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Computed Statistics at Streamgages, and Methods 
for Estimating Low-Flow Frequency Statistics and 
Development of Regional Regression Equations for 
Estimating Low-Flow Frequency Statistics at Ungaged 
Locations in Missouri

By Rodney E. Southard

Abstract 
The weather and precipitation patterns in Missouri vary 

considerably from year to year. In 2008, the statewide average 
rainfall was 57.34 inches and in 2012, the statewide average 
rainfall was 30.64 inches. This variability in precipitation and 
resulting streamflow in Missouri underlies the necessity for 
water managers and users to have reliable streamflow statistics 
and a means to compute select statistics at ungaged locations 
for a better understanding of water availability. Knowledge 
of surface-water availability is dependent on the stream-
flow data that have been collected and analyzed by the U.S. 
Geological Survey for more than 100 years at approximately 
350 streamgages throughout Missouri. The U.S. Geological 
Survey, in cooperation with the Missouri Department of Natu-
ral Resources, computed streamflow statistics at streamgages 
through the 2010 water year, defined periods of drought and 
defined methods to estimate streamflow statistics at ungaged 
locations, and developed regional regression equations to com-
pute selected streamflow statistics at ungaged locations.

Streamflow statistics and flow durations were computed 
for 532 streamgages in Missouri and in neighboring States of 
Missouri. For streamgages with more than 10 years of record, 
Kendall’s tau was computed to evaluate for trends in stream-
flow data. If trends were detected, the variable length method 
was used to define the period of no trend. Water years were 
removed from the dataset from the beginning of the record for 
a streamgage until no trend was detected. Low-flow frequency 
statistics were then computed for the entire period of record 
and for the period of no trend if 10 or more years of record 
were available for each analysis.

Three methods are presented for computing selected 
streamflow statistics at ungaged locations. The first method 
uses power curve equations developed for 28 selected 
streams in Missouri and neighboring States that have multiple 
streamgages on the same streams. Statistical estimates on 

one of these streams can be calculated at an ungaged loca-
tion that has a drainage area that is between 40 percent of 
the drainage area of the farthest upstream streamgage and 
within 150 percent of the drainage area of the farthest down-
stream streamgage along the stream of interest. The second 
method may be used on any stream with a streamgage that 
has operated for 10 years or longer and for which anthropo-
genic effects have not changed the low-flow characteristics at 
the ungaged location since collection of the streamflow data. 
A ratio of drainage area of the stream at the ungaged loca-
tion to the drainage area of the stream at the streamgage was 
computed to estimate the statistic at the ungaged location. 
The range of applicability is between 40- and 150-percent of 
the drainage area of the streamgage, and the ungaged location 
must be located on the same stream as the streamgage. The 
third method uses regional regression equations to estimate 
selected low-flow frequency statistics for unregulated streams 
in Missouri. This report presents regression equations to esti-
mate frequency statistics for the 10-year recurrence interval 
and for the N-day durations of 1, 2, 3, 7, 10, 30, and 60 days. 

Basin and climatic characteristics were computed using 
geographic information system software and digital geospa-
tial data. A total of 35 characteristics were computed for use 
in preliminary statewide and regional regression analyses 
based on existing digital geospatial data and previous stud-
ies. Spatial analyses for geographical bias in the predictive 
accuracy of the regional regression equations defined three 
low-flow regions with the State representing the three major 
physiographic provinces in Missouri. Region 1 includes the 
Central Lowlands, Region 2 includes the Ozark Plateaus, 
and Region 3 includes the Mississippi Alluvial Plain. A total 
of 207 streamgages were used in the regression analyses for 
the regional equations. Of the 207 U.S. Geological Survey 
streamgages, 77 were located in Region 1, 120 were located 
in Region 2, and 10 were located in Region 3. Streamgages 
located outside of Missouri were selected to extend the range 
of data used for the independent variables in the regression 
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analyses. Streamgages included in the regression analyses 
had 10 or more years of record and were considered to be 
affected minimally by anthropogenic activities or trends. 
Regional regression analyses identified three characteristics 
as statistically significant for the development of regional 
equations. For Region 1, drainage area, longest flow path, and 
streamflow-variability index were statistically significant. The 
range in the standard error of estimate for Region 1 is 79.6 
to 94.2 percent. For Region 2, drainage area and streamflow 
variability index were statistically significant, and the range 
in the standard error of estimate is 48.2 to 72.1 percent. For 
Region 3, drainage area and streamflow-variability index also 
were statistically significant with a range in the standard error 
of estimate of 48.1 to 96.2 percent. 

Limitations on the use of estimating low-flow frequency 
statistics at ungaged locations are dependent on the method 
used. The first method outlined for use in Missouri, power 
curve equations, were developed to estimate the selected 
statistics for ungaged locations on 28 selected streams with 
multiple streamgages located on the same stream. A second 
method uses a drainage-area ratio to compute statistics at an 
ungaged location using data from a single streamgage on the 
same stream with 10 or more years of record. Ungaged loca-
tions on these streams may use the ratio of the drainage area at 
an ungaged location to the drainage area at a streamgage loca-
tion to scale the selected statistic value from the streamgage 
location to the ungaged location. This method can be used 
if the drainage area of the ungaged location is within 40 to 
150 percent of the streamgage drainage area. The third method 
is the use of the regional regression equations. The limits for 
the use of these equations are based on the ranges of the char-
acteristics used as independent variables and that streams must 
be affected minimally by anthropogenic activities.

Introduction
Missouri is located in the Midwest region of the conter-

minous United States. In 2008, the State of Missouri had the 
largest above normal departure in precipitation for any state in 
the United States, averaging 16.58 inches above normal with 
an average rainfall of 57.34 inches (National Climatic Data 
Center, 2013). The rainfall in 2008 was the wettest calendar 
year on record since 1895 for Missouri while temperature 
ranked the 19th coldest. Flooding was widespread in the 
Midwest with 147 peak-of-record streamflows recorded at 
U.S. Geological Survey (USGS) streamgages (Holmes and 
others, 2010). Conversely, in 2012, the Midwest experienced 
one of the driest and hottest years on record. On July 23, 2012, 
Missouri Governor Jay Nixon signed Executive Order 12-07 
declaring a state of emergency because of prolonged heat and 
drought (Office of Missouri Governor, 2012). Rainfall deficits 
continued throughout the remainder of 2012 with the National 
Climatic Data Center (2013) reporting a precipitation deficit 
of 10.12 inches for Missouri from January to December 2012 

with an average rainfall of 30.64 inches. Thus, 2012 ranks as 
the 7th driest 12-month period since 1895 and the warmest 
12-month period since 1895 (National Climatic Data Center, 
2013).

These extremes in precipitation underlie the necessity 
for Federal, State, local, and private entities to have a good 
understanding of water availability by having access to reli-
able streamflow statistics and a means to compute selected 
streamflow statistics at ungaged locations. The USGS, 
in cooperation with the Missouri Department of Natural 
Resources, defined periods of historically persistent drought, 
computed streamflow statistics at streamgages, and developed 
relations to estimate selected streamflow statistics for the State 
of Missouri. To place the 2012 drought in Missouri in histori-
cal context, the annual mean streamflows for 2012 for selected 
streamgages were compared to historical drought periods. This 
information and methodology to estimate selected streamflow 
statistics will provide a consistent means to help manage the 
State’s water resources by water users for water supply and 
water quality. 

The USGS has collected daily streamflow data at approx-
imately 350 streamgages throughout Missouri. Analyses of 
the streamgage data provide users with reliable duration and 
frequency estimates of streamflow at that location; however, 
it is not possible to operate a streamgage at every location 
where streamflow statistics are needed, so a method is needed 
to estimate selected streamflow statistics at ungaged locations. 
Equations were developed by the USGS using statistically 
significant basin characteristics to estimate the streamflow 
characteristics at ungaged stream locations. The basin charac-
teristics are used in the equations as independent variables and 
were derived from digital geospatial datasets using geographic 
information system (GIS) software to measure the value of the 
variables. This methodology allows for the automated compu-
tation of the characteristics to estimate the selected statistic at 
an ungaged location. The data and techniques implemented in 
this study were developed for future use in a web-based GIS 
tool named Streamstats to display streamgage data and auto-
mate the computation of selected streamflow statistics.

Purpose and Scope

The purpose of the report is to present streamflow 
statistics computed at USGS streamgages in and adjacent to 
Missouri, and to describe the development and application 
of regression equations for estimating the magnitude and 
frequency of the annual N-day, 10-year low-flow statistic. 
The N-day durations selected for the regression equations are 
1-, 2-, 7-, 10-, 30-, and 60-day periods. 

The report also describes the site selection, statistical 
analyses of streamgage data, the development of two meth-
ods to estimate streamflow statistics at ungaged locations on 
streams where streamgages exist, and the development of 
regional regression equations for selected N-day durations for 
gaged or ungaged streams. The report presents the limitations 
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of the methods that can be used to estimate low-flow fre-
quency statistics at ungaged locations.

Previous Studies

This is the fifth in a series of reports that describe low-
flow characteristics for Missouri streams. The first report 
(Skelton, 1966) contained information on low-flow frequency 
estimates for 262 continuous-record and partial-record 
streamgages, and flow duration for 63 selected continuous-
record streamgages. Streamflow data were analyzed through 
the 1964 water year. A water year is defined as the 12-month 
period from October 1 through September 30 of the follow-
ing year. Thus, the 1964 water year ends on September 30, 
1964. Skelton (1966) only presented low-flow information for 
streamgages and no attempt was made to develop a methodol-
ogy to estimate low-flow statistics at ungaged locations. The 
second report (Skelton, 1970) contained information on the 
results of hydrograph analyses of base-flow recessions and a 
statistical study of seasonal low-flow information for Mis-
souri streams. Base-flow recession characteristics for 116 
streamgages and seasonal low-flow frequency analyses (May 
through October) for 215 streamgages are contained in the 
report. Skelton (1970) presented a graphical methodology 
for estimating low-flow characteristics at an ungaged site. 
Streamflow measurements at the ungaged location are col-
lected, preferably during several years, and plotted on graph 
paper with concurrent flows at a nearby streamgage. The rela-
tion defined by the points plotted can be used to estimate the 
statistic for the ungaged location using the computed statistic 
at the streamgage. The third report (Skelton, 1974) contained 
regression equations for estimating selected statistics for the 
Ozarks Plateaus physiographic province (Fenneman, 1938). 
Regression equations were developed for the annual 7-day 
mean low-flow for recurrence intervals of 2 years (M7D2Y), 
10 years (M7D10Y), and 20 years (M7D20Y). The equations 
used the cross-sectional area of a stream at an ungaged loca-
tion as the independent variable. The cross-section survey is 
to be completed during the time period of late August through 
November. The standard error for estimating the M7D10Y 
statistic was 60 percent for the regression equation. The fourth 
report (Skelton, 1976) contained low-flow frequency data for 
460 streamgages and flow-duration data for 84 streamgages. 
The report contains a tabulation of low-flow frequency char-
acteristics at approximately 260 additional streamgages not 
included in Skelton (1974) and frequency analyses of seepage-
run data compiled through the 1974 water year. 

