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ABSTRACT

A simple emission model applicable for low scattering (scattering (< absorption) anisotropic layer
is developed and applied to the interpretation of measurements of microwave emission from row
crops, The vegetation layer of row crops is modeled as a random slab embedded with small spheroid
with major axis aligend paralel to the crop-row direction, The total emission is given ina simple al-
gebraic form based on the zero-order radiative transfer theory. The single scattering albedo for
spheroid and its polarimetric phase function are presented. The effects of layer azimuthal depen-
dence on emission are accounted for by using an anisotropic albedo in the zero-order transfer
theory. The developed emission theory favorably compares with the brightness temperature
measured over soybeans canopy.
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1. Introduction

In the passive sensing of vegetation and

forests from satellite platforms, microwave
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sensing techniques play an important role in
characterizing the condition and types of
vegetative terrain. A series of experiments deal-
ing with radiometric emission from vegtation
canopy have been performed using ground-based
radiometer at the fields of soybeans, corn, and



wheat, etc. As the recent meausrements*? indi-
cate, the emission from row crops strongly
depends upon the direction of the vegetation row
structures relative to the polarization of
radiometer receiving antenna.

The purpose of this paper is to develop an
emission model to explain the existing emission
data of row crop canopy and to aid in understand-
ing the emitting process for a row-strucgtured
vegetation layer such as often encountered in
agricultural scenes.

In the past, a number of emission theories have
been developed and applied to interpret the
vegetative and nonvegetative terrain emission
data®s’. However, it should be noted that none of
aforementioned theories are directly applicable to
the row crop emission problems due to their
theoretical assumption of azimuthal isotropy of
the emitting layer. This causes the existing
theories to be less useful in the interpretation of
row crop microwave emission data, hence, it is
essential to develop an emission theory which can
account for the effects of the row direction of
canopy with respect to radiometer polarization
and nadir andgles. For the sake of simplicity, the
vegetation canopy is assumed to be a tenuous
medium at the microwave frequencies; hence, it
is possible to use the radiative transfer theory in
emission model development. We model a
vegetation canopy as a random scattering layer
embedded with small dielectric spheroids with
the major axis aprallel to the crop row direction.
The effects of geometric row structure of
vegetation layer can be accounted for by as-
suming that each scattering center such as leaf is
aligned to a certain preferred direction. In the
following section, an emission model is developed
in the context of zero order transfer theory and
its theoretical behavior and comparison with
measurements are presented. A concluding
remark and further recommendations are given in

conclusions,
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II. Emission Model Development

Consider a small spheroid situated at the origin
shown in Fig.1. The semi axes of the spheroid
along x, y and z directions are a, b, and b,
respectively (a)b). The incident and scattered
polar and azimuthal angles are 6, 6, ¢, and
¢’, respectively. In the low frequency approxi-
mation (ka <0.1, k: wave number in free space),
the solutions for the scattered field due to an
electromagnetic incident wave impinging upon a
small spheroid are available in'”. From the
scattered field expressions, it is possible to con-
struct the phase function which, by definition,
relates incident and scattered Stokes vectors®,
The first two-by-two elements of the phase func-

tion are found to be

va th

b=
Puv P (1)

where

P, =& —(sing cosf’ cos¢’) /a+(cosgcosg’
sing”) / Bl

P,,=&( (sing sing’) /a+(cos¢ cosg”) / BI?

P,,=&((cosg¢’ cosbcosg cosf’) /a+{sing’
cos# sing cosf’+sind sind’) / B

P,.=&[ — (sing cosf cosg) /a+(cosg’ cosd
sing”) / Bl°

Note that P, refers to the phase function
elements corresponding to p-polarized scattered
wave resulting from q-polarized incidence wave
(v:vertical polarization and  h:horizontal
polarization). Horizontal (vertical) polaization is
when the direction of electric field is perpendicu-

lar (parallel) to the plane of incidence.
2 : . .
where 65—3 k*(e—1): e is the spheroid dielec-

tric constant
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Fig.1 Geometry of Emission Problem

a=(e—1)1,+2 /ab?
p=(e—1)I,+2 /ab’

oo dx
o (@2+x)? (b*+x)*

L=

:r dx
o (b0 (a*+x)%°

In addition to the phase function, the radiative
transfer formulation calls for the expression for
single scattering albedo associated with a
spheroid. The single scattering albedo is defined
as a ratio of total scattered power to incident
power. Hence, the scattering albedo w,

for horizotally-polarized incidence is obtained
by integrating P, and P,, over the 4z solid

angle with respect to scattered angles.

2r =z

wn =5 J (Pun+Poy) sing” do” dg”

i a® 8nd?
=(Uo(51n2¢+ﬁ cos?p), where w="g 5 (2)

Similarly, the albedo for vertically polarized inci-
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dence is

2n n

wv=1 J (Py, +Ph,) sind’ do’ d¢’

=we [cosW(cos%-f——Zé sin’g) +%§— sin?f] (3)

Consider a random scattering layer sparsely
containing small spheroids, Utilizing the matrix
doubling formulation'® or its equivalent radiative
transfer approaches 4% one can compute the
total emission from the scattering layer above
the half-space (ground). It is known that total
emission from a scattering layer above the
ground consists of three contributions such as
sermssion T, from the ground, upwelling emission
T, from the scattering layer, and downwelling
emission T, from the layer reflected by the
ground®. In case the single scattering albedo is
much less than unity such as considered here in
vegetation passive sensing problem, the total

emission T, is approximately given as 69

T,=T,+T+T,
T=(1-R%) exp(—t/u)T,
T,={(1-w)[1—exp(—z/p) T, (4)

Ty=(1—w,)R: exp(—r/u)[1—exp(—7/u)] Tn
where p=vor h

where w, and r are albedo and optical depth of
the scattering layer. p=cos 6, R;:p-polarized
Fresnel ground reflection coefficient, T, and T,

are the layer and ground physical temperatures,
respectively.

