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Peak-, Mean-, and Low-Streamflow Regional-Regression
Equations for Natural Streamflow in Central and Western

Colorado, 2019

By Michael S. Kohn, M. Alisa Mast, and Tara A. Gross

Abstract

The U.S. Geological Survey (USGS), in cooperation
with the Colorado Department of Transportation, developed
peak-, mean-, and low-streamflow regional-regression
equations for estimating various statistics for natural
streamflow in hydrologic regions of central and western
Colorado. The peak-streamflow regression equations were
developed using data from 418 streamgages, consisting of
15,202 years of record and a mean of approximately 36 years
of record per streamgage. The mean- and low-streamflow
regional-regression equations were developed using data from
323 streamgages where daily streamflow data were collected
year-round. The annual exceedance-probability discharges for
each streamgage were computed using the USGS software
program PeakFQ. Mean monthly and 7-day minimum and
maximum streamflows were computed using the USGS
software program SWToolbox. Streamflow-duration values
were computed using an R script. The regional-regression
equations were determined using data for the period of record
for a given streamgage through water year 2019. Geographic
information systems datasets were used to develop 55 basin
and 42 climatic characteristics, which were evaluated as
candidate explanatory variables in the regression analysis.

For the peak-streamflow regional-regression equations,
the study area was divided into four hydrologic regions
based on mean basin elevation, including the Plateau (less
than 8,014 feet), Mid-Elevation (8,015 feet to 9,492 feet),
Sub-Alpine (9,493 feet to 10,490 feet), and Alpine (greater
than 10,490 feet) regions. For the peak-streamflow equations,
the selection of basin and climatic characteristics was based
on the 1-percent annual exceedance-probability discharge for
each hydrologic region.

For the mean streamflow, streamflow-duration values,
and 7-day minimum and maximum streamflows, the study
area was divided into four hydrologic regions based on river
basin, including the (1) Colorado-East Slope Headwaters, (2)
Green River, (3) Rio Grande, and (4) San Juan-Dolores. For
mean streamflows, basin and climatic characteristics were
evaluated separately for the annual period and each month

for each hydrologic region. Regional regression equations
published in this report are available for use in the USGS
web-based program StreamStats.

Introduction

The U.S. Geological Survey (USGS), in cooperation with
the Colorado Department of Transportation, developed peak-,
mean-, and low-streamflow regional-regression equations
(PMLSRRES) for estimating various statistics for natural
streamflow in hydrologic regions of central and western
Colorado. Reliable peak-streamflow information is important
for the proper design of stream-related infrastructure, such
as bridges, dams, and floodplain inundation maps (Kohn
and others, 2016). At gaged sites, where sufficient long-term
streamflow data were collected, statistics can be obtained
from available publications by an analysis of available data
in the USGS National Water Information System (NWIS)
database (USGS, 2020b) or other sources of flood information.
However, streamflow estimates also are needed at ungaged
sites where no site-specific streamflow data are available.

The use of PMLSRREs with expressions of predictive
uncertainty generally represents a reliable and effective means
for estimating peak, mean, and low streamflow at ungaged
streams; thus, they are a common tool used to estimate
streamflow statistics at ungaged sites in different hydrologic
regions (Farmer and others, 2019). The PMLSRRE:s are based
on statistical relations between streamflow data collected at
streamgages and basin and climatic characteristics derived
from readily available geographic information system (GIS)
datasets.

Purpose and Scope

The purpose of this report is to present an updated
set of regional-regression equations for estimating annual
exceedance-probability discharge (AEPD; also known as
peak streamflow), mean, and low streamflows for hydrologic
regions of central and western Colorado. As a result, updated
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hydrologic regions for peak streamflow and mean and low
streamflow are designated for this report. For this report,
mean streamflow corresponds to mean monthly and mean
annual streamflow, whereas low streamflow corresponds to
flow-duration values and 7-day minimum and maximum
streamflow. The PMLSRREs relate peak, mean, and low
streamflows to drainage basin size, topography, hydrology,
and climatology.

This report presents four sets of peak-streamflow
regional-regression equations to estimate 8 AEPD statistics.
These statistics are 50 percent (QOs,,) With a 2-yr interval,

20 percent (Q,,,) With a 5-yr interval, 10 percent (Q,.,)
with a 10-yr interval, 4 percent (Q,,,) with a 25-yr interval,
2 percent (Q,,,) with a 50-yr interval, 1 percent (Q,,,) with
a 100-yr interval, 0.5 percent (0, s,,) With a 200-yr interval,
and 0.2 percent (0, ,,) With a 500-yr interval (England and
others, 2019).

This report presents mean-streamflow regional-regression
equations to estimate mean annual streamflow (Q,,,,,) and
mean monthly streamflow for ungaged streams. Hereafter,
in this report, these monthly statistics are denoted for each
month in a water year as rot’ Qnov’ Qdec’ Qjan’ Q_/'eb> Qmar’

Ouorr Oays Qjun> Qjur Quugr @0d Q- This report also presents
the streamflow-duration values for annual exceedance

probabilities of 10 percent (Q,,,,), 25 percent (Q,s,,),
50 percent (Qs,,,), 75 percent (Q55,,), and 90 percent (Qy,,,).
This report presents four sets of low-streamflow
regional-regression equations to estimate three different
7-day minimum streamflow statistics with probabilities of 50
(Qzm), 10 (Qpim), and 2Q4v") percent, which are equivalent
to annual-recurrence intervals of 2, 10, and 50 years,
respectively. Hereafter, these statistics are denoted as ,Q%i",

,Ominand Q% respectively. This report also presents four
sets of regional-regression equations to estimate three different
7-day maximum streamflow statistics with probabilities of 50,
10, and 2 percent, which are equivalent to annual-recurrence
intervals of 2, 10, and 50 years, respectively. Hereafter, these
statistics are denoted as ,Qu, ,Omex, and ,Q7%, respectively.

The procedure to develop regional equations for
estimating peak- and 7-day maximum streamflows included
generalized least-squares (GLS) multilinear regression by
using base-10 logarithmic transformations of streamflow
and drainage area. In contrast, the procedure to develop the
regional equations for estimating mean streamflows, 7-day
minimum streamflows, and streamflow-duration included
ordinary least-squares (OLS) multilinear regression by using
base-10 logarithmic transformations of streamflow and
drainage area.

Annual peak streamflow data from streamgages with
arecord of at least 10 years were compiled from the USGS
NWIS database (USGS, 2020a) and the Colorado Division of
Water Resources (CODWR; 2020) through water year 2019.
Daily mean streamflow data from streamgages with a record
of at least 10 years were compiled from the USGS NWIS
database (USGS, 2020b) and the CODWR (CODWR, 2020)

through water year 2019. A water year is the 12-month period
from October 1 through September 30, designated by the
calendar year in which it ends.

The limitations and accuracy of the PMLSRREs are
presented in this report. The study area was extended 50 miles
outside Colorado for PMLSRRE development, because
hydrology is not affected by State boundaries. However,
the PMLSRRESs are only applicable in Colorado. Also, the
PMLSRRE:s presented in this report are only applicable to
natural streamflow with drainage areas between 0.22 and
22,600 square miles (mi?). To clarify, the PMLSRREs are
based on analysis of peak-, mean-, and low-streamflow data
for streams relatively unaffected by human activities such
as storage, regulation, and diversion, by return streamflows
from a municipality or mining operation, or by urban
development in a basin. Kircher and others (1985) provide
the description of natural streamflow as streamflow from
drainage basins relatively unaffected by urban development
or water-management activities such as substantial reservoir
storage, streamflow diversions, or return streamflows of
previously diverted streamflow. Further, those authors
defined natural streamflow as streamflow having less than
about 10 percent of the mean annual streamflow volume at
the streamgage affected by human activity. The definition by
Kircher and others (1985) was used in Capesius and Stephens
(2009), Kohn and others (2016), and this report.

Description of the Study Area

Colorado has a diverse landscape and climate and
includes the headwaters of the major river basins of the
Colorado, Green, North Platte, San Juan, South Platte, and
Arkansas Rivers, and the Rio Grande. The physiographic
and hydrologic differences are discussed in the next
two paragraphs.

Colorado can be described by three major physiographic
provinces, which trend north to south across the State
(Fenneman, 1931). The Great Plains, in the eastern 40 percent
of the State, consists mostly of grasslands with scattered
hills, bluffs, shallow river valleys, and some cultivated areas.
The southern Rocky Mountains, west of the Great Plains,
includes most of central Colorado from north to south and is
characterized by mountain ranges and intermountain valleys.
The Colorado Plateau is in western Colorado, between the
Utah State line to the west and the Rocky Mountains to the
east. The landscape is distinguished by mesas, plateaus, and
eroded canyon terrain including much of the western quarter
of Colorado from north to south. More detailed descriptions of
the major physiographic provinces can be found in Fenneman
(1931) and Capesius and Stephens (2009).

Hydrologic regions of Colorado (fig. 1) were defined
based on the physiographic and climatic characteristics used to
develop best-fit PMLSRRESs for previous studies (McCain and
Jarrett, 1976; Kircher and others, 1985; Vaill, 2000; Capesius
and Stephens, 2009; Kohn and others, 2016). For this report,
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Figure 1.

Map showing boundaries of the hydrologic regions of central and western Colorado, as defined by previous flood frequency

studies (modified from Kohn and others, 2016 and Capesius and Stephens, 2009).

a hydrologic region is qualitatively defined as a region of
similar hydrology and climatology. The study area includes
the central and western parts of Colorado located between
the Colorado-Wyoming State line and the Colorado-New
Mexico State line. The study area includes areas in elevation
from about 5,000 feet (ft) near the Colorado-Utah State

line to more than 14,000 ft in the eastern parts of the study
area on the east side of the Sangre de Cristo Mountains and
Colorado Front Range. The study area encompasses the
headwaters of most major river basins in Colorado, where the
annual peak streamflow generally is produced by snowmelt
runoff. Within Colorado, the study area is defined on the

east side by the 7,500-ft contour from the Wyoming State

line to the Chaffee-Fremont County line, then it follows the
Chaffee-Fremont County line across the Arkansas River and
transitions up to the 9,000-ft contour, which is followed south
to the New Mexico State line (Kohn and others, 2016). The
north, west, and south extents of the study area are defined
by the Wyoming, Utah, and New Mexico State lines. The
Foothills and Plains hydrologic regions in Colorado as defined
by Kohn and others (2016) was outside the scope of this
report. For PMLSRREs development, data were included

for streamgages in the Mountain, Northwest, Rio Grande,
and Southwest hydrologic regions in Colorado as defined
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in Capesius and Stephens (2009) as well as streamgages in
adjacent states (Arizona, New Mexico, Utah, and Wyoming)
within 50 miles of Colorado; however, the PMLSRRESs are
only applicable in Colorado.

Previous Studies and Background Information

Previous studies that computed peak-streamflow regional
regression equations (PSRREs) in Colorado are Patterson
(1964, 1965), Patterson and Somers (1966), Matthai (1968),
Hedman and others (1972), McCain and Jarrett (1976),
Kircher and others (1985), Livingston and Minges (1987),
Vaill (2000), Capesius and Stephens (2009), and Kohn and
others (2016). Fewer studies developed mean-streamflow
regional regression equations (MSRREs) and low-streamflow
regional-regression equations (LSRREs) as done by Kircher
and others (1985) and Capesius and Stephens (2009).
Hydrologic regions in Colorado were originally defined by
McCain and Jarrett (1976) and were incorporated as the
regional framework in Kircher and others (1985) and Capesius
and Stephens (2009). Kircher and others (1985) developed
MSRREs in central and western Colorado for data collected
through 1983. Capesius and Stephens (2009) published
PMLSRRE:s for the entire State of Colorado (except for the
Plains hydrologic region, where only PSRREs were published)
using USGS streamflow data from the beginning of the period
of record at each streamgage through water years 2006 for
peak streamflow and 2007 for mean and low streamflow. Kohn
and others (2015) evaluated the predictive uncertainty of the
MSRRESs developed by Capesius and Stephens (2009). Kohn
and others (2016) published PSRREs for the Foothills and
Plains hydrologic regions in Colorado using USGS streamflow
data from the beginning of the period of record at each
streamgage through water year 2013 and used paleoflood data
at 41 streamgages to improve the uncertainty of the PSRREs.

Methods for Data Development for
Streamgages

The development of PMLSRRES in central and western
Colorado consisted of five steps:

1. Selection of unique streamgages having natural
streamflow conditions, with a minimum of 10 years of
record for inclusion in multilinear-regression analysis,

2. Flood-frequency analysis to compute AEPDs (peak
flows) for all streamgages using systematic, historic peak
streamflow, censored, and paleoflood data (if available),

3. Mean- and low-streamflow analysis to compute
streamflow statistics for all streamgages by using daily
mean streamflow,

4. Determination of basin and climatic characteristics for
all the streamgages, and

5. Regionalization and development of the regression
equations for peak, mean, and low streamflows in central
and western Colorado.

These steps are further described in the following
six sections of this report: “Streamgage Selection,”
“Peak-Streamflow Analysis,” “Mean-Streamflow Analysis,”
“Low-Streamflow Analysis,” “Basin and Climatic
Characteristics,” and “Regional-Regression Analyses.”

Streamgage Selection

The streamgages selection used for this report was
based on streamgages selected by Kircher and others (1985),
Vaill (2000), Capesius and Stephens (2009), Kohn and
others (2015), Kohn and others (2016), and the authors’
professional knowledge of hydrologic systems in Colorado.

A comprehensive list of all CODWR streamgages in the
Mountain, Northwest, Rio Grande, and Southwest hydrologic
regions, as defined by Capesius and Stephens (2009), was
compiled from the CODWR peak database (CODWR, 2020).
A comprehensive list of all USGS streamgages in the study
area and within 50 miles of the Colorado State line adjacent
to those same hydrologic regions was compiled from the
USGS (2020b) NWIS database. From the comprehensive list
of candidate streamgages, those streamgages with at least

10 years of combined streamflow record through water year
2019, identified as representative of natural streamflow, were
selected for this study. Following Kircher and others (1985),
natural streamflow was defined as streamflow having less than
about 10 percent of the mean annual streamflow volume at the
streamgage affected by human activity.

