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Vi

Conversion Factors

U.S. customary units to International System of Units

Multiply By To obtain
Length
inch (in.) 2.54 centimeter (cm)
inch (in.) 254 millimeter (mm)
foot (ft) 0.3048 meter (m)
mile (mi) 1.609 kilometer (km)
Area
square mile (mi?) 259.0 hectare (ha)
square mile (mi?) 2.590 square kilometer (km?)
Flow rate
cubic foot per second (ft/s) 0.02832 cubic meter per second
(m3/s)

inch per hour (in/h) 0.0254 meter per hour (m/h)
inch per month (in/mo) 0.0254 meter per month (m/mo)
inch per year (in/yr) 0.0254 meter per year (m/yr)

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

Datums

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

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

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

Supplemental Information

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



Abbreviations

EPA U.S. Environmental Protection Agency
M7D2Y 7-day, 2-year low-flow statistic
M7D10Y  7-day, 10-year low-flow statistic
M14D5Y  14-day, 5-year low-flow statistic
M30D5Y  30-day, 5-year low-flow statistic

MSE mean squared error

n-day streamflow statistic describing a streamflow event over a number of days
NWIS National Water Information System
p-value  statistical probability level

R? coefficient of determination

USGS U.S. Geological Survey

V1D5Y 1-day, 5-year high-flow statistic
V60D2Y  60-day, 2-year high-flow statistic

WLS weighted least squares
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Methods for Estimating Selected Streamflow Statistics at
Ungaged Sites in Wyoming Based on Data Through Water

Year 2021

By Nicholas J. Taylor and Roy Sando

Abstract

The U.S. Geological Survey, in cooperation with the
Wyoming Water Development Office, developed regional
regression equations based on basin characteristics and
streamflow statistics for streamgages through water year 2021
(October 1, 2020, to September 30, 2021). The regression
equations allow estimates of mean annual maximum, mean
annual, mean seasonal, and mean monthly streamflows;
frequency statistics for the 7-day mean low flows with 2-year
and 10-year recurrence intervals, 14- and 30-day mean low
flows with 5-year recurrence intervals, and 60- and 1-day
mean high flow with 2-year and 5-year recurrence intervals,
respectively; and the 0.1-, 0.2-, 0.5-, 1-, 2-, 4-, 5-, 10-, 20-,
25-, 30-, 50-, 60-, 70-, 75-, 80-, 90-, 95-, 98-, and 99-percent
durations for annual streamflows and 0.1-, 0.5-, 10-, 15-, 20-,
25-, 30-, 40-, 50-, 60-, 70-, 75-, 80-, 85-, 90-, 95-, and 99-
percent durations for monthly streamflows for most months
for ungaged locations in Wyoming that are largely unaltered
by diversions or upstream reservoirs.

Regression equations were developed for 243 streamflow
statistics. Best-subset selection was used to assess explanatory
variables for respective streamflow statistics. Exploratory
data analyses determined that, of the 81 basin characteristics
evaluated as potential explanatory variables, characteristics
such as drainage area and precipitation often produced
models with the highest adjusted coefficient of determination
and lowest mean squared error, as determined in the best-
subset selection. To address heteroskedasticity of model
residuals, model variables were regionalized using fixed-
effects models; the percentages of the streamgage basins in
selected ecoregions were defined as interaction terms, which
represent the model slope for specific ecoregions. Most
models were determined to be statistically significant for
probability values less than or equal to 0.1 for one or more
regional explanatory variables. The final regional regression
equations defined in this report are available for use in the
U.S. Geological Survey’s StreamStats web application at
https://streamstats.usgs.gov/ss/.

Introduction

Information about streamflow statistics is used for the
development and management of surface-water resources.
Statistics can be directly calculated for streamgages with the
appropriate streamflow record; however, streamgages only
represent a small part of the Wyoming stream network. Thus,
models such as regression equations can be developed to
estimate streamflow statistics at ungaged locations.

Streamflow statistics are used across the Nation for
engineering; water-quality; wildlife management; and other
everyday planning, research, and management problems
(Risley and others, 2008; Feaster and Guimaraes, 2014). For
example, annual, seasonal, and monthly streamflow statistics
provide water users with expected streamflow during specific
timeframes, aiding in water resource management and wildlife
conservation. Flow-duration streamflow statistics provide
streamflow-exceedance probabilities used to design stream-
related infrastructure, including bridges and dams, and inform
hydrologic modeling. Streamflow statistics describing the
mean high- and low-streamflows for consecutive days (n-
day high- and low-flow statistics) indicate the duration and
frequency of maximum and minimum daily mean streamflows
and are used to inform wastewater treatment methods,
determine total maximum daily loads of streams, and assess
the health of aquatic habitats. These streamflow statistics were
previously calculated for all 176 streamgages used in this
study in and near the State of Wyoming (fig. 1) based on data
through water year 2021 (October 1, 2020, to September 30,
2021; Armstrong and others, 2025a, b).

To predict streamflow statistics at ungaged locations,
regional regression equations are commonly used. The
U.S. Geological Survey (USGS), in cooperation with the
Wyoming Water Development Office, developed regional
regression equations for mean annual maximum, mean
annual, mean seasonal, and mean monthly streamflows;
n-day statistics; and annual and monthly flow-duration
statistics using streamflow statistics at streamgages in
and near Wyoming (fig. 1; table 1) that are unaffected by
major regulation or diversions (hereinafter referred to as
“unaltered”).


https://streamstats.usgs.gov/ss/
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Figure 1. Map showing study area, U.S. Environmental Protection Agency level lll ecoregions that intersect Wyoming (U.S. Environmental Protection Agency, 2013),
and the locations of U.S. Geological Survey streamgages (U.S. Geological Survey, 2022b) used to develop the regional regression equations.
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Table 1.

List of U.S. Geological Survey streamgages used in developing regression equations.

Introduction

[Streamgage data from U.S. Geological Survey (2022b). USGS, U.S. Geological Survey; NAD 83, North American Datum of 1983; MT, Montana; Lk, Lake;
YNP, Yellowstone National Park; Cr, Creek; Bndry, Boundary; nr, near; ab, above; WY, Wyoming; SF, South Fork; L, Little; Ft, Fort; C, Creek; Rnch, Ranch;
R, River; bl, below; N F, North Fork; Sta, Station; SD, South Dakota; CO, Colorado; Riv, River; E Fk, East Fork; Med, Medicine; Cv, Cave; UT, Utah; Res,

Reservoir; ID, Idaho]

USGS Latitude, Longitude,

streamgage USGS streamgage name in decimal degrees in decimal degrees
identifier (NAD 83) (NAD 83)

06043500 GALLATIN RIVER NEAR GALLATIN GATEWAY, MT 45.4973 —111.2707083
06048000 EAST GALLATIN RIVER AT BOZEMAN, MT 45.7005361 —111.0292667
06048500 BRIDGER CREEK NEAR BOZEMAN, MT 45.705175 —110.9620556
06052500 GALLATIN RIVER AT LOGAN, MT 45.8862472 —111.4420083
06186500 YELLOWSTONE RIVER AT YELLOWSTONE LK OUTLET, YNP 44.56709167 —110.3804056
06187915 SODA BUTTE CR AT PARK BNDRY AT SILVER GATE 45.00283056 —110.0018722
06187950 SODA BUTTE CR NR LAMAR RANGER STATION, YNP 44.86898889 —110.164775
06188000 LAMAR RIVER NR TOWER RANGER STATION, YNP 4492817778 —110.3942694
06191000 GARDNER RIVER NEAR MAMMOTH, YNP 44.9923444 —110.690975
06192500 YELLOWSTONE RIVER NEAR LIVINGSTON, MT 45.5972111 —110.5664972
06197500 BOULDER RIVER NEAR CONTACT, MT 45.5545333 —110.2005417
06200000 BOULDER RIVER AT BIG TIMBER, MT 45.8337944 —109.9387056
06200500 SWEET GRASS CREEK ABOVE MELVILLE, MT 46.15538056 —110.08705
06202510 STILLWATER RIVER AB NYE CR NR NYE, MT 45.3943083 —109.8695167
06204500 ROSEBUD CREEK NEAR ABSAROKEE, MT 45.48659167 —109.4561306
06205000 STILLWATER RIVER NEAR ABSAROKEE, MT 45.53674167 —109.4220556
06207500 CLARKS FORK YELLOWSTONE RIVER NR BELFRY, MT 45.0099111 —109.0653667
06216000 PRYOR CREEK AT PRYOR MT 45.43467778 —108.5336528
06218500 WIND RIVER NEAR DUBOIS, WY 43.57856415 —109.7598835
06220500 EAST FORK WIND RIVER NEAR DUBOIS, WY 43.4543997 —109.4665368
06220800 WIND RIVER ABOVE RED CREEK, NEAR DUBOIS, WY 43.441622 —109.4587584
06222700 CROW CREEK NEAR TIPPERARY, WY 43.57666667 —109.2622222
06224000 BULL LAKE CREEK ABOVE BULL LAKE, WY 43.1766111 —109.2025556
06228000 WIND RIVER AT RIVERTON, WY 43.01051478 —108.3767701
06228350 SF L WIND RIV AB WASHAKIE RES, NR FT WASHAKIE, WY 42.96828927 —109.037628
06228800 NORTH FORK LITTLE WIND RIVER NR FORT WASHAKIE, WY 43.0271782 —109.0012383
06231000 LITTLE WIND RIVER ABOVE ARAPAHOE, WY 42.96023785 —108.498998
06232500 NORTH POPO AGIE RIVER NEAR LANDER, WY 42.8830135 —108.788453
06233000 LITTLE POPO AGIE RIVER NEAR LANDER, WY 42.7166259 —108.6434455
06233500 LITTLE POPO AGIE RIVER AT HUDSON, WY 42.9010708 —108.5873343
06233900 POPO AGIE RIVER NEAR ARAPAHOE, WY 42.9463155 —108.5101559
06235500 LITTLE WIND RIVER NEAR RIVERTON, WY 42.9975 —108.3754167
06239000 MUSCRAT CREEK NEAR SHOSHONI, WY 43.1484333 —108.1583389
06256900 DRY CREEK NEAR BONNEVILLE, WY 43.28103909 —107.9131963
06257000 BADWATER CREEK AT BONNEVILLE, WY 43.2690937 —108.0801459
06260000 SOUTH FORK OWL CREEK NEAR ANCHOR, WY 43.66666667 —108.855
06262300 NORTH FORK OWL CR AB BASIN RANCH NR ANCHOR, WY 43.6890863 —108.8407308
06264000 OWL CREEK NEAR THERMOPOLIS, WY 43.6857564 —108.3029357

