Survey. Most of the small-stream data used in this report were
collected under this cooperative program. The remainder of the streamflow data
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and Federal agencies. long-term daily precipitation and evaporation data, and
rainfall data at 5-minute intervals from individual storms for use in rainfall-
runoff modeling were obtained from +the Wational Oceanic and Atmospheric
Administration (NOAA) and have been stored in the Geological Survey computer
files.

ESTIMATING TECHNIQUES

Sites on Ungaged Streams

Equations were developed to estimate flood magnitude at 2-, 10-, 25-, 50-,
and 100-year recurrence intervals from basin characteristics at ungaged sites
on unregulated, nonurban streams (table 1). These equations are not intended
for use at sites on regulated or urban streams because changes in regulatory
practices or increased urbanization can affect peak-flow characteristics. (See
sections "Regulated Gaged Streams" and "Urban Gaged Streams.")

Annual peak-flow data from 236 gaging stations and crest-stage partial-
record sites in Indiana (fig. 1) plus three stations in Ohio and three stations
in Tllinois (not on the map) were analyzed by techniques described in U.S.
Water Resources Council (1981) to determine peak-flow statistics for each
location (table 2, after References). On the basis of the analysis, flood
magnitude and frequency were estimated for each of the gaged locations.
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Table {.--Equations for estimating magnitude and frequency of floods on streams in Indiana

Area 1 (16 stations)

Standard error of estimate Fquivalent
years

Equations Log units Percent of record
Q, = 6.72 DAD-71%(sTOR + 1)-0.289(pRREC - 30)0-965 0,114 27 3
019 = 10.3 DAO-70l(sTOR + 1)-0.262(pREC - 30)1.060 .149 35 3
Qs = 11.8 DA0-697(STOR + 1)-0-253(PREC - 30)1.093 165 39 3
Qsg = 12.9 DA0-896(sTOR + 1)-0-248(PREC - 30)1.11% 176 42 4
Qoo = 13.8 DA0-695(5TOR + 1)-0.243(pREC - 30)1.132 .186 45 5

Statistics of basin characteristics used in area 1 regression analysis

Basin

characteristic Maximun Minimum Mean Median
DA 3,370  mi? 0.17 mi? 329  mi? 79.1 mi?
STOR 13.3 percent 0.0 percent 3.0 percent 1.3 percent

PREC 46.0 in. 34.0 in. 37.1 in. %5.3 in.




Table 1.--Equations for estimating magnitude and frequency

of floods on streams in Indiana--Continued

Area 2 (31 stations)

Standard error of estimate Equivalent
years

Equations Log units Percent of record
Q, = 26.4 DA0-708(sT0R + 1)-0-207Rc0.479(PREC - 30)0-653  0.104 24 4
Qg = 61.8 DAO-655(sTOR + 1)=0.312Rc0.697(pREC - 30)0-698 120 28 4
st = 85.0 DA0.635(STOR + 1)-0'357RCO‘782(PREC - 30)0.702 134 39 5
Qso = 106 DAC-B19(sTOR + 1)-0-391Rc0.859(pREC - 30)0.707 147 35 6
Q90 = 127 DA0-608(sT0R + 1)-0.418Rc0.902(pREc - 30)0.708 156 37 7

Statistics of basin characteristics used in area 2 regression analysis

Basin

characteristic Maximum ~ Minimum Mean Median
DA 1,967 mi? 0.17 mi? 384 mi? 270 mi?
STOR 4.1 percent O percent 0.8 percent 0.3 percent
RC 0.8 0.5 0.7 0.8
PREC 39.0 in. 34.0 in. 36.7 in. 37.0 in.
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Table 1.--Equations for estimating magnitude and frequency
of floods on streams in Indiana--Continued

Area 3 (60 stations)

Standard error of estimate|Equivalent

years of
Equations Log units Percent record
Q, = 102 DAO-7583I0-273(1,, , - 2.5)0.948 0.150 36 3
Qg = 141 DAO-77210.384(7,, . 2,5)0.89% 144 34 2
Qu5 = 158 DAO-776510.423(1,, , - 2,5)0.868 150 36 5
Qsg = 170 DAO-7778I0M45 (T, , - 2.5)0.847 .156 37 7
Qgo = 181 DA0-779SI0.466(1,, , - 2,5)0.831 163 39 9
Statistics of basin characteristics used in area 3 regression analysis
Basin
characteristic Maximum Minimum Mean Median
DA 4,927  mi? 0.31 mi? 488  mi?  85.1 mi?
SL 149 ft/mi 2.0 ft/mi 17.2 ft/mi 9.0 ft/mi

Tou,2 3.15 in. 2.85 in. 2.97 in. 2.95 in.




Table 1.--Equations for

of floods on

estimating magnitude and frequency
gtreams in Indiana--Continued

Area 4 (46 stations)

Standard error of estimate|Equivalent

years of

Equations Log units Percent record
Q, = 16.8 DA0-435g10.528,0.860(1, ", _ 2.5)0.459 0,130 31 3
Qo = 24.1 DA0-51750.62810.769(1,  _ 2,5)0.445 427 30 6
Qp5 = 27.4 DAO-S45SL0-66MT0.741(T _ 2,5)0.448 A7 3 7
Qg = 29.6 DA0-55450.68710.738(1,, , _ 2,5)0.458 146 34 9
Q19 = 32.0 DAO-565570.70500.730(1,,  _ 2,5)0.464 158 37 11

Statistics of basin

characteristics used in area 4 regression analysis

Basin

characteristic Maximum Minimum Mean Median
DA 1,224  mi? 0.07 mi? 110  mi? 10.9 mi?
SL 267 ft/mi 2.4 ft/mi 51.0 ft/mi 23.6 ft/mi
L T7.1 mi 0.3 mi 18.8 mi 8.6 mi
Iou,o 3.30 in. 2.80 in. 3.05 in. 3.05 in.
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Table 1.--Equations for estimating magnitude and frequency

of floods on streams in Indiana--Continued

Area 5 (35 stations)

Standard error of estimate|Equivalent
years of
Equations log units Percent record

