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Abstract

Solar radiation is scattered and absorbed by atmospheric compositions in the atmosphere before it reaches
the surface and, then after reflected at the surface, until it reaches the satellite sensor. Therefore, consideration
of the radiative transfer through the atmosphere is essential for the quantitative analysis of the satellite-
sensed data, specially at shortwave region. This study examined a feasibility of using radiative transfer code
for estimating the atmospheric effects on satellite remote sensing data. To do this, the flux simulated by
LOWTRAN? is compared with CAGEX data in shortwave region. The CAGEX (CERES/ARM/GEWEX
Experiment) data provides a dataset of (1) atmospheric soundings, aerosol optical depth and albedo, (2)
ARM(Aerosol Radiation Measurement) radiation flux measured by pyrgeometers, pyrheliometer and
shadow pyranometer and (3) broadband shortwave flux simulated by Fu-Liou’s radiative transfer code. To
simulate aerosol effect using the radiative transfer model, the aerosol optical characteristics were extracted
from observed aerosol column optical depth, Spinhirne’s experimental vertical distribution of scattering
coefficient and D’ Almeida’s statistical atmospheric aerosols radiative characteristics. Simulations of
LOWTRANT are performed on 31 samples of completely clear days. LOWTRAN's result and CAGEX data
are compared on upward, downward direct, downward diffuse solar flux at the surface and upward solar
flux at the top of the atmosphere(TOA). The standard errors in LOWTRANY simulation of the above
components are within 5% except for the downward diffuse solar flux at the surface (6.9%). The results show
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that a large part of error in LOWTRANY flux simulation appeared in the diffuse component due to scattering
mainly by atmospheric aerosol. For improving the accuracy of radiative transfer simulation by model, there
is a need to provide better information about the radiative characteristrics of atmospheric aerosols.
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Study on the LOWTRAN7 Simulation of the Atmospheric Radiative Transfer Using CAGEX Data.

BE(A2E ?JZ} AL, AT EAF) J3 F5 3 -8— DAY AFEHY o3 wHALH
of Tl 7155 34 F AN ZAH FREH(Fig 1). wekA 7FA 499 A3
iy H*JX}EETH AR Dok, BALE, 59 22 A7 F 54 ARE FE3] A8iA
T 7l A2 A% g A F4 Tr dFFelnk 8y o] A ti7] 28 A
Tol ANzt 37k w2} st el 713 B R 2T o8 B 43S g By
ofet A ZH e WAL A7) viewing geometrydl] o8] W FFE W) W Fol B3t

W7l BRE A8 A7 AAE e Ee AP el Ath(Kaufman et al,
1996). ZHE 2 o2& TS A9 LA g NDVISH 22 =& dAgA 348 A9
3t AEw 54 HEE 59k 23 A PES gzl d¥E BE B WFES 9y
L&, Ao2E 20 T3 98 B 7175 8 #F £738d o) JY ARE
o 71-AEF A2 e HAL A BHAE F Aolth o] e 4Y REE 941 9

SUN

L Sateliite sensed iance
Solar irradiance

Atmospheric /scattered radiance

Top

Atmosphere

Surface /reflected radiance

Surface

Fig. 1. Diagram of satellite sensed radiance.
R =R"+Rs - T/(1-sp), R : Satellite sensed radiance, R*: Atmosphere scattered radiance, Rs: Surface
reflected radiance, T : Upward total transmission into the satellite viewing direction, s : Atmospheric
albedo, p': regional average surface reflectance
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| &7 J8y o] BA AY AL BAb Add] S F= BEE Y WF 5 1
4 e oldo]l Urh(Mitchell et al, 1992). Al &5¢ EA} dg RdZE LOWTRAN7
(Kneizys et al, 1988), MODTRAN (Berk et al, 1989), 5S(Tanre et al, 1990), 6S (Tanre et al, 1997),
Fu-Liou d-four-stream code (Fu et al, 1992) 50| 2t}
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CAGEX A8% NASA Langley Research Centeroll M 38 A5 ZH FH 7] EA} £
(2a} fux®) A7) =EHY) B9 AE 57 2 A2 98 ATHE AglT. BS AP
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oga}snte}l AR AA RG]l AX s UthFig. 2). CAGEX 3x3, ARz} Az} 1 03° X
03°)= ARM Central Facility®] FAEZE 3661°N, 9749° Well 91x8lM %= theF 315molth #
5 AHE £ 1994 4. 55-F 4. 31714 2697F 0 A RE SF 5:308 744 308 7HE (1Y 187 sets)
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Fig. 2. The CERES/ARM/GEWEX Experiment(CAGEX). Map of CAGEX horizontal 3 by 3 grid with ARM
surface facilities.
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Fig. 3. Diagram of the vertical resolution of CAGEX
BJOF AFE 13650 ¥ I seeeesresesrsssersssssssmms s ssssssssssssssnas (1)
71 r =1+ ap * sin((2*pi/365.25) * (nd-365.25/4) )
ap = 00167381
nd = 1958 19 44 FE 9 5

