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Inclusion of a Simple Multiple Scattering
Model into a Microwave Canopy

Backscatter Model

Yong Wang,* Jack F. Paris,' and Frank W. Davis}

A simple multiple scattering model has been incorpo-
rated into a microwave canopy backscatter model for for-
est stands with continuous or discontinuous tree canopies.
The multiple scattering model was empirically derived
using available calculated multiple scattering values and
Monte Carlo simulation. All orders of scattering within
canopies beyond single scattering were assumed to be iso-
tropic. Multiple scattering was divided evenly among
HH, HV, VH, and VV polarizations. The corresponding
single scattering term was polarization-sensitive. The ef-
fect of the multiple scattering term on modeled canopy
backscatter was less at long wavelengths than at short
wavelengths. At a given wavelength, the multiple scatter-
ing term affected copolarized scattering less than cross-
polar‘ued scattering. These predictions were consistent
with calibrated SAR observations and with our under-
standing of microwave scattering in forested environ-
ment. Including multiple scattering effects improved the
agreement between modeled and measured canopy back-
scatter particularly for cross-polarized backscatter at
short wavelengths. ©Elsevier Science Inc., 1998

INTRODUCTION

In recent years, analytical canopy backscatter models
have been developed to predict microwave backscatter-
ing from forests and to advance the understanding of the
complexity of the backscatter (e.g, Ulaby et al., 1990;
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Sun et al, 1991, McDonald and Ulaby, 1993; Wang et
al., 1993a). The Santa Barbara microwave canopy back-
scatter model deals with forests with continuous or dis-
continuous tree canopies (Sun, 1990; Sun et al., 1991;
Wang et al., 1993a). The canopy backscatter model has
been verified for various types of forests such as pon-
derosa pine forest (Sun et al., 1991; Wang et al., 1993b)
and loblolly pine forest (Wang et al., 1995). However,
the model underestimates the cross-polarized backscatter
at short wavelengths (e.g., C-band, 5.6 ¢m) when com-
pared to the backscatter data from the NASA’s Shuttle
Imaging Radar-C (SIR-C/X-SAR) flights (Stofan et al,
1995). One explanation for the underestimates is that the
prior model did not include multiple scattering within
tree canopies. The lack of modeling the multiple scatter-
ing was notices in other canopy backscatter models (e.g.,
Durden et al., 1989; Ulaby et al., 1990; McDonald and
Ulaby, 1993) due to the complicity of the multiple scat-
tering within canopy. Thus, to model the multiple scat-
tering in a simple way could advance the modeling (and
understanding) of radar backscatter from forests.

To account for the multiple scattering within cano-
pies, a simple multiple scattering model for canopy scat-
tering has been developed. Paris (1992) empirically de-
termined the multiple scattering model using regression
and Monte Carlo simulation. By adding the multiple
scattering model to the single-scattering canopy backscat-
ter model, one can not only model all orders of scatter-
ing within the canopies, but potentially improve some
deficiency of the original backscatter model. The need to
include multiple scattering terms in a simple way is a
desirable feature of our research, and is a driving force
for the model development.

This article begins with a brief overview of the can-
opy backscatter model. This is followed by a detailed de-
scription of the multiple scattering model and its incor-
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