Site Selection

Data used in the analyses for this report were collected 
for 532 active and inactive continuous-record streamgages 
located in Missouri and in the neighboring States of Iowa, 
Nebraska, Kansas, Oklahoma, and Arkansas (table 1 available 

on CD and at http://pubs.usgs.gov/sir/2013/5090/downloads/
table_1.xlsx; fig. 1). Location of these streamgages are shown 
in figure 1; 343 are in Missouri, 38 are in Iowa, 7 are in 
Nebraska, 70 are in Kansas, 18 are in Oklahoma, and 56 are in 
Arkansas. The list of 532 streamgages included streamgages 
located on unregulated and regulated streams and on stream-
flow originating from springs. Data from streamgages on 
regulated streams below reservoirs were included in the 
statistical analyses for completeness. Likewise, data from 
streamgages on spring streamflow were included in the 
statistical analyses. Streamflow data affected by reservoirs or 
springs were removed for use in regression analyses to prevent 
biasing the computations of the selected low-flow frequency 
statistics. For Missouri, all streamgages with more than 1 
year of continuous record were included in the statistical 
data summaries. Streamgages were required to have at least 
10 years of continuous record for frequency computations. 
Selection of streamgages in neighboring States was based on 
basins having similar basin and flow characteristics to basins 
in Missouri. Basic statistics such as minimum, maximum, and 
mean streamflows, monthly and annual flow durations, and 
trend analyses were computed for all streamgages, if there 
was sufficient record length. Low-flow frequency analyses 
were implemented on streamgages with at least 10 complete 
years of daily mean discharges. Streamgages, with streamflow 
trends detected, had statistics computed for the entire period 
of record and for the period of no trend. Streamgages from 
neighboring states were included to improve the representa-
tiveness of selected low-flow frequency statistics and basin 
characteristics indicated in Missouri border areas, and to pro-
vide better estimates of the error of the regression equations 
for ungaged sites near the State border. Daily mean discharge 
data collected through the 2010 water year (through Septem-
ber 30, 2010) were retrieved for the 532 streamgages from the 
USGS National Water Inventory System (NWIS; USGS, 2011) 
database for use in computing selected low-flow frequency 
statistics. 

Streamflow data at a streamgage were considered for 
use in the development of the regression equations if data 
had a minimum of 10 years of record and if the data repre-
sented natural flow conditions or were affected minimally 
by anthropogenic activities. Anthropogenic activities that 
may affect low-flow frequency statistics include, but are not 
limited to, regulation, irrigation, diversions, storage, and 
urbanization. In general, all streamgages with data affected 
by upstream regulations or diversions during typical low-flow 
periods were deleted from the regression analyses data set. 
Streamgages were removed from consideration if they were 
affected by structures such as dams or diversions for irrigation. 
Streamgages also were removed if considerable storage from 
small impoundments and water-supply lakes were located in 
the basin upstream from the streamgage. Streamgages in urban 
areas generally were excluded from the analyses because of 
channel improvements, impervious area, and basin develop-
ment. Streamgages were removed if backwater conditions 
existed at the site and low flow computations were considered 

http://pubs.usgs.gov/sir/2013/5090/downloads/table_1.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_1.xlsx
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Missouri, area; C, an enlargement of St. Louis, Missouri, area.
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poor in quality. Decisions on inclusion or exclusion of 
streamgage data were made using hydrologic judgment and 
the above criteria. Streamgages known to be affected mini-
mally by regulation or diversion were left in the regression, 
evaluated for bias during the regression analyses, and removed 
if a bias was detected. The screening process resulted in 207 
streamgages being used in the statewide regression analyses.

Historical Drought Periods

Missouri has a history of extreme floods and extended 
droughts. The USGS (Waite, 1991) documented historical 
floods and droughts for Missouri through water year 1988. 
Waite (1991) defined four drought periods in Missouri after 
evaluating data from 1930 to 1988: 1930–41, 1952–57, 
1962–69, and 1975–82. An evaluation of annual streamflow 
data was done for this study with respect to droughts through 
water year 2010 using flow-duration statistics from the 207 
streamgages (table 2 available on CD and at http://pubs.usgs.
gov/sir/2013/5090/downloads/table_2.xlsx). From table 2, 24 
streamgages, with more than 40 years of continuous record 
each, were selected for evaluation of drought periods. The 
selected streamgages were distributed spatially throughout 
Missouri and neighboring States (table 3 available on CD and 
at http://pubs.usgs.gov/sir/2013/5090/downloads/table_3.xlsx; 
fig. 2). 

At each streamgage, annual mean streamflows were 
compared to the mean for the entire period of record (POR) 
retrieved from the NWIS database through the 2010 water 
year. Annual means above the POR mean were considered a 
wet year and annual means below the POR annual mean were 
considered a dry year. Continuous periods of record of 3 or 
more years with a mean streamflow that appeared to be sub-
stantially lower than the mean streamflow for the POR were 
designated qualitatively as periods of persistent drought in 
table 3. An example graph showing the annual mean stream-
flows by water year compared to the POR mean streamflow 
is shown in figure 3 for Fox River at Wayland (streamgage 
05495000). Several years were observed where drought may 
have existed in 1- or 2-year time spans throughout the period 
of record for a streamgage such as water years 1934, 1988, 
and 2000 at streamgage 05495000; however, near or above 
average runoff existed before or immediately after the dry 
year. The definition for a drought period of 3 or more years 
reduced the number of droughts and provided a means to 
identify areas of the State that experienced persistent drought 
conditions (table 3). 

By assessing the location of the streamgages spatially 
and by common periods of substantially below POR mean 
streamflow, the State of Missouri was broken into four areas 
(East Central, North, Southeast, and West Central) with similar 
drought periods (fig. 2). The East Central area appears to have 
the most drought periods with 3 years or more of consecu-
tive below normal runoff: 1931–34, 1953–56, 1962–66, 
1976–78, and 1999–2001. The North area had the fewest 

drought periods: 1922–25, 1936–41, and 1953–57. The mean 
streamflows of the drought periods were compared to the 
POR mean streamflow using the Wilcoxon Rank Sum test to 
test if the annual mean flow values for the drought periods 
were different statistically from the annual mean streamflows 
for the POR (table 3). The p-values from the Wilcoxon Rank 
Sum test are listed in table 3 for the drought periods for the 
24 streamgages. P-values less than 0.05 indicate the drought 
period mean streamflow is different statistically than the POR 
mean streamflow. Mean streamflow for a drought period may 
be substantially below the period of record mean streamflow, 
but may not be statistically different in magnitude. However, 
adverse effects on wildlife and fish habitat, water supply, and 
agriculture can occur during these drought periods. The 1950’s 
drought was the only drought period where all 24 streamgages 
had statistically different annual mean streamflows for the 
drought period compared to the POR annual mean stream-
flows. The 1930’s drought had the next highest number of 
streamgages with statistically significant flows for 14 out of 19 
streamgages, excluding the southeast area where no drought 
period was defined for the 1930’s. The drought of the 1950’s 
affected the entire State and the last drought to occur in east 
central Missouri was from 1999 to 2001. 

To keep the 2012 streamflows in perspective, the annual 
mean for water year 2012 also is included in table 3 to com-
pare 2012 annual mean streamflow values to historical drought 
mean streamflows and the POR mean streamflows at the 24 
streamgages evaluated for drought periods. The 2012 water 
year was a dry year with below normal runoff for 21 of 22 
streamgages that were in operation in water year 2012, with 
the exception of streamgage 06899500 (map number 167). As 
an example, streamgage 05514500 (map number 51) had an 
annual mean streamflow of 226 cubic feet per second (ft3/s) 
in water year 2012 and the lowest computed drought period 
mean streamflow was 266 ft3/s from 1953 to 1957 (table 3).

Computed Statistics at Streamgages
The availability of a stream to supply water needed for 

human use commonly is evaluated on the basis of statistical 
analyses of historical data from a streamgage or network of 
streamgages. Further analyses of the statistical data are often 
used to predict the probability of occurrence of low stream-
flow for an annual period. For this study, historical streamflow 
data through water year 2010 were included in the statisti-
cal analyses. For the basic statistics and the flow-duration 
analyses of historical streamflow, the water year period from 
October 1 through September 30 of the following year was 
used, and for N-day low-flow frequency analyses, the climatic 
year that begins on April 1 and ends on March 31 of the fol-
lowing year was used.

http://pubs.usgs.gov/sir/2013/5090/downloads/table_2.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_2.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_3.xlsx


Computed Statistics at Streamgages    7

#
#

#

#

#
#

#
#

#

#

##

#

#

#

# #

#

#

#

#

#

#
#

51

67

17

470
403

491

451

453

449

220

332

263

326

340

284
282

249

190

129

181

173

160
167

67

339

90° 92° 94° 96° 

40° 

38° 

36° 

Missouri River

Mississippi River

EXPLANATION

Mississippi River

Missouri River

0 100 MILES25 50 75

0 25 50 75 100 KILOMETERS

# U.S. Geological Survey streamgage 
and map number (table 2)

Regional drought boundary

Basin boundary

U.S. Geological Survey digital data, 1:100,000 and 1:24,000
Universal Transverse Mercator projection
Zone 15
North American Datum of 1983 (NAD83)

North

East CentralWest Central

Southeast

North

East CentralWest Central

Southeast

IOWA

ILLINOIS

KENTUCKY

T
E

N
N

E
SS

E
E

OKLAHOMA

KANSAS

N
E

B
R

A
SK

A

MISSOURIMISSOURI

IOWA

ILLINOIS

KENTUCKY

T
E

N
N

E
SS

E
EARKANSASARKANSAS

OKLAHOMA

KANSAS

N
E

B
R

A
SK

A

Figure 2.  Drought areas and location of streamgages used to define drought periods.
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Figure 3.  Annual mean and period of record annual mean streamflows for Fox River at Wayland, Missouri (streamgage 05495000, 
map number 17).

