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ABSTRACT

Using the radiative transfer simulation, the sampling study about the spectral and anisotropic corrections for
GMS satellite data is carried out. The conversion factor and the anisotropic reflectance factor in inversion process of
broadband radiation fluxes have been obtained for various underlying surface scenes in clear sky and for the case of
overcast sky, The results demonstrate that the consideration of spectral and anisetropic corrections is essential for the
earth radiation budget research using satellite data. The mean conversion factors for GMS are between 2.54 and 5.30.
The values of the conversion factor are different for various observation angles. especially in cases of ocean, vegeta-
tion cover and wet sail surface. The error of retrieving broadband radiance without considering the difference of ob-
servation geometry is about 5.5%—15% for ocean, 4.5%—10% for various land surfaces. The calculated anisotropic
factors for ocean and cloud scenes are in good agreement with those estimated from Nimbus—7. For Land, desert and

snow scenes, the calculated values in backward scattering direction are smaller than the measured,
1. INTRODUCTION

Recent progress in climate research enhances the demand for accurate energy exchange
between climatic system and space, which is given by earth radiation budget at the top of the
atmosphere. Earth radiation budget as a tractor of climate change and forcing function is a
key companent of the climate monitering system and effects further climate change. The cli-
male modelling about the impact simulation of trace gases such as CQ,, CH, and CFCs on
ciimate change has revealed that these gases affect the earth surface temperature through
changing of the earth radiation budget. In turn,the long—term variation of earth radiation
budget at the top of the atmosphere and at the earth surface will give a direct estimate of the
change in the climate forcing due to desertification and deforestation, change in aerosols and
trace gases, and change in cryosphere. Therefore, one of major objectives of ISCCP ( Interna-
tional Satellite Cloud Climatology Project ) in WCRP (World Climate Research Program ) is
to determine earth radiation budget.

For determining the earth radiation budget with available spatial resclution, satellite da-
ta have been commonly used in recent studies. However meteorological satellites (such as
NOAA, METEOSAT, GMS and FENGYUN ) measure only in narrowband and in narrow
field of view. But in the calculation of earth radiation budget and in practical application for
climate research, we need to know the broadband radiation fluxes. Therefore there is a con-
siderable disagreement between possible data use and the objective in radiation budget re-
search. In this regard the problem in the shortwave portion of the spectrum is more difficult
than the longwave portion due to complexily of shortwave spectral property.

The radiance measured by satellite depends on the status of atmosphere, measurement
geometry and property of the underlying surface. To infer the broadband radiation flux from
a single observation made &t the top of the atomsphere by a narrowband sensing instrument,
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the conversion factor which must be applied to the filtered radiance to derive the broadband
radiance, the angular distribution of the reflected energy to get hemispheric reflectance, the
optical state and properties of intervening atmosphere to correct for its masking effect have to
be known. The commen difficulties in broadband radiation flux computations from satellite
data are large variability in reflected radiation field and spectral correction of scanning
radiometer measurement in the intensity of one viewing angle.

Within this paper, the speciral and angular corrections of satellite data are investigated
with a simpling study for GMS measurement in narrowband and in single angle of view. As
menticned above, the measurement from GMS satellite in solar range requires a correction to
get broadband radiation fluxes. For this propose, the values of the spectral conversion faclor
and anisotropic reflectance factor have been calculated with a radiative transfer modelling.
The uncertainties of two correction faciors about the changes of sun and satellite angle and
underlying surface property have been revealed. This study will probably lead to achieve the
correction dataset in inversion process from GMS narrowband measurement to broadband
radiation fluxes for satellite use. The practical application of this dataset in earth radiation
budget research is subject of forthcoming papers.

