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Upper left: View of U.S. Geological Survey (USGS) streamgage on the Missouri River at Fort Benton, Montana.
Photograph taken August 22, 2006, by Stewart Tomlinson, USGS.

Upper right: Cheyenne River upstream from USGS streamgage near Plainview, South Dakota. Photograph by

John Stamm, USGS.

Lower left: USGS hydrologic technician documenting the river stage on the Big Sioux River at Akron, lowa (USGS
streamgage 06485500). A streamflow measurement of 29,600 cubic feet per second at a stage of 22.3 feet was made
during the site visit. Photograph taken March 17, 2010, by Nathan Stevens, USGS.

Lower right: USGS hydrologic technicians documenting the river stage and ensuring that the streamgage at the
James River at Huron, South Dakota, is working properly. A streamflow measurement of 17,500 cubic feet per second
was made during the site visit. Photograph taken March 2011 by USGS.

Missouri River between Havre and Fort Benton, Montana. Photograph courtesy Montana Department of Natural
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Trends in Annual, Seasonal, and Monthly Streamflow
Characteristics at 227 Streamgages in the Missouri River
Watershed, Water Years 1960-2011

By Parker A. Norton, Mark T. Anderson, and John F. Stamm

Abstract

The Missouri River and its tributaries are an important
resource that serve multiple uses including agriculture, energy,
recreation, and municipal water supply. Understanding histori-
cal streamflow characteristics provides relevant guidance to
adaptive management of these water resources. Streamflow
records in the Missouri River watershed were examined for
trends in time series of annual, seasonal, and monthly stream-
flow. A total of 227 streamgages having continuous obser-
vational records for water years 1960-2011 were examined.
Kendall’s tau nonparametric test was used to determine statis-
tical significance of trends in annual, seasonal, and monthly
streamflow. A trend was considered statistically significant for
a probability value less than or equal to 0.10 that the Kendall’s
tau value equals zero. Significant trends in annual streamflow
were indicated for 101 out of a total of 227 streamgages. The
Missouri River watershed was divided into six watershed
regions and trends within regions were examined. The western
and the southern parts of the Missouri River watershed had
downward trends in annual streamflow (56 streamgages),
whereas the eastern part of the watershed had upward trends in
streamflow (45 streamgages). Seasonal and monthly stream-
flow trends reflected prevailing annual streamflow trends
within each watershed region.

Introduction

The Missouri River is the longest river in the United
States (Kammerer, 1987) and drains an area of approximately
521,238 square miles (mi?), of which 509,655 mi? is within
the United States (fig. 1). The watershed includes all or parts
of 10 States and small parts of Alberta and Saskatchewan
in Canada (fig. 1). Flow on the Missouri River main stem is
regulated by six dams located in Montana, North and South
Dakota, and Nebraska managed by the U.S. Army Corps of
Engineers, and reservoirs created by these dams are an impor-
tant water, recreation, and energy resource for the region. The

two largest reservoirs by surface area in the United States,
Lake Sakakawea and Lake Oahe (Bue, 1963), are located
along the upper Missouri River in North Dakota and South
Dakota, respectively (fig. 1). The authorized purposes of the
Missouri River reservoir system are flood control, navigation,
hydropower, water supply, water quality, irrigation, recreation,
and fish and wildlife (U.S. Army Corps of Engineers, 2006).
Major tributaries to the Missouri River include the Yellow-
stone, Cheyenne, Platte, and Kansas Rivers. Flows in tributar-
ies also are important water resources and serve multiple uses
and purposes, such as municipal water supply, agricultural,
and recreational uses, as well as providing wildlife habitat.
Understanding the changes and trends in historical streamflow
along the Missouri River and its tributaries would provide
important input to adaptive management of these resources.

Purpose and Scope

The purpose of this report is to document statistically
significant trends in streamflow at 227 U.S. Geological Survey
(USGS) streamgages within the Missouri River watershed
for water years 1960-2011, and identify regional patterns of
streamflow trends; a water year (WY) is the 12-month period,
October 1 through September 30, and is designated by the
calendar year in which it ends. Annual, seasonal, and monthly
streamflow were analyzed for significant trends based on the
Kendall’s tau nonparametric test (Kendall, 1938). Seasons
are defined as October—December (autumn), January—March
(winter), April-June (spring), and July—September (summer).
Trends in monthly and seasonal streamflow were computed
for streamgages with significant trends in annual streamflow
based on the Kendall’s tau nonparametric test. This criterion
identified those monthly and seasonal trends with sufficient
magnitude of change in streamflow to affect annual flows
at streamgages.

This study did not examine forcing factors that may
explain the observed streamflow trends, such as climate
change, climate variability, land- and water-use changes, or
groundwater pumping; however, possible causes are described
in the context of the need for further research.
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Description of Study Area

The Missouri River watershed hosts a variety of phys-
iographic provinces, ecoregions, and climates. Physiographic
provinces are classifications of landscape features, and within
the Missouri River watershed include the Northern, Middle,
and Southern Rocky Mountains to the west, the Missouri
Plateau to the north, and the High Plains to the east and south
(fig. 2; Fenneman and Johnson, 1946). The Missouri Plateau
and High Plains sections are within the Great Plains physio-
graphic province; the Missouri Plateau is the northern part and
the High Plains is the southern part (Fenneman, 1931). The
northern part of the Missouri Plateau was glaciated during the
Quaternary Period and commonly is referred to as the Prairie
Pothole Region, which includes areas outside of the Missouri
River watershed.

Climate within the watershed can be estimated using out-
put from the Parameter-elevation Regressions on Independent
Slopes Model (PRISM; Daly and others, 1994, 2002), which
interpolates monthly means of daily minimum air tempera-
ture (7. ), monthly means of daily maximum air temperature
(T ,.), and monthly total precipitation from weather stations
to a 2.5-arc-minute grid for the conterminous United States.
The PRISM output for the Missouri River watershed (within
the United States), averaged for each WY during 1960-2011,
and for a 10-year moving average, is shown in figure 3.
During WY 1960-2011, mean annual 7, and 7, were
33.1 degrees Fahrenheit (‘F) and 58.6 °F, respectively, and the
mean annual total precipitation was 20.7 inches (in.) (table 1).
Annual total precipitation ranged from 16.0 in. (WY 1988) to
28.1in. (WY 1993), annual means of 7 ranged from 29.7 °F
(WY 1979) to 35.5 °F (WY 2006), and annual means of 7,
ranged from 54.6 °F (WY 1993) to 62.5 °F (WY 2000). Pre-
cipitation in the Missouri River watershed followed a west-to-
cast gradient with the least amount of precipitation in the west
and the greatest amount of precipitation in the east (fig. 4). The
minimum temperatures follow a north-to-south gradient with
the warmest temperatures in the southern part of the watershed
(fig. 5). Maximum temperatures generally were warmest in the
south and coolest in the west (fig. 6).

Ecological regions within the Missouri River watershed
reflect regional climate patterns and include Cold Deserts
and Western Cordillera in the mountainous west, Semiarid
Prairies of the Great Plains in the central part of the Missouri
River watershed, and Temperate Prairies to the east (fig. 7;
U.S. Environmental Protection Agency, 2006).

