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Abstract. Atmospheric aerosol is an important factor that affects solar irradiance. In this study, we examined 
the total atmospheric optical depth, aerosol optical depth AOD and the vertical particle size distribution in 
East Asia in terms of aerosol type during three years. The temporal variation of the aerosol optical depth for 
each site showed a constant mode renewed each year, the large AOD0,5 are recorded in spring and summer in 
an almost periodic manner, with maximums around 0.95 in Seoul, 0.08 in Chiang Mai and 1.34 in EPA-NCU. 
The particle size distributions under a bimodal lognormal form present a remarkable increase in volume 
concentration of fine and coarse modes during spring. The aerosols reduce solar irradiance by 37.33 ± 0.78% 
in Chiang Mai, 33.48 ± 6.43% in EPA-NCU and 38.59 ± 3.86% in Seoul.

1 Introduction  
The satellite measurements of total solar radiation 
estimate the solar constant at 1361W/m², which represents 
the average value of total solar radiation over a period of 
42 years [1]. During penetration through the atmosphere, 
solar radiation is modified by interactions with 
atmospheric particles (molecules, aerosol and clouds). 
The solar spectrum curve varies according to the different 
absorption and scattering mechanisms with the particles 
[2]. The use of the optical properties of atmospheric 
components allows the determination of the attenuation of 
solar radiation where aerosols contribute significantly [3]. 
In Korea, PM2.5 and PM10 particles reduce solar PV by 
more than 10% of the maximum capacity under normal 
air quality conditions, while they reduce more than 20% 
of the maximum capacity under bad air quality [4]. 

Aerosols are particles suspended in the atmosphere 
they are present mainly in the troposphere and very few 
in the stratosphere and upper layers of the atmosphere, 
aerosols can be produced directly in the atmosphere like 
desert aerosols [5, 6] or formed by the conversion of 
gases. The aerosols have an important role in the 
atmosphere, as they are affected by climatic conditions 
and affect the climate with a direct way through the 
scattering and absorption of solar radiation [7 - 9]. And 
with an indirect way at the level of cloud formation 
process, the aerosols form the Cloud Condensation 
Nuclei, and thus the properties of clouds are related to the 
optical properties of the aerosols [10, 11]. 

In East Asia aerosols has a very complex spatio-
temporal change in characteristics and optical properties 
[12]. There are different types of aerosol origins, such as 
biomass combustion, urban pollutant and mineral dust 
according to the seasons. The seasonal and monthly series 
of aerosol optical depth showed maximum in spring due 

to dust advections affected by polluted aerosols and 
minimum in autumn and winter [13]. Mineral dust 
particles come from the arid region of India during April 
and May [14]. Greenhouse gases, ozone and the direct 
effect of aerosols contribute to the trend of surface cooling 
[15]. 

2 Site description, measurements and 
data  

AERONET is an international network of ground 
measurements and studies of the aerosol optical properties 
by the Sun photometers that provide measurements in the 
range 1060-340 with good accuracy and within every 15 
minutes. In this study, we exploited the aerosol optical 
depth AOD and the total optical depth of the atmosphere 
to determine the attenuation of solar radiation by aerosols 
and by the atmosphere. We also analyses the particle size 
distributions, inversion products of the equations of the 
aerosols optical depth [16, 17]. Tab. 1 shows the 
characteristics of AERONET sites used in this study. 

Car traffic emissions, mixed residential, industrial 
emissions and human activities affect regularly the air of 
Chiang Mai site (Indochina) [19]. AOD peaks in spring 
due to weather conditions and proximity to sources of 
biomass burning, these local factors influence the aerosol 
properties in the area [20]. A polluted continental urban 
environment characterizes also Seoul in the northern part 
of South Korea that imply a large temporal variation of 
the AODs [21]. In Taiwan, the optical properties of 
aerosols measured at a low-altitude site are characterized 
by the presence of abundant coarse particles due to the 
effect of dust from the Gobi Desert, in a high mountain 
site, the aerosol optical depths were mainly composed of 
fine particles. Diagnosis of aerosols at high altitudes 
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showed the presence of aerosols from combustion 
biomass transported from Southeast Asia and no dust 
[22]. 