QUEE ARMS] A 2 o3 AAYAA ZARORE ANAAT WIEE 029 40
microns Ato]ell 670] bandell thal RIS 7}EA 2 A FETh o] Briegleb et al(1985)A
717F BL ZAAY] WiE BAIEE A2 A0 F Tablel 3 Zth CAGEX ¥WRAIEE 7z} Witd] o
&)l Briegleb et al(1985) 7FE]9F UM E(02106)8 FalAM Aot oo2F 33 F7+= ARM 2
o]t} ARMS MFRSR(Multi Filter Rotating Shadowband Radiometer) & )43t 570 ©o} =
(0412, 0498, 0606, 0663, 0856 microns)oll el SA3ATE HF] e dojZE TY Ak &
W] & (single scattering albedo) 9t Hth A =}e}ol e} (asymmetery parameter) = D Almeida et al(1991)¢]
doIZE FEEA FA HOEZRH FEIHHTE I doZ2EY dF EET Spinhime et
al.(1993) ] MicroPulse Lidar(MPL) A3 2ol <js] Aojzlth.
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Study on the LOWTRAN7 Simulation of the Atmospheric Radiative Transfer Using CAGEX Data.

Table1. Short grass/meadow Spectral reflectances at 0.55° solar
zenith angle provided by Briegleb et al.(1985)

spectral band weight
02-0.7 0.1129
07-13 0.2831
1.3-19 0.3359
19-25 0.3359
25-35 0.3359
35-40 0.3359

CAGEXdA AF=HE BAY 29 ZAxE BA A9 2d F9 3l Fu-Liou d-four-
stream codecl] 23] EoJH Zeo|th

B2 Y 34 A5 A3 W] - stee] Au g da Bajojrt, )] 4w flux H o)
Bl GOES(Geostationary Operational Environmental Satellite) At80]7 XxHe A} @ o} flux
= 308 FiE H| At AZHA SR 1% A9 IEER ST Fut BAle AT
AR, @39 BAle Aeds g s 242 A2YAH], ARRAAYAAIR S35
B AFME BA AY 2dE o] &3l t)7] BRS 317 Y8 EAldE I= LOWTRAN7S
TE 2AIE] Y8t QEelA AZE CAGEX A&} LOWTRAN7S R A8E H|ws}
Ack A A A FELE o I tHFig. 4).

+ CAGEX Column optical depth INPUT
« D' Almeida’s Table —— | Aerosal Atmospheric |<—| CAGEX data
» Spinhime' s vertical distribution Parameter Sounding
O Y3eE A { j
Model
LOWTRAN?
Simuation. @ UPE HrE
results
Fu-Liou C Comparisi j ARM
- rmparision —_—
results - data

®Hx

Fig. 4. Diagram of study area
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g8 A48 AZE oM AFHE U] L AEE 2y AR 249 9 JEE W3
NANE 29 A ATE ESH LOWTRAN? ZE9) 7] 5 do23 g upses A8
stglch.