Previous Studies

Previous studies have documented streamflow trends for
various time periods and at national and regional scales. Lins
and Slack (1999) evaluated streamflow trends for 1914-93 in
the conterminous United States and observed upward trends
in streamflow across broad sections of the United States with
downward trends in the Pacific Northwest and the southeast

Methods 3

United States. Upward trends were most prevalent in annual
minimum and median streamflows. Trends were less appar-
ent for annual maximum flows, indicating that the Nation is
getting wetter, but less extreme. McCabe and Wolock (2002)
observed an abrupt increase in streamflow in the eastern
United States in about 1970, coincident with increases in pre-
cipitation. In contrast to extreme precipitation events, McCabe
and Wolock (2002) observed that flood events had become less
extreme. Minimum and median daily streamflows increased
east of the 100th meridian during 1941-99. Anderson and
Woosley (2005) examined streamflow trends in large western
rivers and identified statistically significant (based on the Ken-
dall’s tau nonparametric test) upward trends during 1950-2000
for the Columbia and Rio Grande Rivers (not shown). They
also noted an apparent, but not statistically significant, upward
trend in streamflow for the Missouri River during 1990-2000.
Hirsch (2011) noted an anomalous and pronounced upward
trend in annual minimum daily streamflow in the Big Sioux
River (at Akron, Iowa, 1929-2009), a tributary to the Missouri
River. Hirsch and Ryberg (2011) reported significant trends of
decreasing peak flows for streamgages with at least 85 years of
continuous record through WY 2008 in the northwest United
States, which included parts of the Missouri River water-
shed. Streamflow trends for the Missouri River watershed
were analyzed by Anderson and others (2008), who studied
trends in streamflow at 202 streamgages in the Missouri River
watershed with a continuous record for WY 1957-2007. For
streamgages with identified trends (81 streamgages), a spatial
pattern emerged of upward trends in the eastern part of the
Missouri River watershed and downward trends in the western
and southern parts of the watershed.

Methods

Streamflow records from 227 streamgages (table 1-1)
within the Missouri River watershed were examined for trends
for WY 1960-2011. This study adds 25 streamgages to the
number of streamgages previously analyzed by Anderson and
others (2008) and extends the record length to 52 years.

Annual and monthly streamflow records for the USGS
streamgages were obtained from the USGS National Water
Information System (NWIS) database (U.S. Geological
Survey, 2012). Streamgages were required to have a con-
tinuous record of monthly and annual streamflow for WY
1960-2011 to be included in this study, resulting in records
for 227 streamgages available for analyses (fig. 8). Monthly
streamflow records were used to compute seasonal means. Of
the 227 streamgages used in the analyses, 54 streamgages are
part of the USGS’s Hydro-Climatic Data Network (HCDN;
Slack and Landwehr, 1992). These HCDN streamgages are
considered to have minimal human activities, such as artificial
diversions, reservoir storage, or other anthropogenic works
in the gaged watershed, and therefore are considered to more
clearly express climate variability and change. Comparison of
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Table 1.

Methods 5

Summary of total precipitation, minimum air temperature, and maximum air temperature from Parameter-elevation

Regressions on Independent Slopes Model output for water years 1960-2011.

[T, monthly mean of daily minimum temperature; 7, , monthly mean of daily maximum temperature; °F, degrees Fahrenheit; --, not applicable]
Statistic Total precipitation T . T .
Inches Water year °F Water year °F Water year
Minimum of annual means for water years 1960-2011 16.0 1988 29.7 1979 54.6 1993
Maximum of annual means for water years 1960-2011 28.1 1993 35.5 2006 62.5 2000
Mean annual for water years 1960-2011 20.7 -- 33.1 - 58.6 --

HCDN streamgages with non-HCDN streamgages allows for
inferences regarding climate-forcing factors.

For analysis, the Missouri River watershed was divided
into six watershed regions (WRs) based on their geomorphic
or hydrologic setting, and numbered sequentially from WR1
to WR6 from upstream to downstream (fig. 9). Watershed
region one (WR1) includes the headwaters of the Missouri
River, which is an important region with respect to snow-
pack runoff into main-stem reservoirs. Watershed region two
(WR?2) is dominated by semiarid prairies with the exception
of the Black Hills (fig. 1), which is in the Western Cordillera
ecoregion (fig. 7). Watershed region three (WR3) includes a
mix of semiarid prairies in the west and temperate prairies
in the east contributing streamflow to Lewis and Clark Lake.
Watershed region four (WR4) includes the Platte River with
the headwaters of the Platte River watershed originating in the
high altitudes of the central Rocky Mountains. The western-
most part of this region is a mix of Western Cordillera and
Cold Deserts ecoregions that transition to semiarid prairies to
the east. Watershed region five (WRS) contains the Republican
River, Smoky Hill River, and Kansas River, which constitute
the Kansas River drainage area. This region is dominated by
the South-Central Semiarid Prairies ecoregion transitioning
to Temperate Prairies ecoregion in the easternmost part of the
region. Watershed region six (WR6) includes the lower Mis-
souri River as it flows from the Temperate Prairies ecoregion
to the north into the Southeastern USA Plains and Ozark/
Ouachita-Appalachian Forests ecoregions. Each watershed
region is composed of several 4-digit hydrologic unit code
subregions (fig. 9) and generally successively drain into lower
reaches of the Missouri River, with the exception of WRS
and WR6.

Within each watershed region, the results are summarized
for annual, seasonal, and monthly streamflow by (1) HCDN
streamgages and (2) all other streamgages. Additionally, the
contribution of each watershed region to the total streamflow
volume of the Missouri River watershed was calculated using
the long-term mean streamflow from selected streamgages
within each watershed region. The long-term mean for
each watershed region was calculated for WY 1960-2011.
Streamgages used to calculate contributing flows are shown
in figure 10. Note that a streamgage near the outlet of WR2

was not available, so streamflow was estimated by integrating
streamflow of tributary streams to the Missouri River. The cli-
mate within each watershed region is estimated using annual
averages of precipitation, minimum daily air temperature,

and maximum daily air temperature from the PRISM model
output. Results of the analyses were analyzed and graphed
using the R statistical package (Venables and others, 2013).
Graphs of annual and seasonal streamflow trends are provided
for streamgages with significant annual trends.

Kendall’s tau nonparametric test (Kendall, 1938) was
used to determine statistical significance of trends in annual,
seasonal, and monthly streamflow. A trend was considered sta-
tistically significant for a probability value (p-value) less than
or equal to (<) 0.10 that the Kendall’s tau value equals zero.
Although a more restrictive p-value would reduce the Type I
error, the spatial distribution of the observed trends is under-
scored with the relaxed p-value and is a reasonable compro-
mise for a natural system. A Type I error occurs when the null
hypothesis that Kendall’s tau equals zero is rejected when true,
or, otherwise stated, accepting a trend when, in fact, no trend
exists. Relaxation of the Type I error probability also reduces
the probability of a Type II error. A Type II error occurs when
the null hypothesis that Kendall’s tau equals zero is accepted
when not true, or, otherwise stated, rejecting a trend when, in
fact, a trend exists.

Kendall’s tau measures the degree of correspondence
between two variables (for example, x and y). For this analy-
sis, the y variable is streamflow and the x variable is time. A
concordant pair occurs when both x and y variables increase
or decrease; a discordant pair occurs when x increases and
y decreases or x decreases and y increases. The number of
concordant pairs and the number of discordant pairs were tal-
lied for each streamgage and the Kendall’s tau value (1) was
computed according to the following equation:

Cc-D

T=——— 1
n(n-1)/2 M
where
C s the number of concordant pairs,
D is the number of discordant pairs, and
n s the sample size.
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Figure 4. The Parameter-elevation Regressions on Independent Slopes Model output of mean annual total precipitation in the Missouri River watershed within the United
States for water years 1960-2011.
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12 Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

If the data exhibit perfect positive correlation, then 1=1; if
there is perfect negative correlation, then =—1; and if there is
no correlation between the pairs, then 7=0. Therefore, a posi-
tive 1 is associated with an upward trend and a negative t is
associated with a downward trend.

Times-series streamflow data were plotted, and a locally
weighted regression (LOESS) curve was plotted as an aid in
visualizing significant trends. The LOESS curve is a multi-
variate smoothing procedure that is applied to a time series
(Cleveland and Devlin, 1988). Note that plots of precipitation
and temperature (fig. 3) indicate a 10-year moving average
curve rather than a LOESS curve.

Trends in Annual, Seasonal, and
Monthly Streamflow

Trends in annual, seasonal, and monthly streamflow for
all 227 streamgages analyzed for this study are included in
table 1-2 in the “Appendix” section. Trends in annual, sea-
sonal, and monthly streamflow are described in the following
subsections for those streamgages within the Missouri River
watershed that had significant annual trends based on the Ken-
dall’s tau nonparametric test.

