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Methods for Estimating Streamflow Characteristics
at Ungaged Sites in Western Montana Based on Data
through Water Year 2009
By Peter M. McCarthy, Roy Sando, Steven K. Sando, and DeAnn M. Dutton

Abstract
The U.S. Geological Survey, in cooperation with the
Montana Department of Environmental Quality and the
Montana Department of Natural Resources and Conservation, developed regional regression equations based on basin
and streamflow characteristics for streamflow-gaging stations
through water year 2009 that can be used to estimate streamflow characteristics for ungaged sites in western Montana. The
regression equations allow estimation of low-flow frequencies;
mean annual and mean monthly streamflows; and the 20-,
50-, and 80-percent durations for annual and monthly duration
streamflows for ungaged sites in western Montana that are
unaffected by regulation.
Regression equations were developed for 54 streamflow
characteristics in each of the 4 hydrologic regions generally
located in western Montana. Exploratory data analyses determined that of the 40 basin characteristics used as explanatory
variables, only 3 were significant in the final equations. These
three basin characteristics are contributing drainage area, mean
annual precipitation of the drainage basin, and percentage of
basin with slopes greater than 50 percent. Low-flow frequency
data and daily mean streamflow data from 152 streamflowgaging stations were used to develop the regression equations.
These 152 streamflow-gaging stations were considered to be
unregulated (or only the unregulated period of record for regulated streamflow-gaging stations were used). For this study, a
streamflow-gaging station is considered to be unregulated if
cumulative drainage area upstream from all upstream dams is
less than 20 percent of the drainage basin for the streamflowgaging station, and if no large diversion canals are upstream
from the streamflow-gaging station.
In addition to the regional regression equations, two
methods for estimating streamflow characteristics based on
drainage areas of a nearby streamflow-gaging station are
provided. Also, spreadsheet tools are provided for calculating
streamflow characteristics based on regression equations or the
drainage-area ratio method.
All of the data used to calculate basin characteristics were
derived from publicly available data sources and are available

through the U.S. Geological Survey Streamstats program
(http://water.usgs.gov/osw/streamstats/) for Montana. The
primary purpose of the Montana StreamStats application is to
provide estimates of basin characteristics and streamflow characteristics for user-selected ungaged sites on Montana streams.
The regional regression equations presented in this report have
been loaded to the Montana StreamStats application and can
be used to derive streamflow characteristics for ungaged sites.

Introduction
Information about streamflow characteristics is essential
for development and management of surface-water resources.
Water and land-use managers, planners, administrators, builders, engineers, recreationists, and the general public use information on all aspects of streamflow to assess water conditions
and evaluate land-use alternatives.
Annual, seasonal, and monthly streamflow characteristics are particularly useful for characterizing streamflow
variability. Streamflow characteristics, such as the annual
7-day, 10-year low flow (QAL7Q10; streamflow for which the
mean of a consecutive 7-day annual low flow can be expected
to be lower, on average, once every 10 years [also known as
the nonexceedance probability of 10 percent] based on annual
low-flow data), commonly are used when setting effluent
limits and allowable pollutant loads to meet water-quality
standards. Annual and seasonal low-flow characteristics used
in conjunction with monthly duration streamflow characteristics also indicate the probable availability of water in streams
during times when conflicts between water supply and demand
are most prevalent.
The U.S. Geological Survey (USGS) has previously
published reports that describe and document streamflow characteristics at streamflow-gaging stations (hereinafter referred
to as “gaging stations”) in Montana (Shields and White, 1981;
Waltemeyer and Shields, 1982; Omang, 1984; McCarthy,
2005; McCarthy, 2016). Streamflow characteristics also are
needed at ungaged locations in Montana. Thus, the USGS, in
cooperation with the Montana Department of Environmental
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Quality (MT DEQ) and the Montana Department of Natural
Resources and Conservation (MT DNRC), initiated a study
to develop regional regression equations in western Montana
based on basin and streamflow characteristics for gaging
stations through water year 2009 (water year is the 12-month
period from October 1 through September 30 and is designated by the year in which it ends). The regression equations can be utilized to estimate selected annual and seasonal
low-flow frequencies and selected monthly and annual flow
durations for ungaged sites.

Purpose and Scope
The study described in Chapter G of this Scientific Investigations Report is part of a larger study to develop a StreamStats application for Montana, compute streamflow characteristics at gaging stations, and develop regional regression
equations to estimate streamflow characteristics at ungaged
sites (as described fully in Chapters A through G of this Scientific Investigations Report). Chapter G describes methods for
estimating selected streamflow characteristics in western Montana for ungaged sites based on basin and streamflow characteristics for gaging stations through water year 2009. Regional
regression analyses are the primary focus of this report chapter. The development of regression equations and drainagearea ratio methods for estimating streamflow characteristics
in western Montana is documented in this report chapter. The
regression equations are based on selected low-flow frequencies, on selected annual and monthly streamflow characteristics from McCarthy (2016), and on basin characteristics at
152 gaging stations (fig. 1; table 1–1 in appendix 1 at the back
of this report chapter [available at http://dx.doi.org/10.3133/
sir20155019G]; map numbers assigned according to McCarthy and others [2016]) in or near Montana. The regression
equations were developed using generalized least squares
(GLS) regression (Tasker and Stedinger, 1989) for the lowflow frequencies and ordinary least squares (OLS) regression
(Eng and others, 2009) for the monthly and annual streamflow
characteristics. Low-flow frequencies for which GLS regression was used to develop regional regression equations include
QAL7Q10 and the July–October, 14-day, 5-year low flow (QS214Q5;
streamflow for which the mean of a consecutive 14-day seasonal low flow can be expected to be lower, on average, once
every 5 years [also known as the non-exceedance probability
of 20 percent] based on July–October [season 2] low-flow
data). Selected streamflow characteristics estimated using OLS
regression include the mean annual streamflow; mean monthly
streamflow; and the 20-, 50-, and 80-percent durations for
annual and monthly duration streamflows.
All of the data used in calculating basin and streamflow
characteristics are available through the USGS StreamStats
program (http://water.usgs.gov/osw/streamstats/; U.S. Geological Survey, 2015a). StreamStats is a Web-based geographic
information system (GIS) application designed for national

application, with each State, territory, or group of States
responsible for creating unique geospatial datasets and regression equations to compute streamflow characteristics. StreamStats was created by the USGS to make GIS-based estimates
of streamflow statistics easier, faster, and more consistent than
previously used manual techniques. Also, StreamStats allows
the user to calculate basin characteristics and delineate a drainage basin for any user-specified point located on a stream. The
GIS-based calculation of basin characteristics allows consideration of many more basin characteristics potentially affecting
streamflow characteristics than had previously been possible.
The regression equations used to estimate streamflow characteristics in StreamStats are the same as those documented in
this report. Additional information about StreamStats usage
and limitations are available at http://water.usgs.gov/osw/
streamstats/ (U.S. Geological Survey, 2015a), specific procedures for estimating streamflow characteristics at ungaged
sites by using StreamStats are available at http://water.usgs.
gov/osw/streamstats/instructions1.html, and the Montana
StreamStats application is described by McCarthy and others
(2016).

