
TECHNIQUE FOR ESTIMATING MAGNITUDE AND 
FREQUENCY OF FLOODS ON NATURAL-FLOW 
STREAMS IN FLORIDA

U.S. GEOLOGICAL SURVEY 
WATER-RESOURCES INVESTIGATIONS

Prepared in cooperation with the

FLORIDA DEPARTMENT OF TRANSPORTATION





UNITED STATES

DEPARTMENT OF THE INTERIOR 

GEOLOGICAL SURVEY

TECHNIQUE FOR ESTIMATING MAGNITUDE AND FREQUENCY OF FLOODS 

ON NATURAL-FLOW STREAMS IN FLORIDA 

By Wayne C. Bridges

U.S. GEOLOGICAL SURVEY 

WATER-RESOURCES INVESTIGATIONS 82-4012

Prepared in cooperation with the 

FLORIDA DEPARTMENT OF TRANSPORTATION

Tallahassee, Florida 

1982



UNITED STATES DEPARTMENT OF THE INTERIOR 

JAMES G. WATT, Secretary

GEOLOGICAL SURVEY 

Dallas L. Peck, Director

For additional information 
write to:

District Chief
U.S. Geological Survey
Suite F-240
325 John Knox Rd.
Tallahassee, FL 32303

Copies of this report can be 
purchased from:

Open-File Services Sect ion 
U.S. Geological Survey 
Box 25425, Federal Center 
Lakewood, CO 80225



CONTENTS
Page

Abstract------------------------------- --------------- -- ------- 1
Introduction--------------------------- - ------------------------- l
Data base- - ------------------- -- __________________ _________ 3

Annual maximum discharge---------------------------------------- 3
Flood-frequency curves------------------------------------------ 3
Basin characteristics-----------  ________________--___---- - 4

Regional analysis---------------------- --------------------- _____ 5
Multiple regression analysis------ ---------------------------- 5
Regression models------------- ---- _______________ _________ 5
Flood frequency for larger streams------------------------------ 9

Accuracy of the regression models---  ------------  _______________ 13
Risk of flood occurrence------------------------ -----------------  13
Applications of technique----- --------- _______ ______ _________ 17

Improved estimates at gaged sites---------------------- ------- 17
Ungaged sites--------------------------------------------- ---- 18
Ungaged site on gaged stream---- ------ _____-_----------- -- 18

Limitations of technique --- -- ---- ------- _______ __________ 43
Summa ry-------------------------------------------------------------- 44
Selected references- ------- _____________________ __-  _-_ ____ 44

ILLUSTRATIONS
Page

Figure 1. Location of gaging stations and hydrologic region
boundaries---------------------------------------------' 8

2. Relation of flood discharge to drainage area for
selected frequencies on the Apalachicola River   ---  14

TABLES
Page

Table 1. Regression model for Region A                         10
2. Regression model for Region B ---    -------    -           - 11
3. Regression model for Region C---                  --    -   12
4. Accuracy of regional flood relations in equivalent years

of record --   ------   --               -     -           15
5. Probability that a flood of given recurrence interval

will be exceeded during indicated time period-     -  16
6. A comparison of station, regional, and weighted T-year

flood estimates       --          --   -                    19

III



SYMBOLS 

A = Drainage area for gaged site, in square miles;
O

A = Drainage area for ungaged site, in square miles;

Bj_, B2 , B3 ... = Partial regression coefficients;

C = Regression constant;

C-2» C 2 s> CIGO = Geographic coefficient for estimating 2-, 25-, and 100-year 
recurrence-interval flood discharge at rainfall-runoff stations;

DA = Drainage area, in square miles;

EY = Accuracy for a flood estimate, in equivalent years of record;

K = Pearson Type III deviate;

LE = Channel length, in miles;

LK = Total area of lakes and ponds, in percent of drainage area;

M = Mean of logarithms of the annual peaks;

N = Number of items in a data set;

n = Time interval, in years;

P = Exceedance probability;

p = Probability of at least one exceedance within the specified time interval;

Q = Estimate from log-Pearson Type III distributions of T-year flood, 
in cubic feet per second;

Q = Estimate from regression equation of T-year flood for gaged site, 
in cubic feet per second;

Q = Regional estimate of T-year flood from regression equation for 
ungaged site, in cubic feet per second;

Q = Estimate of the T-year flood from log-Pearson Type III distribution, 
in cubic feet per second;

Q = Adjusted estimate of T-year flood for ungaged site, in cubic feet 
per second;

Q = Weighted estimate of T-year flood at gaged site, in cubic feet 
per second;

IV



R = Multiple correlation coefficient;

S = Standard deviation of the logarithms of annual peaks;

SL = Channel slope, in feet per mile;

T = Recurrence interval,'in years;

Xj, X2 , X3 ... = Independent variables in linear regression.

