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The variation in radar backscatter over the growing season of a corn canopy is studied. Correlation between the radar 
backscatter and key plant phenology metrics, such as the onset of greening, timing of peak growth, onset of senescence and 
growing season length, are important in the study of the interaction between the biosphere and the atmosphere. The corn 
canopy is modeled as a discrete layer of randomly oriented scatterers over a dielectric half-space having a rough surface. 
Approximate analytical scattering models are used to describe the constituents of the corn canopy such as dielectric elliptical 
discs and dielectric cylinders, which are used to represent the leaves and stalks, respectively. For more complicated scatterers, 
such as corn cobs, numerical electromagnetic techniques are used to develop an appropriate scattering model [1]. The bistatic 
scattering coefficients are then calculated for the model using two methods. The first method is Radiative Transfer (RT) and 
the second is the Distorted Born Approximation (DBA). The RT method is an incoherent theory based on energy balance and 
the DBA is based on wave theory. Both methods predict equivalent scattering coefficients except at and around the back and 
specular scattering angles. For like-polarized radar returns, the difference between the two methods at backscatter is called 
the enhancement factor (EF) and can be up to +3dB.    
 
Measurements from a corn field located in Beltsville, MD were taken periodically through a growing season from June 1st, 
2012 through October 24th, 2012. Measurements such as soil moisture were taken manually twice a week, along with weekly 
plant architectural, biomass/water content and density measurements. Dielectric measurements of the corn plants were 
performed five times during the growing season. Based on measurements, the dielectric constant of the stalks was found to 
not be homogenous, but periodic along the length of the stalk. A commercial numerical electromagnetic solver was used in 
developing the scattering model for a periodic stalk [2]. These measurements are then used in the model to calculate the total 
backscatter using both RT and the DBA over the growing season. 
 
Measured backscatter data is taken over the same June 1st, 2012 through October 24th, 2012 time period of the same corn field 
location, using the ComRad system. This system is a truck-mounted, active-passive remote sensing system used to obtain 
ground truth measurements such as soil moisture through a layer of vegetation. The system supports multiple radar 
frequencies, such as L, C or X-Band, along with an L-Band radiometer. A comparison of the simulated backscatter, using in-
situ measurements, versus the measured ground truth data from the L-Band radar will be compared.  
 
Effects during early growth and senescence of the corn crop will be studied in detail. It will be shown that the contribution of 
surface roughness to the backscatter when the corn plants are young, can be important. The surface roughness becomes less 
important as the growing season progresses into July due to the erosion of the surface and increased volume and double 
bounce scattering from the canopy. The effect of surface scatter after the first month of growth will be studied and the results 
of using a flat interface model will be evaluated.  A second period of interest begins when the corn starts to senescence in mid 
August.  With the onset of senescence the leaves, stalk and cobs turn yellow and appear to be drying out. Data shows, 
however, that the backscatter is still substantial.  The causes for the higher than expected backscatter will be discussed. 
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