Q, = 45.5 DA0-760570.390 0.128 30 3
QlO = 67.7 DAO .7808LO.‘+69 .138 33 5
st = 77.0 DA0.79OSL0.H99 .151 36 5
QSO = 8%.8 DA0.8053L0.516 .16% 39 7
Q190 = 91.2 DAO0.811g70.529 475 42 8

Statistics of basin characteristics

used in area 5 regression analysis

Basin

characteristic Maximum Minimum Mean Median
DA 11,125 mi? 0.04 mi? 583 mi? 21.8 mi?2
SL 236 ft/mi 1.2 ft/mi 35.8 ft/mi 12.6 ft/mi




Table 1.--Equations for
of floods on

estimating magnitude and frequency
streams in Indiana--Continued

Area 6 (32 stations)
Standard error of estimate|Equivalent
years of
Equations Iog units Percent record
Q, = 681 DA0-691RC0.856(1,,  _ 2,5)1.771 0.115 o7 5
Qg = 2,177 DAD-622Rc0.865(,, , _ 2,5)1.980 125 29 7
Qps = 3,165 DAD-598RC0.852(1,, . _ 2.5)2.035 1738 32 7
Qgg = 3,908 DAD-SB4RCOBHI(T,,  _ 2,5)2.049 146 4 10
Qoo = 4,734 DA0-570Rc0.83% (1, , - 2.5)2.068 157 37 12
Statistics of basin characteristics used in area 6 regression analysis
Basin
characteristic Maximum Minimum Mean Median
DA 856  mi? 0.10 mi? 164  mi? 35.0 mi?
RC 0.8 0.3 0.6 0.7
Iou,2 3.00 in. 2.70 in. 2.86 in. 2.85 in.



Table 1.--Equations for estimating magnitude and frequency

of floods on streams in Indiana--Continued

Area 7 (22 stations)

Standard error of estimate|Equivalent

years of

Equations Iog units Percent record
Q, = 22.6 DAO-4685I0.41410.624pn0.846 0.109 26 3
Qq = 45.7 DA0.350510.43970.726550.862 R 29 4
Q5 = 56.4 DA0-318510.45870.754p0.862 437 29 4
Qg = 63.6 DA0-300510.47310.770R50.860 -149 35 5
Qugp = 7O.1 DA0-285510.48810.785550.854 160 38 6

Statistics of basin characteristics used in area 7 regression analysis

Basin
characteristic Maximum Minimum Mean Median
DA 1,578 mi? 0.39 mi? 241  mi? 99.8 mi?
SL 39,7 ft/mi 0.9 ft/mi 7.4 ft/mi 2.7 £t/mi
L 75.6 mi e mi 2%.7 nmi 19.8 mi
RC 07 0.3 0.4 0.4




Basin characteristics were also determined for each of the 242 gaged locations
(table 3, after References). The relation between peak-flow data and basin
characteristics were analyzed by multiple-regression techniques. Detailed
discussions of flood-frequency determination and multiple-regression analysis
are presented later in the report.

On the basis of regression analysis, Indiana has been divided into seven
areas (fig. 2). Equations for each area, to be used in estimating flood
magnitude having recurrence intervals of 2, 10, 25, 50, and 100 years on
unregulated, nonurhan streams, are given in table 1. Statistics of the basin
characteristics from the stations used in the regression analyses are also
shown in the table. The estimating equations are valid at sites where the
basin characteristics (particularly drainage area) are within the range listed
for the seven areas in the table. Caution should be used when the basin
characteristics of the ungaged site are outside the range of those used to
develop the equations. The standard error of estimate (in log units and
percent) and equivalent years of record for each equation included in table 1
are discussed in the section "Accuracy and Limitations."

Significant basin characteristics required to use the equations are defined
as follows:

1. Contributing drainage area (DA), in square miles, is the area
contributing directly to surface runoff. This area can be planimetered from
topographic maps or can be obtained from the drainage-area report for Indiana
(Hoggatt, 1975). Drainage area should be determined to the nearest 0.01 mi2 in
the range from 0.01 to 9.99 mi2; to0 the nearest 0.1 miz, from 10.0 to 99.9 mi2;
and to the nearest 1 mi2, for drainage areas greater than 99.9 mi<.

2. Main-channel slope (SL), in feet per mile, the slope of the streambed
between points that are 10 and 85 percent of the distance from the location on
the stream to the basin divide, is determined from topographic maps. Slope
should be determined to the nearest 0.l ft/mi.

3. Channel length (L), in miles, the distance measured along the main
channel from the location on the stream to the basin divide, is determined from
topographic maps. Length should be determined to the nearest 0.1 mi.

4. Storage (STOR), the percentage of the contributing drainage area
covered by lakes, ponds, and wetlands, is determined from topographic maps. A
constant of 1 percent is added to characteristic STOR for use in the estimating
equations. Storage should be determined to the nearest 0.1 percent.

5. Mean annual precipitation (PREC), in inches, the 1941-TO average annual
precipitation, is determined from figure 3 (Stewart, 1983). A constant of 30
inches is subtracted from the characteristic PREC for use in the estimating
equations. The basin centroid should be plotted in figure 3, and mean annual
precipitation for that point should be determined to the nearest 0.5 in. by
interpolation between lines of equal precipitation.

6. Precipitation intensity (Igh’g), in 1inches, the maximum 2L4-hour
precipitation having a recurrence interval of 2 years, 1is determined from
figure 4 (Hershfield, 1961). A constant of 2.5 inches is subtracted from the
characteristic Ipj o for use in the estimating equations. The basin centroid

~11-
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Figure 3.-- Mean annual precipitation, 1941-70.
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should be plotted in figure 4, and precipitation intensity for that point
should be determined to the nearest 0.05 in. hy interpolation between lines of
equal precipitation.

