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Conversion Factors

Multiply By To obtain
Length

inch (in.) 2.54 centimeter (cm)
inch (in.) 25.4 millimeter (mm)
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)

Vertical coordinate information is referenced to the North American Vertical Datum of 1988 
(NAVD 88).

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



Abstract
Statistical summaries of streamflow records through 2007 

for gaging stations in Oklahoma and parts of adjacent states 
are presented for 238 stations with at least 10 years of stream-
flow record. Streamflow at 120 of the stations is regulated for 
specific periods. Data for these periods were analyzed sepa-
rately to account for changes in streamflow because of regula-
tion by dams or other human modification of streamflow. A 
brief description of the location, drainage area, and period 
of record is given for each gaging station. A brief regulation 
history also is given for stations with a regulated streamflow 
record. This descriptive information is followed by tables of 
mean and median monthly and annual discharges, magnitude 
and probability of exceedance of annual instantaneous peak 
flows, durations of daily mean flow, magnitude and probability 
of nonexceedance of annual low flows, and magnitude and 
probability of nonexceedance of seasonal low flows.

Introduction
Streamflow statistics are used by individuals and organi-

zations involved in the planning of projects with surface-water 
resources. The last report that published summaries of stream-
flow statistics in Oklahoma used streamflow data through 
1999 (Tortorelli, 2002). The U.S. Geological Survey (USGS), 
in cooperation with the Oklahoma Water Resources Board, 
conducted an investigation to update streamflow statistics in 
Oklahoma by using streamflow data through 2007. 

At least 10 years of daily streamflow data exist for 182 
streamflow gaging stations in Oklahoma and 56 streamflow 
gaging stations in nearby parts of adjacent states. Since 1999 
several streamflow sites have acquired additional years of 
record, enough years of record (10) to be included in statistical 
analyses, or new years of record that are affected by regula-
tion. Useful summaries for streamflow data represent monthly 

and annual mean and median flows, peak-flow statistics, flow-
duration statistics, and low-flow frequency statistics. Informa-
tion about monthly and annual mean and median flows, flow-
duration, and low-flow characteristics statistics is essential to 
water-management agencies dealing with problems related to 
irrigation, municipal and industrial water supplies, and fish 
and wildlife conservation. 

Low-flow statistics are particularly valuable to assess 
the capability of a stream to receive and assimilate treated 
wastewater. Low-flow statistics are used in granting waste-
water permits and determining total maximum daily loads 
of streams. Annual and seasonal 7-day, 2-year low-flow 
streamflows (7Q2) are used as part of the criteria for granting 
wasteload allocations for permits and are specifically cited in 
State statutes. Other low-flow durations (1, 3, 10, 30, and 60 
days) and frequencies (5, 10, and 20 years) also are useful to 
characterize streamflow at a site. 

Knowledge of peak-flow statistics is required for the safe 
and economical design of highway bridges, culverts, dams, 
levees, and other structures on or near streams and for disaster 
planning. Floodplain management programs and flood-insur-
ance zones and rates also are based on peak-flow magnitude 
and frequency information.

Purpose and Scope

The purpose of this report is to: (1) present monthly and 
annual mean and median flows, annual low-flow statistics, 
and flow-duration statistics for each streamflow-gaging sta-
tion with 10 years or more of streamflow record; (2) present 
seasonal low-flow statistics for these gaging stations for three 
Oklahoma growth seasons: (a) spring (April 1–May 31), (b) 
summer (June 1–October 31), and (c) winter (November 1–
March 31); (3) update annual peak-flow statistics of these 
gaging stations; and (4) present analyses of unregulated and 
regulated periods of record separately to reconcile changes in 
streamflow because of regulating structures and other human 
modifications to basin hydrology. 

Statistical Summaries of Streamflow in and near 
Oklahoma Through 2007

By Jason M. Lewis and Rachel A. Esralew
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The scope of this report was limited to streamflow-gaging 
stations with at least 10 years of unregulated or regulated 
streamflow records through September 2007 (water year 
2007). A total of 238 streamflow gaging station records were 
analyzed, including 182 stations in Oklahoma and 56 nearby 
stations in Kansas, Missouri, Arkansas, and Texas. The stream-
flow records are from unregulated streams with no substantial 
flow regulation, irrigation, or urbanization, and from streams 
that are substantially affected by regulation, irrigation, and 
urbanization. Regulation by dams or other human modification 
of streamflow is defined as substantial if 20 percent or more 
of the contributing drainage basin is affected (Heimann and 
Tortorelli, 1988).