Basic Statistics

Daily-mean streamflow data were downloaded from the 
USGS NWIS database using U.S. Environmental Protection 
Agency (EPA) Better Assessment Science Integrating point 
and Non-point Sources (BASINS) version 4.0 software (2009). 
BASINS is a multipurpose environmental analysis system that 
integrates a GIS capability that allows a user to retrieve and 
identify USGS streamgages in a user defined area and retrieve 
selected streamflow data from the USGS NWIS database (U.S. 
Environmental Protection Agency, 2009). Streamgage selec-
tion was based on three criteria. First, all streamgages within 
Missouri were selected. Second, streamgages within basins 
that drain into Missouri were included. And third, streamgages 
in neighboring states with basin characteristics similar to 
basins in Missouri were added to improve the range in basin 
characteristics and provide additional coverage on streams 
draining out of Missouri.

The basic statistics for each of the 532 streamgages were 
computed using a utility within BASINS. The minimum, 
maximum, mean, and standard deviation of all daily mean 

streamflows for the period of record approved by the USGS 
within NWIS are presented in table 4 (available on CD and at 
http://pubs.usgs.gov/sir/2013/5090/downloads/table_4.xlsx). 

BASINS also has the capability to determine low-flow 
statistics that can be related to the stress that in-stream aquatic 
organisms may experience. The biologically based design 
flows of annual 1-day, 3-year (1B3) for the criterion continu-
ous concentration (CCC) and of annual 4-day, 3-year (4B3) for 
criterion maximum concentration (CMC) also were computed 
within BASINS [EPA, 2009; tables 5 and 6 (available on CD 
and at http://pubs.usgs.gov/sir/2013/5090/downloads/table_5.
xlsx; http://pubs.usgs.gov/sir/2013/5090/downloads/table_6.
xlsx)]. A description of the differences of hydrological-based 
design flows and biologically based design flows can be found 
at (U.S. Environmental Protection Agency, 2012). The defini-
tion of the 1B3 and 4B3 biologically based design flows from 
the EPA website is given below.

•	 The biological method examines all low flow events 
within a period of record, even if several occur in one 
year. The biologically based design flow is intended to 
examine the actual frequency of biological exposure. 

http://pubs.usgs.gov/sir/2013/5090/downloads/table_4.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_5.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_5.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_6.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_6.xlsx
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The method directly uses site-specific durations (i.e., 
averaging periods) and frequencies specified in the 
aquatic life criteria (e.g., 1 day and 3 years for CMC 
and 4 days and 3 years for CCC). 

•	 Since biologically based design flows are based on 
durations and frequencies specified in water quality 
criteria for individual pollutants and whole effluents, 
they can be based on the available biological, eco-
logical, and toxicological information concerning 
the stresses that aquatic organisms, ecosystems, and 
their uses can tolerate. The biologically based calcu-
lation method is flexible enough to make full use of 
special averaging periods and frequencies that might 
be selected for specific pollutants (e.g., ammonia) or 
site-specific criteria. This method is empirical, not 
statistical, because it deals with the actual flow record 
itself, not with a statistical distribution that is intended 
to describe the flow record. 

To compute the flow duration, trends, and N-day low-
flow frequency statistics, the computer program Surface Water 
Statistics (SWSTAT; Lumb and others, 1990) module by the 
USGS within BASINS was implemented. The USGS has 

established standard methods for estimating low-flow fre-
quency statistics for streamgages (Riggs, 1972). 

Flow-Duration Statistics

Daily mean streamflows for all complete water years of 
record for a streamgage were used to compute flow-duration 
statistics and flow-duration curves. Flow-duration curves 
(fig. 4) are graphical representations of the percentage of time 
that streamflow for a given time step is equaled or exceeded 
during a specified period. The time step used in this study was 
a daily time step. Flow-duration statistics are points along a 
flow-duration curve that represent the discharge that is equaled 
and exceeded for a given percentage of time (table 7 available 
on CD and at http://pubs.usgs.gov/sir/2013/5090/downloads/
table_7.xlsx). Flow-duration statistics commonly are denoted 
in the form of (discharge) Dxx where the streamflow “D” is 
subscripted by the exceedance probability the streamflow is 
equaled or exceeded. For example, the flow-duration statistic 
D90 is a streamflow that is equaled or exceeded 90 percent 
of the time. As an example on figure 4 D90 would be about 
1.5 ft3/s for streamgage 05506800 and about 21 ft3/s for 
streamgage 06918440.
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Figure 4.  Flow-duration curves for Elk Fork Salt River near Madison, Missouri, (streamgage 05506800, map number 42) and Sac River 
near Dadeville, Missouri (streamgage 06918440, map number 226).

http://pubs.usgs.gov/sir/2013/5090/downloads/table_7.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_7.xlsx
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Flow-duration statistics can be computed for any period 
of time. Flow-duration statistics were computed using 
SWSTAT (Lumb and others, 1990) for daily mean streamflows 
for complete water years (October 1 to September 30) for the 
period of record for 532 streamgages (table 2). Flow duration 
statistics also were computed by month, and these results are 
presented in table 8 (available on CD and at http://pubs.usgs.
gov/sir/2013/5090/downloads/table_8.xlsx). The procedure in 
SWSTAT used to compute flow-duration statistics in this study 
is similar to the procedures used in Lewis and Esralew (2009).

In figure 4, two flow-duration curves are shown rep-
resenting streamgage 05506800 (map number 42), which 
is located in north Missouri (Region 1), and streamgage 
06918440 (map number 226), which is located in west-central 
Missouri (Region 2). The general slope of the flow-duration 
curve for streamgage 06918440 is flatter than the flow-dura-
tion curve for streamgage 05506800. Also, about 95 percent 
of the time streamgage 06918440 has a greater flow than 
streamgage 05506800 for a given exceedance probability. As 
the indicated exceedance probability increases (moving from 
left to right on the graph in figure 4), the difference in flows 
also increases. Streamgage 06918440 is located in the Ozark 
Plateaus physiographic province of the State where extensive 
areas of karst exist. This area is known to contain one of the 
largest concentrations of springs in the United States (Imes 
and Emmett, 1994). The basin upstream from streamgage 
06918440 has 116 springs identified compared to zero springs 
identified for streamgage 05506800 (table 9 available on CD 
and at http://pubs.usgs.gov/sir/2013/5090/downloads/table_9.
xlsx). Springs are less susceptible than streams to dry years 
because of a groundwater component supporting the spring 
flows. In some basins, springs contribute substantially to base 
flow during low flow periods. Thus, streams with substantial 
base flow from spring inflow tend to have flatter duration 
curves and greater sustained flows.

Trend Statistics

An assumption of frequency analyses is that annual low 
flows are independent and stationary with time. Trends in data 
could introduce a bias into the low-flow frequency analyses 
from climatic or anthropogenic effects. N-day data calculated 
for annual climatic years were analyzed for the entire period 
of record for trends using the Kendall’s tau hypothesis test in 
the SWSTAT program (Lumb and others, 1990). The Kendall’s 
tau test was used to compute the monotonic relation between 
N-day values (discharge) and time in climatic years (Helsel 
and Hirsch, 2002). A p-value threshold of 5 percent (α=0.05) 
was used in this study for the Kendall’s tau test, and p-values 
less than or equal to 5 percent were flagged as having statisti-
cally significant trends (positive or negative). 

The Kendall’s tau test was implemented on all stations 
with 10 or more years of record. If trends were detected, the 
longest and most recent period of record without a significant 
trend was used. This variable-length of record method allows 

for longer records to be used for frequency analyses for many 
streamgages compared to using a common period of record 
for all streamgages. Trend analyses were then computed by 
decreasing the length of record by 1-year increments sequen-
tially from the beginning of the record until a significant 
trend was not detected. This procedure was used for each 
streamgage to determine the beginning year of the longest 
period of recent record without a significant trend for any of 
the N-day durations tested. The 1-, 2-, 3-, 7-, 10-, 30-, 60-, 90-, 
183-, and 365-day durations were tested for trends. Results of 
the trend analyses indicated a geographic bias in which more 
streamgages in Region 1 have a trend than streamgages in 
Regions 2 and 3. The results of the trend analyses determined 
that shorter periods of record were available for use in low-
flow frequency analyses in the northern part of the State com-
pared to the southern part of the State. The effects of springs 
sustaining base flow and contributing substantially to base 
flow in the southern part of the State may mask the climatic 
and anthropogenic effects on low flow. Results of the trend 
analyses are shown in table 10 (available on CD and at http://
pubs.usgs.gov/sir/2013/5090/downloads/table_10.xlsx). 

The trend analysis was computed for all 532 streamgages; 
however, no attempt was made to determine a period of 
no trend for stations with less than 10 years of record. 
Streamgages with period of records lengths less than 10 
years were analyzed and included in the table for complete-
ness, but the trend analyses may be biased by extreme dry or 
wet years. Review of streamgage record lengths resulted in 
357 streamgages with 10 or more years of record. From the 
subset of 357 streamgages, trends existed at 134 streamgages. 
Results of the trend analyses do not affect the computation of 
annual duration statistics (table 7); however, they do affect 
the computation of monthly duration statistics for months that 
were included in years outside of the no trend period (table 8). 
Monthly duration data for only the period of no trend were 
recomputed and included in table 8. In general, flow values 
for the period of no trend were greater than the flow values 
for the entire period of record. A review of the monthly data 
for streamgage 05471500 shows about a 21-percent increase 
in flow for the POR median streamflow (D50) for the month of 
October from 197 ft3/s (1946 to 2010 water years) to 238 ft3/s 
(1961 to 2010 water years) for the no trend period (table 8).

Low-Flow Frequency Statistics

The low-flow frequency statistics are based on the N-day, 
Y-year frequency statistic of daily mean streamflow for the 
climatic year annual period. Low-flow frequency statistics 
only were computed for the 357 streamgages with 10 or more 
years of record. These statistics are the minimum consecu-
tive N-day mean streamflow expected to occur once in any 
Y-years. Y-years is the recurrence interval or return period sig-
nifying the average number of years between nonexceedances 
of a selected low-flow magnitude. Probability is the reciprocal 
of the annual nonexceedance recurrence interval expressed 
as 1/Y. For example, the M7D10Y low-flow statistic is the 

http://pubs.usgs.gov/sir/2013/5090/downloads/table_8.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_8.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_9.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_9.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_10.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_10.xlsx
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annual minimum mean streamflow for 7 consecutive days that 
is expected to not be exceeded once on the average during any 
10-year period, or in probability terms, has a 0.10 probability 
of not being exceeded in a given year. For this report, low-
flow frequencies were estimated for annual N-day durations of 
1-, 2-, 3-, 7-, 10-, 30-, 60-, 90-, 183-, and 365-days. Low-flow 
recurrence interval (return period) ranged from 1.05 to 500 
years and corresponding probabilities ranged from 0.95 to 
0.002 (table 11 available on CD and at http://pubs.usgs.gov/
sir/2013/5090/downloads/table_11.xlsx). Statistics are pro-
vided in table 11 for the period of record and for the period of 
no trend, if applicable. 