Previous Studies
Regression equations were developed in previous studies to estimate streamflow characteristics in various regions
of Montana; however, only regression equations to estimate
peak-flow frequencies have been developed for a statewide
application (Sando, S.K., and others, 2016; Parrett and Johnson, 2004). No previous studies in Montana have developed
regression equations to estimate low-flow frequencies. The
following studies were completed in selected areas of Montana
and include methods for estimating streamflow characteristics
that are comparable to those developed for this study.
Sando and others (2009) developed methods for estimating streamflow characteristics at ungaged sites for streams in,
and near, the Charles M. Russell National Wildlife Refuge
in northeastern Montana (not shown in fig. 1). Methods were
derived to relate short-term streamflow characteristics at gaging stations in the Charles M. Russell National Wildlife Refuge to long-term streamflow characteristics in proximity to the
Charles M. Russell National Wildlife Refuge. The estimated
streamflow characteristics included mean annual and mean
monthly streamflows, selected annual and monthly duration
values, and selected peak-flow frequency values. The mean
annual and annual duration values were estimated using basin
characteristics (drainage area and relief), and monthly values
were estimated using coefficients and the long-term mean
annual streamflow estimate (Sando and others, 2009). The
mean standard error of the estimates for annual streamflow
characteristics ranged from 49 to 65.1 percent, and the mean
standard error of estimate for monthly streamflow characteristics ranged from 29.6 to 122.6 percent.
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Figure 1. Study area, hydrologic regional boundaries, and selected streamflow-gaging stations used in this study.
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Parrett and Cartier (1990) developed three methods for
estimating mean monthly streamflow and selected monthly
duration streamflows for parts of western Montana. The first
method used basin characteristics (drainage area, relief, basin
slope, mean basin elevation, and mean annual precipitation)
and regression equations to estimate streamflow characteristics; the standard errors of these methods ranged from 43 to
107 percent. The second method used channel-width characteristics to estimate streamflow characteristics; the standard
errors ranged from 41 to 111 percent. The third method used
12 once-monthly streamflow measurements at an ungaged site
correlated with measurements at a nearby gaging station; the
standard errors ranged from 19 to 92 percent.
Parrett and others (1983) developed methods to estimate
mean annual streamflow at sites in western and northeastern
Montana using channel-width characteristics. The standard
errors ranged from 61 to 77 percent in northeastern Montana
and from 38 to 42 percent in western Montana. Utilizing additional basin characteristics did not significantly improve the
regression equations for estimating mean annual streamflow in
Parrett and others (1983).
Parrett and others (1982) developed methods for estimating mean annual streamflow in southeastern Montana based
on channel geometry characteristics. Separate equations were
developed for ephemeral streams and intermittent streams in
southeastern Montana. The standard error of these equations
ranged from 38 to 79 percent.

Description of Study Area
Montana is a large (approximately 147,000 square miles
[mi2]) State with diverse topographic and climatic conditions
creating highly variable hydrologic characteristics. The western part of Montana generally consists of rugged, mountainous
terrain sometimes separated by large, intermontane valleys,
whereas the eastern part of Montana is characterized by rolling or generally flat plains, interspersed with areas of deeply
incised streams and rugged relief generally termed badlands or
breaks. Most of western Montana is in the Canadian, Northern, and Middle Rockies ecoregions, whereas most of eastern
Montana is in the Northwestern Glaciated Plains and Northwestern Great Plains ecoregions (Woods and others, 2002).
Elevations range from about 1,800 feet (ft) above the North
American Vertical Datum of 1988 (NAVD 88) in the eastern plains areas and in the Kootenai River Basin in extreme
northwest Montana to about 12,800 ft above NAVD 88 in
some mountain ranges. The elevation information was derived
from a GIS analysis of the National Elevation Dataset (NED;
Gesch and others, 2002). Mean annual precipitation also is
highly variable throughout Montana and ranges from about 10
inches (in.), generally in low-altitude plains areas to 110 in. in
some mountainous areas of western Montana (PRISM Climate
Group, 2004).

Methods for Estimating Streamflow
Characteristics at Ungaged Sites in
Montana
Streamflow characteristics are frequently needed for
ungaged sites for which streamflow data are not reported.
Regression equations are the most commonly used method
for estimating streamflow characteristics at ungaged sites that
are considered unregulated and are the primary focus of this
study; however, when the ungaged site is located near a gaging station on the same stream, drainage-area ratio methods
may produce more reliable estimates. Two drainage-area ratio
methods are provided and described in this report.

Regional Regression Method
Regional regression analyses involve determining relations between streamflow characteristics and basin characteristics at gaging stations to estimate streamflow characteristics at
ungaged sites. As described in the following sections, developing regional regression equations requires the identification
of suitable gaging stations, and determination of selected
streamflow and basin characteristics for those gaging stations.
Additional analyses of these gaging stations determined that
regression equations could not reliably be developed for the
selected streamflow characteristics for parts of central and
eastern Montana; therefore, the development of regression
equations was restricted to western Montana.

