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Remote sensing has been shown to be a useful tool in retrieval aerosol optical thickness (AOT) in
particulate matter (PM) pollution monitoring. In this study, daily AOT data retrieved from moderate
resolution IMAGING spectroradiometer (MODIS) and the amount of PM;, measured at eight air quality
monitoring ground stations in Klang Valley from 2004 to 2006 were used. The AOT values consisted of
three different average window sizes (WS): (3 x 3) pixels, (5 x 5) pixels and (7 x 7) pixels. PM;, mass
concentration consists of real-time (hourly) and 24 h mean. Linear correlation coefficients (LCC) were
used to determine the best validation result. Best validation results were obtained between AOT WS in
(5 x 5) pixels and PM;g mass in 24 h mean. The LCCs in dry season were acquired higher than those in
rainy season. The validation results in rainy season were improved when nonlinear correlation
coefficients (NLCC) with polynomial equation were used for analysis. This study reveals that the
correlation coefficients are dependent on time and location.
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INTRODUCTION

The Department of Environment (DOE) monitors the
Malaysian ambient air quality in both residential and
industrial areas through a network of 51 stations. Solid
and liquid particles in the air, referred to as particulate
matter (PM), are monitored from 21 stations (MMD,
2009). Respirable particles with sizes of less than 10 and
2.5 microns are named PMj, and PM,s, respectively
(Krewski et al., 2000). PM;q and PM, s are small enough
to penetrate the upper and lower parts of the human
respiratory system (Liu and Huza, 1995). Hence, they are
capable of having harmful effects on human health (Ostro
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et al., 1999; Adamson et al., 1999; Williams et al., 2003;
WHO, 2005). Suspended particulate matter (SPM) is able
to reduce atmospheric visibility through absorbing and
scattering solar radiation (Seinfeld and Pandis, 1998). It
can also affect the global change through interactions
with the earth’s radiation energy balance (IPCC, 2001;
Garland et al, 2008). Therefore, PM is a subject of
increasing concern. PMy, concentration usually can be
measured in ground station sites in cities and rural areas.
Ground site measurement can cover only a few meters
around the station. High installation and maintenance
costs of ground station sites and the need to investigate
distribution process of pollution are some of the reasons
that urge scientists to find new ways to monitor air
pollution. As a possible method, monitoring urban air
guality with remote sensing has created a new corridor of
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research  concerning the atmospheric  pollution
processes. Electromagnetic radiation is used for
acquiring information in remote sensing (Martin, 2008).
For aerosol remote sensing, the reflected solar radiation
at the top of the atmosphere is measured (Liu, 2008).
Terra and Aqua are satellites equipped with certain
sensors to spatially monitor the amount of PM in air. The
Moderate  Resolution Imaging  Spectroradiometer
(MODIS), Multi-Angle Imaging  Spectroradiometer
(MISR), Clouds and the Earth’s Radiant Energy System
(CERES), Advance Spaceborne Thermal Emission and
Reflection Radiometer (ASTER) and Measurements of
Pollution in the Troposphere (MOPITT) are sensors
onboard National Aeronautics and Space Administration
(NASA's) Terra satellite (Sohrabinia and Khorshiddoust,
2007). These sensors are able to monitor clouds, climate
and air quality. Aerosol Optical Thickness (AOT) is
among the important data produced by MODIS sensor.
AOT represents columnar aerosol loading from the
surface to the top atmosphere (Gupta et al., 2006). In the
last decade, several studies validated the relationship
between particulate mass concentration measured by
ground station sites and satellite-derived AOT
(Amanollahi et al., 2011a, b, c¢). To limit the impact of the
spatial variation in AOT measurement, window pixels
around the corresponding pixel with the ground site
coordinate are required. Ichoku et al. (2002) tested four
Window Sizes (WS) consisting of (3 x 3), (5 x 5), (7 x 7)
and (9 x 9) AOT pixels which cover (30 x 30), (50 x 50),
(70 x 70) and (90 x 90) km areas at nadir to evaluate the
effect of WS on parameter statistics. They reported the
size of (50 x 50) km as the best option for validation
analysis. Xueliang et al. (2008) showed that variation in
the WS of MODIS data can influence the validation result.
They observed the (3 x 3) pixels (30 x 30 km) WS as the
best alternative for the China Sea. For comparing the
AOT with 24-hourly mean PM,s mass in Alabama, Wang
and Christopher (2003) used (3 x 3) pixels to limit the
potential cloud contamination. Some previous studies in
different parts of the world for AOT with 24-hourly mean
and PM, s mass have used a resolution of (5 x 5) pixels,
for the global study (Gupta et al., 2006), in Sydney
(Gupta et al., 2007), and in south eastern United States
(Gupta and Christopher, 2008). In order to study the air
quality using MODIS Aerosol optical depth (AOD), Engel-
Cox et al. (2004) employed satellite AOD pixels lower
than 40 to 50 km far from the ground stations. Hutchison
et al. (2004) used hourly PM,s and AOT to support
operational air quality forecast. Hutchison et al. (2005)
acquired better correlation coefficients using (5 x 5) AOT
pixels and 24-hourly mean PM,s than hourly PM,s.
Furthermore, they tested both (3 x 3) and (5 x 5) AOT
pixels in validation analysis and did not acquire significant
differences between the two groups in the results of
validation.