Streamgages adjacent to one another and located in the
same stream network were evaluated for data independence
using the drainage-area ratio (DAR) and the proximity of the
basin centroids, which was measured by standardized distance.
Standardized distance is a measure of the normalized, or
unitless distance, between the centroids of two basins, and
DAR is used to determine if the size of two basins, when one
basin is contained in the other, is sufficiently different such
that precipitation generating the annual-maximum floods in
each basin is likely to be different (Veilleux, 2009). Additional
information on DAR and basin centroid proximity is found in
Asquith and others (2006) and Veilleux (2009). If the DAR
was less than or equal to 5.0, and the standardized distance
was less than or equal to 0.5, the streamgages were determined
to be redundant (Veilleux, 2009; Gotvald and others, 2012;
Eash and others, 2013; Southard and Veilleux, 2014; Kohn
and others, 2016). In such cases, the streamgage with the
longer record was selected, and the other was removed.
Excluding redundant streamgages based on relative DAR
and basin-centroid location ensures the independence of the
streamflow information among streamgages. This exclusion



process removed redundant data or hydrologic information
from the analysis. At the completion of the streamgage
selection process, 418 streamgages, consisting of 15,202 years
of record and a mean of approximately 36 years of record per
streamgage, were used to develop the PSRREs (Kohn and
others, 2026).

Many streamgages only collect annual peak streamflow
data and do not collect daily streamflow, whereas other
streamgages are only operated seasonally, so daily streamflow
is collected during only a part of the year. As a result, only
323 of the 418 streamgages could be used to develop the
mean- and low-streamflow regional regression equations
(MLSRRES). Of those 418 streamgages, 379 were operated
by USGS; 13 were operated by CODWR; and 26 were
operated by both USGS and CODWR during the period
of record. A map showing the location of the streamgages
is in figure 2; each of the 418 streamgages and ancillary
information are listed in appendix 1 (table 1.1); and each of
the 418 streamgages, ancillary information, and basin and
climatic characteristics are available in Kohn and others
(2026). USGS streamgage names and other identifying
characteristics also can be accessed through the USGS NWIS
database (USGS, 2020b).

Peak Streamflow Analysis

The series of annual peak-streamflow data at 418
continuous-record, seasonal, and crest-stage streamgages
were used to estimate AEPDs, such as the 100-year flood.
The AEPDs from streamgage data provide the basis for
developing the current peak-streamflow regression equations
and were computed by using the USGS software program
PeakFQ version 7.4 (Veilleux and others, 2014) with inputs of
systematic data from the beginning of the record for a given
streamgage through water year 2019. The peak-streamflow
equations in this report express flood-frequency estimates
in terms of annual exceedance probabilities (AEP), which
are the reciprocals of the recurrence intervals. AEP can also
be represented in percent, and a particular flood-frequency
estimate is then termed the “P-percent chance streamflow,”
where P is the probability (in percent) that the streamflow will
be equaled or exceeded in any year. For example, a 10-year
flood is the same as having a 0.10 AEP; this streamflow also
is described as a 10-percent flood or 0, (Southard and
Veilleux, 2014).

For this report, the log-Pearson Type III frequency
distribution was fit to the logarithms of the annual peak
streamflows to determine flood frequency estimates by
following the guidelines established by the Interagency
Advisory Committee on Water Data (IACWD; 1982) and
by England and others (2019). The mean and standard
deviation of the annual peak streamflow, and streamgage
skew coefficient at each streamgage were used to fit the
distribution to describe the midpoint, slope, and curvature of
the flood-frequency curve, respectively (Gotvald and others,
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2012). Estimates of the P-percent AEPDs for each streamgage
are computed by inserting the three statistics of the frequency
distribution into equation 1:

log0, = X +K,S (1)

where

o, is the P-percent annual
exceedance-probability discharge, in cubic
feet per second (ft3/s);

X is the mean of the base 10 logarithms of the
annual peak streamflows;

K, is a factor based on the streamgage-skew
coefficient and the given percent AEP and
is obtained from appendix 3 of [ACWD
(1982); and

S is the standard deviation of the logarithms
of the annual peak streamflows, which is
a measure of the degree of variation of
the annual-peak streamflows about the
mean value.

The streamgage-skew coefficient is a measure of the
asymmetry of the frequency distribution and is greatly
affected by the presence of high or low outliers (annual peak
streamflows substantially higher or lower than the trend of the
data). Large positive streamgage skews typically are the result
of high outliers, and large negative streamgage skews typically
are the result of low outliers (Southard and Veilleux, 2014).

Skew Analysis

The streamgage-skew coefficient for a streamgage is
sensitive to outliers, especially for streamgages with short
records (less than 30 years). Because many records in
Colorado are relatively short, the skew coefficient computed
for stations having shorter records may be less reliable than
coefficients for stations having longer periods of record. To
compensate for effects of short record, the skew coefficient
is combined with a generalized value derived from a regional
skew map, which is included in TACWD (1982). The weighted
skew used in the analysis for this report was determined by
weighting the streamgage skew and the regional skew and is
inversely proportional to their respective mean square errors,
as shown in equation 5 of JACWD (1982) and equation 2 of
this report:

G, = [MSE(G,)+MSEq(Gy)|/ (MSEq, + MSEg) (2)

where
G,  is the weighted skew,
Gy is the regional skew,
G,  is the streamgage skew, and
MSEg and MSE are the mean square errors of the regional

and streamgage skews, respectively.
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The regional skew values used in this report are from

the national regionalized skew map (plate I, IACWD,
1982) based on streamgage data through water year 1973,
which is the most current (2024) regional skew map in
Colorado. Additional information on skew can be found in
TACWD (1982), Eash and others (2013), and England and
others, (2019).

Expected Moments Algorithm

In this study, the Expected Moments Algorithm (EMA)
was used with the multiple Grubbs-Beck (MGB) test method
(Grubbs and Beck, 1972) to compute Log-Pearson Type III
exceedance-probability estimates for all 418 streamgages
evaluated to develop PSRREs for central and western
Colorado. The USGS software program PeakFQ version
7.4 (Veilleux and others, 2014) automates the EMA/MGB
procedure described in this section of the report.

As described in England and others (2019), the EMA
retains the essential structure and moments-based approach
of the procedures developed in IACWD, 1982) to determine
flood frequency and addresses several concerns about the
methods. The EMA in TACWD (1982) can accommodate
interval data, simplifying the analysis of datasets containing
censored observations, historic peak-streamflow data, low
outliers, and data points with high and low uncertainties
common in paleofloods, while also providing enhanced
confidence intervals for the AEPDs. England and others (2019)
recognized only two types of data: (1) systematic (annual
peak streamflows observed during systematic streamgage
record) and (2) historic peak streamflow (annual peak
streamflows observed outside the streamgage record). England
and others (2019) suggest using the EMA, which is a more
general description of the historical period (the length of time
including both systematic streamflow data and historic peaks).
This is accomplished through streamflow intervals to describe
the peak streamflow in each year and perception thresholds to
describe the range of measurable potential streamflows in each
year. Additional information on the EMA can be found in Eash
and others (2013), Southard and Veilleux (2014), and England
and others (2019).

Multiple Grubbs-Beck Test for Detecting
Potentially Influential Low Floods

In flood frequency analysis, potentially influential low
floods (PILFs) are annual peak streamflows meeting three
criteria: (1) their magnitude is much smaller than the flood
quantile of interest; (2) PILFs occur below a statistically
significant break in the flood frequency plot; and (3) PILFs
have great significance or leverage on the estimated frequency
of large floods (Southard and Veilleux, 2014). [ACWD
(1982) and England and others (2019) suggested the use of
the Grubbs-Beck test (Grubbs and Beck, 1972) to statistically
identify low outliers in a sample of flood data. The MGB test
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is a generalization of the Grubbs-Beck method creating the
standard procedure for recognizing multiple PILFs (Cohn

and others, 2013), screens for PILFs at each streamgage, and
excludes them from the flood frequency analysis. When an
observation is identified as a PILF, the value of the smallest
observation in the dataset determined to not be a PILF (Q,)

is used as the censoring threshold in the EMA analysis
(Southard and Veilleux, 2014). All annual peak streamflows
smaller than this value will be treated as censored observations
with streamflow intervals equal to (0, Q,) and perception
thresholds equal to (Q,, inf) (Southard and Veilleux, 2014).
Identifying PILFs and recording them as censored data can
greatly improve estimator robustness with little or no loss of
efficiency (Southard and Veilleux, 2014). Thus, use of the
MGB test can improve the fit of the AEPDs, while minimizing
lack-of-fit because of unimportant PILFs in an annual peak
streamflow series (Cohn and others, 2013; Veilleux and others,
2014); however, it is crucial to distinguish between low
outliers and PILFs.

The term “low outlier” typically refers to one or possibly
two values in a dataset assumed to be homogenous and do not
conform to the trend of the other observations (Southard and
Veilleux, 2014). In contrast, PILFs may constitute as much as
one-half of the observations and are assumed to result from
physical processes not relevant to the processes associated
with large floods. Consequently, the actual magnitudes of
PILFs reveal little about the upper right-hand tail of the
frequency distribution representing large floods, thus having
no effect when estimating the risk of large floods (Southard
and Veilleux, 2014). Additional information on the MGB test
and PILFs can be found in Gotvald and others (2012), Eash
and others (2013), and Southard and Veilleux (2014).

The USGS software program PeakFQ version 7.4
(Veilleux and others, 2014) was used to compute the
flood frequency estimates as AEPs with corresponding
return periods as follows: 0.50 (2-yr return), 0.20 (5-yr
return), 0.10 (10-yr return), 0.04 (25-yr return), 0.02 (50-yr
return), 0.01 (100-yr return), 0.005 (200-yr return), and
0.002 (500-yr return). PeakFQ automates the EMA/MGB
procedure previously described in this section of the report.
Kohn and others (2026) includes the AEPD data from
all 418 streamgages used to develop the PSRREs and all
output and input files used and generated by PeakFQ for all
418 streamgages including the specifications files.

Mean Streamflow Analysis

Mean-annual streamflow values for the 323 selected
streamgages were computed from daily mean streamflow
data in the USGS NWIS database (USGS, 2020b) and in the
CODWR database (CODWR, 2020) from the beginning of
the record for a given streamgage through water year 2019.
For each period of record representative of natural streamflow
conditions, values of mean-annual streamflow were computed
as the arithmetic mean of the daily mean streamflow in each
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water year. Streamgages without a minimum of 10 years of
data were excluded from the computations of mean annual
streamflow. Streamgages operated seasonally were also
omitted from this computation not to bias the statistics. As
a result, mean annual streamflows greater than zero were
computed at 323 streamgages.

Similar to calculating mean-annual streamflow values,
mean-monthly streamflow data from the 323 selected
streamgages were computed from daily mean streamflow
data in the USGS NWIS database (USGS, 2020b) and in
the CODWR database (CODWR, 2020) through water year
2019. Mean monthly streamflows were computed as the
arithmetic mean of each daily mean streamflow, in each month
of the period of record representative of natural-streamflow
conditions, by the USGS software program SWToolbox
version 1.0.5 (Kiang and others, 2018). Streamgages without
a minimum of 10 years of daily mean streamflow in a
month were excluded from the mean-annual streamflow
computations for that month. As a result, mean monthly
streamflows were computed at streamgages ranging from a
total of 325 for December to 347 for August with only three
of those streamgages having mean monthly streamflows of
zero for four to seven months of the year. The mean monthly
streamflow data used and generated by SWToolbox for all
streamgages are available in Kohn and others (2026).

Low Streamflow Analysis

Daily mean streamflow data at the 418 streamgages were
compiled from the USGS NWIS database (USGS, 2020b) and
the CODWR database (CODWR, 2020) from the beginning of
the record for a given streamgage through water year 2019 to
compute the 7-day minimum and maximum streamflows for
return periods of 2-, 10, and 50-years (AEPs of 0.50, 0.10, and
0.02, respectively). The USGS software program SWToolbox
version 1.05 (Kiang and others, 2018) was used to compute
the 7-day minimum and maximum streamflows from the daily
mean streamflow data. SWToolbox assumes the log-Pearson
Type III distribution is suitable for low- and high-flow
frequency analysis in Colorado. Daily mean streamflow values
were computed as the arithmetic mean of the 15-minute
streamflow recordings at a streamgage for each day in the
entire period of record representative of natural-streamflow
conditions. The SWToolbox computed the 7-day streamflow
values by determining the product moments of mean, standard
deviation, and streamgage skew of the logarithms of the
streamflow values in a sliding window from April through
March for minimum streamflows and from October through
September for maximum streamflows. Finally, a log-Pearson
Type III distribution was fit to the product moments, and
the quantiles for the 2-year, 10-year, and 50-year recurrence
intervals were extracted. Streamgages without 10 years of
non-zero daily mean streamflow, in a month, were excluded
from the 7-day minimum and maximum streamflow
computations. Streamgages operated seasonally were omitted

from this computation not to bias the statistics. As a result, the
7-day minimum and maximum streamflows were computed
at streamgages ranging from 284 for the 7-day minimum
streamflows to 319 for the 7-day maximum streamflows,

with between 4 and 44 streamgages having 7-day minimum
streamflows of zero, depending on the return period, and with
4 streamgages having 7-day maximum streamflows of zero
(for all return periods). The 7-day minimum and maximum
streamflow data used and generated by SWToolbox for all
streamgages are available in Kohn and others (2026).

The streamflow-duration values were computed by
ranking the daily mean streamflow data for the period of
record representative of natural-streamflow conditions and
linearly interpolating to the five exceedance percentiles of
interest (10, 25, 50, 75, and 90) using an R script (R Core
Team, 2022). As a result, the streamflow-duration values
were computed for 323 of the 418 streamgages selected for
the study. At those 323 streamgages, the streamflow-duration
values were zero at 2-27 streamgages, depending on the
exceedance probability, with two streamgages having
streamflow-duration values of zero for all return periods. The
streamflow-duration values used and generated by the R script
(R Core Team, 2022) for all streamgages are available in Kohn
and others (2026).

Basin and Climatic Characteristics

Based on previous studies conducted in Colorado and
neighboring States (Kircher and others, 1985; Soenksen
and others, 1999; Vaill, 2000; Rasmussen and Perry, 2000;
Miller, 2003; Waltemeyer, 2008; Capesius and Stephens,
2009; Lewis, 2010; and Kohn and others, 2016) and on
the availability of data, 97 characteristics (55 basin and
42 climatic characteristics) were evaluated as candidate
explanatory variables in the regression analysis (table 1.2).
The 97 characteristics consist of physical properties of the
basin, precipitation amount, snowpack data, temperature, types
of land cover, surficial lithology, and soil characteristics.