7. Runoff coefficient (RC), a coefficient that relates storm runoff to
g0il permeahility by major hydrologic soil groups, is determined from figure 5
(Davis, 1975). Values of the coefficient (fig. 5) range from 0.30, for
hydrologic soil-group A, to 1.00, for hydrologic soil-group E. If the drainage
area covers more than one hydrologic soil group, the runoff coefficient should
be an areally weighted average determined to the nearest 0.05.
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! ! ? D. M. Hershfield (1961)

EXPLANATION
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Figure 4.-- Two-year, 24-hour precipitation.
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Use of the estimating equations is shown in the following example: A
highway engineer is given the task of designing a culvert to pass the 100-year
flood on a small stream in Brown County, Ind. From figure 2, the location of
the site is found to he in area 3. The equations for estimating flood peaks in
area 3 (table 1) require contributing drainage area (DA), channel slope (SL),
and 24-hour, 2-year rainfall (Izu,z) as independent variables. Physical
characteristics of the basin determined from a topographic map are as follows:

contributing drainage area, 6.94 mi?;
channel length, 4.40 mi;

elevation of the channel at a point 10 percent of the length (0.4 mi)
upstream, 652 ft;

elevation of the channel at a point 85 percent of the length (3.7 mi)
upstream, 824 ft;

distance Vvetween points 10 and 85 percent of the length upstreanm,
3.7 = 0.4 = 3.3 mi;

824 -~ 652
channel slope, —-ig—giz— = 52.1 ft/mi.

From figure 3, the 24-hour, 2-year precipitation is determined to be 3.05 in.

The equation for estimating the 100-year peak discharge for a site on an
unregulated, nonurban stream in area 3 (table 1) is:

Qoo = 181 DAC+779 SL0-466 (1, . _ 2.5)0:831,

Substituting the values of basin characteriatics for the ungaged site in the
equation yields:

Quop = 181 x 6.940:779 yx 52.10.466 ¢ (3,05 - 2.5)0.831 = 3,440 rt3/s.

Sites on Gaged Streams

Unregulated and Nonurban Gaged Streams

Flood magnitude having a specific recurrence interval can be estimated for
a site on an -unregulated, nonurban stream by one of the following procedures:

1« If the site is at a gaged 1location, the weighted estimate of Qp
from table 4 (after References) should be used.
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2. If the drainage area of an ungaged site on a gaged stream is less than
50 percent or greater than 150 percent of the drasinage area of a
gaged site on the same siream, the discharge should be estimated from
the appropriate equation in table 1 as if the site were on an ungaged
stream. An example showing how to use the estimating equations is
shown in the section "Sites on Ungaged Streams."”

5. If the drainage area of an ungaged site on a gaged stream is between
50 and 150 percent of the drainage area of a gaged site on the same
stream, the discharge should be an estimate calculated from both gaged
data (table 4) and estimating equations (table 1). An estimate of the
T-year peak discharge at an ungaged site is determined by first
computing the ratio:

Qry (gaged site)

B QTR (gaged site)’

where QTW (gaged site) 1is the weighted estimate of +the T-year
flood at the gaged site and Qpp (gaged site) is the estimate of
the T-year flood at the gaged site determined by a regional estimating
equation (table 1). This ratio is the correction needed to adjust the
regional value to the weighted value at the gaged site. Values of
Qpy and Qpp for 245 gaged sites are 1listed in table 4.
The weighting factor (RW) to be applied to the estimate of 0Op at
the ungaged site is computed as:

2AA
Ry =R - — (R = 1),

Aq

where R is the ratio defined above, AA is the absolute value of the
difference between the drainage areas of the gaged and ungaged sites,
and Ag is the drainage area of the gaged site. The T-year peak
discharge at the ungaced site is then determined by the equation:

Qm = Qpg (ungaged site) x Ry,

where OTP (ungaged site) is the estimate of the T-year flood at
the ungaged site determined by a regional estimating equation (table 1)
and Ry is the weighting factor defined above. The effect of Ry is
phased out as AA increases to 50 percent of Agp.

Procedures for use in estimating peak discharge at a specific recurrence
interval at a gaged site and at an ungaged site on the same stream and near the
gaged site are given in the examples that follow.

If an estimate of the 100-year peak discharge is needed for the gaging
station on the Muscatatuck River near Deputy, 1Ind. (03366500), one can be
obtained from table 4. The table contains three estimates of Qoo for this
station: The upper number (40,900 ft3/s) is from flood-frequency analysis of
the observed data, the middle number (44,600 ft3/s) is from the regression
equation for area 4 (table 1), and the lower number (41,200 ft3/s) is from
weighting the two independent estimates. The weighting procedure and analysis
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of observed peak data are described in the section "Flood-Frequency Analysis.”
The best estimate of Q 4, for the gaging station on the Muscatatuck River would
be the weighted estimate, 41,200 ft3/s.

An estimate of Q,,( is also needed on the Muscatatuck River downstream from
the gaging station near Deputy, Ind. (0%366500). Qigo for the ungaged location
is first estimated by the regression equation for area 4 (tadle 1) which is of
the form:

= . . 7 0.464
Qg0 = 32.0 DA0-565 g1,0.705 1,0.730 (7, , - 2.5) .

From topographic maps and figure 4, basin characteristics for the ungaged site
are determined to be: DA, %59 mi2; SL, 6.2 ft/mi; L, 68.8 mi; and 1oy, 29
3.00 inches. By substitution:

QlOO = 32.0 ¥ 3590.565 x 6.20.705 x £8.80.730 ¢ (3.00 _ 2.5)0.464
= 51,200 ft3/s.

Because the drainage area at the ungaged site is between 50 and 150 percent of
the drainage area at the gaged location this number is then weighted by a
factor that reflects how well the estimating equations match values from flood-
frequency analysis of observed peaks at the gaged location. 1In the previous
example, the equation for estimating Q,,, in area 4 produced 44,600 ft3/s at
the gaging station near Deputy, Ind. Flood-frequency analysis of the station
record gave 40,900 ft3/s for Qyqq- These two estimates were combined by =
weighting +technique previously mentioned to produce the weighted estimate
41,200 ft3/s for Qypp at the gaging station. The weighting factor to be
applied to the estimate of 0,;, from the regression equation at the ungaged
location is calculated as follows:

2AA
Ry = R - K——-(R - 1).

G

By substitution:

_ 41,200  (2)(359 - 293) (41,200

- = 009580
44,600 293 44,600

Ry

The best estimate of Q 3y at the ungaged site on the Muscatatuck River then
becomes:

Qp = 51,200 x 0.958 = 49,000 ft3/s.