The two main objectives of this paper are: (1) to
determine the best WS of MODIS AOT pixels to acquire

good correlation coefficient between AOT and PM;, mass
concentration in Klang Valley, and (2) to determine the
correlation coefficient in dry and rainy season using the
results of the first objective.

MATERIALS AND METHODS
Air quality in the study area

The climate characteristics of Malaysia are indicated by high
humidity, uniform temperature, copious rainfall and generally light
winds (MMD, 2009). Klang Valley is a part of Selangor and covers
an area of about 2826 km? The number of stationary pollution
sources in Selangor is the highest in Malaysia (Afroz et al., 2003).
In Klang Valley, only 23% of air quality was reported as good, 70%
as moderate and 7% as unhealthy levels in 2006. Geographical
position as well as large-scale industrial and commercial activities is
among the reasons for the increase in air pollution in Klang Valley
(EQR, 2006).

PMjo monitoring stations were first installed during the 1996 by
Alam Sekitar Malaysia Sdn Bhd (ASMA). The hourly PMi, mass
concentrations are measured using the B-ray attenuation mass
monitor. The highest annual average value of PMo concentration in
Malaysia was measured for industrial area. Emission load of total
PM measured from various sources include 25% by industries, 8%
by motor vehicles, 44% by power stations and 23% by others (EQR,
2006). Currently, eight Air Quality Monitoring Stations (AQMS)
measure the PMyo in Klang Valley (Figure 1). Stations are located
principally near industrial and residential areas.

Figure 2 shows the monthly mean of PM;o in 2004. The amount
of PMyo for April, May, June and August was observed to be more
than that of the other months. This may be due to forest fires in
Indonesia. In dry season, burning the scrub and forest to clear land
by Indonesian farmers creates haze. This was the main reason
behind the events in 1997 (Koe et al, 2001), 1999 and 2000
(Keywood et al., 2003), slight haze in 2004 and 2006 (EQR, 2004,
2006) and intense haze in 2005 (EQR 2005) in Malaysia.

Data collection

MODIS collects data from land; atmosphere and ocean in 36
spectral bands ranging from 0.4 to 14.5 pm. Seven (7) of these
bands ranging from 0.47 to 2.13 ym are able to retrieve aerosol
characteristics over ocean and land. Only two wavelengths, 0.47
and 0.67 um, are used to provide AOT over land (Remer et al.,
2005).

For retrieval of MODIS data at 0.55 um, interpolation from the
0.47 and 0.66 ym was used. In this study, daily AOT at 0.55 ym
wavelengths for 2004 to 2006 from the MODIS onboard Terra
satellite and PMip, mass concentration were utilized. The MODIS
level 2 (MYDO04_L2) daily AOT products from Terra were
downloaded (http://ladsweb.nascom.nasa.gov/data/search.html).
The validation between MODIS AOT and PM;o mass concentration
in the atmosphere was analyzed using simple linear regression.
Three different WSs of MODIS AOT consisting of (3 x 3,5 x 5 and
7 x 7 pixels) and two ranges of PMj, mass concentrations
consisting of real-time and 24-hourly mean were analyzed (Figure
3). The hierarchical data format (HDF) of MODIS AOT files can
include text files, charts and tables (NASA, 2009). There is a table
for each item and there are thousands of pixels in each table. Each
pixel of level 2 AOT item has a 10 x 10 km? resolution.

To arrange the AOT data and corresponding stations coordinate
in a row, Visual Basic program was written to run the model in MS
Excel macro. In this way, the table of longitude, latitude and table of
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Figure 1. Geographical characteristics of eight AQMS in Klang Valley.
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Figure 2. Monthly mean of PM1o mass concentration over eight AQMS in Klang Valley in 2004.