Annual Streamflow

Streamgages in the Missouri River watershed were
examined for statistically significant trends in annual
streamflow for water years 1960-2011. Significant trends
(p-value < 0.10) in annual streamflow were indicated for 101
out of 227 streamgages (tables 2, 3, and 1-2). Dominant trends
are prevalent in several watershed regions (fig. 11). The west-
ern and the southern parts of the Missouri River watershed
had downward trends in annual streamflow (56 streamgages,
mostly in WR1 and WRS), whereas the eastern part of the
watershed had upward trends in streamflow (45 streamgages;
WR3 and eastern part of WR4).

Graphs of the annual and seasonal streamflow trends for
each of the 101 streamgages in the Missouri River watershed
that had significant annual streamflow trends are presented in
figures 1-1 through 1-101 in the “Appendix” section of this

report. Five graphs are presented for each streamgage: annual
mean streamflow and seasonal (quarterly) mean streamflows
for October—December (autumn), January—March (winter),
April-June (spring), and July—September (summer) for

WY 1960-2011.

Seasonal Streamflow Trends

Streamgages with significant trends in annual stream-
flow were analyzed for any significant changes in seasonal
streamflow, with the exception of streamgages 06099500
and 06827500 (map numbers 12 and 158) because of gaps
in the monthly data. Seasonal trends for all 227 streamgages
are presented in table 1-2; however, seasonal trends for the
101 streamgages with significant annual trends are described
in this and subsequent sections of the report. Significant
trends in seasonal streamflow were determined at streamgages
for autumn (80), winter (73), spring (67), and summer (71)
(table 4; figs. 12—15, respectively). Trends in seasonal stream-
flow by watershed region reflect the dominant upward or
downward trends indicated by the annual streamflow, and
trends tended to persist across one or more consecutive
seasons. A summary of seasonal streamflow trends for each
watershed region is listed in table 4. Summer had the great-
est number of upward trends (41), whereas winter had the
fewest number of upward trends (31). Winter had the great-
est number of downward trends (42) attributed mostly to
24 streamgages in WR1 (most upstream watershed region) and
to 16 streamgages in WRS (Republican River, a tributary to
the Kansas River). The fewest significant downward seasonal
streamflow trends were in spring (30) and summer (30).

Monthly Streamflow Trends

Monthly streamflow trends for streamgages with a sig-
nificant trend in annual streamflow are summarized in table 5.
Observed monthly streamflow trends tended to persist across
one or more consecutive months. January had the greatest
number of upward streamflow trends (45), whereas March
had the fewest number of upward streamflow trends (18). The
greatest number of significant downward monthly streamflow
trends was in February (44), and the fewest number of down-
ward trends was in May (18).


http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/AppendixTable1-2.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/Table2.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/AppendixTable1-2.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/AppendixTable1-2.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/Table5.xlsx
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Trends by Watershed Regions 15

Table 3. Summary of statistically significant annual streamflow trends for streamgages in the Missouri River watershed for water

years 1960-2011.

[Significant trends are based on probability values (p-values) less than or equal to 0.10 for Kendall’s tau nonparametric test (Kendall, 1938). HCDN, Hydro-

Climatic Data Network; WR, watershed region]

Watershed HCDN streamgages All other streamgages

WRI1 8 0 2 38 28
WR2 18 3 0 18

WR3 7 7 0 21 16 0
WR4 5 1 0 25 7 1
WRS 6 0 0 47 0 24
WR6 10 4 0 24 3 0
Total 54 15 2 173 30 54

Trends by Watershed Regions

The contribution of streamflow volume for
WY 1960-2011 from each watershed region within the Mis-
souri River watershed to the total volume is summarized in
figure 16. The mean annual streamflow contribution from
the Missouri River watershed to the Mississippi River water-
shed was 89,400 cubic feet per second (ft*/s) at streamgage
06934500 (map number 227). This streamgage had no sig-
nificant trends in annual streamflow. Each of the watershed
regions are dominated by either upward or downward trends
(table 2). This consistency within watershed regions contrasts
with the variability among watershed regions, as described
further in the following subsections.

Watershed Region 1

The headwaters of the Missouri River are represented by
WRI1, which supplies a mean of 25 percent of the total stream-
flow of the Missouri River watershed (fig. 16). This watershed
region had a mean annual total precipitation of 15.9 in., a
mean annual 7 of 29.3 °F, and a mean annual 7, _of 55.4 °F
for WY 1960-2011 (table 6). A total of 30 streamgages, of
which 2 were HCDN streamgages, in this watershed region
had significant trends in annual streamflow, all of which were
downward (table 3).

Trends in seasonal streamflow reflected the trends in
annual streamflow for streamgages in WR1 (table 1-2). The
winter season (January—March) had the greatest number of
streamgages with significant downward streamflow trends
(24), whereas the summer season (July—September) had
the fewest number of streamgages with downward stream-
flow trends (7; table 4). Two streamgages were exceptions
to the dominant downward trends in seasonal streamflow.
Streamgage 06101500 (map number 13) had a significant
upward trend in the winter season and significant down-
ward trends in the spring and summer seasons. Streamgage
06278300 (map number 32) had a significant upward trend
in the winter season and a significant downward trend in
the spring.

Significant trends in monthly streamflow are consistent
with annual streamflow trends (table 1-2). February had
the greatest number of streamgages with downward trends
(26), whereas May, June, and July had the fewest number of
streamgages with downward streamflow trends (5; table 5).
Two streamgages had exceptions to the dominant downward
monthly streamflow trends. Streamgage 06101500 (map num-
ber 13) had upward monthly streamflow trends for December,
January, and February and downward monthly streamflow
trends for October, May, June, July, and September. Streamage
06278300 (map number 32) had upward trends for January,
February, March, and April, and a significant downward trend
in June.


http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/Table2.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/Table6.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/AppendixTable1-2.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/AppendixTable1-2.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/Table5.xlsx

1200 110° 100° 90°
T
. BRITISH ALBERTA [
~—_ COLUMBIA /
=~ \ SASKATCHEWAN |
- " MANITOBA
—a W N 1 I
7\r - ;_f\ ,.,' "\f\ i
) = . . ONTARIO
WASHINGTONII l : 2 . "7~ i S
b S - _ CAN_ADA I'\
! oo N G - -
/ \\ 0 2 . UNITFD STATES} S _1\‘
/ L ="« NORTH DAKOTA \ e
L y Y
450 OREGON\g 53 i
/ /N 1 MINNESOTA e
= \ <\
—_— S
}‘/ 2 ‘:‘ P ) , ’
¥ ¢
SOUTH.DAKOTA 7 '
IDAHO / WISCONSIN r
—
40°
NEVADA
ILLINOIS INDIANA
EXPLANATION
= .- = Missouri River watershed boundary }
— --— Watershed region boundary and number <‘g
f A4
Annual streamflow trends—Number is map number COLORADO ( / }'\ J"
\ in table 2 (p-value less than or equal to 0.10) 995 AN
65
A Upward trend t
19 —_ J MISSOURI /. (KENTUCKY
v Downward trend = __ - - \:; - —
350 n T
| @® Upward trend—Hydro-Climatic Data Network —_——— I Y
@32 D d trend—Hydro-Climatic Data Network NEW MEXICO OKLAHOMA | TENNESSEE
ownward tren ydro-Llimatic Data Networ I TEXAS ARKANSAS
" oy \
V4 1
Base modified from U.S. Geological Survey ~ 110° 100° 90°
digital data. Scale ranges from 1:100,000 0 100 200 300 400 500 MILES
to 1:2,000,000 [ — L B L J
Albers Equal-Area Conic projection 0 100 200 300 400 500 KILOMETERS
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Figure 13. Streamgages in the Missouri River watershed with statistically significant trends in January—March (winter) seasonal streamflow and annual streamflow for
water years 1960-2011.
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Figure 14. Streamgages in the Missouri River watershed with statistically significant trends in April-June (spring) seasonal streamflow and annual streamflow for water

years 1960-2011.
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Figure 15. Streamgages in the Missouri River watershed with statistically significant trends in July—September (summer) seasonal streamflow and annual streamflow for

water years 1960-2011.
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Table 4. Summary of statistically significant seasonal streamflow trends for streamgages with statistically significant trends in annual
streamflow in the Missouri River watershed for water years 1960-2011.