AMAE CAGEX #3 AES AWA DANM FEf dAZE 54 L ol &3y
LOWTRAN7 FE9) 23] th7] BAl Q458 R9sty 11 29 AFHS CAGEX #FE A8 £
ARM AE F, AFEA, JDUAHA, AFAadLAH el ds) S48 g9 vlwsle] v7])as
of e AFH BPE A LOWTRAN? ZE=9 R & HZsgch
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07 AES BEEE AR B S5 uA AR, 59 /B 999 AEe
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= AAHAY A7 dsf WA o] fAJAX e dsiM AR E SR FAECHFg 1).
FA FIAFA G99 A7ES AGARENE AR W¥E, AEH L& 2 AT 87
4 REE FE7) AAT t7] HRe IF B et Fo T#rt gEHorh
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Study on the LOWTRAN7 Simulation of the Atmospheric Radiative Transfer Using CAGEX Data.

2499 48 AR ELAM AFHe v7] 2 dolZE By AR $4HY 48 ASE
it E48 F Jou AA W71E B AdAe AR A Y R8T o ok gtk
AR FA49 48 AR F 7] soundingdl & 719k, 71, TEX 7P JEAR £F57), O3 IR
722 COp, N2O, CHy, CO, Oz, Nz, HNO; 50 I ool2F AFEEE 459 MM o4
o gl g Ak SHE, 4 A, A4 E A gEde 5 oo Stk o] F oY)
soundings} 7} B-XE 280X 7)&8dE CAGEX AgS g9 6 2 94 A 93 H|
24 gy 4A 95 & dnk 2 A2E WFES CAGEX ARAME 358 B
F 348 57 (column optical depth) % A|3-317] W&o Ed 4 A58 L% do2E F% &
A AR FEo g WPl AN HUh

LOWTRAN7 FE9 Z2E a4 020-30000um7kA] 47789 stae) thal) 055umel A 19
#s ZAEE Fstd 9l A QHE, FF Ag S E, vgA gl ol a3t o
£ 98 D Almeida et al(1991)9] dloJ2F2] 23} 54 HolEel A o] B3 54 g &
235tk D Almeida et al(1991)2 do2F¢] 33} 54& 030-4000um ol sl (3l
A, ARBAY, LEAY Bl webA gdA] JHEFES] 4R elo]E3} ot 4000uno]/de]
oo g Bt 54 %2 $E9 Bl dipyg dYe JACEE 4000ume 2 wg FHst
T & 7t g ASE Hol 4000umo| M9 38 54 #E AHEstsith 055umelA B Ak
(0 dhFEd Fr2A Fig 53 Zo] el Atk Fig 5& AdsE7E ol o
A B A dHE(0) BT FokAE A& e

a3 439 2T CAGEXAA Adshe #58 715 38 74, YN 7+ 33
E4 35 ¥ Spinhime(1993)¢] AoJEE Abete] 94 £X HFHE o] &3] ol 2 oA
QAE AXM =& & & Utk
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Fig. 5. Vertical distribution of aerosol single scattering albedo dependent on relative humidity.
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7 2¢| AFHY 2WASE Foh7] A8 A 1DAS Spinhime(1998)¢] Fholth 28 AR
A (2)F o83t do2E AT AF (009 A £EXE T3l= Aolth 4 2= AWy &
ole} A A¥(Platt et al, 1988, Starr DO. 1987)S Hlg o2 dojF Aoz hFANAM Hals}t 4
g dloj2E A AFE 2 2] A8 AR (Om)elA 1700m7H] 1mZA 4] T ==
ARSFES Ho) gir, TRT AAZNAY dolzE dusl BASE 7237 N8l WA BE
Zol 00skm1& HStHTHA (3)). Fig. 68 L= WE A AsE vehd Aotk L& 17km
e T8 Z7R) webd g A A5 BFALE grsts A% L $2AAN 24
£o] gl A 2 Yl X o

0s(h) = 0o(1 +a)2exp(h/b)/[a +exp(l/b) 12 +
f(1+al)2exp(h/b )/la+exp(h/b )]2  coerereeininninn, (2)
0s(h) : Aerosdl Scattering Coefficient at altitude h.
0o 3, a,b, b, f: constants,
For boundary layer, 0 { h { lkm,
Os(h) = Os(h) + 005 krnt e (3)

A 29ANNE D Almeda et al(1991)9] B3} 54 Blo|BR2NE $53 7 SolA g 4
st A 1DANN T AR ASY A% BEE ol&aia wAFRY 2UATY 2
E% F&tk Fig. 72 ¥AF3E 20449 947 2xg ey HAgsE AASE 7