06265337

COTTONWOOD C AT HIGH ISLAND RNCH NR HAMILTON DOME

43.76263889

—108.6778889



4 Methods for Estimating Selected Streamflow Statistics at Ungaged Sites in Wyoming

Table 1. List of U.S. Geological Survey streamgages used in developing regression equations.—Continued

[Streamgage data from U.S. Geological Survey (2022b). USGS, U.S. Geological Survey; NAD 83, North American Datum of 1983; MT, Montana; Lk, Lake;
YNP, Yellowstone National Park; Cr, Creek; Bndry, Boundary; nr, near; ab, above; WY, Wyoming; SF, South Fork; L, Little; Ft, Fort; C, Creek; Rnch, Ranch;
R, River; bl, below; N F, North Fork; Sta, Station; SD, South Dakota; CO, Colorado; Riv, River; E Fk, East Fork; Med, Medicine; Cv, Cave; UT, Utah; Res,
Reservoir; ID, Idaho]

USGS Latitude, Longitude,

streamgage USGS streamgage name in decimal degrees in decimal degrees

identifier (NAD 83) (NAD 83)
06265800 GOOSEBERRY CREEK AT DICKIE, WY 43.99991848 —108.7576763
06267400 EAST FORK NOWATER CREEK NEAR COLTER, WY 43.9152019 —107.9301486
06268500 FIFTEEN MILE CREEK NEAR WORLAND, WY 44.02055556 —108.0141667
06270000 NOWOOD RIVER NEAR TENSLEEP, WY 44.01326 —107.428189
06271000 TENSLEEP CREEK NEAR TENSLEEP, WY 44.05770447 -107.3879105
06274500 GREYBULL RIVER NEAR PITCHFORK, WY 44.1085264 —109.1607462
06275000 WOOD RIVER AT SUNSHINE, WY 44.0386111 —108.975
06276500 GREYBULL RIVER AT MEETEETSE, WY 44.15852778 —108.8725833
06278300 SHELL CREEK ABOVE SHELL CREEK RESERVOIR, WY 44.5079801 —107.4037496
06278500 SHELL CREEK NEAR SHELL, WY 44.56492245 —107.712927
06279940 NORTH FORK SHOSHONE RIVER AT WAPITI, WY 44.4714444 —109.4183528
06280300 SOUTH FORK SHOSHONE RIVER NEAR VALLEY, WY 44.20788889 —109.55525
06289000 LITTLE BIGHORN RIVER AT STATE LINE NR WYOLA, MT 45.0071111 —107.6154083
06289600 WEST PASS CREEK NEAR PARKMAN, WY 449877441 —107.4828685
06289820 EAST PASS CREEK NEAR DAYTON, WY 44.99047828 —107.4229227
06290000 PASS CREEK NEAR WYOLA, MT 45.05626389 -107.3559
06290500 LITTLE BIGHORN R BL PASS CR NR WYOLA, MT 45.1771333 —107.39455
06291000 OWL CREEK NEAR LODGE GRASS MT 45.26796667 —107.3013833
06291500 LODGE GRASS CR AB WILLOW CR DIVERSION, NR WYOLA, MT 45.12648056 —107.5998917
06294000 LITTLE BIGHORN RIVER NEAR HARDIN, MT 45.7356861 —107.5574694
06297000 SOUTH FORK TONGUE RIVER NEAR DAYTON, WY 44.784 —107.4699444
06298000 TONGUE RIVER NEAR DAYTON, WY 44.8494123 —107.3045253
06298500 LITTLE TONGUE RIVER NEAR DAYTON, WY 44.8104797 —107.2845826
06299500 WOLF CREEK AT WOLF, WY 44.77242459 —107.2343027
06299980 TONGUE RIVER AT MONARCH, WY 44.9002032 —107.0209639
06303500 LITTLE GOOSE CREEK IN CANYON, NEAR BIG HORN, WY 44.5959722 —107.0397222
06306300 TONGUE RIVER AT STATE LINE NR DECKER, MT 45.0091361 —106.8359444
06307600 HANGING WOMAN CREEK NEAR BIRNEY, MT 45.29906389 —106.5081667
06307740 OTTER CREEK AT ASHLAND, MT 45.58838889 —106.2550556
06308400 PUMPKIN CREEK NEAR MILES CITY, MT 46.22835556 —105.6906083
06309200 MIDDLE FORK POWDER RIVER NEAR BARNUM, WY 43.57773999 —107.1383995
06309450 BEAVER C BL BAYER C NR BARNUM WY 43.66496307 -107.0631194
06309500 MIDDLE FORK POWDER RIVER ABOVE KAYCEE, WY 43.6474683 —106.8086642
06311000 NORTH FORK POWDER RIVER NEAR HAZELTON, WY 44.02774228 —107.0808955
06312500 POWDER RIVER NEAR KAYCEE, WY 43.6930295 —106.5305951
06313000 SOUTH FORK POWDER RIVER NEAR KAYCEE, WY 43.61941675 —106.577264
06313400 SALT CREEK NEAR SUSSEX, WY 43.62191829 —106.3683639
06313700 DEAD HORSE CREEK NEAR BUFFALO, WY 44.21497995 —106.111968

06314500 N F CRAZY WOMAN CR BL SPRING DRAW, NR BUFFALO, WY 44.19381854 —106.7803922



Table 1.

List of U.S. Geological Survey streamgages used in developing regression equations.—Continued

Introduction

[Streamgage data from U.S. Geological Survey (2022b). USGS, U.S. Geological Survey; NAD 83, North American Datum of 1983; MT, Montana; Lk, Lake;
YNP, Yellowstone National Park; Cr, Creek; Bndry, Boundary; nr, near; ab, above; WY, Wyoming; SF, South Fork; L, Little; Ft, Fort; C, Creek; Rnch, Ranch;
R, River; bl, below; N F, North Fork; Sta, Station; SD, South Dakota; CO, Colorado; Riv, River; E Fk, East Fork; Med, Medicine; Cv, Cave; UT, Utah; Res,

Reservoir; ID, Idaho]

USGS Latitude, Longitude,

streamgage USGS streamgage name in decimal degrees in decimal degrees
identifier (NAD 83) (NAD 83)