[Significant trends are based on probability values (p-values) less than or equal to 0.10 for Kendall’s tau nonparametric test (Kendall, 1938). WR, watershed

region]
Watershed . Upward Downward
. Available
region streamgages Oct—Dec. Jan—Mar. Apr—June July-Sep. Oct—Dec. Jan—-Mar. Apr—June July-Sep.
(fig. 9) (autumn) (winter) (spring) (summer) (autumn) (winter) (spring) (summer)
Hydro-Climatic Data Network (HCDN) streamgages
WRI1 2 0 1 0 0 2 0 0 0
WR2 3 3 3 1 3 0 0 0 0
WR3 7 7 7 7 7 0 0 0 0
WR4 1 1 0 1 1 0 0 0 0
WRS 0 0 0 0 0 0 0 0 0
WR6 4 3 0 3 3 0 0 0 0
Total 17 14 11 12 14 2 0 0 0
All other streamgages

WRI1 28 0 1 0 0 20 24 13 7
WR2 5 3 3 2 3 1 1 1 0
WR3 16 16 10 15 16 0 0 0 0
WR4 8 5 3 1 0
WRS 24 1 1 0 0 16 16 15 23
WR6 3 1 2 0 0 0 0
Total 84 26 20 25 27 38 42 30 30

Watershed Region 2 (April-June) had the fewest number of upward trends (3).

Unglaciated parts of the Missouri Plateau are represented
by WR2, which contributes 4 percent of the total average
streamflow of the Missouri River watershed (fig. 16). This
watershed region had a mean annual precipitation of 17 in.,
amean annual 7 of 31.4 °F, and a mean annual 7, _of
57.0 °F (table 6). A total of 8 streamgages including 3 HCDN
streamgages in WR2 had significant trends in annual stream-
flow. Trends in annual streamflow were significantly upward
for 7 streamgages, of which 3 streamgages are part of the
HCDN subset (table 3). Of particular interest is streamgage
06342500 (map number 53) on the main stem of the Mis-
souri River below Lake Sakakawea, which had a significant
downward trend in annual streamflow. This streamgage is the
downstream-most USGS streamgage below a main-stem reser-
voir on the Missouri River that had a significant annual trend
for WY 1960-2011.

Trends in seasonal streamflow were dominated by signifi-
cant upward trends (table 4). Autumn (October—December),
winter (January—March), and summer (July—September) had
the greatest number of upward trends (6), whereas spring

Streamgage 06342500 (map number 53) was the only excep-
tion to the dominant upward seasonal trends in this watershed
region with significant downward trends in autumn, winter,
and spring. This may reflect a continuation of downward
trends from WRI1 on this part of the Missouri River.

The months with the greatest number of streamgages
with upward trends were October, August, and September (7),
whereas the months with the fewest number of streamgages
with upward trends were June and July (3). January had the
greatest number of streamgages with downward trends (2)
and October, November, December, February, March, and
April had the fewest number of streamgages with downward
trends (1 each; table 5). Two streamgages had exceptions to
the dominant upward monthly trends. Streamgage 06342500
(map number 53) had significant downward trends in monthly
streamflow for October through April and no significant
streamflow trends for the other months. Streamgage 06402500
(map number 65) had a significant downward trend in monthly
streamflow for January and significant upward trends for Octo-
ber, April, May, June, August, and September.


http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/Table6.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/Table5.xlsx
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Figure 16. Long-term mean annual contributions of streamflow from each watershed region (WR) to the total mean annual streamflow of the Missouri River watershed for

water years 1960-2011.
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Watershed Region 3

The Niobrara River watershed and glaciated parts of the
Missouri Plateau are represented by WR3, which contributes
10 percent of the total average streamflow of the Missouri
River watershed and drains into WR6 (fig. 16). This region
had a mean annual precipitation of 23.0 in., a mean annual
T . 0f33.6 °F, and a mean annual 7, of 57.3 °F (table 6). A
total of 23 streamgages, of which 7 are HCDN streamgages, in
this region had significant trends in annual streamflow, all of
which were upward (table 3). No trends in annual, seasonal, or
monthly streamflow in WR3 were significantly downward.

Trends in seasonal streamflow were consistent with
trends in annual streamflow (table 4). Autumn (October—
December) and summer (July—September) had the greatest
number of streamgages with upward trends (23), whereas win-
ter (January—March) had the fewest number of streamgages
with upward streamflow trends (17). Trends in monthly
streamflow (table 5) were consistent with the upward annual
streamflow trends. October through February, and May, July,
and August had the greatest number of streamgages with
significant upward streamflow trends (23), whereas March had
the fewest number of streamgages with significant upward
streamflow trends (8).

Watershed Region 4

Watershed region 4 represents the Platte River watershed,
which supplies 8 percent of the total streamflow for the Mis-
souri River watershed (fig. 16). This watershed region had a
mean annual precipitation of 19.2 in., a mean annual 7 of
32.7 °F, and a mean annual 7 _of 59.6 °F (table 6). A total of
nine streamgages, of which one is part of the HCDN subset,
had significant trends and were included in the seasonal and
monthly trend analyses. Significant upward trends in annual,
seasonal, and monthly streamflow dominate this region with
a single exception: streamgage 06670500 (map number 119)
in the western part of WR4 had significant downward trends
in annual, seasonal, and monthly streamflow. The eight
streamgages in the eastern part of WR4 had significant upward
trends in annual streamflow (table 3).

Autumn (October—December), spring (April-June),
and summer (July—September) had the greatest number of
streamgages with upward seasonal streamflow trends (6 in
each season; table 4), and winter had the fewest number of
streamgages with upward seasonal streamflow trends (3).

The greatest number of streamgages with upward trends

in monthly streamflow was in December and January (7),
whereas March (1) had the fewest number of streamgages with
upward trends in monthly streamflow (table 5).

Watershed Region 5

The watershed of the Kansas River is represented by
WRS, which supplies 9 percent of the total streamflow for the

Trends by Watershed Regions 23

Missouri River watershed (fig. 16). This watershed region had
a mean annual precipitation of 24.5 in., a mean annual 7 of
38.9 °F, and a mean annual 7, of 65.1 °F (table 6). A total
of 24 streamgages, of which no streamgages were part of the
HCDN subset, had significant trends in annual streamflow, all
of which were downward (table 3).

Seasonal streamflow was dominated by downward trends;
however, a single streamgage, 06852500 (map number 168),
which had a downward annual streamflow trend, had upward
seasonal streamflow trends for autumn (October—December)
and winter (January—March) and a downward seasonal stream-
flow trend for summer (July—September). The primary purpose
of this canal is to divert water from the Republican River to
Lovewell Reservoir near Wayne, Kansas (not shown). Sum-
mer (July—September) had the greatest number of streamgages
(23) with significant downward streamflow trends, and spring
(April-June) had the fewest number of streamgages with
downward streamflow trends (15; table 4). Monthly stream-
flow was dominated by downward trends (table 5). The great-
est number of streamgages with significant downward stream-
flow trends was for September (20), and the fewest number
of streamgages with significant trends in monthly streamflow
was for December and January (12 for each month). Trends in
monthly streamflow were significantly upward for streamgage
06852500 (map number 168) for October through April and
significantly downward for July and August.