1. THEORETICAL MODEL DESCRIPTION

The broadband radiation flux can be estimated by definition of the anisotropic
reflectance factor ( or called as bidirectional reflectivity factor) and the spectral conversion
factor from Eq. (1)

T"'Fsol (GO 19!‘&!8,)[‘531 (90 ’Gswsstv)

M(8,.5)= R(0,.0.4,5,)

(1

where 8, : solar zenith angle; #:observation zenith angle; : azimuth angle, with forward
scattering i = 0; §: scene; M: reflected solar radiation flux at atmosphere top; L, : radiance
measured by satellite; F,, : conversion factor from narrowband to broadband radiances; R:
anisolropic reflectance factor.,

Therefore, the derivation of broadband radiation flux from narrowband measurement
involves two cormputational steps: the spectral and angular corrections. The spectral correc-
tion is to determine the conversion factor from filtered radiance measured by satellite to
unfiltered radiance, and it depends on saltellite sensor. The anguiar correction is to consider
the angular distribuiion of reflected radiance and to convert unfiltered radiance to radiation
flux. On the other hand, in order to determine the conversion factor and the anisotropic
reflectance factor in Eq. {1), it is necessary to calculate the unfiltered and filtered radiances,
because the broadband radiation flux can also be obtained from the unfiltered radiation

Ly (.8.4) by Eq.(2)
M(By,8) =[5 27 Loy 8y 0.0, 5 )sin8c0s0d0c, @

and the conversion factor is the ratio of the unfiliered to filtered radiances.

In this work the calculation procedures for unfiltered and filtered radiances are based on
theoretical radiative transfer calculations which have been described in detail by Raschke
(1971, 1972). In this theory, the equation of radiative transfer for monechromatic radiation
within a plane—parallel and horizontally homogeneous atmosphere is resoluted. The basic
concept is 10 expend npward and downward radiances into an even Fourier series.
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L;(0.9)= T L] (0:8)cos(K(Y ~ o)) (3)

where  :solar azimuth; &: optical depth of the atmosphere; Lf.‘ : K—th Fourier coefficient for

radiances; i =1 for upward radiance; { =2 downward radiance.
At the same time, the scattering phase function is expanded into a series of Legendre
polynomials:

P(O)= é W, P;(cos@, ), 4)

where @, : the scattering angle; P(8,): scattering phase function; W,: j —th Legendre
coefficient; P, (cos®,):j —th Legendre polynomial with argument &, .

For scene of cloud,the droplet size distribution of altostratvs is taken from Hansen
(1971):

a(r)y =t Yl e —F A Vo) 5)

where: #{r) is the number density; 7 is the mean effective radius (7.01 um}); V', is the effec-
tive variance (0.113). In the case of cloud, the cloud droplets have a strong forward scattering
characteristic which would require a large number of Legendre terms to represent this for-
ward peak. For reduction of the number thg Delta function approximation (Potter, 1970) is
used. The cloud altitude is located as the cloud top at 4 km and the cloud is defined to be 1
km thick with an optical thickness of 60.

The method of radiative transfer solution is by iteration (Raschke, 1971). [n this model,
multiple scattering has been in detail considered. The model calculation in this work is until to
the height of 70 km. In 87 spectral intervals the monochromatic radiative transfer equation in
solar spectral range (0.2—3.58um) is solved in order to describe the atmospheric and the sur-
face properties. In the calculation the absorption by water vapour, carbon dioxide and
aerosols is formulated according to Kerschgens (1978). For aerosol scattering the following
particles (taken from Shetile and Fenn, 1975): stratospheric, tropospheric, and boundary lay-
er aerosols are used. The discrimination between rural and maritime—type aeroscls is consid-
ered. The aerosol scattering phase function is calculated for spherical particles (Quenzel and
Muller, 1978). The molecular scattering, which just exhibits Rayleigh—type scattering, is des-
cribed by the Rayleigh phase function. The main input data and description can be found in
detail from kerschgens (1978), Stuhlmann and Raschke {1987).

