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Abstract: Intercomparison between eight radiative transfer codes used for the studies of COMS (Communications, Ocean,
and Meteorological Satellite) in Korea was performed under pure molecular, i.e., Rayleigh atmospheres in four shortwave
fluxes: 1) direct solar irradiance at the surface, 2) diffuse irradiance at the surface, 3) diffuse upward flux at the surface,
and 4) diffuse upward flux at the top of the atmosphere. The result (hereafter called the H15) from Halthore et al.’s study
(2005) which intercompared and averaged 15 codes was used as a benchmark to examine the COMS models. Uncertainty
of the seven COMS models except STREAMER was +4% with respect to the H15, comparable with +3% of Halthore et
al’s (2005). The uncertainty increased under a large SZA =75°. The SBDART model generally agreed with the H15
better than the 6S model, but both models in the shortwave infrared region were equally good. The direct solar irradiance
fluxes at the surface, computed by the SBDARTs of four different users, were different showing a relative error of 1.4%
(121 Wm™). This reason was partially due to differently installing the wavelength resolution in the flux integration. This
study may be useful for selecting the optimum model in the shortwave region.

Keywords: intercomparison, radiative transfer model, Rayleigh atmosphere, SBDART, 6S

*Corresponding author: yjm@mm.ewha.ac.kr
Tel: 82-2-3277-2710
Fax: 82-2-3277-2684



ele] T (oM Eht YHoIMe] SARERY HBSo| A5 vln 299

2 % & d7ME dd@Es ) t7] 27 sold U coMS AFAES] AHgshs o A B BARY
EdoM A2 V] FF BA(flux) AES ASHRTOEN A OE 2ALET o)F BAE RS R Fo|A
o A A}, S AR, A A, 3T ] AR ek Aletolth 3 2 mde) HrlE sk, 157
29& Ha3 Halthore et al(2005) 27K, HIS)E 718702 AMEIdTh. SU3 BPadzoly 2d 7he] Balx|
= Ul WA F57100 NAsA L, ) h7lelME ) 7]Q5th. STREAMERS A|9sh ] 7] =dle)
Aol sk Aedalzhe Hisel thele] x4oheld LR8It ol Al oAe BlkaAzte] AR 0 27}
3201, Halthore et al.(2005)14) +3%9F 27alAch U] 5 BAK: REXjo)A SBDART 2do| 65 =g u]5}
of Aoz fagou, 249 B ME sk Wil 71#e) A7AS0] 2+S SBDART 24
M AEE ARAMY Y ALAARR R 121 Win'(14%)2] BLA7} EAsAT BYX ) gele HEHo
R BARE AR glolM AR tdEA 448 33 BEasds gtk & A7t vy dddq FHd mde 44§
= e & 5 U

TR04: JeH|, BApderd, gda) t)7], SBDART, 6S

M E

B9 4% (0.3~5 pm)elM 9] Bl FEARE AT E AL}
A di7] e 2 EE AAEE Fo duRe
olm, AFAA BA X2 FA3THPeixoto and
Oort, 1992). wbA, o] zpdAel, 2l9Fel $4
el tistd di7] gt ofgA Bk AN
dZ3l7] sted, BlgEALY EAldg AN F
T, T3, WL AR 98 uAYe HE: 1 B
APdERE S olgsle] Aslsle Ao Hesig
(Halthore et al., 2005). =3+ BEA} el U]
7RG 2H 9] e ARk 94 AFYA}
M dut Eabdde] uigk 483 A2o] a1g
o} d& E9, 0.65ume}t 3.7 um G AFHN}
olojglE FAUL olE} T8 ¥R ed 4
ArHe.g, Knapp and Vonder Haar, 2002; Underwood
et al., 2004; Cermak and Bendix, 2005).

St Azel U= ARAE 94 S
71749173 (Communication, Ocean and Meteorological
Satellite; COMS) 20080l ZAFE g ojo}x (7]
A4, 2005), COMS A7 g 1)) A7A)
20| 71& TS AFS} BAdgRY S B8
A COMS 9REE HEld 7)1 dRAsA A A
= 7N Fol Ack(Table 1). 3 ATAEL oY
FFY BARERIES dA) ARgel AR, 7}
2dof ox9} A &4 tslods A A
Hol glA e Aot}

24 ZF vzEA A 29 A< Halthore et
al (20050014 Al=g ®P} glou, 7o md Al

ol ARgAFES] A8 Wiolvt 3-8 we 3T
2 Aol ek = Qoms, ¥ A7E ) A
A ek AdEn. oA 9, dY
ATE RYES JUEH AgAe £§ AL 3
N & doke WM Fasn 56 59 g%
(e.g, COMS AEAE] A2E)E 943 7 nd9
ARl hotA, ol HlmEA =Fe T A

5 1R ¢ o ol Rde d5dhed 9o
4] MODTRAN(MODerate resolution —atmospheric
TRANsmission)?] Aol AREAPE 79 w&s
Feelol sfeg, 9 EARE R 84 2 A}
A AL FFEH ATEQ 0] ool X7 2474
d8g T AAAQ 5 §945 £ 4.

