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Abstract  

 

 Natural and anthropogenic aerosols varied extremely within space and time and affect 

the global radiation balance, and influence climatic changes. The objectives of this paper are 

to evaluate and characterize the dispersion of aerosols in the tropical region of Peninsular 

Malaysia using MODerate Resolution Imaging Spectro-radiometer (MODIS) measurements. 

The MODIS sensors on board the Terra satellite which enables remote sensing of aerosols at 

high special resolution and daily global coverage of data. This paper demonstrates the 

capability of MODIS to show the distribution of aerosol optical thickness (AOT) over the 

study area. Spectral characterizers of AOT measured over Peninsular Malaysia for the period 

2005 – 2007 are analyzed to understand the variability of the AOT in different seasons and 

location. The result showed low values on wet season and high values during the dry season 

for case some days. For the Correlations of the MODIS-AOT with the ground-based 

particulate matter indicates the spread of the aerosols all over Kuala Lumpur. The regression 

analyses of the MODIS-AOT and PM2.5 concentration is strongly correlated (correlation 

coefficient R = 0.75).From the findings of this study we illustrate the strong potentiality of 

satellite remote sensing in regional ambient air quality monitoring as an extension to ground 

measurements. With the continual advancement of remote sensing technology and global data 

assimilation systems, AOT measurements derived from satellite remote sensors may provide a 

cost effective approach as a supplementary source of information for determining ground-

level particle concentration.  
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1.INTRODUCTION  

 

Atmospheric aerosols consist of suspended minute solid or liquid atmospheric particulates. 

They include both natural (wind- laden dust, volcanic eruptions, sea salts from   the oceans,) 

and anthropogenic sources (aerosols from biomass burning, combustion from automobiles and 

emission from power plants). As suggested by [1] & [2], the atmospheric aerosol is a foremost 

concern for climate prediction and public health, but information on the global distributions of 

the aerosols became available only in the last couple of years through the dedication of the 

observatory satellites such as MODIS.       

 

Aerosols acted as modifying agents within the global atmospheric energy balance in a number 

of ways [3]. They affected scattering and absorption of solar and thermal infra-red radiations 

directly, alter the quantity of cloud life- time, and thus, by the way modify the outgoing 

radiation from the Earth. As aerosols absorbed the radiant energy leading to atmospheric 

heating, surface cooling, changing, the relative humidity and atmospheric stability, in addition 

affecting cloud formation and precipitation.  Consequently, aerosols can furthermore   change 

the processes on the land surface, the temperature of the water balance, climates, and the   earth 

surfaces,   and the entire ecosystem. The atmospheric aerosol is widely dispersed within the 

earth's surface and the stratosphere [4] & [5]. 

Fine particulate matters (PM2.5) are usually below 2.5 µm in diameter and are emitted through 

man-made processes or as a result of the reaction of atmospheric gaseous emissions, example 

nitrogen, and sulfur oxides. The PM2.5 is chiefly emitted through human activities such as the 

vehicular exhausts and power plants. PM2.5 is associated with more harmful health effects than 

coarse PM, as these minutest particles can penetrate into the lungs as a result of inhalation and 

may contain some more noxious substances [6]. 

The fine particulates matter at small spatial dimensions and the aerosol’s lifetime ranges from 

less than one hour to a number of days, depending on particle size, chemical composition, and 

atmospheric conditions. The PM ground-based observations represent the point measurements 

which are considered to be poor and in some cases missing in many countries of the world and 

this hamper the effective coverage of mapping out the regional to world distribution of the PM 

[7].The wider spatial view is made possible using Satellite than in-situ observations, and a 

number of studies have reported that this has huge capabilities for obtaining worldwide indirect 

assessments of ground PM [8] & [9]. 