Basin and climatic characteristics were determined for
the PSRRE analysis for each of the 418 streamgage drainage
basins using Esri ArcMap 10.6.1 techniques, tools, and
algorithms (Esri, 2017). The 1/3 arc-second 3-dimensional
elevation data (3DEP) were processed through the ArcMap
Spatial Analyst tool, as well as through the StreamStats online
application (USGS, 2017, 2022) to delineate basins for the
418 streamgages found in this report. Additionally, 3DEP data
(USGS, 2017) were analyzed to produce the characteristics
of outlet elevation; basin elevation minimum and maximum
values; mean, minimum, and maximum slope values; and the
percentage of basin at an elevation above 7,500 ft, as listed
in table 1.2. The basin perimeter, drainage area, and centroid
latitude and longitude characteristic calculations were done on
basin and pour-point geometry using the ArcMap Geometry
Calculator tool. The percentage of basin with slopes greater
than 30 percent characteristic was computed using StreamStats



(USGS, 2022). The mean precipitation, precipitation amount,
frequency, mean air temperature, soil, surficial lithology,
snow data, and land cover data were processed with basin
outlines using the National Water Quality Assessment
Area-Characterization Toolset (Price and others, 2010) to
produce the elevation-related characteristics for each basin
presented in table 1.2, which also includes the data source.

Regional-Regression Analyses

Multilinear regression was used to define statistical
relations between peak, mean, and low streamflow for 13
of the 97 basin and climatic characteristics from table 1.2.
Detailed descriptions of the principles of regional regression
are available in Farmer and others (2019), Helsel and others
(2020), or Montgomery and others (2001). The statistical
tests to evaluate model performance are described in Tasker
and Stedinger (1989), Eng and others (2009), and Eash and
others (2013).

Definition of Peak-, Mean-, and Low-Streamflow
Regions

McCain and Jarrett (1976) originally defined five unique
hydrologic regions in Colorado based on physiographic and
climatic characteristics and peak streamflow. These same five
hydrologic regions were used for all such Colorado streamflow
studies with minor modifications (Kircher and others, 1985;
Vaill, 2000; Capesius and Stephens, 2009) until Kohn and
others (2016) subdivided the Plains hydrologic region into
two unique hydrologic regions: the Plains and the Foothills
hydrologic regions, which resulted in a total of six unique
hydrologic regions in Colorado. The scope of this report was
to update the PMLSRRE:s in central and western Colorado,
which is defined as the Mountain, Northwest, Rio Grande,
and Southwest hydrologic regions in Capesius and Stephens
(2009). The study area was extended 50 miles into adjacent
States to include more streamgages and improve statistical
robustness for development of PMLSRRE:s.

After analyzing the study area for potential regional
subdivisions based on river basin, elevation, latitude and
longitude, and previous studies (Kircher and others, 1985;
Vaill, 2000; Capesius and Stephens, 2009), the study area was
divided into four updated hydrologic regions based on mean
basin elevation in feet above North American Vertical Datum
of 1988 (less than 8,014 feet, between 8,015 and 9,492 feet,
between 9,493 and 10,490 feet, and greater than 10,490 feet)
for the PSRREs and based on river basin (Colorado-East Slope
Headwaters, Green River, Rio Grande, and San Juan-Dolores)
for the MLSRRESs, which resulted in the smallest standard
model error (SME, in percent) and standard error of
prediction (SEP, in percent) and largest pseudocoefficient of
determination (pseudoR?, dimensionless).

Regional-Regression Analyses 9

The updated hydrologic regions for the PSRREs will
be designated as (1) Alpine (mean basin elevation greater
than 10,490 feet), (2) Sub-Alpine (mean basin elevation
between 9,493 and 10,490 feet), (3) Mid-Elevation (mean
basin elevation between 8,015 and 9,492 feet), and (4)
Plateau (mean basin elevation less than 8,014 feet) hydrologic
regions (fig. 3). Figure 3 shows the streamgages used in
the development of the PSRREs color coded by hydrologic
region; because the hydrologic regions are based on mean
basin elevation, geographic region boundaries cannot be
drawn. The distribution of the streamgages by color in
figure 3 provides spatial context. Each hydrologic region
included 104—105 streamgages, and figure 3 shows the
hydrologic region boundaries previously defined by Capesius
and Stephens (2009) and Kohn and others (2016). The new
hydrologic regions for the MLSRREs will be designated as
(1) Colorado-East Slope Headwaters, (2) Green River, (3) Rio
Grande, and (4) San Juan-Dolores (fig. 4).

Figure 4 includes each streamgage used in the
development of the MLSRREs color coded by hydrologic
region; the updated hydrologic regions based on major river
basin are also included. Figure 4 provides spatial context
of the study area by color coding each streamgage: 170 in
the Colorado-East Slope Headwaters hydrologic region, 57
in the Green River hydrologic region, 42 in the Rio Grande
hydrologic region, and 54 San Juan-Dolores hydrologic
region. The eastern edge of the study area was established
by Vaill (2000), and this report follows that boundary as
described in the “Description of the Study Area” section of
this report. The hydrologic regions outside the study area in
eastern Colorado remain unchanged and designated as the
Foothills and Plains hydrologic regions as defined by Kohn
and others (2016).

The subdivision of central and western Colorado into
four hydrologic regions, for both PSRREs and MLSRREs,
was determined through the OLS regression procedures
of maximizing the coefficient of determination (R?,
dimensionless) and the adjusted coefficient of determination
(adjR?, dimensionless) and by minimizing the standard error
(Mallow’s C,) and the predicted residual sum of squares
(PRESS) statistic. By using GLS regression procedures, it
was confirmed that the updated regions reduced uncertainty
in the PSRREs compared to the unsubdivided regions used
in previous studies (Kircher and others, 1985; Vaill, 2000;
Capesius and Stephens, 2009). Prior to finalizing the updated
regions, maps of streamgage residuals were created and
various other subdivisions were analyzed based on latitude,
longitude, basin outlet elevation, mean basin elevation,
maximum basin elevation, and drainage area.
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Development of the Peak-Streamflow
Regional-Regression Equations

The PSRRESs were developed for use in estimating peak
streamflow at selected AEPs, from 50 to 0.2 percent, at gaged
and ungaged locations for basins in the Alpine, Sub-Alpine,
Mid-Elevation, and Plateau hydrologic regions of central
and western Colorado. Regression analyses using OLS were
performed to select the basin and climatic characteristics
for use as independent variables. A linear relation between
the dependent and independent variables is needed for
OLS regression. To satisfy this criterion, variables often
are transformed, and in hydrologic analyses, typically the
log-transformation is used (Southard and Veilleux, 2014;
Farmer and others, 2019). The dependent response variable
is the AEPDs, and the independent explanatory variables
are the basin and climatic characteristics that describe the
AEPDs. For this study, the dependent variable AEPDs were
transformed to base 10 logarithms, but the drainage area
was the only independent variable transformed to base 10
logarithms to increase linearity prior to the development of
the PSRRE:s.

Homoscedasticity, a constant variance in the dependent
variable for the range of the independent variables about the
regression line, and normality of residuals are also criteria
for OLS regression. Transformation of the AEPDs and
certain other variables to base 10 logarithms can enhance
the homoscedasticity of the data about the regression line
(Southard and Veilleux, 2014). Linearity, homoscedasticity,
and normality of residuals were examined in residual plots.

The hydrologic model used in the regression analysis in
this report is of the form (eq. 1):

Op = aAbBeC? 3)
where
O,  1isthe dependent variable, P-percent AEPD, in
cubic feet per second;
A,B,C  are explanatory (independent) variables; and
a, b, c,d  areregression coefficients.

If the dependent variable O, and the independent variable
A are the only logarithmically transformed variables, then the
hydrologic model has the following linear form (eq. 4):

log Qp = loga + b(logd) + ¢*B + d*C @)

where the variables are as previously defined. Equation 5 is
commonly written as

Op = 104 AP 1050 (5)

where the variables are as previously defined.

The basin and climatic characteristics (table 1.2) with
the strongest correlation to peak streamflow were identified,
checked for any substantial cross correlation with other

variables in the group using the variance inflation factor
(VIF) statistic, and were selected as the potential explanatory
variables for the PSRREs. The final AEPD values for the
418 streamgages used in the regional-regression analysis are
available in Kohn and others (2026).

Ordinary-Least Squares Regression

The OLS regression technique described by Farmer and
others (2019) was used in this report as an exploratory tool
to determine potential explanatory variables for subsequent
analysis by GLS regression. The subdivisions and explanatory
variables were initially explored by using OLS in R (R Core
Team, 2022), with the allReg function in the smwrStats R
package (Lorenz, 2015). The potential explanatory variables
were assessed for linear correlation with the Q,,, AEPD using
plots, adjR?, and the statistical significance (p-values) of each
explanatory variable when regressed with peak streamflow
to determine the strongest predictors of peak streamflow.
Transformations of equation variables were considered to
determine potential for improvement of correlations with
streamflow and conformance to the assumptions of linear
regression application. Prior to OLS regression, logarithmic
transformation (base 10) of both the streamflow and the
drainage-area explanatory variable was found to improve
normality and homoscedasticity (assumptions for parametric
regression), and in most cases, substantially improve the adjR?
and statistical significance of the slope of each explanatory
variable in a regression with streamflow.

The strongest OLS regression models (with one-, two-,
three-, and four-explanatory variables using the best of all
subsets routine) for prediction of Q,,, AEPDs were identified
and used to limit the number of potential explanatory variables
in the subsequent GLS analyses. The strongest PSRREs
were determined by assessing the following metrics for each
model: standard error of estimate, adjR?, Mallow’s Cp, and
PRESS statistics. Statistical diagnostics and plots also were
used to assess the regression model robustness for meeting
the assumptions of parametric-regression methods. The adjR?
statistic is maximized, and the standard error of estimate,
Mallow’s Cp, and PRESS statistics are minimized with
accurate sets of independent variables in a regression model
that explains more of the variance in the dependent variable.
Additional information on OLS regression can be found in
Eash and others (2013) and Southard and Veilleux (2014).

Multicollinearity (high correlation among the explanatory
variables) can make multiple linear-regression model results
misleading or erroneous and would generally disqualify
the use of both variables within a single, final PSRRE.

Early in the variable selection process, the VIF statistic and
plots of a particular explanatory variable with each of the
other explanatory variables were used to make preliminary
assessments of potential multicollinearity. When assessing
candidate variables and the apparent best OLS PSRRE for
further refinement by GLS regression, multicollinearity was
assessed primarily by using the VIF statistic (Gotvald and



others, 2012) to screen for correlated or unnecessary variables
in candidate PSRREs. There was no exact value of VIF greater
than the data that were automatically excluded, but values

less than 3 were given preference, and values greater than 10
were scrutinized, as serious problems can occur when using
those explanatory variables in a regression (Helsel and others,
2020). After removal of highly correlated variables by visual
inspection of the plots, all calculated VIFs were less than 3.

Generalized-Least Squares Regression

Multilinear regression using GLS, as described by
Stedinger and Tasker (1985), Tasker and Stedinger (1989),
Griffis and Stedinger (2007), and Farmer and others (2019),
is a method of weighting streamgage AEPD data in the
regression analysis according to differences in streamflow
reliability (record lengths) and variability (record variance)
and according to spatial cross correlations of concurrent
streamflow among streamgages. Comparison of OLS,
weighted-least squares (WLS), and GLS in a study by
Stedinger and Tasker (1985) indicated that the weighted
methods (WLS and GLS) produced results more accurate
than the OLS regression method. When streamflow records
of varying lengths or with correlated concurrent streamflows
occurred in the dataset, the weighting technique used in GLS
produces equations that are both improved in estimates of
streamflow statistics and of the predictive accuracy of the
statistics (Stedinger and Tasker, 1985).

Based on the exploratory results from OLS regression
and explanatory variable multicollinearity analysis, the USGS
R package WREG (Eng and others, 2009; Farmer, 2021)
was used to compute GLS PSRREs from the most correlated
candidate variables. Thirteen basin and climatic characteristics
were used as potential explanatory variables to develop
the PSRREs with Q,,, AEPD streamflows based on OLS
exploration. The general form of the equation was defined by
equation 4. Final GLS regression models for PSRREs were
selected based on minimizing values of the SME and the SEP
and maximizing values of the pseudoR? derived from OLS
exploration.

In Capesius and Stephens (2009) and Kohn and others
(2016), the error associated with the PMLSRREs was
characterized using the SEP, pseudoR?SME, and adjR2.

The SEP describes the sum of the model error and sampling
error. The SEP is the square root of the mean GLS variance
of prediction (Tasker and Stedinger, 1989; Eng and others,
2009). The pseudoR? value is a measure of the percentage of
the variation explained by the basin or climatic characteristics
(explanatory variables) included in the model and is calculated
based on the degrees of freedom in the regression (Eash and
others, 2013). The adjR? is a measure of the percentage of the
variation explained by the basin or climatic characteristics
(explanatory variables) included in the model, but it also
compensates for multiple explanatory variables such that
adding additional explanatory variables increases the value
of adjR? only when the predictive capability of the model
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increases (Lee and others, 2012). Griffis and Stedinger (2007)
describe how the pseudoR? is more appropriate than the R?
or adjR? in measuring the true variation explained by the
explanatory variables in the GLS model. The SME measures
only the error of the model and does not include sampling
error regression (Eash and others, 2013). The SME is the
square root of the regression model error variance (Tasker and
Stedinger, 1989).

Models using GLS use a correlation model and
weighting matrix. The correlation smoothing function
relates the correlation between annual peak streamflows at
two streamgages to the geographic distance between the
streamgages for every paired combination of the streamgages
with a given number of years of concurrent streamflow. The
correlation smoothing function was defined in equation 18
in Eng and others (2009), with an alpha of 0.001 and theta
0f 0.99. The correlation smoothing function was used by
WREG to compute a weighting matrix for the four hydrologic
regions of streamgages based on the mean elevation included
in the development of the GLS PSRRE:s. Figure 5 displays
the predicted 100-year peak streamflow using the regression
equation compared with the streamgaged (observed) peak
streamflow at each station in the four hydrologic regions.
Figure 5 indicates a reasonable scatter distribution around the
line of equality across the range of streamflows, particularly
for the Alpine and Sub-Alpine hydrologic regions. A separate
model was selected for each of the four hydrologic regions.
Within each hydrologic region, the same explanatory variables
were applied for each of the eight PSRREs in that region for
consistency amongst different exceedance probabilities. All
explanatory variables were statistically significant at a p-value
of less than or equal to (<) 0.05, and the VIF for explanatory
variables was less than 3.