Regulated Gaged Streams

Flood magnitude and freguency at gaged sites on regulated streams should be
estimated on the basis of the best available streamflow data for that site, not
on estimating equations. Peak-discharge data are available for many sites on
regulated sgtreams in Indiana. Gaging stations on sgtreams affected by
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regulation are listed in table 5 (after References). The period of record for
each station shown in table 5 was split at the time when regulation began. TIf
more than 10 years of unregulated annual-peak data were available, an
unregulated flood-frequency curve was determined (tahle 4). Stations marked
with an asterisk (*) in table 4 are currently (1983%) regulated, but flood-
frequency data from the unregulated period of record at these sites were used
in the regression analysis to develop estimating eguations. TFlood-frequency
estimates for current (1983) conditions at each of these stations should be
based on peak data from the regulated period and used with caution.

Annual peak discharges affected hy regulation were not used in determining
flood-frequency curves for use in developing estimating equations. However, if
the period of record during regulated flow is of sufficient length, these data
can be used to estimate flood magnitude and frequency at a specific site on a
regulated stream under current (1983) conditions. TFlood-frequency data for
eight such sites are shown in table 4. Tlow characteristics at sites on
regulated streams could be greatly altered hy a change in regulatory practices;
peak data should be thoroughly reviewed hefore a flood-frequency analysis is
made. Regulated and unregulated peak data should not Ye combined in
determining the flood-frequency curve for a gaged site.

An example of the effect of regulatioun on flood frequency was obtained by
analysis of peak-discharge Jata from stations on the Wabash River. Streamflow
in the Wabash River in the reach downstream from Huntington, Ind., has bheen
regulated since 1968 by flood-control reservoirs operated by the U.S. Army
Corps of Engineers. Huntington Reservoir (717 mi?), Salamonie Reservoir (553%
mi2), and Mississinewa Reservoir (807 mi?) control more than 25 percent of the
drainage area of the Wabash River from Huntington, TInd., to Covington, TInd.
Reservoirs on tributaries control a small part of the drainage area of the
Wabash River from Terre Haute, Ind., to Mt. Carmel, T1ll.

The magnitude and frequency of floods based on analysis of unregulated
annual peagks through 1967 at 12 gaging stations on the Wabash River from
Huntington to Mt. Carmel are shown in table 6 (after References). Estimates of
flood magnitude and frequency for the period of regulated flow (Indiana
Department of Netural Resources, 1981) are also given in the table. Regulation
has sgubstantially reduced the estimate of flood magnitude for all recurrence
intervals at eacl station.

Urban Gaged Streams

Flood-frequency data from six gaged sites on urban streams are listed in
table 4 but were not used in the regression analyses 1o develop the estimating
equations. The data are presented for use in estimating flood magnitude and
frequency at specific locations under current (1983) conditions. Peak
discharge on an urban stream is dependent on the degree of urbanization within
the bvasin. The imperviousness of the land surface associated with an urban
basin is generally greater than that of a nonurban basin, and peak discharge
from an urban basin is generally larger than that from a nonurban basin of
gsimilar size. Thus, the estimating equations shown in table 1 could
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underestimate flood magnitude. Conversely, ponding ©behind a highway
embankment, with available storage capacity and with a culvert to allow
outflow, could reduce the peak discharge on an urban stream. In this case,
flood magnitude in the channel downstream from the embankment could be
overestimated by use of the equations shown in table 1. No methodolgy is given
in this report for estimating flood magnitude and frequency at ungaged sites on
urban streams.

Accuracy and Limitations

The accuracy of the estimating equations in table 1 is expressed as
standard error of estimate (log units and percent) and equivalent years of
record. The standard error of estimate is a measure of how well the discharges
determined by the equations compare with the discharges from the individual
station flood-frequency curves that were used to develop the equations.
Because of the +transformation of the variables to corresponding base 10
logarithmic values before regression analysis, the standard error of estimate
was determined in log units and was converted to percent and equivalent years
of record by techniques given in Hardison (1971). On the average, two-thirds
of the observations of discharge from flood-frequency curves based on observed
data lie within one standard error of estimate (expressed in log units) of
corresponding values computed by the equations. For example, the standard
error of estimate for the Q;q3; equation in area 1 is 0.186 log unit. This
means that two-thirds of the time logarithms of the Q;,y values from flood-
frequency analysis of observed peaks will be within 0.186 log unit of the
logarithns of the Q37 values computed from the equation for area 1. The
standard error of 0.186 log unit was converted to 45 percent by the conversion
table in Hardison (1971). The standard error of estimate in log units was also
converted to equivalent years of record by use of Hardison's equation:

= r?[T,/SE12,

where Ny is equivalent years of record, R is a function of recurrence
interval and wean logarithmic skew, Tv is mean logarithmic standard
deviation, and SE is the standard error in log units. Using this equation and
the statistical analyses of flood frequency for stations in area 1, the author
converted the standard error of estimate (0.186 log unit) to an accuracy
equivalent of 5 years. Thus, the estimate of a 100-year peak discharge at a
site in area 1 computed from the estimating equation has an accuracy similar to
that obtained by flood-frequncy analy31s of 5 years of peak-discharge data
collected at the site.

Split-sampling techniques were used in area 3 to verify the predictive
accuracy of the estimating equations. The 60 stations in ares 3 were divided
into two sets, one set for developing equations and the other Tor measuring the
accuracy of prediction by the equations. The stations were first arranged by
size of drainage area and were then alternately assigned to the predicting and
estimating sets, beginning with the smallest and ending with the largest. This
procedure of data splitting resulted in an estimating set of *0 stations and a
predicting set of 30 stations. A regression analysis using data from the 30
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stations in the estimatine set produced an equation for Qoo having a standard
error of estimate of 39 percent (0.163 log unit). Independent variables in the
equation were the same ones shown to be significant hy analysis of data from
all 60 stations in area 3. Using this equation, the author computed peak
discharges having a 100-year recurrence interval for the 30 stations in the
predicting set. The standard error of estimate of the observed values of Qg
for stations in the predicting set compared with 0,4, values for these stations
computed by the equation from analysis of data in the estimating set is 46
percent. This approximates the standard error of estimate (39 percent) for
Qg where data from all 60 stations in the area were used.