06315500 MIDDLE FORK CRAZY WOMAN CREEK NEAR GREUB, WY 44.0579857 —106.8026136
06316400 CRAZY WOMAN CREEK AT UPPER STA, NEAR ARVADA, WY 44.49104298 —106.1778757
06317020 WILD HORSE CREEK NEAR ARVADA, WY 44.6324821 —106.0319671
06317500 NORTH FORK CLEAR CREEK NEAR BUFFALO, WY 44.3199283 —-106.9103979
06318500 CLEAR CREEK NEAR BUFFALO, WY 44.33275055 —106.7772735
06320000 ROCK CREEK NEAR BUFFALO, WY 44.456039 —106.8790096
06321500 NORTH PINEY CREEK NEAR STORY, WY 44.5796493 —106.932346
06324500 POWDER RIVER AT MOORHEAD, MT 45.0571972 —105.8783778
06324970 LITTLE POWDER RIVER AB DRY CREEK, NEAR WESTON, WY 44.9268794 —105.3534087
06334500 LITTLE MISSOURI RIVER AT CAMP CROOK, SD 45.5481343 —103.9712386
06335000 LITTLE BEAVER CREEK NR MARMARTH, ND 46.2747278 —103.9763192
06386000 LANCE CREEK NEAR RIVERVIEW, WY 43.3552256 —104.2714124
06392900 BEAVER CREEK AT MALLO CAMP, NEAR FOUR CORNERS, WY 44.084945 —104.0605792
06394000 BEAVER CREEK NEAR NEWCASTLE, WY 43.5352253 —104.117798
06400875 HORSEHEAD CREEK AT OELRICHS, SD 43.18803166 —103.2265866
06425720 BELLE FOURCHE R BL RATTLESNAKE C, NR PINEY, WY 43.98438297 —105.3883998
06426500 BELLE FOURCHE RIVER BELOW MOORCROFT, WY 44.32188385 —104.9406108
06429905 SAND CREEK NEAR RANCH A, NEAR BEULAH, WY 44.52022088 —104.0839176
06430532 CROW CREEK NEAR BEULAH, WY 44.5705398 —104.0057655
06430800 ANNIE CREEK NEAR LEAD, SD 44.32749778 —103.894532
06430850 LITTLE SPEARFISH CREEK NEAR LEAD, SD 44.3496865 —103.9359118
06436156 WHITETAIL CREEK AT LEAD, SD 44.34331769 —103.7663095
06436165 DEADWOOD CREEK AT CENTRAL CITY, SD 44.36859538 —103.765754
06436190 WHITEWOOD CREEK NEAR WHITEWOOD, SD 44.54175655 —103.5719867
06437020 BEAR BUTTE CREEK NEAR DEADWOOD, SD 44.3355403 —103.6354716
06614800 MICHIGAN RIVER NEAR CAMERON PASS, CO 40.49609409 —105.8650119
06620000 NORTH PLATTE RIVER NEAR NORTHGATE, CO 40.93663889 —106.3391944
06622700 NORTH BRUSH CREEK NEAR SARATOGA, WY 41.37022978 —106.520632
06622900 SOUTH BRUSH CREEK NEAR SARATOGA, WY 41.3438411 —106.5264653
06623800 ENCAMPMENT RIVER AB HOG PARK CR, NR ENCAMPMENT, WY 41.02356508 —106.8248049
06628900 PASS CREEK NEAR ELK MOUNTAIN, WY 41.58606047 —106.6109148
06630000 N PLATTE RIV AB SEMINOE RESERVOIR, NR SINCLAIR, WY 41.87216636 —107.0575984
06630465 MEDICINE BOW R AB E FK MED BOW NR ELK MOUNTAIN, WY 41.54777778 —106.4097222
06632400 ROCK CREEK AB KING CANYON CANAL, NR ARLINGTON, WY 41.58522927 —106.222847
06633500 ROCK CREEK BELOW ROCK RIVER, WY 41.77634015 —105.9306174
06634620 L MEDICINE BOW R AT BOLES SPRING, NR MEDICINE BOW 41.96105917 —106.2092391
06635000 MEDICINE BOW R AB SEMINOE RESERVOIR, NR HANNA, WY 42.00966817 -106.5131381
06637550 SWEETWATER RIVER NEAR SOUTH PASS CITY, WY 42.37492879 —108.8829389

06637750

ROCK CREEK ABOVE ROCK CREEK RESERVOIR, WY

42.5497222

—108.7752778
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Table 1. List of U.S. Geological Survey streamgages used in developing regression equations.—Continued

[Streamgage data from U.S. Geological Survey (2022b). USGS, U.S. Geological Survey; NAD 83, North American Datum of 1983; MT, Montana; Lk, Lake;
YNP, Yellowstone National Park; Cr, Creek; Bndry, Boundary; nr, near; ab, above; WY, Wyoming; SF, South Fork; L, Little; Ft, Fort; C, Creek; Rnch, Ranch;
R, River; bl, below; N F, North Fork; Sta, Station; SD, South Dakota; CO, Colorado; Riv, River; E Fk, East Fork; Med, Medicine; Cv, Cave; UT, Utah; Res,

Reservoir; ID, Idaho]

USGS Latitude, Longitude,

streamgage USGS streamgage name in decimal degrees in decimal degrees
identifier (NAD 83) (NAD 83)

06638090 SWEETWATER RIVER NEAR SWEETWATER STATION, WY 42.5038205 —108.2506982
06639000 SWEETWATER RIVER NEAR ALCOVA, WY 42.4900222 —107.1411944
06646600 DEER CREEK BELOW MILLAR WASTEWAY, AT GLENROCK, WY 42.86385525 —105.866115
06647500 BOX ELDER CREEK AT BOXELDER, WY 42.61191679 —105.8597344
06647900 L BOX ELDER C AT L BOX ELDER CV NR CAREYHURST, WY 42.7604997 —105.7264539
06648000 BOX ELDER CREEK NEAR CAREYHURST, WY 42.83549947 —105.6739529
06649000 LA PRELE CREEK NEAR DOUGLAS, WY 42.68105639 —105.6306167
06651500 LA BONTE CREEK NEAR LA BONTE, WY 42.65 —105.3572222
06653500 HORSESHOE CREEK NEAR GLENDO, WY 42.452469 —104.9702484
06658500 LARAMIE RIVER NEAR JELM, WY 41.0021808 —106.0147794
06661000 LITTLE LARAMIE RIVER NEAR FILMORE, WY 41.2949554 —106.0347828
06661500 LITTLE LARAMIE RIVER AT TWO RIVERS, WY 41.46856637 —105.7328305
06661585 LARAMIE RIVER NEAR BOSLER, WY 41.5546769 —105.6833853
06667500 NORTH LARAMIE RIVER NEAR WHEATLAND, WY 42.1660627 —105.206987
09188500 GREEN RIVER AT WARREN BRIDGE, NEAR DANIEL, WY 43.0190833 —110.1188611
09189500 HORSE CREEK AT SHERMAN RANGER STATION, WY 42.94408117 —110.3849371
09196500 PINE CREEK ABOVE FREMONT LAKE, WY 43.02705556 —109.7735278
09198500 POLE CR BL LITTLE HALF MOON LAKE, NR PINEDALE, WY 42.88138889 —109.7119444
09199500 FALL CREEK NEAR PINEDALE, WY 42.8557529 —109.7207486
09203000 EAST FORK RIVER NEAR BIG SANDY, WY 42.6725 —109.4216667
09205500 NORTH PINEY CREEK NEAR MASON, WY 42.65797255 —110.3463213
09208000 LA BARGE CREEK NR LA BARGE MEADOWS RANGER STA, WY 42.50694444 —110.6747222
09209400 GREEN RIVER NEAR LA BARGE, WY 42.19269994 —110.1632544
09210500 FONTENELLE C NR HERSCHLER RANCH, NR FONTENELLE, WY 42.09580556 —110.4160833
09214500 LITTLE SANDY CREEK ABOVE EDEN, WY 42.2365939 —109.3129507
09215000 PACIFIC CREEK NEAR FARSON, WY 42.1283333 —109.3254444
09217900 BLACKS FORK NEAR ROBERTSON, WY 40.95902778 —110.5797222
09220500 WEST FORK OF SMITH FORK NEAR ROBERTSON, WY 41.02215418 —110.4793616
09222000 BLACKS FORK NEAR LYMAN, WY 41.4521515 —110.1729683
09223000 HAMS FORK BELOW POLE CREEK, NEAR FRONTIER, WY 42.11088889 —110.7094167
09224700 BLACKS FORK NEAR LITTLE AMERICA, WY 41.5460425 —109.6935102
09229500 HENRYS FORK NEAR MANILA, UT 41.00452778 —109.6675556
09255000 SLATER FORK NEAR SLATER, CO 40.9824657 —107.3828391
09258000 WILLOW CREEK NEAR DIXON, WY 40.91550679 —107.5217699
09258050 MUDDY CREEK ABOVE OLSON DRAW, NEAR DAD, WY 41.4783333 -107.6025
09258980 MUDDY CREEK BELOW YOUNG DRAW, NEAR BAGGS, WY 41.06814337 —107.6316359
10011500 BEAR RIVER NEAR UTAH-WYOMING STATE LINE 40.9652079 —110.853539
10015700 SULPHUR CR AB RES, BL LA CHAPELLE CR, NR EVANSTON,WY 41.12911407 —110.8065634
10020100 BEAR RIVER ABOVE RESERVOIR, NEAR WOODRUFF, UT 41.4343899 —111.0176863
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List of U.S. Geological Survey streamgages used in developing regression equations.—Continued

[Streamgage data from U.S. Geological Survey (2022b). USGS, U.S. Geological Survey; NAD 83, North American Datum of 1983; MT, Montana; Lk, Lake;
YNP, Yellowstone National Park; Cr, Creek; Bndry, Boundary; nr, near; ab, above; WY, Wyoming; SF, South Fork; L, Little; Ft, Fort; C, Creek; Rnch, Ranch;
R, River; bl, below; N F, North Fork; Sta, Station; SD, South Dakota; CO, Colorado; Riv, River; E Fk, East Fork; Med, Medicine; Cv, Cave; UT, Utah; Res,

Reservoir; ID, Idaho]

USGS Latitude, Longitude,

streamgage USGS streamgage name in decimal degrees in decimal degrees
identifier (NAD 83) (NAD 83)