Indeed, there has been a considerable effort on a well-developed methodology and applications 

of remote sensing particulate air pollution detection. Aerosol optical thickness (AOT) is a 

dimensionless number that describes the total absorption and scattering effect of particles in the 

direct or scattered sunlight. Practically, only the lower few hundred/thousand meters contribute 

significantly to the AOT; aerosol particles own owing their origin from the surface which is 

mixed in the layer of the atmosphere. Therefore, the columnar aerosol burden can be examined   

over   the   spectroscopic measurement of the AOT. This can be obtained from the sun- spectra 

measured directly by sun photometer from the ground or indirectly from the reflected radiation 

from the surface received by satellite sensors [10].  
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In general, a higher AOT value signifies a higher column aerosol loading and therefore low 

visibility. Several studies have attempted to use the AOT retrieved from satellite imagery to 

monitor aerosol loading and the associated air quality effects [11]. MODIS-derived Aerosol 

Optical Thickness (AOT)   utilizing   both   the Terra and Aqua satellites that have been applied 

to improving the evaluation of the spatial spreading of PM2.5 at a regional and urban 

dimension with varying degree of success.  

Various studies have reported empirical relations between AOT and PM10 or PM2.5 

measurements for different parts of the world [11], [12] and [13]. For example, significant 

correlations were found   between   time-series of AOT and PM2.5 for a number of stations in 

the Eastern and Midwest U.S. Other stations, however, particularly in the Western US, 

indicated no correlation [11] & [12]. Local variation of meteorological conditions, the 

appearance of   multiple aerosol layers, and variation in the chemical composition of aerosol 

possibly plays a significant role in determining the strengths of such correlations. For instance 

[7] indicated that the correlation between PM and   AOT is enhanced   when the   AOT   is 

divided by the mixing layer height and, to some extent, when it is corrected for the growth of 

aerosols with relative humidity. Precisely, the correlations between AOT and PM should be 

determined regionally to account for its specific conditions.        

In this paper, we present the distribution of aerosol optical thickness by using MODIS over 

Peninsular Malaysia and explore the relationship between MODIS-derived AOTs and 24 hour-

averaged PM2.5 mass concentrations on Kuala Lumpur which is a high population density area 

and with high numbers of automobiles. It is intersection where aerosols from different sources 

converge, such as fine anthropogenic aerosols. In addition, PM2.5 data available during that 

period was only records of Kuala Lumpur.       

2. DATA AND METHODS    

This section outlines the study area, the data collection, and statistical methods used in this 

analysis. This research collected the ground-level PM2.5 concentrations as the dependent 

variable. Furthermore; the AOT data acquired from MODIS was processed to be a space–time 

predictor.    

2. 1 Study area    

The Peninsular Malaysia (Fig.1) protruding southward from the mainland of Asia comprises an 

area of 131,587 km2.It covers approximately 80% of the Malaysian’s population and economic 

activities., It is located between 1° and 7° latitudes north and 99° and 105° east longitudes, 

bordered on the north by Thailand, on the east by the South China Sea, on the south by the 

Straits of Johor, and on the west by the Straits of Malacca and the Andaman Sea. Rapid 

development has contributed to an increased in pollution, especially in large cities. The three 

major sources of air pollution in Malaysia are motor vehicles, industry and domestic fossil fuel 

burning and open burning sources [14] & [15]. Malaysia also receives a significant amount of   

biomass burning aerosol from neighboring countries particularly Indonesia. Gases and   

particulate matter   resulting from the Indonesian forest fire specifically from Sumatera have 

been transported in the dry season months via the southwesterly winds [2] & [16].  
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2. 2 Satellite data    

The Terra satellite overpass time for AOT measurements is around 10:30 am of the local time. 

The aerosol information depends on the first seven wavelength bands (459 - 2155 nm) of 

MODIS sensors and a number of other bands to help with cloud repudiation and other 

inspection procedures [17]. The MODIS data analyzed in this study was the Collection 5 

MODIS Level 2 over-land aerosol product MOD04 [18] from 2005 to 2007. MODIS Collection 

5 products have a ground footprint spatial resolution of 10×10 km at nadir, increasing to more 

than 20×40 km at the edge of the swath. Datasets are divided into 5-min granules covering 

approximately 2330 km. The AOT is only retrieved for cloud-free pixels in each 20 x 20-pixel 

area, and over surfaces that are not too bright (hence, excluding snow covered and desert 

surfaces). Data used in this study are the 0.55µm “Optical, Depth, Land, and Ocean’ was 

obtained from the NASA Level 1 Atmospheric Archive and distribution System (LAADS Web) 

at (https://ladsweb.nascom.nasa.gov/data/search.html) from the Level 2 product three years of 

data from one sensor.  