The equations in table 1 are for estimating magnitude and frequency of
floods on unregulated, nonurban streams. Statistics of the basin
characteristics used in developing the individual area equations are also given
in the table. The equations are valid at sites where the basin characteristics
fall within the range shown in the table. The equations should not be used for
estimating discharge on an urban or a regulated stream; the flood-frequency
curve reflecting current conditions at a site should be used in planning and
design. No methodology is given for estimating flood magnitude and frequency
at ungaged sites on urban or regulated streams.

DATA ANALYSIS

Annual peak-discharge data and basin characteristics from 242 continuous-
record and crest-stage partial-record stations having at least 10 years of
observed record were used in a wmultiple-regression analysis +to develop
equations for estimating magnitude and frequency of floods. Synthetic peak-
discharge data generated by a rainfall-runoff model were used to extend the
length of record at 11 stations. (See section "Extending length of Record by a
Rainfall-Runoff Wodel.") Locations of the 23%6 stations in Tndiana used in
developing the estimating equations are shown in figure 1. locations of 26
stations on regulated streams and 6 stations on urban streams not used in
developing the estimating equations are also shown in figure 1. Six stations
used in the regression analysis (three in Ohio, and three in Illinois) are not
shown in figure 1.

Ilong-term daily and unit-precipitation data for use in the rainfall-runoff
model were obtained from the Wational Oceanic and Atmospheric Administration
(NOAA) for Indianapolis, Ind.; Fort Wayne, Ind.; Chicago, T11l.; Peoria, Tll.;
Springfield, 1I1l.; Cairo, Tll.; and Iouisville, KXy. Iong-term daily-
evaporation data for use in the model were obtained for Oaklandon, Ind. (Geist
Reservoir).

Peak-discharge frequency data and baesin characteristics were determined for
each gaged site on naturally flowing streams in Indiana. The State of Indiana
was divided into seven areas on the basis of regression analysis. Tlood~-
frequency equations for each of the seven areas were developed by multiple-
regregsion techniques. These equations can bhe used to estimate the magnitude
and frequency of floods on any unrvegulated, nonurban stream in Indiana.
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Flood-Frequency Analysis

Flood~frequency analyses were done for 270 continuous-record stations and
crest-stage partial-record sites having at least 10 years of peak-flow data *to
determine flood-frequency curves for each site. ¥or these analyses, guidelines
of the U.S. Water Resources Council (1981) were used to fit the logarithms of
the annual peak discharges to a Pearson type-III distribution. Historical
peaks and high outliers were given weight, low outliers were onitted, and
station skew was weighted with skew values from a generalized skew map in the
reference.

The technique for fitting a log-Pearson type-IIl distribution to observed
annual peak discharges is to compute the base 10 logarithm of the discharge (Q)
at a selected probability of occurence (P) by the equation:

log Q = x + KS,

where X is the mean of the logarithms of the annual peak discharges, S is the
standard deviation of the logarithms of the annual peak discharges, and X is a
function of the WRC-weighted skew coefficient (G) and the selected probability
of occurrence (P). Values of ¥ can be obtained from U.S. Water Resources
Council (1981). A summary of the statistics of the logarithms of the annual
peak discharges used in developing flood-frequency curves for the gaged sites
is shown in table 2.

Flood-frequency analysis is done to define the relation of flood magnitude
(instantaneous maximum discharge) to probability of occurrence or to recurrence
interval. Probability of occurrence (P) is the percent chance of a given flood
magnitude being exceeded in any 1 year. Recurrence interval (T), which is the
reciprocal of the probability of occurrence multiplied by 100, 1is the average
number of years between exceedances of a given flood magnitude. The recurrence
interval is an average interval, and the occurrence of floods is random in
time; no schedule of regularity is implied. The occurrence of a flood having a
50-year recurrence interval (2-percent prohability of occurrence) is no
guarantee, therefore, that a flood of equal or greater magnitude will not occur
the following year, or even the following week.

Results of flood-frequency analysis of observed annual peaks at 259
individual stations are given in table 4. (Flood-frequency data for 12
stations on the Wabash River downstream from Huntington Reservoir are shown in
table 6.) Peak discharges having recurvence intervals of 2, 10, 25, 50, and
100 years estimated by analysis of the observed data are shown in table 4 as
the upper number for each station. Because the T-year flood estimated from the
log~Pearson type-III distribution of the logarithms of the annual peak
discharges and the corresponding estimate from the regression equations {table
1) are considered to be independent, a technique for weighting the two
estimates is recommended (Curtis, 1977a, p. 4). The best estimate of flood
magnitude at a selected recurrence interval for a gaged location is obtained by
the equation:

(sta yrs rec)(log sta Qp) + (eq yrs rec)(log reg Qp)
(sta yrs rec) + (eq yrs rec)
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In the preceding equation, log sta Qp (log station Qp) is the upper number
for each site in table 4 converted to & logarithm; sta yrs rec (station years
of record) is determined from table 2; log reg Qp (log regression Qp) is
computed as the logarithm of the discharge computed by the estimating equations
in table 1 or obtained from table 4 (middle number); and eq yrs rec (equivalent
years of record, which is the accuracy of the regression equation) is
determined from table 1. The antilog of the calculated log Qp is the best
estimate of flood magnitude at a selected frequency. Weighted estimates of
flood magnitude and frequency at each of the stations used in the regression
analysis are shown as the lower number in table 4.

Extending Length of Record by a Rainfall-Runoff Model

A long-term record (60-70 years) of synthetic flood peaks was generated for
each of 11 stations on small streams by a rainfall-runoff model developed by
the U.S. Geological Survey (Dawdy and others, 1971; and Carrigan and others,
1977) . The purpose of generating the synthetic data was to increase the
effective length of record at the small-stream gaging stations, where short-
term concurrent rainfall and discharge data had been collected. Wlood
hydrographs for each station were generated from daily-rainfall, daily-
evaporation, and unit-rainfall data. The model deals with three components of
the hydrologic cycle--antecedent so0il moisture, storm infiltration, and
surface-runoff routing. The two phases involved in using the model are
calibration and synthesis.