Figure 1 represents the monthly average of AOD at the 
three sites over a three-year period, seasonal a rise appears 
almost periodically during each year with varying values. 
In Chiang Mai, the AOD rises during spring and may 
exceed 1.6 due to aerosols produced by the biomass 
combustions, and remains at 0.4 during the other periods 
of the year. The AOD in EPA-NCU records important 
values that may rise to 1.2 during spring and summer. At 
Seoul, the diversity of natural and industrial aerosol 
sources, explains is the important irregular change in the 
AODs, with an increase from early spring to the end of 
summer. 

The particle size distribution gives an idea of the 
origin of the aerosols. All Sites present two lognormal 
modes, fine and coarse particles (Fig.2). In Chiang Mai 
and EPA-NCU, the fine mode predominates especially in 
spring that show the importance of the aerosols of 

biomass combustions, while fine and coarse modes seem 
more equivalent in Seoul. 

3 Attenuation of solar irradiance 
The solar irradiance on the earth surface is related to 
constant parameters, the latitude, the solar deviation, the 
solar constant and the angle of sunrise and sunset. In 
addition, variable parameters related to weather and 
climatic conditions play a key role. Aerosol extinctions, 
molecular scattering and gaseous absorption, attenuate 
solar radiations. 

We developed a calculation program based on Iqbal 
formulations [23] to calculate the solar radiation on the 
earth surface without the influence of the atmosphere TA. 
We included after, the aerosol optical depth AOD and the 
total atmospheric optical depth in the calculation program 
to determine the attenuation of solar radiation by aerosols 
AE and by the total atmospheric components TE. 

Table 1. AERONET Site characteristics [18] 

Country AERONET Latitude Longitude Altitude (m) Study period 
Thailand Chiang_Mai_Met_Sta 18.77° N 98.97° E 312.0 2017 - 2019 

Taiwan EPA-NCU 24.96° N 121.18° E 144.0 2017 - 2019 

Korea Seoul SNU 37.45° N 126.95° E 116.0 2016 - 2018 
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Fig. 1. Monthly AOD averages 
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Fig. 2. Monthly average of aerosol particle size distributions
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Fig. 3. Monthly solar irradiance during three years at top of atmosphere (TA), with aerosol 
extinction (AE), and with total extinction (TE).
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Figure 3 represents the monthly solar irradiance 
without the atmosphere (TA), with aerosol extinction 
(AE), and with total extinction (TE) during three years. 
The attenuation of solar irradiance occurs in the same 
seasonal manner every year because the aerosol optical 
depth is of seasonal period and takes very large values 
when seasonal emissions of aerosols are ample. Spring 
and summer observe the maximum attenuation of solar 
irradiance by aerosols in Chiang Mai and EPA-NCU. In 
Seoul, attenuation by aerosols present a very important 
slight rise in spring. 

Table 2. Annual average of attenuation of solar irradiance 
during three years by the atmosphere (TE) and by the aerosols 

(AE). 

  TE AE 
Chiang_Mai_Met_Sta 43,13 ± 0,78   37,33 ± 0,78 
EPA-NCU 40,01 ± 5,82  33,48 ± 6,43 
Seoul SNU 44,74 ± 3,29  38,59 ± 3,86 

The annual rate average of the attenuation of solar 
radiation by the total atmosphere and by aerosols during 
three years at the three sites show the high attenuation by 
aerosols. The aerosol contributions seem relatively lower 
at EPA-NCU (Table 2).  

4 Conclusions 
The exploitation of solar energy requires accurate 
knowledge of the optical properties of the atmospheric 
components and the composition that vary from site to 
another. The three years analysis of three sites, localized 
in East Asia using AERONET database allow the 
determination of the solar irradiance attenuation by 
aerosols.  

The monthly series within three years of AOD shows 
that the aerosols at each site are emitted almost 
periodically with varying values. AODs increase in spring 
due to the seasonal emission of aerosols from the biomass 
combustions.  Fine modes around 0.15 µm with the 
maximum volume concentration of 0.1 μm3 / μm2 
dominate in February in Chiang Mai and EPA-NCU. 
EPA-NCU registers 0.08 μm3 / μm2 in April 
corresponding to fine mode radius near 0.19 µm.  

The aerosol optical depth determines the solar 
irradiance attenuation by the total atmosphere. The large 
seasonal aerosol emissions, makes the total attenuation of 
solar radiation by the atmosphere very large; 40.01 ± 
5.82% in EPA-NCU, 43.13 ± 0.78% in Chiang Mai and 
44.74 ± 3.29% in Seoul. 

 
The authors want to thank AERONET’s IPs: Sang-Woo Kim, 
Neng-Huei and Serm Janjai. 
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