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Conversion Factors and Datums

Inch/Pound to SI
Multiply By To obtain

Length

inch 2.54 centimeter (cm)

foot (ft) 0.3048 meter (m)

mile (mi) 1.609 kilometer (km)

Area

square mile (mi2) 2.590 square kilometer (km2) 

Flow rate

cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)

Hydraulic gradient

foot per mile (ft/mi) 0.1894 meter per kilometer (m/km)
 

Temperature in degrees Fahrenheit (°F) may be converted to degrees Celsius (°C) as follows:  
°C = (°F – 32) / 1.8

Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929 
(NGVD 29).

Horizontal coordinate information is referenced to the North American Datum of 1983  
(NAD 83).

Elevation, as used in this report, refers to distance above the vertical datum.

 

Abbreviations and Acronyms
DEM		  Digital Elevation Models

GIS 		  Geographic Information System

GLS		  generalized least squares

NED		  National Elevation Dataset

NHD		  National Hydrography Dataset

QA/QC		 quality assurance and quality control

R2		  root mean square error, coefficient of determination

USGS		  U.S. Geological Survey

 



Abstract
Methods for estimating the magnitude of floods for 

selected percent chance exceedance probabilities are  
presented for ungaged streams in Florida that are not sub 
stantially affected by regulation, channelization, or urban 
development.  Flood-frequency flows also are presented for 
275 Florida streamgages used in the regional regression analy-
sis. Regression relations used generalized least-squares regres-
sion techniques to estimate flood magnitude and frequency 
on ungaged streams as a function of basin drainage area and a 
storage factor. These regression equations were developed for 
four different hydrologic regions in Florida. The flood regions 
were delineated based on plotted residuals, previous flood-
frequency studies, and geologic, physiographic, and drainage-
area maps. The methods used in this report are based on flood-
frequency characteristics for 305 streamgages including 275 in 
Florida and 30 in the adjacent states of Georgia and Alabama, 
all having at least 10 years of record through September 2006. 
For the larger streams outside the limits of the regression 
equations—the Apalachicola River and Suwannee River at 
Ellaville and below—the report includes graphical relations of 
peak flow to drainage area. 

Introduction
Engineers rely on flood-frequency statistics to aid in the 

design and location of bridges, culverts, embankments, dams, 
and other structures near streams and rivers. These data are 
required for flood-insurance rates and for flood-plain manage-
ment (Hedgecock and Feaster, 2007).

The Florida Department of Transportation needs accurate 
flood-frequency information to efficiently design bridges and 
drainage structures in Florida. To meet this need, the U.S. 
Geological Survey (USGS), in cooperation with the Florida 
Department of Transportation, conducted a study to update 
previous flood-frequency estimates given in several reports 
based on peak-flow data collected through September 2006 
from streamgages (modified from Hedgecock and Feaster, 
2007).

Purpose and Scope

The purpose of this report is to update previously 
published flood-frequency information for Florida by provid-
ing methods for estimating the magnitude and frequency of 
floods at ungaged streams.  The report also presents frequency 
estimates of peak flow using data collected through Septem-
ber 2006 at streamgages. This report includes: (1) regional 
equations for estimating the magnitude and frequency of peak 
flows on rural ungaged streams in Florida; (2) estimates of the 
magnitude of floods at the 50-, 20-, 10-, 4-, 2-, 1-, 0.5-, and 
0.2-percent chance exceedance levels for 305 streamgages in 
Florida, Georgia, and Alabama; (3) techniques used to develop 
regression equations to estimate the magnitude of floods on 
rural ungaged sites in Florida; (4) the accuracy and limitations 
of these equations; (5) example applications of the methods; 
and (6) comparisons of the data and results in this report with 
previously published studies.

Previous Studies

This report supersedes previous USGS reports estimating 
the magnitude and frequency of flooding in Florida. Earlier 
USGS studies describing flood-frequency relations throughout 
the State include reports completed by Pride (1958), Barnes 
and Golden (1966), Rabon (1971), Seijo and others (1979), 
Bridges (1982), Giese and Franklin (1996), and Hammett and 
DelCharco (2005).  Most of the general organization, content, 
equations, and explanatory material contained within this 
Florida report are consistent with the discussions and language 
used for three similar reports from Alabama (Hedgecock and 
Feaster, 2007), Georgia (Gotvald and others, 2009), and South 
Carolina (Feaster and others, 2009).  Data and additional 
discussion unique to the magnitude and frequency of floods in 
Florida have been inserted where applicable with the original 
USGS report sources accredited or shown as “modified from.”

Pride (1958) conducted a study estimating and regionaliz-
ing floods in Florida using peak-flow data through 1953 based 
on calendar year from 146 streamgages. Flood-frequency 
relations for the 146 streamgages were defined by graphical 
means. The State was divided into two flood regions based on 
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geometric similarities in flood-frequency graphs. Composite 
frequency curves were developed for both regions that defined 
ratios to determine recurrence intervals up to the 2-percent 
chance exceedance probability (50-year flood) based on the 
mean annual flood for that station. Pride (1958) recognized 
that flood-water storage in lakes and marshes could substan-
tially lower flood magnitudes at some locations; thus, Pride’s 
study included a method for adjusting flood magnitudes by 
accounting for attenuation resulting from flood-water storage 
in drainage areas upstream from selected streamgages.

Barnes and Golden (1966) analyzed flood-frequency 
relations throughout the United States based on peak flows 
for each water year (October 1 through September 30) 
through 1961. The evaluation included streamgages from all 
of Florida, and parts of Mississippi, Alabama, and Georgia. 
There were 132 streamgages in Florida used in this analy-
sis, and each streamgage had 5 or more years of record. The 
method and technique employed by Barnes and Golden (1966) 
was similar to the one used by Pride (1958) and is commonly 
referred to as the index-flood method (Dalrymple, 1960). 
Barnes and Golden (1966) subdivided the southern Atlantic 
and eastern Gulf of Mexico States into four hydrologic flood 
regions. Florida was included in all four regions. Flood flows 
for up to the 2-percent chance exceedance probability (50-year 
flood) were determined, as well as methodology for reduc-
ing flood flows for drainage areas where lakes and swamps 
provide water storage.

Rabon (1971) made the first attempt to use  
multiple-regression analysis as a way to regionalize flood-
frequency relations in Florida. Rabon’s investigation used 
145 streamgages throughout the State with a variety of flow 
characteristics, such as average and low flows and each had 
a minimum of 10 years of record. The annual peak flows for 
the period of record up to water year 1970 for each gage were 
mathematically fitted to a log-Pearson Type III distribution 
curve as a means to estimate magnitudes and frequencies 
of floods up to the 2-percent chance exceedance probability 
(50-year flood). Rabon subdivided Florida into two hydrologic 
flood regions.

Seijo and others (1979) evaluated peak flows from  
64 streamgages throughout west-central Florida using the 
guidelines set forth by the U.S. Water Resources Council 
(1976) in Bulletin 17. A Pearson Type III distribution curve 
was fitted to the logarithms of annual peak-flow data for the 
period of record through 1976 for each streamgage. West-
central Florida was subdivided into three flood regions, and 
flood-frequency equations were developed for each region 
using multiple regression analysis. Seijo and others (1979) 
reported the average standard error of estimate of the regional 
equations was 43.5 percent. 

Bridges (1982) evaluated annual peak-flow data for 
the period of record through water year 1978 for each of the 
182 streamgages considered throughout Florida. Of the 182 
streamgages evaluated, 159 were long-term streamgages with 
10 to 53 years of record and the remaining 23 streamgages 
were rainfall-runoff streamgages with 7 to 17 years of record. 

Bridges’ (1982) analysis used guidelines presented in U.S. 
Water Resources Council (1977) Bulletin 17A. Multiple-
regression analysis was used to develop equations for three 
geographic regions for Florida. Three basin characteristics 
within Regions A and C were determined to be statistically 
significant in describing the variability in flood flows: (1) 
contributing drainage area, (2) channel slope, and (3) the 
percentage of drainage area covered by lakes. Two basin 
characteristics were determined to be statistically significant 
in describing the variability in flood flows for Region B:  (1) 
contributing drainage area and (2) the percentage of drainage 
area covered by lakes. The average standard error of estimate 
for the regional equations as developed by Bridges (1982) was 
56 percent.

Giese and Franklin (1996) updated the flood-frequency 
relations for 32 streamgages in the boundaries of the Suwan-
nee River Water Management District using period-of-record 
annual peak flows through water year 1994. Their analysis fol-
lowed guidelines presented in U.S. Water Resources Council 
(1982) Bulletin 17B to generate log-Pearson Type III distribu-
tion curves for each gage. The assumption was made that the 
regional regression equation for area of study in the District 
was the same as presented in report by Bridges (1982). The 
average standard error of estimate of the regional equation for 
this region as developed by Bridges (1982) and used by Giese 
and Franklin (1996) was 62 percent.