During calibration of the model, daily rainfall, daily pan evaporation, and
concurrent values of unit streamflow and unit rainfall were used to optimize
the 10 parameters defined in table 7. Seven of the parameters define the
volume of surface runoff, and three control the shape of the flood hydrograph.
Several parameters are considered to vary only slightly (ILichty and Iiscum,
1978). By holding these parameters constant, the fitting process improves the
values of the remaining parameters. The values of DRN and TP/TC were held
constant at 1.00C and 0.500 throughout the calibration. Optimum values of the
10 parameters obtained in calibrating the model are shown in table 7 for each
of the 11 rainfsil-runoff stations.

The optimum values of parameters from calibration of the rainfall-runoff
model were used with long-term precipitation and evaporation data provided by
the Nationa. Oceanic and Atmospheric Administration to generate a long-term
series of flood peaks. Iong-term evaporation data from Osklandon, Ind. (Geist
Reservoir), was used for each of the 11 gaging stations. However, data from
seven long-term-precipitation stations were available for use in synthesis of
long-term peak discharge. The choice of which long-term-precipitation record
to use was based on techniques in Lichty and Liscum (1978) and Curtis (1977b).

At =ach of the seven long-term-precipitation stations, synthetic data were
generated, ané rainfall-runoff model estimates of T-year floods were related to
the parameters of the model. Replicate synthesis using the optimum model
parameters from each of the 11 gaging stations resulted in 77 synthetic
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Table 7.--Results from calibration of the rainfall-runoff model

PSP Product of moisture deficit and suction at the wetted front for soil moisture at field capacity.
KSAT The minimum (saturated) hydraulic conductivity used to determine infiltration rates.

DRN A constant drainage rate for redistribution of soil moisture. .

RGF Ratio of the product of moisture deficit and suction at the wetted front for soil moisture at

the wilting point to that at field capacity.
BMSM S0il moisture storage volume at field capacity.

EVC Coefficient to convert pan evaporation to potential evapotranspiration.

RR Proportion of daily rainfall that infiltrates the soil.

KSwW Time characteristic for linear reservoir routing.

TC Length of the base of the triangular translation hydrograph.

TC/TP Ratio of time to peak to base length of the triangular translation hydrograph.

Station

number PSP KSAT DRN RGF BMSM EVC “ERR KSwW TC TP/TC
03275800 3.998 0.287 1.000 16.664 3.904 0.864 0.855 0.316 10.4 0.500
03276640 1.017 .062 1.000 28,958 2.653 .808 <171 3544 21.7 «500
03324260 3.182 « 335 1.000 22.820 7.018 . 704 . 740 .298 44.6 . 500
03329720 2.759 061 1.000 20.180 2.606 873 .890 5.721 113.0 . 500
03334200 807 114 1.000 10.716 1.486 .810 « 960 6.989 51.3 . 500
03335790 |, 4.003 145 1.000 11.860 2.625 . 967 . 730 « 397 61.4 . 500
03352400 3.374 042 1.000 23.270 8.3%7 . 778 . 911 2.26%5 97.6 . 500
03%64100 1.514 .085 1.000 11.880 2.793 . 952 616 2.850 49.1 .500
03366400 1.712 .053 1.000 39.206 3.359 . 968 .618 .316 43.2 .500

03373680 4.954 164 1.000 15.390 2.507 . 655 - 755 176 15.4 . 500

03378590 1.894 .049 1. 000 11.847 1.227 584 .93 1.063 25.7 . 500




annual-flood series (11 gaging stations times 7 precipitation records). A log-
Pearson type~III distribution was used to quantify synthetic T-year flood
estimates for each of the 77 synthetic peak-data sets.

Regression analyses were used to relate the synthetic estimate of peak
dischargze at a specified recurrence interval (QTS) to a combination of
optimum parameters from the rainfall-runoff model (fable 7) that define the
volume and shape of the hydrograph. The equation for estimating flood
magnitude and frequency at a rainfall-runoff station from precipitation data
collected at a long-term-precipitation station is as follows:

Qpg = a VAR® FR® 1A,
where

QTS is the synthetic T-year flood estimate, in cubic feet per
second, based on precipitation data collected at the respective
precipitation station,

a the regression coanstant,

VAR! an index of the dispersion about the mean arrival time (1ag), in
hours, that describes the hydrograph shape,

FR? the infiltration rate, in inches per hour, that describes the
hydrograph volume,

b and ¢ the regression coefficients,
and
DA the contributing drainage area, in square miles.

Regression analysis showed the regression coefficient "b" to be constant
for all stations and recurrence intervals, and the regression coefficient "c"
" "

to be a function of "&", the regression constant. The equation for estimating
the synthetic discharge for a specific recurrence interval was transformed to:

Qg = ar yar=0+310 5g0-790 log ag - 2.266 p,

The average standard error of estimate of Qps was less than 20 percent.
The only variable in this equation is "aqp" because VAR, FR, and DA are known
for a given set of model parameters. Site-to-site variability in the magnitude
of the regression coeffecient "ap" is interpreted as reflecting the spatially
varying influence of local climatic factors. Values of "ap" for each of the
seven long-term precipitation stations were plotted on a map for recurrence
intervals of 2, 10, 25, 50, and 100 years (figs. 6-10). Iines of equal
climatic factor drawn on each of the five maps can be used to estimate "ap"
for any location in Indiana. Values of "ap", DA, VAR, and FR for the 11
rainfall-runoff stations are 1listed in table 8. Values of Qpg were
calculated from these data.

1yAR is defined by the equation VAR = KSWZ + (TC/60)2/24
2FR is defined by the equation FR = KSAT [1.0 + 0.50 PSP(0.15 RGF + 0.85)]
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The preceding method was used to eliminate the need to select data from a
single long-term-precipitation station to estimate synthetic Qp at each of
the 11 stations used in the modeling procedure. Furthermore, synthetic Op
can also be estimated at any additional rainfall-runoff station whose record is
adequate to define VAR and FR; synthesis of annual peak discharges at the
various long-term-precipitation stations is not required.