Acknowledgments

Several U.S. Geological Survey personnel in Okla-
homa provided assistance with this report. Robert L. Tor-
torelli assisted with all aspects of this report and S. Jerrod 
Smith assisted with creating the new Oklahoma skew map. 
The authors gratefully acknowledge and appreciate their 
contribution.

Statistical Summaries

Site Selection

The streamflow-gaging stations selected for analysis are 
shown in figure 1 and described in table 1. Gaging stations 
selected for analysis are in 8-digit hydrologic unit boundaries 
(based on the 8-digit hydrologic unit codes, or HUC) that are 
in or are adjacent to the Oklahoma state boundary (http://www.
ncgc.nrcs.usda.gov/products/datasets/watershed/, accessed 
June 2009). Fifty-six streamflow-gaging stations on rivers in 
adjacent states and 182 streamflow-gaging stations in Okla-
homa were selected. Only continuous-record sites with at least 
10 years of unregulated or regulated data were selected for 
analysis. Streamflow at 120 of the gaging stations is affected 
by regulation, urbanization, or irrigation well development 
(Wahl and Tortorelli, 1997) for specific periods. Sixty of the 
120 gaging stations were analyzed for unregulated and human-
modified periods (table 1). Six of the 120 gaging stations were 
analyzed for periods of unregulated flow and separate periods 
of unregulated flow that were affected by irrigation. Five of 
the 120 gaging stations were analyzed for separate periods of 
flow regulation with irrigation. Eight of the 120 gaging sta-
tions were analyzed for periods of unregulated flow that were 
affected by urban development. 

A regulated period of record in this report is defined as 
the period during which at least 20 percent of the contributing 
drainage area upstream from a station is controlled by dams, 
floodwater-retarding structures, or other human modifica-
tion of streamflow (Heimann and Tortorelli, 1988). An urban 
period of record is defined as the period during which at least 

20 percent of the drainage basin upstream from a station is 
impervious cover because of urbanization. An irrigation period 
of record is defined at stations that are affected by known 
irrigation (Wahl and Tortorelli, 1997, Esralew and Lewis. U.S. 
Geological Survey. written commun., 2009). Streamflow at 
some other stations likely has been affected by groundwater 
development, but that has not been documented. If the flow 
at a streamflow-gaging station is regulated, and the regulated 
drainage basin area increased during the period of record, an 
attempt was made to summarize only the regulated period 
when further change had substantively stopped. However, 
regulated statistics may be biased for some gaging stations 
because of the extent of increases in regulated area during the 
analyzed period or record. The differences in statistical results 
for different periods of record at a site also may be the result 
of differences in climate rather than differences in regulation. 
The period of record by type of streamflow modification is 
listed in table 1. 

Description of Streamflow Statistics Tables

The statistical summaries of streamflow by station 
are presented in the appendix of this report. The summary 
streamflow statistics tables presented in the appendix for 
each station are preceded by a station description and include 
mean, median, and average percentage of annual runoff for 
annual and monthly discharges, magnitude and probability 
of exceedance of annual instantaneous peak flows, durations 
of daily mean flow, magnitude and probability of nonexceed-
ance of annual low flows, and magnitude and probability of 
nonexceedance of seasonal low flows. An alphabetical index 
is provided to assist the reader, listed by stream and nearby 
municipality. 

The beginning and end years are listed for complete 
water years in the period of record analyzed for mean and 
median annual and monthly discharges and durations of daily 
mean flow. The beginning and end years are listed for water 
years in the record analyzed for annual instantaneous peak 
flows. For flow-duration statistics, the beginning and end years 
are listed for water years that encompass the entire period of 
daily streamflow record, which may or may not be complete 
water years. The beginning and end years are listed for com-
plete climatic years or seasons in the period of record analyzed 
for annual and seasonal low flows. Any gaps in the period of 
record at the site, or incomplete years of record is noted in the 
station description. 

The mean daily streamflow discharges were retrieved by 
station number from the USGS National Water Information 
System (NWIS, http://waterdata.usgs.gov/nwis) and processed 
by using the computer program Input and Output for Water-
shed Data Management (IOWDM) (U.S. Geological Survey, 
2002a). Mean and median annual and monthly statistics were 
computed by using the Automated Data Processing System 
(ADAPS), while flow-duration and low-flow statistics were 
computed by using the computer program Surface-Water 
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Figure 1.  Location of selected streamflow-gaging stations with at least 10 years of streamflow data.
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Statistics (SWSTAT) (U.S. Geological Survey, 2002b). 
Instantaneous peak-flow statistics were calculated by using an 
updated version of the Annual Flood Frequency Analysis com-
puter program (PEAKFQ) (U.S. Geological Survey, 2007) and 
the methods of PEAKFQ reported by Tortorelli and McCabe 
(2001).