Aerosol optical thickness (AOT or τa) is a dimensionless measure of light extinction   

integrated   over a path. The optical   thickness of aerosols normally ranges from zero to about 

five, with values over unity usually being classified as heavy haze [19], [20] and [21].  

 

      
Fig 1: Study area Peninsular Malaysia with location (black square 5 x 5 pixels) of the PM2.5 

measuring sites across Kuala Lumpur 

 

2. 3 AOT from MODIS as a space time predictor 

Monitoring site is associated with 5× 5 pixels AOT imagery (one pixel (10 x 10 km) at nadir) 

pixels that contain the site. In case that one monitoring site in Kuala Lumpur fell within the 

same AOT pixel, it was assigned the same mean AOT value. The daily AOT values the year 

2005 - 2007 was assigned to monitoring site. 
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2.4 Ground-based data    

To address the relationship between   AOT   and   PM2.5   a   study   was   set-up   to monitor 

PM2.5 from 2005 to 2007.  PM2.5 mass concentrations collocated located in the in site (Fig. 1) 

that represents the urban and traffic in Kuala Lumpur was selected at Jalan Semarak (3° 10` 

29`` N and 101° 43` 14`` E), PM2.5 at the site was collected by the use of “GENT” stacked 

filter unit (SFU) sampler provided by the International Atomic Energy Agency (IAEA) in 

collaboration with Malaysian Nuclear Agency. As such, this data at Kuala Lumpur provides a 

unique opportunity to study the AOT- PM2.5 relationship in Malaysia.           

3. Results and Discussion  

3.1 Spatial distribution aerosol optical thickness (AOT) 

Our analysis begins with the description of worldwide distribution of AOT (Julian days in 2005 

to 2007) MODIS AOT at 0.550 mm for different days in different seasons (i.e. dry, wet, inter-

monsoon) over Peninsular Malaysia is shown in Fig. 2,3 and 4. In general, the AOT reaches the 

maximum values of 2.7 during the 16th August (Julian day 289, 2006) (Fig 3d); also we found 

that the highest values during inter-monsoon and dry season along the west and north 

peninsular Malaysia, particularly most resulting in the January months for all the three years 

which recorded the lowest value of AOT. This study corresponds with the results obtained by 

[16].They found out that seasonal changes have a role in the distribution of AOT in Peninsular 

Malaysia. 

Generally, East Asia with China at its heart, is one of the major aerosol source regions in the 

world. While aerosols of natural origin (e.g. dust) continue to be a severe problem for this area, 

particles of anthropogenic origin (e.g., sulfates) have significantly increased over the past few 

decades. Aerosol impacts are expectedly to be substantial, but these effects are not well 

identified or quantified because of insufficient knowledge and understanding of the interactions 

of aerosols with ecosystems and climate [6]. MODIS AOT cannot be retrieved in certain 

situations: where it is cloudy, where there is strong sun glint from water bodies, and over 

snow/ice and bright desert areas [8]. So we found that most of the areas do not have data record 

(Fig. 3 b and d) as a result of the heaping cloud cover.     

 

The high AOT values observed over East Malaysia happened during the biomass burning and 

forest fires that occurred in Indonesia, particularly in Sumatra and Kalimantan, which 

contributed to the local aerosols from rural and urban activities [22]. This corresponds most 

commonly with the short duration of fire season duration, because the dry period commonly 

lasts 3–4 months during which these months in the study area faced high value of AOT. 

[23], used the global chemical transport model MOZART-2 with both gas-phase and aerosol 

species, and discovered the AOT resulting from aerosols contributed by both emissions within 

the region and by inter-continental transport. MODIS AOT retrievals vary depending on both 

the aerosol type and the underlying surface type [24]. 



International Journal of Advanced Scientific and Technical Research                     Issue 6 volume 3, May –June 2016 

Available online on   http://www.rspublication.com/ijst/index.html                                                     ISSN 2249-9954 

©2016 RS Publication, rspublicationhouse@gmail.com Page 234 
 

          
                       (a)                                                (b)                                                    (c)                                                   (d) 

Fig 2: Spatial distribution of Terra MODIS-AOT 550 for 2005 year entire Peninsular Malaysia 

(data represents values from daily AOT product (a) 16
th

 January, (b) 17
th

 April, (c) 18
th

 July and 

(d) 15
th

 August). 
 

