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सार — यह अधययय उप�ह� और द�क् पवूर एिशया म� चौदह सयफोटोमीटर से कॉलम एक�कृत एओड� र��डंग 
�सततत करता है। ततलयातमक प�र्ाम से पता चलता है �क एकवा सैटेलाइट और सयफोटोमीटर से अयतमाियत एओड� 
माप के साथ उिचत समझौते म� है, मािसक मामल� के िलए आरएमएसई 0.09-0.42 है। ओएमआई से �ा� डेटा क� 
सयफोटोमीटर अवलोकय से �ा� डेटा के साथ ततलया करके �ा� एओड� को 0.27 के आरएमएसई और -0.01 के 
एमबीई के साथ अच्ा समझौता पाया गया। अधययय 2005-2020 क� 16 साल क� अविध के िलए ओएमआई डेटा 
का उपयोग करके जीआईएस, ��िगंग (भौगोिलक सचूया �्ाली) �ारा उतपपय एओड� संसाधय मायिच� �सततत 
करता है। द�क्-पवूर एिशया के मौसम� को गम� (माचर-मई) और सद� (जयू-फरवर�) के रप म� प�रभा�षत �कया 
गया है। ऊपर� द�क्-पवूर एिशया के मौसमी पटैयर के अयतसार, एओड� अिधक था और गिमरय� म� अपये अिधकतम 
तक पहतंच गया था, ले�कय कम था और स�दरय� म� अपये पययूतम तक पहतंच गया। ियचले द�क् पवूर एिशया के 
मामले म�, AOD स�दरय� म� अिधकतम था ले�कय गिमरय� म� पययूतम था। मायिच�� से पता चलता है �क गयारह 
देश� क� भौगोिलक �वशेषताओ ंऔर उष्क�टबधंीय मायसूय का एओड� के के�ीय �वतर् पर महतवपू् र �भाव पड़ा। 
यह कायर MERRA-2 से काबरियक काबरय और बलैक काबरय और GLDAS से �विश� आ�रता का उपयोग करके AOD 

ियधार�रत करये के िलए एक मॉडल �सततत करता है। मॉडल इय सटेशय� से 5-वषर (2012-2016) एओड� डेटा के 
आधार पर दैियक एओड� (आर = 0.71) और मािसक एओड� (आर = 0.83) का अयतमाय लगाये के िलए बयाया 
गया था, और 4-वषर क� अविध (2017 से 2020) के िलए सतयापय के िलए सवत�ं डेटा का उपयोग �कया गया 
था। यह देखा जा सकता है �क मॉडल �ारा अयतमाियत मािसक एओड� के मलूय� का आरएमएसई 0.20 था। मॉडल 2 

मािसक एओड� (आर = 0.94) को एओड� के अयतमाय को सकम करये के िलए दृयता (195 मौसम �वजाय सटेशय) 
और एंगस्ॉम �वशेषज (एकवा) का उपयोग करके �वकिसत �कया गया था। जब एक सवत�ं डेटा सेट से ततलया क� 
जाती है, तो यह मॉडल2 �मशः 0.23 और -0.01 के आरएमएसई और एमबीई के साथ उिचत �दशरय करता है। 

 
ABSTRACT. This study presents column integrated AOD readings from satellites and from fourteen 

sunphotometers in southeast Asia. The comparison result shows that AOD estimated from Aqua satellite and 
sunphotometeris in reasonable agreement with the measurement, with RMSE of 0.09–0.42 for monthly cases. The AOD 
obtained by comparing data from the OMI with those obtained from sunphotometer observations was found to be of good 
agreement, with a RMSE of 0.27 and MBE of –0.01. The study presents AOD resource maps generated by GIS, Kriging 
(Geographic Information System) utilizing OMI data for 16-year period 2005–2020. The seasons for southeast Asia are 
defined as summer (March-May) and winter (June–February).According to upper southeast Asia seasonal patterns, the 
AOD was higher and reached its maximum in the summer but was lower and reached its minimum in winter. In the case 
of lower southeast Asia, the AOD was maximum in the winter but was minimum in summer. The maps reveal that 
geographic characteristics of eleven countries and the tropical monsoons had a significant impact on regional distribution 
of AOD. This work presents a model for determining AOD using organic carbon and black carbon from MERRA-2 and 
specific humidity from GLDAS. The model was created to estimate daily AOD (R = 0.71) and monthly AOD (R = 0.83) 
based on 5-year (2012–2016) AOD data from these stations, and independent data were used to validate for the 4-year 
period (2017 to 2020). It can be seen that values of monthly AOD predicted by the model had an RMSE of 0.20. The 
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model2 monthly AOD (R = 0.94) was developed using visibility (195 meteorological stations) and angstrom expernent 
(Aqua) to enable the estimation of AOD. When compared to an independent data set, this model2 performs reasonably, 
with RMSE and MBE of 0.23 and –0.01, respectively. 

 

Key words – AOD, Model, Sunphotometer, MERRA-2, Meteorological stations. 
 