The conversion factor and the anisotropic reflectance factor depend on the observed
“scene” besides on the satellite viewing geometry from Eq. (1). *Scene” is a parameter being
capable of variation in the measurement place on the earth and in status of the atmosphere.
The scene is not only changed with the geographic position but also with time. The atmos-
pheric and underlying covered characters in different seasons may be different at one site. By
the modelling calculation, it must be determined in which scene the conversion factor and an-
gular reflectance factor have considerable variations and in which scene their variations are
not so large and can be neglected. This sensitivity study should first be carried on for ocean,
land, desert and snow underlying surface scenes. Because this kind of study takes much com-
puting time, the sensitivity study can not be made for the atmospheric status at every site and
every time and only made for standard atmosphere model.
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Fig.1. Speciral filter function for GMS~—3 visible channel.

111. CONVERSION FACTOR FOR THE GMS§~3 VISIBLE CHANNEL

The retrieval of unfiliered broadband (0.2-3.58um) radiance L, (8,,6,)) from filtered
radiances L, (6,,8\) in narrow band measured by satellite visible channel requires the
knowledge of the appropriate conversion factor F,, . Previous theoretical research on
METEQOSAT conversion factor has been made (Kriebel, 1983; Wiegner, 1985; Stuhlmann and
Raschke, 1987). Using a more extensive theoretical approach, they analyzed variability of the
conversion factor between unfiltered and filtered radiances over a large set of sunface
reflectance, atmospheric state and relative observational geometry. Their resuits showed that
the variation of the conversion factor for METEOSAT over a surface could reach + | around
average values 2.8 and 2.4 for vegetation and bare surface respectively. Obviously, the results
of these analyses can not be directly extended to other satellites, because of F, depending
on the spectral reponse of the satellite sensor.

Based on conversion factor F, , it is assumed as

LSﬂl (B(] ,G,Iﬁr,S) = anl (60 ,G,W,S)Lm (80 191$1S) (6)
with
L.igm . . .
Loy 0, 00.5)= | 7 £460.0.5%0, . %)
Q.4pn i
Lot (00 0. 5) = [y o0t L (B0,.0.40.5)dA, (8)

where L} (#,,8,4.5) is the spectral radjance leaving the top of the atmosphere, and @, is
the spectral response of the satellite shortwave channel. In the study the GMS—3 spectral re-
sponses have been chosen. The filter function value of GMS-3 p,, isshowin Fig. L.

The spectral radiance leaving the top of the atmosphere L} can be calculated for multi-
ple scattering within a plane parallel and horizontally homgeneous atmosphere described
above. Based on the caleulation and the analysis for the METEOSAT and ERBE spectral re-
sponses by Wiegner (1985) and Stuhlmann and Raschke (1987), the conversion factors for
ocean, land, desert and snow schemes are mainly dependent on the solar zenith angle existing
and it is little dependent on observational angles 0 and yr. These dependences can be explained
from definition of the conversion factor and the fact that the anisotropies of filtered and
unfiliered radiance have not essential difference (Wiegner, 1985). Therefore, the conversion
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factor F_ (0,,0,4.5) can be expressed as:

F o1 (B0.8,5) = Fogy (80,5).F 1 (9 0.4.5) (9)
whit
- Jo Lo (09.8.6,8)dC2
Fl(0,8) =722 , (10)
IQ Lsal(gﬂ n-¢-s)dn
. Lo (8, 00 SN, L {0,,0,4,8)d0Q
Fm](gg.ﬂ.l,{f.S):" _I 1] 3;1 safr 0 ) , (”)
L6y 0.0.8), L (8,.0.6.5)dQ
here
Q) = sindcosdfdyr. 12y
F. . 15 the mean conversion factor, i. e., the ratio of the unfiltered isotropic radiance to the

filtered and F., indicates the deviation of anisotropic (o isctropic conversion factor. For

first approximation F;Gl is 1. In order to save computation time, Fm, is calculated with two
stream approximation (Kerschgens et al., 1978) in which the same input data of atmosphers
and surface properties are used.

