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Aerosol Direct Radiative Forcing by Three Dimensional
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Abstract

Aerosol direct radiative forcing (ADRF) retrieval method was developed by combining data from passive and
active satellite sensors. Aerosol optical thickness (AOT) retrieved form the Moderate Resolution Imaging Spectro-
radiometer (MODIS) as a passive visible sensor and aerosol vertical profile from to the Cloud-Aerosol Lidar and
Infrared Pathfinder Satellite Observations (CALIPSO) as an active laser sensor were investigated an application
possibility. Especially, space-born Light Detection and Ranging (Lidar) observation provides a specific knowledge
of the optical properties of atmospheric aerosols with spatial, temporal, vertical, and spectral resolutions. On the
basis of extensive radiative transfer modeling, it is demonstrated that the use of the aerosol vertical profilesis sen-
sitive to the estimation of ADRF. Throughout the investigation of relationship between aerosol height and ADRF,
mean change rates of ADRF per increasing of 1 km aerosol height are smaller at surface than top-of-atmosphere
(TOA). As a case study, satellite data for the Asian dust day of March 31, 2007 were used to estimate ADRF.
Resulting ADRF values were compared with those retrieved independently from MODIS only data. The absolute
difference values are 1.27% at surface level and 4.73% at top of atmosphere (TOA).
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Fig. 1. Flow chart of data processing.
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Fig. 2. Assumed vertical distributions of aerosol layers
for the sensitivity study.
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Fig. 3. Aerosol radiative forcing values as a function of the peak of aerosol layer (0 to 6 km). Other inputs to the SBDART

are sun zenith angle=40, 1=0.25, 0.5, 1.0, 2.0.

Table 1. Aerosol radiative forcing change due to increase
of 1 km altitude. Unit of the number is W/m? and
percentage in bracket.

Table 2. Averaged aerosol radiative forcing compared to
aerosol layer at 0 km. Unit of the number is W/m?
and percentage in bracket.
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Fig. 5. Vertically resolved short wave net flux (downward
-upward flux) calculated for four different aerosol
heights. Inputs to the SBDART are sun zenith an-
gle=40, T=1.0. No aerosol represent pure Rayleigh
atmosphere (t=0).
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Fig. 6. (a) AQUA/MODIS color composite images and (b)AOT map on 31 March 2007. Calipso overpass orbit on the

same day is shown as grey solid line in AOT map.

(3 10 : . - . - 20 (b) 10 s
8_; - 15 8¢
£ 64 = - g 6
= ] H-! ﬁ r i 10 b
=) E a - =)
D 4 1 | = ‘D 4t
T F i1 - I
: { 05
2 " & I - 2
7 ﬁ r . |
] Wl 1‘1, .
0 =, y 00 0 .
20 25 20 5 50 00 05 10 15 20
Latitude Ext (km™)
119.44 120.93 122.42 123.91 125.40 126.89 128.37
Longitude

Fig. 7. (a) Aerosol extinction coefficient at 532 nm by CALIPSO overpass track as shown in Fig. 5(b) and (b) mean

extinction profile on 31 March 2010.
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