Each N-day, Y-year frequency statistic was based on an 
annual series of the lowest mean discharge for a pre-defined 
consecutive number of days. The annual series for the deter-
mination of frequency statistics uses the climatic year of April 
1 to March 31 instead of the water year (October 1 to Septem-
ber 30). In Missouri, the months of August, September, and 
October typically are the months of lowest flows in streams 
(table 8). Using the climatic year time period prevents the 
analysis from possibly including the same low-flow event in 
the fall for 2 consecutive years. 

A frequency analysis was implemented on each N-day 
annual series using a log-Pearson Type III distribution (Riggs, 
1972). For this study, SWSTAT was used to determine the 
annual series of minimum mean low flows to fit them to a log-
Pearson Type III distribution, and to plot the computed low-
flow frequency curve through the annual values. More specific 
information about the log-Pearson Type III distribution can 
be found in Interagency Advisory Committee on Water Data 
(1982). A visual inspection of the fit of the low-flow frequency 
curve to the data, and the computed low-flow frequency values 
to be used, were reviewed for quality assurance. 

Methods for Estimating Low-Flow 
Frequency Statistics at Ungaged 
Locations in Missouri

Of the 532 streamgages included in this study, the USGS 
has collected daily mean streamflow data at approximately 
350 streamgages during the last 100 years in Missouri. Despite 
the network of streamgages, State and local agencies have 
a need to determine select statistics at ungaged stream sites. 
Three methods that can be used to estimate selected statistics 
at ungaged sites in Missouri include (1) power curve relations 
for selected streams with multiple streamgages on the same 
stream, (2) a drainage-area ratio calculation on streams with a 
streamgage, and (3) the regional regression equations relating 
streamflow statistics to drainage-basin characteristics indepen-
dent of the existence of a streamgage on the stream. 

Power Curve Equations for Selected Streams 
with Multiple Streamgages Method

Within the study area, 28 basins have 2 or more 
streamgages located on the same stream with a M7D10Y sta-
tistic value greater than zero. Most of these streams only had 
two streamgages located on the same stream, but the St. Fran-
cis and Black Rivers each have six streamgages located on 
the same stream. To improve the estimation of N-day duration 
frequency estimates at ungaged locations along these streams, 
a power curve was fit to a log-log plot of drainage area and a 
selected low-flow frequency statistic. The power curve equa-
tions are listed in table 12 (available on CD and at http://pubs.
usgs.gov/sir/2013/5090/downloads/table_12.xlsx) by stream 
name and selected low-flow frequency statistic. The objective 
of developing the power curve relations (equations) between 
drainage area and a selected low-flow statistic is to improve 
the estimate of the statistic compared to other low-flow estima-
tion methods for ungaged locations on selected streams with 
multiple streamgages. This method does not apply to tributary 
streams and can only be applied to streams where the selected 
statistic is nonzero. The applicable extent of the power curve 
equations upstream from the most upstream streamgage and 
downstream from the most downstream streamgage is subjec-
tive and was based on the findings of the drainage-area ratio 
method discussed in the regional regression-equation method 
section later in the report. 

The 82 streamgages used in this analysis ranged in 
drainage area from 5.63 to 14,628 square miles (mi2). Drain-
age-area ratios only were computed for streamgages on the 
same stream. The range of drainage-area ratios was 0.053 to 
19.03 for 96 pairs in the 28 selected streams with multiple 
streamgages (table 13 available on CD and at http://pubs.
usgs.gov/sir/2013/5090/downloads/table_13.xlsx). The power 
curve equation developed for each selected stream was used to 
compute the estimated M7D10Y statistic for each streamgage 
on the main stem. Absolute differences, in percent, between 
the observed streamflow (table 14) and the estimates computed 
from the power curve equations, which were determined for 
the M7D10Y statistic and the median and standard deviation 
of the 96 pairs of estimates, are listed in table 14. A smoothed 
curve calculated from a LOWESS (Locally Weighted Scat-
terplot Smoothing) algorithm computed using Spotfire S+ sta-
tistical software (TIBCO Software Inc. 2008) for the range of 
drainage-area ratios from 0.05 to 20 is shown in figure 5. The 
absolute percent differences curve for the LOWESS curve for 
the power curve equations slopes slightly downward from a 
drainage-area ratio of 0.06 to 0.5 and 3 to 20, and is relatively 
flat from 0.4 to 3 (fig. 5).

 Drainage-Area Ratio Method

The drainage-area ratio (DAR) method also can be used 
to estimate selected low-flow statistics for an ungaged loca-
tion on a gaged stream. The DAR method is based on the 

http://pubs.usgs.gov/sir/2013/5090/downloads/table_11.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_11.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_12.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_12.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_13.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_13.xlsx
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assumption that streamflow at an ungaged location is the same 
per unit area as that for a streamgage located upstream or 
downstream from the ungaged location. This method is appli-
cable to any stream with a streamgage and is not dependent 
on multiple streamgages being located on the same stream. 
The accuracy of the drainage-area ratio method is dependent 
on how close the streamgage and ungaged location are to each 
other, similarities in drainage area, and other physical and 
climatic characteristics of the drainage basins (Ries and Friesz, 
2000). 

The following equation is the DAR method calculation:
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where 
	 QDARu	 is the DAR low-flow frequency estimate of 

the ungaged site,
	 DAu	 is the drainage area of the ungaged site, 
	 DAg	 is the drainage area of the streamgage, and 
	 Qog	 is the low-flow frequency estimate computed 

from the observed streamgage record.
The DAR method has been used in previous studies. In 

Idaho, Hortness (2006) found that the drainage-area ratio lim-
its of paired streamgages were 0.5 to 1.5. In Ohio, Koltun and 
Schwartz (1986) determined the DAR range was applicable 
from 0.85 to 1.15, and in Iowa, Eash and Barnes (2012) found 
the DAR range to be from 0.5 to 1.4. In each study, regression 
equations were recommended outside of the published DAR 
ranges.

Similar to the power curve equations method, the 
absolute differences between DAR and observed estimates of 
M7D10Y, in percent, were computed for the DAR method. 
The LOWESS plot of the DAR method also is shown on 

figure 5. The absolute percent differences for the DAR method 
is minimized at approximately 0.85 drainage-area ratio and 
the absolute percent differences increase for drainage-area 
ratios less than 0.8. For drainage-area ratios greater than 0.9, 
the absolute percent differences increase gradually to a ratio 
of 10 and remains relatively flat for ratios of 10 to 20. Abso-
lute differences were greater for the DAR method compared 
to the power curve equation method for the entire range of 
drainage-area ratios. The minimal difference between plots 
is about 15 percent for drainage-area ratios in the 0.8 to 0.9 
range. Absolute differences, in percent, between the observed 
streamflow and the estimates computed from the DAR method 
were determined for the M7D10Y statistic and the median and 
standard deviation of the 96 pairs are shown in table 14.

Regional Regression-Equation Method

A common methodology to estimate selected statistics at 
ungaged locations on streams with or without streamgage data 
is to relate a streamflow statistic at a streamgage to basin and 
climatic characteristics. The dependent variable (flow statis-
tic) commonly is log-transformed along with the independent 
variables (basin and climatic characteristics) to improve lin-
earity. When computing low-flow statistics, the computed or 
observed flow at a streamgage may be zero for a selected sta-
tistic. Numerous streamgages in Missouri have computed low-
flow statistics of zero flow. For the N-day durations of 1 to 60 
days, the percentage of zero flow values ranged from 28 to 13 
percent from an initial data set of 258 streamgages being eval-
uated for use in the regression analyses. Fifty-one streamgages 
had low-flow frequency statistics that resulted in residuals that 
were considered to be outliers in the initial regression data 
set. Further evaluation of the streamgage data and the basins 
upstream was implemented to evaluate the applicability of 

Table 14.  Medians and standard deviations of absolute differences between annual mean 7-day low flow for a recurrence 
interval of 10 years (M7D10Y) statistic using observed streamflow and mutliple-streamgage relations, drainage-area ratio 
method, and regional regression equations for selected streamgages in Missouri and in neighboring States of Missouri.

[ <, actual value is less than value shown; >, actual value is greater than value shown]

Group
Drainage-area ratio 

range
Number in 

group
Median absolute difference 

(percent)
Standard deviation

Power curve ALL 192 9.9 47.1
< 0.4 and > 1.5 106 12.3 60.7

0.4 to 1.5 86 8.8 18.5

Drainage-area ratio method ALL 192 37.6 301.0
< 0.4 and > 1.5 106 52.1 228.2

0.4 to 1.5 86 26.6 373.0

Regional regression equations ALL 192 35.2 152.4
< 0.4 and > 1.5 106 34.5 150.5

0.4 to 1.5 86 44.3 155.7
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Figure 5. Relation of drainage-area ratio to absolute percent difference in annual 7-day mean low-flow for a recurrence interval 
of 10 years (M7D10Y) statistic between estimates computed from observed streamflow and estimates derived from the power curve 
equations method, drainage-area ratio method, and regional regression equations method.

the streamgage data for use in the regression analyses. These 
51 streamgages were removed from use in the regression 
analyses for 1 or more of the following reasons: (1) backwate
from downstream confluences, (2) substantial urbanization 
in the basin, (3) diversion for public water supply, (4) diver-
sion for irrigation, (5) point source inflow from wastewater 
treatment plants, (6) water withdrawals for industrial use, and
(7) storage of small impoundments and water-supply lakes in 
the basin. The remaining 207 streamgages were considered to
be affected minimally by the above anthropogenic effects and
were used to develop the regression equations.

Estimates of zero flow computed from observed stream-
flow often are considered to be censored data (Kroll and 
Stedinger, 1996; Kroll and Vogel, 2002), and the use of 

multiple-linear regression is not recommended for censored 
data (Helsel and Hirsch, 2002). For data sets with zero flow 
percentages of this magnitude, left-censored regression analy-
ses are appropriate to use (J.E. Kiang, U.S. Geological Survey, 
written commun., 2012) for regional investigations. Left-cen-
sored regression analyses were implemented to allow for the 
use of a censoring threshold in the development of equations 
to estimate seven low-flow frequency statistics (M1D10Y, 
M2D10Y, M3D10Y, M7D10Y, M10D10Y, M30D10Y, and 
M60D10Y). A weighted left-censored regression technique 
using the inverse of the variance of the streamgage N-day fre-
quency analyses was selected to weight the streamgage data.