MU oMo e

scattering coeff.(/km)

=
SBESEERIB]ILEAIKL =K I 3E
SHPYCE SN IR S IRN S &R

Fig. 6. Vertical distribution of aerosol scattering coefficient obtained
spinhime(1993)’s Micro Pulse Lider measurement equation.
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7b F7Fgel wet Zadte RS JE 3 Qloh

Al 3GAANME 2t 59 B3 T (layer optical depth) & 7+ 591 &AM} 2+ 58] F7 (layer
thickness)®] ¥22 E&Z F 7] "ol o] #A s 2+ 59 FA A 2@A NN 78 &
A o) &3l 7t Fof B8 FAE &3 Fig 82 7 F9f 8 FAE v SAETH
ojt, A=t W& B2 AMAFTE AAT F Aol FEAER WrolA 7] Wi A2 3%
o2 YeIgoy 157t £ £ & FAZE AT AAAS gho] 3] wjEe] AL HoZ v
etk meEtA whdol 3 FAE 5 HHoE itk AZeA T 52 @oE Yehd Ao
T}

upA g QAR v YqtstE 2459 FE FAE 38 drF FEFAS ALE FEA
v WA tste ANA S (Fig 7)9e] Fo2 Fath AME 7] F 33 FAE Fig 89 743
o] F8 FAE A Foll ths] Tt 73k £ 509 Aol #SE hF] B8 FAE
Harrison et al.(1994)9] L2 2jFol of3) Agd Yo AuANAN 2Pt FAge}] MFRSR
(Multi-Filter Rotating Shadowband Radiometer) spectral measurement 2HE 5 4 o} 2 A
TFAME o] F 055umo A9 th71F] F3 FAE AMS-3AT Fig. 95 CAGEXIA &S4€ o
3 499 50 band®] 28 FAE depd AoE wFo] ASFE 2 & e o
ol o] FSFF dolzFd] g Ao] Bo] dojdthe A F AT A R
2 AME 33 FA S3E B8 FA (Fig. 99 HI HIAF3tE 2AA S (Fig. 1) w3t 4
Z9 Atste A0ASE 7P Fig 103 2ok Fig. 109 9J3td Z 39 Apstd MMHAlSsE

S
|

extinction coeff.(/km)
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Fig. 7. Vertical distribution of unnomalized aerosol extinction coefficient.
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Fig. 8. The histogram of layer optical depth at the each layer.
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Fig. 9. The histogram of column optical depth observed at the each shortwave band.
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Fig. 10. The histogram of nomalized layer extinction coefficient at the each layer.
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A2 E & ApdMe AMA 49 A AEE U)7] sounding 03l =& o]
L ZF Z9 2G5 s 49 9 Atg ST, S5 Al A TiA
v et 5& o] &3te] LOWTRAN7 ZEo 23] EAl A9S 29| &4

IV. LONTRAN7 ZE 2ol 2/8 t7| & o2 F Hgtel Uz A

oo

B AFAAME LOWTRAN? FE7F 7139 doj2EE drpt 917 BeJaheA] dotr
7] $13] CAGEX #Zdlolel F g2 o] 2970 dlolElo] tis] Y A5 E ZdoM AFgHE
7] 2 doi2E BYA AEA T 94E AEE WA e A ATE Stk 7t
At 2] EAL Table 29 7Ho] th7] sounding¥t ool 2E W] dia) RaoA AFal= 48 =

2 ol&ate A5 AHEAE Ao A ARE ol 43 AR Rtk A 19 A= o
7] sounding &€ US Standard th7]9} oo 2F0l t8jA & Rural 23kme] A A& AR A
g 29 44 U7] soundingS CAGEX #Z& ARE |53t oo 2F9 tha] A= Rural 23km®]
A& A3 222 At 32 7] sounding®t AAZE] dis] vt CAGEX #F A5 E
o] &3ttt 7+ Al#|Y A= Table 39 AAG ule} o] Gupyd gogel thafA] A FHA A
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3 BAL AW RS 31 g HAL 2 Sty 4t BAF 2T tf7] el MY A B
Soll sl Blas oAt

o] HolME 7zt Al 9] FEHZ LOWTRAN %9 ZAate] 73-g wobsl A} Table 3014 2070
dolel e tia] 2 FEEE @ Bt 3t AU P g B Y 234 #
3t AEe viwe o A SAWH] Basith o] wE Al 3% EA dig vz o
+ oA ZAAE] == itk