Selection of Gaging Stations
The USGS has been collecting and publishing streamflow
data at gaging stations in Montana for more than 100 years
(U.S. Geological Survey, 2015b; table 1–1). McCarthy (2016)
reported streamflow characteristics for 408 gaging stations in
and near Montana that had at least 10 years of record through
water year 2009. Methods to determine the regulation status of
gaging stations are described in McCarthy and others (2016).
Methods to compile and manipulate the data, and to analyze
the streamflow characteristics for gaging stations are described
in McCarthy (2016).
The 408 gaging stations (McCarthy, 2016) were screened
for suitability for inclusion in the regional regression analyses
based on the following criteria: (1) contributing drainage area
less than about 2,750 mi2; (2) streamflow records unaffected
by regulation; (3) small redundancy with nearby gaging stations; and (4) representation of streamflow characteristics at
sites within Montana.
The criterion of drainage area less than about 2,750 mi2
serves to restrict the regional regression analyses to smaller
streams that might not be represented by gaging stations.
Typically, gaging stations with contributing drainage areas
greater than 2,750 mi2 were outliers in the regression equation
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development, and streams with contributing drainage areas
greater than 2,750 mi2 commonly have one or more gaging
stations; thus, the gaging stations can be used to estimate
streamflow characteristics at ungaged sites on streams with
contributing drainage areas greater than 2,750 mi2 using the
drainage-area ratio methods.
Reservoir storage and operations have the potential to
substantially affect streamflow characteristics; therefore,
gaging stations affected by regulation are unsuitable for the
regional regression analyses. The USGS maintains a geospatial database of dams in Montana that was used to define the
regulation status for Montana gaging stations as described in
McCarthy and others (2016). In McCarthy and others (2016)
and in this study, a gaging station is considered to be unregulated if the cumulative drainage area upstream from all dams is
less than 20 percent of the drainage area of the gaging station
and no large diversion canals are upstream from the gaging
station. A gaging station is considered to be regulated if the
cumulative contributing drainage area of all upstream dams
equals or exceeds 20 percent of the drainage area of the gaging
station (McCarthy and others, 2016; McCarthy, 2005; Parrett
and Johnson, 2004), or if a large diversion canal is upstream
from the gaging station. For those regulated gaging stations,
if 10 or more years of streamflow data were available for a
period prior to regulation, the streamflow data for the unregulated period were included in the regional regression analyses.
Data from regulated gaging stations for regulated periods were
not included in the regression analyses.
A redundant gaging-station analysis was used to account
for spatial-autocorrelation in streamflow characteristics
of gaging stations located on the same stream channel. In
cases where a gaging station was located on a large tributary
upstream from a gaging station on a primary stream channel,
the two gaging stations were considered to be on the same
stream channel in the redundant gaging-station analysis. For
streams with two or more gaging stations on a stream, the contributing drainage area of each gaging station was examined
and determined to be redundant when the area of one gaging
station was within 0.5–2.0 times the area of the other gaging
station. The redundant gaging stations were reviewed and
those with the shortest period of record were usually excluded
from the regional regression analysis; however, if excluding
the gaging station with the longer period of record allowed for
the inclusion of an additional gaging station because another
instance of redundancy was eliminated, the gaging station with
the longer period of record was excluded.
The drainage basins of some gaging stations included
in McCarthy (2016) are largely, or entirely, outside of Montana. These gaging stations were excluded from the regional
regression analyses if their drainage basins were considered
to provide poor representation of streamflow characteristics in
Montana, or if there were potential effects from undocumented
regulation in the basin.
Of the 408 gaging stations with streamflow characteristics reported by McCarthy (2016), 213 gaging stations were

included in the initial regional regression analyses. As a result
of further refinement of the selected gaging stations (described
in the section “Exploratory Data Analyses”), only 152 gaging
stations were used for the final regional regression equations
in this report chapter. Information and streamflow characteristics for the 152 gaging stations are presented in table 1–1.

Selection of Streamflow Characteristics
McCarthy (2016) reported 424 streamflow characteristics
for each gaging station in or near Montana; however, only 54
streamflow characteristics that are most commonly used by
MT DEQ and MT DNRC were selected for development of
regression equations and inclusion in this study. The selected
streamflow characteristics are two low-flow frequencies
(QAL7Q10, QS214Q5); mean annual and mean monthly streamflow;
and the 20-, 50-, and 80-percent durations for annual and
monthly duration streamflows. The 54 streamflow characteristics used in this study are listed and described in table 1.

Basin Characteristics
Basin characteristics investigated as potential explanatory variables in the regional regression analyses were selected
based on previous studies performed in Montana (Sando and
others, 2009; Parrett and Johnson, 2004), theoretical relations
with streamflow characteristics, and the ability to generate
the characteristics using GIS analyses and digital datasets.
In previous regional regression studies from Montana, basin
characteristics were manually measured or estimated using
topographic maps, planimeters, and overlaying transparent
gridded cells on the maps. The number of candidate basin
characteristics used in the regional regression analyses in
these studies ranged from 2 (Berwick, 1958) to 12 (Parrett and
Omang, 1981). For this study, 40 basin characteristics were
selected as candidate explanatory variables (table 2). Contributing drainage basins were delineated for each gaging station
using a combination of 30-meter digital elevation data from
the NED (Gesch and other, 2002) and the Watershed Boundary Dataset (WBD) obtained from the National Hydrography
Dataset (NHD) version 2 (Horizon Systems Corporation,
2013). The data for each candidate basin characteristic were
converted into a digital grid or raster format and overlaid on
the basin boundaries for each gaging station using standard
tools available in ArcMap (Esri, Inc., 2014). The data were
then summarized for each gaging station and its associated
basin.

Exploratory Data Analyses
Exploratory data analyses were used to define hydrologic region boundaries for Montana and to determine the
best explanatory variables for final regression equation
development in each of the eight hydrologic regions (fig. 1).
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Table 1. Definition of streamflow characteristics used in this study.
[--, StreamStats label has not been defined for this streamflow characteristic]

Streamflow
characteristic
QAL7Q10

StreamStats abbreviation for streamflow
characteristic
M7D10P

QS214Q5

--

Description of streamflow characteristic
Streamflow for which the mean of a consecutive 7-day annual low-flow can be expected to be lower, on
average, once every 10 years (also known as the non-exceedance probability of 10 percent) based on
annual low-flow data
Streamflow for which the mean of a consecutive 14-day seasonal low-flow can be expected to be lower,
on average, once every 5 years (also known as the non-exceedance probability of 20 percent) based on
July–October (season 2) low-flow data
Annual streamflow that is exceeded 20 percent of the time

QAMEAN

-MEDAN
-QA

QJAN0.2

JAND20

January streamflow that is exceeded 20 percent of the time

QJAN0.5

JAND50

January streamflow that is exceeded 50 percent of the time, also known as the median January streamflow

QJAN0.8

JAND80

January streamflow that is exceeded 80 percent of the time.

QA0.2
QA0.5
QA0.8

QJANMEAN

Q1

Annual streamflow that is exceeded 50 percent of the time, also known as the median annual streamflow
Annual streamflow that is exceeded 80 percent of the time
Mean annual streamflow

Mean January streamflow

QFEB0.2

FEBD20

February streamflow that is exceeded 20 percent of the time

QFEB0.5

FEBD50

February streamflow that is exceeded 50 percent of the time, also known as the median February streamflow

QFEB0.8

FEBD80

February streamflow that is exceeded 80 percent of the time

QFEBMEAN

Q2

Mean February streamflow

QMAR0.2

MARD20

March streamflow that is exceeded 20 percent of the time

QMAR0.5

MARD50

March streamflow that is exceeded 50 percent of the time, also known as the median March streamflow

QMAR0.8

MARD80

March streamflow that is exceeded 80 percent of the time

QMARMEAN

Q3

Mean March streamflow

QAPR0.2

APRD20

April streamflow that is exceeded 20 percent of the time

QAPR0.5

APRD50

April streamflow that is exceeded 50 percent of the time, also known as the median April streamflow

QAPR0.8

APRD80

April streamflow that is exceeded 80 percent of the time

QAPRMEAN

Q4

Mean April streamflow

QMAY0.2

MAYD20

May streamflow that is exceeded 20 percent of the time

QMAY0.5

MAYD50

May streamflow that is exceeded 50 percent of the time, also known as the median May streamflow

QMAY0.8

MAYD80

May streamflow that is exceeded 80 percent of the time

QMAYMEAN

Q5

Mean May streamflow

QJUN0.2

JUND20

June streamflow that is exceeded 20 percent of the time

QJUN0.5

JUND50

June streamflow that is exceeded 50 percent of the time, also known as the median June streamflow

QJUN0.8

JUND80

June streamflow that is exceeded 80 percent of the time

QJUNMEAN

Q6

Mean June streamflow.