AOT data were listed in different columns. In addition, the
corresponding data in the cells of all tables were arranged in a row
(Sohrabinia and Khorshiddoust, 2007). Another Visual Basic
program was written to identify the 49 AOT cells for (7 x 7) WS, 25
AOT cells for (5 x 5) WS and 9 AOT cells for (3 x 3) WS over the
eight stations in Klang Valley area. For averaging of window size
which over PMj, monitoring stations at least three cells were
needed, so the data cells below three were ignored (Gupta et al.,
2007).

RESULT

Relationship between two ranges of PM;; mass and
different WSs of MODIS AOT

The linear correlation coefficients (LCC) were used to test
the correlation between different WSs of MODIS AOT
and two ranges of PMj, mass (Table 1). The lowest LCC
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Figure 3. Validation process between different WSs and two ranges of PMo.

Table 1. Correlation statistics between different WSs of MODIS AOT and two ranges of PMio (Hgm™®) mass in eight AQMS in Klang

Valley from 2004 to 2006.

3x3 5x5 7x7
. Correlation coefficient Correlation coefficient Correlation coefficient
Station name No. of No. of No. of
polnts Hourly 24h polnts Hourly 24h polnts Hourly 24h

PM1o mean PMyo PMo mean PMyo PMo mean PM1o
Gombak 80 0.25 0.14 86 0.23 0.14 204 0.24 0.31
Klang 25 0.13 0.33 32 >0.10 0.42 106 0.17 0.39
Victoria K.L 22 0.19 0.27 27 0.27 0.50 81 0.42 0.45
Petaling Jaya 44 >0.10 0.13 54 0.11 0.23 157 0.17 0.38
Kajang 36 0.19 0.25 41 0.34 0.47 124 0.22 0.38
Shah Alam 29 0.37 0.51 47 0.28 0.44 149 0.29 0.38
Putra Jaya 29 0.24 0.42 30 0.39 0.17 90 0.26 0.48
Cheras K.L 41 0.29 0.24 50 0.38 0.34 141 0.23 0.35

values were obtained when real-time of PM;g mass was
used in the analysis. The highest LCC value between
these WSs and PM;, was observed when 24 h mean of

PMy was used in the analysis. In most cases, the
amount of LCC between average of AOT in three WSs
and PMy in 24 h mean was higher than the
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Table 2. Descriptive statistics of PMio (ug m™) mass concentration corresponding to (7x7) pixels in annually

analysis of eight AQMS in Klang Valley.

PMjq (real-time)

PM10(24 h mean)

MODIS AOT (7 X 7)

Station name

Mean SD Mean SD Mean SD
Gombak 50.51 27 53.42 22 0.46 0.34
Klang 62.87 43 73.09 30 0.59 0.49
Victoria K.L 60.47 37 75.91 33 0.47 0.37
Petaling Jaya 64.73 34 60.24 22 0.47 0.35
Kajang 43.54 30 49.27 21 0.46 0.38
Shah Alam 53.17 26 63.59 24 0.53 0.44
Putra Jaya 48.52 33 49.82 23 0.50 0.44
Cheras K.L 61.16 33 62.05 26 0.49 0.39

Table 3. Correlation statistics between WS in (5 x 5) pixels of MODIS AOT and PMyo (ug m™®) in 24 h mean for the dry

season in eight AQMS in Klang Valley.

. No. of Correlation PM1o (ugm™) MODIS AOT (0.55 um)

Station name ) p-value .

points coefficient Mean SD Mean SD
Gombak 59 < 0.0001 0.34 59.08 21.29 0.48 0.42
Klang 22 0.0014 0.41 68.78 20.73 0.55 0.45
Victoria K.L 20 0.0002 0.53 83.13 39.25 0.49 0.39
Petaling Jaya 40 < 0.0001 0.42 68.15 20.94 0.48 0.39
Kajang 32 < 0.0001 0.58 55.05 18.36 0.53 0.40
Shah Alam 36 < 0.0001 0.59 69.05 23.49 0.57 0.46
Putra Jaya 25 0.0458 0.16 53.96 16.12 0.63 0.43
Cheras K.L 36 < 0.0001 0.41 65.92 22.95 0.50 0.41

results of PMy, in real-time, but no significant differences
were found between the results.

As shown in Table 1, LCC values between average of
MODIS AQT in the (3 x 3) pixels and real-time of PMy,
measurements ranged from just under 0.1 in Petaling
Jaya to 0.37 in Shah Alam. The average measurements
of AOT in the (7 x 7) pixels in Gombak, Victoria KL,
Petaling Jaya, Kajang Sealngor, and Putra Jaya were
reported with very small differences (Table 2). On the
other hand, PM;o mean for these stations turned out to be
different (Table 2).