Table 3¢l 93t AEHAA Q] FFEAL] A4 A 1, 2 32 A4 33 #(CAGEX ARM)
w247 2080W/m?, 770W/m?, 290W/m? AE AL fAxZ RYHUT =, PRI thy)
sounding# AN AE2E HWFE 247} US standardth 7)o ZHoA Al F3le 2BkmA S o)&8 2+
Bt} th7] sounding® 2 CAGEX #3 AR E, d2F WFE RdM AFste BkmAFE °l
£33 A7 ZAZ) o ZAeA UEE olRETH th7) soundings} eI 2E W4 Stk CAGEX
AZAEE o4 A7t 7P SAA A vsith

7] AgelA Ak Bate] A9 AN L 28 SAHF(CAGEX ARM)ET Z+zh 21.29W/m2
BAW/mAE B fluxZE 29 HJX A 3& 512W/med-& o2 BTk tl7] A
A 3% BALE ARBL RS 3F H4F BARS vlEAE B)7] sounding®t 3 AEHET O
7] ?oundmgaﬂr 7] o 2EE FAll X @ Aol SRR o AR 29 HA

ARxHO T 33 AL BA= SAgRY A 1, 25 242 10215W/m?, 2326W/m2A % A2

402 Ab 38 07ZW/mAAE o 2 o2 Rel Ho] Al 30] 2Age] 71 ZAleA we)

Table 2. Experiment case

" Experiment - . |~ Atmosphere - Aerosols
case 1 US Standard Rural 23km Visibility
case 2 CAGEX Rural 23km Visibility
case 3 CAGEX CAGEX

CAGEX ARM ground truth flux

Table 3. Fluxes obtained from case experiments(29 data sets)

unit : flux(Wm-2)

flux | . Upward ° | Upward.: | Downward’ | Downward
N | at at | Direct - | Diffuse. .
wease N s"urface’ ; . TOA atsurface’. | atsurface
CAGEX ARM 144.44 186.13 65347 106.83
Liou 148.69 195.13 686.32 111.16
Expl 123.64 207.42 55133 201.09
Exp2 136.74 209.94 630.21 181.83
Exp3 141.54 181.01 664.19 10747
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s dch

ABHO 2ol s} At BAl= 2R Al 1, 2 3014 2 9426W/m2 75.00W/m?, 064
W/mAE o & zto 2 R9| 5o Al 30] 237k 713 2AKHA 29 HUh

ol ol 7+ BAL REHWE A E AFE A3 B ZY 48 AEZ U)7] soundingd oo E
Z wgeo el 47t RYolA] AZehE US standard 719 AR 23%kmE AFES A¢(AH) )9
U)7] sounding® oo]2Z& Wl tish 22} CAGEX w719t BdoA A= A& BkmE A
43 A9(AH 2)9 7] sounding@ ool 2ZF W4l 8] FAl9) CAGEX th7|E AMEE A%
(AHEl 3)ell ARl 3°] CAGEX ARM #ZXol 713 ZAH 2 =53tk 53] AM) 13 Al 2
£ AgHA S 88k Alet BAlA AslA] & Flux o2 ZHU) ol AXHO 2 3
gk At BAls o2& 98] st B F%S 9 AH L 2004 AA t)7]9] o2& S
T3 GO F A Aolgo® AE r} fEA EARE Ed g o8l tir|BAE B
93tz & de WEA] oZEE FEdtejof gk T3 BAL AE ZojdM tl7] soundingSH
8 & ARt 07 sounding ol E2EE FAY IS Ao AEHOES] 3 Fib B
AZE A el A ReE AL LOWTRAN70] do]g&e] o3t ke wzkalA 2o 8=
Aeg 2% 8 4 qth