AR RS o] &3 97% XA FH 8
Ao Aoz AEEA] G thdE 718 A
sl EAF oz Hslol] i E2FHe A3
T Uthe.g, Yoo et al, 2006). <=5 714 tj7]o) B
sl dojeig Ee g EA ti7|dMe BARY
HEE TS Bt B 7he] A3 2lE B
o 4 Sthe.g, Halthore et al, 2005). ZZEE &
AToME BAEREY A9 b Hlw ENE ¢
T 71A (e, dLE 7 ALl dis 24
g oolF, AR AFdME dofHE/AE &A=
AL gt & Ao £H2 COMS ATAE
o] AREEIL Sle EAERUESY] du Balk:
(shortwave flux) A4t #de] ti7] 27 3lojA
AT HugreeA A eAE BAs, AEAE
#HA 2dg ARlek=d 3t}



ol 78 - AV - HBY - 20 - Olg - Ot £52 - Ol

300 732 BN Ol -2 F- 5138 -tk sl -0l R

Table 1. Radiative Transfer Models (RTMs), their characteristics and investigators in this study

Model Model No

Model name Description of models Investigators abbreviation in this study
H15 Average of 15 models Halthore et al. (2005) H15 1
Yoo & Jeong Ewha SB 2
SBDART 20 cm™' spectral resolution, 1 km vertical resolution Kim Yon_SB 3
in troposphere, 33 altitude layers Ho SNU_SB 4
Ahn MRI_SB 5
TRAN Eight-stream DISORT model, HITRAN based transmittance,

MOD -4 2 cm™ wavelength resolution, 50 vertical layers Abn MRI_MOD 6
KNU LBL Discrete Ordinate Method (Line-by-Line) Lee KNU_LBL 7
STREAMER 5 aerospl optical model and 4 vertical acrosol model, Ho SNU_STR 8

65 vertical layers
6S 2.5 nm spectral resolution Kim Yon_6S 9
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Fig. 1. The profiles of (a) temperature (T), (b) water vapor (W), and (c) ozone (Os) for two Rayleigh Atmospheres (tropical,

TRP; subarctic winter, SAW).
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Fig. 2. Downward direct irradiances at the surface (Sfc) in the shortwave region for tropical (TRP) and subarctic winter (SAW)
Rayleigh atmospheres with the solar zenith angles of 30° and 75° calculated from (a) SBDART, (b) MODTRAN, and (c) 6S.
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Fig. 3. Same as in Fig. 2 except for downward diffuse irradiance.
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Fig. 4. Upward diffuse irradiance at surface (Sfc) in the shortwave region for the atmospheric (tropical, TRP; subarctic winter,
SAW) and geometric (solar zenith angle, SZA = 30°, 75°) conditions for a Rayleigh Atmosphere in the radiative transfer models

of a) SBDART and b) MODTRAN.
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geometric (solar zenith angle, SZA =30°, 75°) conditions as a function of model number for a Rayleigh atmosphere in the wave-
length regions of a) SW(0.28-5 um) and b) UV (0.2-0.35 um). The sequence of nine model numbers investigated in this study is
as follows; O H15 (Halthore et al., 2005; average of 15 models), @ Ewha SB, @ YON SB, @ SNU SB, ® MRI SB, ®
MRI_MOD, @ KNU_LBL, ® SNU_STR, and (9 YON 68S. The abbreviation for the model names is described in Table 1.
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Fig. 7. Broadband (0.28-5 um) direct solar irradiance at the surface (BDDir) as percent deviation from the H15 (Halthore et al.,
2005; average of 15 models) under the conditions of two atmospheres and two SZAs for the (a) seven and (b) eight models,
respectively. Here the SNU_STR model is excluded in Fig. 7a compared to Fig. 7b. In addition, the abbreviation for the model

names is described in Table 1.
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Fig. 8. Four fluxes (BDDir, TUDIf, BDDif, and BUDIf) at SZA =30" for the SAW atmosphere as deviation [Wm™’] from the
H15 (Halthore et al., 2005; average of 15 models) for the a) eight and b) seven models, respectively. Here the SNU_STR model
is excluded in Fig. 8b compared to Fig. 8a. The symbols of BDDir, TUDIf, BDDif, and BUDIf stand for direct irradiance at
surface, diffuse upwelling flux at TOA, diffuse downwelling flux at surface, and diffuse upwelling flux at surface, respectively.
In addition, the abbreviation for the model names is described in Table 1.