Fig. 2 illustrates the mean conversion factor F,, depending on solar zenith angle for
various underlying surface scenes in clear sky and for the cloud case. The values of F, ol It
first changing with spectral distribution of the underlying reflected radiation. Therefore, con-
siderable differences exist for different scenes. The values of mean conversion factor F,, are
between minimum of 2.54 for snow to maximum of 5.30 for forest when @, =0°. The differ-
ence of mean conversion factor for different scenes becomes especially greater when the sun’s
ray comes from zenith direction (0, is small). The difference decreases with increasing
8, . The dependence on solar zenith angle is important for the scenes of forest, wet soil, but
insignificant for desolate land, desert, snow and cloud. The influence of atmospheric status
can be considered with various standard atmosphere models and different aerosol loading
and boundary layer condition.
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Fig.2. Mean conversion factor F,,, changing with sun zenith angle.
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Fig.3. Distributions of the conversion factor F*,; as funclion of observation geometry (8,)) for
different scenes in clear sky and different solar zenith angles (a) the left for ocean, §, = 37.5° the
right for vepetation, 8; = 77.5% (b} the left for snow, §; = 17.5° the righi for desert, §; = 57.5°.

Fig.4. Distributions of the conversion factor £, as function of observation geometry (6.y) for
cloud scene. the left is for 8, = 37.5° and the right is for 8, = 77.5°

The values of F,; which are dependent on the observed angle have been calculated and
given for different scenes and four values of solar zenith angles as examples shown in Figs. 3
and 4. Fig, 3 gives the distribution of F, ;Dl as function of observation geometry (6,¢) for dif-
ferent underlying surface scenes in clear sky and Fig. 4 gives the distribution of F;o, for
cloud scene in two cases of solar zenith angle. In these figures, the pole of the projection is the
viewing zenith angle # = 0° . The zenith angle # increases radially outward from the pele ona
linear scale. The azimuth y = 0° respresents the forward scattering direction and ¢ = 180°
respresents the backward scattering direction.

The isopleth of F;Ol =1 in these figures represents the case of isotropic radiance. The de-
viation from the value of 1 indicates anisotropic character. The larger is the deviation, the
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greater is the error estimated from the mean conversion factor F,,. For ocean case of
8, = 37.5°, the maximum of F,, larger than 1.1 ooccurs in the backward scattering when

satellite viewing zenith angle is between 20° and .60°, e.g.. the error of the retrieving

broadband radiance due to using F,,, instead of F, is about 10%, and the values calcu-
lated are on the tow side. The minimum of F,, smaller than 0.9 occurs when 8 > 65° and ¥
< 35°. Thus. the broadband radiance derived from F,,, is about 10% larger than that re-

trieved with F.,. From the distribution of F.,; for case of ocean, the values in backward

sol

scattering are larger than those in forward scattering direction. For land scene with vegetation
cover (6, = 77.5%), the values of F'_, are between the minimum 0.9 and the maximum 1.1
and mainly depemdent on  viewing zenith angle 8. The  valnes
increase with increasing 8, For case of snow scene (6, = 17.5°), the values of F',, are larger
in backward scattering when 4 > 60° and y > 120°, and smaller when of y < 90°. 6 < 60°.
For desert scene of 8, = 57.5°, the values of F;, in backward and forward scattering are
larger than 1 and are smaller than [ in the range of 20° < < 150° with larger 8. The values
in this case decrease with increasing €. In Fig.4, the distributions of F,, for cloud scene are
quite simple, the values of F',, increase basically with increasing #. But deviation of the
conversion factor is between + / — 3% for solar zenith angle 6§, =37.5° and+/— 7% for 8,
=T77.5°

From Eqgs. (1) and (9), if the value of F',;, is not approaching to 1, the error in the case
that the effect of observation geometry has been not considered in retrieving process of
broadband radiance would become larger. This kind of error can be explained with mean rel-
ative difference which be calculated from equation (13)

A_‘Fsoi — ‘;-‘ F;ol —_F‘sul
F —

1
sol f sal

—s|F, - 1] (13)

