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JAWAIRIA A. AHMAD1 AND BARTON A. FORMAN1 

ABSTRACT 

Snow and ice melt from high mountain Asia (HMA) provides freshwater on which over 136 

million people depend for their basic needs. Despite its importance in life sustenance, there is still 

considerable uncertainty regarding the spatial and temporal variation of snow in HMA. In this study, 

Noah MP is used within the NASA Land Information System (LIS) framework to model the 

hydrologic cycle over the Indus basin. The capability of support vector machines (SVM), a machine 

learning technique, to predict passive microwave brightness temperatures (Tb) as a function of LIS 

modeled geophysical states is explored through a sensitivity analysis. Passive microwave brightness 

temperatures, as measured by the Advanced Microwave Scanning Radiometer - Earth Observing 

System (AMSR-E) over snow-covered terrain in the Indus basin, are used as training targets during 

the SVM training process. Normalized sensitivity coefficients (NSC) are computed to assess the 

sensitivity of a well-trained SVM to each LIS modeled state variable. Sensitivity analysis results 

conform with the known first-order physics, i.e., geophysical states that are directly related to 

physical temperature have relatively higher NSC magnitudes. Irrational NSC signs are observed in 

some cases that are explored in detail. General adherence of the SVM approach to the first-order 

physics bodes well for its potential use in LIS as the observation operator within a brightness 

temperature data assimilation framework aimed at improving snow estimates. However, pitfalls do 

exist that serve to highlight the limitations of this particular machine learning algorithm, but these 

pitfalls can be avoided with proper consideration of the first-order physics. 
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