ABBREVIATION AND CONVERSION FACTORS

Factors for converting inch-pound units to International System of 
units (SI) and abbreviation of units.

Multiply 

inch (in) 

foot (ft) 

mile (mi) 

square mile (mi 2 )

25.40

0.3048

1.609

2.590

cubic foot per second (ft3/s) 0.02832

To obtain 

millimeter (mm) 

meter (m) 

kilometer (km) 

square kilometer (km2 ) 

cubic meter per second (m3/s)





TECHNIQUE FOR ESTIMATING MAGNITUDE AND FREQUENCY OF FLOODS 

ON NATURAL-FLOW STREAMS IN FLORIDA 

By Wayne C. Bridges

ABSTRACT

A technique is provided for estimating floods on natural-flow streams 
in Florida for specific recurrence intervals of 2, 5, 10, 25, 50, 100, 200, 
and 500 years. Flood peaks from 159 stream-gaging stations with long-terrr 
records (10-53 years) and 23 rainfall-runoff stations with short-terrr 
records (7-17 years) were used in a multiple linear regression analysis to 
develop the regional equations relating peak discharge to basin charac­ 
teristics. The State is divided into three hydrologic regions, A, B, 
and C. The significant independent variables were drainage area, channel 
slope, and lake area in Regions A and C. In Region B, the significant 
independent variables were drainage area and lake area.

INTRODUCTION

The ability to adequately define the magnitude and frequency of floods 
is necessary for the regulation, planning, and design of activities along 
rivers and streams in Florida. One of the first considerations in the safe. 
and economical design of drainage structures is the magnitude and frequency 
of the design flood or the maximum peak flow that can safely pass through 
the structure. The most desirable basis for selection of the design dis­ 
charge is a flood-frequency analysis of a long-term record of floods that 
have occurred at or near the site, but long-term flood records are rarely 
available for the site where they are needed.

In 1958, the Florida Department of Transportation and the U.S. Geo­ 
logical Survey began a cooperative program to establish a data base of 
annual peaks to be used in future statewide flood-frequency studies. This 
crest-stage network was expanded in 1964 to increase the geographic 
coverage.

With more than 50 percent of the Florida highway bridge construction 
funds being spent to build bridges and culverts on small basins, there was 
a great need for reliable flood-frequency information for small basins. As 
used in this report, basins that are 10 square miles or less are considered1 
to be small. To meet this need for flood-frequency data on small basins, 
the Geological Survey and the Florida Department of Transportation expanded1 
the cooperative program in July 1967 to develop a data base and to extend* 
short-term flood peak records on small basins using the Geological Survey 
rainfall-runoff model (Dawdy and others, 1972).



Although the initial plan for the small-basins flood-frequency study 
called for a separate report dealing exclusively with small basins 
(Bridges, 1977), a decision was made during the study to incorporate the 
flood-peak data from the small basins with flood-peak data from the larger 
basins and have a single report covering all sizes of basins.

This report supersedes previous Geological Survey reports to estimate 
flood magnitudes and frequencies. Previous studies on regional flood- 
frequency relations are Pride (1958), Barnes and Golden (1966), and Rabon 
(1971). A regional flood-frequency study was done by Seijo and ethers 
(1979) for a 15-county area in west-central Florida.

The reports by Pride (1958) and Barnes and Golden (1966), based on 
flood-peak data through 1953 and 1961, respectively, used the index-flood 
method of analysis (Dalrymple, 1960). The Rabon report (1971) presented 
flood-frequency relations for the 2- through 50-year recurrence intervals 
and was based on a regression analysis of flood discharges (data to 1970) 
and basin characteristics. To show that the technique used in this report 
is comparable to that used in the regional report by Seijo and ethers 
(1979), a comparison was made of the 25-year flood for the 40 gaging sta­ 
tions in the study area used by Seijo. The weighted discharge for the 
25-year flood from the report by Seijo averaged about 5 percent more than 
the weighted discharge computed in this report.

