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A Study on the Variation of Aerosol Optical Depth according to
Aerosol Types in Northeast Asia using AERONET Sun/Sky
Radiometer Data
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Abstract This study has developed a technique to divide the aerosol optical depth of the entire aerosol (t,) into the
dust optical depth (1) and the pollution particle optical depth (t;) using the AERONET sun/sky radiometer data provided in
Version 3. This method was applied to the analysis of AERONET data observed from 2006 to 2016 in Beijing, China, Seoul and
Gosan, Korea and Osaka, Japan and the aerosol optical depth trends of different types of atmospheric aerosols in Northeast
Asia were analyzed. The annual variation of 1, showed a tendency to decrease except for Seoul where observation data
were limited. However, 1, tended to decrease when 1, were separated as 1, and T,, but 1, tended to increase except for
Osaka. This is because the concentration of airborne aerosols, represented by Asian dust in Northeast Asia, is decreased in
both mass concentration and optical concentration. However, even though the mass concentration of pollution particles
generated by human activity tends to decrease, Which means that the optical concentration represented as aerosol optical
depth is increasing in Northeast Asia.
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Fig. 1. Map of the observation sites. Measurements with
AERONET sun/sky radiometer were performed at Beijing,
Seoul, Gosan and Osaka.
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Table 1. Annual number of observation days (#) and annual average of particle depolarization ratio (§,) at Beijing, Seoul,

Gosan and Osaka.

Beijing Seoul Gosan Osaka
# 5, # # 5, # 5,
2006 116 0.08+0.08 0 27 0.12+0.09 3 0.003+0.003
2007 77 0.04+0.04 0 11 0.09+0.06 39 0.05+0.06
2008 38 0.08 £0.09 0 12 0.06 £0.06 32 0.05+0.06
2009 87 0.09+0.07 0 1 0.21+£0.15 1 0.003+0.002
2010 117 0.07 £0.06 0 0 32 0.05+0.08
2011 97 0.06 +£0.07 61 0.05+0.05 17 0.08 +£0.08 3 0.20+0.05
2012 61 0.08+0.06 49 0.06 +0.06 25 0.06+0.07 1 0.05+0.07
2013 64 0.06 £0.07 66 0.05+0.05 29 0.08 £0.05 46 0.05+0.06
2014 94 0.06 +£0.07 71 0.07 £0.06 14 0.07 £0.05 5 0.05+0.05
2015 81 0.06 +0.07 81 0.04+0.05 14 0.06+0.06 39 0.05+0.06
2016 93 0.05+0.07 79 0.05+0.06 13 0.04+0.04 4 0.05+0.05
AVE. & Total # 925 0.07 +£0.07 407 0.05+0.05 163 0.08+£0.07 215 0.05+0.06
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Table 2. Total average and seasonal average value of total aerosol optical depth (t,,,), particle depolarization ratio (5,), dust
optical depth (tp) and pollution optical depth (1,) at Beijing, Seoul, Gosan and Osaka.

Beijing Seoul Gosan Osaka
Spring 1.10£0.65 0.77£0.36 0.64+0.26 0.58+0.21
Summer 1.224+0.77 0.84+0.38 0.78+0.33 0.66+0.24
Tioral (440 NM) Fall 1.17+0.82 0.68+0.37 0.74+0.37 0.48+0.12
Winter 0.98+0.68 0.81+0.41 0.70+0.29 0.53+0.12
Total AVE. 1.14£0.73 0.77+£0.38 0.68+0.30 0.58+0.21
Spring 0.11+£0.08 0.08+£0.07 0.10+0.07 0.09+0.07
Summer 0.04+0.05 0.03+0.03 0.03+0.03 0.01+0.02
6,(1020nm) Fall 0.05+0.05 0.04+0.03 0.03+£0.06 0.02+0.04
Winter 0.04£0.05 0.04£0.05 0.08£0.08 0.03+0.04
Total AVE. 0.07 £0.07 0.05+0.06 0.08£0.07 0.05+0.06
Spring 0.26+0.27 0.10£0.12 0.01+0.01 0.09+0.10
Summer 0.07 £0.09 0.03+0.03 0.004+0.01 0.01+0.02
T, (440nm) Fall 0.07£0.11 0.03+0.04 0.004+0.01 0.02+0.04
Winter 0.06+£0.11 0.06+£0.13 0.007£0.01 0.02+0.03
Total AVE. 0.13+£0.20 0.06£0.10 0.01+£0.01 0.05+0.08
Spring 0.83+£0.65 0.67 £0.36 0.62+0.27 0.49+0.21
Summer 1.38+£0.77 0.82+0.37 0.77+0.33 0.65+0.24
T,(440nm) Fall 1.10+0.82 0.65+0.36 0.74+0.36 0.47+0.12
Winter 0.91£0.69 0.76 £0.41 0.70+0.29 0.51+0.18
Total AVE. 1.01+£0.75 0.71+0.37 0.67+0.30 0.53+0.22
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Fig. 2. Annul and monthly average value of total aerosol
optical depth (1) at 440 nm at Beijing, Seoul, Gosan and
Osaka.
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