Development of the Mean-Streamflow
Regional-Regression Equations

The MSRREs were developed for use in estimating
the mean-annual and the 12 mean-monthly streamflows at
gaged and ungaged locations for basins in the Colorado-East
Slope Headwaters, Green River, Rio Grande, and San
Juan-Dolores hydrologic regions of central and western
Colorado. Regression techniques using OLS were performed
to select the basin and climatic characteristics for use as
independent variables following the same method as used
for the PSRREs. The dependent response variables are
the mean annual and mean monthly streamflows, and the
independent explanatory variables are the basin and climatic
characteristics. Logarithmic transformation of the values for
mean-annual and mean-monthly streamflows and certain other
variables can enhance the homoscedasticity of the data about
the regression line (Southard and Veilleux, 2014). Therefore,
to enhance homoscedasticity and to increase linearity prior
to the development of the equations, values for mean-annual
and mean-monthly streamflows were transformed to base
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Figure 5. Graphs showing comparison of 100-year peak streamflows as predicted by the regression equations compared to the
streamgaged peak streamflow at each station through water year 2019 in the four hydrologic regions of central and western Colorado.
A, Alpine region; B, Sub-Alpine region; C, Mid-Elevation region; and D, Plateau region.

10 logarithms and the drainage areas (as the only dependent variables in the group, and were selected as the potential

variable) were transformed to base 10 logarithms. Linearity, explanatory variables for the MSRREs. The final mean annual

homoscedasticity, and normality of residuals were examined in  and the 12 mean monthly streamflows for the 323 streamgages

residual plots. used in the regional-regression analysis are available in Kohn
The basin and climatic characteristics (table 1.2) with and others (2026).

the strongest correlation to mean streamflow were identified,
checked for any substantial cross correlation with other



Ordinary Least-Squares Regression

The methods of Farmer and others (2019) were used to
develop the MSRREs. The MSRREs were developed using
OLS in R (R Core Team, 2022) with the allReg function in
the smwrStats R package (Lorenz, 2015). Because the mean
annual and mean monthly streamflows were computed without
using the log-Pearson Type III frequency distribution, GLS
regression cannot be used for the MSRRESs. The potential
explanatory variables were assessed for linear correlation
with the mean annual and the 12 mean monthly streamflows
using plots, VIF statistic, and the statistical significance
(p-values) of each explanatory variable when regressed with
peak streamflow to determine the strongest predictors of mean
annual and the 12 mean monthly streamflows.

The most correlated OLS regression models (with one-,
two-, three-, four- and five-explanatory variables using the best
of all subsets routine) for prediction of the mean annual and
the 12 mean monthly streamflows were identified. Following
the PSRREs methods, multicollinearity (high correlation
among the explanatory variables) can make results, which are
based on a multiple linear-regression model, misleading or
erroneous. This generally disqualifies the use of both variables
within a single final MSRRE. Early in the variable selection
process, the VIF statistic and plots comparing explanatory
variables were used to make preliminary assessments of
potential multicollinearity. Final OLS regression models for
mean annual and the 12 mean-monthly streamflows were
selected based on minimizing values of SEP and maximizing
values of adjR?.

Figure 6 shows the predicted mean annual streamflow
using the OLS regression equation compared to the
streamgaged (observed) mean annual streamflow at each
station in the four hydrologic regions. Figure 6 indicates a
reasonable scatter distribution around the line of equality
across the range of streamflows. Separate models were fit for
each mean annual and mean monthly streamflow statistics for
each of the hydrologic regions. All explanatory variables were
statistically significant at a p-value of <0.05, and the VIF for
explanatory variables was less than 3.

Development of the Low-Streamflow
Regional-Regression Equations

The LSRREs were developed for use in estimating the
7-day minimum and maximum streamflows for return periods
of 2-, 10-, and 50-years (AEP of 0.50, 0.10, and 0.02) and
streamflow-duration values for five exceedance percentiles
of interest (10, 25, 50, 75, and 90) at gaged and ungaged
locations for basins in the Colorado-East Slope Headwaters,
Green River, Rio Grande, and San Juan-Dolores hydrologic
regions of central and western Colorado. Regression
techniques using OLS were performed to select the basin
and climatic characteristics for use as independent variables
following the same method as used for the PSRREs. The
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dependent response variable is the 7-day minimum and
maximum streamflows and streamflow-duration values,

and the independent explanatory variables are the basin and
climatic characteristics that describe the 7-day minimum
and maximum streamflows and streamflow-duration values.
For this study, the dependent variable 7-day minimum and
maximum streamflows and streamflow-duration values were
transformed to base 10 logarithms, but the drainage area was
the only independent variable that was transformed to base
10 logarithms to increase linearity prior to the development
of the LSRREs. For the 7-day minimum streamflows, all
zero streamflow values were substituted with the smallest
streamflow in each statistic (0.01 ft¥/s for ,O%, 0.001 ft¥/s
for ,Qpn. and 0.005 ft3/s for ,Qu# ) prior to model fitting so
the dependent variable could be logarithmically transformed.
In addition, for the 7-day minimum streamflows, a censored
regression technique using the lowest non-zero value as the
censoring level was analyzed. This technique yielded models
and coefficients similar to the OLS, so it was determined
that an OLS would be the preferred approach for the 7-day
minimum streamflows. For the streamflow-duration values,
all zero streamflow values were substituted with a value of
0.005 ft3/s prior to model fitting so the dependent variable
could be logarithmically transformed. For the 7-day maximum
streamflows, no zero streamflows were present, and no
substitutions were made.

Homoscedasticity about the regression line and
normality of residuals also is a criterion for OLS regression.
Transformation of the 7-day minimum and maximum
streamflows and streamflow-duration values and certain
other variables to base 10 logarithms can enhance the
homoscedasticity of the data about the regression line
(Southard and Veilleux, 2014). Linearity, homoscedasticity,
and normality of residuals were examined in residual plots.

The basin and climatic characteristics (table 1.2) with
the strongest correlation to peak streamflow were identified,
checked for any substantial cross correlation with other
variables in the group, and were selected as the potential
explanatory variables for the LSRREs. The final 7-day
minimum and maximum streamflows and streamflow-duration
values for the 323 streamgages used in the regional-regression
analysis are available in Kohn and others (2026).

Ordinary Least-Squares Regression

The methods of Farmer and others (2019) were used
to develop the LSRREs. A previous study (Hortness, 2006)
determined that using GLS regression techniques for 7-day
minimum streamflows is not preferred over OLS or WLS
because of the extreme cross correlations present between
streamgages. As a result, GLS regression was only used
for the 7-day maximum streamflows. The WLS regression
was analyzed for the 7-day minimum streamflows and
streamflow-duration values using weights of record length
and the variance of the logarithms of the observed values.
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Streamgaged mean annual streamflow, in log of cubic feet per second

Figure 6. Graphs showing comparison of mean-annual streamflows as predicted by the regression equations compared to
streamgaged mean annual streamflow at each station through water year 2019 in the four hydrologic regions of central and western
Colorado. A, Colorado-East Slope Headwaters region; B, Green River; C, Rio Grande region; D, San Juan-Dolores region. (Kohn and

others, 2026)

After reviewing the uncertainty metrics for each model,

it was determined that WLS regression did not improve

the uncertainty of the models, and so the OLS regression
methods were used for the 7-day minimum streamflows and
streamflow-duration values.

The potential explanatory variables were assessed for
linear correlation with the 7-day minimum streamflows and
streamflow-duration values using plots, VIF statistic, and
the statistical significance of each explanatory variable when
regressed with peak streamflow (p-values), to determine

the strongest predictors of 7-day minimum streamflows and
streamflow-duration values. Final OLS regression models
for 7-day minimum streamflows and streamflow-duration
values were selected based on minimizing values of SEP and
maximizing values of adjR?.

Figures 7 and 8 display the predicted 7-day minimum
streamflows and streamflow-duration values, respectively,
using the OLS regression equation compared to the
streamgaged (observed) 7-day minimum streamflows
and streamflow-duration values at each station in the four
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EXPLANATION

7-day minimum streamflows
per return period
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Figure 7. Graphs showing comparison of 7-day minimum streamflows for return periods of 2 years (7Qmin2), 10 years (7Qmin10), and
50 years (7Qmin50) as predicted by the regression equations to the streamgaged 7-day minimum streamflows at each station through

water year 2019 in the four hydrologic regions of central and western Colorado. A, Colorado-East Slope Headwaters region; B, Green

River region; C, Rio Grande region; D, San Juan-Dolores region. (Kohn and others, 2026)
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Streamgaged streamflow-duration values, in log of cubic feet per second

EXPLANATION
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exceedance probabilities
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Figure 8. Graphs showing comparison of streamflow-duration values for annual exceedance probabilities of 10 percent (Q10th), 25
(Q25th), 50 percent (Q50th), 75 percent (Q75th), and 90 percent (Q90th) as predicted by the regression equations to the streamgaged
streamflow-duration values at each station through water year 2019 in the four hydrologic regions of central and western Colorado.
A, Colorado-East Slope Headwaters region; B, Green River region; C, Rio Grande region; D, San Juan-Dolores region. (Kohn and

others, 2026)



hydrologic regions. Figures 7 and 8 indicate a reasonable
scatter distribution around the line of equality across the

range of streamflows with larger uncertainty present in all
equations for lower streamflows. Figures 7 and 8 display the
substituted zero streamflow values as a vertical line above the
1:1 line, indicating the equations overpredict the statistic when
streamflows are very low or zero, which is more common in
the San Juan-Dolores and Green River hydrologic regions.
The plots are in log units, and this phenomenon occurs when
almost all the predicted streamflows would be less than

1 ft¥/s, so caution may be beneficial when applying these
equations when streamflows are very low (< 1 ft¥/s). Separate
equations were fit for each 7-day minimum streamflow

and streamflow-duration value statistic for each hydrologic
region. For the 7-day minimum streamflow, within each
hydrologic region, the same explanatory variables based

on the Oz statistic were applied for each of the three
flow-duration statistics (;Q%, ,Qs., ,Q#4) in that region for
consistency amongst different exceedance probabilities. For
the streamflow-duration values, within each hydrologic region,
the same explanatory variables based on the Qs statistic
were applied for each of the five flow-duration statistics (Q g,
Q50 Qsomms Qs Qoor) 111 that region for consistency amongst
different exceedance probabilities. All explanatory variables
were statistically significant at a p-value of <0.05, and the VIF
for explanatory variables was less than 3.

Generalized-Least Squares Regression

For the 7-day maximum streamflows, regression
techniques using GLS were performed to select the basin
and climatic characteristics for use as independent variables
following the same method as used for the PSRREs. Thirteen
basin and climatic characteristics were used as potential
explanatory variables to develop the 7-day maximum
streamflows, and separate equations were created for each
dependent variable in the four hydrologic regions. For the
7-day maximum streamflow, within each hydrologic region,
the same explanatory variables based on the ,Q747 statistic
were applied for each of the three flow-duration statistics
Q% ,Qmn . Omin) in that region to maintain consistency
between different exceedance probabilities.

The correlation smoothing function was defined in
equation 18 in Eng and others (2009) with an alpha of
0.001 and theta of 0.99. The correlation smoothing function
was used by WREG to compute a weighting matrix for the
four hydrologic regions of streamgages based on the mean
elevation included in the development of the GLS PSRREs.
Final GLS regression models for 7-day maximum streamflows
were selected based on minimizing values of SME and SEP
and maximizing values of pseudoR’.

Figure 9 displays the predicted 7-day maximum
streamflow using the regression equation compared to
the streamgaged (observed) 7-day maximum streamflow
at each station for the four hydrologic regions. Figure 9
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indicates a reasonable scatter distribution around the line
of equality across the range of streamflows, particularly for
the Rio Grande and San Juan-Dolores hydrologic regions.
All explanatory variables were statistically significant at a
p-value of <0.05, and the VIF for explanatory variables was
less than 3.

Final Peak-, Mean-, and Low-Streamflow
Regional-Regression Equations

The PSRREs in the Alpine, Sub-Alpine, Mid-Elevation,
and Plateau hydrologic regions were developed using a total
of 105, 104, 104, and 105 streamgages, respectively, and
no streamgages were used in more than one region. The
selection of the final basin and climatic characteristics and
the evaluation of the accuracy of the PSRREs were based
on the Q,,, AEPD for each hydrologic region. Maintaining
consistency between explanatory variables minimizes the
possibility of predictive inconsistencies between estimates
of different probabilities, so that streamflow estimates
will increase as the streamflow probability decreases. The
final peak-streamflow regional-regression equations from
GLS regression with pseudoR?, SEP, SME, and the model
coefficients are listed for each hydrologic region in table 1.
The performance metrics pseudoR? and SME describe how
well the PSRREs perform on the streamgages used in the
regression analyses, and the SEP measures how well the GLS
regression models can predict AEPDs at ungaged sites (Eash
and others, 2013).

The MSRRE:s in the Colorado-East Slope Headwaters,
Green River, Rio Grande, and San Juan-Dolores hydrologic
regions were developed using a total of 170, 57, 42, and
54 streamgages, respectively, and no streamgages were used in
more than one region. The final mean annual and the 12 mean
monthly streamflow regional-regression equations from OLS
regression with adjR?, SEP, and the model coefficients are
listed for each hydrologic region in table 2.

The 7-day minimum streamflow regional-regression
equations in the Colorado-East Slope Headwaters, Green
River, Rio Grande, and San Juan-Dolores hydrologic
regions were developed using a total of 156, 44, 40, and
44 streamgages, respectively, and no streamgages were used
in more than one region. The Q74 selection of the final basin
and climatic characteristics and the evaluation of the accuracy
of the 7-day minimum streamflow equations were based on
the ,Qnir statistic for each hydrologic region. Maintaining
consistency between explanatory variables minimizes the
possibility of predictive inconsistencies between estimates of
different probabilities, so predicted streamflow will increase
as the streamflow probability decreases. The final 7-day 2-,
10-, and 50-year minimum streamflow regional-regression
equations from OLS regression with adjR?, SEP, and the
model coefficients are listed for each hydrologic region
in table 3.