Hammett and DelCharco’s (2005) investigation  
evaluated annual peak flows from 94 streamgages in west- 
central Florida; 75 of the streamgages were within the 
boundaries of the Southwest Florida Water Management 
District and the remaining 19 were along the border. Data for 
each streamgage consisted of at least 10 years of record and 
included period-of-record annual peak flows through water 
year 2001. Similar to the Giese and Franklin (1996) study, 
Hammett and DelCharco (2005) followed guidelines presented 
in U.S. Water Resources Council (1982) Bulletin 17B in their 
analysis to generate log-Pearson Type III distribution curves 
for each station.  Additionally, they used multiple-regression 
analysis to develop equations for four regions in west-central 
Florida. Three basin characteristics were determined to be 
statistically significant in describing the variability in flood 
flows throughout regions 2, 3, and 4 in west-central Florida: 
(1) contributing drainage area, (2) channel slope, and (3) 
the percentage of drainage area covered by lakes. Two basin 
characteristics that were statistically significant in describing 
the variability in flood flows throughout Region 1 are:  (1) 
contributing drainage area, and (2) the percentage of drainage 
area covered by lakes. The average standard error of predic-
tion for the regional equations as developed by Hammett and 
DelCharco (2005) was 58 percent.

Description of Study Area

This study included all of Florida and covered an area 
of approximately 58,560 square miles (mi2) within three U.S. 
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Environmental Protection Agency level III ecoregions—
Southeastern Plains, Southern Coastal Plain, and Southern 
Florida Coastal Plain (fig. 1; Griffith and others, 2008). The 
ecoregions in Florida represent areas of general similarity in 
ecosystems and in the type, quality, and quantity of environ-
mental resources.  Additionally, these ecoregions provide a 
spatial framework for research, assessment, management, and 
monitoring of ecosystems and their components. The rela-
tively flat topography of Florida ranges from sea level to the 
highest known natural point of 345 feet (ft) at Britton Hill near 
Paxton (Walton County in northwest Florida, fig. 1). Hills and 
rolling hills are the predominant features in the panhandle and 
northern parts of the State, whereas the swamps and wetlands 
of the Everglades prevail in the south (Pride and Crooks, 
1962). The wide range of water bodies in Florida include 

thousands of lakes and ponds, more than 50 river systems, 
33 first magnitude springs (flow greater than 100 cubic feet 
per second (ft3/s), more than any other state), and numerous 
bays and estuaries. The St. Johns River is the longest river 
in Florida, measuring 273 miles (mi) in length. Water bod-
ies comprise 4,424 mi2 of the 58,560 mi2 total area of Florida 
(Florida Office of Cultural and Historical Programs, [undated], 
accessed August 30, 2005, at http://dhr.dos.state.fl.us/facts/ 
stats/quick/). Replenishment of the water bodies occur in 
multiple ways, but most often from rainfall runoff. Other 
replenishment sources are flow from the upward movement 
of groundwater springflow into surface streams, including 
some that originate in Georgia or Alabama. Water loss occurs 
through evaporation, transpiration, water use, and flow into 
the Gulf of Mexico or the Atlantic Ocean (Pride and Crooks, 
1962).
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Figure 1.  Location of the study area and ecoregions in Florida.
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Data Compilation
The first step in the regionalization of flood-frequency 

estimates for streams is the compilation of all peak-flow data 
from streamgages with at least 10 years of annual peak-flow 
record. The annual peak-flow record is reviewed for quality 
assurance and quality control (QA/QC) and for homogeneity, 
which implies relatively constant watershed and climatic con-
ditions during the period of record. Once peak-flow records 
are compiled and reviewed, basin characteristics must be 
determined for each streamgage. 

Annual Peak Flows

Annual peak flow is the highest instantaneous flow 
recorded at a site for an independent flood event during the 
water year. Occasionally, the annual peak flow is not the maxi-
mum for the year. In such cases, the maximum flow occurs at 
midnight at the beginning or end of the water year, on a reces-
sion from or rise toward a higher peak in an adjoining water 
year. 

Streamgages with annual peak-flow record are either 
continuous-record or crest-stage stations. At continuous-
record stations, measured parameters, such as the surface-
water elevation (or stage) of a stream are recorded at fixed 
time intervals, typically at 15-, 30-, or 60-minute intervals. At 
crest-stage stations, only the highest stage that occurs between 
site visits is recorded. Regardless of the type of gage, mea-
surements of flow are made by field personnel throughout the 
range of recorded stages, and a relation between stage and 
flow (known as a rating) is developed for the streamgage. This 
rating is used to determine flows for all recorded stages at a 
streamgage.

Streamgages in Florida and in adjacent parts of Alabama 
and Georgia that monitor Florida streams were evaluated for 
possible inclusion in this investigation. Streamgages were 
only considered for the analysis if 10 or more years of peak-
flow data were available in the record, and if peak flows were 
not substantially affected by trends, dam regulation, flood-
retarding reservoirs, tides, urbanization, or channelization. 
These stations were then reviewed for QA/QC using the tests 
as outlined in Ryberg (2008). The QA/QC analysis determined 
that 305 stations were appropriate for the study, consisting of 
275 in Florida, 21 in Georgia, and 9 in Alabama.

Basin Characteristics

Peak-flow information can be estimated for ungaged 
locations through multiple-regression analysis that relates 
peak-flow characteristics (such as the 1-percent chance 
exceedance flow) to selected physical and climatic basin 
characteristics for gaged drainage basins. Basin characteristics 
for this study were generated using geographical information 
system (GIS) techniques. Basin boundaries were determined 
from the National Elevation Dataset (NED) Digital Elevation 
Models (DEMs) at 10-meter horizontal resolution (U.S. Geo-
logical Survey, 1999a). To improve basin boundary delinea-
tions, processes were completed to make the DEM conform to 
stream locations defined in the National Hydrography Dataset 
(NHD) (U.S. Geological Survey, 1999b) (modified from Got-
vald and others, 2009).

Basin characteristics were used as potential explana-
tory variables in the regression analyses based on theoretical 
hydrologic relation to flood flows and the ability to obtain a 
measurement of the basin characteristics by using digital data-
sets and GIS technology (modified from Gotvald and others, 
2009). The following nine basin characteristics were tested for 
statistical significance in the regression analysis:
1.	 Drainage area (DRNAREA), in square miles: 

The area that contributes to surface runoff. 

2.	 Elevation (ELEV), in feet: 
The mean basin elevation, in feet above National  
Geodetic Vertical Datum of 1929 (NGVD 29).

3.	 Forest (FOREST), in percent: 
The area of forest, expressed as percent, of the  
contributing drainage area.

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

5.	 Swamps (WETLAND), in percent:  
The surface area of swamps expressed as a percentage  
of the contributing drainage area.

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

Trout Creek near Sulphur Springs, Florida, on the downstream side of 
the bridge during the flood of September 7, 2004. Stage was 43.01 ft 
and the flow rate was 1,610 ft3/s. Photograph by USGS.
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7.	 Channel slope (SL), in feet per mile: 
The average slope of the main channel between points 10 
and 85 percent of the distance upstream from the gaging 
site to the basin divide.

8.	 Mean annual precipitation (PRECIP), in inches.

9.	 Average precipitation event size, in inches per day, over 
an 18-year mean.
Table 1 describes the basin characteristics considered for 

use in regional regression analysis, including the parameter 
name, units of measure, method, and source data.

Estimation of Flood Magnitude and 
Frequency at Gaged Stations

A flood-frequency relation is the relation of annual 
peak flow to probability of exceedance or recurrence inter-
val (Hedgecock and Feaster, 2007). Previous USGS reports 
published flood-frequency flows in terms of the T-year event 
based on the recurrence interval for that flood quantile (for 
example, the “50-year flood”).  While the T-year recurrence 
interval flood is statistically expected to occur, on average, 

Table 1.  Basin characteristics considered for use in the regional regression analysis (modified from Gotvald and others, 2009).	

[DEM, Digital Elevation Models; NHD, National Hydrography Dataset]			 

                        Name        Units Method Source data

Drainage area Square miles ArcGIS ArcHydro derived using  
watershed boundary, DEM, NHDPlus 
hydrography, and gaging stations

National Elevation Dataset, 10- and 30-meter 
resolution (http://ned.usgs.gov/#), NHDPlus 
hydrography, (http://www.horizon-systems.
com/nhdplus/), Watershed, http://www.ncgc.
nrcs.usda.gov/products/datasets/watershed/
index.html, NHDPlus hydrography and gaging 
stations, (http://www.horizon-systems.com/
nhdplus/)

Elevation Feet Area-weighted average National Elevation Dataset, 10- and 30-meter 
resolution (http://ned.usgs.gov/#)

Forest Percent (Forested area/drainage area)*100 National Land-Cover Dataset 2001 30-meter 
resolution (http://www.mrlc.gov/index.php).