The purpose of this report is to:

1. Present flood data for the gaged sites used in the flood-frecuency 
analysis.

2. Describe the method of analysis used to develop the flood- 
estimating technique.

3. Provide regression equations for estimating floods on natural-flow 
(unregulated) streams.

4. Provide a method for improving the flood estimate at gaged sites.

5. Provide illustrative examples of applying the flood-estiirating 
technique.

Frequently, streamflow records are insufficient or else do not exist 
at the site where information is desired. Since flood characteristics at 
 individual gaging stations have very limited transfer capability, estimates 
of flood characteristics should be based on a regional analysis of stream- 
flow records. The method of multiple linear regression analysis was used 
to develop the regional flood-frequency relations which relate flood-peak 
discharge to selected basin characteristics.

The study benefited from the interest and support given by Edward G. 
Ringe, Jr., Engineer of Drainage, Florida Department of Transportation.



DATA BASE 

Annual Maximum Discharge

Records of the annual maximum discharge for Florida stream-gaging 
stations are stored in the National Water Data Storage and Retrieval System 
computer file. Annual maximum discharges (through September 1978) for 182 
streamflow stations were available for analysis. Long-term records (10 to 
53 years) at 125 continuous and 34 crest-stage stream-gaging stations and 
short-term records (7 to 17 years) at 23 small-basin rainfall-runoff gaging 
stations were used in the flood-frequency analysis.

Dual digital recorders were used to collect concurrent rainfall and 
runoff data at the small basin sites. Stage-discharge ratings were defined 
by current meter measurements.

At the small basin sites, most of the records were short (less than 10 
years) thereby increasing the probability of a time sampling error. A 
reliable flood-frequency curve requires many years of annual flood 
maximums. To overcome this deficiency on the small basins, the Survey'r 
rainfall-runoff model, which uses long-term rainfall records as input, war 
utilized to synthesize long-term flood-peak data. For a detailed descrip­ 
tion of the model, computational procedures, assumptions, and reliability, 
see Dawdy and others (1972). The model and its application to Florida data 
are described by Bridges (1977).

Sites that were significantly affected by tides, regulation, diver­ 
sion, or reserviors were not used in this analysis.

Flood-Frequency Curves

Frequency curves for individual gaging stations were developed follow­ 
ing the guidelines described in Bulletin 17A, U.S. Water Resources Council 
(1977). In accordance with the recommended procedure, a log-Pearson Type 
III distribution function was used to fit observed data to Iog-probabilit7 
curves. The distribution is defined by the equation:

log QT = M + KS, (1)

where

Q_ is the peak discharge for a selected recurrence interval T, in 
. cubic feet per second;

M is the mean of the logarithms of the annual peaks;

K is the Pearson Type III frequency factor expressed in number of
standard deviations from the mean for selected recurrence interval;

S is the standard deviation of the logarithms of the annual peaks.



To fit the log-Pearson Type III distribution to the annual maximum 
discharges at each gaging station, the Geological Survey computer program 
J-407, described by Kirby (1979), was used to perform the statistical 
analysis. Although program J-407 follows the guidelines of the U.S. Water 
Resources Council (WRC), the user is still required to use hydrologic judg­ 
ment in supplying information on regional skew, historic peaks, gage-base 
discharge, low and high outliers, and the interpretation of the frequency 
distribution.

The skew coefficient determined from the station record is sensitive 
to extreme events; therefore, the longer the record, the more reliable the 
skew coefficient. It is recommended by WRC that a generalized skew be 
applied to station records of less than 25 years and, for station records 
of 25 to 100 years, a weighted-skew coefficient be used.

An effort was made to determine a better estimate of the generalized 
skew by plotting the station skews and drawing a skew isoline map for 
station records of 25 years or more. Distinct geographic and topographic 
patterns were not evident; therefore, the decision was made to use the WRC 
generalized-skew map. Values of skew can be found on the map in U.S. Water 
Resources Council (1977, pi. 1).

Frequency curves for 23 small-basin rainfall-runoff sites were compu­ 
ted using a procedure developed by Lichty and Liscum (1978) to improve the 
T-year (annual) flood estimates. The T-year flood estimates were coimuted 
as the weighted average of the map model estimate and the observed estimate 
in proportion to the accuracy of each estimate. The observed estimate is 
derived from the log-Pearson Type III distribution of annual peaks rt the 
small basin site. The map model estimate is based on a long-term rainfall 
record that is transferred to the gaged site by means of three maps depict­ 
ing the geographic variability of a coefficient, C., (i = 2-, 25-, and 
100-year recurrence intervals). Maps were extended (R. W. Lichty, written 
commun., 1979) to include peninsular Florida.

For each small basin site, the rainfall-runoff model is calibrated and 
the fitted parameters from the rainfall-runoff model are used in conjunc­ 
tion with the climatic factor, C., to define a frequency curve.