20 Peak-, Mean-, and Low-Streamflow Regional-Regression Equations for Natural Streamflow in Colorado, 2019

A. Colorado-East Slope Headwaters B. Green River
4 | | |
[ ] [ ]
[ ] [ ]
C) o /o
- ° — - o (] —
2 .:. oty o
o %°
. ° .. R ° o
0%, o% oo . s °p o
I A i I L S ! & |
o ° [ .;'
& : ..: Ky °e s ' 00':...” ay oo O
) . e o ¥ ’o{ ! © O o . o °
o
b : L4 .:.o . e ' . L ....o... .\ e
2 ° ° ° °
° o o : 4 F B et -
o) °
= °
::’ & 2
g, '\{\\\Q \".\\\Q
o
c
£ l |
s 4
€ C. RioGrande D. San Juan-Dolores
s ! l |
£ A 4
E L4 °
5 C] o /™
— { ] — — { ] —
E 2 »® 3 % % ok
© Q o 25e
< = ‘%P o
~ o ] Y o, ]
'3 e {
E ’:."'. 0 N . .!o.‘.. y & N
° ° ° 8% 8 oo 4 v .r °® «' °
h=] ) o ° % °8 had o® ©
o 0 o ° o ] — o ° ) o ]
o (] ® o ' ® o 8
RSy padi Ay P ac
! ‘ 0:00* ‘ ; ° ¢ :‘0?  *
;. ‘ : : 2. © ° .t :
“2f- o — — 3P —
Xt O ’
D D
4 I | | I | |
-4 -2 0 2 4 4 ) 0 2 4

Streamgaged 7-day maximum streamflow, in log of cubic feet per second

EXPLANATION

7-day maximum streamflows
per return period

» 7Qmax2
e 7Qmax10
o 7Qmax50

Figure 9. Graphs showing comparison of 7-day maximum streamflows for return periods of 2 years (7Qmax2), 10 years (7Qmax10),

and 50 years (7Qmax50) as predicted by the regression equations to streamgaged 7-day maximum streamflows at each station through
water year 2019 in the four hydrologic regions of central and western Colorado. A, Colorado-East Slope Headwaters hydrologic region;
B, Green River hydrologic region; C, Rio Grande hydrologic region; and D, San Juan-Dolores hydrologic region. (Kohn and others, 2026)



Table 1. Regression equations and performance metrics determined by generalized least-squares method for predicting 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year peak
streamflow for natural streams in each hydrologic region defined by elevation in central and western Colorado (Kohn and others, 2026).

[Ranges of predictor variables: AREA, drainage area of basin (in square miles): 0.22-22,629; LONG, longitude of basin centroid (in decimal degrees of North American Datum of 1983): —110.219 to —105.093;
SLOPE, mean basin slope (by percent): 3.37-69.4; MEANELEYV, mean basin elevation (in feet, per North American Vertical Datum of 1988 {NAVD88}): 4,808—11,954; SWE, snow-water equivalent on

April 1 (in inches): 0-33.8; 100Y24H, 24-hour precipitation amount that has a 1 percent chance of occurrence in a given year (in inches): 2.19-5.21; and PPTANN, annual precipitation (in inches): 7.71-61.6.
Hydrologic regions defined by elevation (in feet, per NAVDS8S): Alpine, greater than 10,490; Sub-Alpine, 9,493-10,490; Mid-Elevation, 8,015-9,492; Plateau, less than 8,014. N, number of sites used in
regression; PseudoR?, pseudo coefficient of determination (in percent); SEP, standard error of prediction (in percent); SME, standard model error (in percent); Q, streamflow (in cubic feet per second); Qree,
peak streamflow in Qe intervarsg ©F 25 5, 10, 25, 50, 100, 200, and 500 years]

Regression equation Hydrologic region N PseudoR? SEP SME

Approximate range of predictor variables: DRNAREA: 0.22-22,629, LONG _CENT: —110.219 —105.093, BSLDEM10M: 3.37-69.4, ELEV: 4,808—11,954,
APR1_ SWE: 0-33.8, 124H100Y: 2.19-5.21, PRECIP: 7.71-61.6

Qpeak = 100244 ARE A0-807 ] ()(0.00898*SLOPE+0.0537*SWE) Alpine 105 89.6 39 38
Queak = 100526 ARE 4076 ] ()(0.00841*SLOPE+0.0472*SWE) Alpine 105 90.8 34 33
Qpgak = 100664 ARE A0.775 ] ((0.00819*SLOPE+0.0440*SWE) Alpine 105 90.7 33 32
Qpeak = 100803 ARE 40763 ] ()(0.00801 *SLOPE+0.0410*SWE) Alpine 105 89.7 34 33
Qugak = 100888 ARE 40756 ] ((0.00794*SLOPE+0.0392*SWE) Alpine 105 88.8 35 34
Q{zggk = 100961 4RE A0-749 1()(0.00789*SLOPE+0.0377*SWE) Alpine 105 87.5 37 36
Qpsak = 10193 ARE A0.742 ] ()(0-00787*SLOPE+0.0365*SWE) Alpine 105 85.9 39 38
Qusak = 10110 ARE A0.735 ] ()(0-00787*SLOPE+0.0350*SWE) Alpine 105 83.8 42 40
Opeak = 107629 ARE 0895 1((-0.0604*LONG+0.115*P100Y24H-+0.0363*SIVE) Sub-Alpine 104 87.1 54 52
Qpeak = 107605 4 RE 408741 (-0.0606*LONG+0.119*P100Y24H+0.0303*SWE) Sub-Alpine 104 88.4 49 47
Opsak = 107594 ARE 40864 () (-00607*LONG+0.124*PL00Y2411+0.0273*SWE) Sub-Alpine 104 88.9 47 46
Qpeak = 107579 ARE 40854 1 ()(-0.0604*LONG+0.131*P100Y241140.0241*SWE) Sub-Alpine 104 88.5 48 46
Qusak = 107567 ARE A 0347  ((-00600*LONG+0.137*P100Y24H+0.0222*SWE) Sub-Alpine 104 88.0 49 47
Opgak = 107556 ARE 40841 1(-0.0595*LONG+0.142*P100Y24H+0.0205*SWE) Sub-Alpine 104 87.4 50 48
Qpsak = 107543 ARE 40835 ] ((-00588*LONG+0.148*P100Y241+0.0189*SE) Sub-Alpine 104 86.6 52 50
Qugak = 107527 ARE 40829 1 ()(-0.0578*LONG+0.154*PL00Y241140.0171*SWE) Sub-Alpine 104 85.5 54 52
Qgeak = 107673 ARE 40919 ] ((-0-0394*LONG+0.0418*PPTANN) Mid-Elevation 104 873 65 63
Qreak = 107721 ARE A0893 1((-0.0687*LONG+0.0332*PPTANN) Mid-Elevation 104 88.2 59 57
Opgak = 107733 ARE A0878 1 0(-0-0723*LONG+0.0286*PPTANN) Mid-Elevation 104 88.1 58 56
Qpgak = 107736 ARE 40860 ] ((-00753*LONG+0.0239*PPTANN) Mid-Elevation 104 87.1 60 58
Qugak = 107736 ARE 40848 1 ()(-0.0769*LONG+0.0208*PPTANN) Mid-Elevation 104 85.7 63 61
Opeak = 107733 ARE A0837 1(0.0782*LONG+0.0182*PPTANN) Mid-Elevation 104 84.4 66 64

sash|euy uoissaibay-jeuoifiay

1z



Table 1.

[Ranges of predictor variables: AREA, drainage area of basin (in square miles): 0.22-22,629; LONG, longitude of basin centroid (in decimal degrees of North American Datum of 1983): —110.219 to —105.093
SLOPE, mean basin slope (by percent): 3.37-69.4; MEANELEYV, mean basin elevation (in feet, per North American Vertical Datum of 1988 {NAVDS88}): 4,808—11,954; SWE, snow-water equivalent on
April 1 (in inches): 0-33.8; 100Y24H, 24-hour precipitation amount that has a 1 percent chance of occurrence in a given year (in inches): 2.19-5.21; and PPTANN, annual precipitation (in inches): 7.71-61.6.
Hydrologic regions defined by elevation (in feet, per NAVDS88): Alpine, greater than 10,490; Sub-Alpine, 9,493-10,490; Mid-Elevation, 8,015-9,492; Plateau, less than 8,014. N, number of sites used in
regression; PseudoR?, pseudo coefficient of determination (in percent); SEP, standard error of prediction (in percent); SME, standard model error (in percent); Q, streamflow (in cubic feet per second); Qrea*,

peak streamflow in Q[ ] of 2,5, 10, 25, 50, 100, 200, and 500 years]

Regression equations and performance metrics determined by generalized least-squares method for predicting 2-, 5-, 10-, 25-, 50-, 100-, 200-, and 500-year peak
streamflow for natural streams in each hydrologic region defined by elevation in central and western Colorado (Kohn and others, 2026).—Continued

year intervals

>

Regression equation Hydrologic region N PseudoR? SEP SME
Approximate range of predictor variables: DRNAREA: 0.22-22,629, LONG _CENT: -110.219 —105.093, BSLDEM10M: 3.37-69.4, ELEV: 4,808-11,954,
APR1_ SWE: 0-33.8, 124H100Y: 2.19-5.21, PRECIP: 7.71-61.6

Qpeak = 107729 ARE 40826 1((-0.0791*LONG+0.0158*PPTANN) Mid-Elevation 104 83.0 69 67
Qusak = 107723 ARE 40814 1((-0.0802°LONG+0.0129*PPTANN) Mid-Elevation 104 80.9 74 72
Qpeak = 10237 ARE A 0646 1 ((-0-000364*MEANELEV+0.478*100124H) Plateau 105 73.9 112 108
Queak = 10277 ARE A0-573 1 ((-0.000368* MEANELEV+0.514*100Y24£) Plateau 105 75.8 89 86
Qpeak = 10298 ARE 40539 1 (/-0.000378*MEANELEV+0.548*100Y24H) Plateau 105 73 .4 90 86
Qpeak = 10321 ARE 40506 ] ((-0.000397*MEANELEV+0.598*100Y241) Plateau 105 67.8 99 94
Qugak = 10336 ARE 40486 1 (000041 2*MEANELEV+0.635*100124H) Plateau 105 62.8 109 104
Qpsak = 10350 ARE A 0469 ] ()(-0.000427*MEANELEV+0.669*100Y241) Plateau 105 58.2 120 114
Qpeak = 10363 ARE 40453 ] (0000441 *MEANELEV+0.702%100Y241) Plateau 105 539 133 126
Queak = 10378 ARE 40435 ] (/0000459  MEANELEV+0.742*100Y241) Plateau 105 48.4 153 144

44
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Table 2. Regression equations and performance metrics determined by using the ordinary least-squares method for predicting mean-annual and mean-monthly streamflows

for natural streams in each hydrologic region in central and western Colorado (Kohn and others, 2026).

[Ranges of predictor variables: AREA, drainage area of basin (in square miles): 0.89-22,629; LONG, longitude of basin centroid (in decimal degrees of North American Datum of 1983 [NAD 83]):
—110.052 to —105.226; LAT, latitude of basin centroid (in decimal degrees of NAD83): 36.088 to 41.472; OUTELEYV, elevation at basin outlet (in feet, per North American Vertical Datum of 1988
{NAVDS8}): 3,995-10,499; ELEVMAX, maximum basin elevation (in feet per NAVD88): 6,061-14,426; RELIEF, basin relief (in feet): 533-10,035; SWE, snow-water equivalent on April 1 (in inches):
0-33.8; PPTANN, annual precipitation (in inches): 8.60-61.6; PPTAUG, precipitation measured during August (in inches): 0.90-4.89; SLOPE, mean basin slope (in percent): 6.82-69.4; 100Y6H, 6-hour
precipitation amount that has a 1 percent chance of occurrence in a given year (in inches): 1.61-3.45. N, number of sites used in regression; Adj-R2, adjusted coefficient of determination (in percent); SEP,

standard error of prediction (in percent); Q, streamflow (in cubic feet per second); Q,
April; aug, August; sept, September; oct, October, nov, November; dec, December]

mean-annual streamflow; Q

ann’

name of month]»

mean-monthly streamflows in: jan, January; feb, February; mar, March; apr,

Regression equation Hydrologic region N Adj-R? SEP
0, = 1070704 ARE 40.793 1((0.00518*SLOPE+0.0000642* RELIEF-0.0459* SWE) Colorado-East Slope Headwaters 170 86.4 53
OQiun = 107101 ARE 40773 ] Q(O-000143*RELIEF+0.0440"SWE) Colorado-East Slope Headwaters 170 75.7 98
Oy = 10121 ARE 40847 10C0.0679"LAT+0.000103* RELIEF0.0364SWE) Colorado-East Slope Headwaters 170 85.3 67
0,,, = 1070900 4 RE 40.906 ] ()(0.0000646* RELIEF+0.0166*PPTANN-0.228*100Y6H) Colorado-East Slope Headwaters 170 90.2 53
0, = 100224 ARE 40960 | (00000664 OUTELEV +0.0215*PPTANN-0.265*100 6t Colorado-East Slope Headwaters 170 83.3 76
O,y = 107029 ARE 40933 | QO-OII"PPTANN0.0332*SWE) Colorado-East Slope Headwaters 170 82.7 65
Qe = 10164 ARE 0690 1 ((0-156"LONG*0.000127*RELIEF+0.0651*SWE) Colorado-East Slope Headwaters 170 83.0 65
Oy = 107206 4RE 40780 1 0O-0001I8*ELEVMAX+0.0130"SLOPE+0.051 7S VE) Colorado-East Slope Headwaters 170 75.7 88
Qg = 107221 ARE 40307 1 ((0.000101*ELEVMAX+0.008624SLOPE0.0217*PPTANN) Colorado-East Slope Headwaters 170 723 97
Qsept = 10125 4RE A0.707 1 ()(0.00750*SLOPE+0.00013*RELIEF+0.0374*SWE) Colorado-East Slope Headwaters 170 753 89
O, = 107100 4RE A0.700 1 ((0.000144*RELIEF+0.0333*SWE) Colorado-East Slope Headwaters 170 81.2 73
O,ov = 107128 4RE A0749 1 ((0-000140*RELIEF+0.0363*SWE) Colorado-East Slope Headwaters 170 82.8 72
Qe = 1071492 4R 40763 1((0.000135* RELIEF+0.0383*SWE) Colorado-East Slope Headwaters 170 79.9 81
O,y = 10215 ARE A0753 1 ((0:241*LONG+0.000305* ELEVMAX+0.587*100Y6H) Green River 57 913 73
Oy = 10134 ARE A40.792 1 ()(0.164*LONG+0.000273* ELEVMAX+0.0295*SLOPE) Green River 56 84.1 115
Opp = 10139 ARE 40343 | 0(0-165"LONG10.000229* ELEVMAX+0.0277*SLOPE) Green River 57 85.5 110
0, = 10235 ARE 41221 02337*LONG0.504* PPTAUG) Green River 57 86.4 107
0, = 10201 ARE 4123 | QO-534*LAT+0407*LONG0.192* PPTAUG) Green River 57 84.5 131
Oy = 10 127 ARE A1:21 1 ()(0.805*LAT+0.446*LONG+1 44*PPTAUG) Green River 57 85.6 131
Oy = 107137 ARE A0-885 1 ()(0.240*LAT+0.000276* ELEVMAX+0.0414* PPTANN) Green River 57 91.3 90
0,y = 107244 ARE 40938 100000109 RELIEF+05T3* PPTAUGH0.0603*SWE) Green River 57 90.5 83
Qg = 107190 ARE 4107 ] 0105 PPTAUGHO.0419%SWE-0.638* 10076 Green River 57 85.9 99
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Table 2. Regression equations and performance metrics determined by using the ordinary least-squares method for predicting mean-annual and mean-monthly streamflows
for natural streams in each hydrologic region in central and western Colorado (Kohn and others, 2026).—Continued

