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Two new extension modu1es that give the water-1eaving radiance 企omthe ocean and 仕1esnow bidirecｭ
tional refiectance distribution function were imp1emented in 枕1e 1atest radiative transfer code. In 
addition, to simulate 仕1enear-g1obal distributions of satellite-measured radiances by using the improved 
radiative transfer code, we t四ted and applied the 100k司up tab1e method together with the processｭ
sep釘ationtechnique ofthe radiative transfer calcu1ation. The computing time was reduced 仕'om1ye釘
to 20 s to simu1ate one channe1, one scene of the Global Imager image by use of an Alpha 21164A-2 
(600・MHz)machine. The e汀oranalyses showed that the radiances were sim叫atedwith 1ess th阻 1%

eηor for the nonabsorbing visib1e channe1s and -2% eπor for absorbing channe1s by田eofthis me仕lOd.
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1. Introduction 

There has been 田1increasing number of studies and 
applications of satellite remote sensing to Earth 
observation.1-3 These tendencies had been accelerｭ
ated in this decade because the recent studies perｭ
t出ning to global war百ing need both the general 
circulation model (GCM), which predicts the Earth's 
climate in the future, and the observed geophysical 
p町ametersfor a global scale that validate the output 
characteristics obtained 仕'Om the GCM. From this 
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point of view, the satellites' observations meet the 
global-scale acquisition of such geophysical p訂ame­
ters because of their suitable time and spatial resoｭ
lution. 
The satellite remote-sensing technique is based on 
the radiative transfer calculation, which simulates 
measured radiance of the sensors in orbit. It is reｭ
quired that the radiative scattering models of the 
t訂get's geophysical p訂ameters 訂e included in the 
radiative transfer code used for such simulations. If 
the radiative transfer code has sensor-dependent enｭ
gineering information, such as the response function 
of each charmel and the orbital parameters of the 
satellite, this system will be called a so氏ware simuｭ
lator for a sensor. In this paper, engineering in晶子
mation on the Global Imager (GLI) aboard the 
Advanced Earth Observing Satellite II (ADEOS-II) 
was given to the radiative transfer code. We call 
this so庇W訂e simulator the GLI Signal Simulator 
(GSS). The GSS makes it possible for us to optimize 
the charmel design of satelliteborne radiometers in a 
purely theoretical m田mer. For example, Nak可ima
et αl.4 optimized the GLI charmel specifications to 
investigate the influence of water-vapor absorption 
and sensitivity for the target matters by using the 
previous version of the GSS. If the radiative tr宙lS­
fer code has more scattering models of the geophysiｭ
cal parameters, such 田1 improved code will have 
more technical merits for this purpose. 



Table 1. Summary of Final Specifica世onsof the GU Channels 

Condition 
Instantaneous Field 

。fView(m;rad) 
Bandwidth 
(nm) 

Wavelength 
(nm) C 

唱
・4
q
G
q
O
A

告

'
b
n
O

弓
s
o
o
n
B
A
U

噌
i
n
4
q
o
a

佳

w
D
ρ
O

巧
4
0
0
n
H
υ
n
U

唱
L
0
4
n
O
A
-
w
b
n
O

句
4
0
6
n
u

唱
i

唱
i

唱
i

唱
i

唱
A

唱
A

唱
i

唱
i

唱
i

噌
i
n
a
n
4
0
4
0
4
0
4

内
4
n
4
n
4
0
4
n
4

Target 

Absorption by DOM 
Baseline, DOM 
Absorption by chlorophyll, DOM 
Abso:叩，tionby chlorophyll a 
Absorption by c訂'Otinoid
Carotinoid, phycobiline 
Pigment 
Absorption by phy∞biline 

Fluorescence minimum absorption 
Phycobiline, etc. 
Baseline, atmospheric coπection 
Natura1 fluorescence 
Absorption by chlorophyll 
Baseline of fluorescence 
Sea ice moniωring 
Atmospheric correction 
Oxygen absorption 
Atmospheric co:π'ection 

Cloud and aerosol optica1 thickness 
Vegetation cl田s泊cation

Vegetation classification 
Vegetation classification 
Vegetation classification 
Moisture, snow-ice 
Absorption by water vapor 
Moisture, snow-iω 
Water vapor, upper cloud 
Snow, cloud phase 
Cloud microphysica1 properties 