 

 
1. Introduction 
 

Small solid or liquid particles that are suspended in 
air and travel across a wide range with the air currents in 
the troposphere are known as aerosols. The smallest 
aerosol particle sizes typically range from sub-microns to 
those between 10 and 100 µm (Ramanathan et al., 
2001).Aerosols may occur throughout the world both 
naturally and through anthropogenic activities and can 
directly affect radiative balance through scattering and 
absorption of shortwave and longwave radiation (Sokolik 
et al., 2001; Wang et al., 2010). In addition, it might be a 
significant factor in influencing regional and global 
climates. Regional level aerosols can affect stability of the 
atmosphere and photosynthesis by reducing amount of 
sunlight reaching the earth's surface (Xin et al., 2005). 
The aerosol optical depth (AOD) can be measured directly 
using ground-surface sun photometer networks or can be 
derived from remote sensing. The estimation of optical 
aerosol particles from ground surface by a 
Cimelsunphotometer includes measurements of irradiance, 
both direct and indirect in distinct narrow solar spectrum 
bands (Bhaskaran et al., 2011). 
 

Modeling of these processes is challenging due to 
short residence time of atmospheric particles, which is 
approximately 7 days, and the complexity of the impact of 
aerosols on dynamics and circulation of clouds in region 
(Kaufman and Koren, 2006). Numerous studies have been 
carried out throughout the world as a result of the 
significance of light particles in aerosols (Alados-
Arboledas et al., 2008; Behnert et al., 2007; Bi et al., 
2011; Caido et al., 2022; Kumar et al., 2011; Ma et al., 
2022; Markowicz et al., 2021; Nurhayati and Nakajima, 
2012; Nwofor et al., 2007; Ogunjobi et al., 2008; Pan et 
al., 2010; Praseed et al., 2012; Prats et al., 2008; Saha et 
al., 2008; Shen et al., 2018; Tan et al., 2022; Taschilin et 
al., 2021; Yu et al., 2011, 2007; Zhang et al., 2019).In 
Southeast Asia, early studies reported that the majority of 
aerosols in the region originate from local pollution, 
biomass burning and forest fire events (Janjai et al., 
2009). 
 

There is not enough data on the atmosphere in this 
tropical region, and there is very little knowledge of the 
optical aerosol particles present there. In response to the 
demand for more information, it is thus very urgent and 
necessary to workon AOD in southeast Asia to improve 
our knowledge of regional aerosol-climate interactions. 
The main objective of this articleis to develop an 

empirical model that uses inputs including organic carbon 
surface mass concentration (OC), black carbon surface 
mass concentration (BC) from MERRA2 reanalysis, 
specific humidity (Q) from GLDAS model, visibility (Vis) 
from meteorology stations, and angstrom expernent (α) 
from Aqua satellite to estimate AOD and examine the 
daily and monthly spatiotemporal variations in AOD 
values in southeast Asia from 2005 to 2020, based on 
OMI data on monitoring the spatial distributions of AOD. 
The outcomes are displayed in this article. 
 
 
2.  Measuring devices and acquisition of information 
 

2.1. Ground-based networks 
 

AERONET is a network of ground-based aerosol 
monitoring stations employing sunphotometers capable of 
measuring the AOD. The data from the stations is 
preserved in a database that is managed by NASA. Sun-
photometers were spread over fourteen irradiance 
measurement stations located in the tropicalin South East 
Asia. These networks can be located in Luang Namtha 
(LN; 20.931°N, 101.416°E) in Laos, Chiangmai province 
(CM; 18.78°N, 98.98°E), Ubonratchathani province (UB; 
15.25°N, 104.87°E), Nakhonpathom province (NP; 
13.82°N, 100.04°E), Songkhla province (SK; 7.2°N, 
100.60°E) in Thailand, Penang state (PN; 5.36°N, 
100.30°E), Sarawak state (SW; 1.49°N, 110.35°E) in 
Malaysia, in Singapore (SG; 1.30°N, 103.78°E),Manila 
(MN; 14.635°N, 121.078°E), Koronadal (KD; 6.496°N, 
124.843°E) in Philippines, Jambi (JB; 103.642°E, 
1.632°S), Bandung (BD; 6.888°S, 107.610°E), Pontianak 
(PT; 0.075°N, 109.191°E), and Palangkaraya (PL; 
2.228°S, 113.946°E) in Indonesia. The sun-photometers 
are all of same type CE-318 spectral radiometers 
manufactured by Cimel Electronique. These solar-
powered, weather-resistant, robotically pointed sky and 
sun monitors. The data is transmitted from ground-based 
sunphotometer site to GSFC (Goddard Space Flight 
Center) for processing. There are three levels of 
processing, but this study chooses level 1.5 (cloud 
screening). 
 