[Ranges of predictor variables: AREA, drainage area of basin (in square miles): 0.89-22,629; LONG, longitude of basin centroid (in decimal degrees of North American Datum of 1983 [NAD 83]):
—110.052 to —105.226; LAT, latitude of basin centroid (in decimal degrees of NAD83): 36.088 to 41.472; OUTELEY, elevation at basin outlet (in feet, per North American Vertical Datum of 1988
{NAVDS8}): 3,995-10,499; ELEVMAX, maximum basin elevation (in feet per NAVDS88): 6,061-14,426; RELIEF, basin relief (in feet): 533—-10,035; SWE, snow-water equivalent on April 1 (in inches):
0-33.8; PPTANN, annual precipitation (in inches): 8.60-61.6; PPTAUG, precipitation measured during August (in inches): 0.90-4.89; SLOPE, mean basin slope (in percent): 6.82-69.4; 100Y6H, 6-hour
precipitation amount that has a 1 percent chance of occurrence in a given year (in inches): 1.61-3.45. N, number of sites used in regression; Adj-R2, adjusted coefficient of determination (in percent); SEP,
standard error of prediction (in percent); Q, streamflow (in cubic feet per second); Q,,,, mean-annual streamflow; Q, mean-monthly streamflows in: jan, January; feb, February; mar, March; apr,

April; aug, August; sept, September; oct, October, nov, November; dec, December]

ann> name of month]>

/14

Regression equation Hydrologic region N Adj-R? SEP
Oy = 107344 4RE 4113 1()(0.0228*SLOPE+0.732*PPTAUG+0.0382*SWE) Green River 57 85.6 109
rot = 10—4.36AREA 0.877 10(0.000242*ELEVMAX+0.0329*SL()PE+0.0293*SWE) Green River 57 859 119
Qnov = 10*3.66AREA 0.903 10(0.0001SZ*ELEVMAX+0,0284*SLOPE+0.0276*SWE) Green River 56 844 109
Qe = 107131 ARE 41112 ] ((0.558* PPTAUG0.0384*SWE-0.591*100Y61) Green River 56 84.5 104
Qun = 10211 ARE 40839 ] (0129 LAT+0.250*LONG+0.0783*SWE) Rio Grande 42 93.0 42
Qjan = IOSX.IAREAO.RW 10(0.544*LONG+0.0734*SWE—0.579*IOOY()H) RIO Grande 42 852 59
Oy = 10509 ARE 40842 00478 LONGH0.0647"SWE-0.501*100761D Rio Grande 42 87.6 54
0, = 107064 4RE 40845 1(0.0255*5WE) Rio Grande 42 89.3 52
O, = 10183 4RE A0-705 1 ()(-0.000244*OUTELEV~0.00544*SLOPE+0.0772* SWE) Rio Grande 42 92.6 48
Qmav = 1020,6AREAO.878 10(0.200*LONG+0.0000655*RELIEF+0.0847*SWE) RIO Grande 42 924 52
O,y = 10259 ARE 40789 ] ((0.268°LONG+0.000181*ELEVMAX+0.0926*SWE) Rio Grande 42 91.3 59
0,y = 100160 ARE 40409 10(0.000222%RELIEF+0.0946*SWE=0.436* 100Y6H) Rio Grande 42 86.4 67
O = 100274 4RE 40398 1()(0.000187*RELIEF+0.067*SWE=0.393*100Y6H) Rio Grande 42 85.3 57
Qsep = 100.207AREA 0.424 10(0.000189*RELIEF+O.068*SWE70,441*]00Y6H) RIO Grande 42 831 65
0,,, = 10282 ARE A0815 | ((0334LAT+0.393*LONG +0.0778*SWE) Rio Grande 42 85.3 61
0, = 10499 ARE 40739 1 0(0A65*LONG+0.08 14*SWE=0.543*100Y6H) Rio Grande 42 86.5 55
Qe = 10606 ARE A0798 1 ((0-567*LONGH0.0785*SWE-0.590*100Y6H) Rio Grande 42 84.2 62
Qann = 10395AREA 0.631 10(0.383*L()NG+0.000175*ELEVMAX) San Juan—Dolores 54 867 71
Oy = 10920 4RE 40811 ] ((0-40T"LONG+0.0162*SLOPE0.000117*RELIEF) San Juan-Dolores 54 78.1 122
Oy = 1035 AREA084 10(0.324*LONG+0.0113*SLOPE+0.000083* RELIEF) San Juan-Dolores 54 83.4 R4

Qmur = 1027.7AREAO.712 10(0.270*LONG+0.000106*ELEVMAX) San Juan-Dolores 54 793 83
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Table 2. Regression equations and performance metrics determined by using the ordinary least-squares method for predicting mean-annual and mean-monthly streamflows
for natural streams in each hydrologic region in central and western Colorado (Kohn and others, 2026).—Continued

[Ranges of predictor variables: AREA, drainage area of basin (in square miles): 0.89-22,629; LONG, longitude of basin centroid (in decimal degrees of North American Datum of 1983 [NAD 83]):
—110.052 to —105.226; LAT, latitude of basin centroid (in decimal degrees of NAD83): 36.088 to 41.472; OUTELEY, elevation at basin outlet (in feet, per North American Vertical Datum of 1988
{NAVDS8}): 3,995-10,499; ELEVMAX, maximum basin elevation (in feet per NAVDS88): 6,061-14,426; RELIEF, basin relief (in feet): 533—-10,035; SWE, snow-water equivalent on April 1 (in inches):
0-33.8; PPTANN, annual precipitation (in inches): 8.60-61.6; PPTAUG, precipitation measured during August (in inches): 0.90-4.89; SLOPE, mean basin slope (in percent): 6.82-69.4; 100Y6H, 6-hour
precipitation amount that has a 1 percent chance of occurrence in a given year (in inches): 1.61-3.45. N, number of sites used in regression; Adj-R2, adjusted coefficient of determination (in percent); SEP,
standard error of prediction (in percent); Q, streamflow (in cubic feet per second); Q,,,, mean-annual streamflow; Q, mean-monthly streamflows in: jan, January; feb, February; mar, March; apr,
April; aug, August; sept, September; oct, October, nov, November; dec, December]

ann> name of month]>

Regression equation Hydrologic region N Adj-R? SEP
Qapr = 10144 ARE A0.701 1 ()0.171*LONG+0.000200* ELEVMAX+0.770*100 Y6 H) San Juan-Dolores 54 873 72
Opy = 10297 ARE 40561 1()(0-309*LONG+0.000261*ELEVMAX+0.502* 100161 San Juan-Dolores 54 85.6 91
Qpn = 10523 ARE 40453 | (0.509"LONG+0.000289* ELEVMAY) San Juan-Dolores 54 78.5 150
O = 1083 ARE 40964](0-419"LONG+0.0322°5LOPE) San Juan-Dolores 54 76.0 147
Qaug = 10367 ARE A1.04 1()(0-353*LONG+0.0233*SLOPE) San Juan-Dolores 54 75.1 142
Qsep = 10%4 ARE 4103 1()(0.425*LONG+0.0211*SLOPE) San Juan-Dolores 54 73.9 156
O, = 10421 ARE 40902 1((0-401"LONG+0.0195*SLOPE) San Juan-Dolores 54 78.6 107
0,,, = 1047 ARE A0719 1((0-427*LONG0.0140*SLOPE+0.000110*RELIEF) San Juan-Dolores 54 78.9 105
Qe = 10477 ARE 40745 ] ((0-4S8*LONG+0.0147*SLOPE+0.000129* RELIEF) San Juan-Dolores 54 78.4 119
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Table 3. Regression equations and performance metrics determined by using the ordinary least-squares method for predicting 7-day minimum streamflows for return periods of
2,10, and 50 years for natural streams in each hydrologic region in central and western Colorado (Kohn and others, 2026).

[Ranges of predictor variables: AREA, drainage area of basin (in square miles): 0.89-22,629; LAT, latitude of basin centroid (in degrees of North American Datum of 1983): 36.246 to 41.472; RELIEF,
basin relief (in feet): 694—10,035; SLOPE, mean basin slope (in percent): 6.82—69.4; OUTELEYV, elevation at basin outlet (in feet, per North American Vertical Datum of 1988 {NAVD 88}): 3,995-10,499;
MEANELEYV, mean basin elevation (in feet, per NAVDS8S): 4,808—-11,954; 100Y6H, 6-hour precipitation amount that has a 1 percent chance of occurrence in a given year (in inches): 1.61-3.45; PPTANN,
annual precipitation (in inches): 8.60-60.4; SWE, snow-water equivalent on April 1 (in inches): 0-32.3; N, number of sites used in regression; Adj-R2, adjusted coefficient of determination (in percent); SEP,
standard error of prediction (in percent); Q, streamflow (in cubic feet per second); 7Qmin, 7-day minimum streamflows in 7Q e perioas) ©f 2> 10, and 50 years]

Regression equation Hydrologic region N Adj-R? SEP
7 Qpin = 107298 ARE 40995 | ((0.0000356*RELIEF+0.0142*SLOPE0.0382*SWE) Colorado-East Slope Headwaters 156 76.1 102
7 leoin = 10338 4RE A!-041()(0.000109*RELIEF+0.0209*SLOPE+0.0673*SWE) Colorado-East Slope Headwaters 156 51.7 420
7 Qumin = 107366 ARE 4109 ] ((0-0000602*RELIEF 10.0275*SLOPE 10.0693*SWE) Colorado-East Slope Headwaters 156 49.3 475
7 Qin = 10205 ARE 40857 10(0.638*LAT+0.000270* MEANELEV+0.0415*PPTANN) Green River 44 77.2 132
7Qpin = 10457 ARE A0709 ] (1:33*LAT+0.000432*MEANELEV10.0679* PPTANN) Green River 44 59.3 680
7Quin = 10543 ARE A0478 10 157*LAT+0.000547* MEANELEV+0.0586* PPTANN) Green River 44 62.4 610
7 Qpin = 10@4.8-0.567*LAT+0.0127*SLOPE+0.100*SWE-1.50*100Y 6H) Rio Grande 40 36.6 203
7 Qpin = 1033.8-0.797*LAT+0.0258*SLOPE+0.119*SWE=2.00*100Y 6H) Rio Grande 40 33.7 362
7 Quin = 10@5.3-1.10¥LAT+0.0335*SLOPE+0. 141 *SWE-2.31*100Y 6H) Rio Grande 40 29.8 785
7Qpin = 10(86.8-2.05*LAT-0.000871*OUTELEV+0.202*PPTANN-3.59*100Y6H) San Juan-Dolores 44 55.6 406
7Q%m = 10(102-2.40*LAT—0.00118*OUTELEV+0.284* PPTANN-4.55*100Y 6H) San Juan-Dolores 44 46.1 5,027
7Qumin = 10@8.9-1.12*LAT0.000732*OUTELEV+0.212* PPTANN=3.18* 100Y6H) San Juan-Dolores 44 40.1 2,379
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The streamflow duration values and regional-regression
equations in the Colorado-East Slope Headwaters, Green
River, Rio Grande, and San Juan-Dolores hydrologic
regions were developed using a total of 170, 57, 42, and
54 streamgages, respectively, and no streamgages were used
in more than one region. The selection of the final basin and
climatic characteristic and the evaluation of the accuracy of
the streamflow-duration equations were based on the O,
statistic for each hydrologic region. The final streamflow
regional-regression equations for streamflow-duration values
for annual exceedance probabilities of 10, 25, 50, 75, and
90 percent from OLS regression with adjR?, SEP, and the
model coefficients are listed for each hydrologic region
in table 4.

The 7-day maximum streamflow regional-regression
equations in the Colorado-East Slope Headwaters, Green
River, Rio Grande, and San Juan-Dolores hydrologic
regions were developed using a total of 167, 52, 35, and
52 streamgages, respectively, and no streamgages were used
in more than one region. The Qpi#fselection of the final basin
and climatic characteristics and the evaluation of the accuracy
of the 7-day maximum streamflow equations were based on

the ,Qmex statistic for each hydrologic region. The final 7-day
2-, 10-, and 50-year maximum streamflow regional-regression
equations from GLS regression with pseudoR?, SEP, SME, and
the model coefficients are listed for each hydrologic region

in table 5. The final regression models for each equation and
hydrologic region are available in Kohn and others (2026).

Application and Limitations of Peak-, Mean-,
and Low-Streamflow Regional-Regression
Equations

This section of the report discusses four approaches
to estimate peak-, mean-, and low-streamflow at streams in
central and western Colorado. The strongest approach for a
given application may depend on several factors that can be
grouped into four categories: (1) weighting of streamflow
estimates using more than one approach can result in more
reliable AEPDs if the site of interest is located at a streamgage
and sufficient record length exists, (2) the drainage-area ratio
between the site of interest and the nearby streamgage, if the
site of interest is on the same stream as the streamgage, (3)
if the streamgage data are representative of the streamflow
characteristics at the site of interest, and (4) whether or not the
site of interest spans more than one hydrologic region.