一
0
0
0
0
0
0

。

。

。

。

。

。

。

。

。

。

。

。

。

一
0
0
0
0
0
0
0
0
0
0
0

。

。

。

。

A 

。

。

。

。

。

。

。

一
0
0
0
0
0
0

0 
0 

G 

。

。

。

。

。

0
0
0
0
0
0
0
0
0
0
0
0
 

1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
250;0.3125 
250;0.3125 
250;0.3125 
250;0.3125 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
250;0.3125 
250;0.3125 

)
 

O
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
8
0
0
0
0
0
0
0
0
0
0
0
0
U
 

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
2
1
7
5
6
1
2
7
2
4
0
2
r

叫

唱
A
O
G

内
4
4
・1

380 
400 
412 
443 
460 
490 
520 
545 
565 
625 
666 
680 
678 
710 
710 
749 
763 
865 
865 
460 
545 
660 
825 
1050 
1135 
1240 
1380 
1640 
2210 
(μm) 

Number 

Cloud, snow microphysica1 parameters 
Watervapor 
Watervapor 
Watervapor 
Water vapor, temperature 
Temperature 
Temperature 

。

0
0
0
 

0
0
0
0
0
0
0
 

0
0
0
 

。

。
。
。

1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 
1000;1.25 

0.33 
0.5 
0.5 
0.5 
0.5 
1.0 
1.0 

3.715 
6.7 
7.3 
7.5 
8.6 
10.8 
12.0 

凸
U
噌
i
O
4

内
O
d

告

E
D
ρ
o

n
o
。
。
η
o
q
O

向
。
。
o
q
o

ao, ocean; G, ground; A, atmosphere; C，ぼyosphere; DOM, dissolved organic matter. 

pers8 •9 but was applied to only a few Advanced Very 
High Resolution Radiometer (A VHRR) ch創立lels.
We applied this technique to most of the GLI chanｭ
nels in this paper. Table 1 summarizes the specifi.ｭ
cations of the GLI's 36 channels. It shows the 
channel position, bandwidth, special resolution, and 
e玄pec旬dt町ogets applicable to each GLI ch田mel.

Extension Modules of the Radiative Transfer Code 

A. Basic Radiative Transfer Code, RSTAR5b 

τ'he RSTAR5b code uses出ediscrete ordinates method 
のüM)，with an extension for thermal radiation source 
terms as proposed by Stamnes et al.lO and for one or all 
of the Air Force Geophysics LaboratoげSl1 six atmo・
spheric models (tropical atmosphere, midlatitude sumｭ
mer, 1976 U.S. Standard, subarctic summer, 
midlatitude winter, and subarctic w白白r) that 伺nbe
set 面白e simu1ations. The RSTAR5b had been 
equipped with radiative processes of ocean surfa，即時・

2. 

In this paper we developed an improved radiative 
transfer code (the improved GSS) based on the R 
System for Transfer of Atmospheric Radiation-5b 
(RSTAR5b) developed by Nakajima and Tanaka.5 •6 

The improved GSS has two new extension modules 
that give water-leaving radiance 仕omthe 0ωanand 
the snow bidirectional reflectance distribution funcｭ
tion, as well as the older modu1es ofthe oce副1surface 
of the Nakajima and Tanaka method7 with COXｭ
Munk statistics 田ld the Lambert surface for simuｭ
lating the accurate radiance observed 仕omvisible-toｭ
b企訂'ed spaceborne radiometers. In addition, we 
simu1ated the near-global distribution of GLI meaｭ
sured radiances for one of the applications by using 
the improved GSS. For this purpose, we tested the 
look-up table (LUT) method together with a techｭ
nique of the radiative transfer calculation that sepaｭ
rates the ground surface process 企om the total 
process, for a reduction of the computing time. This 
technique has been suggested by some previous pa-
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jima et al.4 RSTAR5b is a ∞mpl偲 ofsoftware tools for radiative 
transfer 担doptical modeling of也eatmosphere. 
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elli飴 zenithangle of 6 = 45 deg也e differenω 血 radi・
ance seemed almost zero because a large reflection by 
Sun glint made the ocean color con凶butions small. 
百le ∞ntribution increased with increasing u10 beｭ
cause the Sun glint de町e部ed.