Censored and uncensored streamflow values may be 
used in a left-censored regression. For this study, zero flows 
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and observed flows less than 0.1 ft3/s were replaced with a 
censored value of 0.1 ft3/s in the regression analyses. Because 
a censored value is used for zero flows and small magnitude 
flows only, this method is referred to as left-censored regres-
sion. Censored regression is similar to multiple-linear regres-
sion, except the regression coefficients are fit by maximum-
likelihood estimation (MLE) (Helsel and Hirsch, 2002). MLE 
uses a probability distribution to match the observed data, 
assuming the residuals are distributed normally around the 
regression line for the estimation of the slope and intercept. 
The variance of the range of predicted values is assumed to 
be constant. An adjusted maximum-likelihood estimation 
(AMLE) procedure, implemented in the USGS computer-pro-
gram library version 4.0 (Lorenz and others, 2011) for Spotfire 
S+ statistical software (TIBCO Software Inc., 2008), was used 
to develop the left-censored regression equations in this study. 
The AMLE computation is a first-order bias adjustment that 
removes the bias in censored regression estimates in this type 
of regression (Cohn, 1988).

The 0.1 ft3/s censored value was used for this study to be 
consistent with a low-flow study by Eash and Barnes (2012) 
for streams that flow from Iowa into Missouri. Anthropogenic 
effects on streamflow are uncertain at some streamgage loca-
tions downstream from cities and communities. The base flow 
may be artificially supported by point and nonpoint sources. 
Also, streamflow may be affected by temperatures at or below 
freezing at a streamgage in winter months. Considerable dif-
ficulty exists when estimating flows on days when freezing 
and thawing is occurring. These issues support the use of a 
censoring threshold in the magnitude of 0.1 ft3/s. 

The final regression equations presented in the report 
were selected primarily on the basis of minimizing the stan-
dard error of estimate. The improvement in the standard error 
of estimate with the addition of the next statistically significant 
basin characteristic also was evaluated. If an independent 
variable did not substantially improve the standard error of 
estimate, the variable was not added to the equation. Absolute 
differences, in percent, between the observed streamflow and 
the estimates computed from the regional regression equations 
were determined for the M7D10Y statistic, and the median 
and standard deviation of the 96 pairs are shown in table 14. 
The LOWESS plot of the regression equation method is 
shown on figure 5.

The absolute differences for the power curve equations 
for selected streams with multiple streamgages method is 
less than the absolute differences for the regression equation 
method throughout the range of drainage-area ratios shown 
in figure 5 (0.05 to 20). The absolute differences for the 
DAR method is less than the regression equation method for 
drainage-area ratios from 0.4 to 1.5. These drainage-area ratio 
limits are similar to the drainage-area ratio limits of 0.5 to 1.4 
for streams in Iowa (Eash and Barnes, 2012). 

Median absolute differences, in percent, and the standard 
deviation for the power curve equations for selected streams 
with multiple streamgages and DAR methods for the 96 pairs 
of streamgages are shown in table 14, for drainage-area ratios 

outside of the range of 0.4 to 1.5, and for drainage-area ratios 
within the range of 0.4 to 1.5. The power curve equations 
for selected streams with multiple streamgage method for 
drainage-area ratios with the range of 0.4 to 1.5 has a median 
absolute difference of 8.8 percent and the DAR method has 
a median absolute difference of 26.6 percent. The standard 
deviation for the power curve method is 18.5, whereas the 
DAR method is 373.0 for this range. The statistics indicate 
the power curve method may provide more accurate estimates 
of streamflow compared to the DAR method for selected 
statistics on the streams with multiple streamgages. The 
power curve equations for selected streams with multiple 
streamgages method and the DAR method had smaller median 
absolute differences than the regional regression equation of 
44.3 percent. The standard deviation for the power curve equa-
tions for selected streams with multiple streamgages method 
substantially was lower than the regional regression equation 
standard deviation of 155.7. The DAR method standard devia-
tion was higher at 373.0 than the regional regression equation. 

The Wilcoxon signed-rank test was used to determine the 
statistical difference between the medians of the power curve 
and DAR methods compared to the regional regression equa-
tion method. When the DAR is between 0.4 and 1.5, this test 
indicates the power curve median of 8.8 (table 14) is statisti-
cally less (p=0) than the regional regression median of 44.3. 
The DAR median of 26.6 also is statistically less (p= 0.048) 
than the regional regression median of 44.3. The test also was 
implemented on the median differences for DAR less than 0.4 
or greater than 1.5. The power curve median of 12.3 is statisti-
cally less (p=0) than the regional regression median of 34.5, 
and the DAR median of 52.1 is statistically greater (p=0.026) 
than the regional regression median of 34.5. 

On the basis of the Wilcoxon signed-rank test, the power 
curve and DAR methods generally would provide estimates 
of M7D10Y that are better than estimates obtained using the 
regional regression equation, when the DAR is between about 
0.4 and 1.5. These methods also may provide better esti-
mates for the six other selected low-flow frequency statistics 
presented in this report, when the DAR is between 0.4 and 
1.5 based on the results of the M7D10Y test. The power curve 
method also may provide better estimates than the regional 
regression method for DAR less than 0.4 or greater than 1.5; 
however, power curve estimates for the selected low-flow sta-
tistics for ungaged locations with DAR less than 0.4 may have 
increased uncertainty as the estimate approaches zero flow. 
Also, for DAR greater than 1.5, limited data exist in Missouri 
to define the upper limit of the DAR because the majority of 
selected streams had drainage areas less than the 1.5 times the 
drainage area of the farthest downstream streamgage. With 
the uncertainty in computing zero flow for selected low-flow 
statistics and the limited data sets for DAR greater than 1.5, 
the power curve method should be limited to the DAR range 
of 0.4 to 1.5. 
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Development of Regional Regression 
Equations for the Estimation of Low-
Flow-Frequency Statistics

The most commonly used method to estimate selected 
low-flow statistics at an ungaged location is the use of regres-
sion equations. With the advancement of software and avail-
ability of digital geospatial data, basin characteristics can be 
measured from digital geospatial data quickly and efficiently 
for use in the development of regression equations. Regres-
sion equations were developed using frequency data from 207 
streamgages and the results from a statewide analysis were 
evaluated for regional bias. Spatial analysis of the statewide 
regression residuals indicated that the State could be divided 
into three low-flow regions similar to the flood regions defined 
by Alexander and Wilson (1995). 

Basin Characteristics

Computation of basin characteristics using GIS software 
and an increasing number of digital geospatial data have 
substantially added to the number of possible independent 
variables for use in regression analyses. All basin and climatic 
characteristics evaluated for use in this study were measured 
from digital geospatial data to allow for the automated compu-
tation of the characteristic. Review of previous low-flow stud-
ies in Missouri and in other States was completed to denote 
which characteristics were likely to be statistically significant 
in regression equations. A list of characteristics was compiled 
and additional characteristics that could be compiled from 
the same data source were included in the list. The completed 
list included 35 basin and climatic characteristics (table 15 
available on CD and at http://pubs.usgs.gov/sir/2013/5090/
downloads/table_15.xlsx). Digital geospatial data were assem-
bled to cover most of the 532 streamgages listed in table 1. 
All 35 characteristics were computed for each streamgage 
except for springs and the Missouri and Mississippi River 
streamgages. For some digital geospatial data types, the data 
were not available in States bordering Missouri. Every effort 
was made to make each digital geospatial data type as com-
plete as possible by compiling additional non-digital data 
where available and appended to the existing digital geospatial 
data. The basin and climatic characteristics can be categorized 
into four categories: morphometric (physical or shape) charac-
teristics, hydrologic characteristics, pedologic (soils)/geologic/
land-use characteristics, and climatic characteristics (table 15).

Morphometric characteristics were derived from a USGS 
digital elevation model (DEM) with a 10-meter resolution 
(1/3 arc-second National Elevation Dataset) available in 2011. 
The DEM data are updated on a regular basis as more recent 
and accurate elevation data become available (L.A. Phillips, 
U.S. Geological Survey, oral commun., 2011). The latest 
DEM data set may be retrieved from the USGS National Map 
Viewer (U.S. Geological Survey, 2012). Definition of the 

characteristics and the source(s) used to compute the charac-
teristic are listed in table 15. With higher resolution and more 
accurate DEM data sets, there are slight differences in the 
computation of drainage area at some streamgages compared 
to previously published data. For consistency purposes, the 
GIS-derived drainage area values were used in the regression 
analyses. 

The Mississippi Alluvial Plain in southeastern Missouri 
is a relatively flat area that is drained by a series of man-made 
drainage ditches. Existing (2011) DEM data are not accurate 
enough to automatically define surface and channel features 
from the data. Thus, the basin boundaries may be less accu-
rately located in that area. To improve the interpretation of the 
basin boundaries, the 1:24,000-scale USDA/NRCS Watershed 
Boundary Dataset (USGS and USDA/NRCS, 2009) using 
12-digit hydrologic unit codes (HUCs) and the 1:24,000-scale 
USGS National Hydrography Dataset (Simley and Carswell, 
2009) were implemented to define the basin boundaries for 
select streamgages in the Mississippi River Alluvial Plain.

The hydrologic characteristic streamflow-variability 
index (STREAM_VAR) is a measure of the steepness of the 
slope of the duration curve and is dimensionless (Koltun 
and Whitehead, 2002). The STREAM_VAR characteristic is 
computed by (1) computing a flow-duration curve using daily 
mean discharge data to obtain discharge values at 5-percent 
exceedance intervals from 5 to 95 percent, and (2) calculating 
the standard deviation of the logarithms of the 19 discharge 
values corresponding to the 5-percent exceedance intervals 
from 5 to 95 percent (Searcy, 1959). The flow-duration curve 
is a cumulative frequency curve that shows the percentage of 
time that a specific discharge is equaled or exceeded (fig. 4). 

The STREAM_VAR statistic is calculated as:
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where
	 log (Qci )	 is the base 10 logarithm of the i-percent 

duration streamflow (i=5, 10, 15, 20… 95), 
and

	 log Qc( ) 	 is the mean of the base 10 logarithms of the 
19 streamflow values at 5-percent intervals 
from 5 to 95 percent on the flow-duration 
curve of daily mean discharges.