QJUL0.2

JULD20

July streamflow that is exceeded 20 percent of the time.

QJUL0.5

JULD50

July streamflow that is exceeded 50 percent of the time, also known as the median July streamflow.

QJUL0.8

JULD80

July streamflow that is exceeded 80 percent of the time

QJULMEAN
QAUG0.2

Q7
AUGD20

Mean July streamflow
August streamflow that is exceeded 20 percent of the time
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Table 1. Definition of streamflow characteristics used in this study.—Continued
[--, StreamStats label has not been defined for this streamflow characteristic]

Streamflow
characteristic

StreamStats abbreviation for streamflow
characteristic

Description of streamflow characteristic

QAUG0.5

AUGD50

August streamflow that is exceeded 50 percent of the time, also known as the median August streamflow

QAUG0.8

AUGD80

August streamflow that is exceeded 80 percent of the time

QAUGMEAN

Q8

Mean August streamflow

QSEP0.2

SEPD20

September streamflow that is exceeded 20 percent of the time

QSEP0.5

SEPD50

September streamflow that is exceeded 50 percent of the time, also known as the median September
streamflow

QSEP0.8

SEPD80

September streamflow that is exceeded 80 percent of the time

QSEPMEAN

Q9

Mean September streamflow

QOCT0.2

OCTD20

October streamflow that is exceeded 20 percent of the time

QOCT0.5

OCTD50

October streamflow that is exceeded 50 percent of the time, also known as the median October streamflow

QOCT0.8

OCTD80

October streamflow that is exceeded 80 percent of the time

QOCTMEAN

Q10

Mean October streamflow

QNOV0.2

NOVD20

November streamflow that is exceeded 20 percent of the time

QNOV0.5

NOVD50

November streamflow that is exceeded 50 percent of the time, also known as the median November
streamflow

QNOV0.8

NOVD80

November streamflow that is exceeded 80 percent of the time

QNOVMEAN

Q11

Mean November streamflow

QDEC0.2

DECD20

December streamflow that is exceeded 20 percent of the time

QDEC0.5

DECD50

December streamflow that is exceeded 50 percent of the time, also known as the median December
streamflow

QDEC0.8

DECD80

December streamflow that is exceeded 80 percent of the time

QDECMEAN

Q12

Mean December streamflow

Exploratory analyses were performed by using the all-subsets
OLS regression in the Exploratory Regression tool in ArcGIS
Desktop 10.2 (Esri, Inc., 2014). The all-subsets OLS regression performs analyses on all combinations of explanatory
variables and provides several statistical diagnostics, which
are (1) the adjusted coefficient of determination (R2), (2) the
statistical significance of the coefficients of the explanatory
variables (as determined by a statistical probability level
[p-value] less than 0.05), (3) the cross-correlation of explanatory variables (as determined by the variance inflation factor [VIF; Helsel and Hirsch, 2002]), (4) the normality of the
residuals (as determined by the Jarque-Bera test; Jarque and
Bera, 1987), and (5) the spatial autocorrelation of the residuals
(as determined by the global Moran’s I Index value; Moran,
1950). The exploratory analyses were used to identify a bestfit OLS regression with the most important and consistent
combination of candidate basin characteristics.

Determination of Hydrologic Regions
The hydrologic region boundaries for Montana were
based on exploratory analyses in conjunction with consideration of the regional boundaries from previous studies of peakflow frequencies and streamflow characteristics in Montana
(Sando, S.K., and others, 2016; Parrett and Johnson, 2004).
Initially, the relation between the streamflow characteristic
and basin characteristics was investigated on a statewide basis
using the all-subsets OLS regression. The statewide analysis
determined that two basin characteristics (contributing drainage area and mean annual precipitation) provided the best
multivariate regression as determined by the adjusted
R2 values. Streamflow characteristics were then predicted
with an OLS regression using contributing drainage area and
mean annual precipitation, and the standardized residuals were
computed for each gaging station. The residuals were plotted
in conjunction with the hydrologic region boundaries defined
by Sando, Roy, and others (2016). These hydrologic regions
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Table 2. Selected basin characteristics evaluated as explanatory variables in the regional regression equations.
[-- not applicable]

StreamStats
abbreviation
APRAVTMP
AUGAVTMP
BASINPERIM
BSLDEM30M
COMPRAT

Abbreviations for
basin characteristics
discussed in this
report
------

Definition

CONTDA

A

Mean April temperature, in degrees Fahrenheit1
Mean August temperature, in degrees Fahrenheit1
Perimeter of the contributing drainage area, in miles2
Mean basin slope for the contributing drainage area2
Compactness ratio for the contributing drainage area, computed using the CONTDA and
BASINPERIM basin characteristics2
Contributing drainage area, in square miles2

DECAVTMP

--

Mean December temperature, in degrees Fahrenheit1

EL5000

--

Percentage of contributing drainage basin above 5,000 feet elevation2

EL5500

--

Percentage of contributing drainage basin above 5,500 feet elevation2

EL6000

--

Percentage of contributing drainage basin above 6,000 feet elevation2

EL6500

--

Percentage of contributing drainage basin above 6,500 feet elevation2

EL7000

--

Percentage of contributing drainage basin above 7,000 feet elevation2

ELEV

--

Mean basin elevation, in feet2

ELEVMAX

--

Maximum basin elevation, in feet2

ET0306MOD

--

Spring (March - June) mean monthly evapotranspiration (2000 - 2012), in inches per month3

ET0710MOD

--

Summer (July - October) mean monthly evapotranspiration (2000 - 2012), in inches per month3

FEBAVTMP

--

Mean February temperature, in degrees Fahrenheit1

IRRIGAT_MT

--

Percent of contributing drainage basin under some irrigation regime4

JANAVTMP

--

Mean January temperature, in degrees Fahrenheit1

JULAVTMP

--

Mean July temperature, in degrees Fahrenheit1

JUNAVTMP

--

Mean June temperature, in degrees Fahrenheit1

LAKESNHDH

--

Percentage of contributing drainage basin in lakes, ponds, and reservoirs5

LC01CRPHAY

--

Percentage of contributing drainage basin covered by agriculture6

LC01DEV

--

Percentage of contributing drainage basin covered by urban land6

LC01FOREST

--

Percentage of contributing drainage basin covered by forest6

LC01WETLND

--

Percentage of contributing drainage basin covered by wetlands6

MARAVTMP

--

Mean March temperature, in degrees Fahrenheit1

MAXTEMP

--

Mean annual maximum temperature, in degrees Fahrenheit1

MAYAVTMP

--

Mean May temperature, in degrees Fahrenheit1

MINBELEV

--

Minimum basin elevation, in feet2

MINTEMP

--

Mean annual minimum temperature, in degrees Fahrenheit1

NFSL30_30M

--

NOVAVTMP

--

Percentage of contributing drainage basin with north-facing slopes greater than or equal to 30
percent2
Mean November temperature, in degrees Fahrenheit1

