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Assessment of Streamflow Trends in the Eastern Dakotas, 
Water Years 1960–2019

By Parker A. Norton, Gregory C. Delzer, Joshua F. Valder, Wyatt S. Tatge, and Karen R. Ryberg

Abstract
Hydrologic extremes, whether periods of drought or 

flooding, are occurring more frequently with greater severity 
and can have substantial economic impacts. Along with flood-
ing, the timing and volume of streamflow also is changing 
across the United States. The focus of this report is to charac-
terize a unique trend in mean annual streamflow occurring in 
eastern North and South Dakota, hereafter referred to as the 
eastern Dakotas, that is not being observed anywhere else in 
the conterminous United States.

Streamflow records for 1,853 U.S. Geological Survey 
streamgages obtained from the U.S. Geological Survey 
National Water Information System database with a continu-
ous record of mean annual streamflow during water years 
1960–2019 were included in this study. Using a Kendall 
tau statistical test (p-value less than or equal to 0.10), 573 
streamgages had a statistically significant upward trend in 
mean annual streamflow and are primarily located in the 
Midwest and northeastern United States. Of the streamgages, 
182 had a statistically significant downward trend and are 
located primarily in the western and southeastern States. 
Several sites had increases in streamflow between 100 and 500 
percent. Most of the streamgages with the highest increases 
in mean annual streamflow are along the same rivers in the 
eastern Dakotas, regardless of basin size.

A comparison of mean annual streamflow of the last 
decade (2010–19) to the first decade (1960–69) of the study 
period shows that the largest increases in annual streamflow 
volumes in the United States also are in the eastern Dakotas. 
Among all 1,853 streamgages in the United States, the 
Sheyenne River near Warwick, North Dakota (U.S. Geological 
Survey station 05056000), has the greatest percent change, 
with an increase of 486 percent. Several factors may be 
contributing to increasing trends in streamflow in the eastern 
Dakotas and may include, in part, precipitation changes owing 
to climatic variation within the region, geologic makeup of the 
subsurface, and land-use changes. A better understanding of 
these research areas will help producers, resource managers, 
and infrastructure engineers to make more informed environ-
mental and economic decisions.

Introduction
Hydrologic extremes, whether periods of drought or 

flooding, are occurring more frequently with greater severity 
(Norton and others, 2014). Along with flooding, the timing 
and volume of streamflow also is changing across the United 
States. For example, since record keeping began by the 
U.S. Geological Survey (USGS) and National Weather Service 
in 1889, 9 of the 10 largest flooding events in the Missouri 
River Basin have occurred since 1970 (Livneh and others, 
2016); more than one-half of the top 10 flood events in Fargo, 
North Dakota, and Grand Forks, N. Dak., have occurred in the 
last 25 years (Dunbar, 2017; U.S. Geological Survey, 2022). 
Each of these flood events had short- and long-term conse-
quences, which affected land, water, and ecosystem resource 
management decisions. Some of the decisions include the 
installation of tile drains to assist in agricultural operations; 
changes to reservoir management to account for large changes 
in volume for the protection of life, property, and irrigation 
supply; changes in aquatic and avian habitat; and recre-
ational opportunities. Flood events have also had substantial 
economic impacts; for example, the damages from flooding 
during 2011 on the Missouri and Souris Rivers were estimated 
at 2 billion dollars (National Weather Service, 2012). Since the 
devastating flood of 1997 in the Red River of the North, more 
than 1 billion dollars has been spent on flood-control projects, 
with a 2 billion dollar project to divert floodwater around 
Fargo, N. Dak., and Moorhead, Minnesota, currently (2022) 
underway (Gunderson, 2017).