If an i-percent duration streamflow value is zero (which can-
not be log-transformed), the log (Qci) value was set to zero 
in equation 2 to allow all nineteen 5-percent intervals to be 
included in the calculation of STREAM_VAR.

The magnitude of the STREAM_VAR value is related 
inversely to the capacity of a basin to sustain base flow in a 
stream. The smaller the STREAM_VAR value, the flatter the 
slope of the flow-duration curve, which is indicative of higher 
sustained flows. Conversely, the larger the STREAM_VAR 
value, the steeper the slope of the flow-duration curve, which 
is indicative of less capacity of the basin to sustain base flows 

http://pubs.usgs.gov/sir/2013/5090/downloads/table_15.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_15.xlsx
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(fig. 4). The nearest neighbor interpolation technique in Arc-
GIS was used to create a STREAM_VAR grid for the State of 
Missouri. The grid was based on the observed STREAM_VAR 
point data from the 207 streamgages that were included in the 
regional regression analyses (fig. 6). The STREAM_VAR grid 
was then used to interpolate a mean STREAM_VAR basin 
characteristic value for a streamgage.

Pedologic (soils)/geologic/land-use characteristics were 
computed from the NRCS Soil Survey Geographic (SSURGO) 
Database (NRCS, 2012; Multi-Resolution Land Character-
istics Consortium, National Land Cover Dataset (2012), and 
geospatial data obtained from the Missouri Environmental 
Geology Atlas (Missouri DNR, 2007). Additional information 
about springs from an Arkansas Geological Survey report on 
springs (Branner, 1937) was added to the Missouri springs 
digital geospatial data to provide more complete information 
on spring locations in the study area. The basin characteristics 
from these sources were processed using the National Water-
Quality Assessment (NAWQA) Area-Characterization Toolbox 
(NACT.tbx) developed by Price and others (2010).

Mean annual precipitation was obtained from the PRISM 
Climate Group (PRISM Climate Group, 2008). Climatic char-
acteristics were digitized and rectified from Technical Paper 
No. 40 by Hershfield (1961). The digitized contours were 
converted to a raster surface for processing by the NACT.
tbx in ArcGIS version 9.3 (Environmental Systems Research 
Institute, 2001, 2009). 

Regression Analyses

Missouri has three major physiographic provinces: Cen-
tral Lowlands, Ozark Plateaus, and the Mississippi Alluvial 
Plain (fig. 7; Fenneman, 1938). The effect of these physio-
graphic provinces on the streamflow characteristics has been 
discussed and documented by Skelton (1970, 1976) and Alex-
ander and Wilson (1995). Skelton and Homyk (1970) provided 
a summary of the low-flow characteristics of streams in each 
physiographic province: 

Low-flow potential of most streams in the Plains 
(Central Lowlands) is poor because of the low 
hydraulic conductivity of the clays and shales of the 
area… Storage Reservoirs are required for effective 
utilization of surface-water supplies in this region.

The streams of the Ozarks (Ozark Plateaus) gener-
ally have the best sustained low flows in the state 
because of inflow from extensive natural under-
ground reservoirs in the soluble carbonate rocks. 
However, the low-flows of some streams in this 
region are affected by the underground solution 
cavities, resulting in water losses and non-confor-
mance to areal patterns.

Low flows in the Lowlands (Mississippi Alluvial 
Plain) are second in magnitude to those of the 
Plateaus and are sustained by groundwater inflow 

from the extensive alluvial aquifer. This is a rela-
tively flat region where major manmade channels 
have been constructed for drainage of the excellent 
farmland. Since construction of the ditches, ground-
water releases from the alluvium have been gener-
ally larger, and this accounts, at least in part, for the 
well-sustained low flows of the region.

Minimum streamflow in Missouri usually occurs 
in fall or late summer. More minimum flows have 
occurred at long-time gaging stations (streamgages) 
in August, September and October than in any other 
period.
The differences in flow-duration curves computed for a 

streamgage in the Central Lowlands (05506800, map num-
ber 42) and a streamgage in the Ozark Plateaus (06918440, 
map number 226) are illustrated in figure 4. In the Ozark 
Plateaus province, springs can provide a major part of the base 
flow at a streamgage, which results in greater base flows when 
compared to base flows that are observed at streamgages in the 
Central Lowlands and Mississippi Alluvial Plain of compa-
rable sized basins. 

A preliminary statewide regression analysis was imple-
mented using ordinary-least-squares (OLS) regression and 
selected streamgages with 10 or more years of record. The 
low-flow frequency statistic M7D10Y was chosen for all 
regression analyses because it is a commonly used statistic 
for surface-water and water-quality regulation in Missouri. 
Residual values (differences between low-flow frequency 
statistics computed from observed streamflow and those 
predicted from the regression equations) from the preliminary 
statewide regression analyses were mapped at streamgage 
locations to identify spatial trends in the predictive accuracy of 
the regression equation. Residuals from the statewide analyses 
confirmed that the physiographic provinces affected the pre-
dictive accuracy of the preliminary statewide M7D10Y regres-
sion equation. OLS regression analyses implemented using 
subsets of the statewide data set were computed separately for 
each major physiographic province to compare regional and 
statewide predictive accuracies. An improvement in accuracy 
was indicated using a subset of streamgage data for the Central 
Lowlands and Ozark Plateaus regions. On the basis of previ-
ous studies findings and the results of the OLS analyses, the 
three major physiographic provinces were then evaluated for 
regional regression analyses. 

Regional Regression-Equation Development

Regression equations were developed for each of the 
physiographic provinces using the same methodology for each 
region. In cooperation with Missouri Department of Natural 
Resources, the statistics selected for analyses were the 10-year 
frequency with N-day durations of 1, 2, 3, 7, 10, 30, and 60 
days. Similar to the statewide regression analyses, the selec-
tion of basin and climatic characteristics and the evaluation 
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of the accuracy of the regional equations was based on the 
M7D10Y statistic. The streamgages were subdivided into 
separate data sets by physiographic province with consider-
ation given to major drainage basin boundaries at the 4-digit 
hydrologic unit code level. The physiographic provinces were 
referenced using the terminology of Alexander and Wilson 
(1995) with the Central Lowlands as Region 1, Ozark Plateaus 
as Region 2, and Mississippi Alluvial Plain as Region 3 for the 
development of the regression equations (fig. 7). Boundaries 
of Region 1, 2, and 3 approximate the location of the physio-
graphic province boundaries but the two are not coincident. 
Streamgages were identified by region. Streamgages with 
minimal anthropogenic effects, sufficient record length, and 
appreciably unaffected by backwater conditions were selected 
for regional analyses. The number of streamgages selected for 
Region 1, 2, and 3 were 77, 120, and 10, respectively.

To identify which basin characteristics are statisti-
cally significant for inclusion in the regression analyses, the 
Efroymson stepwise-selection method (Efroymson, 1960) was 
used to define potential explanatory variables from the list of 

35 characteristics. The procedure is similar to forward selec-
tion, which tests basin characteristics one by one and identifies 
those that are statistically significant; however, as each new 
basin characteristic is identified as being significant, partial 
correlations are checked to see if any previously identified 
variables can be deleted (Ahearn, 2010). Highly correlated 
characteristics were included in the Efroymson selection 
method one at a time to avoid problems with multicolliearity. 
Significant characteristics were defined for each region in Mis-
souri. The statistical analyses were implemented using Spotfire 
S+ statistical software (TIBCO Software Inc., 2008).

For Region 1, the characteristics of drainage area 
(DRNAREA), longest flow length (LFPLENGTH), basin 
shape (SHAPE), soil type A (SOILASSURGO), cultivated 
crops (CROPSNLCD01), and streamflow-variability index 
(STREAM_VAR) were found to be statistically significant 
(table 15). To evaluate which combination of characteristics 
to use for the left-censored regression, a linear model subset 
selection was used to identify the “best” three linear regres-
sion model combinations for each of the one-variable to 
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six-variable regression equations. The variables used in the 
analyses were transformed using a natural log-transformation 
except for SOILASSURGO and CROPSNLCD01. These two 
variables were not log-transformed because they represent a 
percentage with numerical limits of 0 to 100. STREAM_VAR 
also was not log-transformed because it is based on flow dura-
tions in percent. The final regression model was based on the 
following performance metrics: 

•	 Adjusted R Squared (Adj-R2) is an alternative to 
R-Squared (R2) in which the percentage of variation in 
the dependent variable (M7D10Y) can be explained by 
the variation of the independent variables in the model. 
In contrast to R2, Adj-R2 is adjusted for the number of 
parameters in the model [number of streamgages and 
number of independent variables (basin characteris-
tics)] (Freund and Littell, 2000);

•	 Mallow’s Cp statistic is a measure of the total squared 
error for a subset model containing n independent 
variables (Freund and Littell, 2000). Mallow’s Cp 
is an indicator of model bias (Cavalieri and others, 
2000). Models with a large Cp are biased because they 
contain independent variables that are not important in 
the population;

•	 Predicted REsidual Sum of Squares (PRESS) statis-
tic is the sum of squares of residuals using models 
obtained by estimating the equation with all observa-
tions except for the ith observation (Freund and Littell, 
2000) and is an estimate of the prediction error sum of 
squares. The PRESS statistic measures how well the 
regression model predicts the ith observation as though 
it were a new observation (Cavalieri and others, 2000).

The Adj-R2 statistic is maximized and the Mallow’s Cp 
and PRESS statistics are minimized with better combinations 
of independent variables in a regression model that explain 
more of the variance in the dependent variable. Incremental 
improvements in the performance metrics also were evalu-
ated with the addition of another independent variable to the 
model. The linear model subset results indicated that three 
independent variables provided the best model to use in the 
left-censored regression analyses based on the above criteria; 
however, the best three models were close in statistical perfor-
mance, so the three sets of models were each evaluated in the 
left-censored regression analyses. 

The combination of DRNAREA, LFPLENGTH, and 
STREAM_VAR resulted in the lowest standard error of esti-
mate of 80.8 percent for the M7D10Y statistic for Region 1 
(table 16). Equations for Region 1 for the 1-, 2-, 3-, 7-, 10-, 
30-, and 60-day 10-year frequency statistics are presented 
in table 16. The standard error of estimate ranged from 
79.6 percent for the M30D10Y statistic to 94.2 percent for the 
M1D10Y statistic for Region 1. 