The procedure for estimating the map model yields an accuracy (in 
equivalent years of record) ranging from 7 years for the 2-year flood to 30 
years for the 100-year flood.

Basin Characteristics

Described below are the basin characteristics that were tested for 
significance as independent variables in the regression analysis. Many of 
the variables were not significant and do not appear in the final predic­ 
tion equations. The streamflow and basin characteristics are stored in the 
National Water Data Storage and Retrieval System computer file.



1. Drainage area (DA), in square miles: the area that contributes to 
surface runoff. Basin boundaries are delineated on U.S. Geological Survey 
topographic maps and the contributing area is determined by planimetering.

2. Channel slope (SL), in feet per mile: the average slope of the 
main channel between points 10 and 85 percent of the distance upstream fron 
the gaging site to the basin divide.

3. Channel length (LE), in miles: the length of the main channel
between the gaging station and the basin divide, as measured along the
channel which drains the largest area of the basin above each junction.

^- Elevation (EL), in feet: the mean basin elevation, in feet above 
National Geodetic Vertical Datum of 1929 (formerly referred to as "mean sea 
level"), measured from topographic maps by transparent grid-sampling method 
(20 to 80 points sampled in each basin).

5. Storage (ST), in percent: the surface area of lakes, ponds, and 
swamps expressed as a percentage of the contributing drainage area.

6. Lake area (LK), in percent: the surface area of lakes and ponds 
expressed as a percentage of the contributing drainage area.

7. Swamps (SW), in percent: the surface area of swamps (defined as 
marsh and wooded marsh on topographic maps) expressed as a percentage of 
the contributing drainage area (SW = ST-LK).

8. Forest (FO), in percent: the area of forest expressed as a per­ 
centage of the contributing drainage area; forested area shown on topo­ 
graphic maps.

9. Soil (SO), in inches: the soils index represents values of poten­ 
tial maximum infiltration during an annual flood, under average soil 
moisture conditions. Values of the soils index were computed from a map 
provided by the Soil Conservation Service, U.S. Department of Agriculture.

10. Precipitation (PR), in inches: the mean annual precipitation 
determined from an isohyetal map prepared from U.S. Weather Bureau (1959, 
rev. 1962) precipitation records.

11. Precipitation intensity (124,2), in inches: the maximum 24-hour 
precipitation expected to be exceeded on an average of once each 2 years. 
Values for this index were determined from a U.S. Weather Bureau (1958) 
publication.



REGIONAL ANALYSIS 

Multiple Regression Analysis

A multiple regression analysis was used to develop relations between 
flood-peak discharge (dependent variable) and drainage-basin characteris­ 
tics (independent variables). A data-analysis system called Statistical 
Analysis System (SAS) was used to perform the multiple regression (Pelwig 
and Council, eds., 1979). SAS contains five methods of stepwise regres­ 
sion. The stepwise procedure "maximum R2 improvement" (MAXR) was selected 
to determine which of the independent variables would be included in the 
regression model.

R2 is the square of the multiple correlation coefficient and measures 
how much variation in the dependent variable can be accounted for by the 
model. The MAXR method begins by finding the one-variable model producing 
the highest R2 and adds another variable that will produce the greatest 
increase in R2 . Each variable in the two-variable model is compared to 
each variable not in the model. MAXR determines if removing one variable 
and replacing it with another would improve R2 . Comparison or replacement 
of variables continues until the "best" two-variable model, three-variable 
model, and so forth, is developed.

The regression model is in the form

T = B Bn 

where

QT = C X 1 X2 2 . . . Xn (2)

Q_ is the flood peak discharge (dependent variable) for recurrence 
interval of T-years, cubic feet per second;

X-t to X are the basin characteristics (independent variable);

C is the regression constant for a given recurrence interval; 

B x to B are the regression coefficients for a given recurrence interval.

Regression Models

Data from 182 gaging stations throughout the State were used in the 
initial multiple linear regression analysis. Streams with drainage areas 
larger than 10,000-square miles were excluded from the regression analysis. 
Flood magnitudes for recurrence intervals of 2, 5, 10, 25, 50, 100, 200, 
and 500 years (dependent variables) were regressed against the basin char­ 
acteristics (independent variables). For each recurrence interval, the 
contributing drainage area (DA) was the most significant independent vari­ 
able. Although the order of significance varied with recurrence interval, 
in most cases lake (LK) was the next most important variable, followed by 
slope (SL) . For example, contributing drainage area accounted for approxi­ 
mately 62 percent of the variance of the 10-year recurrence interval flood.