Table I. The Mean Relative Differences of AF,, / F,

mean relative difference (%)
seene §,=17.5° B, =375 0, =515 8,=17.5"
ocean 5.6 6.5 2.3 14.7
savanna 7.7 7.8 8.0 8.5
vegetation 7.3 7.6 9.1 2.7
forest 7.6 7.5 8.9 9.9
wet soil 8.5 7.3 8.7 9.4
bare land 4.9 5.6 74 7.8
desert 3.9 5.5 6.2 6.5
SNOwW 3.4 3.3 3.7 1.7
clioud 1.5 1.5 19 3.3

In Table | the mean relative differences for various scenes and for four cases of solar zen-
ith angle are shown. The maximal mean relative difference occurs in scene of ocean for
8, = 77.5°. The minimum occurs in scene of cloud for 6§, = 17.5°. The mean relative differ-
ence increases with increasing solar zenith angle for all scenes. The variations of mean relative
difference are about 5.5%—15% for ocean; 4.5%—10% for different land surfaces;
3.9%—6.5% for desert; 3.3%—3.7% for snow and 1.5%—3.7% for cloud. Therefore, in
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retrieval model from narrowband to broadband radiance, the change of the conversion factor
with observation geometry for ocean and land surfaces must be considered in model, in order
to reduce the inversion error. For snow and cloud overcast scenes the change of conversion
factor with observation geometry in smaller solar zenith angle can be neglected within an ac-
curacy of 4%.

IV. ANGULAR ANISOTROPIC CORRECTION

The knowledge about the anisotropic reflection properties of observed medium is anoth-
er prerequisite for inferring broadband flux quantities such as radiation flux and broadband
planetary albedo from a single observation made by a narrow field of view instrument. To a
large extent, the instantaneous accuracy of the estimaled broadband flux is limited by the
uncertainty in applying the angular dependence model.

The angular dependence function is generally described with the anisotropic reflectance
factor. The anisotropic reflectance model has been developed in order to account for
anisotropic reflectance properties. The anisotropic reflectance factor can be obtained from the
same model as the spectral conversion factor. In addition , for climate scale the anisotropic
reflectance factors have been restricted from the Nimbus—7 Earth Radiation Budget Experi-
ment (ERBE} to eight uniform surface types {(Taylor and Stowe, 1984). The anisotropic
reflectance factor should be not dependent on radiomeler filter function. Therefore, in order
to obtain anisotropic reflectance factor which can be applied 10 any instrument measusement,
the model calculation has to be made for unfiltered broadband condition. But because of ob-
vious interaction between the almosphere and various underlying surfaces and obvious spec-
tral reflectance properties of the different underlying surfaces, the anisotropic factor 15 depen-
dent on the pattern and propeftias of the underlying surface. Therefore, the anisolropic
reflectance factor is expressed as

DLsoI (90 »H;EU:S)

R(B,.0.0,5) = - {14)
e [72 2% L 16, 0.40.S)sincos6dbdy
with the normalized property
] 772 p2n .
. 2% R(0, 8,4, S)sinfcosfdfdy = 1. (15)

Here it is clearly shown that the radiance angular distribution at the top of the atmosphere
should be derived for determination of the anisotropic reflectance factor.

The broadband radiance L, (#,8,,5) has been oblained with Eq. (8) through integra-
tion of spectral radiance at the top of the atmosphere. In order to calculate R(8,.0.¢,5) from
Eq. (14), the zenith angle of observation and azimuth have been divided into 18 and 17 inter-
vals, respectively, totally into 306 bins. The value of R(8;,0,,5) in each of bins represents
the average value and is constant within this bin. In Figs. 5 and 6 the values of R(8,.6,¢,5)

caleulated and measured from Nimbus—7 are shown ag examples.