For Region 2,. the most statistically significant indepen-
dent variables from the Efroymson selection method were 
DRNAREA, LFPLENGTH, main channel slope measured 

between the 10- and 85-percent points along the longest flow 
path (CSL1085LFP), and STREAM_VAR. The linear model 
subset results indicated that a two-variable equation was the 
most efficient model to use in the left-censored regression 
analyses. The two-variable equation with the lowest stan-
dard error of estimate included the independent variables 
of DRNAREA and STREAM_VAR. These two variables 
resulted in a standard error of estimate of 51.0 percent for the 
M7D10Y and a range from 48.2 percent for the M30D10Y 
statistic to 72.1 percent for the M1D10Y statistic (table 16).

For Region 3, a limited number of streamgages (10) 
with sufficient record length were available for regression 
analyses. Linear model subset results were unable to define 
statistically significant variables. The variables found to 
be statistically significant in the Region 1 and 2 analyses 
were evaluated in the left-censored regression for Region 
3. Only DRNAREA and STREAM_VAR were found to be 
statistically significant. The standard error of estimate was 
more than 100 percent for one-variable models. When the 
variables DRNAREA and STREAM_VAR were included 
in a two-variable model, the standard error of estimate 
was substantially lowered to 74.2 percent for the M7D10Y 
statistic. Because these two variables are included in the 
final left-censored equations for the two other regions of the 
State, and substantial improvement in the predictive accuracy 
of the equations was obtained with a two-variable equation 
compared to either one-variable equation, final regression 
equations for Region 3 were developed using two variables 
with only 10 streamgages in the data set. For region 3, the 
standard error of estimate ranges from 48.1 percent for the 
M60D10Y statistic to 96.2 percent for the M2D10Y statistic 
(table 16).

The observed values were plotted against the estimated 
values from the left-censored equations presented in table 
16 for the M7D10Y statistic in figure 8. Region 1 shows 
a fairly uniform distribution around the line of equality. 
M7D10Y flow values of zero were not plotted on the log-log 
plots. Region 2 shows a fairly uniform distribution around 
the line of equality except for streamgages 07070500 and 
07061900 (map numbers 468 and 436), which appear to 
be overestimated by the regression equations. Streamgage 
07070500 is in the Eleven Point River Basin, which includes 
a major tributary (Hurricane Creek) that is a losing stream 
(Kleeschulte and others, 2008) to Big Spring in the Current 
River Basin. Similarly, Logan Creek (streamgage 07061900) 
is a losing stream to Blue Spring in the Current River Basin 
(Kleeschulte and others, 2008). 

It is difficult to quantify the magnitude of streamflow 
lost in losing streams or the magnitude of streamflow gained 
in gaining streams on a regional basis. Interestingly, the stan-
dard error of estimate is the lowest for Region 2 compared to 
the rest of the State. This may be due, in part, to the stability 
and sustained base flows to area streams within Region 2. 
For Regions 1 and 3, the scatter around the line of equality 
is fairly uniform. Using the regional regression equations, 
predicted low-flow frequency statistics were computed for 
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Table 16. Regional-regression equations for the 1-, 2-, 3-, 7, 10-, 30-, and 60-day durations with a recurrence interval of 10 years on 
unregulated streams in Missouri.

[MLE, Maximum likelihood estimation; SEE, Standard error of estimate; e, Exponential function; M1D10Y, annual 1-day mean low flow with a recurrence 
interval of 10 years; M2D10Y, annual 2-day mean low flow with a recurrence interval of 10 years; M3D10Y, annual 3-day mean low flow with a recurrence 
interval of 10 years; M7D10Y, annual 7-day mean low flow with a recurrence interval of 10 years; M10D10Y, annual 10-day mean low flow with a recurrence 
interval of 10 years; M30D10Y, annual 30-day mean low flow with a recurrence interval of 10 years; M60D10Y, annual 60-day mean low flow with a recurrence 
interval of 10 years; DRNAREA, GIS drainage area, square miles; LFPLENGTH, Length of longest flow path, miles; STREAM_VAR, streamflow-variability 
index,dimensionless]

Statistic

Number of 
streamgages 

used to 
develop 
equation

Statistic equation
MLE 
SEE 

(percent)

MLE 
SEE 

(unbiased 
percent)

SEE  
(percent)

Region 1

M1D10Y
M2D10Y
M3D10Y
M7D10Y
M10D10Y
M30D10Y
M60D10Y

77
77
77
77
77
77
77

M1D10Y=0.029*(DRNAREA)2.596*(LFPLENGTH)-1.903*eSTREAM_VAR*-5.909

M2D10Y=0.032*(DRNAREA)2.645*(LFPLENGTH)-1.982*eSTREAM_VAR*-5.904

M3D10Y=0.036*(DRNAREA)2.593*(LFPLENGTH)-1.912*eSTREAM_VAR*-5.913

M7D10Y=0.057*(DRNAREA)2.379*(LFPLENGTH)-1.554*eSTREAM_VAR*-6.650

M10D10Y=0.047*(DRNAREA)2.580*(LFPLENGTH)-1.911*eSTREAM_VAR*-5.758

M30D10Y=0.266*(DRNAREA)2.174*(LFPLENGTH)-1.557*eSTREAM_VAR*-6.192

M60D10Y=0.389*(DRNAREA)2.458*(LFPLENGTH)-2.072*eSTREAM_VAR*-5.487

0.776
0.773
0.754
0.690
0.698
0.682
0.684

0.797
0.794
0.774
0.709
0.717
0.700
0.702

94.2
93.7
90.6
80.8
82.0
79.6
79.9

Region 2

M1D10Y
M2D10Y
M3D10Y
M7D10Y
M10D10Y
M30D10Y
M60D10Y

120
120
120
120
120
120
120

M1D10Y=1.605*(DRNAREA)1.285*eSTREAM_VAR*-10.972

M2D10Y=1.624*(DRNAREA)1.276*eSTREAM_VAR*-10.743

M3D10Y=1.751*(DRNAREA)1.266*eSTREAM_VAR*-10.740

M7D10Y=2.197*(DRNAREA)1.244*eSTREAM_VAR*-10.807

M10D10Y=2.314*(DRNAREA)1.236*eSTREAM_VAR*-10.730

M30D10Y=2.392*(DRNAREA)1.215*eSTREAM_VAR*-10.240

M60D10Y=2.232*(DRNAREA)1.200*eSTREAM_VAR*-9.515

0.639
0.490
0.481
0.475
0.467
0.451
0.465

0.647
0.496
0.487
0.481
0.473
0.457
0.471

72.1
52.8
51.8
51.0
50.1
48.2
49.8

Region 3

M1D10Y
M2D10Y
M3D10Y
M7D10Y
M10D10Y
M30D10Y
M60D10Y

10
10
10
10
10
10
10

M1D10Y=11.462*(DRNAREA)1.041*eSTREAM_VAR*-13.217

M2D10Y=13.343*(DRNAREA)1.029*eSTREAM_VAR*-13.351

M3D10Y=8.224*(DRNAREA)1.004*eSTREAM_VAR*-11.640

M7D10Y=8.182*(DRNAREA)0.989*eSTREAM_VAR*-11.228

M10D10Y=8.109*(DRNAREA)0.981*eSTREAM_VAR*-11.007

M30D10Y=4.792*(DRNAREA)0.965*eSTREAM_VAR*-8.990

M60D10Y=2.149*(DRNAREA)0.948*eSTREAM_VAR*-6.366

0.665
0.677
0.572
0.554
0.559
0.396
0.382

0.795
0.809
0.684
0.662
0.668
0.473
0.457

93.9
96.2
77.2
74.2
75.0
50.1
48.1

the streamgages used in the regression analyses (table 17 
available on CD and at http://pubs.usgs.gov/sir/2013/5090/
downloads/table_17.xlsx).

A comparison of the three regions for the M7D10Y 
frequency statistic is shown graphically in figure 9. The curves
in figure 9 are from the final regional regression equations 
using representative basin characteristics such as a range of 
drainage areas from 120 to 2,200 mi2, a constant streamflow 
variability index of 0.5, and a range of stream lengths from 
36 to 140 miles dependent on drainage area size. The highest 
M7D10Y estimates are shown for Region 2 for a given size 
of drainage area. Region 3 is slightly higher than Region 1 

for drainage areas of less than about 1,000 mi2 and is lower 
than Region 1 for basins greater than about 1,000 mi2. Use of 
different combinations of characteristics may produce slightly 
different results. Region 2 has greater low flows statistics 
because of the inflow from springs in the karst areas of the 
Ozark Plateaus and there appears to be a cumulative effect of 
increasing base flows with increasing drainage area size com-
pared to base flows from the other two regions.

A plot of the basin characteristics and residuals of the 
M7D10Y frequency statistic for each region is shown in 
figure 10. The magnitude and numerical sign of the residu-
als were checked for possible regional biases and none were 

http://pubs.usgs.gov/sir/2013/5090/downloads/table_17.xlsx
http://pubs.usgs.gov/sir/2013/5090/downloads/table_17.xlsx
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(M7D10Y) computed from observed streamflow and those predicted from regression equations for low-flow 
regions in Missouri.
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Figure 9.  Curves from 
regression equations for the 
7-day mean low flow for a 
recurrence interval of 10 years 
(M7D10Y) statistic for each 
low-flow region for a given set 
of basin characteristics.
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found. The random scatter of the points above and below the 
zero reference line indicates that the models were satisfacto-
rily meeting the assumption of multiple regression techniques. 
The residuals for Region 2 indicate streamgage 07072500 
(map number 472) is over predicted substantially. This 
streamgage is on the Black River at Black Rock, Arkansas 
and the observed M7D10Y value is 2,056 ft3/s (table 11) and 
the predicted value is 2,552 ft3/s using the regional regression 
equation for the M7D10Y statistic in Region 2 in table 16 
and basin characteristics from table 4; however, the differ-
ence between the observed and predicted values is less than 
25 percent.

Application and Limitations on the Estimation of 
Low-Flow Frequency Statistics

The report presents three methods for computing selected 
low-flow frequency statistics at ungaged stream sites in Mis-
souri. Because the accuracy degrades in the predicted low-
flow frequency statistics in the three methods presented in 
this report, the user may apply the predictive methods in the 
following order: (1) the power curve equations for selected 
streams with multiple streamgage method should be employed 
if the ungaged location meets the criteria for use of this 
method, (2) the DAR method should be used if the ungaged 
location meets the criteria for use of this method and if the 
power curve method cannot be used, and (3) the regional 
regression equations should be used if the ungaged location 
meets the criteria for use of this method, and if neither the 
power curve equations for selected streams with multiple 
streamgage method nor the DAR method can be used. 