           
                       (a)                                                (b)                                                    (c)                                                   (d) 

Fig 3: Spatial distribution of Terra MODIS-AOT 550 for 2006 year entire Peninsular Malaysia 

(data represents values from daily AOT product (a) 16
th

 January, (b) 16
th

 April, (c) 17
th

 August 

and (d) 16
th

 August). 

   

           
                       (a)                                                (b)                                                    (c)                                                   (d) 

Fig 4: Spatial distribution of Terra MODIS-AOT 550 for 2005 year entire Peninsular Malaysia 

(data represents values from daily AOT product (a) 17
th

 January, (b) 4
th

 February, (c) 16
th

 April 

and (d) 17
th

 July). 
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3.2 Correlation between MODIS AOT and PM2.5 

An overview of the statistical measured data is presented in Table 1. The average measurement 

for PM2.5 was 31.44, 34.82 and 23.72 µg/m
3
 for years 2005, 2006 and 2007 respectively. The 

concentration recorded was 95.75 µg/m3 at 16 October 2006.  This result is comparable with 

record in year 2005 at 94.9 µg/m
3
 on 11 August, while the high concentration in 2007 was 

42.33 µg/m
3
 on 1st November. 

Table1. Yearly means, minimum (Min), maximum (Max), standard deviation (SD), median and 

numbers of samples (N) of PM2.5 (µg/m
3
) mass concentrations at Kuala Lumpur from 2005 to 

2007. 

year mean min max SD median N 

2005 31.44 14.58 94.90 17.15 27.67 25 

2006 34.82 16.21 95.75 16.47 29.10 26 

2007 23.72 12.13 42.33 7.14 22.75 24 

[11] used one year of the MODIS-AOT from the Terra/ Aqua satellites collocated at 7 ground 

stations in the Jefferson county, in Alabama, and found out  that the MODIS - AOT has a good 

positive correlation with PM2.5 mass (R = 0.7). [13], examined the PM air quality based on the 

United States EPA standards. Using regression analysis, they derived the empirical relationship 

between 24 h PM2.5 mass concentration (µg/m3) and MODIS - AOT (at 0.55 mm) and 

concluded that the satellite derived AOT is an excellent tool for air quality studies over large 

spatial area. The detailed correlation analysis over New York City shows a range of correlation 

coefficients 0.48–0.75, in India Delhi 0.24 – 0.85, in Hong Kong different 0.32 - 0.51 in over 

different stations.  

Fig 5 shows the comparison between PM2.5 and MODIS-AOT for the one location in 

Peninsular Malaysia in Kuala Lumpur from the Terra satellite from 2005 to 2007. The linear 

correlation coefficient (R) is 0.75.  The PM2.5 mass that is indicative of the near surface values 

is still reflected in the MODIS column AOT data. The spatial correlation analysis can be used 

to generate information about the interaction between the MODIS measurements and 

significant air quality in the study area.   

Our result shows that the correlation between PM2.5 and MODIS-AOT in site (Fig. 1) with 

size for satellite data around the ground PM2.5 measurements (5x5 pixels), it shows the 

appropriateness of the use of satellites to monitor air quality. A high concentration of PM2.5 

could be associated with the transport of haze from surrounding area. Haze can be the effect of 

increased concentration of PM2.5 [25]. 
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Fig 5: Correlation between MODIS-AOT 0.550mm and PM2.5 (µm/m
3
) at Kuala Lumpur from 

2005 to 2007 

4. Conclusions 

Using three years of the MODIS-AOT from the Terra satellites collocated with daily fine 

particular matter content measured at urban scale (Kuala Lumpur), we show that the MODIS 

AOT has a good positive correlation with PM2.5 mass (R = 0.75). Through statistical analysis, 

we derive an empirical relationship between the MODIS-AOT and 24-hr mean PM2.5 mass 

and the results show that the AOT distribution maps which were retrieved from satellite data 

can have tremendous potentials to support environmental agencies for monitoring air quality. 

Besides, it is also an effective tool to identify the source of pollutants which is difficult to find 

out by using the ground measurements 
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