Fig. 5(a) illustrates distributions of the anisotropic reflectance factors calculated (left)
and derived by Nimbus—7 {right) for ocean surface. The calculation is made for midlatitude
summer standard atmosphere. The speciral reflection on water surface has been treated ac-
cording to Fresnel’s Law. The aerosol distribution is taken as maritime standard model. The
boundary layer visibility is taken as normal 23 km. The solar zenith angle is 57.5°. A marked
characieristic in calculated results of the anisotropic reflectance factor R is that the value of
R reaches its maximum along isoline of # when azimuth is smaller than 15°. [t means that
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the lorward scatlering of the sun’s beam for ocean—atmosphere system is larger than the scat-
tering in other directions. The maximum reflected radiance is four times {R=4) larger than
the isotropic radiance when =zenith angle of viewing #6>70° and azimuth
¥ < 15°. The value of R increases with the increasing of #. The minimum occurs when
observational zenith angle is small. The characters of occurring extremes (the maximum and
the minimum) can be found for other solar zenith angles. But the conspicuous extent of these
characters is affected by the change with sun incident angle and it becomes more remarkable
as the solar zenith angle increases.

The corresponding anisotropic reflectance factor measured from Nimbus—7 data is
shown in the right of Fig. 5{a). The calculated values of Rare in a good agreement with the
measured. Both the calculated and the measured are increasing with the increasing of the
viewing angle and show a strong forward scattering. But the measured values in backward
scattering are greater than the calculated. The difference might be caused by different aerosol
distribution between the model atmosphere and the real atmosphere. On the other hand, the
modelling calculation is carried out for a certain sofar zenith angle, while the value derived
from Nimbus—7 is for an interval of solar zenith angle.

For land surface the calculated and the measured anisotropic reflectance is shown as an-
other example in Fig. 5(b). The radiative transfer calculation is made for vegetation surface
on which the simple Lambertian reflectivity is used, e. g., the radiation reflected in certain so-
lar zenith angle is same in all observation directions. Aerosol distribution is considered as ru-
ral standard type. The standard atmosphere, boundary layer condition and solar zenith angle
are as same as those in the left Fig. 5(a).

fod scene k? sceng?
QCean

(o) scens:
Desert 18 srow -

iCy scene:

Fig. 5. Anisotropic reflectance factor for different underlying surface scenes in clear sky. lefE:calou-
lated, B, = $7.5° right: Nimbus—7 data, 53.1° €8, < 60.0°
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For land scene the calculated value of R changes in a smaller range than that for ocean.
The maximum of R is larger than 2.0 and occurs in the forward scattering direction when the
viewing angle 8 is larger than about 25° . The values of R in the backward scattering are smal-
ler than those in the forward scattering. The measured value of R changes less slightly than
the calculated, and the forward and backward scattering are not very different from each oth-
er. Comparing the measured with the calculated, the latier in forward scattering is larger than
the former, but in backward scattering is smaller than the former. And both increase with the
increasing of viewing zenith angle. The differences between the calculated and the measured
anisotropic reflectance factors for land surface described above are found in the same manner
for desert surface in Fig.5(c) and for snow scene in Fig.5(d).

The difference described above betwean values of the anisotropic reflectance factor calcu-
lated with radiative tranfer modelling and estimated from Nimbus—~7 has also been found in
Wiegner's work (1985). The differences are mainly caused by the assumption in the model, in
which the surface reflection is regarded as isotropic. However, the real surface is usuzlly an
anisotropic reflecting surface. But the measured data for this kind of underlying surface are
much insufficient to be applied for the earth radiation budget research. Wiegner (1985) collec-
ted limited anisotropic matrix data for sand surface from experiments in laboratory and took
them as input to model. He found that the results were evidently improved and in an approx-
imate agreement with the data from Nimbus—7. It means that the anisotropic distribution of
the radiance at the top of atmosphere is sensitive to the anisotropic reflectivity on the surface
in model input data.