For meteorological data, visibility (Vis) is first 
defined as a quantity estimated by a human observer and 
observations made in that manner are widely used. 
However, visibility estimation is impacted by many 
subjective and physical factors (World Health 
Organization, 2006). 

https://aeronet.gsfc.nasa.gov/cgi-bin/webtool_aod_v3?stage=3&region=Asia&state=Laos&site=Luang_Namtha&place_code=10&if_polarized=0�
https://aeronet.gsfc.nasa.gov/cgi-bin/webtool_aod_v3?stage=3&region=Asia&state=Indonesia&site=Palangkaraya&place_code=10&if_polarized=0�
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TABLE 1 
 

Daily AOD comparison between Aquasatellite and sunphotometer 
 

Stations Number RMSE MBE 

Luang Namtha 
Chiang Mai 
Ubon Ratchathani 
Nakhon Pathom 
Songkhla 
Penang 
Sarawak 
Singapore 
Manila 
Koronadal 
Jambi 
Bandung 
Pontianak 
Palangkaraya 
All stations 

299 
977 
490 

1012 
112 
267 
96 
108 
295 
196 
121 
490 
140 
125 

4728 

0.37 
0.37 
0.15 
0.21 
0.22 
0.22 
0.22 
0.33 
0.24 
0.12 
0.59 
0.29 
0.30 
0.31 
0.29 

-0.13 
-0.29 
-0.02 
0.07 
0.06 
-0.03 
-0.01 
0.06 
0.05 
0.07 
0.07 
0.08 
0.10 
0.10 
-0.03 

 
 
 

 
 

Fig. 1. Comparison of monthly average AOD between Aqua with 
sunphotometer observation 

 
 

2.2. Satellite data 
 

The Aqua satellite, launched in May 2002, is home 
to the rotating scan mirror-type MODIS (Moderate 
Resolution Imaging Spectroradiometer) instrument. 
MODIS measures solar radiation and reflected sunlight 
energy from measured areasof Earth in 36 spectrum 
channels ranging from 0.40 to 14.39 
µm(http://modis.gsfc.nasa.gov/). 

TABLE 2 
 

Average monthly AOD comparison between Aqua and sun 
photometer measurements 

 

Stations Number RMSE MBE 

Luang Namtha 
Chiang Mai 
Ubon Ratchathani 
Nakhon Pathom 
Songkhla 
Penang 
Sarawak 
Singapore 
Manila 
Koronadal 
Jambi 
Bandung 
Pontianak 
Palangkaraya 
All stations 

  56 
  70 
  50 
  76 
  19 
  51 
  19 
  13 
  49 
  67 
  18 
  57 
  25 
  23 
593 

   0.34 
   0.31 
   0.11 
   0.17 
   0.09 
   0.18 
   0.22 
   0.27 
   0.11 
   0.12 
   0.42 
   0.20 
   0.16 
   0.25 
   0.22 

    -0.26 
    -0.24 
    -0.01 
     0.09 
     0.05 
    -0.01 
     0.03 
     0.05 
    -0.07 
     0.08 
     0.13 
     0.12 
    -0.02 
    -0.02 
    -0.02 

 
 
 
In this work, AOD data from Aqua’s MODIS 
corresponding to the ground on observed surface was used 
for the period 2012 to 2020. The data was obtained in a 
daily format at a spatial resolution of about 10 km2. 
 

OMI (Ozone Monitoring Instrument) is a high-
resolution spectrometer in ultraviolet and VIS (270–        
500 nm) ranges (ftp://toms.gsfc.nasa.gov/pub/omi/data/). 
It is one of the four instruments on Aura satellite. The 
Aura mission is part of EOS, launched in July 2004 
(Gadde et al., 2009; Torres et al., 2007). The OMI 
operates over a wide area of 2600 km and provides daily 
AOD (OMAERUVd003) global coverage at a spatial 
resolution varying from 1° × 1° (Torres et al., 2007). The 
surface ultra violet algorithm applied to OMI data is 
considered to be a continuation of the TOMS (Total 
Ozone Mapping Spectrometer) ultra violet algorithm 
developed by GSFC (Schoeberl et al., 2006; Tanskanen            
et al., 2006). 
 
3.  Experimental results 
 

AOD data from instruments at fourteen 
sunphotometer stations and that from the Aqua satellites 
over southeast Asia. This check is made by comparing 
value to the ground value measured by CIMEL in the 
same area of a wavelength at 0.5 µm root mean square 
error (RMSE) during 0.09 to 0.42 (0.22 all-stations case) 
as presented of Tables 1, 2 and Fig. 1. 
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TABLE 3 
 

Comparison of daily AOD between OMI and sunphotometer                    
at fourteen stations 

 
Stations Number RMSE MBE 

Luang Namtha 
Chiang Mai 
Ubon Ratchathani 
Nakhon Pathom 
Songkhla 
Penang 
Sarawak 
Singapore 
Manila 
Koronadal 
Jambi 
Bandung 
Pontianak 
Palangkaraya 
All stations 

400 
511 
209 
304 
181 
193 
106 
205 
363 
237 
108 
286 
170 
149 

3422 

0.38 
0.35 
0.19 
0.28 
0.25 
0.56 
0.31 
0.35 
0.24 
0.18 
0.38 
0.26 
0.25 
0.82 
0.35 

-0.14 
-0.20 
-0.04 
-0.08 
 0.16 
 0.06 
 0.09 
 0.08 
 0.05 
 0.07 
 0.01 
-0.09 
 0.08 
-0.16 
-0.04 

 
 

TABLE 4 
 

Comparison of the monthly AOD between Aura satellite and 
sunphotometer 

 

Stations Number RMSE MBE 

Luang Namtha 
Chiang Mai 
Ubon Ratchathani 
Nakhon Pathom 
Songkhla 
Penang 
Sarawak 
Singapore 
Manila 
Koronadal 
Jambi 
Bandung 
Pontianak 
Palangkaraya 
All stations 