10023000 BIG CREEK NEAR RANDOLPH, UT 41.60994177 —111.2540876
10032000 SMITHS FORK NEAR BORDER, WY 42.2932662 —110.8724064
10041000 THOMAS FORK NEAR WYOMING-IDAHO STATE LINE 42.40215256 —111.0249154
13010065 SNAKE RIVER AB JACKSON LAKE AT FLAGG RANCH, WY 44.09888889 —110.6675
13011500 PACIFIC CREEK AT MORAN, WY 43.8510187 -110.5171751
13011900 BUFFALO FORK AB LAVA CREEK, NR MORAN, WY 43.83805556 —110.4408333
13014500 GROS VENTRE RIVER AT KELLY, WY 43.62088889 —110.6230556
13016305 GRANITE C AB GRANITE C SUPPLEMENTAL, NR MOOSE, WY 43.60316667 —110.8058333
13018300 CACHE CREEK NEAR JACKSON, WY 43.45213098 —110.7041203
13018350 FLAT CREEK BELOW CACHE CREEK, NEAR JACKSON, WY 43.4583611 —110.7970278
13019438 LITTLE GRANITE CREEK AT MOUTH, NR BONDURANT, WY 43.2986111 —110.5177778
13019500 HOBACK RIVER NEAR JACKSON, WY 43.30527778 —110.6801944
13023000 GREYS RIVER ABOVE RESERVOIR, NEAR ALPINE, WY 43.14305556 —110.9769444
13024000 SALT RIVER NEAR SMOOT, WY 42.6054691 —110.918005
13025000 SWIFT CREEK NEAR AFTON, WY 42.7260238 —110.899117
13025500 CROW CREEK NEAR FAIRVIEW, WY 42.67491237 =111.0077309
13027500 SALT RIVER ABOVE RESERVOIR, NEAR ETNA, WY 43.0797222 —111.0372222
13032000 BEAR CREEK AB RESERVOIR NR IRWIN, ID 43.2832518 —111.2221652
13046680 BOUNDARY CREEK NR BECHLER RANGER STATION, Y.N.P., WY 44.18527778 =111.0077778
13047500 FALL RIVER NR SQUIRREL, ID 44.0686111 —111.2413889

The n-day statistics describe the minimum or maximum
streamflow during a consecutive period of days during an
annual period for a selected recurrence interval. For example,
the 7-day, 2-year low-flow statistic (M7D2Y) represents the
streamflow value that is expected to be equaled or exceeded
during a 7-day period, on average, once every 2 years. The
1-day, 5-year high-flow statistic (V1D5Y) represents the
maximum daily streamflow that occurs every 5 years on
average. High-flow n-day statistics use the water year (the
12-month period from October 1 through September 30 of
the following year that is designated by the calendar year
in which it ends), while low-flow n-day statistics use the
climatic year instead of the water year as the annual period
of record. Although a climatic year has no standard start
and end date (Langbein and Iseri, 1960), other studies have
commonly used April 1 to March 31 of the following year
as the season boundaries for low-flow statistics (Risley and
others, 2008; Feaster and Guimaraes, 2014). Regression
equations were developed for the 7-day, 2-year low flow
(M7D2Y); 7-day, 10-year low flow (M7D10Y); 14-day, 5-year

low flow (M14D5Y); 30-day, 5-year low flow (M30D5Y);
60-day, 2-year high flow (V60D2Y); and 1-day, 5-year high
flow (VIDS5Y).

Flow-duration streamflow statistics (also referred to
as “exceedance probabilities”) indicate how frequently
streamflow observed at the location would be expected to meet
or exceed the estimated streamflow for the year (annual flow
duration) or month (monthly flow duration). For example, an
annual exceedance probability of 0.01 indicates that a daily
mean streamflow at a location, measured in cubic feet per
second, has a 1-percent chance of being equaled or exceeded
in a year. Regional regression equations were assessed for
0.1-,0.2-, 0.5, 1-, 2-, 4-, 5-, 10-, 20-, 25-, 30-, 50-, 60-, 70-,
75-, 80-, 90-, 95-, 98-, 99-, 99.5-, 99.8-, and 99.9-percent
durations for annual streamflows and 0.1-, 0.5-, 10-, 15-,
20-, 25-, 30-, 40-, 50-, 60-, 70-, 75-, 80-, 85-, 90-, 95-, and
99-percent durations for monthly streamflows. Owing to
the nature of weighted left-censored regression models,
several statistics (99.5-, 99.8-, and 99.9-percent durations
for annual streamflow and July 99-, August 95- and 99-,
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and September 95- and 99-percent durations for monthly
streamflow) had too many censored streamflow values (zero
values) to develop final models.

Purpose and Scope

The USGS, in cooperation with the Wyoming Water
Development Office, continues efforts to update relevant
data and develop streamflow models for the StreamStats
application for the State of Wyoming. StreamStats is a web
application that can be used to delineate drainage areas,
determine basin characteristics, and compute streamflow
statistics at gaged and ungaged locations (https://streamstats.
usgs.gov/ss/; Ries and others, 2017, 2024; USGS 2019a,
2022b). The purpose of this report is to describe the methods
used in developing regression equations for estimating
selected streamflow statistics using current (2025) basin
characteristics (table 2; Hallberg and others, 2023b) for
ungaged basins in Wyoming. The regression equations were
developed using newly updated streamflow statistics from
Armstrong and others (2025a, b). A total of 176 streamgages
were used for developing equations for mean annual
maximum, mean annual, mean seasonal, and mean monthly
streamflow; and annual and monthly flow-duration streamflow
statistics. A subset of only 145—156 streamgages was used
for developing equations for n-day statistics, which include
M7D2Y, M7D10Y, M14D5Y, M30D5Y, V60D2Y, and
VIDS5Y. The equations presented in this report are loaded
to the Wyoming StreamStats application and can be used
to derive the previously mentioned streamflow statistics for
ungaged locations on streams in Wyoming.

Description of Study Area

The study area includes Wyoming, an area of about
98,000 square miles, and some basins that extend into
Colorado, Idaho, Utah, Montana, Nebraska, North Dakota, and
South Dakota (fig. 1). The study area contains parts of four
large hydrologic regions: the Great Basin, Missouri, Pacific
Northwest, and Upper Colorado regions (Hallberg and others,
2023a). Wyoming has diverse ecosystems and landscapes
with elevations ranging from 3,125 to 13,785 feet. These
ecosystems consist of forested mountains and glaciated peaks,
semiarid shrub- and grass-covered hills and plains, high-
elevation plateaus, and wetlands (Chapman and others, 2004).

The diversity of Wyoming’s ecosystems is captured by
the U.S. Environmental Protection Agency (EPA) level 111
ecoregions (EPA, 2013; Omernik and Griffith, 2014), which
define spatial patterns in geology, physiography, vegetation,
climate, soils, land use, wildlife, and hydrology. In the study
area, seven level I ecoregions define the diverse ecology of
the state. Two ecoregions, Snake River Plain, and Wasatch
and Uinta Mountains, cover less area in Wyoming and are
not represented as well by streamgage basins from this study.
The five ecoregions that contain most of this study’s basins

are the Middle Rockies, Southern Rockies, Wyoming Basin,
High Plains, and Northwestern Great Plains (fig. 1). The
EPA Office of Research and Development, National Health
and Environmental Effects Research Laboratory (EPA,
2013) descriptions of these ecoregions are in the following
paragraphs.

The Middle Rockies ecoregion is composed of steep-
crested, high mountains that are largely covered by coniferous
forests. These forests differ in species from the Southern
Rockies, having more Pinus contorta Douglas ex Loudon
(lodgepole pines). The Black Hills part of the Middle Rockies
is also distinct with a more montane climate than surrounding
parts of South Dakota (Chapman and others, 2004). Numerous
mountain-fed, perennial streams originate in this ecoregion
from snowmelt and flow into surrounding ecoregions, and
annual peak streamflows are typically during the spring.

The Southern Rockies ecoregion is characterized by steep
mountains, intermontane valleys, and high-elevation plateaus.
Vegetation varies across this region largely by elevation: from
alpine wildflowers, subalpine coniferous forests, and shrubs
and grass at the lowest elevations (Chapman and others,
2004). Similar to streamflow in the Middle Rockies, the
causal mechanism for streamflow is predominantly snowmelt;
however, mixed rain-on-snow runoff and rainfall are more
common at lower elevations.

The Wyoming Basin ecoregion is primarily a broad arid
intermontane basin covered by grasslands and shrublands and
flanked by the Middle Rockies to the west and east (Chapman
and others, 2004). Although similar in topography and
vegetation, the Wyoming Basin is drier than the Northwestern
Great Plains to the northeast. Many streams are supplied by
runoff from the surrounding montane ecoregions.

The Northwestern Great Plains ecoregion is defined by
semiarid rolling plains in the northeastern corner of Wyoming.
Cattle grazing and agriculture are common, and many streams
are affected by irrigation (Chapman and others, 2004). Coal-
bed methane production is also prevalent, and production
water from groundwater pumping during methane extraction
has effects on discharge to streams, especially during low flow.
Snowmelt is often earlier in the season compared to montane
ecoregions, and rainfall from summer storms also contributes
to streamflow.