OCTAVTMP

--

Mean October temperature, in degrees Fahrenheit1

PRECIP

P

Mean annual precipitation, in inches1

RELIEF

--

Difference between the maximum and minimum elevations of the basin, in feet2
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Table 2. Selected basin characteristics evaluated as explanatory variables in the regional regression equations.—Continued
[-- not applicable]

StreamStats
abbreviation

Abbreviations for
basin characteristics
discussed in this
report

Definition

SEPAVTMP

--

Mean September temperature, in degrees Fahrenheit1

SLOP30_30M

--

Percentage of contributing drainage basin with slopes greater than or equal to 30 percent2

SLOP50_30M

SLP50

Percentae of contributing drainage basin with slopes greater than or equal to 50 percent2

TEMP

--

Mean annual temperature, in degrees Fahrenheit1

Parameter-elevation Regressions on Independent Slopes Model (PRISM Climate Group, 2004) and Long Term Mean Climate Grids for Canada (Natural
Resources Canada, 2015) for 1971‒2000.
1

30-meter National Elevation Dataset (NED; Gesch and others, 2002). Elevation refers to distance above North American Vertical Datum of 1988.

2

Moderate Resolution Imaging Spectroradiometer (MODIS) global evapotranspiration product (MOD16) data (Mu and others, 2007).

3

Final Land Unit (FLU) classification (Montana Department of Revenue, 2014).

4

National Hydrological Dataset (NHD) High-resolution waterbodies (Horizon Systems Corporation, 2013).

5

National Land Cover Dataset 2001 (NLCD; Homer and others, 2007), Northern Land Cover of Canada Circa 2000 (LCC2000; Natural Resources Canada,
2009).
6

(table 3, fig.1) generally represented the spatial patterns in the
residuals and thus were used in the final development of the
regional regression equations for streamflow characteristics in
this study.

Determination of Significant Basin Characteristics
A second round of exploratory data analyses was performed using the all-subsets OLS regression for each of the
eight hydrologic regions to evaluate explanatory variables
(table 2) for each of the 54 streamflow characteristics (table
1, table 1–1). The exploratory analyses were used to identify
a best-fit OLS regression with the most important and consistent combination of candidate basin characteristics for each
hydrologic region. The criteria for selecting the best-fit OLS
regression for each hydrologic region primarily were based
on the regression equation with the largest adjusted R2 while
also having (1) explanatory variables with significant coefficients (p-value less than 0.05) for the regression equations,
(2) a VIF values less than 2, (3) normality of the residuals, and
(4) residuals with a nonsignificant (p-value equal to or greater
than 0.05) global Moran’s I Index value. Additional considerations in selection of the best-fit OLS regression included
investigation of (1) the normality of the explanatory variables,
(2) the Akaike Information Criterion (Akaike, 1973) of each
regression equation, and (3) the hydrologic basis for relations
between streamflow characteristics and the explanatory variables. These three additional criteria were generally only used
to choose between two regression equations that produced
similar results.
The exploratory analyses met the above criteria for four
of the eight hydrologic regions, located generally in western

Montana. These four hydrologic regions are the West, Northwest, Upper Yellowstone-Central Mountain, and Southwest
(table 3). Exploratory analyses for the four hydrologic regions
located generally in eastern Montana (Northwest Foothills,
Northeast Plains, East-Central Plains, and Southeast Plains)
determined that regression equations could not reliably be
developed for the 54 streamflow characteristics using the
above criteria. Additionally, even using relaxed criteria,
regression equations for many of the streamflow characteristics could not be developed due to the very high occurrence
of streamflow characteristics being equal to zero. Non-zero
streamflow characteristics are required to develop regression
equations. A total of 152 gaging stations were located in the
four hydrologic regions in western Montana (fig. 1, table 1–1).
Of the 40 candidate basin characteristics (table 2), 3 met
the above criteria and were used to develop regional regression equations. The three basin characteristics are contributing
drainage area (A), mean annual precipitation (P), and percentage of the contributing basin with slopes greater than or equal
to 50 percent (SLP50; table 1–2 in appendix 1 at the back of
this report chapter [available at http://dx.doi.org/10.3133/
sir20155019G]). The most consistently significant basin characteristic was contributing drainage area (A), which was used
in all of the regression equations. One other basin characteristics was determined to be significant for one or more of the
hydrologic regions, so the regression equations included either
mean annual precipitation (P) or percentage of the contributing basin with slopes greater than 50 percent (SLP50) as a
second explanatory variable.

10   Methods for Estimating Streamflow Characteristics at Ungaged Sites in Western Montana
Table 3. Hydrologic regions in Montana.
Hydrologic region
(ordered clockwise from
northwestern Montana)

Hydrologic
region
number (fig. 1)

Number of
selected gaing
stations

General description and extent1

Regression
equations
developed

West

1

Mountains and valleys west of Continental Divide; parts of
Flathead and Blackfoot River Basins

53

Yes

Northwest

2

Eastern parts of Flathead and Blackfoot River Basins;
mountains and foothills east of the Continental Divide
and northeast of Missoula, Montana

26

Yes

Northwest Foothills

3

Foothills and plains of the Marias, Teton, Sun, and Dearborn River Basins near Great Falls, Montana

10

No

Northeast Plains

4

Rolling plains of the Milk River Basin upstream from
Glasgow, Montana; foothills and plains part of the Judith
River Basin

26

No

East-Central Plains

5

Plains and badlands of the lower parts of Musselshell, Missouri, Milk, and Poplar River Basins; northern part of
Yellowstone River Basin east of Billings, Montana

12

No

Southeast Plains

6

Rolling plains of southern part of Yellowstone River Basin
east of Billings, Montana

13

No

Upper YellowstoneCentral Mountain

7

Mountains and valleys of the upper Yellowstone River
Basin; mountains and valleys of the Smith River Basin;
parts of the Judith and Musselshell River Basins

49

Yes

Southwest

8

Mountains and valleys of the Missouri River Basin upstream from the Dearborn River

24

Yes

1

The general description and extent of the region as defned by Parrett and Johnson (2004).

