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1. INTRODUCTION

For routine microwave Soil Moisture (SM) retrieval through vegetation, the tau-omega [1] model
[zero-order Radiative Transfer (RT) solution] is attractive due to its simplicity and eases of
inversion and implementation. It is the model used in baseline retrieval algorithms for several
planned microwave space missions, such as ESA's Soil Moisture Ocean Salinity (SMOS)
mission (launched November 2009) and NASA's Soil Moisture Active Passive (SMAP) mission
(to be launched 2014/2015) [2 and 3]. These approaches are adapted for vegetated landscapes
with effective vegetation parameters tau and omega by fitting experimental data or simulation
outputs of a multiple scattering model [4-7]. The model has been validated over grasslands,

agricultural crops, and generally light to moderate vegetation.

As the density of vegetation increases, sensitivity to the underlying SM begins to degrade
significantly and errors in the retrieved SM increase accordingly. The zero-order model also
loses its validity when dense vegetation (i.e. forest, mature corn, etc.) includes scatterers, such as
branches and trunks (or stalks in the case of corn), which are large with respect to the
wavelength. The tau-omega model (when applied over moderately to densely vegetated
landscapes) will need modification (in terms of form or effective parameterization) to enable

accurate characterization of vegetation parameters with respect to specific tree types, anisotropic



canopy structure, presence of leaves and/or understory. More scattering terms (at least up to
first-order at L-band) should be included in the RT solutions for forest canopies [8]. Although
not really suitable to forests, a zero-order tau-omega model might be applied to such vegetation
canopies with large scatterers, but that equivalent or effective parameters would have to be used
[4]. This requires that the effective values (vegetation opacity and single scattering albedo) need

to be evaluated (compared) with theoretical definitions of these parameters.

In a recent study [9], effective vegetation opacity of coniferous trees was compared with two
independent estimates of the same parameter. First, a zero-order RT model was fitted to multi-
angular microwave emissivity data in a least-square sense to provide “effective” vegetation
optical depth as done in spaceborne retrieval algorithms. Second, a ratio between radar
backscatter measurements with a corner reflector under trees and in an open area was calculated
to obtain “measured” tree propagation characteristics. Finally, the “theoretical” propagation
constant was determined by forward scattering theorem using detailed measurements of
size/angle distributions and dielectric constants of the tree constituents (trunk, branches, and
needles). Results indicated that the “effective” attenuation values are smaller than but of similar

magnitude to both the “theoretical” and “measured” values.

This study will complement the previous work [9] and will focus on characterization of effective
scattering albedo by assuming that “effective” vegetation opacity is same as ‘“‘theoretical”
opacity. The resultant effective albedo will not be the albedo of single forest canopy element
anymore, but it becomes a global parameter, which depends on all the processes taking place

within the canopy including multiple scattering as described below.

2. APPROACH

The zero-order radiative transfer model [1] is given by

ey (0) = [1= V3 (O)Rs(6)] = wp (O)[1 + ¥, (O)Rp(B)][1 = 1, (6)] W



where the ambient temperatures of the vegetation layer and the ground are assumed to be same,

R, (0) is the microwave reflectivity of the forest floor, y,(8) is the vegetation transmissivity
which is parameterized as y,(6) = exp (— 1, sec 8) where T, is the vegetation opacity or
optical thickness and 6 is the incidence angle, and w, () is the single scattering albedo. The

polarization p can be horizontal (h) or vertical (v).

In case of a forest canopy, the scattering from large vegetation components such as branches and
trunk is significant and the first-order radiative transfer model [8] describes emission and

scattering processes better within the vegetation canopy and is given by:

eS(0) = ey’ (6) + 0, (6) 2)

where the parameter Q,(8) denotes the additional scattering contribution to the zero-order
model. It represents the emission from the ground and the vegetation layer that is single-

scattered from tree trunks, branches, and leaves (or needles).

In this paper, we will fit the zero-order model to the first-order model with an effective scattering
albedo under assumption that assuming that “effective” vegetation opacity is same as

“theoretical” opacity, i.e.,

0)(— _,@
ep (@p, Vo Rsp) = € (@p, ¥p, Rsp) 3)
The effective scattering albedo is then obtained by:

wy(0) = “)pk(‘“p' Yp, Rsv) ©

where the proportionality factor is given by

B 0,(6)/, (6) )
[1 + yp (Q)Rsp (9)] [1 - yp(e)]

k(wp, ¥Vp Rsp) =1



As seen in (5), effective single scattering albedo depends on all the processes taking place within

the canopy and both canopy and ground as a function of polarization and incidence angle. In this
paper, the parameter k(wp,yp,Rsp) will evaluated against 1.4 GHz brightness temperature
measurements acquired over deciduous/coniferous trees by a truck-mounted microwave

instrument system called ComRAD [10].
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