Lake Percent (Lake area/drainage area)*100 National Land-Cover Dataset 2001 30-meter 
resolution (http://www.mrlc.gov/index.php).

Swamps Percent (Swamp area/drainage area)*100 National Land-Cover Dataset 2001 30-meter 
resolution (http://www.mrlc.gov/index.php).

Storage Percent ((Lake area + Swamp area)/drainage 
area)*100

National Land-Cover Dataset 2001 30-meter 
resolution (http://www.mrlc.gov/index.php).

Channel slope Feet per mile ArcGIS ArcHydro derived using the 
difference in the DEM elevation at 
points along the main channel within 
the drainage area at 10 percent and 
85 percent then divided by the length 
between those points

ArcGIS ArcHydro calculated using DEM  and 
Archydro derived channel length, defined in 
the drainage area source data.

Mean annual precipitation Inches Area-weighted average DATMET, Daily Surface Weather and Climata-
logical Summaries (http://www.daymet.org/
climateSummary.jsp)

Average precipitation event 
size, in inches per day, 
over an 18-year mean

Inches Area-weighted average DATMET, Daily Surface Weather and Climata-
logical Summaries (http://www.daymet.org/
climateSummary.jsp)
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once during the T-year period, it may occur multiple times 
during the period, or not at all (modified from Gotvald and 
others, 2009). 

Because of the potential for misinterpretation,  
terminology associated with flood-frequency estimates 
has shifted from the T-year recurrence interval flood to the 
P-percent chance exceedance flood. The use of percent chance 
exceedance flood is recommended because it conveys the 
probability of a flood of a given magnitude being equaled 
or exceeded in a given year (Gotvald and others, 2009). For 
example, a 1-percent chance exceedance flood (formerly 
known as the “100-year flood”) corresponds to the flow 
magnitude that has a probability of 0.01 of being equaled 
or exceeded in a given year. That is, a flow with an annual 
exceedance probability of 0.01 has a 1 percent chance of being 
equaled or exceeded in a given year. The T-year recurrence 
interval and exceedance probability are the mathematical 
inverses of one another; therefore, a flood with an exceed-
ance probability of 0.01 (1-percent chance exceedance) has a 
recurrence interval of 1/0.01 or 100 years. Thus, the P-percent 
chance exceedance is computed as the inverse of the T-year 
recurrence interval multiplied by 100. A 100-year T-year 
recurrence interval is equivalent to a 1-percent chance exceed-
ance (1/100-year recurrence interval x 100 = 1-percent chance 
exceedance).  A 25-year recurrence interval is equivalent to a 
4-percent chance exceedance (1/25-year recurrence interval 
x 100 = 4-percent chance exceedance), and so forth (modi-
fied from Feaster and others, 2009).  Therefore, the P-percent 
chance exceedance is computed as follows:

			 
	 ,                                  (1)

where
	 P	 is the percent chance exceedance
	 T	 is the T-year recurrence interval

The T-year recurrence intervals with corresponding 
annual exceedance probabilities and P-percent chance exceed-
ance are described in table 2. 

Log-Pearson Type III Flood-Frequency Analysis

The flood-frequency relation for a stream having at 
least 10 years of record can be defined by fitting a theoretical 
frequency distribution curve to the logarithms of annual peak 
flows. Bulletin 17B (U.S. Water Resources Council, 1982) 
recommends fitting a Pearson Type III distribution to the 
logarithms of annual peak flows as the consistent method for 
determining flood magnitudes and frequencies. This tech-
nique, most commonly referred to as the log-Pearson Type III 
flood-frequency analysis, is generally accepted as the standard 
technique by most Federal and State agencies (Hedgecock and 
Feaster, 2007, eq. 1).

The log-Pearson Type III distribution is defined by the 
equation:

	 ,                    (2)

where
	 Qp	 is the P-percent chance exceedance flow,  

in cubic feet per second;
	 Mx	 is the mean of the logarithms of the  

water-year peak flows;
	 Kp	 is a Pearson Type III factor for a skew 

coefficient (G) computed from the 
logarithms of the water-year peak flows 
and a selected percent chance exceedance 
P; and

	 Sx	 is the standard deviation of the logarithms of 
the water-year peak flows.

The computer program PeakFQWin version 5.2  
developed by the USGS was used to compute flood-frequency 
estimates for the streamgages considered for this study and 
the results are included in appendix 1. PeakFQWin automates 
many of the analysis procedures recommended in Bulletin 
17B (U.S. Water Resources Council, 1982), including identify-
ing and adjusting for outliers and historical periods, weighting 
station skews and generalized skews, and fitting a log-Pearson 
Type III distribution curve to the annual peak-flow data (Flynn 
and others, 2006; Feaster and others, 2009).  

Skew Coefficient

The skew coefficient is a measure of asymmetry of the 
probability distribution of a set of annual peak flows.  The 
skew coefficient is strongly influenced by the presence of 
outliers and is sensitive to extreme events (Feaster and others, 
2009).  For example, an inaccurate estimate of the asymmetry 
of the flood-frequency distribution for an individual station 
can result if a single high event has occurred in a relatively 

P
T

= 





×
1 100

Table 2.  T-year recurrence intervals with corresponding annual 
exceedance probabilities and P-percent chance exceedance for 
flood-frequency discharge estimates (modified from Gotvald and 
others, 2009).			 

				  
T-year  

recurrence  
interval

Annual  
exceedance  
probability

P-percent chance  
exceedance

2 0.50 50
5 0.20 20

10 0.10 10
25 0.04 4
50 0.02 2

100 0.01 1
200 0.005 0.5
500 0.002 0.2

logQ M K Sp x p x= +
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short period of record. Thus, the skew coefficient is considered 
a less reliable estimator than the mean and standard deviation 
of a population statistic for an individual site, because of its 
significant variability between samples. Several procedures 
have been introduced to improve the reliability of the sample 
skew coefficient in estimating the population skew. Bulle-
tin 17B (U.S. Water Resources Council, 1982) recommends 
weighting the skew coefficient computed for an individual 
station with a generalized skew coefficient that represents 
the average skew for nearby stations. The weighting proce-
dure recommended in Bulletin 17B (U.S. Water Resources 
Council, 1982) is different than those in Bulletin 17 (U.S. 
Water Resources Council, 1976) or Bulletin 17A (U.S. Water 
Resources Council, 1977) and tends to reduce the influence of 
the generalized skew and increase the influence of the station 
skew (Hammett and DelCharco, 2005).

Program PeakFQ software allows the user to weight the 
station skew coefficient with the generalized skew coefficient 
to compute the log-Pearson Type III flood-frequency curve 
for a station, as recommended in Bulletin 17B (U.S. Water 
Resources Council, 1982). The generalized skew coefficient 
used for this study was determined from Bulletin 17B (U.S. 
Water Resources Council, 1982, pl. 1). The weighted skew 
combines the station and generalized skews by weighting them 
in inverse proportion to their mean-square errors. Because the 
mean-square error of the station skew increases as the length 
of record decreases, weighted skew coefficients for stations 
with short periods of record can be substantially adjusted by 
generalized skews. For stations with longer periods of record, 
the station skew has the greater importance in the computa-
tion of a weighted skew coefficient (Hammett and DelCharco, 
2005). The log-Pearson Type III flood-frequency curves 
presented in appendix 1 represent computations based on 
weighted skew coefficients.

Regional Flood-Frequency Regression Analysis

A regional regression analysis was used to  
mathematically relate basin characteristics to estimates  
of flood magnitude and frequency at streamgaging stations. 
Explanatory variables for the regional regression analysis  
were related to the 50-, 20-, 10-, 4-, 2-, 1-, 0.5-, and  
0.2-percent chance exceedance flows that had been calculated 
using Bulletin 17B (U.S. Water Resources Council, 1982) 
criteria. Equations computed from the regression analyses 
can then be used to calculate estimates of flood flows at sites 
where basin characteristics are known, but flow data are 
unavailable or insufficient (less than 10 years of available data 
at the gage).

All possible combinations of explanatory variables 
were investigated to determine which basin characteristics 
were most statistically significant in relation to peak flows. 
Preliminary regression models were evaluated by examining 
the root mean-square error, coefficient of determination (R2) 

for each model, and the significance level of the independent 
variables. Based on the investigation of all possible combi-
nations of explanatory variables, contributing drainage area 
(DRNAREA, eq. 2) was determined to be the most influential 
variable followed by the percent of total surface area covered 
by storage (STORAGE, eq. 2), which includes lakes, ponds, 
and swamps. Hammett and DelCharco (2005), Bridges (1982), 
and Seijo and others (1979) determined that contributing 
drainage area was the most influential variable in their respec-
tive studies; however, each of these investigators concluded 
that channel slope and lake area were significant factors at the 
0.05 significance level. The regression analysis for this study 
included storage, rather than lakes (which does not include the 
surface area covered by swamps). Additionally, the channel 
slope variable improved the regression analysis by less than 
1 percent, and thus, was not a final variable included in this 
study considering the relatively flat topography of Florida.