59 
74 
72 
91 
68 
77 
53 
86 
82 
76 
55 
72 
75 
72 

1012 

0.23 
0.20 
0.17 
0.19 
0.18 
0.40 
0.21 
0.25 
0.12 
0.10 
0.27 
0.20 
0.47 
0.44 
0.27 

-0.07 
-0.11 
 0.01 
-0.08 
 0.12 
 0.06 
 0.05 
 0.02 
 0.02 
 0.07 
-0.08 
-0.13 
-0.02 
-0.07 
-0.01 

 
 

Tables 3, 4 and Fig. 2 display the comparison of the 
AOD measured in southeast Asia and from Aura satellite 
using daily and monthly data. Overall, RMSE is in range 
of 0.10 to 0.82. The total station RMSE values are 0.27 for 
case monthly. The AOD conducted at the sunphotometer 
stations was taken at 500 nm, whereas the AOD obtained 
by Aura satellite was also taken at 500 nm. 

 
 

Fig. 2.  Shows a comparison of the average monthly AOD between 
OMI with sunphotometer data at fourteen locations over the 
nine-year period from 2012 to 2020 

 
 
 

Fig. 3. shows AOD maps monthly during sixteen-
year period (2005-2020) for southeast Asia have 
decreased during July – August – September – October – 
November – December – January – February and higher 
values from March – April – May – June. 
 

Fig. 4. shows seasonal average AOD for the period 
2005 to 2020. The Southeast Asia's seasons are summer 
(March-May) and winter (June-February). According to 
South East Asia seasonal patterns, the AOD was higher 
and reached its maximum in the summer but was lower 
and reached its minimum in winter.From the yearly map 
(Fig.5), it is observed that most parts of Myanmar, Laos, 
Thailand, Cambodia and Vietnam receive higher AOD 
than Timor Leste, Malaysia, Singapore, Brunei and 
Indonesia. 
 

Factors affecting the AOD include organic carbon 
surface mass concentration (OC, M2TMNXAER v5.12.4) 
and black carbon surface mass concentration (BC, 
M2TMNXAER v5.12.4) from MERRA 2 (spatial 
resolution of 0.5° ×0.625°) and specific humidity (Q, 
NOAH025 M v2.1) from GLDAS (0.25° latitude×0.25° 
longitude) data used in the proposed model. In order to 
evaluate the AOD in southeast Asia, these parameters 
were included in model. The model developed was 
defined as follows: 
 

Daily data : AOD = a1 + a2InOC + a3BC + a4Q      (1) 
 
R = 0.71, n = 11237 where OC (µg/m3); BC (µg/m3); 
Q(-). 

https://disc.gsfc.nasa.gov/datacollection/M2T1NXAER_5.12.4.html�
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Fig. 3. Monthly average AOD (OMI) maps (the values of the AOD in maps were averaged from 16-year period of data for 
January-December) 

 
 
 
 

                           
 
 
 
 

 

Fig. 4. Summer and winter maps of the seasonal average AOD. The values of the AOD in maps were from data 
collected over sixteen-year period 

 

JAN FEB MAR APR 

MAY JUN JUL AUG 

SEP OCT NOV DEC 

  <0.1              0.2              0.3             0.4              0.5             0.6             0.7              0.8              0.9 

0.15             0.25           0.35           0.45            0.55           0.65           0.75           0.85          0.95> 
SUMMER WINTER 

Point Data 

<0.21        0.29           0.37           0.45           0.53          0.61           0.69           0.77           0.85          0.93          1.01> 

         0.25           0.33           0.41           0.49          0.57           0.65           0.73          0.81           0.89           0.97 
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Fig. 5. Yearly average AOD map based on 16-year period of data, 2005 to 2020 
 
 

TABLE 5 
 

Coefficients from Eqn. (1) and corresponding t-statistics 
 and p-values 

 
Coefficient Values of coefficient t-values p-statistics 

a1 -0.26421 -10.2450 <0.001 

a2 0.23132 42.2672 <0.001 

a3 0.11645 39.1849 <0.001 

a4 15.54178 10.7606 <0.001 

 
 

TABLE 6 
 

Values of coefficients from Eqn. (2) and corresponding t-values  
and p-statistics 

 
Coefficient Values of coefficient t-statistics p-values 

a1 -0.40894 -4.94620 <0.00001 

a2 0.12073 6.57474 <0.00001 

a3 0.25563 17.38275 <0.00001 

a4 24.21913 5.23369 <0.00001 

 
 

Monthly data: AOD = a1 + a2InOC + a3BC + a4Q 
(2) 

 
R = 0.83, n = 633 where OC (µg/m3); BC (µg/m3); 
Q(-). 

 
The coefficients a1, a2, a3 and a4 in Eqns. (1) and (2) 

were derived from sunphotometer surface at fourteen 
stations and the satellite-based data for period 2012–2016 
by using STATISTICA v10 program, according to 
methods of Buntoung et al., 2021 and Choosri et al., 
2017. 