Watershed Region 6

The downstream-most part of the Missouri River
watershed is represented by WR6 (fig. 16), which supplies
44 percent of the total streamflow for the Missouri River
watershed and drains at its outlet into the Mississippi River
watershed. This represents the largest percentage of the total
streamflow of all watershed regions, which reflects the higher
precipitation for this region. The mean annual precipitation
for this watershed region was 38.6 in., the mean annual 7
was 42.1 °F, and the mean annual 7, was 64.3 °F (table 6).
A total of seven streamgages, of which four were HCDN
streamgages, had significant trends in annual streamflow, all of
which were upward (table 3). No downward trends in annual,
seasonal, or monthly streamflow were statistically significant
for streamgages in WR6.

Streamgages with seasonal trends were mainly clustered
in the northern part of WR6 (figs. 12—15). Spring (April-June)
and summer (July—September) had the greatest number of
streamgages with upward seasonal streamflow trends (6),
whereas winter (January—March) had the fewest number
of streamgages with upward seasonal streamflow trends
(2; table 4). Monthly streamflow trends (table 5) were con-
sistent with annual trends (table 3). The greatest number of
streamgages with upward streamflow trends were in Novem-
ber, January, and June through August (six each month). The
fewest number of streamgages with upward streamflow trends
were in March and April (one each month).


http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/Table6.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/Table5.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/Table6.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/Table5.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/Table6.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/Table5.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/Table6.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/Table5.xlsx
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Synthesis of Trends

Either upward or downward significant trends in annual,
monthly, and seasonal streamflow were pervasive within three
watershed regions: downward trends in WR1 (upper Mis-
souri River), upward trends in WR3 (Great Plains and Cen-
tral Lowland physiographic provinces and Niobrara River),
and downward trends in WRS (Kansas River watershed). A
comprehensive analysis of cause of trends is outside the scope
of this report. An increase in diversions or consumptive use
of water during the study period, however, could not result in
upward trends in annual streamflows over broad regions, such
as WR3. All seven HCDN streamgages in WR3 have upward
trends, which supports a climatological forcing for the upward
trends. Although not examined in this study, an increase in
consumptive use because of groundwater pumping has been
identified as a contributing factor to the downward trends in
WRS5 (Wen and Xunhong, 2006).

Downward trends in WR1, the upper Missouri River,
were significant throughout this region and even on main-stem
streamgages below reservoirs, such as streamgages 06177000
and 06185500 (map numbers 20 and 21, respectively) in
WRI1 and streamgage 06342500 (map number 53) in WR2.
Two out of eight HCDN streamgages had downward trends,
streamgage 06278300 (map number 32) and streamgage
06298000 (map number 40), whereas the remaining HCDN
streamgages had no significant streamflow trends. Future
studies could examine the forcing factors of these observed
trends in streamflow, the watershed effects and potential long
term consequences.

Summary

Streamflow records at U.S. Geological Survey
streamgages in the Missouri River watershed were exam-
ined for annual, seasonal, and monthly trends. A total of
227 streamgages having continuous observational records for
water years 1960-2011 were included in the trend analyses.
Monthly streamflow records were used to compute seasonal
averages. Of the 227 streamgages used in the analyses,

54 streamgages are part of the U.S. Geological Survey’s
Hydro-Climatic Data Network. Kendall’s tau nonparametric
test was used to determine statistical significance of trends in
annual, seasonal, and monthly streamflow. A trend was consid-
ered statistically significant for a probability value less than or
equal to 0.10 that the Kendall’s tau value equals zero.

The Missouri River watershed was divided into six water-
shed regions for analyses. Significant trends in annual stream-
flow were indicated for 101 out of 227 streamgages. Dominant
trends are prevalent in several watershed regions. The western
and the southern parts of the Missouri River watershed had
downward trends in annual streamflow (56 streamgages),
whereas the eastern part of the watershed had upward trends
in streamflow (45 streamgages). Streamflow data from the

101 streamgages with significant trends in annual stream-
flow were analyzed for any significant trends in seasonal and
monthly streamflow. Annual streamflow trends tended to
perseverate at seasonal and monthly timescales for all water-
shed regions within the Missouri River watershed. Seasonal
and monthly streamflow trends reflected prevailing annual
streamflow trends within each watershed region.
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Appendix

Streamflow records from 227 U.S. Geological Survey streamgages (fig. 8) in the Mis-
souri River watershed were analyzed for trends in annual, seasonal, and monthly streamflow.
Streamgage description, including map number, streamgage number and name, latitude and
longitude, and drainage area, is included in table 1-1 (Microsoft® Excel format). Trends in
annual, seasonal, and monthly streamflow for all 227 streamgages regardless of statistical sig-
nificance are included in table 1-2 (Microsoft® Excel format).

Table 1-1. Descriptions for streamgages included in statistical analysis, water years 1960-2011.
(http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/AppendixTable1-1.xIsx)

Table 1-2. Streamgages used in statistical analyses of trends in annual, seasonal, and monthly
streamflow in the Missouri River watershed and results of trend analyses, water years 1960-2011.
(http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/AppendixTable1-2.xIsx)

Graphs of the annual and seasonal streamflow trends for each of the 101 streamgages in
the Missouri River watershed that had significant annual streamflow trends are presented in
figures 1-1 through 1-101. Five graphs are presented for each streamgage. Graph 4 shows the
annual mean streamflow for WY 1960-2011 and annual streamflow trends. Graphs B—F show
the seasonal mean streamflows for October—December (autumn), January—March (winter),
April-June (spring), and July—September (summer), respectively. On the graphs, a solid green
line indicates the locally weighted regression (LOESS) smooth line for a significant trend
[probability value (p-value) less than or equal to 0.10]. A solid gray line indicates the LOESS
smooth line for a nonsignificant trend (p-value greater than 0.10). A dash-dot gray line indicates
the long-term (1960-2011) mean streamflow. Seasonal streamflow trends for the Marias River
near Shelby, Montana (06099500; fig. 1-11) and South Fork Republican River near Benkelman,
Nebraska (06827500; fig. 1-79) are not plotted because of gaps in the monthly data.

Figures 1-1to 1-101. Graphs showing A, annual streamflow trends; B, October through December
streamflow trends; C, January through March streamflow trends; D, April through June streamflow
trends; and £, July through September streamflow trends, for streamgages in the Missouri River
watershed for water years 1960-2011.


http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/AppendixTable1-1.xlsx
http://pubs.usgs.gov/sir/2014/5053/downloads/TableDownloadsDirectory/AppendixTable1-2.xlsx
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A. Annual mean streamflow [probability value (p-value) = 0.077, Kendall's tau (t) = -0.1689]
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Figure 1-2. Big Hole River near Melrose, Montana (streamgage 06025500), water years 1960—2011.
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Figure 1-3. Madison River below Ennis Lake near McAllister, Montana (streamgage 06041000), water years 1960-2011.
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Figure 1-4. Gallatin River at Logan, Montana (streamgage 06052500), water years 1960-2011.



32 Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011
A. Annual mean streamflow [probability value (p-value) = 0.091, Kendall's tau (t) = -0.1614]
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Figure 1-5. Missouri River at Toston, Montana (streamgage 06054500), water years 1960-2011.



A. Annual mean streamflow [probability value (p-value) = 0.063, Kendall's tau (t) = -0.1780]
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Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

A. Annual mean streamflow [probability value (p-value) = 0.039, Kendall's tau ( t) = -0.1976]
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A. Annual mean streamflow [probability value (p-value) = 0.043, Kendall's tau (t) = -0.1939]
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Figure 1-8. Sun River near Vaughn, Montana (streamgage 06089000), water years 1960-2011.
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Figure 1-9. Missouri River near Great Falls, Montana (streamgage 06090300), water years 1960-2011.