Log transformations were used for the variables in the 
regressions, which is an identical technique employed in pre-
vious studies. Throughout the State, there were several gages 
where the percent of storage was zero; therefore, it was not 
possible to transform that characteristic without the addition 
of a constant for all sites, similar to what was done in previ-
ous studies. Adding a small constant is a common practice 
when applying log transformations to datasets with some zero 
values, according to Haan (1977). Hammett and DelCharco 
(2005) and Bridges (1982) each added constants of 3.0 or 0.6 
for the lake variable depending on which geographic region 
the site was located. For this study, a constant of 1.0 was 
added to all storage values in the four hydrologic flood regions 
(pl. 1). 

Multiple-regression techniques were used to delineate the 
four hydrologic flood regions defined in Florida (pl. 1). These 
regions were defined based on the plotted residuals from the 
multiple-regression analysis. In addition, data from previous 
flood-frequency studies, and geologic, physiographic, and 
drainage-area maps were also consulted to help better define 
these regions.

Generalized Least-Squares Regression Analysis

Generalized least-squares regression methods, as 
described by Stedinger and Tasker (1985), were used to deter-
mine final regional P-percent chance exceedance flow regres-
sion equations with the computer program GLSNET devel-
oped by the USGS. An investigation by Tasker and Stedinger 
(1989) showed that model error from an ordinary least-squares 
regression can be reduced by using a generalized least-squares 
(GLS) regression, which takes into account the time-sampling 
error of flood-flow characteristics and the correlation of flood-
flow characteristics between nearby stations. In GLS analysis, 
the total prediction error is partitioned into model error and 
sampling error, thus making it possible to identify errors due 
to inadequacies of model formulation compared with deficien-
cies in the database (Hammett and DelCharco, 2005).
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Accuracy and Limitations of  
Flood-Frequency Estimates

Empirical results from regression equations are not 
exact. Regression equations are statistical models that are 
interpreted and applied within the limits of the data and with 
the understanding that the results are best-fit estimates with 
an associated scatter or variance. The development and use 
of a regression equation raises questions about how well the 
predicted values are representative of true values. Errors in the 
model (that is, differences between the predicted and observed 
values) can be examined to determine parameters that describe 
the accuracy of a regression equation, which depends on both 
the model error and the sampling error. Model error mea-
sures the ability of a set of explanatory variables to estimate 
the values of peak-flow characteristics calculated from the 
station records that were used to develop the equation. The 
model error depends on the number and predictive power of 
the explanatory variables in a regression equation. Sampling 
error measures the ability of a finite number of stations with 
a finite number of recorded annual peak flows to describe the 
true characteristics of the entire peak-flow record for a station. 
The sampling error depends on the number and record length 
of stations used in the analysis, and decreases as the number 
of stations and record lengths increase (modified from Gotvald 
and others, 2009).

A measure of uncertainty in a regression equation  
estimate for a site, i, is the variance of prediction, Vp,i. The Vp,i 
is the sum of the model error variance and sampling error  
variance and is computed using the following equation  
(Gotvald and others, 2009):

 ,                          (3)

where
	 γ2	 is the model error variance; and
	 MSEs,i	 is the sampling mean square error for  

the site, i,  

Assuming that the explanatory variables for the gaged 
stations in a regression analysis are representative of all sta-
tions in the region, the average accuracy of prediction for 
a regression equation can be determined by computing the 
average variance of prediction, AVP, for n number of stations 
(Gotvald and others, 2009):

	 ,                        (4)

where variables are as previously defined.

Traditionally, accuracy of a flood-frequency relation has 
been expressed two ways—the mean standard error of esti-
mate, SEE, or as the mean standard error of prediction, SEP. 
The SEE is a measure of how well the regression equation 
fits the data used to derive the relation and is often referred to 

as the model error. The SEE is computed using the following 
equation (Gotvald and others, 2009):

		  ,                       (5)

where

	 SEE	 is the mean standard error of estimate,  
in percent; and

	 γ2	 is the model error variance.

The standard error of prediction, SEP, is the square root 
of the mean square error of prediction and is a measure of 
how well the regression equation estimates flood flows when 
applied to ungaged basins. The SEP is calculated using the  
following equation (Gotvald and others, 2009):

,                        (6)

where
	 SEp	 is the mean standard error of prediction,  

in percent; and
	 AVP	 is the average variance of prediction. 

The regression equations and errors presented in table 3 
(eq. 7-38) are only applicable when the equations are used for 
sites where the values of basin characteristics fall within the 
range of values used to develop the equations. Extrapolating 
the regression equations for use in watersheds that have char-
acteristics outside the valid range would produce flood-flow 
estimates with unpredictable errors. A constant of 1.0 is added 
to storage when using the regression equations defined in 
table 3 for the reasons previously discussed. Table 4 describes 
the valid ranges of basin characteristics for each hydrologic 
region, as defined in this study. Figure 2 shows the distribution 
of drainage area and storage. For example, Region 3 has an 
apparent outlier with 91 percent storage, but the limiting value 
for the region is 48 percent storage. A regression of drainage 
area alone versus the 1-percent chance exceedance shows the 
point plots within the general trend of the data; therefore, the 
site was left in the regression. However, there is not enough 
data in the range to verify it truly works, so that is the reason 
for limiting the valid range for storage to 48 percent.

     Regression equations 7-38 are shown on table 3	 (7-38)

Previous USGS flood-frequency reports expressed the 
accuracy of the regional regression equations in terms of 
equivalent length of record (in years), which is an estimate of 
the number of years of station data needed at an ungaged site 
to produce peak-flow estimates with accuracy equal to that 
of the associated regression equation. The equivalent length- 
of-record concept can sometimes misconstrue the relation 
between flood-frequency estimates and associated variances. 

V MSEp i s i, ,= +γ 2

AVP
n

MSEs i
i

n

= + 



 =
∑γ 2 1
1

,

SEE = −





( )100 10 12 3026
0 52.
.

γ

SEP
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Table 3.  Regression equations for geographic regions in Florida.								      

[n, number of stations used in analysis. Table includes equations 7-38 referenced in the text]							     
		

Exceedance  
probability  
(percent)

Regression  
equations

Equation  
number

Standard 
error of 

prediction 
(percent)

Standard 
error  

of estimate 
 (percent)

Equivalent  
length of 

record  
(years)

Average  
sampling 

error  
(log units)

Average  
model error  
(log units)

Average  
variance of 
prediction  
(log units)

 Region 1 (n=77)

50 Q=127A0.656(ST+1)-0.098 7 43 42 2.68 0.0018 0.0307 0.0325

20 Q=248A0.662(ST+1)-0.189 8 40 39 4.84 0.0019 0.0262 0.0281

10 Q=357A0.666(ST+1)-0.239 9 42 40 6.19 0.0022 0.0287 0.0309

4 Q=528A0.671(ST+1)-0.293 10 47 45 7.26 0.0028 0.0353 0.0381

2 Q=684A0.675(ST+1)-0.328 11 52 50 7.69 0.0034 0.0418 0.0452

1 Q=864A0.679(ST+1)-0.362 12 57 55 7.92 0.0040 0.0493 0.0533

0.5 Q=1072A0.683(ST+1)-0.392 13 62 60 8.02 0.0046 0.0576 0.0622

0.2 Q=1395A0.688(ST+1)-0.430 14 70 67 8.03 0.0055 0.0700 0.0755

 Region 2 (n=83)

50 Q=101A0.617(ST+1)-0.211 15 58 57 1.79 0.0026 0.0529 0.0555

20 Q-184A0.620(ST+1)-0.212 16 53 51 2.70 0.0024 0.0443 0.0467

10 Q=253A0.621(ST+1)-0.215 17 52 50 3.69 0.0025 0.0427 0.0452

4 Q=353A0.621(ST+1)-0.221 18 53 51 4.94 0.0027 0.0435 0.0462

2 Q=435A0.621(ST+1)-0.226 19 54 52 5.73 0.0030 0.0455 0.0485

1 Q=525A0.621(ST+1)-0.231 20 56 54 6.34 0.0033 0.0485 0.0518

0.5 Q=622A0.621(ST+1)-0.236 21 59 56 6.80 0.0036 0.0523 0.0559

0.2 Q=764A0.620(ST+1)-0.244 22 63 60 7.19 0.0041 0.0584 0.0625

 Region 3 (n=76)