Atell 32 Fu-LiouZde] *.¢ A¥ ZEo A FEAA S A ZHUT wabA
g o] Al AFE F8 LOWTRAN7S & 7HA A J99 Hos o2& e v
A whSshe AoE wdsigth

V. Al Jg 2o| Y ARM A2 2} H|m

B dFME tiz|aste] A A BAHS 7] 93 A 12 Y LOWTRAN7 coded
#4 7HsAE AL ©1F 98l CAGEX A3 A5 & 468 AR oA ¢33 & @
31 A AEEE 0183 th7] sounding® 3o A 7| FAHFE o] L3l oAEE J &
A AFES F2319 )5S ¥YY AEE do HA 18 B LOWTRAN7S o] 43l d)7)5%
AHE BEOEIH T B Ad F debg el dhste] A B A3 BAL (JFHO RS &gk
A BAL 3 GAb AL i 7] kel Ao Ak BAtel ojsi LOWTRAN? 49 R A3 gk
CAGEXS] ARM HA} £43F 123 CAGEXOA AlFste BAHYE 29 29 Z3<] FuLiou
2499 29 Ax g v wslych Fig 112 CAGEX ARM A} 24713 LOWTRAN7S] A%
o] s BAL ARHOZ 313 Y BAL ARXHC R 313F it BAL tf7] AddelA
o] 4 BALE 247 Fig. 11 (a), (b), (o), ()l EAI8IAT Fig. 119 98t dabg oA #|
B Ak AL A FHO R 9 318 A EAl= LOWTRAN7 Edo] <3 2o A 354
CAGEX ARM ZA3te] vl & st 18y AXHL R &3 &4 A} o)) A
o X AHd EAl= LOWTRAN7 Zde] 9& 2o A3 33 CAGEX ARM ZA3tel o7t 2}
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} Fig. 11. Calulations with LOWTRAN? compared with observations for clear-sky conditions:
(a)upward shortwave flux at the surface(Unit :Wm2),
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Fig. 11. Continued: (b)downward direct shortwave flux at surface(Unit :Wm-2).
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-Fig. 11. Continued : (c) downward diffuse shortwave flux at the surface(Unit :Wm-2)
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Fig. 11. Continued : (d) upward shortwave flux at the TOA(Unit :Wm-2).
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Table 4. Comparision between model simulations and observations of radiance flux component.

(W/m2)
L ~ Upward at Upward at Downward direct |Downward diffuse
‘ o variable . * surface CTOA atsurface at surface
difference absolutedeviation 1.5 52 104 6.0
between standard error 19 6.1 12.9 75
LOWTRAN7 standard error(%) 1.3 33 19 6.9
and CAGEX mean 22 69 15.1 19
difference absolute deviation 0.9 50 11.1 6.7
between standard error 1.2 6.1 140 82
Fu-Liou standard error(%) 08 33 2.1 76
and CAGEX mean 38 84 303 28

o7 e AL B F Utk ABHO R &8 4} Al ooJ2F0) 93t bghe] J&s 7Hd
@o] W= gEoluZ LOWTRAN7 ZE7} dloj2&9] 3L Tojsl=d QA Hsg s A
o2 FZHo

LOWTRAN7 Z&7} 4%k dvhv A B9 & 4 J=AE FAFHSE Els] 4
3 AE B g 3 AEo] tisl Ty G s ARHAA Y A BAL 7] Abd
011*194 A BAL ABEHOZ ] &3 Ag BAL AFXHL R 315 it BALG 9] dhEo A
Fu-Liou 2. 2t LOWTRAN7 29 3+& CAGEXS] ARM #Zx|9} 747t H) w3t} Table 4
= LOWTRAN7 29 A3} CAGEX ARM ZA3#¢] 2H 4 (LOWTRAN7-CAGEX))$} Fu-
Liou 29 239 CAGEX ARM 2A37+3e] 2H 4 (Fu-Liou-CAGEX))2] Ztell thsl zhzt Huiw
of, EFHAL, FF LAl HHFL HI I