Relationship between PMj, mass and window size of
MODIS AOT in (5 x 5) pixels in rainy and dry seasons

Over southwest Malaysia, October and November have a
maximum and February has a minimum rainfall (MMD,
2009). Based on the amount of humidity, temperature
and rainfall, Malaysian climate is classified into the rainy
season from October to January, and dry season from
February to September. Correlation analyses were also
performed to determine any relationship between satellite
observations in (5 x 5) pixels and PMy, in 24 h mean

during the dry season (Table 3). Klang Valley station
(column 1), and the number of MODIS AOT and AQMS
observation pairs (column 2) represent the sample size
used for successive correlation tests. Correlation
coefficients are reported in columns 4, and columns 5 to
6 contain means and standard deviations on the 24-
hourly mean of PM;q and MODIS AOT, respectively. The
p-value reported in Table 3 and 4, column 3 is important
in linear analysis. The variability into given data and a
number of observations are directly and indirectly
affected on p-value.

The p-value lowers than 0.05 means that there is a
great deal of confidence and the coefficient is truly
different from zero.

Correlation analyses were also used to determine any
relationship between MODIS AOT in (5 x 5) pixel group
and PMyoin 24 h mean during the rainy season (Table 4).

Except for that of Klang, the p-values obtained were
more than 0.05 for the other stations, which means there
is no significant relationship between MODIS AOT and
PMy mass in the rainy season (Table 4). Nonlinear
correlation coefficients (NLCC) with polynomial equation
were used to analyze the correlations between MODIS
AOT statistics and PMypin 24 h mean.
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Table 4. LCC and NLCC between WS in (5 x 5) pixels of MODIS AOT and 24 h mean of
PMao (g m™) mass for the rainy season in eight AQMS in Klang Valley.

Station name No. of points p-value LCC NLCC
Gombak 27 0.305 <0.10 0.11
Klang 10 0.010 0.58 0.76
Victoria K.L 7 0.514 <0.10 0.10
Petaling Jaya 14 0.314 <0.10 0.21
Kajang 9 0.744 <0.10 <0.10
Shah Alam 11 0.434 <0.10 <0.10
Putra Jaya 5 0.625 <0.10 0.56
Cheras K.L 14 0.323 <0.10 0.17
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Figure 4. Correlation coefficient between MODIS AOT in (5 x 5) pixels and 24 h mean PMygin
the rainy season using linear and nonlinear analysis in Klang.

NLCC values obtained for Kajang and Shah Alam were
indicated the same LCC. NLCC values at the other
stations were acquired more than LCC values. High
NLCC and LCC values were observed for Klang (Figure
4). However, LCC was reliable for Klang, but the NLCC
value was obtained more than LCC.

DISCUSSION

The LCC range for this WS and PMy, in 24-hourly mean
was observed to be 0.13 in Petaling Jaya and 0.51 in
Shah Alam. The lowest amount of AOT data was
obtained in the (3 x 3) pixels WS among the three sizes
(Table 1). Reportedly, the LCC range between average of
MODIS AOT in the (5 x 5) pixels and real-time of PMy,

was lower than 0.1 in Klang and 0.39 in Putra Jaya.
Further, the LCC range for this WS and PMy, in 24 h
mean was 0.14 in Gombak and 0.5 in Victoria K.L. The
LCC values between the average of AOT in the (7 x 7)
pixels and PMg in 24 h mean in the stations were close
to each other. For example, in Petaling Jaya, Kajang and
Shah Alam the LCC values were 0.38 (Table 1). The
same AOT result in the (7 x 7) pixels may be due to the
short distance between the ground stations. Although, no
significant differences were observed between the results
of the three WSs, the results showed that for annual
statistics validation between MODIS AOT and PMjg
mass, the (5 x 5) pixels was the best alternative. The (3 x
3) pixels with a dimension of (30 x 30) km correspond
with a small statistical sample and may cause limitation to
distribution investigation of PMygvalues in larger areas.