50 Q=72.7A0.741(ST+1)-0.589 23 87 85 0.99 0.0048 0.1023 0.1071

20 Q=164A0.704(ST+1)-0.587 24 62 60 2.07 0.0031 0.0588 0.0619

10 Q=250A0.686(ST+1)-0.592 25 56 54 3.23 0.0028 0.0486 0.0514

4 Q=390A0.668(ST+1)-0.601 26 53 52 4.77 0.0028 0.0444 0.0472

2 Q=517A0.656(ST+1)-0.608 27 53 52 5.74 0.0030 0.0444 0.0474

1 Q=664A0.646(ST+1)-0.616 28 54 52 6.52 0.0032 0.0459 0.0491

0.5 Q=833A0.638(ST+1)-0.625 29 56 54 7.11 0.0034 0.0482 0.0516

0.2 Q=1094A0.629(ST+1)-0.638 30 59 56 7.68 0.0038 0.0522 0.0560

 Region 4 (n=69)

50 Q=171A0.628(ST+1)-0.401 31 36 35 4.15 0.0017 0.0218 0.0235

20 Q=321A0.618(ST+1)-0.395 32 39 38 4.86 0.0020 0.0250 0.0270

10 Q=447A0.614(ST+1)-0.396 33 43 41 5.54 0.0024 0.0293 0.0317

4 Q=636A0.610(ST+1)-0.401 34 48 46 6.19 0.0030 0.0365 0.0395

2 Q=797A0.609(ST+1)-0.406 35 53 50 6.48 0.0035 0.0427 0.0462

1 Q=975A0.608(ST+1)-0.411 36 57 55 6.64 0.0040 0.0496 0.0536

0.5 Q=1171A0.608(ST+1)-0.416 37 62 59 6.71 0.0046 0.0571 0.0617

0.2 Q=1461A0.609(ST+1)-0.424 38 69 66 6.70 0.0054 0.0681 0.0735
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Using variances provides a more accurate characterization of 
the underlying uncertainty of the various flow estimates.

Weighting of Log-Pearson Type III and 
Regression Analyses

Flood estimates at streamgages for a selected exceedance 
probability can be determined by weighting the regional and 
station flood estimates for the specified exceedance probability 
using the variance of prediction for each of the two estimates. 
The variance of prediction can be considered as a measure of 
the uncertainty in either the streamgage flow estimate or the 
regional regression results. If the two estimates are assumed 
to be independent and are weighted in inverse proportion to 
the associated variances, the variance of the weighted estimate 
will be less than the variance of either of the independent 
estimates. 

The variance of prediction corresponding to the 
streamgage-flow estimate from the log-Pearson Type III 
analysis is computed using the asymptotic formula given in 
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Figure 2.   Distribution of drainage area and storage for the four hydrologic regions in Florida.

Table 4.  Valid ranges of basin characteristics for the  
regional regression equations.	

[mi2, square miles]	

Basin  
characteristic

Minimum  
in region

Maximum  
in region

Region 1

Drainage area (mi2) 0.14 4385

Storage (percent) 0.00 44.29

Region 2
Drainage area (mi2) 0.06 2647

Storage (percent) 0.00 74.33

Region 3

Drainage area (mi2) 0.41 3244

Storage (percent) 0.18 48.04

Region 4

Drainage area (mi2) 0.20 2833

Storage (percent) 0.00 34.12
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Cohn and others (2001) with the addition of the mean-squared 
error of generalized skew (Griffis and others, 2004). This vari-
ance varies as a function of the length of record and the fitted 
log-Pearson Type III distribution parameters (mean, standard 
deviation, and weighted skew). The variance of prediction for 
the streamgage flow estimate generally decreases with length 
of record and the quality of the log-Pearson Type III distribu-
tion fit. The variance of prediction values for the streamgage-
flow estimates for the 275 streamgages in Florida are shown 
in appendix 2. The variance of prediction from the regression 
equations is a function of the regression equations and the 
values of the independent variables used to develop the flow 
estimate from the regression equations. This variance gener-
ally increases as the values of the independent move further 
from the mean values of the independent variables.  Once the 
variances have been computed, the two independent-flow esti-
mates can be weighted using the following equation (Feaster 
and others, 2009; Gotvald and others, 2009):  

,        (39)

where

	 QP(g)w	 is the weighted estimate of peak flow for any 
P-percent chance exceedance for a gaged 
station, in cubic feet per second;

	 Vp,P(g)r	 is the variance of prediction at the gaged 
station derived from the regression 
equation for the selected P-percent chance 
exceedance, in log units;

	 Qp(g)s	 is the estimate of peak flow at the gaged 
station from the log-Pearson Type III 
analysis for the selected P-percent chance 
exceedance, in cubic feet per second;

	 Vp,P(g)s	 is the variance of prediction at the gaged 
station from the log-Pearson Type III 
analysis for the selected P-percent chance 
exceedance, in log units; and 

	 Qp(g)r	 is the peak-flow estimate for the P-percent 
chance exceedance at the gaged station 
derived from the applicable regression 
equation, in cubic feet per second.

When the variance of prediction corresponding to one 
of the estimates is high, the uncertainty also is high, so the 
weight for that estimate is relatively small. Conversely, when 
the variance of prediction is low, the uncertainty also is low, so 
the weight is correspondingly large. The variance of prediction 
associated with the weighted estimate, Vp, P(g)w, is computed 
using the following equation (Feaster and others, 2009  
Gotvald and others, 2009):

	 ,                 (40)

where variables are as previously defined.		
	 Weighted flood-flow estimates for the 305 streamgages 
used in this study are presented in appendix 1, along with the 
log-Pearson Type III distribution and regression results.
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Aerial view near the 
Alapaha River near 
Jennings, Florida, during 
the flood of April 2009. 
Photograph by the Fish  
and Wildlife Commission.
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Estimation of Flood Magnitude and 
Frequency at Ungaged Stations

Peak-flow estimates have been calculated for  
275 streamgages in Florida, 21 in Georgia, and 9 in Alabama 
for the 50-, 20-, 10-, 4-, 2-, 1-, 0.5-, and 0.2-percent chance 
exceedance flows. However, flood-flow estimates are  
frequently needed for locations on a stream where little (less 
than 10 years of data) to no-flow data are available. Flood-
flow estimates for these streams can be derived by directly 
applying the regional regression equations (table 3) for the 
respective hydrologic regions (pl. 1). 

Methods for improved flood-frequency estimates for an 
ungaged site near a gaged site on the same stream with more 
than 10 years of peak-flow data were presented by Sauer 
(1974). To obtain a weighted peak-flow estimate (QP(u)w) for 
P-percent chance exceedance at the ungaged site, the weighted 
peak-flow estimate for a downstream or upstream gaged 
site (QP(g)w) must first be determined using equation 39. The 
weighted peak-flow estimate for the ungaged site (QP(u)w) is 
then computed using the following equation:

,    (41)

where 

	 QP(u)w	 is the weighted estimate of peak flow for the 
selected P-percent chance exceedance at 
the ungaged site, in cubic feet per second;

	 ΔA	 is the absolute value of the difference between 

the drainage areas of the gaged site and the 
ungaged site, in square miles;

	 A(g)	 is the drainage area for the gaged site,  
in square miles; and

	 QP(u)r	 is the peak-flow estimate derived from the 
applicable regional equations for the 
selected P-percent chance exceedance at 
the ungaged site, in cubic feet per second.

Use of this equation gives full weight to the regression 
equation estimates when the drainage area for the ungaged site 
is equal to 0.5 or 1.5 times the drainage area for the gaged site, 
and increasing weight to the gaged site estimates as the ratio 
of the drainage area approaches 1. The weighting procedure 
must not be applied when the drainage-area ratio for the 
ungaged site and gaged site is less than 0.5 or greater than 1.5 
(Feaster and others, 2009; Gotvald and others, 2009).

An example of the application of the procedure described 
in this section is the following computation of the weighted 
1-percent chance exceedance flow for a hypothetical ungaged 
site on the New River located above the USGS station near 
Sumatra, Florida (station number 02330400, site 255, pl. 1) 
(Gotvald and others, 2009):
1.	 Calculate the value of Q1%(g)w (Q1%(g)w=7,010 ft3/s);

2.	 Obtain the drainage areas for both the gaged and ungaged 
sites (Ag=151 mi2, and Au=115 mi2);

3.	 Obtain the storage factor for both the gaged and ungaged 
sites (STg=43.03, and STu=30.1);

4.	 Compute Q1%(u)r for the ungaged site using equation 12 
((864*(1150.679))(31.1-0.362))=6,240 ft3/s;

Table 5.  Comparison of Bulletin 17B (U.S. Water Resources Council, 1982) flood-discharge estimates from this investigation with 
Bulletin 17 (U.S. Water Resources Council, 1976) or Bulletin 17A (U.S. Water Resources Council, 1977) estimates from previous 
investigations.

