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A vegetsation cancpy is a highly inhomogeneocus medium at
micvowave Frequencdies, snd because the scattering elements
{lLesves, stalks, Fruibs, and branches) have & nonuniform
digtribution in orientation, the canopy is likely to exhibit
noniscbropic attenustion properties. In some canopies, the
stalk way contain the overshelming majority of the plant’s
biomasys, which Suggests thati an incident rolar wave would be
differventinally attenusted by the canopy déepending on the
direction of the incidént electric field rvelative to the stalks’
prisntation. The propagstion properties of a vegetsation canopy
play a central role in modeling both the backscattering behavior
observed by an imaging radar and the emission observed by a
radiometer, These propagation properties are in turn governed by
the dielectric properties and the size, shape, and
siopedistributions of the scatievers. In spite of the critical
need for canopy propagsbion models and experimental data, very
few investipations had been conducted (prior to this study)} to
dereérmineg the extingtion propercvies of vegetation canopies,
gither by constituent type (leasves, stalks, elc.) or as a whals,

& three-facetsd approach vas undertaken in this study
consisting of complimentary investigations with each providing
answers to specific aspects of the overall question, The first
Facet consisted of dislectric meazurements that were conducted
over the 1-10 GHz band to determine the variations of the
dielectric permittivity and loss factor as a function of water
content and salinity. Dielectric mixing models were developed
and evalusted against the experimental dats for individual plant
parts {leaves, stalks, fruic) of several types of plants {(whest,
corn, and soybeans}!., An example is shown in Fig. 1.

The second facet of the study consisted of divect
measurenents of canopy sltenuation, Using truck-mounted radars
as bransmitling sources positioned above the canopy., end small
receive antennas mounted on fiberglass vails underneath the
canopy lon the soil surfacel, atidnualion messurements were
conducted as a funciion of incidence angle {relative to nadir},
microwave frequency, and polsrization configuration. In
addition, special experiments were condocrted to evaluate the
relative contributions of Lhe various canopy constituents to the
total loss (or attenuation) factor of the canepy. These included
whaat decapitation experiments, in which msagsurements of the
canopy loss factor were made before and after cubtting off and
removing the wheat heads, and soybean defoliation sxperiments



which provided comparison of the extincticn loss dus Lo the
stalks alone willh the total 1loszs due to the stalks and ledves
Logether. fovording o Fig., 2, the stealks account for the
majority of the propagstion loss in a sovbeans canopy for
vertically polarized waves, wheress bthe leaves are bthe dominant
absorbers for horizontal polerization.

A canopy propagation model was developed consisting of fhree
caerms: {a) leaf term that accounts for sbsocrpiion by randomly
asriented disc-shaped feaves, (b3 a stalk term that asccounts for
absorphion by & uniazial crvstal consisting of thin, vertical,
tossy oyviliinders in an air bsckground, snd (€3 a branch term that
soecounty for Lhe lozs by 8 medium contsining randomly oriented
needle-shaped branches, The first and third terms sare
polarizstion-independent and vary with incidencs angle 85 sec .
The stalk term has a strong dependence on both polarization and
inedidence angle, The model was found Lo be 4in good apgreemant
with experimentsl observations. One of the Key psrameters in the
model ig the dielectiric constant of the wvegetabion matsridl,
which was caloulsted using the dielectric miging models developed
in the first facet of this investigation, The combination of the
dielectric mixing nmodel and the fanocpy propagation model prowides
the means Lo compute the Loss factor of the canopy i given the
water copbtents snd wolume [ractions of the cancopy constiluents
ard Ehe ganopy height. The model acdounts for the dependence on
incidence angle, polarization and wavelength.

lo the next facet of this stody, we abiempied Lo relate the
resuits abtained above o the remobe sensing problem. T order
to focus the stuwdy on the carmopy itself and aveidd problems
asacciated wilbh varigtions in bthe seil background, it was decided
o cover bhe soil surface with screen wire dnd make passive
mivrowave observations gy z funchion of Lime over the growing
cyele. The scveen wire, while 1t has no disceonible effect on
the growth of Lhe plants, acts as a conducting surface with a
pear-zero emissivity. Thus, soil wmodisture wvariations exercise no
influence on the canopy emission. This technigue was used to
investigate Lhe variation of fhe Drightness temperature of the
capopy with look direction {(relative fo the rvow direction},
ingidence angle, zud polarization configuration for wheast,
soybeans, and cofno canopies. A radistive transfer wmodel was used
to relate the brightness Temperature to biophysical paramstery of
the ceanopy through the canopy loss factor. Figure 3 shows that
the experimental observations are in good ggreement with the
model predictions, A second set of radiometer observabions were
made For ganopies under natural cenditions (no sereen used)., The
radiative tragnsfer model was extended o include a soil-moisture
term that accounts for ohe emission and reflection by Lhe s0il
surface., Again good agresment was found between theory and
grperinent .

The majority of microwave scatterving and emission models
reported in the literature have treasted the canopy as an
isotropic medium. This implies rthat the atbernuation coefficient
is independent of polarization, incidence angle, and look
dirvection {in azimuthl. The present study has shown that in most
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cases, none of the above assumptions are valid. Consequently,
modelers will have to incorpcrate the anisotropic character of
the canopy in their models, which is likely to lead to more
applicable models for the backscattering and emission from
vegetation than now exists.

The work conducted to data has established the overall
functional relations between the propagation coefficients of a
vegetation canopy and its biophysical and geometrical properties.
The results, however, are based on a number of specific
experiments that were conducted for a specific set of crops at
specific stages of growth. The goal of the next phase of this
study is to develop a general propagation model that may be
applied to a wide range of canopy types and conditions. The
experimental component of the study will be designed accordingly.
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Figure 1. Measured Dielectric Behavior of corn
leaves.
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Figure 2. Comparison of attenuation measurements
made for soybeans canopy before and
after defoliation for vertical and
horizontal polarizations.
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Figure 3. Comparison of the temporal record of @he brightness temperature
of soybeans canopy with model prediction.