Station descriptions
The station descriptions include: station location, drain-

age area, period of record, and remarks. Remarks include 
information on the chronological history of regulating struc-
tures and comments on other factors that may affect unregu-
lated flow.

Monthly and Annual Maximum, Minimum, Mean, 
Median, and Average Percentage of Annual 
Discharges

The annual statistics were computed on complete water 
years only, which is the 12-month period October 1 through 
September 30. The water year is designated by the calendar 
year in which the water year ends; thus the water year end-
ing September 30, 2007, is called the “water year 2007”. The 
average percentage of annual runoff, based on the mean, is left 
out of the annual row in all tables. This annual runoff is 100 
but because of rounding and averaging, the monthly column 
amounts may not equal exactly100.

Annual Instantaneous Peak-Flow Frequency
Peak-flow frequency data are determined from an annual 

series of the highest instantaneous peak discharges for the 
period of record at a station. For example, an annual series of 
instantaneous peak flows consists of the highest instantaneous 
peak discharge during each year of record. 

The statistical data were determined by fitting the loga-
rithm of annual instantaneous peak flow to a Pearson Type III 
distribution (U.S. Geological Survey, 2007; Interagency Advi-
sory Committee on Water Data, 1982). Results from the log 
Pearson Type III analyses are shown for recurrence intervals 
of 2, 5, 10, 25, 50, 100, and 500 years. The table also shows 
computed results in terms of exceedance probabilities in per-
cent: 50, 20, 10, 4, 2, 1, and 0.2 percent, respectively. Exceed-
ance probability is the reciprocal of the recurrence interval. 

Each discharge in the table is an instantaneous peak 
flow that can be expected to be equaled or exceeded on the 
average once every “y” years, where “y” is the recurrence 
interval. Similarly, each instantaneous peak flow in the table 
has an “x”-percent probability of exceedance in any given 
year, where “x” is the exceedance probability, in percent. For 
example, the instantaneous peak flow corresponding to the 
100-year recurrence interval can be expected to be equaled or 
exceeded on the average once every 100 years; similarly, an 

instantaneous peak flow corresponding to 1 percent exceed-
ance probability will have a 1 percent chance of being equaled 
or exceeded in any given year. Skewness may be shown 
graphically as right or left relative to a normal distribution; 
in this report, skewness is described mathematically by a 
number, either negative or positive. Skew values are used in 
the calculation of the frequency curve statistics (Interagency 
Advisory Committee on Water Data, 1982; Tortorelli and 
McCabe, 2001). Skew values are commonly reported with 
instantaneous peak-flow statistics, but not with low- or high-
flow statistics. The skew coefficient value used for each station 
analysis is listed at the bottom of the peak-flow frequency 
table. The skew is described as “Oklahoma weighted skew” 
if the skew was determined for those unregulated streamflow 
stations with drainage area of less than 2,510 square miles by 
weighting the station record skew with skew from a general-
ized skew map created for Oklahoma (fig. 2) by following 
the methods detailed in Bulletin 17B (Interagency Advisory 
Committee on Water Data, 1982). The mean square error of 
the Oklahoma generalized skew map (0.284) was used in the 
weighting process. The skew for those unregulated streamflow 
stations with a drainage area more than 2,510 square miles is 
described as “Water Resources Council weighted skew” if the 
skew was determined by weighting the station-record skew 
with skew from a generalized national skew map created by 
the U.S. Water Resources Council as described in Bulletin 
17B (Interagency Advisory Committee on Water Data, 1982). 
The mean square error of the U.S.Water Resources Council 
generalized skew map was used in this weighting process 
(Interagency Advisory Committee on Water Data, 1982). The 
skew is described as “station skew” if station-record skew 
only was used for streamflow stations regulated by reservoirs 
and flood-water retarding structures and human modifications 
of streamflow. No station with a drainage area more than 2,510 
square miles was considered as regulated solely by floodwater-
retarding structures. A more detailed discussion of the log 
Pearson Type III analysis for instantaneous peak flow, includ-
ing the use of historic years, and high and low outliers, may be 
found in Tortorelli and McCabe (2001).

