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Overview 
 Decision-Making Activity 
 Stakeholder Background 

► The NCRFC 
► Red River of the North Basin 
► CHPS Model 

 Remote Sensing Products 
► Microwave SWE and Melt 
► Antecedent Moisture 
► Freeze/Thaw 

 Approach 
 

 

RRB Flooding at Grand Forks 
2011-04-25 
Photos Courtesy of NOHRSC 



Decision-Making Activity 
Enhance the National Oceanic and 
Atmospheric Administration (NOAA) 
National Weather Service’s (NWS) 
North Central River Forecast Center’s 
(NCRFC) snowmelt flood predictions 
capacity in the Red River of the North 
Basin (RRB) through the inclusion of 
remotely sensed snow and soil 
moisture products in the NCRFC’s river 
forecast system.  

Fargo, ND 
April 2009 

Photos Courtesy of NOHRSC 

Figure Courtesy of P. Restrepo, NCRFC 
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RRB Flooding from Fargo to South  
Of Grand Forks; 2011-04-25 
Photos Courtesy of NOHRSC 



Stakeholder: 
NOAA River Forecast Centers 



North Central River Forecast Center 
(NCRFC) Drainage Areas 

Hudson Bay Drainage 

Great Lakes 
Drainage 

Mississippi River 
Drainage 



The Red River of the North Basin (RRB) 

Great Lakes 
Drainage 

 Basin Area: 103,600 km2 

 Flow from north to south 
 The RRB main stem 

drops only about 61 m in 
a 634 km course from its 
beginning to the U.S.-
Canada border.  



The Red River of the North Basin (RRB) 

Source: Rick Kohler, 
NOAA 

Triangles indicate the magnitude and sign of 
the regression slopes for annual peak 
discharge versus global mean carbon dioxide 
conc. (Hirsch and Ryberg, 2012)  

RRB annual maximum discharge at Fargo by 
year and day of year.  Symbol size is 
proportional to flow (cfs). 



The Red River of the North Basin (RRB) 

Photo: D. Hopkins, NDSU 

Exponential Increase in Tile Drains Lack of Ground Observations 



NCRFC RRB Flood Forecasting 

 The Community Hydrologic Prediction 
System (CHPS) with the SNOW-17 
snow model is used to estimate flow 
volume and stage.  

 Requires initial state variables (e.g., 
snowpack, snow covered area, soil 
moisture, etc.) 

 Uses observed and forecast 
precipitation and temperature to 
predict the river levels.  

 Challenges:  
► Lack of accurate measurements of snow 

depth and snow equivalent water,  
► Lack of understanding of snowmelt 

processes and soil infiltration during soil 
freeze and thaw 

Model and observed snowmelt flood flows for 
similar snow conditions in 1989 and 2013. 
Courtesy of P. Restrepo 
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► Snow Covered Area 
► Antecedent Moisture 
► Freeze/Thaw 
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Devils Lake is the large lake to the south, with Pelican Lake 
just north divided by the east-west County Road 19. Above 
are the once-separated Lake Irvine, Lake Alice, Chain 
Lake, Mikes Lake, and Dry Lake. 2011-04-23 
Image Courtesy of NOHRSC 



Snow Observations 
Available from Space 



13 

MODIS SCA Imagery and Fraction 
Snow Coverage Products 

Red River of the North, 2011 



Distributed Snow Data in the U.S. 
 Passive Microwave 

SWE 
• SSM/I 

• POR: July 1987 – Present 
• Algorithm:     SWE = C(TB,19 – TB,37) 

• AMSR-E 
• POR: June 2002 – July 2011 
• Algorithm accounts for forest cover, 

shallow/deep snow 
• Sources of Error 

– Wet snow 
– Vegetation 
– Saturation depth 
– Topography 
– Snow metamorphosis 

• Available at 25x25 km resolution 
 

 



Conclusions:   
• Best comparison in areas with < 20% forest cover with an average annual 

maximum SWE < 200 mm 
• Good agreement in the northern Great Plains and southern Rockies regions 

 
 Vuyovich et al. 2014 

 
 

 

Comparison of passive microwave and 
SNODAS SWE by HUC8 

SNODAS - AMSR-E SNODAS - SSM/I 

R2 

Correlations of annual maximum SWE for each HUC8.  Hatched area shows regions with 
>20% forest fraction or > 200 mm annual maximum SWE. 



MODIS Imagery 4/9/09 

MODIS Imagery 3/27/09 

MODIS Imagery 4/14/09 

MODIS Imagery 4/20/09 

AMSR-E SWE 

USGS Streamflow 

HUC8 Sheyenne Subbasin of  
the Red River of the North 



Melt Detection via Passive Microwave Diurnal 
Amplitude Variation (DAV) in the RRB 

 Sheyenne Subbasin: Look for DAV > 200 
Daily differences in Tb 

DAV= abs(T36.5 GHz V A –T36.5 GHz V D) 

Criteria for melt onset 
DAV > DAVcrit and Tb > Tbcrit 

 

Applications 
Ice Sheets (Ramage et al. 2002, 2006, 2007; 
Tedesco 2007) 
Subartic (Li et al. 2012; Ramage & Semmens, 
2012; Semmens &Ramage, 2013) 

 






Winter 2013  

Antecedent soil moisture conditions in the 
North Central plains region from SMOS 

Winter 2011 

Photo Credit: D. Hopkins, NDSU 
August 22, 2103 
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Red River at Grand Forks, ND. Flowing northwest, the Red Lake River 
joins the Red River of the North. The faint light blue squiggles in the Red 
Lake River are the ice remaining over the river's usual ox-bow path. The 
increased water volume is impeded by this ice and it jumps the banks to 
flow around it. 2010-03-21 
Image Courtesy of NOHRSC 



Schedule and Milestones 



Five In Situ Observation Sites 

Weather station on January 27, 2015. Photo was facing to the east of the field. From the front to the 
back: (1) infiltrometer ring for infiltration measurement, (2) snow pack measurement sensors, (3) 
hydra probe II soil moisture/temperature profiles measurement, (4) snow equivalent measurement 
instrument, (5) observation wells, (6) eddy covariance system, and (7) wireless weather station.  



End User 
Engagement 



Thank You 

North of Grand Forks, ND, the RRB floods for 45 miles. To the north is the 
city of Drayton, ND, expected to grow from "moderate stage" flooding to 
"major stage" on Thursday, March 26. To the west are Grafton and Minto, 
relatively safe from damage. 
 
Around two-thirds down the image, a small grey square in the center of 
all that green, is the city of Oslo, MN, completely surrounded by 
water.2010-03-21. Image Courtesy of NOHRSC 
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2011 Missouri River Flood 
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SSM/I Missouri River at St. Charles, MO US Army Corps of Engineers, 2011 

Comparison of SSM/I SWE on date in 
2011 to historical statistics on that date 
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