Table 8.--Data used to estimate synthetic
QT at rainfall-runoff stations

[DA is the drainage area, in square miles. VAR is an index of the
dispersion sbout the mean arrival time (lag), in hours, that
describes the hydrograph shape. FR is the infiltration rate,
in inches per hour, that describes the hydrograph volume.
ap is the T-year climatic factor (from figs. 6-10)]

Station
number DA VAR FR a, 819 855 agq 2100

03275800 0.26 0.101 2.209 95 340 4%0 550 650

03276640 .19 124 . 226 90 300 400 500 600
03324260 .86 112 2.612 95 320 500 600 T00
03329720 5.62  32.878 .387 100 340 550 650 800

03334200 2.51 48.877 .227 110 400 650 800 950
03335790 1.22 . 201 .908 110 400 650 800 1,000
03352400 .77 5.241 350 115 450 T00 1000 1,250
03364100 1.46 8.150 .254 110 420 650 800 1,000
03366400 .16 152 .358 100 350 500 650 800
03373680 .29 034  1.447 120 450 700 900 1,100

03378590 .32 1.138 AT 140 540 800 14,050 1,300
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The synthetic flood-frequency curve was combined with the flood-frequency
curve based on the 10 years of observed data, and the resultant flood-frequency
data at each site was used in the regression analysis to develop estimating
equations. A weighting procedure based on an analysis of variance (Lichty and
Liscum, 1978, p. 21) and on equivalent years of record (W. 0. Thomas, oral
commun., 1983) was used to develop the final flood-frequency curve for each of
the rainfall-runoff stations. In this procedure, the flood-frequency curves
developed from the synthetic and the observed data are assumed to be unbiased
and independent.

A value of equivalent years of record for the synthetic estimates of Qp
was determined from statistics of observed data by the equation:

/IV 2
N = R?, 5]
‘.\ Jp
where E
N 1is equivalent years of record;
R & factor based on skew and recurrence interval relating standard
error of a T-year flood to Iy and N (from Hardison, 1971,
p. €230);
Iy the index of variability, equal to the standard deviation of the
logarithms of the annual peaks (from Iichty and Iiscum, 1978,
P 21);
and

SEp the standard error of prediction, equal to the square root of the
average variance of the synthetic estimate (from Iichty and
Iiscum, 1978, p. 29).

The weighting factor applied to the observed estimates of peak discharge
(QT) was determined as the ratio of years of observed data to total years of
record (observed and synthetic). The weighting factor applied to the synthetic
estimate of peak discharge (QTS) was equal to one minus the ohserved
weighting factor. All information needed to determine the combined (weighted)
flood-frequency curve at a rainfall-runoff station is given in table O.
Constant values of Iy (equal to S) and G were taken from Lichty and liscum
(1978, p. 21); R values were taken from Hardison (1971, p. €230); and SEp
values were determined by the equation SE, = VMM and data in Iichty and
Liscum (1978, p. 29). Data from the combined flood-frequency curves at the 11
rainfall-runoff stations were included in regression analysis to develop the
estimating equations and are shown as the upper number in table 4.

Sample calculations to determine factors for weighting synthetic and
observed estimates of a 25-year flood follow: Given: Iy =S = 0.298, G =
-0.109, R (for T = 25 and G = -0.109) = 1.512, and SE, = \/VMM (for T = 25)

0.01T10" = 0.105. Substituting these values into the equation to calculate
equivalent years of record gives:
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IV\Z 0.298\ 2
N =R [—] = (1.512)2 = 18.4 years.
ng/ 0.105

The synthetic estimate of Q,5 has an equivalency equal to 18.4 years compared
to the 10 years of observed data. The weighting factor applied to the observed

estimate of Q25 is:

10
= = 0.3%5.
10 + 18.4

Nobs

Nobs * Nsyn

The weighting factor applied to the synthetic estimate of Q,g is:
1-00 - 0035 = 0-650

Therefore, the weighted estimate of Q,5; from combining the observed and the
synthetic frequency curves is calculated by the equation:

= (0-35)<Q25 ed) + (0-65)(025

QZSweighted observ synthetic)'

Table 9.--Bquations used to combine observed and synthetic estimates
of QT at rainfall-runoff stations

[IV and G are constant for all recurrence intervals. Ty, which is S in
Lichty and Liscum (1978, p. 21), is 0.298. G, from Lichty and Liscum
(1978, p. 21), is -0.109. T is the recurrence interval. R, from
Hardison (1974, p. €230), is a function of T and G. SE, is the
square root of VMM, from Iichty and Iiscum (1978, p. 29). Nopg is
the number of observed peaks. Ngypn is the equivalent years of
record for the synthetic estimate of Qm. QTobs is the estimate
of Qp from observed data. QPgyn 18 the estimate of Qp from
synthetic data. Qp 4 is the weighted estimate of Gp from
combining Qp.. and QTsyn‘j

For T = 2 years. R = 0.999, SEp = 0.140, Nobs = 10, and Néyn = 4.5
Qg = (0:70)(Qpqpg) *+ (0.30)(Qpqqp)
For T = 10 years, R = 1.298, SEy = 0.102, Wopg = 10, and Néyn = 14.4
Qrowt = (0-40)(Q)qqpg) *+ (0.60)(Qyggym)
For T = 25 years, R = 1.512, SEp = 0.105, Nobs = 10, and Néyn = 18.4
Qsyt = (0:35)(Qg54pg) * (0465)(Qpsgyy)
For T = 50 years, R = 1.841, SEp = 0.112, Wypg = 10, and Néyn = 24.0
50yt = (0:30)(Qsqqpg) + (0:70)(Qg5pgyy)
For T = 100 years, R = 2.192, SEp = 0.118, Nobs = 10, and Jéyn = 30,7

Qoowt = (0:25)(Q1gg0bs) * (0-75)(Q)gpsyn)
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Regression Analysis

Multiple-regression analysis was used to develop the relation between flood
magnitudes having 2-, 10-, 25-, 50-, and 100-year recurrence intervals (table
4, upper number) and basin characteristics (table 3) for 242 gaged locations in
Indiana, Ohio, and Tllinois. TIndependent variables (basin characteristics) and
dependent variables (peak-flow statistics) were +transformed to base 10
logarithms before analysis by multiple-regression techniques, znd the equations
were developed in log-linear form. TWquations for estimating flood frequency
are presented so that information from sites where peak data are available can
be transferred to ungaged locations. These equations, which relate the most
significant basin characteristics to peak discharge at specific recurrence
intervals, are of the form:

log Qp = log a + h log A + ¢ log B+ d log C +...om log W
or
Qp = a AP BC ¢d....Nn,

where Qp is the flood magnitude, in cubic feet per second, having a
recurrence interval of T years;

a the regression constant;
A, B, £...N the basin characteristics;
and b, ¢, 4...n the regression coefficients.