Table 2. Deviation (Wm™) of the SBDART (Ewha SB) and 6S (YON 6S) from the average of 15 models (H15) described by
Halthore et al. (2005) for the atmospheric (SAW, TRP) and geometric (solar zenith angle, SZA = 30°, 75°) conditions. The devia-
tion was examined in the four different wavelength bands (SW, UV, VIS, SWIR), and in the flux components of BDDir and
BDDIf. Here the symbols of BDDir and BDDif mean the direct irradiance at surface and the diffuse downwelling flux at sur-

face, respectively

SAW 30 SAW 75 TRP 30 TRP 75
BDDir BDDif BDDir BDDif BDDir BDDif BDDir BDDif
H15 940.90 63.80 217.00 37.10 848.50 64.00 184.80 37.20
SB_SW -18.92 -0.60 -7.61 -0.75 -11.12 0.11 342 0.24
6S_SW -19.81 -14.72 -6.49 -5.32 -1334 -13.71 0.34 -4.75
H15 11.50 9.00 0.40 2.80 11.80 9.50 0.40 3.00
SB UV -1.05 -0.62 -0.06 -0.30 -0.50 -0.03 -0.04 ~0.12
68 UV -1.85 -1.11 -0.08 -0.56 -1.28 -0.49 -0.05 -0.37
H1s 414.00 50.30 81.40 30.70 413.30 50.30 81.30 30.90
SB_VIS -3.94 0.27 272 -0.24 -0.75 0.70 -0.06 0.32
6S_VIS -16.22 -11.92 -4.46 -3.75 -12.71 -11.58 -1.84 -3.32
Hi5 51530 4.40 13520 3.50 42340 420 103.00 340
SB_SWIR -13.83 -0.14 -4.82 -0.11 -9.87 -0.57 -322 -0.53
6S_SWIR -10.63 -1.6 -1.95 -091 0.65 -1.64 2.83 -1.17
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Appendix

Table A1. The information about five radiative transfer models used in this study. The model contents of application, devel-
opet, characteristics, and advantage/disadvantage are described.

. Reference radiance calculation
Product/Application Comparison with other faster RTMs
Developer AFGL
Characteristics Type Band model
Range 0~50,000/cm with 2/cm in averaged step of 1/cm
V. Resol. User defined (0~100 km)
-6 Standard atmosphere and user input
MODTRAN . Atm. -Various molecular species in default models
(MODerate resolution Param. -Aerosol vertical distribution in 4 levels (V3.7)
atmospheric -User provided various cloud parameters
TRANSsmission)
Sfe. P -BRDF parameterization model
' "I -Default and user defined surface models
Others -Various geometrical angles
Sfc. Param.{ Surface albedo user input
Other Various geometrical angles
Advantage Accurate and flexible, easy to handle
Disadvantage Fast in IR, slow in high stream VIS
COT, ER, FOG, OLR for the threshold value, derivation of the empirical
Product/Application equation, and LUT construction. Calculation of TOA radiance over cloud for
calibration
Developer UC Santa Barbara
Characteristics Type Band model
Range 0.25 pm~100 pm with 5 nm (VIS) and 20 nm (LW) resolution
SBDART V. Resol. 65 Layer
(Santa Barbara DISORT Atm -6 Standard atmosphere and user input
Atmospheric Radiative Pam'n -User defined cloud parameters
Transfer) : -Gas absorption is based LOWTRAN-7 band model
-5 defanlt surface type (Ocean, Lake, Vegetation, Snow, Sand) and
Sfc. Param.| combination of the default surfaces, -User defined sfc. Information,
-User input BRDF
Others -Various geometrical angles are possible
Advantage Fast calculation, easy input parameters, free of charge
Disadvantage Unable to include non-spherical particle, only plane parallel atmosphere
Products/Application CP, CT, CTTH for threshold determination, LUT construction
Model CIMSS Version 3.0
Characteristics Type Parameterized band model
Range SW (24), LW (105 with 20/cm bandwidth)
V. Resol. 65 layer
STREAMER
-7 Standard atmosphere and user input
Atm. Param -5 aerosol optical model and 4 vertical aerosol model
-Various cloud information (10 layer with mixed cloud type)
Sfe. Param -Lambertian & BRDF
’ -Spectral albedo & BRDF user input
Others Various geometrical angle
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Table A1. Continued

Fast calculation, easy to input the input parameters

Advantage
STREAMER
Disadvantage Difficult to derive surface radiance
Products/Application AOD, Slfrface Reflectance, and Calibration for threshold determination, LUT
construction
Model Improved version of the Lab. d’Optique Atmospherique 5S
Characteristics Type Band model
Range VNIR (0.25~5 um) with spectral resolution of 2.5 nm
6S V. Resol.
(Second Simulation of Atm -Standard atmosphere and user defined input
the Satellite Signal in the P : -6 default acrosol model and user defined input
Solar Spectrum) aram. -Various geometrical condition is easily simulated
Sfc. Param.| -Lambertian & BRDF
Oth -Cloud input is not possible
e -Basic information of VIS channel of current satellite is included
Easy to satellite application, Relatively high spectral resolution
Advantage
Only for clear sky
Disadvantage Reference radiance calculation comparison with other faster RTMs
Products/Application Line-by-Line Model with Discrete-Ordinate Method
Model type LBL Model
Characteristics Range 0.2-10 pm with spectral resolution of 20 cm™
Line-by-Line Model with V. Resol. | User define
Discrete-Ordinate Method; -
- 6 standard atmosphere and user defined input
Atm. . . . .
P - includes rayleigh scattering and gas absorption
: - user defined cloud and aerosol parameters
Advantage Accurate and flexible, easy to handle
Disadvantage Only plane parallel atmosphere and slow calculation




