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A newly processed NASA MEaSUREs dataset, the Calibrated Enhanced-Resolution Passive 

Microwave Brightness Temperature (CETB) provides higher-resolution passive microwave data at 

frequencies used to observe snow. These data were developed for SMMR, SSM/I-SSMIs and 

AMSR-E passive microwave observations, potentially providing a high-resolution record of snow 

mass and snowmelt indicators in the Red River of the North (RRN) basin. This work presents a case 

study for the RRN focusing on the March 2009 snowmelt-driven flood. The CETB data were 

evaluated along with hydro-meteorological data for the event to assess potential for identifying 

snowpack ripeness and melt onset. SWE was estimated from the CETB data using a simple 

empirically-based algorithm, and compared to coarser-resolution passive microwave SWE products 

and SNODAS modeled SWE estimates. 

The Red River of the North basin is a hydrologically complex area situated in the northern 

Midwest of the United States. The Red River has an extensive history of flooding, primarily due to 

its geographical features. Positioned in a low-lying valley, the Red River mainstem flows northward 

over a very shallow gradient (2.64 m per km (1/2 ft per mi); Schwert, 2003). Increases in river water 

surface elevation can cause widespread flooding along the entire basin.  High river discharge 

resulting from spring thaw poses the greatest threat to communities. 

The flooding event of March 2009 was the second worst in the RRN modern history, reaching a 

peak stage of 12.5 m (41 ft) in Fargo, ND. The severity of the flood was due to a combination of 

high soil moisture (near 100%) from the previous fall, above normal winter snowpack, and increased 

rainfall with unseasonably warm temperatures in late March (Macek-Rowland and Gross, 2011). 

Flood levels persisted for two months after peak stage, causing up to $55M USD in damage to the 

region (National Weather Service, 2010). 

The National Weather Service (NWS) North Central River Forecast Center (NCRFC) uses the 

Community Hydrologic Prediction System (CHPS) to forecast snowmelt and streamflow in the Red 

River of the North, based on modeled and observed estimates of snow water equivalent (SWE). 

While the enhanced resolution passive microwave data are not currently available real-time to 

support flood forecasting, we investigate the potential capability for these data to identify melt at a 

higher resolution than previously available. In this study, we compute SWE from the CETB passive 

microwave product using a simple algorithm. Comparing this product with the coarser resolution 
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microwave SWE, modeled SWE, and in situ observations (Table 1), we evaluate the evolution of 

the March 2009 snow ripening and melt event, and determine if a clear melt signal can be detected. 

The CETB is a NASA MEaSURES product on the EASE 2.0 grid that produces a long-term record 

of higher resolution (3.125 km) passive microwave brightness temperature data. Using a 

combination of the 36 and 18 GHz horizontal bands from AMSR-E, we can compute SWE with an 

empirical algorithm originally developed for SMMR (Chang, 1987) and later modified for SSM/I 

(Armstrong & Brodzik, 2001). Melt signals in the passive microwave data were evaluated as a sharp 

decrease (e.g. loss) of SWE signal over a basin-averaged time series (Schroeder et al, 2018). It is 

well known that a loss of SWE signal occurs during periods of wet snow; however, we believe these 

“bad returns” could be an indicator for melt signals. 

Table 1. Sources of spatial data (modeled and remotely sensed) and ground observations used in this 

study 

 Spatial (Modeled/Remotely Sensed) 

Product Data Type 

Spatial 

Coverage 

Spatial 

Resolution 

Temporal 

Coverage 

Temporal 

Resolution Source 

SNODAS SWE CONUS 1 km 2003-2018 Daily NOAA 

AMSR-E SWE Global 25 km 2002-2011 Daily NASA 

SSM/I SWE Global 25 km 1987-2018 Daily DMSP 

CETB SWE  Global 3.125 km 1978-2017 12 hr NASA 

PRISM Temp, Precip CONUS 4 km 1981-2017 Daily 

Oregon 

State 

MODIS 

SCA 

(w/ temporal filter) Global 1 km 2000-2018 Daily NASA 

In situ Observations 

CDO 

Precip, 

Snow fall CONUS Point Varies Daily NOAA 

ISD Precip CONUS Point Varies Hourly NOAA 

NDAWN 

Temp, 

Precip 

North 

Dakota Point 1989-2018 Hourly NDSU 

Stream Flow Discharge CONUS Point Varies Daily USGS 

 

Results from the March 2009 analysis show clear signal changes in the passive microwave data 

in the days preceding the flood, characteristic of the effects of snowpack ripening on the microwave 

signal (Figure 1). This signal change is particularly evident along the valley of the RRN mainstem 

and some of the south-eastern subbasins. Further, there is a distinct spatial relationship between air 

temperature and loss of passive microwave SWE estimates. Discharge data in several unregulated 

RRN subbasins were used to independently evaluate the timing of snow-melt as indicated by the 

sharp decrease in the CETB data (Figure 2). River discharge is shown to increase significantly prior 

to rainfall precipitation over the basin, most likely as a result of snowmelt runoff. 

An initial observation is that despite the extreme flatness of the Red River of the North basin and 

lack of significant elevation change, the CETB data indicates heterogeneous behavior in the spatial 

distribution of the initial melt onset which may provide valuable hydrologic information. 
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Figure 1. Spatial maps of SCA (MODIS) , precipitation and temperature (PRISM), and SWE (CETB) in the 

RRN from March 15 to March 19, 2009. 
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Figure 2. Time series of precipitation (ISD), air temperature (NDAWN), SWE (SNODAS & CETB), and 

discharge (USGS) in the RRN from February to April 2009; the month of March is highlighted in blue. 
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