Drainage area and lake area combined accounted for about 80 percent of the 
variance of the dependent variable and the addition of slope accounted for 
an additional 3 percent. The use of a fourth or fifth variable did not 
show significant improvement in the values of R2 and standard error of the 
regression equation.

The differences between the station value and the value from the 
regression, called residuals, were plotted on a State base map to determine 
geographic bias. A plot of the residuals indicated three hydrologic 
regions for the State (see figure 1). Region A, the largest of the three 
regions, covers about three-quarters of peninsular Florida and extends from 
the St. Marys River basin to the Anclote River basin. In Region A, east 
Florida streams flow toward the Atlantic Ocean and those on the lower-west 
coast flow toward the Gulf of Mexico. Region B extends from the upper-west 
coast to the eastern panhandle and includes river basins from the Pithla- 
chascotee to the Aucilla. Region C extends through the western panhandle 
from the St. Marks River to the Perdido River. All the streams in Regions 
B and C flow toward the Gulf of Mexico.

A separate stepwise regression was run using only those stations 
contained within each of the three regions. In each region, contributing 
drainage area was the primary independent variable followed in importance 
by lake area and slope. The exception was Region B where slope was not 
significant.

Iterations of the stepwise regressions were made, with increments to 
LK and SL being added, to find the optimum slope of the regression line 
that best fit the data. The standard error of the regression equation was 
improved an average of 6 percent when a constant was added to lake area and 
a minimum value set for slope. In Region A a constant of 3 percent was 
added to lake area and the minimum value of slope set at 0.9 ft/mi. In 
Region B a constant of 0.6 percent was added to lake area. In Region C a 
constant of 3 percent was added to lake area and the minimum slope is set 
at 0.9 ft/mi.

The regression models for estimating the flood magnitudes for the 
recurrence intervals of 2, 5, 10, 25, 50, 100, 200, and 500 years are sum­ 
marized by region in tables 1, 2, and 3.

The regression model for Region A (table 1) has the form:

QT = C DABl SLB2 (LK+3.0)Bs (3)

where

QT is the discharge for a recurrence interval of T-years, in cubic 
feet per second;

C is the regression constant; 

DA is the drainage area, in square miles;

SL is the channel slope, minimum value set at 0.9, in feet per mile 
(for example, if SL is less than 0.9 foot per mile, then 
SL = 0.9 foot per mile);



EXPLANATION

A75 Continuous-record gaging station 
and identification number.

A 65 Partial-record crest-stage gaging 
station and identification number.

A 66 Rainfall-runoff gaging station and 
identification number.

  D Apalachicola River gaging station 
and identification letter.

    Hydrologic region boundary.

Figure 1. Location of gaging stations and 
hydrologic region boundaries.



LK is lake area plus constant of 3, in percent, (for example, 
LK+3.0, in percent);

B!, B2 , B3 are exponents of the regression.

The regression model for Region B (table 2) has the form:

QT = C DABl (LK+0.6) B2 (4) 
where

Q is the discharge for a recurrence interval of T-years, in cubic 
feet per second;

C is the regression constant;

DA is the contributing drainage area, in square miles;

LK is lake area plus constant of 0.6 percent, (for example, LK+0.6, 
in percent);

Bj_, B2 are exponents of the regression.

The regression model for Region C (table 3) has the form:

QT = C DA l SL 2 (LK+3.0) s (5) 
where

Q is the discharge for a recurrence interval of T-years, in cubic 
feet per second;

C is the regression constant;

DA is the contributing drainage area, in square miles;

SL is the channel slope, minimum value set at 0.9, in feet per mile 
(for example, if SL is less than 0.9 foot per mile, then 
SL = 0.9 foot per mile);

LK is lake area plus constant of 3, in percent, (for example, LK+3.0, 
in percent) ;

Bj_, B 2 , B 3 are exponents of the regression.

Flood Frequency for Larger Streams

The Apalachicola' River in Region C is the only basin larger than 
10,000-square miles and therefore is treated separately in this section. 
The Apalachicola River is formed by the confluence of the Chattahoochee 
River, the Flint River, and Spring Creek, at Jim Woodruff Dam. There is 
some regulation of peak discharges by Lake Seminole (Jim Woodruff Dam) and 
upstream reservoirs. The Apalachicola River flows 107 miles to Apalachee 
Bay and to the Gulf of Mexico.

9



Table 1.--Regression model for Region A

Recurrence
interval T, Exceedance Regression
in years____probability constant C

Regression exponents 
DA SL (LK+3) 
B BIJQ R!