The High Plains ecoregion consists of undulating plains
in the southeastern corner of Wyoming. The Rocky Mountains
to the west cause a rain shadow, which greatly limits the
precipitation in this ecoregion. Along with drought-resistant
shortgrass, agricultural crops are common in this region
because much of the precipitation falls during the growing
season (spring—summer) (Chapman and others, 2004). Many
of the basins with streamgages in this region experience some
effect from irrigation.

Mean annual precipitation in Wyoming for 1991-2020
ranged from less than 10 inches per year in parts of the
Green River, Great Divide, Wind River, and Bighorn Basins
largely defined by the Wyoming Basin ecoregion to more than
70 inches per year in mountainous areas (Middle Rockies
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Table 2. Basin characteristics considered for best-subset selection in regression analysis for each group of streamflow statistics.

[n-day, streamflow statistic describing a streamflow event over a number of days; x, statistic is relevant to StreamStats abbreviation; --, not applicable; NLCD, National Land Cover Database]

StreamStats . Mean periodical Flow-duration Minimum n-day  Maximum n-day
abbreviation Definition statistics statistics statistics statistics
AUGAVTMP Mean August temperature, in degrees Fahrenheit -- - -- X
BASINPERIM Perimeter of the contributing drainage area, in miles X X -- X
COMPRAT Compactness ratio for the contributing drainage area, computed using the X - -- X
DRNAREA and BASINPERIM basin characteristics
DECAVPRE Mean December precipitation, in inches X -- X -
DECAVTMP Mean December temperature, in degrees Fahrenheit -- X -- X
DRNAREA Drainage area, in square miles X X X X
ET0306MOD Spring (March—June) mean-monthly evapotranspiration (2001-11), in X -- -- -
inches per month
FEBAVPRE Mean February precipitation, in inches -- - X --
FEBAVTMP Mean February temperature, in degrees Fahrenheit -- - -- X
JANAVPRE Mean June precipitation, in inches X - X --
JANAVTMP Mean January temperature, in degrees Fahrenheit -- X -- X
JULAVTMP Mean July temperature, in degrees Fahrenheit -- - X X
JUNAVTMP Mean June temperature, in degrees Fahrenheit -- - X X
LC16SHRUB Percentage of shrub or scrub land from NLCD 2016 (Dewitz, 2019) class 52 -- - -- X
MARAVPRE Mean March precipitation, in inches -- - X --
MARAVTMP Mean March temperature, in degrees Fahrenheit -- - -- X
NOVAVPRE Mean November precipitation, in inches X - X --
NOVAVTMP Mean November temperature, in degrees Fahrenheit -- X X X
OCTAVTMP Mean October temperature, in degrees Fahrenheit -- - -- X
RELIEF Difference between the maximum and minimum elevations of the basin, in X X X X
feet
SEPAVTMP Mean September temperature, in degrees Fahrenheit -- - X X
SLOP50_10M Percentage of basin with slopes greater than or equal to 50 percent -- - X --
SNOAPR Mean April 1 water equivalent of snow cover (2004-22) X X X X
SNOFEB Mean February 1 water equivalent of snow cover (2004-22) X X X X
SNOJAN Mean January 1 water equivalent of snow cover (2004-22) X X X X
SNOMAR Mean March 1 water equivalent of snow cover (2004-22) X X X --
SNOMAY Mean May 1 water equivalent of snow cover (2004-22) X X X X
SOILPERM Mean soil permeability, in inches per hour X - -- X
TEMP Mean annual daily mean temperature, in degrees Fahrenheit -- -- X X

uononposu|

6



10 Methods for Estimating Selected Streamflow Statistics at Ungaged Sites in Wyoming

ecoregion) in the northwestern part of the State (PRISM
Climate Group, 2022). The large range of elevations and
precipitation in the State results in diverse hydrology and
unique mechanisms for high and low streamflows. Land

uses in Wyoming include grassland pasture and range

(72 percent), forest cover (12 percent), urban and special

use areas (12 percent), and cropland (4 percent) (University
of Wyoming, 2019). Because of the small percentage of
urbanized area, streams in Wyoming are generally less
affected by urbanization than streams in many other states.
Physiographic regions and the orientation of basins are mainly
driven by the location of mountain ranges and the Continental
Divide. Much of the land cover consists of high-elevation
sagebrush and grassland that receives less precipitation than
the mountain ranges. Precipitation in Wyoming results from
two regional climate patterns. Winter months consist of high-
elevation snow accumulation and intermittent snow cover

at lower elevations. Spring and early summer rainstorms

and snowmelt create peak streamflow conditions on many
streams and rivers during this period. Midsummer through
fall is often hotter and drier than the spring and early summer,
and isolated, large thunderstorms during this period can

cause high-flow events on smaller streams (University of
Wyoming, 2019).

Previous Studies

Previous studies in Wyoming developing streamflow
regression equations focused on estimating peak-flow
frequency from instantaneous streamflow records. Lowham
(1988) developed regression equations for estimating peak
streamflows and annual streamflow for streams in mountain,
plains, and high desert physiographic regions. Miller (2003)
updated peak-flow frequency regression equations for six
hydrologic regions based on similar physiographic boundaries
(Fenneman and Johnson, 1946) and patterns in model
residuals. No previous studies in Wyoming have developed
regression equations to estimate low-flow frequencies or
flow-duration statistics from daily streamflow data. However,
low-flow regression equations that have been developed in
Montana (McCarthy and others, 2016) share basin boundaries
with Wyoming. Thus, methods for estimating low-flow stream
statistics in Montana were used to inform the workflow
developed for this study.

Criteria for Selecting Streamgages for
Regression Equations

An affiliated study computed streamflow statistics
for 615 streamgages in and near Wyoming with periods of
record for water years 1868-2021 (Armstrong and others,
2025a). Neither crest-stage gages nor streamgages with daily
streamflow records of fewer than 10 years were included

in this study. Streamflow statistics used in this regression
analysis include mean annual maximum, mean annual, mean
seasonal, and mean monthly streamflows; n-day statistics;

and annual and monthly flow-duration statistics. All statistics
were computed using daily streamflow records available in the
USGS National Water Information System (NWIS) database
(USGS, 2022b).

Streamflow statistics from Armstrong and others (2025a)
were assessed for all streamgages that have at least 10 years
of daily streamflow data through water year 2021 and are in
an 8-digit hydrologic unit code region (commonly known
as HUC 8) within or intersecting the Wyoming boundary.

To ensure accurate representation of streamflow at ungaged
basins, only streamgages that were predominantly unaffected
by alteration from diversions or regulation by upstream
reservoirs were used.

To determine the alteration status of streamgages in
Wyoming, Armstrong and others (2025a) assessed the
influence of dam storage or irrigation on basins using methods
from Wieczorek and others (2021). Those data were processed
to determine total accumulated upstream storage from dams
and irrigation in relation to drainage area. Equations for dam
and diversion disturbance indices are described in Armstrong
and others (2025a). The streamflow record at each streamgage
was classified as “altered—major alteration (dams)” for dam
disturbance-index values greater than or equal to 0.02, as
“altered—minor alteration (dams)” for values greater than
0.01 and less than 0.02, and “unaltered (dams)” for values
less than or equal to 0.01. For diversion disturbance indices,
streamgages were classified as “altered by diversions” for
values greater than or equal to 10 and “unaltered” for values
less than 10. Data used to develop the disturbance indices
were provided by the Wyoming State Engineer’s Office and
are not complete for neighboring states. Thus, this study
used additional references from the USGS NWIS database
(USGS, 2022b), StreamStats application for each state (USGS,
2019a; Colorado, Idaho, Montana, South Dakota, North
Dakota, Utah, and Nebraska), and USGS Water Supply Papers
(USGS, 1973) to assess the alteration status of non-Wyoming
streamgages. In addition to removing streamgages based on
alteration status, redundant streamgages were also removed.
Spatial autocorrelation from redundant streamgage records,
which can happen when streamgages are on the same stream
channel or major tributaries, can have adverse effects on
regression models (Gruber and Stedinger, 2008). For streams
with multiple streamgages, the overlapping drainage arca
of each streamgage was used to determine redundancy. Of
the 285 streamgages with unaltered status, 51 were removed
for redundancy to limit spatial autocorrelation in regression
models. An additional 58 streamgages were removed after the
initial analysis for various reasons, including non-Wyoming
streamgages with major alteration described by NWIS or
StreamStats records, spring-fed streamgages or streamgages
with records affected by coal-bed methane or urbanization,
and streamgages with basins predominantly in the High Plains
ecoregion because of factors described below. Details on



the removed streamgages are available in the accompanying
USGS data release (Drukker and others, 2026). The final
streamgage list used in developing regression equations is
provided in table 1.

Streamgages with 75 percent or more of their respective
basins in the High Plains ecoregion demonstrated large model

residuals (app. 1) as compared to streamgages in other regions.