C. Extension Module of Snow Bidirectional Reflectance 
Distribution Function 

This developed module converts snow grain size (miｭ
crometers) and snow impurity ω訂ts per million by 
weight) into the bidirectional reflectance distribution 
function ofthe snow surface at every GLI wavel印刷1
企omthe visible to short-wave in企ared.τ'hereflecｭ
tances of snow for various combinations of 田19les
(solar and sensor zenith and azimuth angles) were 
calculated with a radiative transfer model. The 
model was based on the Mie (spherical) 血eory for 
single scattering of ice and soot particles with an 
assumption of an external mixture 泊 ahomogeneous 
snow layer (Aoki et al.15) and a standard size distri・
bution of the g，田nmatype (Hansen16). For multiple 
scattering in the snow layer the doubling and adding 
method was employed恒也emodel (the details ofthis 
model was described by Aoki et al.17 and Aoki et al戸).
The calculated snow bidirectional reflectance distriｭ
bution function was operated with the reflection maｭ
tr包 of 也e boundary-layer process 泊 RSTAR5b.
Figure 3 shows the expected measured radiance with 
也e function of snow grain size (rnicrometers) and 
snow impurity (ppmw) co町'esponding to GLI chanｭ
nels 13 (0.678μm，加p panels), 24 (1.05μm， rniddle 
panels), and 28 (1.64μm， bottom panels). 百le
boundary conditions were sol訂 zenithangle 60 = 70 
deg, satellite zenith angle 6 = 30 deg, and relative 
azimuth angle φ= 50 deg. 官leexpected measured 
radiance is more sensitive to snow grain size at a 
longer wavelength than at a shorter wavelength be・
cause of a large absorption of the ice particle. 

3. Look-Up Table Method and the Process..Separation 
Technique for the Fast Radi~ive Transfer Calculation 

To gener剖e a globally synthesized remote-sensing 
data set, it is unrealistic for one to calculate the exｭ
pected measured radiance at every pixel in the image 
with a set ofrealistic atmospheric and boundary conｭ
ditions because of the recent comparatively slow ∞m­
puting in radiative transfer. For exa皿ple， we will 
spend nearly a year to simulate only one ch田mel， one
scene (1276 X 1656 pixels) of a GLI image when we 
calculate radiances at every pixel by using an Alpha 
21164A-2 (600・MHz) mach担e. 司自 is quite 田町'ea­
sonable because 也.e GLI acquires more than 200 
scenes 血 a day. It will be a common technique to 
use a LUT that archives si血ulatedradiances with a 
considerable preset of parameters to overcome this 
diffi.culty. However, we may add another technique 
旬 theLUT method for calculating radiative transfer 
more efficiently than with the LUT method alone 
because many k加ds of geophysical p町田netermake 
the LUT size undesirably 1訂ge.
We tested therefore a technique that separates the 
ground surface process to reduce the dimensions of 
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the LUT. Hereafter we call this procedure the 
process-separation technique. For example, when 
the atmospheric process in radiative transfer has four 
dimensions of (6, 60， φ ， T) satellite zenith angle, 
solar zenith angle, relative azimuth angle, and optiｭ
cal thickness of the atmosphere and the ground surｭ
face process has two dimensions of (Ag , Tg) = surface 
albedo and ground surface temperature, the maxiｭ
mum LUT dimension size of 4 + 2 = 6 will be reduced 
to 4 by the process-separation technique. Moreover, 
when every dimension has ten discretized grid valｭ
ues, the total LUT size 106 will be reduced to only 
104 + 102 白 104for this case. It is obvious that this 
technique is necessary for a global simulation of 
satellite-measured radiance because ofthe large vaｭ
riety of states of conditions in the Earth environｭ
ment and numerous channels in current sensors. 
The principle of the process-separation technique 
was suggested and well examined by Kaufman and 
Nakajima8 and Nakajima and Nakajima9 for 
AVHRR's channels. For example, Nakajima and 
Nakajima9 applied this principle for the purpose of 
removing the radiative components (ground surface 
re:flection and thermal emission) 企omthe satelliteｭ
measured radiances to retrieve cloud-re:flected solar 
radiance. In this paper, however, we apply this 
principle to compose TOA radiance from some sepｭ
arated radiative components. To examine the 
availability ofthis technique to cases other than the 
AVl部Rcase and to suggest some new formulations 
of the process separations are part of the principal 
goals in this paper. 
Equations (1)ー(6) 町e the formulations of the 