Watershed regions across the conterminous United States 
have experienced dramatic climatic shifts between wet and dry 
periods, which directly affect streamflow and runoff. These 
climatic shifts have been observed over centuries in numer-
ous studies that examined tree-rings, sediment cores, and 
climate data (Burn and Goel, 2001; Vecchia, 2008; Ryberg 
and others, 2014; Razavi and others, 2015; Kolars and others, 
2016; Ryberg and others, 2016). Collectively, the understand-
ing of these climatic shifts and resulting changes in flooding 
and in annual streamflow is necessary for producers, resource 
managers, and infrastructure engineers to make more informed 
environmental and economic decisions.
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Previous monitoring and modeling efforts have gone into 
describing and understanding the rise of lakes levels in closed 
basins in the eastern Dakotas (Devils Lake Basin in North 
Dakota and the Waubay Lakes complex in South Dakota; 
Wiche, 1992; Wiche and Vecchia, 1996; Niehus and others, 
1999a; Niehus and others, 1999b; Wiche and others, 2000; 
Vecchia, 2002; Shapley and others, 2005; Vecchia, 2008; 
Vecchia, 2011). These rising lakes and other lakes rising on 
smaller scales (such as the Cottonwood Lake Study Area; 
Mushet and Euliss, 2012) have resulted in greater connectiv-
ity in basins in the eastern Dakotas, providing more paths for 
runoff to rivers, and have contributed to flooding and increases 
in annual streamflow in rivers and streams. Rising lakes have 
been termed relentless creep (Breakey, 2018), implying a slow 
rise, whereas riverine flooding can quickly displace people 
in the region (Gunderson, 2017). Given the importance of 
these rising lakes, flood events, and increases in streamflow, 
the focus of this report is to characterize a hydrologically 
unique trend in the eastern Dakotas that is not being observed 
anywhere else in the conterminous United States. Specifically, 
streams in the eastern Dakotas have experienced the greatest 
increases in streamflow during the last 60 years in compari-
son to any other USGS gaged stream in the United States 
(U.S. Geological Survey, 2019). A recent (2020) and notable 
example is in eastern South Dakota where the James River at 
Columbia (USGS site 06471000) was measured above flood 
stage for more than 518 consecutive days (U.S. Geological 
Survey, 2019; Weather Channel, 2020).

The purposes of this report are (1) to characterize trends 
in mean annual streamflow in the eastern Dakotas and to 
compare trends and changes in annual streamflow volumes 
with streamflow at other streamgages within the conterminous 
United States, and (2) to identify potential environmental fac-
tors that may be drivers of increasing streamflow in the eastern 
Dakotas. USGS streamgages in the conterminous United 
States with a continuous period of record for water years 
(WYs) 1960–2019 were evaluated for statistically significant 
upward or downward trends in mean annual streamflow. A 
WY is the 12-month period, October 1 through September 30, 
and is designated by the calendar year in which it ends. 
Annual streamflow records were obtained from the USGS 
National Water Information System (NWIS) database (U.S. 
Geological Survey, 2019), resulting in 1,853 streamgages 
available for trend analyses. Kendall's tau nonparametric test 
(Kendall, 1938) was used to determine statistical significance 
of trends in mean annual streamflow from 1960 to 2019. This 
report does not quantify any of the forcing factors that may 
explain the observed streamflow trends, but rather it provides 
a discussion of potential environmental factors contributing 
to the trends, such as climate variability, land-use changes, or 
groundwater pumping.