Standard 
error, in 
percent

2

5

10

25

50

100

200

500

0.5 

.2 

.1 

.04 

.02 

.01 

.005 

.002

93.4 0.756 0.268 -0.803 0.868 42.6

192 .722 .255 - .759 .858 42.4

274 .708 .248 - .738 .843 44.2

395 .696 .240 - .717 .821 47.3

496 .690 .234 - .705 .803 50.0

609 .685 .227 - .695 .784 52.9

779 .674 .205 - .694 .763 55.8

985 .668 .196 - .687 .738 59.7
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Table 2.--Regression model for Region B

Recurrence 
interval T, 
in years

2

5

10

25

50

100

200

500

Exceedance 
probability

0.5

.2

.1

.04

.02

.01

.005

.002

Regression 
constant C

44.2

113

182

298

410

584

694

936

Regression exponents 
DA (LK+0.6) 
Bj B2

0.658

.614

.592

.570

.556

.543

.533

.521

-0.561

- .573

- .580

- .585

- .589

- .591

- .593

- .594

R2

0.876

.869

.863

.853

.845

.836

.827

.815

Standard 
error, in 
percent

60.9

59.7

59.9

60.9

61.9

63.1

64.4

66.3
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Table 3.--Regression model for Region C

Recurrence
interval T, Exceedance Regression
in years____probability constant C

Regression exponents 
DA SL (LK+3)
B B. R2

Standard 
error, in 
percent

2

5

10

25

50

100

200

500

0.5 

.2 

.1 

.04 

.02 

.01 

.005 

.002

58.9

117

164

234

291

351

417

507

0.824 0.387 -0.785 

.844 .482 -1.06

.860 .534 -1.21

.8S2 .586 -1.37

.900 .626 -1.48

.918 .658 -1.58 

.936 .685 -1.67

.960 .725 -1.79

0.919

.905

.891

.870

.853

.835

.819

.797

43.7

45.9

49.3

54.8

59.4

64.6

69.7

76.5

12



The locations of the Apalachicola River sites are shown in figure 1. 
The relation between flood discharge and drainage area for selected fre­ 
quencies along the Apalachicola River is shown in figure 2. It is based 
on a log-Pearson Type III distribution of annual peaks at Chattahoochee 
(site A) and near Blountstown (site B). Records were insufficient at 
Wewahitchka (site C) and near Sumatra (site D) to develop reliable fre­ 
quency curves. Therefore^ the flood discharges, shown in figure 2, for 
Wewahitchka are based on a relation between drainage area and flood dis­ 
charge at Blountstown. Flood discharges for Sumatra are based on a rela­ 
tion between the combined flood discharges of Blountstown and the Chipola 
River (map No. 154) and drainage area. Figure 2 shows a decrease in dis­ 
charge between Chattahoochee and the downstream stations at Blountstown and 
Wewahitchka with a slight increase in discharge at Sumatra. This is attri­ 
buted to (1) the increasing width of the flood plain in the downstream 
direction allowing increased flood storage, and (2) no major tributaries 
entering the Apalachicola River below Chattahoochee except the Chipola 
River, whose confluence is about 8 miles above Sumatra.

ACCURACY OF THE REGRESSION MODELS

The reliability of the regression model can be expressed in two ways: 
(1) the standard error of estimate (in percent); and (2) equivalent year? 
of record (in years).

The standard error of estimate is the standard deviation of the dis­ 
tribution of residuals about the regression line. This means that 68 
percent of the values estimated are within one standard error and 95 
percent are within two standard errors of the observed values. Tables 1 to 
3 give the standard error by region for the selected recurrence intervals.

The second method used to indicate reliability is called equivalent 
years of record and is defined as an estimate of the number of years of 
actual streamflow record required at a site to obtain an accuracy equiva­ 
lent to the standard error of estimate (Hardison, 1971). Table 4 gives the 
accuracy in equivalent years of record and, for example, in Region A, the 
100-year flood, estimated from the regression equation, would have the 
equivalent accuracy obtained from 8 years of actual record.