process-sep町ation technique used to synthesize the 
GLI radiance (to avoid a long sentence 血 the text, 
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where T(T, re; /l-，件。， φ) and R(T, re; μμ， φ) 町e
bidirectional transmission and refl.ection functions, 
respectively. t and f are averaged with the subchanｭ
nel response function of GLI as 
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'Pn is the response function of the 
aveleng血 for each GLI ch田mel
of the kth k distribution，田ld tn.k 

for 血e kth k distribution at nth 
weighted averaging brings a nonnegligible 
case that spectral variation 
LUT becomes independent of 
,erature (Tg) , water-leaving rac 
Ild albedo CAg) (direct and diffUl 
med to have the same refl.ectanc 
separation of the radiative 
surface by use of these form叫

The left term in each formulation is the expected 
observed radiance. 恒le 白・stright term in Eqs. (1), 
(2), and (4)一(6) is the radiance at the TOA without 
land surface, and this term in Eq. (3) is the radiance 
at the TOA with ocean surfa回.官le se∞nd and 
third terms are radiative components of the ground 
surface pro即時. Equations (4) and (5), which 町e
applied to 泊施 short-wave 祉企ared channels, include 
both solar and thermal contributions at ground, 
whereas the sol紅 orocean color contributions to the 
visible to near-in企ared channels 町'eincluded 担 Eqs.
(1)ー(3) ，and only thermal con凶butionsto the thermal 
in企aredchannels are included in Eq. (6). t is transｭ
mittance of atmosphere，出ld f is a refl.ectance of the 

(6) 
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Table 3. Summary of the Process-Separa'目。nMe航。dsfor Each Condi舗。nand GLI Channels 

Channel 

Condition 1-16, 18ー23 24, 26, 28 17, 25, 27 29 30 31-34 35, 36 

Cloud (L, 0) Eq. (1) Eq. (1) Lambert Eq. (4) Eq. (4) Lambert Eq. (6) 
Aerosol (L) Eq. (2) Eq. (2) Lambert Eq. (5) Lambert Lambert Lambert 
Aerosol (0) Ocean surface + Eq. (3) Ocean surface Ocean surface Ocean surface Ocean surface Lambert Lambert 

αL， land; 0 , ocean. 

Table 3 summarizes the formulation number 
[Eqs. (1)ー(6)] of the process separation applied to 
several atmospheric and ground conditions at each 
GLI channel. In some GLI channels, such as 17, 
25, 27, and 31-34, no process separations were apｭ
plied to all Earth environmental conditions because 
of the comparatively large absorption by the atmo・
sphere that makes the radiative transfer more comｭ
plicated. Figure 4 illustrates the compression 
ratio of the LUT size with and without this techｭ
nique for each GLI channel. For most ofthe visible 
and short-wave in仕訂ed channels, the LUT size 
with the process-separation technique can be comｭ
pressed by 13.6% compared with that without the 
process-separation technique. Ultimately, the 
computing time was reduced 企om a year to 20 s to 
simulate one channel, one scene of a GLI image by 
using an Alpha 21164A・2 (600・MHz) machine. 
This is reasonable for the global simulation even 
counting one day of computing time to generate a 
LUT for each channel. 

4. vi時ual Ea吋hEnvironment 

Use of satellite measurements, objective analysis, 
GCM outputs, or model-calculated values of geo・
physical parameters or all of these establishes a 
virtual Earth environment. Because the cloud paｭ
rameters set in the virtual Earth environment were 
obtained 仕omdaytime satellite remote sensing that 
needed a sufficient solar reflectance from clouds, 
simulations were restricted only in the area of 

100 100 

~ 80 80 

60 

40 

円 ゐ咽

l..-.../ 
20 

。 。

6 11 16 21 26 31 36 

GLI Ch釦nel

Fig. 4. Compression ratio of LUT size with and without this 
technique for eaぬ GLIchannel. Speci皇cationsfor each channel 
紅'esummarized in Table 1. 

60 oN < latitude < 60 08. Table 4 summarizes the 
geophysical parameters and their sources. The 
following subsections explain the parameter setｭ
tings. 