Regional Regression Equations
After selection of the best-fit OLS regressions, final
regression equations were performed using the WeightedMultiple-Linear Regression Program (WREG; Eng and others, 2009). The GLS regression analyses were used for two
streamflow characteristics that are frequency-based streamflow
characteristics (QAL7Q10, QS214Q5). The OLS regression analyses
were used for the remaining 52 streamflow characteristics
because GLS regression analysis is not recommended for
streamflow characteristics that are not frequency based (Eng
and others, 2009). The 52 streamflow characteristics include
the mean annual streamflow; mean monthly streamflow; and
the 20-, 50-, and 80-percent durations for annual and monthly
streamflows.
For each gaging station, the streamflow for a specified streamflow characteristic (Q) and explanatory variables
(basin characteristics) that were used in developing the final
regression equations are presented in table 1–1 and table 1–2,
respectively. Because of nonlinear relations between Q and
the explanatory variables, all variables were log-transformed
before analysis. Basin characteristics that are computed as a
percentage of the basin (percent forest, for example) could
potentially have a value of zero; therefore, a value of one was
added to these basin characteristics before performing the logtransformation. The regression equations are of the following
log-linear form:

log Q = log K + a1 log x1 + a2 log x2 + …ap log xp, (1)
where

Q
K
p

is the streamflow, in cubic feet per second;
is a regression constant;
is the number of explanatory variables (basin
characteristics);
a1 through ap are regression coefficients; and
x1 through xp
are values of the explanatory variables (basin
characteristics).
Equation 1 can be expressed in terms of the actual variable values rather than logarithms as
Q = K’x1a1 x2a2...xpap,
where

K’

(2)

is the antilog (10K) of the linear regression
constant, and all other terms are as
previously described.

Generalized Least Squares Regressions
Final regression equations for QAL7Q10 and QS214Q5 were
developed with GLS regression (Tasker and Stedinger, 1989)
using WREG (Eng and others, 2009) for each hydrologic
region. The GLS regression is preferred for developing regression equations when gaging stations have varying lengths
of record, and thus varying precisions, because the GLS
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regression weights the variance of a gaging station according to its record length. The GLS regression also accounts for
cross correlation of concurrent streamflows observed at different gaging stations. As a result, the GLS regression provides
better estimates of the predictive accuracy of the regression
equations and also provides relatively unbiased estimates
of the variance of the underlying regression equation error
(Tasker and Stedinger, 1989).
Final regression equations for QAL7Q10 and QS214Q5 are
presented in table 1–3 in appendix 1 at the back of this report
chapter (available at http://dx.doi.org/10.3133/sir20155019G).
The WREG program reports multiple performance metrics
that use the term “model” to reference to the regression equations. These performance metrics are reported in table 1–3 for
GLS regressions and include the model error variance (, in log
units), the mean variance of prediction (MVP, in log units), the
mean standard error of prediction (SEP, in percent), the mean
standard error of model (SEM, in percent), and the pseudo R2
(in percent). The SEP is the sum of the model error and the
sampling error. The MVP represents the mean accuracy of prediction for all the gaging stations used in the regression analysis. The MVP and SEP are measures that indicate how well the
equation will predict the streamflow characteristic for ungaged
sites. The pseudo R2 and SEM are metrics that indicate how
well the equation predicted the streamflow characteristic for
the gaging stations used in the analysis.
Although the SEP provides a mean measure of how well
the regression equation predicts streamflow characteristics
within the region, the SEP should be calculated for individual
estimates at the ungaged site of interest and subsequently used
to determine the prediction intervals (PI) for the estimated
streamflow at the ungaged site (Q0). The following equation
can be used to calculate the standard error of prediction for an
ungaged site (SEP0):
SEP0 = σ δ2 + x0(XTΛ-1X)-1x T0
where

SEP0
σ δ2

x0

x T0
(X Λ X)-1
T

-1

(3)

is the standard error of prediction, in log units,
for an estimate of Q at an ungaged site;
is the model error variance, in log units
(table 1–3), for the appropriate regression
equation for the hydrologic region of the
ungaged site;
is a row vector consisting of the value 1.0
in the first column followed by the log
transformed values of the p explanatory
variables (basin characteristics) for
the ungaged site used in the regression
equation;
is the transpose of the vector ; and
is the covariance matrix for the GLS regional
regression equation (table 1–4 in appendix
1 at the back of this report chapter
[available at http://dx.doi.org/10.3133/
sir20155019G]).

The SEP0 is used to calculate a confidence interval for a
desired confidence level (CL) using the following equations:
α = 100–CL
100
where

α
CL

is the significance level for the desired
confidence level (CL), and
is the desired confidence level, in percent.

CI0,α = t ( α n–p–1) (SEP0)
2

where

(4)

(5)

CI0,α

is the confidence interval, in log units, for the
ungaged site;
t ( α n–p–1)
is the one-tailed Student’s t value for a
2
significance level, α, and (n-p-1) degrees of
freedom;
SEP0
is the standard error of prediction, in log units,
for an estimate of Q at an ungaged site; and
n and p
are the number of gaging stations used
in the regression equation and the
number of explanatory variables (basin
characteristics) used in the regression
equation, respectively.
The estimated streamflow characteristic at the ungaged
site (Q0) is log transformed (log Q0) and used with the confidence interval to determine the prediction interval using the
following equation:
PIU0,L0 = 10(log(Q0)±CI0,α)
where
PIU0,L0
U0
L0
Q0
CI0,α

(6)

is the prediction interval, in cubic feet per
second, for the estimate Q0 at the ungaged
site with a significance level of α;
is for the upper prediction interval for the
ungaged site;
is for the lower prediction interval for the
ungaged site;
is the estimated streamflow characteristic, in
cubic feet per second, for the ungaged site;
and
is the confidence interval, in log units, for the
ungaged site.

Ordinary Least Squares Regressions
Final regression equations for the remaining 52 streamflow characteristics were developed for each hydrologic region
with OLS regression using WREG (Eng and others, 2009).
The streamflow characteristics included the mean annual and
mean monthly streamflows, and the 20-, 50-, and 80-percent
durations for annual and monthly streamflows. The GLS
regression was not used for developing regression equations
for these 52 characteristics because GLS regression analysis
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is not recommended for streamflow characteristics that are not
frequency based (Eng and others, 2009), and these streamflow
characteristics were developed from daily mean streamflows
and are not frequency based streamflow characteristics.
Final regression equations for the OLS regressions are
presented in table 1–3. Also included in table 1–3 are measures
of reliability of the equations, including the mean square error
(MSE, in log units), root mean square error (RMSE, in log
units and percent), and R2 (in percent). The MSE and RMSE
are measures that indicate how well the equation will predict
Q0 at an ungaged site, and R2 indicates how well the equation
predicted Q for the gaging stations used in the analysis.
Although the MSE provides an indication of the average
reliability of a regression equation within a region, the SEP
should be calculated for individual estimates at the ungaged
site of interest and subsequently used to determine the prediction intervals for Q0 at the ungaged site. The following equation can be used to calculate the standard error of prediction
for an ungaged site (SEP0):
SEP0 = MSE (1 + x0(XTX)-1xT0 )
where

