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Bicontinuous Dense Media Radiative Transfer (DMRT) Model for 

Applications to Snow Parameters Retrievals in Satellite 

Microwave Remote Sensing and Data Assimilation 
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ABSTRACT 

Snow is a vital water source for natural environment and human society. Knowledge of snow 

distribution is of great importance for water resource management and climate change prediction. 

Using microwave remote sensing technique to monitor snowpack has drawn attention in the snow 

community. A physical model that can accurately predict microwave signals such as backscatter 

and brightness temperature is useful for interpreting the microwave signatures. However, the 

physical models can be computational intensive requiring numerical solutions of Maxwell 

equations.  To use the microwave model for real time retrieval of snow parameters and for coupling 

with land surface models and hydrology models for data assimilation, the microwave output need 

to be obtained in real time.  

Previously we have posted the QCA-DMRT model that represents snow using sticky spheres.  In 

this paper, we describe the on-line microwave physical model of bicontinuous medium that has been 

recently posted on http://web.eecs.umich.edu/~leutsang/Computer%20Codes%20and%20 

Simulations.html. A merit of the bicontinuous medium model is that the computer-generated 

microstructure resembles snow. We describe the procedures to run the Bicontinuous DMRT model 

(Bic/DMRT) so that accurate microwave signal outputs can be obtained. The Bic/DMRT open 

source code is a toolkit for modeling backscatters and brightness temperatures of multi-layer 

snowpack over rough soil/sea ice surface. A lookup table (LUT) containing phase matrix, extinction 

coefficient, effective permittivity of snow is built. With the pre-built LUT, the simulation time is 

only for solving DMRT equations. Outputs in the LUT can be transformed and used in other 

radiative transfer solvers as well. The input for Bic/DMRT is a script describing the physical 

information of multi-layer snowpack, including snow depth, volume fraction, temperature, snow 

microstructure parameters 〈ζ〉 and b for each layer. 〈ζ〉 with unit of m-1 is inversely proportional to 

the mean grain size of snow. The dimensionless parameter b is negatively correlated to the standard 

deviation of ζ. It describes the aggregation of snow particles and affects the tail of the correlation 

function. Two routines corresponding to passive and active DMRT are used to solve for brightness 

temperatures and backscatters, respectively. The simulation time is linearly proportional to the 

number of snow layer. By reducing the number of quadrature angles in computing the coupled 

DMRT equations while maintaining the accuracy of results, the simulation time for a single layer is 

within a second. Higher efficiency can be achieved by further optimization. The posted code is 

written in Matlab and can be further modified for broader applications. 
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