Methods of Analysis Used in Assessing 
Streamflow Trends

Streamflow increases in eastern North and South Dakota 
were documented in context with other streamgages within the 
Missouri River Basin (Norton and others, 2014) and across 
the conterminous United States (Dudley and others, 2018; 
Hodgkins and others, 2019; Ryberg and others, 2020). Norton 
and others (2014) used trend analysis to determine whether 
mean annual streamflow was increasing or decreasing across 
the Missouri River Basin for WYs 1960–2011. Hodgkins and 
others (2019) documented gradual changes in annual peak 
streamflow for WYs 1916–2015, 1941–2015, and 1966–2015. 
The Red River of the North and James River Basins show a 
spatially cohesive pattern of increasing annual peak stream-
flow (fig. 4 of Hodgkins and others, 2019) even at regulated 
streamgages (fig. 5B of Hodgkins and others, 2019). Ryberg 
and others (2020) document abrupt changes in the median 
annual peak streamflow for the WYs 1916–2015, 1941–2015, 
and 1966–2015. Again, the Red River of the North and James 
River Basins are part of a spatially cohesive area of abrupt 
increases (fig. 1 of Ryberg and others, 2020). Many of these 
abrupt changes are in the 1990s (see animations in supple-
mentary data 2 and 3 of Ryberg and others, 2020), coinciding 
with increasing flooding in the eastern Dakotas and increases 
in precipitation (Williams-Sether, 1999; Vecchia, 2008). The 
same methodology used by Norton and others (2014) is used 
herein to characterize trends in mean annual streamflow for 
WYs 1960–2019.

Mean annual streamflow was analyzed for significant 
trends using the Kendall's tau nonparametric test (Kendall, 
1938) to determine the statistical significance of trends for 
a probability value (p-value) less than or equal to (≤) 0.10 
where the Kendall's tau value equals zero. Streamflow records 
for 1,853 USGS streamgages were obtained from the USGS 
NWIS database (U.S. Geological Survey, 2019), and those 
with a continuous record of mean annual streamflow during 
WYs 1960–2019 were included in this study.

Changes in precipitation were estimated using output 
from the Parameter-elevation Regressions on Independent 
Slopes Model (PRISM; Daly and others, 1994, 2002), which 
interpolates monthly total precipitation from weather sta-
tions to a 2.5-arc-minute grid for the conterminous United 
States. Precipitation anomalies were obtained from the 
PRISM output comparing the mean annual total precipita-
tion for WYs 1960–2019 to the mean annual total precipita-
tion for WYs 2010–19. These precipitation anomalies were 
compared against the streamflow trends to highlight spatial 
variability in precipitation and streamflow in the conterminous 
United States.
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A comparison of mean annual streamflow of the last 
decade (WYs 2010–19) to the first decade (WYs 1960–69) 
of the study period shows that the largest increases in annual 
streamflow volumes in the United States also are in the eastern 
Dakotas. Mean annual streamflow is a useful metric, but for 
many water-resource-related projects, such as detention design 
and reservoir sizing, operation streamflow volumes are also 
important. The percent change in annual streamflow volume 
was calculated by taking the difference of the mean annual 
streamflow of the second decade (WYs 2010–19) and the first 
decade of the study period (WYs 1960–69) divided by the first 
decade and represented as a percentage.

Spatial Analysis of Streamflow Trends
Trends in mean annual streamflow for 1,853 streamgages 

were analyzed and are described in the following section. 
Significant trends in mean annual streamflow were determined 
in 755 out of 1,853 streamgages. Streamgages within the con-
terminous United States with statistically significant trends in 
mean annual streamflow are compared spatially to precipita-
tion anomalies (fig. 1).

Of the 1,853 streamgages, 573 had a significant upward 
trend in mean annual streamflow and are primarily located 
in the Midwest and northeastern United States, whereas 182 
streamgages, located primarily in the western and southeastern 
States, had a significant downward trend (fig. 1). Precipitation 
anomalies are shown comparing the mean annual total precipi-
tation of the last decade (WYs 2010–19) to the mean annual 
total precipitation of the study period (WYs 1960–2019). 
In general, significant upward trends in annual streamflow 
occurred in parts of the United States where precipitation 
increased (estimated using output from PRISM; Daly and 
others, 1994; 2002). Conversely, significant downward trends 
in annual streamflow occurred where precipitation decreased 
(fig. 1). In some areas, however, downward trends in stream-
flow are in areas with increased precipitation; for example, 
well capture of surface water in Nebraska from increased 
pumping for irrigation (Wen and Chen, 2006; McGuire, 2017), 
resulting in significant downward trends in annual streamflow 
even despite an increase in precipitation.