30,000

20,000

10,000

Annual mean streamflow, in cubic feet per second

3,000

30,000

20,000

10,000

Quarterly mean streamflow, in cubic feet per second

3,000

30,000

20,000

10,000

Quarterly mean streamflow, in cubic feet per second

3,000

Appendix

A. Annual mean streamflow [probability value (p-value) = 0.039, Kendall's tau (t) = -0.1976]
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Figure 1-10. Missouri River at Fort Benton, Montana (streamgage 06090800), water years 1960-2011.
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Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

A. Annual mean streamflow [probability value (p-value) = 0.032, Kendall's tau ( t) = -0.2051]
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Marias River near Shelby, Montana (streamgage 06099500), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.014, Kendall's tau ( t) = -0.2346]
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Figure 1-12. Marias River near Chester, Montana (streamgage 06101500), water years 1960-2011.
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Figure 1-15. Missouri River near Landusky, Montana (streamgage 06115200), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.039, Kendall's tau (t) = -0.1976]
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Figure 1-16. Musselshell River near Roundup, Montana (streamgage 06126500), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.001, Kendall's tau ( t) = -0.3040]
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Figure 1-18. Missouri River near Wolf Point, Montana (streamgage 06177000), water years 1960-2011.
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Figure 1-19. Missouri River near Culbertson, Montana (streamgage 06185500), water years 1960-2011.



Annual mean streamflow, in cubic feet per second

Quarterly mean streamflow, in cubic feet per second

Quarterly mean streamflow, in cubic feet per second

4,000

4,000

4,000

Appendix

A. Annual mean streamflow [probability value (p-value) = 0.051, Kendall's tau ( t) = -0.1863]
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Figure 1-20. Boulder River at Big Timber, Montana (streamgage 06200000), water years 1960-2011.
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48 Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

A. Annual mean streamflow [probability value (p-value) = 0.04, Kendall's tau (t) = -0.1961]
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Figure 1-21. Wind River at Riverton, Wyoming (streamgage 06228000), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.09, Kendall's tau ( t) = -0.1622]
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Figure 1-22. Wind River below Boysen Reservoir, Wyoming (streamgage 06259000), water years 1960-2011.
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Figure 1-23. Shell Creek above Shell Creek Reservoir, Wyoming (streamgage 06278300), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.046, Kendall's tau ( t) = -0.1909]
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Figure 1-24. Shoshone River below Buffalo Bill Reservoir, Wyoming (06282000), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.052, Kendall's tau ( t) = -0.1855]
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Figure 1-25. Bighorn River near St. Xavier, Montana (streamgage 06287000), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.032, Kendall's tau ( t) = -0.2051]
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Figure 1-26.

Little Bighorn River near Hardin, Montana (streamgage 06294000), water years 1960-2011.
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Figure 1-27.

Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

A. Annual mean streamflow [probability value (p-value) = 0.061, Kendall's tau (t) = -0.1788]

T T T T
EXPLANATION

Locally weighted regression curve for significant streamflow trend

Locally weighted regression curve for nonsignificant streamflow trend

Long-term mean streamflow

o0 Mean streamflow for period
L o |
o o o
L ° R o o O o [e) o o 4
| o 0 M °o o o o ° o ]
T—— -
- / o © o o o ° %0 o o i
o o oo© °
L o ]
[0}
(o} o ©
[ ! ! . ! . ! ! ! i
1960 1970 1980 1990 2000 2010
Water year
B. October-December (p-value = 0.054, t = -0.1840) C. January—March (p-value = 0.002, t = -0.2896)
F T T T T T T T T T T T F T T T T T T T T T T T ]
0.0 ]
(o} o ©
L o) i
o 00
[}
[ . ! . ! . ! . ! . I [ 1 . ! . ! . ! . ! . L]
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
D. April-June (p-value =0.212, T =-0.1192) E. July-September (p-value = 0.444, 1 =-0.07318)
F T T T T T T T T T T T F T T T T T T T T T T T ]
i ol | ]
-_ [elNe) i ° _-
i o O o o © o o ° o]
I o ) ° %5 |
o o o © o o ) o i
o]
b o--© a2 ) ° o o °© o
| 5 o oo o |
o o0 ) o
° ooO oo Oo . o o oo (o) (¢)
i o o o © o o 1
o o © o ° o o
(o]
L © © o o ]
o]
o o o o o o °
oo 000 o
(o]
[}
C C o ]
[ 1 . ! . ! . ! . ! . ! [ . ! . ! . ! . ! . L]
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
Water year Water year

Bighorn River above Tullock Creek near Bighorn, Montana (streamgage 06294500), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.093, Kendall's tau ( t) = -0.1607]
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Figure 1-28. Tongue River near Dayton, Wyoming (streamgage 06298000), water years 1960-2011.
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Figure 1-29. Tongue River at Miles City, Montana (streamgage 06308500), water years 1960-2011.
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Figure 1-30. Yellowstone River at Miles City, Montana (streamgage 06309000), water years 1960-2011.
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58 Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

A. Annual mean streamflow [probability value (p-value) = 0.01, Kendall's tau (1) = -0.2467]
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Figure 1-31. Missouri River at Bismarck, North Dakota (streamgage 06342500), water years 1960-2011.
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Appendix

A. Annual mean streamflow [probability value (p-value) = 0.037, Kendall's tau (t) = 0.1991]
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Figure 1-32. Apple Creek near Menoken, North Dakota (streamgage 06349500), water years 1960-2011.
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Figure 1-33. Beaver Creek near Buffalo Gap, South Dakota (streamgage 06402500), water years 1960-2011.
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Appendix

A. Annual mean streamflow [probability value (p-value) = 0.096, Kendall's tau () = 0.1592]
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Figure 1-34. Battle Creek at Hermosa, South Dakota (streamgage 06406000), water years 1960-2011.
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Figure 1-35. Spearfish Creek at Spearfish, South Dakota (streamgage 06431500), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.007, Kendall's tau () = 0.2558]
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Little White River near Vetal, South Dakota (streamgage 06449100), water years 1960-2011.
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Figure 1-37.

Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011
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A. Annual mean streamflow [probability value (p-value) = 0.015, Kendall's tau () = 0.2331]
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Figure 1-38.

Little White River below White River, South Dakota (streamgage 06450500), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau (t) = 0.5983]
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Figure 1-40. Keya Paha River at Wewela, South Dakota (streamgage 06464500), water years 1960-2011.
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68 Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

A. Annual mean streamflow [probability value (p-value) = 0.002, Kendall's tau () = 0.2956]
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Figure 1-41. Niobrara River near Verdel, Nebraska (streamgage 06465500), water years 1960-2011.
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Figure 1-42. James River at Jamestown, North Dakota (streamgage 06470000), water years 1960-2011.
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Figure 1-43. James River at Lamoure, North Dakota (streamgage 06470500), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau (t) = 0.3680]
T T T T T

10000 T T T T 3
-§ 3 o 00 % 1
2 100 F o 0°o °o o 5 E

F [¢] E
g [ o °© o o 6 ° o O S o o © o ]
o i 5 o o o 1
g MM F 5 oo ° - o ° 4
@ E o o o E
o 3 © ° %o ]
S - o 1
3 10 F o o 3
£ E o E
g E o ]
= 1 F E
2 N EXPLANATION ]
g 01 F Locally weighted regression curve 3
GE, F for significant streamflow trend ]
= i Long-term mean streamflow 1
sz W F o Mean streamflow for period N
é O Reverse mean streamflow

0 I " 1 " 1 " 1 " 1 " I
1960 1970 1980 1990 2000 2010
Water year

B. October-December (p-value less than 0.001, t = 0.4329) C. January—March (p-value less than 0.001, t = 0.3961)

10000 g T T T T T T T T T ™3 T T T T T T T T T T T3
b=l 3 1 ]
g - o1 f :
o 1000 o o E E o 3
2 ] °° o °1 o o E
§ i o 2 ° 00 0 e} oO o L o ©oo 1

L o 4 L 5 i
»?3 10 E ° o o© 3 Oo 0 © © ©5%0 O o0 90 E
© 3 o °© ° 1 o o ]
S I o © © A i o o 1
© 10 F © E 3 o ° °o o 3
£ 3 o 1 °o o ° ° E
= F o F O ° ]
= I [ o ]
= N3 1 F o E
@ F (o] 3 F E
2 r © r ]
> 3 I o ° 1
= 01 F o 4 F 4
© E F o E
E o o § §
> r [ ]
e oo o o 14 F -
©
=3
S|

o L8 . ] © © | ©° | o) . ] . ] 1 Q ] . ] . ] L O . ]