[N, number of years of record used in the analysis]							     

Investigator
Flood discharge (in cubic feet per second)  

P-percent chance exceedance

N 50 20 10 4 2 1 0.5 0.2

02300000 Manatee River near Bradenton, Florida; map number 136

This investigation (2011) 27 2,420 4,530 6,240 8,770 10,900 13,200 15,800 19,500

Bridges (1982) 27 2,410 4,520 6,260 8,840 11,000 13,400 16,100 20,100

Seijo and others (1979) 27 2,360 4,490 6,340 9,230 11,800 14,800 18,200 23,500

02322500 Santa Fe River near Fort White, Florida; map number 212

This investigation (2011) 75 3,860 6,610 8,720 11,700 14,100 16,700 19,400 23,400

Bridges (1982) 47 4,120 6,870 8,940 11,800 14,100 16,500 19,100 22,800

Seijo and others (1979) 45 4,170 7,060 9,340 12,600 15,400 18,300 21,600 26,400

02297100 Joshua Creek at Nocatee, Florida; map number 120

This investigation (2011) 56 1,760 3,180 4,380 6,260 7,930 9,860 12,100 15,500

Bridges (1982) 28 1,920 3,570 4,930 6,950 8,660 10,500 12,600 15,700

Seijo and others (1979) 26 1,960 3,710 5,240 7,630 9,770 12,200 15,100 19,500
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5.	 Compute Q1%(g)r for the gaged site using equation 12 
(Q1%(g)r =6,640 ft3/s);

6.	 Compute ΔA, where ΔA =151-115=36 mi2;

7.	 Compute the weighted estimate for the ungaged site,  
Qp(u)w , using equation 41 (Q1%(u)w =[((2*36)/151)+ 
((1-((2*36)/151))*(7,010/6,640))]*6,240=6,420 ft3/s .     

For an ungaged site that is located between two gaged 
stations on the same stream, two flow estimates can be made 
using the methods and criteria outlined in this section. In addi-
tion to evaluating the differences in hydrologic region make-
up of the two gaged stations in comparison to the ungaged site, 
hydrologic judgment may be necessary to determine which of 
the two estimates is most appropriate. Other factors may need 
consideration when evaluating the two estimates, including the 
differences in the length of record for the two gaged stations 
and the hydrologic conditions that existed during the data col-
lection period for each gaged station.  For example, does the 
time series represent a climatic period that was predominately 
wet or dry? (Modified from Gotvald and others, 2009.)

Sites on Streams that Cross Flood Region  
or State Boundaries

For streams that cross flood region boundaries, flood 
magnitudes can be estimated by weighting the flood estimate 
by the percentage of basin drainage area in each flood region. 
First, the flood estimate is computed as if the total drainage 
area lies in each flood region. Next, the flood estimates are 

weighted on the percentage of drainage area in each flood 
region. The same procedure applies to sites on streams that 
cross state boundaries where different methods are used for 
estimating flood magnitudes.

Comparison with Previous Analyses

Estimates of flood flows for three stations used in this 
investigation are compared to estimates presented by Bridges 
(1982) and Seijo and others (1979) to illustrate the effects of 
changes in methodology, regression equations, and record 
length (tables 5, 6, and 7). Manatee River near Bradenton was 
chosen for comparative purposes and, because the site was 
discontinued in 1966, the same period of record was used 
in all three investigations. Santa Fe River near Fort White 
and Joshua Creek at Nocatee each have substantially longer 
lengths of record now than when they were analyzed in the 
Bridges (1982) and Seijo and others (1979) reports, and these 
sites were chosen as representing sites with additional data for 
analysis in the present study.

Table 5 shows the effects of both additional records and 
changes in methods during the last 30 years of estimating 
flood flows using log-Pearson Type III analyses. Manatee 
River near Bradenton, for example, has 27 years of annual 
peak-flow data and all three investigations used this same 
period of record. This investigation used the U.S. Water 
Resources Council (1982) Bulletin 17B guidelines to com-
pute flood flow. The investigation by Bridges (1982) used the 
guidelines presented in Bulletin 17A (U.S. Water Resources 
Council, 1977). The work by Seijo and others (1979) used 
the guidelines presented in Bulletin 17 (U.S. Water Resources 

Table 6.  Comparison of regression equation flood-discharge estimates from this investigation with regression equation flood-discharge 
estimates from previous investigations.

[N, number of years of record used in the analysis]							     

Investigator
Flood discharge (in cubic feet per second)  

P-percent chance exceedance

N 50 20 10 4 2 1 0.5 0.2

02300000 Manatee River near Bradenton, Florida; map number 136

This investigation (2011) 27 1,570 2,850 3,890 5,380 6,660 8,050 9,590 11,900

Bridges (1982) 27 1,640 2,990 4,060 5,610 6,890 8,280 9,740 11,900

Seijo and others (1979) 27 1,810 3,360 4,690 6,760 8,600 10,700 13,100 16,900

02322500 Santa Fe River near Fort White, Florida; map number 212

This investigation (2011) 75 4,190 7,780 10,700 14,700 17,900 21,300 24,900 29,700

Bridges (1982) 47 2,620 4,890 6,720 9,410 11,700 15,200 16,800 20,900

Seijo and others (1979) 45 4,050 6,900 9,200 12,600 15,400 18,600 22,100 27,400

02297100 Joshua Creek at Nocatee, Florida; map number 120

This investigation (2011) 56 2,040 3,670 5,010 6,940 8,590 10,400 12,400 15,300

Bridges (1982) 28 2,180 3,910 5,290 7,280 8,930 10,700 12,600 15,400

Seijo and others (1979) 26 2,670 4,900 6,800 9,730 12,300 15,300 18,700 23,900
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Council, 1976), which used only a generalized skew, rather 
than a map skew weighted with the station skew (Hammett 
and DelCharco, 2005). Comparing this study with the Bridges 
(1982) study shows less than a 1-percent difference in esti-
mated flood flows at the 2-percent chance exceedance level, 
less than 2-percent difference at the 0.5- and 1-percent chance 
exceedance levels, and less than 3-percent difference at the 
0.2-percent chance exceedance level. The report by Seijo and 
others (1979) shows a much wider variance in results because 
the study utilized only a generalized skew over the weighted 
skew. For example, at the 0.2-percent chance exceedance, the 
difference between the Seijo and others (1979) study and this 
study is about 17 percent. At the 50-percent chance exceed-
ance, the difference is less than 3 percent. 

Table 6 shows the differences in the regressions estimates 
derived by the three studies. The differences in regression 
estimates are attributed to the evolution in methods, longer 
lengths of record, changes in geographic groupings, and 
changes in explanatory variables used in the equations. This 
study used contributing drainage area and percent covered by 
storage as explanatory variables. Bridges (1982) and Seijo and 
others (1979) each used contributing drainage area, channel 
slope, and percent covered by lakes in their investigations. 
Seijo and others (1979) used soil index as an additional vari-
able in their regression equations.

Table 7 shows the weighted flood-discharge flow esti-
mates derived in this study compared to those from Bridges 
(1982) and Seijo and others (1979). The difference in weighted 
estimates at Manatee River near Bradenton can be attributed 
to the differences in methodology, lengths of record, and 
several additional high-water events that have occurred since 
the Bridges (1982) and Seijo and others (1979) investigations. 
The Seijo and others (1979) investigation has a noticeable 

overestimation of flows at all three example locations, which 
is probably the reflection of different methods used during 
their study.

Effects of Flood Distribution and 
Magnitude in the Peak-Flow Dataset

Table 8 shows a comparison of the weighted flood-flow 
estimates from this investigation with the weighted estimates 
from the Bridges (1982) investigation. The comparison shows 
the effects of flood distribution and magnitude throughout 
the dataset at three selected stations. The weighted estimates 
from Bridges (1982) investigation and this investigation at 
Choctawhatchee River near Bruce (station number 02366500, 
map number 278, pl. 1) indicate little change in distribution 
or magnitudes of floods during the period of record at the site. 
The estimates are within 2 percent of the previously published 
data and the new data. Flood magnitudes appear to be evenly 
distributed with no high outliers during the 76-year period of 
systematic record.  The peak-flow data are available online as 
supplemental data at https://pubs.usgs.gov/sir/2011/5034.

The weighted estimates for Little River near Quincy 
(station number 02329500; map number 243, pl. 1) show the 
effects of a dataset where large magnitude floods occurred 
in the early part of the systematic record. The current study 
estimates approximately 7 percent less water now than was 
estimated in the Bridges (1982) investigation for the 1-percent 
chance exceedance probability. An analysis of the peak-flow 
data indicates that of the top five floods at the site, only two 
have occurred since 1978 (the end of the period of analysis 
for the Bridges (1982) investigation)—one in 1984 (rank 5; 

Table 7.  Comparison of weighted flood-discharge estimates from this investigation with weighted estimates from previous 
investigations.