(7)

ungaged sites if the values of any explanatory variables (basin
characteristics) for that site are outside the range of values
used to develop the equations (table 4).
All of the regression equations developed in this study
are multivariate; therefore, the regression equations might
not be reliable if the explanatory variables used for an at-site
estimate do not fall within the joint probability distribution of
the explanatory variables used for that region. In other words,
the regression equations might not be reliable if the values
of the basin characteristics at a particular ungaged site are
anomalously high or low compared to the values of all basin
characteristics for gaging stations in that region, even though
the values are within the ranges shown in table 4. A leverage
metric can be used to identify such sites. The leverage for the
at-site estimate (h0) can be determined using equation 8 for
regression equations developed using GLS and equation 9 for
regression equations developed using OLS:

h0 = x0(X T Λ–1X)–1x T0
where

x0

SEP0

is the standard error of prediction, in log units,
for an estimate of Q at an ungaged site;
MSE
is the mean square error, in log units (table
1–3), for the appropriate regression
equation for the ungaged site;
x0
is a row vector consisting of the value 1.0
in the first column followed by the log
transformed values of the p explanatory
variables (basin characteristics) for
the ungaged site used in the regression
equation;
is the transpose of the vector ; and
x T0
(XTX)-1
is the covariance matrix for the OLS regional
regression equation (table 1–4).
The SEP0 can be used to calculate a confidence interval
for the same estimate using equation 5, and the prediction
interval can be estimated using equation 6.

Limitations of Regional Regression Equations
The regional regression equations were developed to estimate streamflow characteristics for ungaged streams in western Montana (fig. 1) that are unaffected or minimally affected
by regulation. The regression equations may be applicable
to ungaged sites that are minimally affected by regulation
if less than 20 percent of the drainage area for the ungaged
site is upstream from dams and no large diversion canals are
upstream from the ungaged site. Streamflow characteristics
used to develop these regression equations were selected from
gaging stations that are considered unregulated or from unregulated periods at gaging stations that are considered regulated.
The regression equations (table 1–3) might not be reliable for

x T0
(X T Λ–1X)–1

is a row vector consisting of the value 1.0
in the first column followed by the log
transformed values of the p explanatory
variables (basin characteristics) for
the ungaged site used in the regression
equation,
is the transpose of the vector , and
is the covariance matrix for the GLS regional
regression equation (table 1–4).
h0 = x0(X T–1X)–1x T0

where

x0

(8)

(9)

is a row vector consisting of the value 1.0
in the first column followed by the log
transformed values of the p explanatory
variables (basin characteristics) for
the ungaged site used in the regression
equation,
x T0
is the transpose of the vector x0, and
(XTX)–1
is the covariance matrix for the OLS regional
regression equation (table 1–4).
If the at-site leverage (h0) is greater than 3p/n (where p is the
number of explanatory variables used in the regional regression equation and is equal to two for all equations in this
study, and n is the number of gaging stations used to develop
the regional regression equation) then the basin characteristics
at that site are considered far from the center of the joint distribution of basin characteristics and thus the resulting estimates
might be unreliable (Helsel and Hirsch, 2002; Eng and others,
2009).
Although an effort was made to decrease the effect of
regional bias on transregional streams, regression equations
might not be reliable if an ungaged site of interest is located
in a different region from where the stream originates. For
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Table 4. Ranges of values for basin characteristics used to develop regional regression equations.
[A, contributing drainage area, in square miles; P, mean annual precipitation, in inches; SLP50, percentage of basin with slope greater than 50 percent; Min,
minimum; Max, maximum; --, not used in regression equations for indicated region]

Hydrologic region
(ordered clockwise from northwestern Montana)

A

P

Min

Max

West

6.40

2,516

Northwest

7.74

1,556

Min

SLP50
Max

Min

Max

--

--

1.87

67.47

20.74

83.16

0.06

65.94

Upper Yellowstone-Central Mountain

28.1

2,616

16.45

38.85

--

--

Southwest

24.4

2,472

16.74

37.02

0.96

22.55

streams that cross regional boundaries, the regression equation for each region can be applied separately, using basin
characteristics at the site. The separate results then can be
weighted in accordance with the proportion of drainage area
in each region. For example, if 40 percent of the contributing
drainage area at an ungaged site is in the upstream region and
60 percent is in the downstream region, the estimate based on
the equation for the upstream region can be multiplied by 0.4
and added to 0.6 times the estimate based on the equation for
the downstream region. The SEP for such a weighted estimate
also can be approximated by using the same weighting procedure based on drainage area.

logQu = logQg1 +

Drainage-Area Ratio Methods
Streamflow characteristic estimates for ungaged sites that
are on the same stream as a gaging station can be determined
using the drainage-area ratio method. The drainage-area ratio
method requires the computed streamflow characteristic at the
gaging station and the contributing drainage area of both the
ungaged site and the gaging station. A major assumption of the
drainage-area ratio method is that the streamflow characteristics of the ungaged site are similar to streamflow characteristics of the gaging station and the sites are located on the same
stream. Streamflow characteristics (table 1–1) and contributing
drainage area (table 1–2) for the gaging station and the drainage area for the ungaged site are used in the following equation to estimate streamflow characteristics at the ungaged site:

( (

where

A
Qu = Qg Au
g
Qu
Qg
Au
Ag
exp

expQ,R

The drainage-area ratio method is limited to sites that are
within a range of 0.5Ag–1.5 Ag. For sites that are outside of
this range, the regression equation (table 1–3) might provide
more reliable estimates of Q than equation 10. The regression
coefficient (exp) for the drainage area adjustment was computed for each streamflow characteristic in each region using
OLS regression methods. If an ungaged site is between two
gaging stations on the same stream, the logarithms (log) of Q
and A for the gaging station can be linearly interpolated with
the logarithm of A for the ungaged site to estimate Q at the
ungaged site by using the following equation:

(10)

is the streamflow characteristic for the
ungaged site,
is the streamflow characteristic for the gaging
station (table 1–1),
is the contributing drainage area for the
ungaged site,
is the contributing drainage area for the
gaging station (table 1–2), and
is the coefficient for drainage area adjustment
for the streamflow characteristic (Q) and
region (R) of the gaging station (table 1–3).

where

–logQ
( logQ
logA –logA ( (logA –logA )
g2

g2

g1

g1

u

g1

(11)

Qu

is the streamflow characteristic for the
ungaged site,
Qg
is the streamflow characteristic for the gaging
station (table 1–1),
Au
is the contributing drainage area for the
ungaged site,
Ag
is the contributing drainage area for the
gaging station (table 1–2), and
g1 and g2
are for gaging stations 1 and 2, respectively.
If the contributing drainage area of the ungaged site is
outside of the range of 0.5Ag–1.5Ag of either gaging station,
equation 11 might provide unreliable estimates. A major
assumption for using equation 11 is that streamflow characteristics between the two gaging stations are similar and that the
two gaging stations have similar periods of record.