Flow Duration
Flow-duration data are determined from all the daily 

mean discharges during the entire period of record and are 
used to plot a flow-duration curve (Searcy, 1959). A flow-
duration curve is a cumulative frequency curve that shows 
how often a particular discharge has been equaled or exceeded 
based on the period of record. The flow-duration curve is not 
related to the sequences of flow, but does include the full range 
of daily mean discharges at the station. For example, the dis-
charge on a flow-duration table that corresponds to a 10-per-
cent exceedance is the amount that was equaled or exceeded 
on 10-percent of the flow record days without regard for when 
those days of exceedance occurred. The days of exceedance 
may not have been consecutive, and may be in a single year or 
during several years (Ludwig, 1992).
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The U.S. Geological Survey computer program SWSTAT 
(U.S. Geological Survey, 2002b), computes flow-duration 
curve values by grouping the data into discharge size classes 
(bins). Daily mean flows for the period being analyzed are 
divided into 35 classes (or bins). SWSTAT uses log cycles to 
sort data because of the lognormal distribution of streamflow; 
therefore, the probability of choosing appropriate interval 
spacing is greater than if the data were separated into 35 
equal-interval classes. The number of days in each class is 
computed for the entire record period, and the percentage 
of daily discharge in each class is determined. SWSTAT can 
report any specified flow-duration percentile by extrapolating 
from the class percentiles, and a log-probability plot (tabu-
lar and graphical) of the class percentiles is output by the 
program. For this study, the daily mean discharges that are 
equaled or exceeded 1, 2, 5, 10, 15, 20, 30, 40, 50, 60, 70, 80, 
90, 95, 98, and 99 percent of the time were determined and are 
reported in the station tables. These discharges can be used to 
construct a flow-duration curve by plotting exceedance prob-
ability on the x-axis and discharge on the y-axis.

Flow-duration statistics in Tortorelli (2002) were deter-
mined for gages with continuous daily flow record through 
1999. Flow-duration statistics in this report may differ from 
those statistics reported in Tortorelli (2002) because of a 
difference in the way that the daily mean flow classes were 
determined in SWSTAT. In Tortorelli (2002), SWSTAT was 
defaulted to allow for a minimum class measurement of 1 
cubic foot per second (ft3/s) and a maximum class measure-
ment of 10,000 ft3/s, regardless of the range of daily flows 
observed at a gage. For this study, class limits were set so that 
the minimum and maximum class discharge values were close 
to the range of observed daily flows for the period of record 
analyzed. Most of the substantial differences in discharge 
values in this report when compared to the previous study 
(Tortorelli, 2002) can be observed at the upper end (flow that 
is exceeded 10 percent or less of the time) and lower end (flow 
that is exceeded 90 percent or more of the time) of the flow-
duration curve.

Annual and Seasonal Low-Flow Frequencies
Annual low-flow frequency data are determined from an 

annual series of the lowest mean discharges for some speci-
fied “n”-day consecutive time period. For example, an annual 
series of 7-day low flows consists of the lowest mean dis-
charge during any 7-day consecutive period during each year 
of record. The data in the annual low-flow frequency tables 
were produced by fitting the logarithms of annual “n”-day 
low flows to a Pearson Type III distribution (U.S. Geological 
Survey, 2002b). 

Seasonal low-flow frequency data are determined from 
an annual series of the lowest mean discharges for each of the 
spring (April through May), summer (June through October), 
and winter (November through March) seasons for some 
specified “n”-day consecutive time period. The data in the sea-
sonal low-flow frequency tables were produced by fitting the 

logarithms of the annual series of seasonal “n”-day low flows 
to a Pearson Type III distribution. 

The low-flow frequency tables report lowest mean dis-
charges for consecutive periods of 1, 3, 7, 10, 30, and 60 days 
and at recurrence intervals of 2, 5, 10, and 20 years, which 
correspond to nonexceedance probabilities of 50, 20, 10, and 5 
percent, respectively. 

Each discharge in the annual or seasonal low-flow table is 
a mean low flow in the year or season for an “n”-day consecu-
tive period of days that can be expected to be lower on the 
average once every “y”- years, where “y” is the recurrence 
interval. Similarly, each low flow in the table has an “x”-
percent probability that, in any given year, a smaller value 
“n”-day mean low flow will occur, where “x” is the nonex-
ceedance probability, in percent. For example, the low-flow 
corresponding to the 2-year recurrence interval and 7-day 
consecutive period of days can be expected to be lower on 
the average once every 2-years; similarly, a low flow corre-
sponding to 50-percent nonexceedance probability and 7-day 
consecutive days will have a 50-percent chance of being lower 
in any given year. 