The trends in annual streamflow for streamgages in 
figure 1 do not account for the size of the watershed; therefore, 
for each site with a significant streamflow trend, the percent 
change in mean annual streamflow volume, using cubic feet 
per second, was compared to the corresponding drainage 

area (fig. 2). Simply, the streamgages represented by the blue 
triangles on figure 1 are plotted above the horizontal line on 
figure 2 and the red triangles are plotted below. Most of the 
streamgages with significant trends have a basin size less than 
10,000 square miles. Several streamgages have increases in 
streamflow between 100 and 500 percent. Importantly, most 
of the streamgages with the greatest increases in mean annual 
streamflow are along the same rivers in the eastern Dakotas, 
regardless of basin size (fig. 2). These rivers include the 
Sheyenne and Souris Rivers in North Dakota and James River 
in North and South Dakota (fig. 3). Streamgage locations on 
these rivers have the greatest percent increase in streamflow 
volume compared to other rivers in the United States.

Streamgages with at least a 100-percent increase in 
streamflow volume are shown in figure 3. Most of these 
streamgages are located in the eastern Dakotas, southern 
Minnesota, and northwestern Iowa. A few streamgages 
were located in California, Texas, Oregon, Colorado, Ohio, 
Wisconsin, Michigan, Maryland, Pennsylvania, and New 
York. These trends further highlight the unique phenom-
enon associated with the increased streamflow in the eastern 
Dakotas compared to other gaged locations in the United 
States and highlights the importance of understanding these 
localized hydrologic increases in flooding and annual stream-
flow volumes that affect resource management decisions.

Some of the greatest increases in streamflow volumes 
in the country are in the eastern Dakotas. The mean annual 
volume during the first decade compared to the last decade 
increased by 458, 298, and 285 percent for the Souris River 
near Westhope, N. Dak. (USGS station 05124000); the James 
River near Scotland, South Dakota (USGS station 06478500); 
and the Sheyenne River at West Fargo, N. Dak. (USGS station 
05059500), respectively (figs. 2 and 4). These increases equate 
to an average of 549,174; 1,269,679; and 422,678 acre-feet 
more water, respectively, transported downstream each year 
for WYs 2010–19 compared to WYs 1960–69 (fig. 4). These 
three streamgages were highlighted because they represent 
the most downstream location on their respective rivers that 
had the greatest increases in percent change in streamflow. 
One site, which was not the most downstream site, among 
the 1,853 streamgages in the conterminous United States, 
the Sheyenne River near Warwick, N. Dak. (USGS station 
05056000) has the greatest percent change in annual stream-
flow volume, with an increase of 486 percent comparing WYs 
2010–19 to WYs 1960–69 (fig. 2).
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Figure 1.  Streamgages in the conterminous United States with statistically significant trends in annual streamflow for water years 1960–2019 (U.S. Geological Survey, 2019).
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Potential Factors Contributing to 
Increasing Streamflow Trends

Several factors may contribute to upward trends in 
streamflow in the eastern Dakotas, including precipita-
tion changes owing to climatic variation within the region, 
geologic makeup of the subsurface, and land-use changes. 
Understanding these contributing factors is necessary for 
producers, resource managers, and infrastructure engineers to 
make more informed environmental and economic decisions.

In the Midwestern United States, there has been 
debate about the relative contribution of land-use changes 
and climatic changes to increases in highflows and flood-
ing (Schilling and others, 2008; Tomer and Schilling, 2009; 
Schilling and others, 2010; Schilling and others, 2013; Ryberg 
and others, 2014; Gupta and others, 2015; Schilling, 2016). In 
a study area that included the Red River of the North in North 
Dakota and the James and Big Sioux Rivers in South Dakota, 
Ryberg and others (2014) used a nonlinear water-balance 
analysis to show that changes in precipitation and potential 
evapotranspiration explain most of the multidecadal spatial/
temporal variability of runoff and flood magnitudes, with 
precipitation being the dominant driver. Historical changes in 
climate and runoff in the region appear to be more consistent 
with complex transient shifts in seasonal climatic conditions 
than with gradual climate change. A portion of the unexplained 
variability likely stems from land-use change.

