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 Streamflow trends 
 Previous Work in SDWSC 
 Network  

 Annual Trends 
Mean Annual Streamflow 
Geographic Distribution  

  Forcing factors 
Precipitation 
Climate and Land Use Change?  

  Conclusions 
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Research on Streamflow trends as a Climate Signal 

 Streamflow trends for Missouri River Basin 
1957-2006 for initial work (205 stations) 
Downward trends in headwaters and upward trends in 
eastern parts of basin 
Used Kendall tau nonparametric test at p = 0.10 

  Remarkable increases in James, Big Sioux and Red River 
 then compare to broader USA 

 
  Streamflow trends and Great Lakes water levels 

Study area expanded to entire United States and 
Canada 
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Red River Watershed 

Big Sioux Watershed 
James River Watershed 

Eastern Dakota Watersheds 
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James River near Scotland, SD 1929-2011 
Mean Annual Discharge 

 View of James River 
 at Scotland Gage Site 
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James River near Scotland 1929-2011 
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Big Sioux River at Akron, 1929-2011 

View of Big Sioux River 
 at Akron Gage Site 

Mean Annual Discharge 
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Big Sioux River at Akron, IA 1929-2011 
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Red River at Fargo, ND, 1929-2012 

View of Red River 
at Fargo Gage Site 

Mean Annual Discharge 
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Streamflow trends (p=0.10) for stations  
with continuous records 1960-2012 

1,981 in US 
507 upward 
276 downward 
1,301 no Trend 

103 in Canada  



  

 

Slide  12 Example of a Significant upward trend-smaller basin 
Nashua River at E. Pepperell, MA 



  

 

Slide  13 Allegheny River at Kittaning, PA Connecticut River at Montague City, MA 

Susquehana River at Danville, PA 

2003-2012 average 
1960-1969 average 

1960-2012 average 
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Big Sioux River at Akron, IA 

2003-2012 average 
1960-1969 average 

1960-2012 average 
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Select New England Stations 
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Select Dakota Stations 
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James River at Scotland 

Red River at Fargo 

Sheyenne River (purple) 

Big Sioux River at Akron  

Percent Change in Discharge by Drainage Area  

Drainage area in square miles 
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Trends in annual temperature and precipitation 
 

Based on Parameter-elevation Regression on 
Independent Slopes Model (PRISM) 

interpolates monthly weather station data to grid points 
annual and moving 10-year averages computed for analyses 
 

Trend based on Kendall tau nonparametric test 
applied to applied to moving 10-year averages for 
each grid point 
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2003-2012 compared to long-term average—a forcing factor 
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Minimum air temperature trends along with streamflow 
trends  

James 
River 

Big Sioux 
River 
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Further research— 
Land use change,  
More row crops,  
retirement of CRP,  
drainage tile 
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 Streamflow increases in James, Big Sioux, Red 
River are proportionally the largest in USA 

 
 Part of a larger pattern of increases around 
Midwest and New England.  
 Land use change can’t be discounted for 
Dakota’s watersheds 
 Forcing factors 

Precipitation—a contributing factor 
More research needed on:  

Hydrologic Role of change in minimum temperatures 
Changes in atmospheric moisture delivery to the continent 
Land Use Change, pattern tiling and more cultivated crops 
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Contact: manders@usgs.gov; (605) 394-3220 

mailto:manders@usgs.gov
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