For any “n”-day period, discharges decrease for increas-
ing recurrence interval and decreasing nonexceedance 
probability. Conversely, for any given recurrence interval, or 
nonexceedance probability, discharge increases with increas-
ing “n”-day period. 

Annual low flows are computed on the basis of a climatic 
year (April 1 to March 31); thus the period of record for a cli-
matic year is one year less than for a water year (Riggs, 1972). 
Seasonal low flows are computed on the basis of the seasons 
defined earlier. The values listed in the tables were computed 
from U.S. Geological Survey computer program SWSTAT 
(U.S. Geological Survey, 2002b) utilizing days of zero flow 
rather than omitting days of zero flow as was done prior to 
Heimann and Tortorelli (1988). Values may differ, because of 
this updated method of computation, from those in the study 
by Huntzinger (1978a), because the frequency analysis for 
that report was determined graphically and utilized only flows 
greater than zero. These differences can be large for streams in 
drier regions of Oklahoma. 

The low-flow frequency curves for given “n”-day periods 
were computed independently. Inclusion of zero-flow days in 
the independent analyses resulted in some anomalies in the 
frequency tables. The anomalies included “n”-day low flows 
that did not consistently decrease with increasing recurrence 
interval, or low-flows for a given recurrence interval that 
did not consistently increase with increasing “n”-day period. 
These anomalies in the data are termed data reversals and 
were adjusted to produce consistent tabular results. Also some 
seasonal low flows for a given “n”-day period and recurrence 
interval were determined to be smaller than the annual low 
flows, which were usually because of rounding of values. 
Therefore, annual low flows were adjusted downward slightly 
to match the lowest seasonal low flows. An average of 5 low 
flows per station analysis were adjusted.
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Summary
Information about monthly and annual flow, peak flow, 

flow-duration, and low-flow statistics is essential to water-
management agencies dealing with problems related to 
irrigation, municipal and industrial water supplies, and fish 
and wildlife conservation. Low-flow statistics are particularly 
valuable to assess the capability of a stream to receive and 
assimilate treated wastewater. Low-flow statistics are used in 
granting wastewater permits and determining total maximum 
daily loads of streams. Annual and seasonal 7-day, 2-year low-
flow streamflows are used as part of the criteria for granting 
wasteload allocations for permits and is specifically cited in 
State statutes. Other low-flow durations (1, 3, 10, 30, and 60 
days) and frequencies (5, 10, and 20 years) also are useful to 
characterize streamflow at a site. Knowledge of high-flow and 
peak-flow statistics is required for the safe and economical 
design of highway bridges, culverts, dams, levees, and other 
structures on or near streams and for disaster planning. Flood-
plain management programs and flood-insurance rates also are 
based on peak-flow magnitude and frequency information. The 
U.S. Geological Survey, in cooperation with the Oklahoma 
Water Resources Board, conducted an investigation to update 
streamflow statistics in Oklahoma by using streamflow data 
through 2007.

The purpose of this report is to: (1) update mean annual 
flow, annual low- and high-flow statistics, and flow-duration 
statistics for each streamflow gaging station with 10 years 
or more of streamflow record; (2) present seasonal low-flow 
statistics of these gaging stations for three Oklahoma seasons: 
(a) spring (April 1–May 31), (b) summer (June 1–October 31), 
and (c) winter (November 1–March 31); (3) update peak-flow 
statistics of these gaging stations; and (4) present analyses of 
unregulated and regulated periods of record separately, to rec-
oncile changes in streamflow because of regulating structures 
and other human modifications of streamflow. 

Statistical summaries of streamflow records through 2007 
for gaging stations in Oklahoma and parts of adjacent states 
are presented. Only continuous-record sites with at least 10 
years of unregulated or regulated data were selected for analy-
sis. A total of 238 streamflow-gaging stations were selected 
— 182 in Oklahoma and 56 in adjacent states. Streamflow at 
120 of the gaging stations is affected by regulation, urbaniza-
tion, or irrigation well development for specific periods. Sixty 
of the 120 gaging stations were analyzed for unregulated 
and human-modified periods. Six of those sixty unregulated 
gaging stations were analyzed for periods of unregulated flow 
and separate periods of unregulated with irrigation. Five of 
the regulated gaging stations in the 120 gaging stations were 
analyzed for a separate period of flow regulation with irriga-
tion, and eight gaging stations were analyzed for periods of 
unregulated flow that were affected by urban development. 
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