Use of Peak-, Mean-, and Low-Streamflow
Regional-Regression Equations at Streamgages

When determining streamflow statistics at streamgages,
using the at-site streamflow estimates available in Kohn
and others (2026) is preferred over the regional regression
equations (England and others, 2019). Improved estimates
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of AEPDs at streamgages can also be obtained by weighting
the AEPD EMA/MGB estimate with the PSRRE estimate
as suggested by England and others (2019). Additional
information on this approach can be found in Gotvald and
others (2012), Kohn and others (2016), and England and
others (2019). An online database of historical floods (Kohn
and others, 2013) exists for Colorado and can be used

as a reference for historical floods that have occurred at
streamgages.

Use of Peak-, Mean-, and Low-Streamflow
Regional-Regression Equations on Gaged
Streams

Sites of interest, on streams with streamgages, may have
estimates determined by area weighting the AEPDs based on
the drainage-area ratio between the site of interest and the
streamgage on the same stream (Olson, 2014). The weighting
procedure is not applicable when the drainage-area ratio is less
than 0.5 or greater than 1.5 or when the flood characteristics
substantially change between sites (Eash and others, 2013).
To compute the area-weighted estimate at the ungaged site,
the gaged streamflow for the streamgage must be known,
then the area-weighted streamflow for the ungaged site can be
computed using equation 6 (Olson, 2014):

_ A(u) ’
Owe = (7 © (©)

@

is the area-weighted streamflow statistic
estimate for the ungaged site, in cubic feet
per second;
A, is the drainage area of the ungaged site, in
square miles;
A is the drainage area of the gaged site, in
square miles;
Q, s the gaged streamflow, in cubic feet per
second; and
B is the regional drainage-area exponent used as
the adjustment for the streamflow statistic
and hydrologic region of the streamgage
(table 6).

Following McCarthy and others (2016), an OLS
analysis using only drainage area as an independent variable
was performed for each PMLSRRE to define the regional
exponent for area-weighted estimates, and the resulting
regional exponents and constants for each hydrologic
region of central and western Colorado are in table 6. The
regional constants represent the unit drainage area for a given
streamflow occurrence for the reference basin (Vogel and
Sankarasubramanian, 2000; Farmer and others, 2015).



Table 4. Regression equations and performance metrics determined by using the ordinary least-squares method for predicting streamflow-duration values for annual
exceedance probabilities of 10, 25, 50, 75, and 90 percent for natural streams in each hydrologic region in central and western Colorado (Kohn and others, 2026).

[Ranges of predictor variables: AREA, drainage area of basin (in square miles): 0.89-22,629; LAT, latitude of basin centroid (in decimal degrees of North American Datum of 1983 {NAD83}): 36.088 to
41.472; LONG, longitude of basin centroid (in decimal degrees of NAD83): —110.052 to —105.226; MEANELEYV, mean basin elevation (in feet, per North American Vertical Datum 1988): 4,808—11,954;
SLOPE, mean basin slope (in percent): 6.82—69.4; RELIEF, basin relief (in feet): 533—10,035; SWE, snow-water equivalent on April 1 (in inches): 0-33.8; 100Y24H, 24-hour precipitation amount that has
a 1 percent chance of occurrence in a given year (in inches): 2.19-5.21. N, number of sites used in regression; Adj-R?2, adjusted coefficient of determination (in percent); SEP, standard error of prediction (in
percent); Q, streamflow (in cubic feet per second); Qpuuyal exceedance probavility] PY Percentiles (10th, 25th, 50th, 75th, and 90th) of flow duration]

8¢

Regression equation Hydrologic region N Adj-R? SEP
Oyop = 1070785 ARE 40.750 ] ()(0.0000935*RELIEF 10.0000587* MEANELEV+0.0503*SWE) Colorado-East Slope Headwaters 170 80.7 69
Oy = 107150 ARE A0.700 1 ()(0.000145*RELIEF+0.0000698* MEANELEV+0.0428*SWE) Colorado-East Slope Headwaters 170 71.2 103
Oson = 107170 ARE A0741 1 ((0-000141*RELIEF+0.0000477*MEANELEV+0.0365*SWE) Colorado-East Slope Headwaters 170 723 105
Oysyy = 107238 ARE 40835 1 ()(0.000126*RELIEF+0.0000822* MEANELEV0.0366*SWE) Colorado-East Slope Headwaters 170 75.2 103
Qoo = 10730 ARE 0891 1()(0.000129*RELIEF-0.0001 I *MEANELEV+0.0418*SWE) Colorado-East Slope Headwaters 170 69.1 140
Qrom = 10221 ARE A 118 [ (0.249*LONG+0.000527* ELEV~0.00364*SLOPE) Green River 57 84.7 130
O,y = 10127 ARE 4121 1(0.161*LONG+0.000425* ELEV0.00537*SLOPE) Green River 57 87.5 106
Oso = 10113 ARE 4123 10(0.157*LONG+0.000436*ELEV+0.0191*SLOPE) Green River 57 88.3 107
Qysyy = 10142 ARE 4128 1()(0.191*LONG+0.000463*ELEV+0.0300%SLOPE) Green River 57 79.1 216
Qoo = 10910 ARE 4122 ] 0(0.162*LONG+0.000631*ELEV+0.0406*SLOPE) Green River 57 67.8 512
Oyop = 10219 ARE A0858 ] ((O.117LAT+0.251 *LONG +0.0912*SWE) Rio Grande 42 93.8 42
Oy = 10394 ARE 40858 ((0.301*LAT+0.436*LONG+0.096T*SWE) Rio Grande 42 87.9 59
Oson = 10701 ARE 40981  ((0456*LAT+0.836*LONG+0.103*SWE) Rio Grande 42 74.6 108
Oy = 10648 ARE 40928 (0430 LAT+0.777*LONG 10.0955*SWE) Rio Grande 42 70.0 117
Qoo = 10637 ARE 0803 ] ((0.509*LAT+0.796*LONG*0.108*SWE) Rio Grande 42 482 238
Qs = 10(65:2+0.591*LONG+0.000300*RELIEF~0.360*100Y24H+0.0362*SWE) San Juan-Dolores 54 74.4 135
Q,sy = 1071.9+0.650%LONG+0.000309*RELIEF=0.610%10024H+0.0446*SWE) San Juan-Dolores 54 74 .8 142
Osop = 1078150702 LONG+0.000353* RELIEF=1.03*10024H+0.0791*SWE) San Juan-Dolores 54 69.6 249
Qs = 1062840753 LONG+0.000418*RELIEF=1.05*100124H+0.097 1 *SWE) San Juan-Dolores 54 70.1 357
Qoo = 10077.9+0.713*LONG+0.000392*RELIEF~0.987* 100124 H+0.118*SWE) San Juan-Dolores 54 61.8 718
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Table 5. Regression equations and performance metrics determined by using the ordinary least-squares method for predicting 7-day maximum streamflows for return periods
of 2,10, and 50 years for natural streams in each hydrologic region in central and western Colorado (Kohn and others, 2026).

[Ranges of predictor variables: AREA, drainage area (in square miles): 0.89-22,629; LONG, longitude of basin centroid (in decimal degrees of North American Datum of 1983 [NAD 83): —110.052 to
—105.226; LAT, latitude of basin centroid (in decimal degrees of NADS83): 36.088—41.472; SLOPE, mean basin slope (in percent): 6.82—69.4; MEANELEYV, mean basin elevation (in feet, per North American
Vertical Datum of 1988): 4,808—11,954; 100Y6H, the 6-hour precipitation amount that has a 1 percent chance of occurrence in a given year (in inches): 1.61-3.45; PPTANN, annual precipitation (in inches):
8.60-61.6; SWE, snow-water equivalent on April 1 (in inches): 0-33.8. N, number of sites used in regression; PseudoR?2, pseudo coefficient of determination (in percent); SEP, standard error of prediction (in
percent); SME, standard model error (in percent); Q, streamflow (in cubic feet per second); 7Qm=, 7-day maximum streamflows in 7Qquym years) ©F 2, 10, and 50]

Regression equation Hydrologic region N PseudoR? SEP SME
7 Quax = 10700371 ARE 40867  ((0.00673*SLOPE+0.00969* PPTANN=0.0413*SWE) Colorado-East Slope Headwaters 167 85.2 55 54
7 Qe = 100397 ARE 40869 ] ((0.00442*SLOPE+0.00945* PPTANN 10.0303*SWE) Colorado-East Slope Headwaters 167 89.2 46 45
7 Quax = 100596 ARE A08711((0.00334*SLOPE+0.00942*PPTANN+0.0249*SWE) Colorado-East Slope Headwaters 167 90.3 43 42
7 Quav = 107220 ARE 40970 ] ((0.562*LAT+0.224*LONG+0.00048 1*MEANELEY) Green River 52 87.0 78 73
70pe = 10729 ARE A0388 | ((0-413LAT+0.146*LONG +0.000348*MEANELEY) Green River 52 88.1 63 58
7 Quax = 107250 ARE A0854 1 ((0312*L4T+0.105*LONG+0.00027T*MEANELEY) Green River 52 87.9 58 54
7 Qpax = 1070976 ARE 40845 ] ()(0.0000623* RELIEF+0.0740*SWE+0.259*100Y6) Rio Grande 35 93.9 44 41
7 Qs = 1070643 ARE 40861 1 (0(0.0000662*RELIEF+0.0565*SWE0.292*100Y61) Rio Grande 35 96.1 33 30
7 Quax = 1070404 4RE 40861 ]()(0.0000669* RELIEF+0.0488*SWE+0.282*100Y61) Rio Grande 35 96.5 31 27
7Quar = 10198 ARE 40932 10(0-206*LONG+0.000237* MEANELEV+0.294*100Y6H) San Juan-Dolores 52 91.1 58 55
7 Quax = 10104 ARE A0-887 1 0(0-113*LONG+0.000200*MEANELEV+0.363*100Y6H) San Juan-Dolores 52 937 43 40
7 Quax = 10618 ARE A0-865 1((0-0705*LONG+0.000169*MEANELEV+0.388*10016H) San Juan-Dolores 52 94.5 37 34
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Table 6. Exponents and constants determined from regional regression of log-transformed drainage-area for the area-weighting equations used to estimate annual exceedance probability
discharges for ungaged sites on gaged streams in the hydrologic regions of central and western Colorado.

[The discharge (Q) equation based on the log-transformed drainage-area values takes the form of Q=Const. * Area” (exp. B); where Exp., exponent “b” is the regional drainage-area
adjustment for ungaged streamflow statistics based on the hydrologic region of referenced, proximal streamgages. Const., constant represents the regression coefficient when drainage
area is the only explanatory variable for a given streamflow occurrence for the referenced hydrologic region. Hydrologic regions defined by elevation (in feet, per North American Vertical
Datum 1988 {NAVD 88}): Alpine, greater than 10,490; Sub-Alpine, 9,493-10,490; Mid-Elevation, 8,015-9,492; Plateau, less than 8,014. Hydrologic regions defined by river basin: East
Slope, Colorado-East Slope Headwaters; San Juan, San Juan-Dolores. Q, streamflow (in cubic feet per second); Qpeak, peak streamflow in Opyear ingervals) ©F 25 55 10, 25, 50, 100, 200, and
500 years; 7Qmin; 7-day minimum streamflows in 7Qquym years) ©f 2, 10, and 50; 7Qmax, 7-day maximum streamflows in 7Q(;em years) Of 2, 10, and 50; Q,,, mean-annual streamflow; Q,
month]» mean-monthly streamflow in: jan, January; feb, February; mar, March; apr, April; aug, August; sept, September; oct, October, nov, November; dec, December; Q[
percentiles (10th, 25th, 50th, 75th, and 90th) of streamflow duration]

name of

exceedance probability] by

0€

Flow statistic Hydrologic region Hydrologic region

East Slope Green River Rio Grande San Juan Alpine Sub-alpine Mid-Elevation Plateau

Exp. b Const. Exp.b Const. Exp.b Const. Exp.b Const. Exp.b Const. Exp.b Const. Exp. b Const. Exp. b Const.

Opea 0718 131 0703 117 0861 0758 0620 154 0808 126 0751 127 0852 0954  0.610 1.28
Opeak 0727 146 0619 160 0869 0984 0553 195 0783 145 0750 144 0836  1.20 0.531 1.78
Opeet 0731 154 0577 181 0872 1.0 0520 217 0770 154 0750 1.3 0828  1.33 0.491 2.03
Opeat 0734 163 0535 203 0874 122 048 239 0756 164 0749  1.62 0818 146 0.450 230
Opea 0735 168 0508 216 0875 130 0466 253 0747 171 0749  1.68 0813  1.54 0.424 2.46
Opeak 0735 173 0485 228 0875 137 0448 266 0738 176 0749  1.73 0807  1.62 0.401 2.61
Ogeat 0736 178 0464 239 0875 144 0432 277 0730 182 0748 178 0.802  1.68 0381 2.75
Opeak 0735 183 0440 251 0875 151 0413 291 0721 188 0748 183 0.796  1.76 0357 291
7 Qyin 0918 -0.897 0777 0921 0861 -0583 0976 -13  1.090 -0972 0984 —0938  1.090 —1.57 0773  -1.34
7 Qpin 0892 -1.1 0768 -1.19 0530 -0.649 0580 —-0491 1.090 —-1.I5 0960 -1.13 1050  —1.84 0.600  -1.15
7 Qin 0881 114 0799 -135 0765 -1.1 0650 —0.757 1.140 -137 1040 -131 0.885 —1.52 0673  -1.53
7 Qe 0721 116 0587 115 0917 0464 0653 0945 0808 1.14 0766  1.09 0963 0524  0.763 021
7 Qs 0755 133 0602 144 0953 0724 0645 129 0797 135 0783 13 0944 0866  0.771 0.597
7 Qe 0772 142 0621 157 0975 0839 0643 148 0790 146  0.786 142 0936  1.03 0.781 0.808
O 0776 0277 0920 -0314 0850 -0.113  0.636 0235 0876 0249 0840 0203 1000 0347 0859  —0.719
O 0900 0703  1.150 145 0783 -0.608 0776 —0.831 1.040 -0.76 0995 -0806  1.120 134 0969  -16
O 0938 —0.763  1.110 -129 0812 -0.623 0805 0724 1070 -0.838 1010 -0827  1.110 -127 0915 -1.21
O 0972  -0.698 1.160 -1.17 088 -0551  0.682 —0.165 1.120 -0843 1070 -0797  1.020 —0.82 0.889  —0.877
0, 0973  -0245 1.120 -0.688 1010 -0346 0573 0461 1.130 -0496 1020 -0237 0945 -0.0692 0926  -0.757

