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ABSTRACT

Multiple Ocattering of solar radiation in a vegetation canopy

iB modellud equivalent to abaorbing and ncatterinq in a turbid

medium with direction-dapenclent cross sections. Perturbatlone

of plant reflection pattarnn due to atmospheric effects are

cwputed at Flfferent altitudes and compared to the angular

‘ cflectic,, r!l,*r.nl’teristica cauBed by Lambertitin nurfacen of varying

alhedoee.



.
,

INFLUENCEOF TNE ATMOSPHERE
ON REMOTELYSENSED REFLECTION FROMVEGETATIONSURFACES

C. Simmer and S. A.W. Ckretl

Theoretical Division, Loe Alamoa National Laboratory,
T-DOT, MS P371, Los Alamoe, New Mexico 87545

Introduction

One purpoee of vegetation canopy modelling ia to predict the eolar radiation
reflection distribution produced by the canopy, in order to use it aa an
identifier in remote aenaing. For remote sensing by satellite or aircraft the
meaeured reflectance pattern aleo con~aina the eignature of the atmosphere,
which changea both the radiation distribution of the downwelling eolar source
before it reachee tha canopy, ae well aa the reflec:ed upwelling signal before
it reachea the eenaor.

The theor underlying these calculations ie deecribed in detail by Geretl and
!Zardecki. Solar radiative tranefer throush a coupled system of atmosphere and

plant canopy is modelled ae a multiple ocatterins problem through a layered
medium of random ecattera. The radiative tranefer equation ia numerically
solved by the diecrete-ordinatee finite-element method. For the atmosphere we
ueed the optical d~ta of Shettle and Fenn. 2 Analytic expreeeiona are derived
which allow the calculation of acatterlng and absorption croae-uectiona for
any plant canopy layer from meaeurabl.e biophys!cal parammt~r= wlch as the Lcsf
~rea ~ndex (LAX), the radiation interception per leaf G(z,Q) with Q the di;ec-
tion ot he incoming radiation, and the individual leaf hemispheric reflec-
tance and lranemittance p and ~, Ueing theec parameters, the canopy volume
acattertng and absorption coefficients, Uoa and ‘al per canopy layer uf
thicknesai A(cm), a:e expreaeed us

A nnd z indicate the waveJ9n8th and the vertical coordinates, respectively. A
simple exprneeion for the canopy structure-dependent G-function, fir~t
introduced by Ro~.a3, ie derived following Suite4 by replaclng individual
Leavee with their horizontal (H) and vertical (V) pro,jectiona. WC obtain the
following exprcneione for the direct and scattered radiation Go(z) altd Gs(z),
respectively:

G,(z) . L ,z
co(z) - H ● C06 00 + .-

2V
Hw “ ain OOS

lc~~

Here 00 lndicatea the uolar zanith angle. Althou8h a genaral expression to
derive ● scattering phaae functiou P for a canopy from the phasa function of
the individual leaf and tha leaf angle distribution ie Sivon by Rone3, we
●meurma isotropic scatterirlg for these calculations, becauoa netther th~ HcClt-
tering phaec function of fndtviduml laavee Imr she leaf angle dlntrlhutionp
are known accurately enoush to date to perform a reliable determlnntlon of P,
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Results

Figures la and lb show the upwelling radiance diatributione produced by two
different Lambertian reflectors at different altitudes. The lowest surface in
the flgurea givee the upward radiance at ground level, which 1s a horizontal
plane due to the definition of a Lambertian reflector. The middle and upper
planes refer to the upward radiance distributions at l-km and 70-km,
respectively. Both calculations were carrl-d out for a solar-zenith angle of
30° and for a wavelength of 0.55 w. Viewing zenith, Ov, and azimuth angles,
$v, are plotted relative to the principal plane (sun at I$V = 1800). Figure la
shows the reeults for a 100% Lambertian reflector and Fig. lb for a 20% Lam-
bertian reflector. The plots show clearly that even Lambertian surfaces pro-
duce radiance patterna already at l-km height, which are quite different frc.n
a Lambertian distribution. Although the pattern remains symmetric with
respect to the principal plane (W = 0° and @V - 1800), there ie for both
caeea an increasing azimuthal dependency with Increasing view zenith angle.
For a eurface albedo of 100%, the radiance pattern, however, remaine rather
flat for view zenith angles up to 60°. For higher zenith angles, the
radiance decreaeea by about 20% caused by increaaed atmospheric extinction due
to the increased path length. (Compare Fig. la.) Note that all radiance
values for Ov > 80° are set constant becauae we did not correct our results
for the curvature of the Earth-s surface. While the radiance pattern for this
caee is dominated by the strong uniform illumination from the surface, in the
second caae (albedo 20%), the back and aide scattering properties of the at-
mosphere become more prominent resulting in an increaaed angular dependency at
higher altitudea. (Compare Fig. lb.) Viewing with the aun direction
(9v = 30°, $V “ 180° indicated by+), we observe a localized minimum, while
.:icvfng f:e= ap;~e~~e t~ ~h~ cun (9V - 20°, +~ = 0“, i~dicuied by C; Ull