TABLE 7 
 

Comparison of the daily AOD model with sunphotometer  
measured and all stations 

 

Stations Number RMSE MBE 

Luang Namtha 

Chiang Mai 

Ubon Ratchathani 

Nakhon Pathom 

Songkhla 

Penang 

Sarawak 

Singapore 

Manila 

Koronadal 

Jambi 

Bandung 

Pontianak 

Palangkaraya 

Total stations 

921 

897 

732 

786 

520 

703 

349 

808 

360 

272 

466 

629 

663 

695 

 8801 

0.42 

0.23 

0.21 

0.33 

0.17 

0.24 

0.26 

0.20 

0.35 

0.13 

0.41 

0.25 

0.35 

0.38 

0.30 

 0.00 

-0.02 

 0.02 

 0.26 

 0.10 

 0.13 

 0.10 

-0.01 

-0.19 

-0.05 

 0.09 

 0.06 

 0.17 

 0.06 

 0.06 

 
 

 
The probability that the correction happened 

accidentally is shown by P value. The P-value of less than 
0.0001 implies a higher influence of AOD, while a P 
value of less than 0.05 indicates a 5% possibility that this 
association happened by coincidence (Masiri et al., 2017). 
The values of these coefficients and related statistics are 
shown in Tables 5 and 6. 
 

Table 7 shows AOD calculated from model 
compared to that obtained from sunphotometer.

<0.21       0.29         0.37        0.45        0.53         0.61         0.69        0.77         0.85         0.93        1.01> 

        0.25         0.33         0.41         0.49         0.57        0.65         0.73         0.81         0.89         0.97 
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                                                  (A)                                          (B)                                         (C)                                      (D) 

 
                                       (E)                            (F)                                         (G)                                    (H) 

 
                                                  (I)                                             (J)                                          (K)                    (L) 

 
                                                                (M)                 (N)                                (O) 

 

Figs. 6(a-o). Comparison between monthlyAOD from the model (OC, BC, Q) and from sunphotometer at fourteen stations: 
A) LN, B) CM, C) UB, D) NP, E) SK, F) PN, G) SW, H) SG, I) MN, J) KD, K) JB, L) BD, M) PT, N) PL, and 
O) Total stations 

 
 
 

Furthermore, they were contrasted with those obtained 
from AOD measured daily and monthly at these stations 
and outcomes are displayed in Fig. 6. 
 

Factors affecting the AOD include the visibility 
(Vis) and angstrom exponent (α) data used in the study 
proposed model2. In order to evaluate the AOD in 
southeast Asia, these parameters were included in the 
model2. The model2 developed was defined as follows: 
 
 

Monthly data: AOD = b1 + b2VIS + b3VIS2 + b4α 
(3) 

 
 
R = 0.94, n = 124 where VIS (km); α (unitless). 

TABLE 8 
 

Values of coefficients from Eqn. (3) and corresponding  
t-values and p-statistics 

 
Coefficient Values of coefficient t-statistics p-values 

b1 5.933565 15.0021 <0.00001 
b2 -0.747029 -16.0073 <0.00001 
b3 0.023330 13.7719 <0.00001 
b4 0.237221 2.1578 <0.00001 

 
 

The coefficients b1, b2, b3, and b4 in Eqn. (3) were 
derived from sunphotometer surface at seven stations and 
satellite-based data for period 2011-2016. The values of 
these coefficients and related statistics are shown in    
Table 8. 
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Fig. 8. Annual average monthly AOD (model2) map based on 195 meteorological stations for the nine-year period, 2012 to 2020 
 
 
 
 

TABLE 9 
 

Comparison of monthly AOD model with sunphotometer  
at seven stations and total stations 

 

Stations Number RMSE MBE 

Chiang-Mai 

Ubon-Ratchathani 

Nakhon-Pathom 

Songkhla 

Penang 

Sarawak 

Singapore 

Total stations 

31 

21 

31 

9 

17 

9 

11 

129 

0.23 

0.24 

0.19 

0.14 

0.15 

0.40 

0.27 

0.23 

-0.10 

0.01 

-0.07 

0.12 

0.14 

0.23 

-0.12 

-0.01 

 
 

Table 9 shows AOD calculated from model2 
compared to that obtained from measurements using 
tested with independent data for 2017-2020.However, 
they were contrasted with those obtained from AOD 
measured at these stations and outcomes are displayed 
over Fig. 7. 

 
Moreover, the geographical distribution according to 

annual average AOD of regions displayed for Fig. 8. 
demonstrates a clear pattern that is heavily influenced by 
topography for four countries and tropical monsoons. 
However, visibility data were collected from 195 
meteorological stations in 8 countries. 

