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Abstract. Intercomparison among the three radiative transfer models (RTMs) which have been used in the studies for
COMS, was carried out on the condition of aerosol-laden atmospheres. Also the role of aerosols in the atmospheric
radiation budget was analyzed. The results (hereafter referred to as H15) from Halthore et al.’s study (2005) were used as
a benchmark to examine the models. Aerosol Radiative Forcing (ARF) values from the three RTMs, calculated under two
conditions of Aerosol Optical Thickness (AOT=0.08, 0.24), were systematically underestimated in comparison to H15 in
the following shortwave components; 1) direct and diffuse wradiance at the surface, 2) diffuse upward fluxes at the
surface and the top of the atmosphere, and 3) atmospheric absorbance. The ARF values for the direct and diffuse fluxes
at the surface was —10~—40 Wm™. The diffuse upward values became larger with increasing both AOT and Solar Zenith
Angle (SZA). Diffuse upward/downward fluxes at the surface were more sensitive to the SZA than to the atmospheric
type. The diffuse downward values increased with increasing AOT and decreasing SZA. The larger AOT led to surface
cooling by exceeding the reduction of direct irradiance over the enhancement of diffuse one at the surface. The extinction
of direct solar irradiance was due mainly to water vapor in tropical atmospheres, and to both ozone and water vapor in
subarctic atmospheres. The effect of water vapor in the tropics was 3~4 times larger than that of the ozone. The
absorbance values from the three RTMs agree with those from H15 within £10%.
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Table 1. Radiative Transfer Models (RTMs), their characteristics and investigators in this study. Here the model abbreviations
are as follows; Average of 15 models in the study of Halthore et al. (2005) (H15), the SBDART of Ewha Womans University
(Ewha-SB), the SBDART of Yonsei University (Yon-SB), and the Line-By-Line model of Kangnung National University (KNU-

LBL)
Model name Description of models Investigators Model abbreviation Model No in this study
H15 Average of 15 models Halthore et al. H15 1
20 cm™ spectral resolution, 1 km vertical Yoo and Jeong Ewha-SB 2
SBDART . .
resolution in troposphere, 33 altitude layers Kim Yon-SB 3
KNU-LBL Discrete Ordinate Method (KNU-LLBL) Lee KNU-LBL 4
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Fig. 1. The vertical profiles of (a) temperature (T), (b) water vapor (W), and (c) ozone (O;) for two kinds of atmospheres; trop-
ical (TRP) and subarctic winter (SAW). The profiles of aerosol number density (cm™) for two aerosol atmospheres (Aerosol

Optical Thickness, AOT =0.08 and 0.24) are given in Fig. 1d.
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Table 2. Spectral values of extinction efficiency (Q.x), single scattering albedo (w) and asymmetry factor (g) used to define
aerosol optical property in this study. These parameters have been obtained from the Mie theory, using the assumptions as fol-
lows; 1) log normal distribution, 2) geometric mean radius of acrosols 7 =0.027 um, 3) standard deviation of aerosol size distri-
bution 6=0.77, and 4) refractive indices of aerosol (1.42-0.0079i). Aerosol parameters calculated at some nominal MODIS
(Menzel et al., 2002) and TOMS (McPeters et al., 1996) channels, which are used for atmospheric and aerosol remote sensing,
are also shown

A (um) Band (B) Qex ® g
0.280 1.546 0.944 0.727
0.340 TOMS 1.261 0.945 0.713
0.380 TOMS 1.104 0.945 0.704
0.466 MODIS B3 8.389x10™" 0.943 0.685
0.554 MODIS B4 6.447x10™" 0.940 0.665
0.647 MODIS Bl 4.974x10™ 0.936 0.645
0.746 MODIS B15 3.847x10™ 0.931 0.624
0.857 MODIS B2 2.945x10™ 0.925 0.603
0.936 MODIS B10 2.465x10™ 0.920 : 0.588
1.242 MODIS B5 1.337x10™" 0.897 0.535
1.629 MODIS B6 7.076x107 0.862 0.479
2114 MODIS B7 3.712x107 0.810 0.422
3.788 MODIS B20 8.666x10 0.589 0.290
5.000 4.644x107 0.434 0.230

£ 95 BAleg, HYRADEC] 7] MRelt  ARE Eb 3BT deleigol NEAMY W
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Fig. 2. The SW (0.28~5 um) downward diffuse irradiance at surface (BDDif) for the atmospheres with Aerosol Optical

Thickness, (@) AOT=0.08 and (b) AOT=0.24. The sequence of model numbers is as follows; O H15 (Halthore et al., 2005;
average of 15 models), @ Ewha-SB, ® Yon-SB, and @ KNU-LBL. Here the abbreviation for the model names is described in

Table 1.
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Fig. 3. Same as in Fig. 2 except for upward diffuse irradiance at surface (BUDIf).
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Table 3. Aerosol radiative forcing (i.e., the subtraction of the Rayleigh case from the aerosol) in the shortwave (0.28-5 pm)
region under the cloud-free condition of high aerosol optical thickness (AOT =0.24), based on the calculation of the SBDART

32-streams. Here the unit of flux (F) is Wm™

Atm;;]zhere SZA (0) Extinction factors F‘Ldjr,SFC FVLdif,SFC F sitsrc F gittoA o A
TRP 30 with wv & O; _148.17 117.77 6.08 4.13 3.52x10 0.0172
w/o WV -158.80 127.48 6.26 3.96 3.38x107 0.0180
w/o 0, -151.09 119.61 -6.30 431 3.68x10™ 0.0178
w/o wv & O -161.75 129.35 -6.48 4.14 3.53%x107 0.0186
TRP 75 with wv & O, -75.96 42.99 6.59 16.40 4.68x107 0.0285
w/o WV -89.39 50.65 -7.75 18.33 5.23x107 0.0362
wio 0, 78.82 44.41 -6.88 17.46 4.99x107 0.0287
w/0 wv & O; 92.36 52.14 -8.05 19.42 5.54x107 0.0364
SAW 30 with wv & Os -152.85 122.20 6.13 3.80 3.24x10™ 0.0177
w/o WV 15721 126.26 6.19 3.74 3.19x10™ 0.0179
w/o O, -157.51 125.44 -6.41 4.12 3.52x10~ 0.0184
w/o wv & Os -161.87 129.51 647 4.06 3.46x107 0.0186
SAW 75 with wv & O -80.95 45.80 -7.03 16.53 4.72x107 0.0331
w/o WV 87.01 49.25 -7.55 17.51 5.00x107 0.0362
w/o 0; -86.34 48.70 -7.53 18.40 5.25x107 0.0334
w/o wv & O; -92.46 52.18 -8.06 19.40 5.54x107 0.0366
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Fig. 4. The SW (0.28~5 mm) absorptance shown as percent deviation from the values of H15 (Halthore et al., 2005; mean of
15 models) for the models for atmosphere with Aerosol Optical Thickness, (a) AOT =0.08 and (b) AOT = 0.24. The sequence

of model numbers is as follows; @ H15, @ Ewha-SB, @ Yon-SB, and @ KNU-LBL. Here the abbreviation for the model

names is described in Table 1.
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