Table 49 &3t A FHO 29 313 g BAl= 4 (LOWTRAN7 -CAGEX)¢] AUi¥ g, 5
Wz}, 829 183 HEke] ZH2F 104W/m? 129W/m2, 19%, 151W/m22 2R gke] ZAFeHA
F9HUT o] A3 4 (Fu-Liou - CAGEX)9] AU ¢ 111W/m?2 XFHA} 140W/m2, EFL.
2} 2‘.1% 2|3 Hawk 303 W/m2hoh SR o 23 ZHATE AL ¢ 5 Aok A
EHO A9 313 4 BAM= 4 (LOWTRAN7 -CAGEX) 9] FUi¥$), ¥5Ha}, 203 132
ol 2z 60W/m? 75W/m?2 69%, 19W/m2E ZAzts} Hlwd 2 zpo)g ReEoy
4 (Fu-Liou-CAGEX) %] A 67W/m2 EZHXF 82W/m2 BE93} 76%, 182 A%
28W/mZR T BE WErt 8 ghololX Fu-Lioud) 29 AxRo ZAgkd o 2434 29
YT RS 9 & A AEHNMY AFEAR= A (LOWTRANT-CAGEX)S] Hi#gkol-
22W/m22 YAZ SAFRRG AL PR FeoHoY AHd) MYst 15W/m? EEFHA}
19W/m2 183 EF QA7) 13%0]ojA] LOWTRAN7 2¢] AxE 2433 vyd 2 43
t}, o] F+E°] 4 (Fu-Liou-CAGEX)9] AulH$] 09W/m2 EFHA} 12W/m?% X5 2.2t 08%, %
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T 38W/m2 SH% ¥ 1d AR Fch gt A (LOWTRAN7-CAGEX)®e] 4 (Fu-Liou-CAGEX)H
o2& a7t 47 A4 vehde A WsiA= LOWTRAN7 B9 B 9] A48 HA}
#s AA A FA 7] WEo AMEAE Beojd 7zt dE9] At A HSES ol 4d)
o Estejof &) wiol o] FHAFoNA mAad QAL B & F g Ao HAEF § Uk
I8y LOWTRAN79] 9 2ol Ade= A4z ofF ZHHY. 4 (LOWTRANT7-
CAGEX)9 7] AAdelx o] s BAls #Hagte] 69W/m2E SR vsiAe o 2 @
E RYEHUAT 4 (Fu-Liou~-CAGEX) S HFgk 84W/mzol| 3l ZA el o ZAEHA E9
HAt}k £33 4 (LOWTRAN7-CAGEX) e} Adi¥$)7}t 52W/m2, EEHA7}F 61W/m2 187 &
& 237} 33%°]914 4 (Fu-Liou- CAGEX) 9] FUiH$)7} 50W/m2 EFHA7T 61W/m2 183
BEE QA7F 33%3 vix 3 B o) LOWTRAN7S %9 AsE FuLioud] ¢ ZAFstx A9
x|t

ol4el AHAE FYPNE W CAGEX ARM 3ol thdt LOWTRAN7 29| gte] EF 23+ o
S SE(REHAA Y A EA} 13%, th7] Aol A9 kel 33%, A EHSZY 318 A
FAL 19%) 9l vls] ABH2R] &3 A4 BAH69%)7F Avhe RS 45 AUtk 7HAFA 99
M ARHLZY 3F 4 BAL: F2 o2 T BFFY et s dojuinz
o] 27} Atk AL dojgFel 7 S Y3 HostA] £l WELZ AL o
L= B3 ARW-H7|A 2" 93 o EAl FEEY o3 B g8g F= o
e g2t o] dojgEd ¥ A &34E 2 TesH LOWTRANTS o|43td 7] &
ALE EOE o) (EHS 2 33 Abg Bl Bl ol g2 &5 93 2d S glo] AA
o2 #AZA Y W JARR th7] BAL RS ¥4 g ASE Pt TF AFHAMY
a3 Ak BAL 35l 2430 thE 3= Fu-Lioud] 29 3H(76%) Bt LOWTRAN7 X9
#(69%)°] B AUk WA olF AAE F3f th7] AL AYEL S o] 43l thr|EHE B A
gzl Aol ool2Fe] #g FE7t § olFolFh LOWTRAN? =& HAG EAAG
gy dg gk