[N, number of years of record used in the analysis]							     

Investigator
Flood discharge (in cubic feet per second)  

P-percent chance exceedance

N 50 20 10 4 2 1 0.5 0.2

02300000 Manatee River near Bradenton, Florida; map number 136

This investigation (2011) 27 2,260 4,200 5,740 7,900 9,680 11,500 13,600 16,600

Bridges (1982) 27 2,290 4,240 5,790 8,050 9,990 12,000 14,400 17,600

Seijo and others (1979) 27 2,300 4,230 5,880 8,390 10,700 13,300 16,200 20,900

02322500 Santa Fe River near Fort White, Florida; map number 212

This investigation (2011) 75 3,860 6,640 8,800 11,900 14,400 17,100 20,000 24,200

Bridges (1982) 47 4,050 6,730 8,790 11,600 13,900 16,400 18,800 22,500

Seijo and others (1979) 45 4,160 7,040 9,320 12,600 15,400 18,400 21,700 26,700

02297100 Joshua Creek at Nocatee, Florida; map number 120

This investigation (2011) 56 1,780 3,210 4,440 6,350 8,030 9,960 12,100 15,500

Bridges (1982) 28 1,950 3,620 4,990 7,010 8,710 10,500 12,600 15,600

Seijo and others (1979) 26 2,020 3,940 5,600 8,240 10,600 13,200 16,300 21,000

https://pubs.usgs.gov/sir/2011/XXXX
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16,200 ft3/s) and one in 1991 (rank 4; 18,700 ft3/s). However, 
the top three floods were substantially larger in magnitude and 
most likely influenced the results published in 1982, because 
of a relatively short period of record used in the analysis at 
that time. The top ranking flood occurred in 1969 (45,600 
ft3/s); second ranking flood occurred in 1965 (25,400 ft3/s); 
and the third ranking flood occurred in 1960 (23,300 ft3/s).  
The peak-flow data are available online as supplemental data 
at https://pubs.usgs.gov/sir/2011/5034.

The weighted estimates for the Yellow River at Milligan 
(station number 02368000, map number 283, pl. 1) show the 
effects of a dataset where large magnitude floods occur in 
the latter part of the systematic record. The current investi-
gation estimates approximately 45 percent more water now 
than was estimated in the Bridges (1982) investigation for the 
1-percent chance exceedance probability. An analysis of the 
peak-flow data indicates four of the top five floods at the site 
have occurred since the Bridges (1982) investigation—all in 
the 1990s. Until 1978 (the end of the period of analysis for 
the Bridges (1982) investigation), the largest flood during the 
systematic record was 38,600 ft3/s, recorded in 1975 (rank 4 
of the top 5). Since then, however, four more large floods have 
occurred, three of which are substantially larger than that of 
1975. The top three ranking floods in the systematic record 
occurred in 1999 (rank 1; 82,800 ft3/s), 1998 (rank 2; 55,600 
ft3/s), and 1990 (rank 3; 51,500 ft3/s).  The peak-flow data are 
available online as supplemental data at https://pubs.usgs.gov/
sir/2011/5034. 

Flood-Frequency Analysis for  
Large Streams

Flood-frequency relations for streamgages along the 
main stem of the Apalachicola River and Suwannee River at 
Ellaville and below (figs. 3–4) were not determined using the 
regional flood-frequency analysis, because the drainage areas 
of these sites are substantially larger than the maximum drain-
age areas for the streamgages used in the regional analyses. 
Additionally, the streamgages on the Apalachicola River are 
subject to regulation at Jim Woodruff Dam at Lake Seminole 
(pl. 1). Where the data analysis indicated it was appropri-
ate, however, relations of flood magnitudes to drainage area 
were determined for selected exceedance probabilities. The 
flood-frequency relations for each river are summarized in the 
following sections. The estimated flood-frequency flows were 
based on log-Pearson Type III analyses of peak-flow data at 
the gaged sites on the streams, as described by the Bulletin 
17B (U.S. Water Resources Council, 1982) guidelines, and 
are listed in appendix 3. Visual and graphical inspection of 
the data for each analysis indicated that a log-Pearson Type 
III distribution was a reasonable fit for the frequency curves 
published in this report.

Because the gages along the Apalachicola River have 
been affected by regulation of flows from Jim Woodruff Dam 
since 1957 (when the dam was constructed), trend analyses 
for the annual peak flows were performed to test if regulated 
patterns have changed with time. Trend analyses also were 
performed at the gages along the Suwannee River at Ellaville 
and below to test whether flow patterns have changed with 
time within the basin. Trends in regulations and flow were 
examined using Kendall’s tau trend analysis and cumulative 

Table 8.  Comparison of weighted flood-discharge estimates from this investigation with weighted estimates from the Bridges (1982) 
investigation.

[N, number of years of record used in the analysis]							     

Investigator
Flood discharge (cubic feet per second)  

P-percent chance exceedance

N 50 20 10 4 2 1 0.5 0.2

02366500 Choctawhatchee River near Bruce, Florida; map number 278

This investigation (2011) 76 31,300 49,000 63,600 85,800 106,000 128,000 154,000 194,000

Bridges (1982) 48 31,400 50,000 64,800 87,100 106,000 128,000 153,000 190,000

Percent change 0 -2 -2 -1 0 0 1 2

02329500 Little River near Quincy, Florida; map number 243

This investigation (2011) 41 4,250 9,370 14,300 22,600 30,600 40,000 51,200 69,400

Bridges (1982) 28 4,270 9,850 15,100 24,000 32,600 43,000 55,400 75,500

Percent change 0 -5 -5 -6 -6 -7 -8 -8

02368000 Yellow River at Milligan, Florida; map number 283

This investigation (2011) 66 8,520 17,300 25,600 39,200 51,900 66,600 83,700 111,000

Bridges (1982) 40 8,310 14,900 20,500 29,200 37,000 45,900 56,100 71,800

Percent change 3 16 25 34 40 45 49 55
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plots of weekday daily-mean flows (single-mass curves,  
Helsel and Hirsch, 1995). Analysis plots included:  
(1) cumulated ratio of 90- to 50-percentile daily-value stream-
flow by water year, (2) cumulated weekday 50-percentile 
streamflow by water year, (3) cumulated water-year mean 
weekday streamflow, (4) cumulated water-year mean weekend 
streamflow, (5) cumulated ratio of 10- to 50-percentile stream-
flow by climatic year, and (6) cumulated weekday  
50-percentile streamflow by climatic year. The single-mass 
curve is a basic analytical tool showing a plot of cumula-
tive values against time. The slope of the single-mass curve 
represents the constant of proportionality between the two 
quantities (Searcy and Hardison, 1960). A break in the slope of 
the curve would indicate a sudden change in the proportional-
ity constant. This analysis is particularly useful for regulated 
streams, because it can determine whether or not regulation 
has remained consistent throughout the regulation period.

Flood magnitudes for selected exceedance probabilities 
can be estimated by using figures 3–4 by reading the flow 
scale for the known drainage areas. Peak-flow data at selected 
sites on these large streams are included in appendix 3 of this 
report. The curves in figures 3–4 have been drawn as straight 
lines connecting the plotted data points. These linear represen-
tations do not infer that flood estimates or drainage area varies 
uniformly along the stream. The exceedance probability flood 
estimates at multiple streamgages along a stream will vary as a 
result of several factors, including length of record, concurrent 
period of record, and intervening tributaries. Additionally, the 

location of the storm causing a flood will impact flood esti-
mates. If, for example, a storm was located in the lower part of 
a basin, the streamgages in the upper half of the basin would 
not record the runoff associated with the storm. Consequently, 
it is conceivable that a flood of record at a lower gage may not 
necessarily be a flood of record at an upper streamgage. As a 
result of these factors, exceedance probability flood estimates 
between two streamgages on the same stream may not be 
completely linear. However, linearly interpolating between 
two streamgages with relatively similar lengths of record can 
provide a reasonable estimate of flood magnitudes between the 
two streamgages (Hedgecock and Feaster, 2007).

Apalachicola River

The relation of flood flow to drainage area for selected 
exceedance probabilities for the Apalachicola River is shown 
in figure 3 (Hedgecock and Feaster, 2007). Flow patterns at 
all streamgages along the Apalachicola River are impacted 
by regulation predominantly from Jim Woodruff Dam. Trend 
assessments, using Kendall’s tau and single-mass curves, were 
made for the entire period of record from 1920 through 2006 
for the Apalachicola River at Chattahoochee (station number 
02358000, pl. 1). Neither of the tests indicated a trend in the 
data for the high-flow regime. Trend assessments also were 
made for the period from 1957 through 2006, which is the 
period of regulated peaks. Kendall’s tau statistic indicated a 
slightly negative trend in the peak-flow data; however, this 
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trend is most likely the result of the drought that persisted 
through much of the last decade of record. Single-mass curve 
results show a decreasing trend. Additionally, an analysis of 
the daily mean flows shows a difference in the pattern of daily 
mean flows after about 1980. This could be because the late 
1960s and 1970s was a relatively wet period in the south-
east and not just an issue of changing regulation patterns. A 
peak-flow analysis using only the regulated peaks from 1957 
through 2006 indicates that the log-Pearson Type III distri-
bution provides a reasonable fit of the data. The results for 
selected exceedance probabilities are shown in appendix 3. 
The results displayed herein assume that similar regulation 
patterns will continue in the future.