●xtended region of low radiance valuee 10 found. For large view zenith anglea
(Ov > 600), we find just the oppoeite: higher valuea in the principnl plane
nnd lower values inbetween. Comparing Figs. l& and lb a~ large view zenith
angles (Ov > 60°) confirms the conclusions by Fraser and Kaufman4, that [or
high surface albedoee (bright surfaces) the upwelling radiance at higher
altitudee la reduced compared to the surface values, while ‘or low surface al-
bedoea (darker surfaces) the atmospheric effect lncreaaes the upwelling
radiance.

Figuree 2a and 2b show for the wav91en&th 0.55 ~m and 0.85 pm, respectively
the radiance patterne produced by our combined canopy-atmosphere model. Tho
lowest plane in the figures now refers to the radiance diatrihutlon directly
●bove the canopy, The canopy ❑odelled 10 a soybean canopy with a meaaured LA1
vertical profile and hemispheric tranemiselon and reflection coefficients frr]m
Ranaon, et. al.s The radiance pattern directly above the canopy shows for
both wavelength the typical “bowl shape” as meawred by Kimee and ~ec~lng~: d
minimum (although shallow for A - 0.55 pm) at near-nadir zenith angles nml
tncreaatng radiance values with increasing zenith angle,aa marked by heavy
llnce in Figs. 2a and 2b. The distributions are independent of the azimuth
angle becauee we assumed isotropic mcatterlng within the canopy combined with
a Lambertian soil albedo (20%). The “bowl shape” la much more pronounced in
the near-infrared than in the visibla and incraaeae with incraaetng solar
eenith angla (not shown here). The bowl shape of canopy reflectance la often
aumi8ned to ehading between canopy elemanta’~e but it ehould b~ pointed out
that shadin~ 10 not included in our praa~,,lt canopy ❑odel. This indicatee that
the absorption and acatterin8 properties of the individual leaves aleo
contribute to this ehape, Howaverp the radiation tranaport through the
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atmosphere changea these reflectance patterns significantly. In the visible
region, the bowl-shape disappears almost completely already at l-km altitude,
and the pattern of 70-km altitude is almost identical to the radiance distri-
bution at the same height over the 20% Lambertian reflector (Fig. lb). The
bowl ehape changes into a “eaddle shape” due to atmospheric effects. In the
near-infrared, where the bowl-shape la much ❑ore pronounced and ecatterlng
increaeee thi: total spectral albedo to almost 50%, the bowl shape may still be
recognized at l-km and at 70-km altitudes. However, the increase of radiance
for high view zenith angles (OV > 60°) at the top of the canopy is
~vercompenaated by the increased absorption due to the longer path length at
the top of the atmosphere, as demonstrated in Fig. la.

Conclusion

If the angular distribution of the radiance emerging from the top of the at-
mosphere is used for the remote sensing of vegetative canopies, it ia more
appropriate co use spectral bands in which canopies show high reflection and
low absorption, namely, the near-infrared, and not the visible. Rem’~te
sen~ing in the visible part of the spectrum where absorption is dorniriant
within the canopy suffers from strong perturbationa by atmospheric effects.
However, measured angular reflectance diatributiona directly above orchard
grass and soybeans show a more pronounced bowl shape than we obtained from our
canopy model. Preliminary data indicate that these more pronounced reflec-
tance patterns ❑ay still be observable above the atmosphere despite the atmoa-
pherlc perturbations described in the present analysls.
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Fig. 1. Computed upwelling radiance distribution for I _ 0.55-pm at altitudes
0,1 and 70-km above a 100% (a) and 20% (b) Lambertian reflector.

I

Fie. 2, Computad upwelllng radiance distribution for h - 0.55-pm (a) UIId

~ - 0.85-um (b) above a modolled soybean canopy of LAI = 1,0,
All computations asnume a rurnl atmosphere model with nnrosol q)-

tical depth of 0.1 at 0.55 IIm, corrcspondinq to a nurfnr~ visunl

rnnq~ of 50-km.