VL. 22 % #E

A4 @A A7 #AF AR, 53] 7 FA 499 ARE HgFe) A7 U A BFS 43
AEE ANF AN gsiA FHA gt NFH G99 AT #AS 9A AFRE AF
Hog FAa] AdME 7Y A} S50 A7 gir|adel] W AFF o] Wi o)
o & d7dXe 9448 AR dr1ade g AR BAS A8 BA A9 2l R 7}
TS A7) QlEte] dAl 97 EAL EolollA tiy] B de] $4EF e LOWTRAN?
FE9] BAL B8 AT o2 98] LOWTRAN? EAl Ay 29| A¢ CAGEX A8 &
ARM(pyrgeometers, pyrheliometer, shadow pyranometer) #& 258 v 3lch A7+ LS Q0
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3hA ofef ¢k 2k

(1) W7 BA} 2dg o] &3 g EAl A8 HoE YFAE Ul7] soundng B eoJZE
Qe AN 48 A7 Dodth LOWTRAN? 2499 93 A3E BddA AFHE o

7] 2 JO2E 23} AR FA9 9Y AFE TR 48 F oy AR grE
R937] HalME ARER $419) g7t g Eolok gtk AR FAHY fE AR F o

7] sounding®l & AFE Frle Ed AU A4 A5F o8 Hlud 4A 45T 5
oy ool2E W] BE ARE CAGEX RARAS Zo| AZW t71F I3 FAD
AR 5 ) BEo) o] AEREE do)2E I8t EAL EEeE W e &7
B B A7AE CAGEX B3 R8¢ 9%9 tr]1F 28 FA, D dmeida®) th7) oflo]
ZE 3% 54 "Hol¥, Spinhimed] At A7 A X 4E o]&sld Joj2E BAL &

- ARE =& W] AEEATh

(2) W7 Ba} A8 299 th7] sounding} IZE UREE ZAL ¥ o)FEly] Hstd 4
ARE AHEE WS A7|AN Bolsle 1 A9 #F A8E vt RAAXN AF
e 948 ASY ARV Adste ¥ AR (CAGEX AR)E AHEse 3+,
LOWTRAN? o] 2@ 7t 34 999 Ro& oo]2F W RIP3A w-gsigich vt

. A LOWTRAN7 ZE+= 7] sounding 2t} o1 2F 54 Wstel] o8f fux 7} 34 93L&

| wEgE AS Byt
(3) CAGEX #% 229} ()olX F&7 oo)2F WFEL o438l LOWTRAN7 ZEd) 9
o un geold o) Bab #BES ZSYT o Bel AR CAGEX #E AR F
ARM (Atmospheric Radiation Measurement) A& v atdth ¥l 23 LOWTRAN7 &
9] A3}E= CAGEX ARM A3kl wls] BF A7t A ZHAA 9 83 2g 5AL A%
A1) &8 A BALY A ZHz7t 19%, 69% % R H YT Fu-Liou 2 B#E CAGEX
ARM 233t vla] B2 A7 ARHAX Y 348 H AL ARHAX Y 31 &4 B
A A% Zzh 21%, 16%2 EeFo] LOWTRAN7 29| A3 FulLiou 29 AT
AL apol AR 27k o A ZelH AT

|

$l A ¢5tH CAGEX ZA4zkel g LOWTRAN7 2 gro] X ZHNA 9 315 A &
A} (19%)0 Hl#) AFEHAA Y 318k kgt BAH69%) o £F LAt Avke Ae €4 Uk 7}
AFA Ggel M ABANAM Y 818 A Al FE ooj2Ed AT BgFe] A o3
AUER o] 937} Aths AL AR Eol o A HF3] RodtA Raly] Yl
Mg}, B8 CAGEX ZA3te] et LOWTRAN7 2¢] gte] & Qapr} A EHAA e Ak B
Abe} th7) Aol A o) AFEALE 5% o|tE FAghe] ZAEHA 2o HAth e AFE X9
gk Abg Baly oxE Bdt AxU-ulz|Aade) s & 3ESe 23 B F¥
Zt}. Wby o] dloj2Ee o% At EHE # sk LOWTRANTS o]-&ste] th7] EALE
2og o) NFEHIA B A BAF By oy} O 59 Ak Y F o] AAH2
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