In case the ground is covered with perfectly
metallic surface (R,=1), then total emission

from the scattering layer is given as

Ty=(1~w,) [1—exp(—2z/p) 1 Ta (5)

It is interesting to note from Eq. (2), (3) and
(5) that the difference between T, and T, at

nadir is determined by both a?/8?% (degree of
spheroidal elongation) and ¢ (incidence azi-



muthal angle of radiometer). In the next section,
we shall investigate the theoretical behavior of
Eq.(5) and fit soybeans canopy emission data

given in 1)
l. Analysis

Fig.2 shows the theoretical emission behavior
of the layer containing small spheroids when the
shape of spheroid varies. The underlying ground
is assumed to be covered with a perfectly
conducting material. The nadir angle is 0 degree
and the optical depth and
chosen to be 1 and 0.12, respectively. Since the
incidence azimuth angle ¢ is chosen as 0, the di-
rection of horizontally polarized incident E-field
(electric field) vector is perpendicular to the
major semi-axis (a) of the spheroid, whereas the
direction of the vertically-polarized is paralled to
the major semi-axis(a). The brightness
temperatures at nadir are plotted as a function
spheroidal shape parameters o /g%in Fig. 2.
Note that the smaller the anisotropic parameter

a2/8% is, the more needle-like the slope of
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Fig.2 Brightness Temperature from Scattering Layer
of Spheroids versus o* /#

oA B vlolagshiy g Wik vy
spheroid becomes. It is seen that when the direc-
tion of the incidence electric field is parallel to
the longer dimension (a) of an ellipsoid, emission
remains unaffected. This is because in the low
frequency approximations considered in this
study, the scattered field from the small
dipole-like spheroid remains constant with the in-
cidence angle when the major axis is parallel to
the direction of the incident E-field. When thein-
cident E-field is horizontally polarized (perpen-
dicular to longer dimension a) the emission
decreases as the shape becomes more spherical
(a2/#2—1). This occurs because an increase in
«?/B% results in an increase in effective
scattering albedo, thus decreasing the emission

from the spheroidal particles.

Fig.3 shows the theoretical emission behavior
of the scattering layer at nadir as radiometer
rotates azimuthally 90 degrees. As expected from
Fig. 2, maximum emission occurs whenever the
radiometer E-field direction is perpendicular to
the majoraxis of ellipsoid since this 1s when
minimum scattering occurs from a dipole-like

spheroid, In view of the theoretical behavior
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Fig.3 Azimuthal Angular Behavior of Brightness
Temperature from Scattering Layer of Spheroids
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Fig.4 Comparison of Measured Brightness
Temperature with Theory

shown in Fig. (2), (3), and the measurement
data in Fig. (4), we model the soybeans canopy
as a layer of spheroidal collections where a longer
dimension (a) of spheroids are aligned with a row
direction of the canopy.

Figure 4 shows the comparison with the bright-
ness temperatures at 2.7 Ghz measured over lush
soybeans canopy by Brunfeldt and Ulaby'V, The
measurement was performed in such a way that
the emission from the underlying ground is
effectively suppressed by covering the ground
with a metallic sheet within a radiometer foot-
print, Angular measurements at four different
configurartions are shown with different symbols.
For instance, the symbols v, L refers to the
measured data when the verticallypolarized
radiometer scans across the row of the canopy.
(Note this case corresponds to T,($=90°) in
theoretical fit). We model the row-structured
soybean canopy as a random layer embedded with
small spheroids aligned along a row direction. AT
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first glance, this modeling approach may appear
inadequate in that each soybean leaf is more
likely to be independent of azimuthal orientation
(¢). Even though each leaf, may have no such

preferred azimuthal orientation, the soybean can-
opy as a whole can be regarded as such due to
the geometric row structure of the field. As seen
in Fig. 4, despite the inadequacy of its assump-
tion, the theory fits reasonably the data in some
cases. Theoretical fits to the data are shown,
using Eq.(5). To realize the best fit. w, and
otpical depth are arbitrarily chosen as 0.12, 1 and
a? /B8*=0.27. Even though the theory is devel-

oped based on the crude single scattering ap-
proximation of the zeroorder transfer theory, the
general angular trends of the emission theory
favorably compare with the measured data. This
suggests that the effects of multiple scattering
may not be imporiant in microwave passive

sensing problems below C-band.

IV. Conclusions

A simple expression is derived to estimate the
microwave brightness temperature from the
vegetation scattering layer with a row structure,
The theoretical expressions fairly well explain
the measurement behavior observed over
soybean canopy. The developed simple esti-
mation formula is useful in quickly estimating the

brightness temperatures from row crops.
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