RISK OF FLOOD OCCURRENCE

Although a structure such as a bridge or culvert is designed for a 
specified flood magnitude, it does not preclude a rare event occurring 
during the lifetime of the structure. Risk, as defined by the U.S. Water 
Resources Council (1977), is "***the probability that one or more events 
will exceed a given flood magnitude within a specified period of years." 
An estimate of the risk of the probability of exceedance during tiim 
periods greater than 1 year is given in table 5 and is computed by the 
following equation:

13
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Figure 2. Relation of flood discharge to drainage area for selected 
frequencies on the Apalachicola River.
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Table 4.--Accuracy of regional flood relations in equivalent years of record

Recurrence 
interval T, 
in years

2

5

10

25

50

100

200

500

Exceedance 
probability

0.5

.2

.1

.04

.02

.01

.005

.002

Accuracy
Region A

4

5

6

7

7

8

8

9

in equivalent
Region B

2

3

3

5

5

6

7

8

years
Region C

3

4

5

6

6

6

6

6
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Table 5.--Probability that a flood of given recurrence interval
will be exceeded during

Recurrence 
interval
(years) 1

5 .20

10 .10

25 .04

50 .02

100 .01

Period
5

10.67 0

.41

.18

.10

.05

indicated time period

of time, in years
10 25 50

.89 ( 2 ) ( 2 )

.65 .93 ( 2 )

.34 .64 .87

.18 .40 .64

.10 .22 .40

100

( 2 )

( 2 )

.98

.87

.63

Multiply probability values by 100 to obtain percent 
chance of exceedance.

Probability greater than 0.99, but less than 1.00.
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Pn = 1 - (1 - VT) n (6) 

where

P is the probability of at least one exceedance within the 
specified time interval;

n is the time period, in years;

T is the recurrence interval, in years.

An example would be: the 50-year flood has a 2 percent chance of 
exceedance in any 1-year period; an 18 percent chance of exceedance in any 
10-year period; and a 64 percent chance of exceedance during any 50-year 
period.

APPLICATIONS OF TECHNIQUE 

Improved Estimates at Gaged Sites

To compute flood estimates at gaged sites, the recommended procedure 
is to weight the station value with the regression value (U.S. Water 
Resources Council, 1977). Flood estimates from station frequency distribu­ 
tions tend to be independent of flood estimates from regional equations. 
Therefore, weighting the estimate is justified when the area of regional- 
ization is large   radius of area more than 100 miles--(U.S. Water Resour­ 
ces Council, 1977) or the period of record is long when compared to the 
station record. To reduce the time sampling error, the gaged sites with 
short records need to reflect the long-term flood characteristics of hydro- 
logically similar basins. Equation 7 can be used to compute the weighted 
average flood estimate.

N log Q + EY log Q 
Log Q =       g         - (7)

N + EY 
where

Q = Weighted estimate of the T-year flood at gaged site, in cubic 
feet per second;

Q = T-year flood estimate from log-Pearson Type III frequency distri- 
bution of annual peaks at gaged site, in cubic feet per second;

Q = Regional flood estimate for the gaged site, computed from equa­ 
tion 3, 4, or 5, or from table 6, in cubic feet per second;

N = The number.of annual peaks used to compute Q , in years;
O

EY = Accuracy of the regional flood estimate, in equivalent years 
from table 4.

17



For each of the 182 gaged sites used in the regression analysis, 
table 6 lists the T-year flood computed by the log-Pearson Type III dirtri- 
bution, the regional regression equations, and by the weighted station and 
regression values. At gaged sites, the weighted estimate is considered to 
be the best estimate for design purposes. Systematic records are annual 
peak flow records collected either by continuous recorder or periodic 
observations of a crest-stage gage for the number of years shown, in 
table 6. The years of historic record shown in table 6 include the syrtem- 
atic record period as well as the intervening years to major flood events 
which have occurred either before or after the systematic record.

Ungaged Sites

Flood estimates at ungaged sites are determined by direct application 
of the regression equations. The procedure is illustrated as follows:

1. For example   determine the 50-year flood for Hurricane Creek at 
the mouth at U.S. Highway 90 near Quincy. The drainage basin is in 
Region C (fig. 1) .

2. The contributing drainage area, planimetered from U.S. Geological 
Survey quadrangle maps, is 12.8 square miles. The slope is 15.4 feet per 
mile. The lake area is 0.05 percent of the drainage area.

3. The equation for the 50-year flood in Region C (table 3) is

Q = 291 x DA0 - 900 x SL°- 626 x (LK + 3.0)" 1 - 48 
ru

Q50 = 291 (12.8) 0 - 900 (15.4) 0 - 626 (0.05 + 3.0)" 1 - 48 

Qso = 3,070 cubic feet per second

Ungaged Site on Gaged Stream

If an ungaged site is near a gaged site on the same stream, the flood 
estimate can be improved by using a weighted value of the ratio of the 
weighted and regional estimate at the gaged site to adjust the regional 
estimate at the ungaged site. This estimate transfers the flood charac­ 
teristics determined at the gaged site to the ungaged site on the same 
stream. The following procedure is suggested (Hannum, 1976) when the drain­ 
age area ratio at the ungaged site is more than half, but less than twice 
the drainage area of the gaged site.