Forward selection, backward elimination, and maximum R2 improvement
regression analyses described in Helwig and Council (1979) were done on Jata
from throughout the State and on data from the seven areas used to define
flood-frequency relations. For each area, the equations with the lowest
standard error of estimate, independent variables significant at the 90-percent
confidence level, and logical regression coefficients were chosen to estimate
flood magnitude at recurrence intervals of 2, 10, 25, 50, and 100 years.

The State of Indiana was divided into seven areas (fig. 2) on the basis of
regression analysis. Initially, basin characteristics and flood-frequency data
from all 242 gaged sites were analyzed as a single area. Standard errors of
estimate ranged from 38 percent for the 2-year flood to 50 percent for the 100-
year flood. Grouping the stations by physiographic region and rerunning the
regression analysis did not produce standard errors of estimate lower than
those determined from analysis of a single area. Residuals (observed value
minus the value computed from the estimating equation) from the single-area
analysis were plotted on a State map. Stations were grouped by major river
basins into areas having similar residuals and regression analysis was done on
data from the stations in each area. The residuals from these analyses were
plotted on a map. Stations were reassigned from one area to another on the
basis of the residuals and regression analyses rerun. If the standard errors
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of estimate for both areas decreased, and regression coefficients were logical,
the stations were kept in the new area; if not, the stations were kept in the
0ld area. Some large areas were split into smaller suhareas, and analyses were
run on data from each of them. Conversely, several areas were combined into
one large area for analysis. The regrouping of stations continued until no
further improvement resulted from the reassignment of stations from one area to
another. The groupings then consisted of seven geographical areas. ¥xcept for
the White BRiver and W®ast Fork White River, basins drained by unregulated
streams were not divided; all stations within a basin were reassigned from one
area to another. TResiduals from the final estimating equations were plotted
against independent and dependent variables, and no trends were detected in the
plots.

Tquations for each of the seven areas, their accurascy, and statistical
information about the independent variables used in the regression are shown in
table 1. Standard errors of the equations are shown in log units and in
percent. Accuracy of the equations is also shown as the number of years of
record neededl at an ungaged location in the area to produce an estimate as
good as that produced by the equation (equivalent years of record).

Basin characteristics used as independent variables in the regression
analyses included contributing drainage area, channel length, channel slope,
average elevation, storage, forested area, mean annual precipitation (Stewart,
1983), precipitation intensity of a 24-hour, 2-year storm (Hershfield, 1961),
precipitation index (Davis, 1974); and a soil runoff coefficient (Davis, 1975).
0f +these, average elevation, forested area, and precipitation index were
insignificant in the estimating equations. Various combinations of the
remaining variables were used in the final estimating equations. The equations
for the individual areas are valid for all unregulated, nonurban streams in the
area.

Additional analyses were done to determine whether equations for estimating
flood magnitude and frequency could be developed on the basis of drainage-area
size as was done by Davis (1974). Davis presented one equation for all
locations draining 15 to 100 mi? and another for all locations draining more
than 200 mi? (except the Wabash and White Rivers). He used a weighting
procedure on streams draining 100 to 200 miZ, Separating the 242 stations into
groups based on drainage-area size did not produce equations with lower
standard errors of estimate than those based on location (dividing the State
into seven areas). The results of the analyses are shown in table 10.
Comparison of the standard errors of estimate for the two sets of equations
shows that equations based on location are better for estimating peak discharge
on all sizes of streams and that the standard error of estimate for streams
draining less than 100 mi2 is virtually constant.

Split-sampling technigues were used to analyze the data from area 3 and to
verify that the standard errors of estimate shown in table 1 are representative
of the predictive accuracy of the estimating equations. Split sampling is
discussed in the section "Accuracy and Iimitations."
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Table 10.--3tandard errors of estimate of Q ), for area equations
and equations developed by grouping stations according to size
of drainage basin

Standard error of estimate of Q100
Drainage area
(square miles)|Number of stations|area equations|basin size equations

<10 77 41 percent 56 percent
<15 84 41 percent 56 percent
<20 90 42 percent 54 percent
<50 "7 43 percent 61 percent
<100 133 42 percent 58 percent
>100 109 32 percent 33 percent
>0.1 242 37 percent 50 percent
SUMMARY

Methods for estimating the magnitude and frequency of floods on any
unregulated, nonurban stream in Indiana are given in this report. The State
was divided into seven areas, and a set of equations for estimating peak
discharges with recurrence intervals of 2, 10, 25, 50, and 100 years was
developed for each area. Peak-discharge and hasin-characteristics data from
242 gaging stations and crest-stage partial-record stations in Indiana and
nearby Chio and Illinois were used in multiple-regression analysis to develop
the equations. A log-Pearson type-III frequency distribution based on
guidelines of the U.S. Water Resources Council (1981) was used to develop
flood-frequency curves for the individual stations. Basin characteristics
shown to vbe significant in estimating flood magnitude included drainage area,
channel length, channel slope, mean annual precipitation, vrecipitation
intensity, storage, and a runoff coefficient. Standard errors of estimate
ranged from 24 to 45 percent.

Peak-flow data synthesized by a rainfall-runoff model was used to extend
the length of record at 11 small-stream gaging stations. The synthetic data
were used to develop a flood-frequency curve for each station. These curves
and flood-frequency curves developed from observed data were then combined into
one curve for each station for use in regression analysis.

Flood-frequency data from stations on regulated and urban streams are
presented for use in estimating flood magnitude and frequency at specific
locations under current (1983) conditions. Wo methodology is given in the
report for estimating magnitude and frequency of floods at ungaged sites on
regulated or urban streams.
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