Groundwater/surface-water interaction is another impor-
tant consideration. Increases in precipitation owing to climatic 
variation, as shown in figure 1, may contribute to increased 

overland runoff, streamflow, infiltration, and increases in 
shallow groundwater levels. In parts of the eastern Dakotas, 
an increase in precipitation can oversaturate shallow glacial 
and alluvial aquifers and exceed the aquifer storage capacity 
(Valseth and Driscoll, 2021). The low permeability Cretaceous 
shale (fig. 3) underlying the shallow glacial and alluvial aqui-
fers inhibits the infiltration of the groundwater, resulting in 
decreased localized storage capacity, rising groundwater lev-
els, and increased overland runoff. Increases in overland runoff 
can contribute to increasing streamflow, which can affect 
sediment loads and water quality. Collectively, rising shallow 
groundwater levels can contribute to streamflow and increase 
the size of surface-water bodies, resulting in the reduction of 
available agricultural land and changes to aquatic and avian 
habitat (Lundgren and others, 2019).

Land-use changes can also lead to changes in overland 
runoff and affect the rates of infiltration from precipita-
tion events. Examples of land-use changes that could affect 
streamflow include installation of tile drains, conversion of 
grasslands and Conservation Reserve Program areas to crop-
land, expansion of urban areas leading to more impervious 
surfaces, and removal of shelter belts (Schilling and others, 
2008; Ryberg and others, 2014; Schilling, 2016). Collectively, 
the increased streamflow, expanding water bodies, and con-
sistent land-use changes affect water quality and aquatic and 
avian habitat, and could have substantial economic impacts 
owing to the decreases in agricultural acreage and increases 
in culvert and bridge sizes and other infrastructure modifica-
tions to accommodate larger floods and streamflow volumes. 
Understanding the associated effects of these changes could 
address questions pertaining to the following:
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Figure 4.  Percent difference of mean annual streamflow volume from water years 1960–69 to water years 2010–19 
for the Souris River near Westhope, North Dakota (U.S. Geological Survey [USGS] station 05124000); the James River 
near Scotland, South Dakota (USGS station 06478500); and the Sheyenne River at West Fargo, North Dakota (USGS 
station 05059500).
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•	 Changes in wetland sizes;

•	 Changes in watershed connectivity;

•	 Changes in soil salinity and soil health;

•	 Changes in agricultural acreage and yields;

•	 Habitat suitability for silver carp (Hypophthalmichthys 
molitrix) and bighead carp (Hypophthalmichthys 
nobilis);

•	 Best practices in fisheries management;

•	 Changes in aquatic and avian habitat;

•	 Impacts to avian migration routes;

•	 Changes in drinking water supplies;

•	 Increases in harmful algal blooms;

•	 Increases in bridge scour;

•	 Culvert and highway design;

•	 Changes in flood frequency;

•	 Contributions to hypoxia in the Gulf of Mexico;

•	 Interbasin transfer of water;

•	 Impacts to piping plover (Charadrius melodus), pallid 
sturgeon (Scaphirhynchus albus), and other endan-
gered species; and

•	 Impacts to Cottonwood trees (Populus) and ripar-
ian areas.

Better understanding of these research areas will help 
producers, resource managers, and infrastructure engineers 
make more informed environmental and economic decisions 
(Daly and others, 2002; Schilling and others, 2008; Tomer and 
Schilling, 2009; Schilling and others, 2010; Mushetand Euliss, 
2012; Schilling and others, 2013; Ryberg and others, 2014; 
Gupta and others, 2015; Schilling, 2016; Lundgren and others, 
2019; Valseth and Driscoll, 2021).