Ratio = Ag/A = Area 8aged SitG/ A , -, (>0.5-<2.0). 
u Area ungaged site

18
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Equation 8 or 9 can be used to adjust the regional estimate at the 
ungaged site with the weighted estimate from the gaged site.

Q = Q u ^ For site downstream (8) 
from gage.

Q = Q u ^ For site upstream 
from gage.

(9)

where

Q = Adjusted estimate for ungaged site, in cubic feet per second;

Q = Regional estimate for ungaged site, in cubic feet per second;

Q = Weighted estimate of the T-year flood at the gaged site, in

	cubic feet per second;

Q = Regional estimate at gaged site, in cubic feet per second;

A = Drainage area for ungaged site, in square miles;

A = Drainage area for gaged site, in square miles.
o

1. For example determine the 50-year flood for Ortega River at 
1-295, 7 miles downstream from 02246300 Ortega River near Jacksonville (map 
No. 40). The contributing drainage is in Region A (fig. 1). At the gaged 
site, station map No. 40, the contributing drainage area is 30.90 square 
miles, the slope is 2.41 feet per mile, and the lake area is 0.26 percent 
of the drainage area.

2. The contributing drainage area at the ungaged site, planiretered 
from U.S. Geological Survey quadrangle maps, is 50.7-square miles. The 
slope is 4.3 feet per mile. The lake area is 0.20 percent of the drainage 
area.

3. The regional estimate of the 50-year flood in Region A is computed 
using the appropriate equation from table 1, as follows:

Q = 496 DA0 - 690 SL°- 234 (LK + 3.0)"°- 705 
ru

QSO = 496 (50.7) 0 - 690 (4.3)°- 234 (0.20 + 3.0)"°- 705

Qso = 4,610 ft3/s
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4. Compute the drainage area ratio to determine if the ungaged site 
is more than half but less than twice the drainage area of the gaged site.

A /A 
r = -*/Au

r = 30.9/50.7 

r = 0.61

Ratio is within acceptability and can be used to adjust the estimate 
at the ungaged site to the gaged site.

5. Use equation 8 to adjust the regional estimate at the ungaged
J

Q.

site. Values for 0 ^ and 0 are from table 6.
wt r

Q = Q u ru

lwt

-') ( 2(30.9)-50. 
30.9

Q50 = 4,560 cubic feet per second

LIMITATIONS OF TECHNIQUE

Consideration should be given to the following limitations when apply­ 
ing the regional regression equations:

1. Regression equations, shown in tables 1, 2, and 3, were developed 
using basin characteristics within the ranges shown below. The relation­ 
ship of the regression equations outside these ranges is not known.

Basin 
characteristics

Contributing 
drainage area

Slope 

Lake area

Range

Region A Region B Region C

1.83 to 3,066 mi2 13.9 to 9,640 mi2 0.92 to 4,384 ml2

0.15 to 24.20 ft/mi   1.61 to 78.30 ft/mi

0 to 28.16 percent 0 to 13.26 percent 0 to 3.44 percent

2. In areas of karst topography, some basins may contain closed 
depressions and sinkholes which do not contribute to direct surface runoff. 
Karst areas are more likely to be found in Region B. When the drainage 
area is determined from 1\ minute topographic maps, any area containing 
sinkholes or depressions (noncontributing area) should be subtracted from 
the total drainage area. All basins used in the regression analysis were 
adjusted, as necessary, to contributing drainage area.
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3. Regional equations are not applicable where manmade changes have a 
significant effect on flood runoff. Flood runoff can be affected by regu­ 
lation from dams and reservoirs, levees, diversion canals, strip mines, and 
basins that have significant urban development.

SUMMARY

Regional flood estimating equations were developed using flood-peak 
data and basin characteristics for 182 gaging stations in Florida in a 
multiple linear regression analysis. Floods can be estimated for recur­ 
rence intervals ranging from 2 to 500 years for natural-flow streams. The 
regional relationships can also be used to improve flood estimates at gaged 
sites by weighting the log-Pearson Type III estimate with the regression 
estimate.

The basin characteristics used in the regression equations are net the 
only factors that influence the magnitude of floods in Florida. However, 
they represent the best combination of parameters for explaining peak flows 
with the least number of variables and smallest standard error.
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