 
 

Fig. 7.  Comparison between monthly AOD from model2 (Vis, α) 
and from sunphotometer at seven station 

 
 

4.  Discussion and conclusion  
 

This study compared AOD data over MODIS/Aqua 
satellite, OMI/Aura satellite with those from ground on 
observed surfaces at fourteen sunphotometer locations: 
Luang Namtha, Chiangmai, Ubonratchathani, 
Nakhonpathom, Songkhla, Penang, Sarawak, Singapore, 
Manila, Koronadal, Jambi, Bandung, Pontianak and 
Palangkaraya. The RMSE between the AOD daily and 
monthly information obtained from the MODIS, OMI and 
from sunphotometer observation was between 0.09–0.82. 
The AOD maps reveal strong seasonality for Myanmar, 
Laos, Thailand, Cambodia and Vietnam with high values 

Point Data 

 0.43           0.47            0.51            0.55           0.59           0.63            0.67           0.71          0.75> 

<0.41           0.45            0.49           0.53            0.57            0.61           0.65           0.69            0.73      

https://aeronet.gsfc.nasa.gov/cgi-bin/webtool_aod_v3?stage=3&region=Asia&state=Laos&site=Luang_Namtha&place_code=10&if_polarized=0�
https://aeronet.gsfc.nasa.gov/cgi-bin/webtool_aod_v3?stage=3&region=Asia&state=Indonesia&site=Palangkaraya&place_code=10&if_polarized=0�
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in summer months of March-May. In the case of Timor-
Leste, Malaysia, Singapore, Bruneiand Indonesiaalso 
exhibit a similar seasonal pattern, with AOD being at its 
highest in winter months of September to November.The 
results were displayed as AOD maps. The variability of 
AOD in southeast Asia is largely influenced by 
topography of the eleven countries and the tropical 
monsoons. Based on validation findings at the fourteen 
stations, the proposed model predicted the daily and 
monthly AOD estimates using the organic carbon and 
black carbon from MERRA-2 reanalysis and specific 
humidity from GLDAS model, with an MBE and RMSE 
of 0.04 and 0.20, respectively (monthly).Based on 
validation findings at the seven stations, the proposed 
model2 predicted the monthly AOD estimates using the 
angstrom exponent data from Aqua and visibility observed 
at 195 meteorological stations, with an MBE and RMSE 
of -0.01 and 0.23, respectively. 
 
Acknowledgment 
 

To thank the Interdisciplinary Graduate School of 
Energy Systems (IGS-Energy) scholarships, Thailand, and 
to thank NASA’s for providing the datasets for 
incorporating our fourteen sunphotometers in AERONET. 
 
Disclaimer: The contents and views presented in this 
research article/paper are the views of the authors and do 
not necessarily reflect the views of the organizations they 
belongs to. 
 
 

References 
 

Alados-Arboledas, L., Alcántara, A., Olmo, F. J., Martínez-Lozano, J. 
A., Estellés, V., Cachorro, V., Silva, A.M., Horvath, H., Gangl, 
M., Díaz, A., Pujadas, M., Lorente, J., Labajo, A., Sorribas, M. 
and Pavese, G., 2008, “Aerosol columnar properties retrieved 
from CIMEL radiometers during VELETA 2002”, Atmospheric 
Environment,42, 2654-2667. https://doi.org/10.1016/ 
j.atmosenv.2007.10.006. 

Behnert, I., Matthias, V. and Doerffer, R., 2007, “Aerosol climatology 
from ground-based measurements for the southern North Sea”, 
Atmospheric Research, 84, 201-220. https://doi.org/10.1016/ 
j.atmosres.2006.05.006. 

Bhaskaran, S., Phillip, N., Rahman, A. and Mallick, J., 2011, 
“Applications of Satellite Data for Aerosol Optical Depth 
(AOD) Retrievals and Validation with AERONET Data”, 
Atmospheric and Climate Sciences, 01, 61-67. 
https://doi.org/10.4236/acs.2011.12007. 

Bi, J., Huang, J., Fu, Q., Wang, X., Shi, J., Zhang, W., Huang, Z. and 
Zhang, B., 2011, “Toward characterization of the aerosol optical 
properties over Loess Plateau of Northwestern China”, Journal 
of Quantitative Spectroscopy and Radiative Transfer, 112, 346-
360. https://doi.org/10.1016/j.jqsrt.2010.09.006. 

Buntoung, S., Janjai, S., Pariyothon, J. and Nunez, M., 2021, 
“Distribution of precipitable water over Thailand using 

MTSAT-1R satellite data”, Science, Engineering and Health 
Studies, 15, 2630-0087. https://doi.org/10.14456/sehs.2021.1. 

Caido, N. G., Ong, P. M., Rempillo, O., Galvez, M.C. and Vallar, E., 
2022, “Spatiotemporal Analysis of MODIS Aerosol Optical 
Depth Data in the Philippines from 2010 to 2020”, Atmosphere, 
13, 939. https://doi.org/10.3390/atmos13060939. 

Choosri, P., Janjai, S., Nunez, M., Buntoung, S. and Chanalert, W., 2017, 
“Development of a method for mapping monthly average hourly 
diffuse erythemal ultraviolet radiation”, Journal of Atmospheric 
and Solar-Terrestrial Physics, 161, 19-27. https://doi.org/ 
10.1016/j.jastp.2017.06.003. 

Gadde, B., Bonnet, S., Menke, C.andGarivait, S., 2009, “Air pollutant 
emissions from rice straw open field burning in India, Thailand 
and the Philippines”, Environmental Pollution, 157, 1554-1558. 
https://doi.org/10.1016/j.envpol.2009.01.004. 

Janjai, S., Suntaropas, S.and Nunez, M., 2009, “Investigation of aerosol 
optical properties in Bangkok and suburbs”, Theor. Appl. 
Climatol., 96, 221-233. https://doi.org/10.1007/s00704-008-
0026-4. 