1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010

D. April-June (p-value =0.003, t =0.2851) E. July-September (p-value less than 0.001, t = 0.3484)

10,000 [ E T T T T T T T T T T T3
] 3 g 03
g - 4
5 F 2 o ° © ° © ]
= i 2 O\OO/ © ]
2 100 ¢ b ° oo °© .
£ oo © © ° o° °
=2 E ° ° ]
a L o] 4
B 10 E_ 3 ° o o _§
s E o ]
3 [ ]
E TF i1 F ° 3
© F E
2 F ]
= r ]
= 01 F E E E
B E o o E
g E o ]
= [ ]
5 001 F 4 F o -
=
©
3

oL L 1 L 1 L 1 L 1 L 1 1 L 1 L 10 L 1 L 1 L 1
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
Water year Water year

Figure 1-44. James River at Ashton, South Dakota (streamgage 06473000), water years 1960-2011.
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Figure 1-45. James River at Huron, South Dakota (streamgage 06476000), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau () = 0.3342]
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Figure 1-46. James River near Forestburg, South Dakota (streamgage 06477000), water years 1960-2011.
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Figure 1-47.

Firesteel Creek near Mount Vernon, South Dakota (streamgage 06477500), water years 1960-2011.



A. Annual mean streamflow [probability value (p-value) = 0.001, Kendall's tau () = 0.3092]
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Figure 1-49. Big Sioux River near Brookings, South Dakota (streamgage 06480000), water years 1960-2011.
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Figure 1-50. Big Sioux River near Dell Rapids, South Dakota (streamgage 06481000), water years 1960-2011.
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Figure 1-52. Big Sioux River at Akron, lowa (streamgage 06485500), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.001, Kendall's tau () = 0.3077]

Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011
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A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau () = 0.3167]
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A. Annual mean streamflow [probability value (p-value)less than 0.001, Kendall's tau () = 0.3185]

Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011
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Figure 1-55. Omaha Creek at Homer, Nebraska (streamgage 06601000), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.014, Kendall's tau (t) = 0.2355]
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Figure 1-56. Monona-Harrison Ditch near Turin, lowa (streamgage 06602400), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.008, Kendall's tau (<) = 0.2534]

Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011
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Figure 1-57.

Little Sioux River at Correctionville, lowa (streamgage 06606600), water years 1960—-2011.
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Appendix

A. Annual mean streamflow [probability value (p-value) = 0.011, Kendall's tau (t) = 0.2428]
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Figure 1-58. Maple River at Mapleton, lowa (streamgage 06607200), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.011, Kendall's tau () = 0.2428]

Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011
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A. Annual mean streamflow [probability value (p-value) = 0.013, Kendall's tau () = 0.2383]
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Figure 1-60. Soldier River at Pisgah, lowa (streamgage 06608500), water years 1960-2011.
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88 Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

A. Annual mean streamflow [probability value (p-value) = 0.021, Kendall's tau (t) = 0.2202]
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Figure 1-61. Boyer River at Logan, lowa (streamgage 06609500), water years 1960-2011.
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Figure 1-62.

Laramie River near Fort Laramie, Wyoming (streamgage 06670500), water years 1960-2011.
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90 Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau (t) = 0.5875]
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Figure 1-63. Middle Loup River at Dunning, Nebraska (streamgage 06775500), water years 1960-2011.
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Figure 1-64. North Loup River at Taylor, Nebraska (streamgage 06786000), water years 1960-2011.
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Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011
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Figure 1-65. North Loup River near Saint Paul, Nebraska (streamgage 06790500), water years 1960-2011.




Annual mean streamflow, in cubic feet per second

Quarterly mean streamflow, in cubic feet per second

Quarterly mean streamflow, in cubic feet per second
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A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau () = 0.3620]
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Figure 1-67.

Elkhorn River at Ewing, Nebraska (streamgage 06797500), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.051, Kendall's tau () = 0.1863]

o

EXPLANATION

Locally weighted regression curve for significant streamflow trend
Locally weighted regression curve for nonsignificant streamflow trend
Long-term mean streamflow

Mean streamflow for period

1960 1970 1980 1990 2000 2010
Water year
B. October-December (p-value = 0.016, = =0.2301) C. January—March (p-value = 0.262, t =0.1071)
[ T T T T T T T T T T T [ T T T T T T T T T T T ]
L L ] |
(o]}
- . - [0} o o _|
N o ] N o ]
[ o . [ o 4 © °0 1
. o 000 I © o o5 © ° S oo E
: ° OWO : : ° ° o ° ° OO © OO ° ° ° ¢ © ’ :
o o 5 o 00 ° o0 °
L o] o o o OO Op q + Oo [0} o OO 4
O oo 000 S ° ° 5o 0o
L o o o o L i
o [0
L1 " 1 " 1 " 1 " 1 " 1 L1 " 1 " 1 " 1 " 1 " 1 N
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
D. April-June (p-value =0.058, T =0.1810) E. July-September (p-value = 0.344, 1 = 0.0905)
[ T T T T T T T T T T T [ T T T T T T T T T T T ]
L . |
L ° |
. |
00° 5 000
1L o i
° 1
[} 4
o o % oo % 1
o o o 1
o o) © [o) °
[0} o) o o} o 4
o 0% © e © 1
o © © 0 o0 © ° o ° [¢]
L o o O o © o °© (o) R
o [¢) o o
(o]
°o o o
L 4 L o i
r ] ° 1
L1 I 1 I 1 I 1 I 1 I ] L1 I 1 I 1 I 1 I 1 I ] ]
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
Water year Water year

Figure 1-68. Elkhorn River at Norfolk, Nebraska (streamgage 06799000), water years 1960-2011.
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Figure 1-69. Maple Creek near Nickerson, Nebraska (streamgage 06800000), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.051, Kendall's tau () = 0.1863]
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Figure 1-70. Platte River at Louisville, Nebraska (streamgage 06805500), water years 1960-2011.
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Figure 1-71.

Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011
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West Nishnabotna River at Hancock, lowa (streamgage 06807410), water years 1960-2011.



Annual mean streamflow, in cubic feet per second

Quarterly mean streamflow, in cubic feet per second

Quarterly mean streamflow, in cubic feet per second

7,000

7,000

7,000

A. Annual mean streamflow [probability value (p-value) = 0.029, Kendall's tau () = 0.2081]

Appendix

T T T
EXPLANATION

Locally weighted regression curve for significant streamflow trend

Locally weighted regression curve for nonsignificant streamflow trend

Long-term mean streamflow
O Mean streamflow for period

L le) 4
[0} ° o o
[0} © ° o
L ° o o 4
[ o o o o [S) © ]
! M o °oe © ° :
- IS o o B
o © o o ]
o © o o o
L . . i
L [0} o] 4
[e]
o]
: I " 1 " 1 " 1 " 1 " I :
1960 1970 1980 1990 2000 2010
Water year
B. October-December (p-value =0.039, t =0.1976) C. January-March (p-value = 0.862, T = 0.01659)
[ T T T T T T T T T T T [ T T T T T T T T T T T ]
L L o i
o o o
[e] o [e] o] [¢] (o]} o
- © . 1 F o °o 00 ]
: o o o ° 2 E oo © °o o 000 ]
+ %o 1 I [ Sfle o by
L o o / ] l o ° o 06 O Te ]
[} [0
°© o o) o o o 1 o © o 1
Ll o 0 ©° L o ° o ]
(o}
o o o o o o
L o ° L o o e ]
o o ° %o © o
00° o ©
o ° © o o ° o oo
- — - o -
C o 1 F ]
L1 " 1 " 1 " 1 " 1 " 1 L1 " 1 " 1 " 1 " 1 " 1 ]
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
D. April-June (p-value =0.021, T =0.2202) E. July-September (p-value = 0.014, 7 = 0.2338)
[ T T T T T T T T T T T [ T T T T T T T T T T T ]
L o i
L ° ° © .
[e] ° o
I o ° o° ° © ° ]
o o o o °
o o 5 o o
L © o ° o o o 4 L o o 2 ° o]
[ 2 o oo °s °© ° ° /\% ]
[ o o ° - 0—-0 3
L o o o) 00 |
L o © ) o r ° ° © i
o0 o o
[e] o o e} o] B
[} o) o
L o o o o ° o o © 1
- °© o B
o © o o o
o] OO
[ o ]
L1 I 1 I 1 I 1 I 1 I ] L1 I 1 I 1 I 1 I 1 I ] |
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
Water year Water year