A. Model Atmosphere and Surface Temperature 

We used the 1976 U.8. 8tandard Atmosphere model 
in the near-global region for the atmospheric moｭ
lecular profi.le and temperature profi.le for other 
than surface temperature. Objectively analyzed 
surface temperature data, from the J apan Meteoｭ
rological Agency's Global Analysis, on 15 January 
1999 were applied to a global distribution. Miniｭ
mum and maximum values were 234.2 and 308.5 K. 
If the surface was identi宣ed to be water, such as 
oceans, great lakes, and rivers, we used the satellite 
remote-sensed values ofwater surface temperature 
obtained 企om the TRMM (Tropical Rainfall Meaｭ
surement Mission) Microwave Imager aboard the 
TRMM satellite in January 1999. The minimum 
and maximum values ofwater surface temperature 
were 271.3 and 309.4 K. 

B. Ocean Color Matters 

Concentration of chlorophyll α， dissolved organic 
matter, and suspended matter retrieved 仕om the 
Ocean Color and Temperature 8canner aboard the 
Advanced Earth Observing 8atellite II were used 

Table 4. Summary of the Geophysical Par司metersand Their Sources 

Gωがlysical Parame飴rs

Model atmosphere 
Ground surface temperature 
(九)
Sea surface temperature 

Ocean color matters 

Land cover 

Aerosol optical thickness 
Aerosol ﾁngstr� e却onent
Snow cover 
Snow grain size (r.) 
Snow impurity (~) 
Cloud optical thickness 
Cloud effective particle 
radius 
Cloud-top temperature 

Data Source 

1976 U.S. Standard 
Japan Me旬orological Agency, 
Global Analysis 
TRMM Microwave Imager, 
τ官MM

Ocean Color and Temperature 
Scanner, ADEOS 

AARS 阻.d ASτ'ERSpectral 
Library 
CCSR-NIES GCM 
CCSR-NIES GCM 
Near-real-紙meSSM/I 
Eq. (12) 
Eq. (13) 
A羽田R， NOAA-11

A百四R， NOAA・11

AVlffiR， NOAA・11

20 June 2003 / Vol. 42, No. 18 / APPLlED OPTICS 3465 



for input data for deriving the upwelling radiance 
L山 at the water surface. 

C. Land-Cover Types and Their Reflectance 

We used a simplified Asian Association on Remote 
Sensing (AARS) global 4・minland-cover data setI8,19 
for land-cover classmcation 血 our 吋此ual Ea此h enｭ
vironment. Because only four types of 拘置ectance
data corresponding to gr・ass， conifer, deciduous, and 
solid can cle訂lybe set for GLI ch創立1elsby using the 
Advanced Spaceborne Thermal Emission and Reflec・
tion Radiometer (ASTER) Spectral Library, we comｭ
bined 56 types ofland use in AARS 也知 thefour types 
above. The spectral reflectance for each land use 
was integrated by the response functions of GLI 
channels 1 (380 nm) to 30 (3.715 fl.m) for preparing 
the process separation. For the GLI channels longer 
than6.0μm (channels 31-36 ofthe GLI), the surface 
reflect町1cewas set to zero. 

D. Aerosol Distributions and Properties 

Global distribution of the aerosol optical thickness 九
andthe 副19stromexponent αof an aerosol model of a 
mixture of soil, dust, carbonaceous material, sulfate, 
and sea salt were simulated by the spectral radiationｭ
transport model for aerosol species20 (SPR悶TARS)
coupled with the GCM,21 which has been developed at 
the Center for Climate System Research (CCSR) of 
the University ofTokyo and the National Institute of 
Environmental Studies (NIES). These two aerosol 
par田neters were input into the radiative transfer. 
A two-mode size distribution, 
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山was applied to the aerosol size distribution, where C 

is a constant, r and r m 訂ethe radius and mode radius 
(micrometers) of aerosol particles, and σis the stanｭ
dard deviation ofsize distribution. We set (C, r m' σ) 
= (1.0, 0.17, 1.30) 印刷C2， 3.44, 2.75) for the first and 
second modes with a complex re仕active index of 
1.500 -iO .005, where C2 is a function ofα. Maxiｭ
m~ and minimum values for optical thickness and 
the Angstr� e却onent were M拡= 1.35，阻n
0.00153, and (0.8, 0.0007). 