Oy 0.810 0.613 1.100  -0.224 0.974 0.116 0.463 0916 0978 0411 0.838 0.65 0.959 0.29 1.030 -0.867
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Table 6. Exponents and constants determined from regional regression of log-transformed drainage-area for the area-weighting equations used to estimate annual exceedance probability
discharges for ungaged sites on gaged streams in the hydrologic regions of central and western Colorado. —Continued

[The discharge (Q) equation based on the log-transformed drainage-area values takes the form of Q=Const. * Area” (exp. B); where Exp., exponent “b” is the regional drainage-area
adjustment for ungaged streamflow statistics based on the hydrologic region of referenced, proximal streamgages. Const., constant represents the regression coefficient when drainage
area is the only explanatory variable for a given streamflow occurrence for the referenced hydrologic region. Hydrologic regions defined by elevation (in feet, per North American Vertical
Datum 1988 {NAVD 88}): Alpine, greater than 10,490; Sub-Alpine, 9,493-10,490; Mid-Elevation, 8,015-9,492; Plateau, less than 8,014. Hydrologic regions defined by river basin: East
Slope, Colorado-East Slope Headwaters; San Juan, San Juan-Dolores. Q, streamflow (in cubic feet per second); Qpeak, peak streamflow in Q[year intervals] of 2, 5, 10, 25, 50, 100, 200, and
500 years; 7Qmin; 7-day minimum streamflows in 7Q ey years) ©f 2, 10, and 50; 7Qmax, 7-day maximum streamflows in 7Q(,eum years) Of 2, 10, and 50; Q,,, mean-annual streamflow; Qpume o
month}» Mean-monthly streamflow in: jan, January; feb, February; mar, March; apr, April; aug, August; sept, September; oct, October, nov, November; dec, December; Q|exceedance probability] OY
percentiles (10th, 25th, 50th, 75th, and 90th) of streamflow duration]

Flow statistic Hydrologic region Hydrologic region

East Slope Green River Rio Grande San Juan Alpine Sub-alpine Mid-Elevation Plateau

Exp. b Const. Exp.b Const. Exp.b Const. Exp.b Const. Exp.b Const. Exp.b Const. Exp. b Const. Exp. b Const.

Qe 0.709 0.924 1.020 -0.11 0.842 0.239 0.482 0.763  0.872  0.841 0.789 0.831 1.070  -0.109 0.983 -0.93
Oty 0.663 0.559 0954 -0.532  0.709 0.0426  0.751 —0.129  0.875 0.476 0.824 0.32 1.100  —0.782 0.960 -1.13
Qg 0.737 0.0804 0960 0911 0.649 0.0131  0.881 —0.55 0937 0.0217 0934 -0.205 1.070  -1.04 0.937 -1.15
Osopr 0.799 -0.178 0988 -1.04 0.686 —0.195 0.868 -0.602 0970 -0.229 0.945 —0.382 1.110  -1.23 0.913 -1.12
(O 0.851 —-0.31 1.090 -1.16 0.748 —0.332 0.745 —0.331  0.984 —0.345 0963  —0.465 1.080  -1.07 0.966 -1.21
O,ov 0.888 —0.494 1.010 -1.02 0.783 -0.51 0.720 0469 1.010 -0.533 0978  —0.608 1.090 -1.14 0.822 -1.03
Otec 0.891 —0.613 0993 -1.05 0.816 —0.651 0.758 —0.713  1.040 -0.691 0973  -0.707 1.110  -1.28 0.782 -1.06
Oiom 0.750 0.762 0.774 0.428  0.892 0.213 0.578 0.719  0.861  0.729 0.833 0.661 1.020 0.0473  0.703 —0.0544
Ossn 0.830 0.126 0923 0431 0.779 -0.0514 0.644 0.109 0951  0.103 0.948 -0.0535 1.080 —-0.669 0.703 -0.413
Osoun 0.889 —0.41 1.020  -1.05 0.730 -0.277 0.690  —0.418 1.000 -0.428 0994  —0.564 1.130  -1.22 0.716 —0.782
O, 0.936 —0.74 0.838 —0.875 0.695 —0.439 0.652 -0.535 1.050 -0.73 0.965  —0.727 1.090  -1.35 0.657 -0.924
Oooun 0.924 —0.869 0.790 —0.899  0.622 —0.462 0.760  —0.848 1.080 -0.919 0.983  —0.902 1.040 -1.42 0.655 -1.02
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32 Peak-, Mean-, and Low-Streamflow Regional-Regression Equations for Natural Streamflow in Colorado, 2019

The PMLSRRES can be used if the ungaged site
meets the criteria for use of this approach. The PMLSRREs
presented in tables 1-5 are applicable for streams minimally
affected by human activities and urbanization within the
basin. The applicable range of basin characteristics used as
explanatory variables for the PSRREs is listed in tables 1-5.
These PMLSRRE:s are to be used with caution at ungaged
locations with basin characteristics outside the range of those
used to develop the PMLSRRESs. These PMLSRRE: also are
to be used with caution at ungaged locations outside Colorado
or outside the study area.

Use of Peak-, Mean-, and Low-Streamflow
Regional-Regression Equations on Ungaged
Streams in Two Hydrologic Regions

For an ungaged site on a stream crossing hydrologic
regions, the PMLSRRES for each hydrologic region can be
applied separately using basin characteristics for the entire
drainage basin above the ungaged site (Gotvald and others,
2012). The individual streamflows from each hydrologic
region can then be weighted by the proportion of drainage
area within each hydrologic region and added to produce final
estimates for the ungaged site. For example, if 25 percent
of the drainage area at an ungaged site is in the upstream
hydrologic region and 75 percent is in the downstream
region, the streamflow estimate based on PMLSRREs for the
upstream hydrologic region are multiplied by 0.25 and added
to 0.75 times the regression estimate based on PMLSRRE:s for
the downstream region. The variance of prediction for such a
weighted estimate can also be approximated by using the same
weighting procedure based on proportional drainage areas
(Gotvald and others, 2012).

StreamStats

StreamStats is a web-based program developed by USGS
(Ries and others, 2004; USGS, 2022), which facilitates the
computation of peak-, mean-, and low-streamflow using
regional-regression equations (published in this report and
Kohn and others, 2016) to estimate peak, mean, and low
streamflows. StreamStats allows users to obtain streamflow
statistics for both gaged and ungaged sites by selecting a
specific stream location on a map interface. If a user selects
the location of a USGS streamgage, the user will receive
previously published streamflow statistics and related
information for the streamgage from a database. If the location
of interest lacks a streamgage, StreamStats delineates the
basin upstream from the selected location, computes basin
and climatic characteristics, and provides estimates of the
streamflow statistics using the regression equations. The
results are presented in a report with a map showing the

basin-boundary outline. The estimates are applicable for
natural stream sites not substantially affected by regulation,
diversions, channelization, backwater, or urbanization.
StreamStats makes computing streamflow statistics for
ungaged sites much faster, more accurate, and more consistent
than the previously used manual method (Eash and others,
2013). Streamflow statistics for streamgages are also available
without the need to locate, obtain, and read the publications
in which streamflow statistics were originally provided.
Examples of streamflow statistics that can be provided by
StreamStats include Q,,, streamflows; the mean-daily and
mean-annual streamflows; and mean 7-day, 10-year low
streamflows, along with all the other equations presented in
tables 1-5 of this report. Examples of basin characteristics
include the drainage area, basin elevation, mean-annual
precipitation, percent of area underlain by hydrologic
soil types, and so forth. Basin characteristics provided by
StreamStats are the physical, geologic, and climatic properties
statistically related to movement of water through a drainage
basin to a stream site. Explanatory variables used to develop
the PMLSRRESs presented in this report were included
in StreamStats.

Summary

The U.S. Geological Survey (USGS), in cooperation with
the Colorado Department of Transportation, developed peak-,
mean- and low-streamflow regional-regression equations for
estimating various streamflow statistics for natural streamflow
in central and western Colorado. At the completion of the
streamgage-selection process, 418 streamgages, consisting
of 15,202 years of record and a mean of approximately
36 years of record per streamgage, were used to develop
the peak-streamflow regional-regression equations. Many
streamgages only collect annual peak streamflow data and do
not collect daily streamflow, whereas other streamgages are
only operated seasonally so daily streamflow is collected only
a portion of the year. There was sufficient year-round daily
data for 323 of the 418 streamgages that were used to develop
the mean- and low-streamflow regional-regression equations.
The estimated annual exceedance-probability discharges for
each streamgage were computed using the USGS software
program PeakFQ version 7.4. Mean monthly streamflows
and the 7-day minimum and maximum streamflows were
computed by the USGS software program SWToolbox
version 1.0.5. The streamflow-duration values were computed
using an R script. The peak-, mean-, and low-streamflow
regional-regression equations were determined using data
from the beginning of the record for a given streamgage
through water year 2019. Based on previous studies conducted
in Colorado and neighboring States and on the availability
of data, 97 characteristics (55 basin and 42 climatic
characteristics) were evaluated as candidate explanatory
variables in the regression analysis.



After analyzing the study area for potential regional
subdivisions based on river basin, elevation, latitude and
longitude, and previous studies, the study area was divided
into four updated hydrologic regions based on mean
basin elevation (less than 8,014 feet, 8,015 feet to 9,492
feet, 9,493 feet to 10,490 feet, and greater than 10,490 feet) for
the peak-streamflow regional-regression equations and based
on river basin (Colorado-East Slope Headwaters, Green River,
Rio Grande, and San Juan-Dolores) for the mean-streamflow
regional-regression equations. These subdivisions resulted
in the smallest standard model error and standard error of
prediction and largest pseudo coefficient of determination
for the study area. Prior to finalizing the updated regions,
maps of streamgage residuals were created and various other
subdivisions were analyzed based on latitude, longitude,
basin-outlet elevation, mean basin elevation, maximum basin
elevation, and drainage area.

The peak-streamflow equations were developed by using
105 streamgages for the Alpine, 104 for Sub-Alpine, 104 for
the Mid-Elevation, and 105 for the Plateau hydrologic regions,
and no streamgages were used in more than one region.

The selection of the final basin and climatic characteristics
and the evaluation of the accuracy of the peak-streamflow
regional-regression equations were based on the 1-percent
annual exceedance-probability discharge for each
hydrologic region. The mean-streamflow regional-regression
equations were developed by using 170 streamgages for the
Colorado-East Slope Headwaters, 57 for the Green River,

42 for the Rio Grande, and 54 for the San Juan-Dolores
hydrologic regions. No streamgages were used in more than
one region. The 7-day minimum streamflow equations were
developed by using 156 streamgages for the Colorado-East
Slope Headwaters, 44 for the Green River, 40 for Rio
Grande, and 44 for the San Juan-Dolores hydrologic regions.
No streamgages were used in more than one region. The
10-percent annual-recurrence interval of the 7-day minimum
streamflow statistic was used as the basis for selecting the
final basin and climatic characteristics and for evaluating

the accuracy of the 7-day minimum streamflow equations
for each hydrologic region. The streamflow-duration values
and equations were developed by using 170 streamgages

for the Colorado-East Slope Headwaters, 57 for the Green
River, 42 for the Rio Grande, 54 for the San Juan-Dolores
hydrologic regions. No streamgages were used in more

than one region. The 50-percent streamflow-duration
statistic was used as the basis for selecting the final basin
and climatic characteristics and for evaluating the accuracy
of the streamflow-duration equations for each hydrologic
region. The 7-day maximum streamflow equations were
developed by using 167 streamgages for the Colorado-East
Slope Headwaters, 52 for the Green River, 35 for the Rio
Grande, and 52 for the San Juan-Dolores hydrologic regions,
and no streamgages were used in more than one region. The
10-percent annual-recurrence interval of the 7-day maximum
streamflow statistic was used as the basis for selecting the
final basin and climatic characteristics and for evaluating the
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accuracy of the 7-day minimum streamflow equations for each
hydrologic region. Regional regression equations published

in this report are available for use in the USGS web-based
program StreamStats.
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Appendix 1. Streamgage, Basin, and Climatic Characteristics Summary

Information for each of the 418 streamgages used in 97 characteristics (55 basin and 42 climatic characteristics)
this report are listed in table 1.1 and identification of each listed in table 1.2 were evaluated as candidate explanatory
of the 418 streamgages, ancillary information, basin, and variables in the regression analysis. These characteristics
climatic characteristics are also available in Kohn and others consist of physical properties of each basin, precipitation
(2026). Based on previous studies conducted in Colorado amounts, snowpack data, temperature records, land cover
and neighboring States and on the availability of data, the types, surficial lithology, and soil characteristics.

Table 1.1. Summary of the streamgages used in the regression analysis of natural streams in central and western Colorado, 2019
(Kohn and others, 2026).

[Table is available as a comma separated values (csv) format file for download at https://doi.org/10.3133/sir20255047; CO, Colorado; WY, Wyoming; NM,
New Mexico; UT, Utah; AZ, Arizona; NA, not applicable; 999999XX, sites with U.S Geological Survey streamgage number starting with "999999" are not
U.S. Geological Survey streamgages, operated by Colorado Division of Water Resources, and have been assigned arbitrary numbers; U.S. Geological Survey
information from U.S. Geological Survey (2020b); Colorado Division of Water Resources information from Colorado Division of Water Resources (2020)]

Table 1.2. Basin and climatic characteristics evaluated for use in the peak-, mean-, and low-streamflow regional-regression equations
in central and western Colorado, 2019 (Kohn and others, 2026).

[Table is available as a comma separated values (csv) format file for download at https://doi.org/10.3133/5ir20255047; 3DEP, 3D Elevation Program; USGS,
U.S. Geological Survey; NWIS, National Water Information System; NADS83, North American Datum of 1983; PRISM, Parameter-Elevation Regressions
on Independent Slopes Model; NOAA, National Oceanic and Atmospheric Administration; STATSGO, State Soil Geographic; NLCD, National Land Cover
Database; NHD, National Hydrography Dataset; SNODAS, Snow Data Assimilation System; NSIDC, National Snow and Ice Data Center]
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