The first method is based on the 28 streams investigated 
in this study with multiple streamgages; the power curve 
method appears to the most reliable method to estimate low-
flow frequency estimates because it has the lowest absolute 
percent differences of the methods evaluated. Equations for 
selected frequency statistics are shown in table 12 along with 
the range of drainage areas for each stream for which the 
equations are applicable. The range of drainage areas were 
computed by multiplying the drainage area of the streamgage 
with the smallest drainage area by 0.4 and multiplying the 
drainage area of the streamgage with the largest drainage area 
by 1.5. Where the 1.5 multiplier is larger than the total drain-
age area of the stream at its mouth, the method is applicable 
only to the mouth of the stream. If an ungaged location is 
selected on one of the streams listed in table 12, the user may 
use the power curve equation to compute the desired statistic 
if the computed drainage area is within the drainage area range 
listed in table 12. The 0.4 to 1.5 drainage-area ratio limitation 
is based on the results of the drainage area method and Eash 
and Barnes (2012). An example of a power curve equation 
and its range of applicability are shown in figure 11 for the St 
Francis River; however, this restriction may be conservative 
because the power curve has lower absolute percent differ-
ences than the regression equation method throughout the 
drainage area range of 0.1 to 10 (fig. 5).

The second method is based on drainage-area ratios for 
ungaged locations on streams with a streamgage that has low-
flow frequency statistics computed. This method is applicable 
to any stream where more than 10 years of streamgage data 
are available and the flow data represents existing basin 
conditions. If the ungaged location has a drainage-area ratio 
between 40 and 150 percent of the drainage area of the 
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Figure 10.  Relation of basin characteristics and residual from regression analyses for each region for the 7-day mean low flow for a 
recurrence interval of 10 years (M7D10Y) statistic.
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Figure 11.  Application of the 
power curve equation method 
for the St. Francis River.
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streamgage, equation 1 of the report may be used to compute 
a selected low-flow frequency statistic. The user may need 
to evaluate the credibility of the computed statistic if the 
streamgage has a minimal period of record of 10 years or if 
the streamgage record is affected unduly by extreme periods 
of drought or excessive rainfall. 

The third method is the use of the regional regression 
equations. These equations are applicable to streams mini-
mally affected by anthropogenic activities. The applicable 
range of basin characteristics for the equations for each region 
is listed in table 18. These equations should be used with 
caution for the determination of statistics at ungaged loca-
tions for which the basin characteristics are outside the range 
of those used to develop the regression equations. Region 1 
has three basin-characteristic ranges for applying the regional 
equations. For Region 1, the applicable range for drainage 
area is from 0.34 to 4,316.33 mi2, for longest flow path is from 
1.28 to 267.8 miles, and for streamflow-variability index is 
from 0.377 to 1.026. Regions 2 and 3 each have two basin 
characteristics ranges for applying the regional equations. For 
Region 2, the applicable range for drainage area is from 0.21 
to 7,372.43 mi2 and for streamflow-variability index is from 
0.273 to 0.925. For Region 3, the applicable range for drain-
age area is from 119.56 to 2,372.42 mi2 and for streamflow-
variability index is from 0.33 to 0.84.

Summary
The U.S. Geological Survey, in cooperation with the 

Missouri Department of Natural Resources, computed low-
flow statistical data sets at selected streamgages, presented 
three different methods to estimate selected low-flow statis-
tics for ungaged locations, and developed regional regres-
sion equations for use throughout Missouri. Missouri has 
experienced large departures from normal in precipitation 
and temperature in 2008 and 2012. The rainfall for 2008 was 
16.58 inches above normal rainfall and in 2012 the rainfall 
was 10.12 inches below normal rainfall. The State of Missouri 
needs reliable low-flow statistics and a consistent method-
ology to estimate selected low-flow frequency statistics at 
ungaged locations to support the proper management of water 
resources in a sustainable manner for the benefit of water users 
and the environment. 

As part of the low-flow study, an evaluation of stream-
flow during potential drought periods for 24 streamgages 
was done to identify historical drought periods. Annual mean 
streamflows during potential drought periods were compared 
to the mean streamflow for the period of record. Any continu-
ous period of 3 or more years of substantially lower mean 
streamflows than the period of record mean streamflow was 
designated as a drought period. Comparing the location of 
the streamgages and the drought periods, the State of Mis-
souri was divided into four similar drought areas with similar 
drought periods (East Central, North, Southeast, and West 
Central). The drought in the 1950’s affected the entire State. 
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The latest persistent drought to affect the State existed in East 
Central Missouri from 1999 to 2001. Annual mean streamflow 
for 2012 also was presented to compare recent streamflow 
conditions to historical drought periods and the period of 
record mean streamflow. 

Statistical analyses through the 2010 water year were 
computed on flow data collected at 532 streamgages located 
in Missouri and in the neighboring States of Iowa, Nebraska, 
Kansas, Oklahoma, and Arkansas. Statistical analyses for 
streamgages included basic statistics such as minimum, maxi-
mum, and mean; monthly and annual flow durations; and trend 
analyses. Low-flow frequency statistics were computed for 
streamgages with 10 or more years of record. Basic statistics 
and flow-duration analyses were computed for streamgages 
on an annual water year period of October 1 to September 
30. N-day low-flow frequency analyses were based on the 
climatic year that begins on April 1 and ends on March 31 of 
the following year. Low-flow frequencies were computed for 
the N-day durations of 1, 2, 3, 7, 10, 30, 60, 90, 183, and 365 
days. Low-flow frequency probabilities ranged from 0.95 to 
0.002.

The Kendall’s tau test was implemented on all 
streamgages to determine if a trend existed in the streamgage 
data. For streamgages with a statistically significant trend, a 
variable-length record method was used to define the longest 
no trend period by decreasing the period of record from the 
beginning of the record. Trends results also were presented 
for the period of no trend if the streamgage had 10 or more 
years of record. For streamgages with trends identified, basic 
statistics, flow durations, and frequency values were computed 
for the no-trend period of time. The no-trend period as well as 
the period of record had to be 10 years or greater in length for 
frequency computations. More streamgages in Region 1 had 
trends than streamgages in Region 2 or 3. 

Three methods are presented to estimate selected low-
flow frequency statistics at ungaged locations. First, a power 
curve method was evaluated for streams with more than one 
streamgage on the same stream. In the study area, 28 streams 
were identified that have multiple streamgages on the same 
stream where a power curve equation could be developed 
to estimate flows on the stream at an ungaged location. For 
this method to be used, the drainage area of the ungaged site 
needs to be within 40 percent of the drainage area of the most 

upstream streamgage and 150 percent of the drainage area 
of the most downstream streamgage. Second, a drainage-
area ratio method is presented and compared to the regional 
regression equations. The absolute percentage differences for 
the drainage-area ratio method were smaller than the absolute 
percentage differences using regional regression equations 
for the range of drainage-area ratios between 0.4 to 1.5. If the 
computed 1.5 drainage-area ratio exceeds the drainage area 
of the stream, the method is only applicable to the mouth of 
the stream. And third, a regional-regression-equation method 
is presented to estimate selected low-flow frequency statistics 
for ungaged locations on any stream with minimal anthropo-
genic effects. Analyses of the streamgage frequency statistics 
determined that a left-censored regression technique was 
appropriate for use in all regions of the State. Seven low-
flow frequency statistics were used in the regression analy-
ses (M1D10Y, M2D10Y, M3D10Y, M7D10Y, M10D10Y, 
M30D10Y, and M60D10Y). A streamflow value of 0.1 ft3/s 
was used as the censoring threshold in the regression analyses 
for sites with flow less than 0.1 ft3/s. The final regression equa-
tions were selected primarily on the basis of minimizing the 
standard error of estimate and the improvement in the standard 
error of estimate when considering an additional independent 
variable in the equation.

Basin and climatic characteristics investigated in the 
regression analyses were computed using geographic informa-
tion system software and digital geospatial data. A total of 35 
characteristics were evaluated for use in Missouri and were 
classified into four classes: morphometric, hydrologic, pedo-
logic/geologic/land-use, and climatic. The Efroymson step-
wise-selection method was used to define potential explana-
tory variables from the list of 35 characteristics. A preliminary 
statewide ordinary-least squares regression was implemented 
using the potential explanatory variables from the Efroymson 
analysis. 

The preliminary regression analyses indicated that the 
physiographic provinces of Central Lowlands (Region 1), 
Ozark Plateaus (Region 2), and the Mississippi Alluvial 
Plain (Region 3) affect the low-flow characteristics of local 
streams. Flow-duration curves for streams in Region 2 are, 
in general, flatter than streams in Region 1 or 3 because of 
the probable base-flow contribution from springs. Regression 
analyses for Region 1 indicated that characteristics drainage 

Table 18.  Range of basin-characteristic values used to develop selected low-flow frequency regression equations for unregulated 
streams in Missouri.

[DRNAREA, GIS drainage area, in square miles; LFPLENGTH, length of longest flow path, in miles; STREAM_VAR, streamflow-variability index, dimen-
sionless; NA, not applicable]

Statistic 
equation

DRNAREA LFPLENGTH STREAM_VAR

Minimum Mean Median Maximum Minimum Mean Median Maximum Minimum Mean Median Maximum

Region 1 0.34 422.42 231.64 4316.33 1.28 54.20 45.79 267.8 0.377 0.716 0.730 1.026

Region 2 0.21 645.19 257.74 7372.43 NA NA NA NA 0.273 0.496 0.467 0.925

Region 3 119.56 754.56 359.39 2372.42 NA NA NA NA 0.330 0.507 0.448 0.840
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area (DRNAREA), longest flow length (LFPLENGTH), and 
streamflow-variability index (STREAM_VAR) were the most 
statistically significant variables for regression analyses. For 
Region 2, regression analyses indicated that DRNAREA 
and STREAM_VAR were the most significant independent 
variables. And for Region 3, DRNAREA and STREAM_VAR 
were the most significant independent variables.

Low-flow frequency equations were determined for the 
10-year frequency and N-day durations of 1, 2, 3, 7, 10, 30, 
and 60 days. The standard error of estimate was the lowest for 
Region 2 and ranged from 48.2 to 72.1 percent. The range in 
standard error of estimate was 79.6 to 94.2 percent for Region 
1, and 48.1 to 96.2 percent for Region 3. Of the 207 USGS 
streamgages used in the regression analyses, 77 were used 
in Region 1, 120 were used in Region 2, and 10 were used 
in Region 3. Streamgages outside of Missouri were used to 
extend the range of data used for the independent variables. 
The limits for the use of these equations are based on the 
ranges of the characteristics used as independent variables 
and that streams must be affected minimally by anthropogenic 
activities.
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