E. Snow-Cover Distributions and Properties 

We used the near-real-time Special Sensor Microｭ
wave Imager (SSMjI) Equal-Area Scalable Earth 
Grid daily global ice concentration and snow-extent 
product ofthe National Snow and Ice Data Center's 
Distributed Active Archive Center data22 on 11 J田1・
U田γ2000 for the snow-cover-area setting. We calｭ
culated the model snow grain size r s as a function of 
ground surface temperature Te and the model snow 
impurity ~ as a function of optical thickness of the 
s叫fate aerosol 1"叫fa也 obtained by the CCSRーNIES
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GCM. 官1e formulas below calculate rs (micrゅme­
t町s) and ~ (p戸nw):

=叫lMoo-側|(Tg -253.15) + 25.0 I , 273.15 -253.15 '-ç, --- ---, -- -I 

(12) 

if Tg < 253.15, th回1 rs = 25.0 田1d if Tg ;:::: 273.15, 
出enrs = 2000.0, and 

1-0.01 
~ = ~ 1 ~-4 (1"Bulfa陸一 0.005) + 1.0, 
0.005 -1.63 x 10-4 四回目

(13) 

if 九ulfate ;:::: 0.01477，と= 3.0. 
Equation (12) is based on the assumption that snow 

F垣nsgrow企om25μmin radius for new snow to 2000 
μm for old snow ne紅白e melting point, sensitively 
depending on the ground surface temperature (Te). 
For the relation between snow types and average gr油1
radii, we refer to Wiscombe and Warren.23 As to Eq. 
(13), snow impurity is mainly considered to be aerosol 
particles deposited 企ompolluted air masses by a 也子
deposition process.τ'hus we 部su血edthat impurity 
concentration 面白e snow w鎚 linearly varied wi白
血atof sulfate aerosol, which could be a good ind昭島r
the polluted atmosphere obtained by the SPRINTARS. 
For the case of Barrow 血Alaska， U.S., the in situ 
measurement value (Aoki et al.24) , by use of ground 
optical observations and theoretical calculations, and 
the calculated value ofthe snow impurity were 0.1 and 
0.17 ppmw, respectively. Validation ofthe adequacy 
for these assumptions will be done by future GLI meaｭ
surements or other observations. 

F. Warrn Cloud Distribution and Properties 

For optical 田1d microphysical properties of w町m
clouds, such as cloud optical thickness 1"c, cloud e能。
tive pa此icle radius 九， and cloud-top temperature Tc, 
we used the one-month mean data derived 企omthe 
A羽田.Raboard the NOAA-11 (National Oceanic and 
Atmospheric Administration) measurements in Janｭ
uaη1990.9，25 The region oflatitude was limited 加
within 60 oN to 60 oS for cloud optical 田1dmicrophysｭ
ical properties because these p町田neters were reｭ
trieved by solar reflectance that was measured only 
in the daytime with a small solar zenith angle. To 
make the total global cloud area realistic, we neｭ
glected clouds that have an optical thickness less 
than 6. This threshold value is somewhat larger 
when we are reminded of studies of a global average 
ofwarm cloud optical thickness of7 or 8, examined血
past rese訂Ch.2，25 官1ereforethis simulation gives a 
feature of measured radiance under relatively thick 
warm clouds. This might be a better choice because, 
if we apply the cloud distribution obtained 仕om the 
one-day data of the A VHRR in order to consider opｭ
tical thickness 仕om白血 tomoderate values, the simｭ
ulation becomes far 仕om that of the GLI owing 旬
di宜erences in orbit 田1d swath between the A VHRR 
and the GLI. Moreover, the broken appe町an四 of
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60 

butions and unsolved problems 血 light scattering by 
nonspherical particles, especially in a wavelength do・
main comparable with the size of the particle. This 
will be solved in future research. 

W訂mclouds in the one-day retrievals will also make 
the simulated image unnatural. 
We did not account for any ice clouds in this examｭ
ination because of the ambiguity of ice cloud distri・
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Fig.7. Red (0.678μm) ， green (0 .545μm) ， and blue (0 .400μm) composite near-global image obtained by the virtual remote sensing ofthe 
GLI, corresponding to 15 Sun-synchronous orbits on 29 Januaη2001 

5. Results and Discussion 

A. Accuracy of the Calculations 

To examine the accuracy of the process-separation 
technique, we compare the expected measured radiｭ
ance calculated with and without this technique. 