Kaufman, Y. J. and Koren, I., 2006, “Smoke and Pollution Aerosol 
Effect on Cloud Cover”, Science, 313, 655-658. https://doi.org/ 
10.1126/science.1126232. 

Kumar, M., Lipi, K., Sureshbabu, S. and Mahanti, N. C., 2011, “Aerosol 
Properties over Ranchi Measured from Aethalometer”, 
Atmospheric and Climate Science, 01, 91-94. 
https://doi.org/10.4236/acs.2011.13010. 

Ma, Y., Tian, Y., Ren, Y., Wang, Z., Wu, L., Pan, X., Ma, Y.  and Xin, 
J., 2022, “Long-Term (2017-2020) Aerosol Optical Depth 
Observations in Hohhot City in Mongolian Plateau and the 
Impacts from Different Types of Aerosol”, Atmosphere, 13, 
737. https://doi.org/10.3390/atmos13050737. 

Markowicz, K. M., Stachlewska, I. S., Zawadzka-Manko, O., Wang, D., 
Kumala, W., Chilinski, M. T., Makuch, P., Markuszewski, P., 
Rozwadowska, A. K., Petelski, T., Zielinski, T., Posyniak, M., 
Kaminski, J. W., Szkop, A., Pietruczuk, A., Chojnicki, B. H., 
Harenda, K. M., Poczta, P., Uscka-Kowalkowska, J., 
Struzewska, J., Werner, M., Kryza, M., Drzeniecka-Osiadacz, 
A., Sawinski, T., Remut, A., Mietus, M., Wiejak, K., 
Markowicz, J., Belegante, L. and Nicolae, D., 2021, “A Decade 
of Poland-AOD Aerosol Research Network Observations”, 
Atmosphere, 12, 1583. https://doi.org/10.3390/atmos12121583. 

Masiri, I., Janjai, S., Nunez, M.andAnusasananan, P., 2017, “A 
technique for mapping downward longwave radiation using 
satellite and ground-based data in the tropics”, Renewable 
Energy, 103, 171-179. https://doi.org/10.1016/j.renene. 
2016.11.018. 

Nurhayati, N. and Nakajima, T., 2012, “A study of aerosol optical 
properties at the global GAW station Bukit Kototabang, 
Sumatra, Indonesia’, Atmospheric Environment, 46, 597-606. 
https://doi.org/10.1016/j.atmosenv.2010.10.057. 

Nwofor, O. K., Chidiezie C. T. and Pinker, R. T., 2007, “Seasonal 
characteristics of spectral aerosol optical properties at a sub-
Saharan site”, Atmospheric Research, 85, 38-51. 
https://doi.org/10.1016/j.atmosres.2006.11.002. 

Ogunjobi, K. O., He, Z. and Simmer, C., 2008, “Spectral aerosol optical 
properties from AERONET Sun-photometric measurements 
over West Africa”, Atmospheric Research, 88, 89-107. 
https://doi.org/10.1016/j.atmosres.2007.10.004. 

Pan, L., Che, H., Geng, F., Xia, X., Wang, Y., Zhu, C., Chen, M., Gao, 
W. and Guo, J., 2010, “Aerosol optical properties based on 



 
 
                          MAUSAM, 76, 2 (April 2025) 

508 

ground measurements over the Chinese Yangtze Delta Region”, 
Atmospheric Environment, 44, 2587-2596. https://doi.org/ 
10.1016/j.atmosenv.2010.04.013 

Praseed, K. M., Nishanth, T. and Kumar, M. K. S., 2012, “Spectral 
Variations of AOD and Its Validation Using MODIS: First Cut 
Results from Kannur, India”, Atmospheric and Climate Science, 
02, 94-100. https://doi.org/10.4236/acs.2012.21011. 

Prats, N., Cachorro, V. E., Sorribas, M., Mogo, S., Berjon, A., Toledano, 
C., deFrutos, A., dela Rosa, J., Laulainen, N.anddela Morena, B. 
A., 2008, “Columnar aerosol optical properties during “El 
Arenosillo 2004 summer campaign”, Atmospheric Environment, 
42, 2643-2653. https://doi.org/10.1016/j.atmosenv.2007.07.041. 

Ramanathan, V., Crutzen, P. J., Lelieveld, J., Mitra, A. P., Althausen, D., 
Anderson, J., Andreae, M. O., Cantrell, W., Cass, G. R., Chung, 
C. E., Clarke, A. D., Coakley, J. A., Collins, W. D., Conant, W. 
C., Dulac, F., Heintzenberg, J., Heymsfield, A. J., Holben, B., 
Howell, S., Hudson, J., Jayaraman, A., Kiehl, J. T., 
Krishnamurti, T. N., Lubin, D., McFarquhar, G., Novakov, T., 
Ogren, J. A., Podgorny, I. A., Prather, K., Priestley, K., 
Prospero, J. M., Quinn, P. K., Rajeev, K., Rasch, P., Rupert, S., 
Sadourny, R., Satheesh, S. K., Shaw, G. E., Sheridan, P. and 
Valero, F. P. J., 2001, “Indian Ocean Experiment: An integrated 
analysis of the climate forcing and effects of the great Indo-
Asian haze”, Journal of  Geophysical Research, 106, 28371-
28398. https://doi.org/10.1029/2001JD900133. 

