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Snow water equivalent (SWE) is a highly important variable for monitoring Earth’s climate due to its role in 

maintaining Earth’s insolence albedo and contributions to the water cycle across higher latitudes. The retrieval of 

high-resolution SWE from spaceborne data is a developing technology with methodologies being explored across 

branches of remote sensing. Of particular interest is microwave remote sensing’s sensitivity to the air-snow and 

snow-ground interface as well as the inner contents of the snowpack. The sensitivity to the snowpack volume can 

enable a robust characterization of a snowpack from microwave measurements. 

  

To explore the sensitivity of microwave observations to snow, NASA Goddard Space Flight Center has developed 

the SWE Synthetic Aperture Radar (SAR) and Radiometer system (SWESARR) [1]. This instrument utilizes a 

wideband, current-array-sheet antenna to provide collocated active and passive measurements. This technology 

allows for the measurement of the same snowpack where the contributing area is defined by the frequency-

dependent resolution of the SAR / radiometer system. As snowpacks provide different sensitivities towards 

different frequencies, the instrument is equipped with 3 horizontally-polarized radiometer channels at 10.65, 

18.70, and 36.50 GHz as well as six channels for co- and cross-polarized SAR measurements at 9.65, 13.60, and 

17.25 GHz. 

 

Table 1. SWESARR’s radar and radiometer characteristics 

Center-Frequency Sensor Bandwidth (MHz) Polarization 

9.65 SAR 200 VH and VV 

10.65 Radiometer 200 H 

13.60 SAR 200 VH and VV 

17.25 SAR 100 VH and VV 

18.70 Radiometer 200 H 

36.50 Radiometer 1,000 H 

 

SWESARR has been a component of the SnowEX campaign wherein multiple instruments are used to collect 

observations over snowpacks in Grand Mesa, Colorado, while routine in-situ data collection from snowpits and 

automated stations take place. Flights have taken place over November 2019 and February 2020 to capture snow 

observations in two separate states of snowpack development. In-situ observations include details such as snow 

temperature gradient, snow density observations, and snow pack height. 

 

This research explores the relationships between active and passive SWESARR observations from forward and 

inverse modeling observations, available in-situ data, and physically measured data. Forward modeling is 

performed using the snow microwave radiative transfer (SMRT) model which allows for the modeling of both 

active and passive snowpacks. Due to the complexity of the problem, a global optimization approach is used for 

inversion of the snowpack parameters. The overall trends from the analysis of this prerelease dataset are intended 

to provide insight for future microwave remote sensing campaigns. 
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