For cloud scene, the values of anisotropic reflectance factor calculated and estimated
from Nimbus—7 are shown as examples in Fig. 6. The calculated results are in a quite good
agreement with measured values. The maximum with R> 1.5 occurs in forward scattering
with larger zenith angle of viewing. The minimum occurs when observation angle is smaller
than 30° .The values of R increase with increasing zenith angle of viewing

From the analysis above, it can be found that the reflected radiance at the top of the at-
mosphere possesses strong anisotropy. The isotropic assumption in modelling of the earth ra-
diation budget would lead to a large error which is variable for different scenes, viewing an-
gles and azimuth. For ocean this error might be larger than those for land and desert surfaces.
For cloud and snow scenes, this error is smaller than those for other scenes. Form Figs. 5 and
6, it is found that the error in isotropic earth radiation budget modelling increases with de-
creasing reflecting power of scenes. Therefore the anisotropic correction should be carried out
in the earth radiation budget modelling, especially for ccean and vegetation cover surface.
The anisotropic distribution in modet is different from that measured in backward scattering
direction when isotropic surface is taken as input. While the surface anisotropic data are
directly introduced, the calculated results are improved. But because of much insufficient data
for anisctropic surface and 100 much computing time taken by anisotrapic calculation, the
experimental anisotropic model derived from measured data can be, in general, used in the
garth radiation budget research.

V. CONCLUSION AND REMARK

In order io derive broadband planetary albedo or broadband radiation fluxes at the top
of the atmosphere from narrowband satellite data, the conversicn factor and the anisotropic
reflectance factor must be first known. With a theoretical calculation, the spectral and the
anisotropic corrections for GMS$—3 data have been specially carried out. From the analyses of
the calculated results the spectral correction can be expressed with the conversion factor that
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Fig.6. Anisotropic reflectance factor for cloud scene. The left is the value calculated for 8, =
57.5° and the right is the value estimated from Nimbus—7 for 53.1"< 0, < 60.0°,

is the ratio of the unfiltered to the filtered radiances integrated over spectrum. It is found that
the conversion factor mainly depends on the solar zenith angle and the scene. Under various
scenes, the changes in conversion factor with the solar zenith angle are different. When the so-
lar zenith angle is small, the conversion factor is guite sensitive to the various scenes, its val-
ues can change from 2.54 to 5.3 for GMS satellite data. But under the larger solar zenith
angle, the difference in value of the conversion factor for vatious scenes is very small. Under a
certain solar zenith angle but different observation angles (observing zenith angle and
azimuth),the value of the conversion factor is also changed. The deviation from mean value
under a certain solar zenith angle is obviously large for larger solar zenith angle and ocean
scene. The mean relative differences are about 5%—15% for ocean, 4.5%—10% for various
land and < 4% for snow and cloud scenes.

The angular anisotropic correction is also made. The anisotropic reflectance factor esti-
mated with the help of the radiative model is compared to the observed from Nimbus—7
Earth Radiation Budget Experiment. It is found that both are agreeable for ocean and cloud
scenes and that there is some difference in forward scattering for scenes of land, desert and
snow. The reasons for the difference are that the surface is regarded as isotropic in the model
calculation and that the calculated values of anisotropic reflectance factor are for a certain so-
lar zenith angle while the values estimated by Nimbus—7 are for a range of solar zenith angle.
Due 1o insufficient anisotropic surface reflection data and too much computation time re-
quired in the calculation of anisotropic-reflectance factor, the Nimbus—7 experiment data can
be directly employed in some researches. However, the anisotropic reflectance factor esti-
mated from Nimbus—7 experment is given only for § solar zenith angle ranges and for 56 bins
in each range. It is insufficient for retrieval of broadband radiation fluxes or broadband plan-
etary albedo. With radiative transfer modelling the anisotropic reflectance factor can be calcu-
lated for any solar zenith angle and for sufficient number of bins (such as 306 bins in this pa-
per).

In further efforts, the model input data about surface reflexion should be improved. For
this propose the anisotropic data published for various surface condition should be coliected
and some available compensatory measurements about surface anisotropic reflectance prop-
erty should be made. With these data, the anisotropic model results in backward and forward
scattering directior: can be more accurate. This work (here in this paper) is also available for
other satellite data. For example, using the Fengyun satellite spectral response function in-
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stead of GMS spectral response function, the spectral and anisotropic corrections can alsc be
obtained for Fengyun satellite data. Therefore, further work is to calculate and establish the
dataset of the conversion and anisotropic factors for GMS and Fengyun satellite data.
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