Summary
Hydrologic extremes, whether periods of drought or 

flooding, are occurring more frequently with greater severity 
and can have substantial economic impacts. Along with flood-
ing, the timing and volume of streamflow also is changing 
across the United States. The focus of this report is to charac-
terize a unique trend in mean annual streamflow occurring in 
the eastern Dakotas that has not been observed anywhere else 
in the conterminous United States.

This report characterizes streamflow in the eastern 
Dakotas compared to streamgage locations within the conter-
minous United States and identifies environmental factors that 
may be drivers of the increasing flows in the eastern Dakotas. 
This report does not quantify any of the forcing factors that 
contribute to the streamflow trends, but rather it provides a 
discussion of potential factors contributing to the increas-
ing trends, such as climate variability, land-use changes, or 
groundwater pumping.

Streamflow records for 1,853 U.S. Geological Survey 
(USGS) streamgages were obtained from the USGS National 
Water Information System database and those with a continu-
ous record of mean annual streamflow during water years 
1960–2019 were included in the analysis. Using a Kendall 
tau statistical test (p-value less than or equal to 0.10), 573 
streamgages had a statistically significant upward trend in 
mean annual streamflow and are primarily located in the 
Midwest and northeastern United States. Of the streamgages, 
182 had a statistically significant downward trend and are 
located primarily in the western and southeastern States. In 
general, upward trends in annual streamflow occurred in areas 
of the United States where precipitation increased. Conversely, 
downward trends in annual streamflow occurred in areas with 
less precipitation.

The percent change in streamflow volume for each site 
was compared to corresponding drainage area. Most of the 
streamgages with significant trends have basin sizes less than 
10,000 square miles. Several streamgages have increases in 
streamflow between 100 and 500 percent. Importantly, most 
of these streamgages with the greatest increases in mean 
annual streamflow are along the same rivers in the eastern 
Dakotas, regardless of basin size. Streamgages with at least 
a 100-percent change in streamflow were identified and are 
primarily located in eastern Dakotas, southern Minnesota, and 
northwestern Iowa.

A comparison of mean annual streamflow of the last 
decade (2010–19) to the first decade (1960–69) of the study 
period shows that the largest increases in annual streamflow 
volumes in the United States also are in the eastern Dakotas. 
The mean annual volume during the first decade compared 
to the last decade increased by 458, 298, and 285 percent for 
the Souris River near Westhope, North Dakota (USGS station 
05124000); the James River near Scotland, South Dakota 
(USGS station 06478500); and the Sheyenne River at West 
Fargo, North Dakota (USGS station 05059500), respectively. 
Among all 1,853 streamgages in the conterminous United 
States, the Sheyenne River near Warwick, North Dakota 
(USGS station 05056000) had the greatest percent change 
observed, with an increase of 486 percent comparing the first 
decade to the last decade of streamflow.

Several factors may be contributing to increasing trends 
in streamflow in the eastern Dakotas. These factors may 
include, in part, precipitation changes owing to climatic varia-
tion within the region, geologic makeup of the subsurface, 
and land-use changes. Understanding the associated impacts 
of these changes warrants more focused research to address 
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questions pertaining to changes in wetland sizes, changes in 
soil salinity and soil health, decreases in agricultural yields, 
habitat suitability for silver carp (Hypophthalmichthys moli-
trix) and bighead carp (Hypophthalmichthys nobilis), best 
practices in fisheries management, changes in aquatic and 
avian habitat, impacts to migration routes, changes in drinking 
water supplies, increases in harmful algal blooms, increases 
in bridge scour, culvert and highway design, changes in flood 
frequency, contributions to Gulf hypoxia, interbasin transfer of 
water, impacts to piping plover (Charadrius melodus), pallid 
sturgeon (Scaphirhynchus albus), and other endangered spe-
cies, and impacts to Cottonwood trees (Populus) and riparian 
areas. A better understanding of these research areas will help 
producers, resource managers, and infrastructure engineers to 
make more informed environmental and economic decisions.
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