Trend assessments were made for Apalachicola River 
near Blountstown (station number 02358700, pl. 1). Similar 
to the results at the Chattahoochee streamgage, Kendall’s tau 
statistic and the single-mass curves indicate a slightly negative 
trend in the data. Again, this is assumed to be predominantly 
the result of the drought that occurred during most of the last 
decade. Additionally, similar to the data at Chattahoochee, 
daily-mean flow patterns at the Blountstown streamgage 
changed after about 1980 and are most likely attributed to the 
change in climatic conditions previously discussed. A peak-
flow analysis using the regulated peaks from 1958 through 
2006 provides a reasonable fit of the data. The results for 
selected exceedance probabilities are shown in appendix 3. 
The results displayed herein assume that similar regulation 
patterns will continue in the future.

Assessments were made for the Apalachicola River 
near Sumatra (station number 02359170, pl. 1) for the period 
of record from 1978 through 2006. An analysis of the daily 
mean flows shows that 2000 through  2006 was a particularly 
dry period, similar to the Chattahoochee and Blountstown 
streamgages. Trend assessments were performed using Ken-
dall’s tau statistic, which provided a value of 0.051. A value 
of less than 0.05 indicates a trend in the data. Similar to the 
Chattahoochee and Blountstown streamgages, the drought 
years at the end of the record are the most probable reason for 
Kendall’s tau indicating a negative trend at the 0.05 signifi-
cance level. A peak-flow analysis using the regulated peaks 
from 1978 through 2006 provides a reasonable fit of the data. 
The results for selected exceedance probabilities are shown in 
appendix 3. The results displayed herein assume that similar 
regulation patterns will continue in the future.

Suwannee River

The relation of flood flow to drainage area for selected 
exceedance probabilities for the Suwannee River is shown 
in figure 4. Flood flows for selected exceedance probabili-
ties for the Suwannee River near Benton (station number 
02315000, map number 188, pl. 1), at White Springs (station 
number 02315500, map number 190, pl. 1), and at Suwannee 
Springs (station number 02315550, map number 191, pl. 1) 
are given in appendix 1. These flows are the log-Pearson Type 
III analysis, the regional flood equation estimates, and the 
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weighted estimates between these two calculations. The flood 
flows shown on figure 4 are those of the log-Pearson Type III 
analysis and are based on the period of record from 1973 and 
1976 through 2002 at Benton, 1907 through 1908 and 1928 
through 2006 at White Springs, and 1961 through 1964 and 
1966 through 1996 at Suwannee Springs. 

For the Suwannee River at Ellaville (station number 
02319500, pl. 1), a trend test using Kendall’s tau trend analy-
sis and single-mass curves for the entire period of record from 
1928 through 2006 indicated no change in flow patterns. A 
log-Pearson Type III analysis was performed for the period of 
record and the resulting flood flows for selected exceedance 
probabilities are provided in appendix 3.

For the Suwannee River at Branford (station num-
ber 02320500, pl. 1), a trend test using Kendall’s tau trend 
analysis and single-mass curves for the entire period of record 
from 1928 and 1932 through 2006 indicated no change in flow 
patterns. A log-Pearson Type III analysis was performed for 
the period of record and the resulting flood flows for selected 
exceedance probabilities are provided in appendix 3.

For the Suwannee River near Wilcox (station number 
02323500, pl. 1), a trend test using Kendall’s tau trend  

analysis and single-mass curves for the entire period of record 
from 1928, 1931, 1942, and 1944 through 2006 indicated no 
change in flow patterns. A log-Pearson Type III analysis was 
performed for the period of record and the resulting flood 
flows for selected exceedance probabilities are provided in 
appendix 3.

Generally, rainfall from a storm equally dispersed 
throughout a basin means that flood magnitudes will increase 
along with increasing drainage area. This is not the case in the 
Suwannee River between Luraville (station number 02320000, 
pl. 1) and Branford (station number 02320500, pl. 1). A 
decrease in flood magnitude exists that could be due to peak 
attenuation as cross-sectional area increases in a downstream 
direction. A large part of the attenuation is through transient 
stream losses to springs which effectively become sinks at 
periods of high stream levels. The same phenomenon of peak 
attenuation occurs between Worthington Springs (station num-
ber 02321500, map number 204, pl. 1) and High Springs on 
the Santa Fe River (station number 02322000, map  
number 209, pl. 1; Giese and Franklin, 1996). 

Rising floodwaters affect wildlife habitats and often cause species to seek safety in unfamilar environments.  

Above: View of a reflector sign near a road near the Suwannee 
River near Ellaville, Florida, gage during the flood of April 2009.  
Ants are maneuvering up the sign to avoid drowning in the 
floodwaters. Photograph by Mark Stephens, USGS.

Above:  An emu observes standing water and USGS surveying 
equipment after a heavy rain event in south Florida (circa 
1999–2000).  Photographs by Richard Verdi, USGS.
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Summary
Flood flows for selected exceedance probabilities were 

determined for 275 streamgages on natural streams in Florida 
using the log-Pearson Type III frequency distribution. The data 
for these sites in Florida and 30 additional sites in parts of the 
adjacent States of Georgia and Alabama were used to develop 
regional flood-frequency relations that can be used to estimate 
flood flows for the 50-, 20-, 10-, 4-, 2-, 1-, 0.5-, and  
0.2-percent chance exceedance probabilities for ungaged, 
unregulated streams in Florida.

Multiple-regression techniques were used to define four 
hydrologic regions having similar flood characteristics and to 
develop predictive equations relating peak flow to specified 
drainage-basin characteristics. The flood regions were delin-
eated based on plotted residuals, previous flood-frequency 
studies, and geologic, physiographic, and drainage-area maps. 
The most significant variable determined for predicting flood 
flows in Florida was drainage area, followed by storage. Gen-
eralized least-squares regression methods were used to define 
the regression coefficients used in the predictive equations and 
both the model and prediction errors. 

The regional flood-frequency relations can be applied 
to streams in Florida that are not significantly affected by 
backwater, regulation, urbanization, or channelization. Meth-
ods are presented in this report for determining flood flows 
for selected exceedance probabilities on ungaged and gaged 
streams. On large streams where the regional flood-frequency 
relations do not apply, flood flows for 50-, 20-, 10-, 4-, 2-, 
1-, 0.5-, and 0.2-percent chance exceedance probabilities are 
estimated from graphical relations of flood flows and drain-
age areas for the Apalachicola River and Suwannee River at 
Ellaville and below.
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Appendixes and Supplemental Data
Data for gaging stations in Florida (modified from Hedgecock and Feaster, 2007).

The following appendix tables contain peak stage and discharge data for streamflow 
gaging stations in Alabama. The tables contain a brief description of the gage location, type 
of gage, gage datum (if known), drainage area in square miles, historical data and explanatory 
remarks. Elevations are referenced to the National Geodetic Vertical Datum of 1929  
(NGVD 29).

The tables of peak stages and discharges show only the annual maximums. The qualifica-
tion codes in the tables correspond to the peak data codes as used in the U.S. Geological Survey 
National Water Information System (NWIS). The following qualification codes apply to the 
discharge columns:

1 discharge is a maximum daily average;
2 discharge is an estimate;
4 discharge is less than indicated value, which is the minimum recordable discharge at this site;
5 discharge affected to unknown degree by regulation or diversion;
6 discharge affected by regulation or diversion;
7 discharge is an historic peak;
A year of occurrence is unknown or not exact;
B month or day of occurrence is unknown or not exact;
E only maximum peak available for this year.
The following qualification codes apply to the gage height columns:
1 gage height affected by backwater;
2 gage height not the maximum for the year;
3 gage height at different data or at different site and datum;
5 gage height is an estimate.

 
The following abbreviations apply to the tables: 

--, date or data not available; ft, feet; ft3/s, cubic feet per second; mi, mile; mi2,  
square miles.  

The supplemental data for this report includes full descriptions of the streamgages used  
in this study, such as location, datum information, period of record, and any special remarks  
associated with the streamgage (historic flood information, for example).  Additionally, the 
peak-flow data are included.  These data are available online at   
https://pubs.usgs.gov/sir/2011/5034.

The drainage area data presented in appendixes 1 and 3 are those as defined by the use of 
GIS analysis for this project.  The drainage area data presented in the supplemental data are 
those as historically derived and published in the National Water Information System (NWIS).
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