1. Under Aerosol Conditions 
Figure 5 illustrates the expected measured radiance 
(left panels) and the difference (percentage) (right 
panels) with and without the process-separation 
technique, with fi.xed ground albedo of 0.6, as a かnc­
tion of aerosol optical thickness at 500 nm with Angｭ
str� exponents of 9.11 X 10-¥ 3.99 X 10-¥ 1.14 X 
10-¥ and -2.47 X 10-3 for GLI channels 2 (0.400 
μm) ， 13 (0.678μm) ， and 19 (0.865μm) . The scan 
geometries were 80 = 60 deg, 8 = 40 deg, and φ= 50 
deg. 0_ and A.一泊 the left panels' legends denote 
without 田ld with the process-separation technique. 
We found good agreement in radiance with and withｭ
out the process-separation technique; the differences 
were less than 1% for GLI channels 1-13, 16-22, and 
24-26 but were somewhat larger for channels 14 
(1 .4%), 15 (1.3%), 23 (2%) , 28 (1.2%), and 29 (2%) , in 
which small but remarkable atmospheric absorptions 
were included in their response domain. In the 
shorter wave1engths, such as channe1 2 (400 nm), 
both the Rayleigh scattering (at the aerosol layer) 
and the aerosol scattering affect t and r calcu1ations 
by Eq. (10). Because the spectral variation oftn.k by 
the nth subchanne1 is 1arger in Ray1eigh scattering 
than in aerosol scattering, the error becomes small 
with a large aerosol optical thickness in this case. 
When the sensor response is naηower than the 
present value, this di偽rencecan be smaller than this 
result. This is a future engineering study for sensor 
designing. The difference decreased with decreasｭ
ing sol訂 and satellite zenith angles and decreasing 
ground albedo. 

2. Under Cloud Condition 
Fi思rre6 is the same as Fig. 5 but for GLI channels 13, 
19, and 30 (3.715μm) ， with clouds as a function of 
cloud optical thickness with effective particle radii 
re = 2, 9, and 25μm. The process-separation techｭ
nique works well for a11 channels because the cloudｭ
reflected component of radiance is somewhat larger 
than that of aerosol so that possible eロors become 
small enough to neglect. The differences were less 
than 1% for most GLI channels but larger for chanｭ
nels 1-15 and 30 (2%) especially in thin optical thickｭ
ness. Channel 30's radiance seemed independent of 
cloud optical thickness but dependent on effective 
particle radius. This is the principle of effective raｭ
dius retrieval by use of channel 30. The processｭ
separation technique is suitable for simulation of 
expected measured radiance over cloud areas. 

B. Global-Synthesized Observed Radiance for Three 
M句or Global Imager Channels 

Figure 7 illustrates a red (0.678μm) ， green (0.545μm)， 
and blue (0.400μm) composite image obtained by the 
virtual remote sensing ofthe GLI, corresponding to 15 
Sun-synchronous orbits on 29 Janu田γ2001. The 
equa旬r-crossinglocal time of each path is 10:30 a.m. 
We found a natural glance of an image over the Earth. 
Sun glints 訂e represented in the midlatitude of the 
southern hemisphere over a cloud-企ee ocean 訂ea.
Contrast in clouds, grassland, and dese吋 is also repｭ
resented. Small data gaps shown in eve巧T orbit are 
made by changing the sensor-tilting mode of the GLI 
operation. Figure 8 illustrates the spectral sim叫ated
radiance of a typical wavelength in the (a) 田町­
m企ared (0.865μm) ， (b) short-wave in企訂ed (3.715 
μm) ， and (c) thermal 加企ared (10.8μm) channels of 
the GLI. In Fig. 8(a) the simulated radiance is 
brighter over cloud and land areas than over the ocean 
紅白 It decreases with an increase in latitude beｭ
cause of the change in the solar ze凶th angle. Figure 
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8(b) is more 田nbiguous than Fig. 8(a) because this 
wavelength includes both thermal emission and solarｭ
児島cted components; observations of high-level thick 
clouds and low-level thin clouds can have almost the 
S田ne radiance. Over middle-level moderately thick 
clouds, the thermal emission is approximately 30% of 
the 加tal measured radiance. In Fig. 8(c) the meaｭ
sured radiance is smaller over clouds and a high-

latitude area than over midlatitude and low-latitude 
land owing to the di能rence in temperature. 

6. Summary 

Two newer modules developed by the GLI science 
project were implicitly installed in the latest radiaｭ
tive transfer code RSTAR5b, so that it became possiｭ
ble to calculate radiances in a land-to-atmosphere 
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