Because of the lack of thorough representation of hydrologic
conditions within this region, these 12 streamgages were
removed from further analysis. One USGS streamgage (Blue
Creek near Lewellen, Nebraska; 06687000; not shown) was
spatially isolated from other basins after removing the High
Plains region and, thus, was also removed.

Exploring Basin Characteristics as
Explanatory Variables

Basin characteristics from Hallberg and others (2023b)
were investigated as potential explanatory variables in the
regression analyses. Basin characteristics are represented
as gridded parameters describing various environmental,
geological, and land use attributes for respective drainage
areas for each streamgage (Hallberg and others, 2023b).
Drainage areas were delineated by Dutton and others (2025)
for each streamgage using a combination of National
Hydrography Dataset (USGS, 2022a) and an integrated set
of geospatial data layers, including the 10-meter Digital
Elevation Model from the USGS 3D 02Elevation Program
(USGS, 2019b) and the national Watershed Boundary Dataset
(USGS, 2022a), all processed by Hallberg and others (2023a).
These data can also be accessed in the Wyoming StreamStats
application for streams in Wyoming (USGS, 2019a).

To best represent the relation of streamflow to basin
geography and climate, basin characteristics were assessed
as candidate explanatory variables for each of the streamflow
statistic groups: mean annual maximum, mean annual, mean
seasonal, and mean monthly streamflow statistics (referred
to as mean periodical statistics); flow-duration statistics;
minimum r-day (M7D2Y, M7D10Y, M14D5Y, M30D5Y)
statistics; and maximum n-day statistics (V60D2Y and
V1D5Y). For example, drainage area has been determined
to be a statistically significant variable in explaining low-
flow variability (Kroll and others, 2004; Funkhouser and
others, 2008). As such, investigating these types of basin
characteristics as candidate explanatory variables in predictive
modeling of low-flow statistics is common practice. For
each group of streamflow statistics, a subset of the 81 basin
characteristics published by Hallberg and others (2023b)
was assessed (table 2). Subsets were composed of the most
correlated (highest Pearson’s correlation coefficient) variables
for all streamflow statistics in a respective group; normality
of the candidate explanatory variables was also considered,
avoiding variables whose distributions were skewed by a
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few values. Final explanatory variables for the regression
models were selected by best-subset selection, described in the
“Selection of Explanatory Variables” section of this report.

Regression Analysis

Regression analysis involves determining relations
between streamflow statistics (the dependent variables) and
respective basin characteristics (the explanatory variables)
for streamgages to estimate streamflow statistics at ungaged
locations in similar regions. Streamflow statistics are related
to the physical, geologic, and climatic properties of drainage
basins (Smakhtin, 2001). As described in the following
sections, drainage basin properties and regional boundaries
(defined by basin characteristics) were selected based on the
performance of regression models and their theoretical relation
to river hydrology.

Selection of Explanatory Variables

Best-subset selection was used to assess optimal
explanatory variables because this technique is recommended
by Helsel and others (2020). Best-subset selection requires
that all possible combinations of candidate explanatory
variables be tested to find the optimal regression model(s).
Because this method is computationally intensive, only the
most highly correlated variables were considered for each
streamflow statistic group. Additionally, an arbitrary limit on
the maximum number of variables, 1 per 20 streamgages, was
followed to reduce the risk of model overfitting. Statsmodels
version 0.14.4 (Seabold and Perktold, 2010), a Python package
for statistical analysis, was used to generate weighted least
squares (WLS) regression models for best-subset selection.
To reduce multicollinearity between variables, only variable
combinations with variance inflation factors less than 5 were
considered (Helsel and others, 2020). Similarly, to avoid
statistically insignificant models, combinations were excluded
if any variable had a statistical probability level (p-value)
greater than 0.05. The remaining combinations were ranked
based on the adjusted coefficient of determination (R?) and
mean squared error (MSE). The adjusted R?, a metric of model
fit, decreases when additional explanatory variables fail to
reduce the residual sum of squares (Farmer and others, 2019).
The MSE quantifies the average squared difference between
predicted and observed values; a smaller MSE indicates a
better model fit. After best-subset selection, final weighted
left-censored regression models (described in the “Final
Regression Equations™ section) were developed to account
for left-censored values (zero streamflow) and variation in
streamgage record lengths. Because streamflow statistics
estimated at streamgages with short records may have greater
uncertainty (Farmer and others, 2019), streamgages were
weighted by record length. Weighting was computed as
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the number of years of record at the streamgage divided by
the mean record length across all streamgages used in the
regression model (Eng and others, 2009; Lorenz, 2014).
Because of nonlinear relations between streamflow
statistics and the explanatory variables, all variables were log
transformed (base 10) before analysis. Basin characteristics
that were computed as a percentage of the basin (percentage
of forest, for example) could potentially have a value of 0;
therefore, a value of 1 was added to these basin characteristics
before log transformation. Transformations for respective

variables are represented in the final models (app. 1, table 1.1).

A statewide (pooled) regression model for mean
periodical streamflow statistics was first developed
to assess candidate explanatory variables. Combining
regions containing fewer streamgages can be beneficial
if physiographic differences are not significant. For each
streamflow statistic, WLS regression models were developed
for the entire study area using basin characteristics selected
by a best-subset procedure defined previously. Because spatial
patterns in model residuals can indicate regional differences,
residuals from pooled models were compared to those from
fixed-effects models (Griffis and Stedinger, 2007), which use
regional boundaries as additional explanatory variables. EPA
level III ecoregions (EPA, 2013; Omernik and Griffith, 2014)
and hydrologic regions from previous streamflow regression
studies (Miller, 2003) were considered as explanatory
variables in fixed-effects models. Ecoregions were designed
to stratify the environment by the probable response to
disturbance (Bryce and others, 1999), which makes them ideal
candidates as variables in the fixed-effects models.

Residuals from pooled models were examined spatially
to assess geographical patterns of bias. Heteroskedasticity,
unequal variance across residuals, was minor with some
regional differences in residuals (app. 1); however, many
models demonstrated large residuals for streamgages in the
High Plains ecoregion as compared to streamgages in other
regions. Because of the lack of representation of hydrologic
conditions in this region, streamgages within the High
Plains ecoregion were ultimately excluded from the final
regression models.

Regionalization was further assessed using fixed-effects
models. Fixed-effects models were used to test for differences
between model intercepts and slope coefficients for basins
within a given ecoregion as compared to a common model.
To test the difference between intercepts of each region,
fixed-effects models using indicator variables, defined as
the percentage of drainage area of the respective streamgage
basin within a selected ecoregion, were assessed (Griffis and
Stedinger, 2007). Using a percentage allows for a smooth
transition for ungaged locations on streams that flow through
multiple ecoregions (Feaster and others, 2023). Differences
in slope can be assessed by including interaction terms in
the fixed-effects model, which are the cross products of the
pooled model explanatory variables and the percentage of
the drainage areas in the respective ecoregions (Griffis and
Stedinger, 2007). The Middle Rockies ecoregion was assigned

as the base ecoregion, and thus all indicator variables and
interaction terms corresponded to other ecoregions. For
example, all indicator variables and interaction terms equal 0
when estimating streamflow for a basin entirely in the Middle
Rockies ecoregion. Although physiographic differences may
exist among ecoregions, these differences may be insignificant
in the coefficients of the modeled slope or intercept, implying
the base ecoregion is representative of all ecoregions
evaluated. The statistical significance of explanatory variables
was assessed at the 10-percent level (p-value greater than
0.1) for a chi-square distribution. A consistent slope between
regions may indicate that, across ecoregion boundaries,
the time of concentration for streamflow has a consistent
linear relation to the explanatory variables. For example,
precipitation may relate differently to peak streamflow
statistics in basin or plains regions, where floods are often
caused by localized rainstorms, compared to mountain regions,
where floods typically result from rain on snow and snowmelt
(Miller, 2003). However, for low streamflows, snowpack is
a dominant factor statewide, and the model slope does not
vary across regions, which is the case for the low-flow n-day
regression models in this study. A difference in intercept alone
may indicate differences in the volume of runoff in ecoregions
because of differences in soil, land cover, storage, and slope
(Griffis and Stedinger, 2007). In this study, interaction terms
were often more statistically significant for evaluated models
than indicator variables, indicating streamflow and model
explanatory variables have different linear relations across
ecoregions. The p-values for all explanatory variables used in
the fixed-effects models are listed in table 1.1 to highlight the
dominant patterns in the significance of regional explanatory
variables and the potentially unnecessary (insignificant)
regional variables for selected statistics.