Saha, A., Mallet, M., Roger, J. C., Dubuisson, P., Piazzola, J. and 
Despiau, S., 2008, “Oneyear measurements of aerosol optical 
properties over an urban coastal site: Effect on local direct 
radiative forcing”, Atmospheric Research, 90, 195-202. 
https://doi.org/10.1016/j.atmosres.2008.02.003. 

Schoeberl, M. R., Douglass, A. R., Hilsenrath, E., Bhartia, P. K., Beer, 
R., Waters, J. W., Gunson, M. R., Froidevaux, L., Gille, J. C., 
Barnett, J. J., Levelt, P. F. and De Cola, P., 2006, “Overview of 
the EOS Aura Mission”, IEEE Transactions on Geoscience and 
Remote Sensing, 44, 1066-1074. https://doi.org/10.1109/ 
TGRS.2005.861950. 

Shen, Y., Zhang, L., Fang, X., Zhao, Z., Li, X., Wang, J.and Chai, Q., 
2018, “Long-Term Analysis of Aerosol Optical Depth over the 
Huaihai Economic Region (HER) : Possible Causes and 
Implications”, Atmosphere, 9, 93. https://doi.org/10.3390/ 
atmos9030093. 

Sokolik, I. N., Winker, D. M., Bergametti, G., Gillette, D. A., 
Carmichael, G., Kaufman, Y. J., Gomes, L., Schuetz, L. and 
Penner, J. E., 2001, “Introduction to special section: 
Outstanding problems in quantifying the radiative impacts of 
mineral dust”, Journal of Geophysical Research, 106, 18015-
18027. https://doi.org/10.1029/2000JD900498. 

Tan, S., Chen, B., Wang, H., Che, H., Yu, H.and Shi, G., 2022, 
“Variations in Aerosol Optical Properties over East Asian Dust 
Storm Source Regions and Their Climatic Factors during 2000-
2021”, Atmosphere, 13, 992. https://doi.org/10.3390/atmos 
13060992. 

Tanskanen, A., Krotkov, N.A., Herman, J. R. and Arola, A., 2006, 
“Surface ultraviolet irradiance from OMI”,IEEE Transactionson 
Geoscience and Remote Sensing, 44, 1267-1271. https://doi.org/ 
10.1109/TGRS.2005.862203. 

Taschilin, M., Yakovleva, I., Sakerin, S., Zorkaltseva, O., Tatarnikov, A. 
and Scheglova, E., 2021, “Spatiotemporal Variations of Aerosol 
Optical Depth in the Atmosphere over Baikal Region Based on 
MODIS Data”, Atmosphere, 12, 1706. https://doi.org/ 
10.3390/atmos12121706. 

Torres, O., Tanskanen, A., Veihelmann, B., Ahn, C., Braak, R., Bhartia, 
P. K., Veefkind, P. and Levelt, P., 2007, “Aerosols and surface 
UV products from Ozone Monitoring Instrument observations: 
An overview”, Journal of Geophysical Research, 112, D24S47. 
https://doi.org/10.1029/2007JD008809. 

Wang, P., Che, H., Zhang, X., Song, Q., Wang, Y., Zhang, Z., Dai, X. 
and Yu, D., 2010, “Aerosol optical properties of regional 
background atmosphere in Northeast China”, Atmospheric 
Environment, 44, 4404-4412. https://doi.org/10.1016/ 
j.atmosenv.2010.07.043. 

World Health Organization (Ed.), 2006, “Air quality guidelines: global 
update 2005 : particulate matter, ozone, nitrogen dioxide, and 
sulfur dioxide”, World Health Organization, Copenhagen, 
Denmark. 

Xin, J., Wang, S., Wang, Y., Yuan, J., Zhang, W. and Sun, Y., 2005, 
“Optical properties and size distribution of dust aerosols over 
the Tengger Desert in Northern China”, Atmospheric 
Environment, 39, 5971-5978. https://doi.org/10.1016/ 
j.atmosenv.2005.06.027. 

Yu, X., Cheng, T., Chen, J. and Liu, Y., 2007, “Climatology of aerosol 
radiative properties in northern China”, Atmospheric Research, 
84, 132-141. https://doi.org/10.1016/j.atmosres.2006.06.003. 

Yu, X., Zhu, B., Yin, Y., Fan, S. and Chen, A., 2011, “Seasonal 
Variation of Columnar Aerosol Optical Properties in Yangtze 
River Delta in China”, Advancesin Atmospheric Sciences, 28, 
1326-1335. https://doi.org/10.1007/s00376-011-0158-9. 

Zhang, M., Liu, J., Li, W., Bilal, M., Zhao, F., Zhang, C., Yuan, B. and 
Khedher, K. M., 2019, “Evaluation of the Aqua-MODIS C6 and 
C6.1 Aerosol Optical Depth Products in the Yellow River 
Basin, China”, Atmosphere, 10, 426. https://doi.org/ 
10.3390/atmos10080426. 

 
 
 
 
 
 

https://doi.org/10.3390/atmos10080426�
https://doi.org/10.3390/atmos10080426�

	Fig. 8. Annual average monthly AOD (model2) map based on 195 meteorological stations for the nine-year period, 2012 to 2020
	References

