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Abstract We estimate atmospheric radiative heating effect of aerosols, based on AErosol
RObotic NETwork (AERONET) and lidar observations and radiative transfer calculations. The
column radiation model (CRM) is modified to ingest the AERONET measured variables
(aerosol optical depth, single scattering albedo, and asymmetric parameter) and subsequently
calculate the optical parameters at the 19 bands from the data obtained at four wavelengths. The
aerosol radiative forcing at the surface and the top of the atmosphere, and atmospheric
absorption on pollution (April 15,2001) and dust (April 17~18,2001) days are 3~4 times greater
than those on clear-sky days (April 14 and 16, 2001). The atmospheric radiative heating rate
(AH) and heating rate by aerosols (AH,,.s) are estimated to be about 3 K day"1 and 1~3 K day'1
for pollution and dust aerosol layers. The sensitivity test showed that a 10% uncertainty in the
single scattering albedo results in 30% uncertainties in aerosol radiative forcing at the surface
and at the top of the atmosphere and 60% uncertainties in atmospheric forcing, thereby translated
to about 35% uncertainties in AH. This result suggests that atmospheric radiative heating is
largely determined by the amount of light-absorbing aerosols.
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Table 1. Daily-averaged aerosol parameters at 4 wavelengths (i.e., 440, 670, 870 and 1020 nm) used for the radiative flux

calculations.

Date (April in 2001) Aerosol optical depth

Single scattering albedo

Asymmetric parameter

» 0.159, 0.091,
0.077, 0.064
5 0.361, 0.217,
0.172, 0.146
16 0.136, 0.079,
0.066, 0.055
. 0.675, 0.588,
0.554, 0.526
8 0.417, 0.353,
0.334, 0.311

0.923, 0.908, 0.680, 0.619,
0.904, 0.906 0.603, 0.607
0.882, 0.867, 0.685, 0.634,
0.860, 0.861 0.630, 0.639
0.913, 0.882, 0.659, 0.619,
0.857, 0.866 0.624, 0.641
0.918, 0.955, 0.732, 0.709,
0.964, 0.969 0.709, 0.711
0.931, 0.964, 0.727, 0.698,
0.974, 0.978 0.695, 0.697
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Fig. 1. Temporal evolution of (a) aerosol extinction (523
nm, km™') profile measure by micro-pulse lidar, (b)
shortwave radiation flux (W m2) at the surface measured by
radiometers (dot) and calculated by CRM with AERONET
data (solid line) at top of the atmosphere (TOA), atmosphere
and surface, (c) CRM simulation result of instantaneous
aerosol direct radiative forcing (W m™2), (d) atmospheric
shortwave heating rate (K d™"), and (e) heating rate by
aerosols (K d™") at Gosan during 14~18 April 2001.
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Fig. 2. (a) The profiles of aerosol extinction coefficient at
523 nm (green line) and atmospheric shortwave heating rate
(black line) calculated by CRM with AERONET data at 12
LST on April 15, 2001. (b) Comparison of atmospheric
shortwave heating rate profiles calculated for no aerosol
condition (i.e., AOD = 0, blue dashed line) and totally
scattering aerosols (i.e., SSA = 1.0, red dashed line). The
black solid line indicates the atmospheric shortwave heating
rate profile calculated by CRM with AERONET sun/sky
radiometer data.
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Fig. 3. Rudimentary sensitivity test results for atmospheric
shortwave heating rate by 10% change of (a) AOD, (b) SSA
and (c) asymmetric parameter. The black solid line indicates
the atmospheric shortwave heating rate profile calculated by
CRM with AERONET sun/sky radiometer data (see Fig. 2
for details) and the dashed lines are atmospheric shortwave
heating rate profiles by an increase of 10 % and decrease of

10% in aerosol parameters. The shaded area indicates the

aerosol layer.
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Table 2. Sensitivity of aerosol parameters to the aerosol direct radiative forcing (ADRF) at TOA, surface, and atmosphere, and

layer-averaged heating rate at shortwave regime.

" aerosol optical depth single scattering albedo asymmetric parameter
aseline

+10% -10% +10% -10% +10% -10%

TOA ADRF 1844 -20.08 -16.70 -24.67 -12.65 -13.66 -23.39

(Wm?) ’ (+9%) (-9%) (+34%) (-31%) (-26%) (+27%)

Surface ADRF 57.88 -63.37 -52.15 -38.70 -76.32 -52.58 -63.32

(Wm?) : (+9%) (-10%) (-33%) (+32%) (-9%) (+9%)

/Xl‘j’;ngzgc 3944 +43.30 +35.45 +14.03 +63.67 +38.92 +39.93

w "r‘i,z) : (+10%) (-10%) (-64%) (+61%) (-1%) (+1%)

Layer-averaged
. +3.78 +3.39 +2.29 +4.82 +3.57 +3.60
Shmwav(eK}f;?;‘“g Rate  +3.59 (+5%) (-6%) (:36%) (+34%)  (0.6%)  (+0.3%)
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