Figure 1-72. West Nishnabotna River at Randolph, lowa (streamgage 06808500), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.032, Kendall's tau (t) = 0.2051]
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Figure 1-73. East Nishnabotna River at Red Oak, lowa (streamgage 06809500), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.035, Kendall's tau (t) = 0.2014]
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Figure 1-74. Nishnabotna River above Hamburg, lowa (streamgage 06810000), water years 1960-2011.
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Figure 1-75. Arikaree River at Haigler, Nebraska (streamgage 06821500), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau (t) = -0.6828]
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Figure 1-76. North Fork Republican River at Colorado-Nebraska State line (streamgage 06823000), water years 1960-2011.
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Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau () = -0.7432]
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Figure 1-77.

Buffalo Creek near Haigler, Nebraska (streamgage 06823500), water years 1960-2011.
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106 Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau ( t) = -0.6485]
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Figure 1-79. South Fork Republican River near Benkelman, Nebraska (streamgage 06827500), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau (1) =

-0.6672]
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Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau (t) = -0.6838]
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Figure 1-81.

Frenchman Creek at Culbertson, Nebraska (streamgage 06835500), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau () = -0.5273]
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Figure 1-82. Driftwood Creek near Mccook, Nebraska (streamgage 06836500), water years 1960-2011.
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110 Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau (t) = -0.7094]
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Figure 1-83. Republican River at Mccook, Nebraska (streamgage 06837000), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau (t) = -0.5968]
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Figure 1-84. Republican River at Cambridge, Nebraska (streamgage 06843500), water years 1960-2011.
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Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011
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A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau (t) = -0.4872]
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Figure 1-85. Republican River near Orleans, Nebraska (streamgage 06844500), water years 1960-2011.
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Appendix

A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau (t) = -0.4794]
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Figure 1-86. Beaver Creek at Cedar Bluffs, Kansas (streamgage 06846500), water years 1960-2011.
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Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau (t) = -0.3342]
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Figure 1-87.

Sappa Creek near Stamford, Nebraska (streamgage 06847500), water years 1960-2011.
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Appendix

A. Annual mean streamflow [probability value (p-value) = 0.037, Kendall's tau ( t) = -0.1992]
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Figure 1-88. Prairie Dog Creek near Woodruff, Kansas (streamgage 06848500), water years 1960-2011.
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Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

A. Annual mean streamflow [probability value (p-value) = 0.041, Kendall's tau ( t) = -0.1957]
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Figure 1-89. Courtland Canal at Nebraska-Kansas State line (streamgage 06852500), water years 1960-2011.



Annual mean streamflow, in cubic feet per second

Quarterly mean streamflow, in cubic feet per second

Quarterly mean streamflow, in cubic feet per second

5,000

5,000

5,000

A. Annual mean streamflow [probability value (p-value) = 0.003, Kendall's tau ( t) = -0.2821]

Appendix

E_ °© o o o _E
[ o ° I ]
F o o o o o ]
F o o o o o o o 1
— " " o©° |
o o o o
[0
- ] - ) ] ) \// |
o © ° ° o o
E o o 7
[ o o ]
H EXPLANATION o -
L Locally weighted regression curve ]
L for significant streamflow trend |
| Long-term mean streamflow ° o i
O Mean streamflow for period
I " 1 " 1 " 1 " 1 " I
1960 1970 1980 1990 2000 2010
Water year
B. October-December (p-value =0.065, t = -0.1765) C. January—March (p-value = 0.007, t = -0.2579)
[T T T T T T T T T T T [T T T T T T T T T T ]
[0}
o]
E o ° 1 ° % ]
[ ° [ o o ]
L o L oo ]
o © o
L o 3 o o o 1
L o L 4
. O T\ m@v - Qo
i ° 5 © ; 3 ° o © © o® o w 1
o o) o
©00goo0 " 090 \_—M °
o o o og o 9} o . ° 0© o0 o o ° o v:)O 00 ° o
o 00 o 7 E o ]
- - (] 4
F o [ o ]
[ [ o i
[0}
o o o 4
%
- o o - o B
OO
I . I . I . I . I . I I . I . I . I . I .
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
D. April-June (p-value =0.029, t =-0.2081) E. July-September (p-value =0.001, t =-0.3062)
[ T T T T T T T T T T T T T T T T T T T T T ]
o ]
L o o ]
- © = -
s ° . o o OO
[ °© o o o
I 000 . o} %o © ~
o ° [Ore) O\_/—' 16}
O [e X6}
(o] [e) ° o °
L . © o o
o o o ° ° o
- o ] -
E ° %5
[ o
o]
L o 00 ]
1 I 1 I 1 I 1 I 1 I ] 1 I 1 I 1 I 1 I 1 I
1960 1970 1980 1990 2000 2010 1960 1970 1980 1990 2000 2010
Water year Water year

Figure 1-90. Republican River near Hardy, Nebraska (streamgage 06853500), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.006, Kendall's tau ( t) = -0.2624]
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Figure 1-91. Republican River at Concordia, Kansas (streamgage 06856000), water years 1960-2011.



Appendix

A. Annual mean streamflow [probability value (p-value) = 0.05, Kendall's tau () = -0.1870]
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Figure 1-93. Smoky Hill River at Elkader, Kansas (streamgage 06860000), water years 1960-2011.
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Appendix

A. Annual mean streamflow [probability value (p-value) less than 0.001, Kendall's tau (t) = -0.3155]
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Figure 1-94. Smoky Hill River near Arnold, Kansas (streamgage 06861000), water years 1960-2011.
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A. Annual mean streamflow [probability value (p-value) = 0.029, Kendall's tau ( t) = -0.2091]

Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011
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Figure 1-95. Big Creek near Hays, Kansas (streamgage 06863500), water years 1960-2011.

1980
Water year

1990

2000

2010



Annual mean streamflow, in cubic feet per second

Quarterly mean streamflow, in cubic feet per second

Quarterly mean streamflow, in cubic feet per second

5,000

5,000

5,000

Appendix

A. Annual mean streamflow [probability value (p-value) = 0.047, Kendall's tau ( t) = -0.1900]
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Figure 1-96. Smoky Hill River at Ellsworth, Kansas (streamgage 06864500), water years 1960-2011.
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124 Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

A. Annual mean streamflow [probability value (p-value) = 0.083, Kendall's tau ( t) = -0.1659]
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Figure 1-97. Smoky Hill River near Langley, Kansas (streamgage 06865500), water years 1960-2011.
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Appendix

A. Annual mean streamflow [probability value (p-value) = 0.075, Kendall's tau (t) = -0.1704]
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Figure 1-98. Smoky Hill River near Mentor, Kansas (streamgage 06866500), water years 1960-2011.
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Figure 1-99. Blue River at Kansas City, Missouri (streamgage 06893500), water years 1960-2011.



Appendix

A. Annual mean streamflow [probability value (p-value) = 0.006, Kendall's tau () = 0.2648]
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Little Piney Creek at Newburg, Missouri (streamgage 06932000), water years 1960-2011.
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128 Trends in Streamflow Characteristics at 227 Streamgages in the Missouri River Watershed, Water Years 1960-2011

A. Annual mean streamflow [probability value (p-value) = 0.091, Kendall's tau (t) = 0.1614]
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