Log-transformed drainage area and mean April 1 snow-
water equivalent were ranked high in best-subset selection
for mean periodical and flow-duration statistics groups.
Because these groups contain a range of streamflow statistics
calculated over various temporal periods, fixed-effects models
were first assessed for individual flow statistics to identify
regional patterns; flow statistics were then regrouped based
on model similarity. For example, monthly flow-duration
statistics generally indicated similar statistical significance for
ecoregion interaction terms for most exceedance intervals, and
thus, the same explanatory variables were used for the final
models. Seasonal and monthly mean statistics demonstrated
slightly different statistically significant ecoregion interaction
terms and thus have unique explanatory variables. For
example, regional patterns are similar for most streamflow
statistics associated with early spring months (April-May),
which often do not have statistically significant interaction
terms from the Southern Rockies ecoregion. This similarity of
regional patterns could be due to spring snowmelt contributing
to runoff in both the Southern Rockies ecoregion and Middle
Rockies base ecoregion. For many streamflow statistics during
the summer months (July—September), the model interaction
terms for snow-water equivalent for the Wyoming Basin



ecoregion are generally not statistically significant, which
may reflect streamflow response to the runoff from the Middle
Rockies ecoregion that supplies and sustains many streams in
the Wyoming Basin. Most annual flow-duration statistics have
statistically significant interaction terms for all ecoregions,
although for low-percentage durations, few terms were
statistically significant, which may emphasize the significance
of mountain snowpack in high streamflow statewide.

Low-flow and high-flow n-day statistics produced
different best-subset results for pooled models; thus,
regionalization was evaluated separately for each statistics
group using fixed-effects models. For low-flow n-day statistics
models, drainage area interaction terms were statistically
significant across all ecoregions. In contrast, the log-
transformed mean March precipitation (table 2) interaction
term was generally not statistically significant in the Southern
Rockies ecoregion and Wyoming Basin relative to the
Middle Rockies base ecoregion, which may indicate that low
streamflows in these regions respond similarly to late-winter
precipitation.

For high-flow n-day statistics, the best-subset models
incorporated additional physiographic variables beyond
drainage area and precipitation. The explanatory variables
in the pooled model included drainage area, relief, mean
November temperature, and mean April 1 snow-water
equivalent. In fixed-effects models, only the Northwestern
Great Plains had statistically significant interaction terms for
both weather variables; however, for V1DS5Y, the interaction
term for snow-water equivalent is not statistically significant,
indicating regional differences are mostly captured by
drainage area.

Final Regression Equations

Regression equations were developed for all streamflow
statistics using weighted left-censored regression models
(Helsel and others, 2020). Weights were based on the number
of years of record available at each streamgage (Armstrong
and others, 2025b). Because many streamgages in this study
had values of 0 for some streamflow statistics, common
regression techniques such as WLS or generalized least
squares could create additional bias (Helsel and others, 2020).

Thus, zero-flow values were treated as left-censored data using
weighted left-censored regressions (Kroll and Stedinger, 1996;

Kroll and Vogel, 2002).

To develop the final regression equations, weighted left-
censored regression was implemented using the smwrQW R
package developed by the USGS (Lorenz, 2014). When flow
statistics do not have censored data, weighted left-censored
regressions produce results equivalent to WLS (Helsel and
others, 2020). Censored data in this study were defined as
streamflows below a perceptible threshold of 0.1 cubic foot
per second; therefore, all streamflow statistics with observed
values less than 0.1 cubic foot per second were treated as
left censored (Kroll and Stedinger, 1996; Kroll and Vogel,
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2002). For statistics in which fewer than 20 percent of the
streamgages are censored, weighted left-censored regression
was considered appropriate (Helsel and others, 2020). When
20 percent or more of the streamgages had censored data, an
alternative modeling approach, such as logistic regression,
would be required. Such statistics were uncommon (table 1.1)
and were removed from this study. The generalized least
squares regression method (Tasker and Stedinger, 1989),
which is often used for frequency statistics, such as n-day
statistics, was not suitable because many statistics had
censored data (Eng and others, 2009).

The mean standard error of estimates, in percent, for
the regression equations is given in table 1.1. The mean
standard error of estimates is a measure of the uncertainty
of predictions made for all streamgages used in the model,;
however, the standard error of prediction should be calculated
for individual estimates at the ungaged site of interest and
subsequently used to determine the prediction intervals for
the selected streamflow statistic. The following equation can
be used to calculate the standard error of prediction for an
ungaged site:

SEP=~ MSE+ x,(XTX) "I x] , (1)

where
SEP is the standard error of prediction, in

logarithmic units, for an estimate of
the selected streamflow statistic at an
ungaged site;

is the mean squared error (table 1.1), in
logarithmic units, for the appropriate
regression equation;

X, 1s arow vector consisting of the value 1.0
in the first column, followed by the log-
transformed values of the p explanatory
variables (basin characteristics) for
the ungaged site used in the regression
equation;

x{ is the transpose of the vector x,; and

XX is the covariance matrix for the WLS
regional regression equation (Drukker and
others, 2026).

MSE

The SEP can be used to calculate a confidence interval
for the same estimate using equation 2, and the prediction
interval can be estimated using equation 3.

Cly, = t(%’ n7p71>(SEP), 2)
where
Cl,,  isthe confidence interval, in logarithmic units,
for the ungaged site;
H&np1) is the Student’s ¢ value for a significance level,

a, and (n—p—1) degrees of freedom; and
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nand p are the number of streamgages used
in the regression equation and the
number of explanatory variables (basin
characteristics) used in the regression

equation, respectively.

The estimated streamflow statistics at the ungaged site (Q,)
is log transformed (log [Q,]) and used with the confidence
interval to determine the prediction interval using the
following equation:

PIUn»Lo = 1 0 (log(QO)iCIU'“) s (3)

where
Pl;,

00

is the prediction interval, in cubic feet per

second, for the estimated Q, at the ungaged
site with a significance level of «;

U, is for the upper prediction interval for the
ungaged site;

L,  1is for the lower prediction interval for the
ungaged site; and

Q, is the estimated streamflow statistics, in cubic
feet per second, for the ungaged site.

Limitations of Regression Equations

The regression equations were developed to estimate
selected streamflow statistics for ungaged streams in Wyoming
that are unaffected or minimally affected by streamflow
alteration. Alteration indices defining the degree of alteration
from dams or diversion are available for streamgage basins
within Wyoming (Armstrong and other, 2025b) but do not
comprehensively extend to basins partially contained in
neighboring states. Also, the alteration threshold defined by
these indices may not be applicable to all basins in Wyoming
because water-use data may be incomplete. Streamflow
statistics used to develop these regression equations were
selected from streamgages (table 1) classified as unaltered for

the period of record analyzed. Therefore, the final regression
equations (table 1.1) can be used for predicting streamflows at
similarly unaltered basins in Wyoming.

Multivariate models, such as these regression equations,
may have unreliable results when estimating streamflow
statistics for basins with explanatory variables outside the
range of values used to develop the equations. The range of
explanatory variables for respective regression equations is
listed in table 1.1.

Streamgages with high leverage and influence were
flagged in the final weighted left-censored regression models
using thresholds defined in this section. Leverage is a
function of the distance from a dependent variable value to
the regression model mean. Leverage identifies streamgages
with explanatory variables far from the mean of the joint
distribution of all explanatory variables in the model. The
leverage value for a prediction should not exceed the largest
leverage from the modeled dataset (Helsel and others, 2020).

Streamgages with high influence can have a
disproportionate effect on the estimated regression parameters
in equations. Influence is measured by Cook’s D (Cook,
1977), an estimate of the change in model fit if a particular
observation is omitted. Equations for determining high
leverage and influence are described in Helsel and others
(2020). High influence is defined as Cook’s D greater than
F(p+1, n—p) at a=0.1, where F(p+1, n—p) is the value of
the F-distribution at 10 percent for p+1 and n—p degrees
of freedom. All streamgages also were checked for high
leverage, defined as leverage greater than 3p/n, where p is the
number of coefficients in the model and # is the number of
observations. For most models, few streamgages demonstrated
high leverage and influence; for the three streamgages that did
(USGS streamgages Muscrat Creek near Shoshoni, Wyoming
[06239000]; East Fork Nowater Creek near Colter, Wyo.
[06267400]; and Fifteen Mile Creek near Worland, Wyo.
[06268500]), records did not indicate significant alteration or
other reasons to remove them from the final models.



Summary

Streamflow statistics can be used for the effective
development and management of surface-water resources,
particularly in Wyoming, where the existing network of
streamgages covers only a small fraction of the extensive
stream network. To address this limitation, regional regression
equations were developed to estimate streamflow statistics at
ungaged locations on streams in Wyoming. These equations
expand the access and application of hydrologic data across
disciplines such as engineering, water-quality assessment,
wildlife management, and general resource planning. The
U.S. Geological Survey, in cooperation with the Wyoming
Water Development Office, updated and refined regression
equations using newly computed streamflow statistics from
176 streamgages across Wyoming.

The study area encompasses about 98,000 square
miles of Wyoming, characterized by diverse ecosystems,
ranging from high-elevation mountains to semiarid plains.
Five EPA level III ecoregions contain most of this study’s
basins. They are the Middle Rockies, Southern Rockies,
Wyoming Basin, High Plains, and Northwestern Great Plains.
Preliminary analysis indicated that, for basins in the High
Plains ecoregion, streamflow statistics were poorly resolved
(large residuals) using developed regression equations.

For the remaining ecoregions, regional similarities and
differences among streamgage basins are represented by the
statistical significance of ecoregion explanatory variables in
the regression equations. Characteristics such as vegetation,
topography, and weather often vary across ecoregions;
however, many Wyoming streams are supplied by runoff
during spring from the melting of mountain snowpack, which
may account for regional similarities in streamflow predictions
across equations.