Tools for Estimating Streamflow
Characteristics at Ungaged Sites in
Montana
StreamStats is a Web-based GIS application that provides
users with access to an assortment of analytical tools, streamflow and basin characteristics, and descriptive information
for USGS gaging stations and user-selected ungaged sites
(McCarthy and others, 2016). The StreamStats application
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(http://water.usgs.gov/osw/streamstats/; U.S. Geological
Survey, 2015a) includes geospatial datasets, basin characteristics, and analytical processing tools to estimate streamflow
characteristics at ungaged sites in western Montana based on
regional regression equations developed for this study. Instructions and definitions of basin and streamflow characteristics
are provided on the StreamStats Web page.
Additionally, tools for estimating streamflow characteristics at ungaged sites using regional regression equations (table
1–3) or drainage-area ratio method (equation 10 and table
1–3) are available in appendix 2 (available at http://dx.doi.
org/10.3133/sir20155019G), which contains spreadsheet
tools consisting of two Excel® tables with built-in functions
to estimate streamflow characteristics based on user inputs.
Estimates of streamflow characteristics, prediction intervals
for a selected confidence interval, and test results for high
leverage at an ungaged site can be computed in table 2–1
using regional regression equations (table 1–3) and basin
characteristics, which are provided by the user after performing a basin delineation and computing basin characteristics
in StreamStats. Estimates of streamflow characteristics at
an ungaged site on the same stream as a gaging station with
computed streamflow characteristics can be computed in table
2–2 using the drainage-area ratio method (equation 10), a userselected index site (table 1–1), and contributing drainage area
for the ungaged site, which is provided by the user and can
be calculated in StreamStats. Instructions are provided in the
respective tables.

Summary
The U.S. Geological Survey, in cooperation with the
Montana Department of Environmental Quality and the
Montana Department of Natural Resources and Conservation, developed regional regression equations based on basin
and streamflow characteristics for streamflow-gaging stations
through water year 2009 that can be used to estimate selected
streamflow characteristics for ungaged sites in western Montana. The methods allow estimation of low-flow frequencies;
mean annual and mean monthly streamflows; and 20-, 50-, and
80-percent durations for annual and monthly streamflows.
The regression equations are based on analyses of lowflow frequencies, daily streamflow data, and basin characteristics at 152 streamflow-gaging stations in four hydrologic
regions in or near western Montana and were developed using
generalized least squares and ordinary least squares regression methods. For this study, 40 basin characteristics were
selected as candidate explanatory variables in the regression
analyses, and 3 of these basin characteristics were determined
to be significant for estimating streamflow characteristics and
used in the final regression equations. The most consistently
significant basin characteristic was contributing drainage area,
which was used in all of the regression equations. Other basin
characteristics determined to be significant for one or more of

the hydrologic regions included mean annual precipitation and
percentage of the contributing basin with slopes greater than
50 percent.
In addition to the final regression equations by hydrologic
region for estimating streamflow characteristics at ungaged
sites in western Montana, the performance metrics for both
the generalized least squares and ordinary least squares are
presented. Methods also are provided for estimating prediction
intervals and testing for high leverage for regional regression
equation estimates. Additionally, two drainage-area ratio methods are provided for estimating streamflow characteristics at
ungaged sites near streamflow-gaging stations located on the
same stream as the ungaged site of interest.
The regional regression equations were developed using
streamflow characteristics at unregulated streamflow-gaging
stations having 10 or more years of record (or only the unregulated period of record for regulated streamflow-gaging stations
were used); therefore, the regional regression equations only
are applicable to ungaged sites that are considered unregulated. For this study, a streamflow-gaging station is considered
to be unregulated if cumulative drainage area upstream from
all upstream dams is less than 20 percent of the drainage basin
for the streamflow-gaging station, and if no large diversion
canals are upstream from the streamflow-gaging station.
All of the data used in calculating basin and streamflow
characteristics were derived from publically available data and
are available through the U.S. Geological Survey StreamStats
program (http://water.usgs.gov/osw/streamstats/) for Montana.
The primary purpose of the Montana StreamStats application
is to provide estimates of basin characteristics and streamflow
characteristics for user-selected ungaged sites on Montana
streams. The regional regression equations presented in this
report can be conveniently solved using the Montana StreamStats application.
Spreadsheet tools for estimating streamflow characteristics at ungaged site using regression equations or the drainagearea ratio method are provided as spreadsheet tools. Basin
characteristics used in the spreadsheet tools need to be provided by the user and can be computed using StreamStats. The
spreadsheet tools compute estimates for streamflow characteristics, prediction intervals for the streamflow estimate, and test
for high leverage for estimates using the regression equations.
The spreadsheet tools provide the streamflow characteristics
for streamflow-gaging stations and can be used to estimate
streamflows using the drainage-area ratio method for a userprovided drainage area at an ungaged site.
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Appendix 1. Supplemental Information Relating to the Regional Regression
Analyses
This appendix contains supplemental information relating to the regional regression analyses. For streamflow-gaging
stations used to develop the regional regression equations, streamflow characteristics are presented in table 1–1 and basin
characteristics are presented in table 1–2. Regression equations used for estimating streamflow characteristics at ungaged sites
in western Montana are presented in table 1–3. Covariance matrices for generalized and ordinary least squares regressions are
presented in table 1–4.
An Excel file containing the tables is available at http://dx.doi.org/10.3133/sir20155019G.
Table 1–1. Streamflow characteristics for each streamflow-gaging station used to develop the regional regression equations.
Table 1–2. Basin characteristics for each streamflow-gaging station used to develop the regional regression equations.
Table 1–3. Regression equations for estimating streamflow characteristics at ungaged sites in western Montana.
Table 1–4. Covariance matrices for the generalized least squares regressions, [XTΛ–1X]–1; and for the ordinary least squares
regressions, [XTX]–1.
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Appendix 2. Estimates of Streamflow Characteristics at Ungaged Sites
This appendix contains spreadsheet tools consisting of two Excel® tables with built-in functions to estimate streamflow
characteristics based on user inputs to estimate streamflow characteristics at ungaged sites. Estimates of streamflow characteristics, prediction intervals for a selected confidence interval, and test results for high leverage at an ungaged site can be computed in table 2–1 using regional regression equations (table 1–3) and basin characteristics, which are provided by the user after
performing a basin delineation and computing basin characteristics in StreamStats. Estimates of streamflow characteristics at an
ungaged site on the same stream as a streamflow-gaging station with computed streamflow characteristics can be computed in
table 2–2 using the drainage-area ratio method (equation 10), a user-selected index site (table 1–1), and contributing drainage
area for the ungaged site, which is provided by the user and can be calculated in StreamStats. Instructions are provided in the
respective tables.
An Excel file containing the tables is available at http://dx.doi.org/10.3133/sir20155019G/.
Table 2–1. Estimates of streamflow characteristics at an ungaged site based on regional regression equations and user-determined
basin characteristics.
Table 2–2. Estimates of streamflow characteristics at an ungaged site using the Drainage-Area Ratio Method.
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