The development of regional regression equations is
described for the following statistics: mean annual maximum,
mean annual, mean seasonal, and mean monthly streamflows;
frequency statistics for the 7-day mean low flows with 2-year
and 10-year recurrence intervals, 14- and 30-day mean low
flows with 5-year recurrence intervals, and 60- and 1-day
mean high flow with 2-year and 5-year recurrence intervals,
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respectively; and the 0.1-, 0.2-, 0.5-, 1-, 2-, 4-, 5-, 10-, 20-,
25-, 30-, 50-, 60-, 70-, 75-, 80-, 90-, 95-, 98-, and 99-percent
durations for annual streamflows and 0.1-, 0.5-, 10-, 15-, 20-,
25-, 30-, 40-, 50-, 60-, 70-, 75-, 80-, 85-, 90-, 95-, and 99-
percent durations (flow durations) for monthly streamflows
for most months. Mean streamflow statistics define normal
magnitudes and timing for streamflow. The frequency statistics
define the duration and recurrence of daily streamflow. Flow
durations define the distribution of streamflow magnitudes.
Collectively, all these statistics inform water users and
managers.

The methodology for selecting streamgages for the
regression equations emphasizes the use of streamgages
minimally affected by upstream diversions or dam storage to
ensure representation of natural streamflow conditions. Of
285 streamgages unaffected by major regulation or diversions,
51 were removed for spatial autocorrelation, and 58 were
removed because of other signs of alteration or because basins
were in the High Plains ecoregion. Best-subset selection
was used to define explanatory variables from existing basin
characteristics for all streamflow statistics; drainage area
and precipitation (for example, mean April 1 snow-water
equivalent), which are known to be drivers in Wyoming
hydrology, were most often selected. Left-censored regression
models were used to account for left-censored values (zero
streamflow) and variation in streamgage record lengths. To
address heteroskedasticity detected in preliminary pooled
model residuals, model variables were regionalized using
fixed-effects models, where the percentages of the streamgage
basins in selected ecoregions were defined as interaction
terms, which represent the model slope for specific ecoregions.
Most models were determined to be statistically significant
for probability values less than or equal to 0.1 for one or more
regional explanatory variables.

The limitations of the regression equations are also
addressed. The models are specifically designed for estimating
streamflow statistics in basins unaffected by major regulation
or diversions, and predictions made outside the range of the
modeled dataset may be unreliable, particularly for basins with
characteristics that differ substantially from those used in the
regression analysis.
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Appendix 1. Regression Equations and Residual Plots for Pooled Regression
Models to Assess Regionalization

Final regression equations were developed for selected Preliminary statewide models were first assessed for
streamflow statistics using weighted left-censored regression differences in model residuals across streamgages used in
models. Model coefficients and model statistics are presented the models. Residuals often differed across streamgages with
in table 1.1 (available for download at https://doi.org/10.3133/  basins in different U.S. Environmental Protection Agency

sir20265120). Equations were not developed for statistics in level I1I ecoregion for selected streamflow statistics (fig. 1.1).
which 20-percent or more of the streamgages had censored To address the unequal variance across residuals, model
values, defined by streamflow less than 0.1 cubic foot per variables were regionalized using fixed-effects models,
second. Due to the nature of these multivariate regression where the percentages of the streamgage basins in selected
models, it may be unreliable to apply the equations to basins ecoregions were defined as interaction terms, which represent

with explanatory variables outside the range of values used to  the model slope for specific ecoregions.
develop the respective equations, and listed in table 1.1.


https://doi.org/10.3133/sir20265120
https://doi.org/10.3133/sir20265120
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January monthly streamflow (Q1) pooled regression model residuals
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Protection Agency [2013])
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Figure 1.1. Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar

signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level Il

ecoregion data from U.S. Environmental Protection Agency [2013]).
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February monthly streamflow (02) pooled regression model residuals

Predicted log-transformed streamflow, in cubic feet per second
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Streamgage site count

EXPLANATION
[Lines show least-squares linear fit by ecoregion]

Level lll ecoregion (from
U.S. Environmental
Protection Agency [2013])

Southern Rockies

High Plains

Northwestern Great Plains
Wyoming Basin

Middle Rockies

Area with less than
75-percent overlap

O ® @ ®@ ® O

Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar

signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level Il
ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued
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Predicted log-transformed streamflow, in cubic feet per second

Figure 1.1.
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March monthly streamflow (Q3) pooled regression model residuals
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U.S. Environmental
Protection Agency [2013])
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Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar

signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level Il
ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued
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April monthly streamflow (Q4) pooled regression model residuals
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Figure 1.1. Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar
signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level Il
ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued
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May monthly streamflow (Q5) pooled regression model residuals
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Figure 1.1. Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar
signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level Il
ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued
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. June monthly streamflow (Q6) pooled regression model residuals

Regression Equations and Residual Plots for Pooled Regression Models to Assess Regionalization
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[Lines show least-squares linear fit by ecoregion]
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Figure 1.1. Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar
signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level Il
ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued
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July monthly streamflow (Q7) pooled regression model residuals
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[Lines show least-squares linear fit by ecoregion]
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Figure 1.1. Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar
signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level Il
ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued



Appendix 1.

Regression Equations and Residual Plots for Pooled Regression Models to Assess Regionalization

August monthly streamflow (Q8) pooled regression model residuals

Predicted log-transformed streamflow, in cubic feet per second

Actual log-transformed streamflow, in cubic feet per second
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[Lines show least-squares linear fit by ecoregion]
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Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar

signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level Il
ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued
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September monthly streamflow (Q9) pooled regression model residuals
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[Lines show least-squares linear fit by ecoregion]

Level lll ecoregion (from
U.S. Environmental
Protection Agency [2013])

Southern Rockies

High Plains

Northwestern Great Plains
Wyoming Basin

Middle Rockies

Area with less than
75-percent overlap

O ® @ ®@ ® O

Figure 1.1.

Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar

signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level Il

ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued
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October monthly streamflow (Q10) pooled regression model residuals
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Figure 1.1. Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar
signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level Il
ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued
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November monthly streamflow (Q11) pooled regression model residuals
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[Lines show least-squares linear fit by ecoregion]
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Figure 1.1. Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar
signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level Il
ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued
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December monthly streamflow (Q12) pooled regression model residuals
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[Lines show least-squares linear fit by ecoregion]

Level Ill ecoregion (from
U.S. Environmental
Protection Agency [2013])

Southern Rockies

High Plains

Northwestern Great Plains
Wyoming Basin

Middle Rockies

Area with less than
75-percent overlap

O ® @ ®@ ® O

Figure 1.1. Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar
signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level IlI
ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued
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Fall mean seasonal streamflow (MNFALL) pooled regression model residuals
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[Lines show least-squares linear fit by ecoregion]
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Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar

signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level Il
ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued
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Winter mean seasonal streamflow (MNWINTER) pooled regression model residuals
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[Lines show least-squares linear fit by ecoregion]
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Figure 1.1. Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar
signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level IlI
ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued
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Spring mean seasonal streamflow (MNSPRING) pooled regression model residuals
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[Lines show least-squares linear fit by ecoregion]
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Figure 1.1. Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar
signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level Il
ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued
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Summer mean seasonal streamflow (MNSUMMER) pooled regression model residuals
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[Lines show least-squares linear fit by ecoregion]
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Figure 1.1. Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar
signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.

Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual

streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled

streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level IlI

ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued
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Annual streamflow (QAnnual) pooled regression model residuals
[ [ [ [ [ [ [ [

Predicted log-transformed streamflow, in cubic feet per second

| | | | | | | |
0 0.5 1 1.5 2 25 3 35
Actual log-transformed streamflow, in cubic feet per second

EXPLANATION

Residual log-transformed streamflow, in cubic feet per second

0.5

0 50 100 150 200
Streamgage site count

[Lines show least-squares linear fit by ecoregion]

Level lll ecoregion (from
U.S. Environmental
Protection Agency [2013])

High Plains

O ® @ ® @ O

Southern Rockies

Wyoming Basin
Middle Rockies
Area with less than

75-percent overlap

Northwestern Great Plains

Figure 1.1. Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar
signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level Il
ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued
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Maximum annual streamflow (QAnnualMAX) pooled regression model residuals
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Figure 1.1. Residual plots for selected streamflow statistics from preliminary statewide regression models. The color bar
signifies the level Ill ecoregion that overlap with streamgages’ drainage areas. Streamgages with drainage areas that do
not have 75-percent or more overlap with a U.S. Environmental Protection Agency level lll ecoregion do not have a color.
Each plot pair consists of (A) axes depicting streamflow, in log-transformed cubic feet per second, for the measured (actual
streamflow) and model-estimated (predicted streamflow) values at each streamgage, and (B) axes depicting modeled
streamflow residual, in log-transformed cubic feet per second, and the streamgage site count for an arbitrary order (level Il
ecoregion data from U.S. Environmental Protection Agency [2013]). —Continued
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