The (7 x 7) pixels group is a big WS. The pixels in big
WSs are used in the averaging process of AOT for all
ground stations creating the same average of AOT value
or AOT value with minor differences (Table 2). No
significant differences were found in results of analysis
between real-time and 24 h mean PMyy with MODIS AOT
in (5 x 5) pixels. But in most cases (that is, five stations)
the LCC values for PMyo in 24 h mean were higher than
PMy, real-time analysis; then, 24 h mean PM;q seems to
be a better choice to describe the relationship between
MODIS AOT in (5 x 5) pixels and PM;; mass in Klang
Valley. MODIS AOTSs are strongly correlated with PMg in
the dry season compared with the rainy season. Except
for the values observed for Gombak and Putra Jaya, the
LCC values for other areas turned out to be more than
0.4 in the dry season (Table 3). The high values of LCC
in the dry season may be due to high amount of PMyq in
the dry season in comparison with the rainy season. It
can be concluded that the LCC values between PMiq
mass and MODIS AOT are high when air quality is poor
and vice versa. In Klang Valley, some reasons such as
transportation of haze from forest fire Sumatra (Keywood
et al., 2003), seasonal variations 'El Nifio' modulations,
and regional low level winds cause to aggravate poor air
quality conditions during the dry season. On the other
hand, cloud cover in the rainy season may transport the
gases and PM from the mixing layer to free troposphere.
This could redistribute aerosols in the troposphere, and
subsequently decrease air pollution in the rainy season.
Swelling hygroscopic particles or condensation of
hydrophobic particles due to moisture in the rainy season
is another reason for large differences between the
measurements recorded by the ground stations as
compared to those recorded by the satellite.

Conclusions

This study analyzed the PM;, data collected by eight
AQMS over Klang Valley. The PM pollution in the dry
season was observed to be higher than in the rainy
season. Two ranges of ground based PMyg
concentrations and three different MODIS AOT WSs
were analyzed to find the best correlation coefficient from
2004 to 2006. The LCC and NLCC analyses were utilized
to better describe the correlation coefficient between
these data in the rainy season. In the case of the (3 x 3)
pixels of MODIS AOT, only a small statistical sample size
was available. This could cause limitation in investigating
the distribution of PMyo values in large areas. The (7 x 7)
pixels created the same average of AOT value which was
due to using the same pixels in averaging process of
AOT for all the ground stations. In (5 x 5) pixels good
statistical sample and also different AOT were found due
to different PM,, masses at ground. In most of the cases,
the LCC values between MODIS AOT in the (5 x 5) pixel
group and 24 h mean PMj, were reportedly higher
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than real-time PM,o analysis. NLCC values were higher
than LCC values in the rainy season. It could be
concluded that the LCC analysis is recommended to
acquire correlation coefficient between MODIS AOT and
PMjo mass in the dry season, while NLCC is advisable
for analysis in the rainy season. MODIS AOT in the (5 x
5) pixels is able to recognize the region and distribution of
SPM over a large scale of tropical area.

REFERENCES

Adamson |, Prieditis H, Vincent R (1999). Pulmonary toxicity of an
atmospheric particulate sample is due to the soluble fraction. Toxic.
Appl. Pharma., 157(1): 43-50.

Afroz, R, Hassan MN, lbrahim NA (2003). Review of air pollution and
health impacts in Malaysia. Environ. Res., 92(2): 71-77.

Amanollahi J, Abdullah AM, Farzanmanesh R, Ramli MF, Pirasteh S
(2011a). PM10 distribution using remotely sensed data and GIS
techniques; Klang Valley, Malaysia. Environ. Asia., 4(1): 47-52.

Amanollahi J, Abdullah AM, Pirasteh S, Ramli MF, Parinaz R (2011b).
PM10 monitoring using MODIS AOT and GIS, Kuala Lumpur,
Malaysia. Int. Res. J. Chem. Sci. Environ. Sci., 15(2): 982-985.

Amanollahi J, Abdullah AM, Ramli MF, Pirasteh S (2011c). Real time
assessment of haze and PM10 aided by MODIS AOT over Klang
Valley, Malaysia. World Appl. Sci. J. Special Issue., 14: 8-13.

Engel- Cox JA, Christopher HH, Coutant BW, Hoff RM (2004).
Qualitative and quantitative evaluation of MODIS satellite sensor data
for regional and urban scale air quality. Atmos. Environ., 38(16):
2495-2509.

EQR, (2004) Malaysia Environmental Quality Report, 2004. [Available
online at:

http://www.doe.gov.my/en/content/environmental-quality-report-eqr-
2004.]

EQR, (2006) Malaysia Environmental Quality Report, 2006. [Available
online at: http://www.doe.gov.my/en/content/environmental-quality-
report-eqr-2006.]

Garland RM, Yang H, Schmid O, Rose D, Nowak A, Achert P,
Wiedensohler A, Takegawa N, Kita K, Miyazaki Y, Kondo Y, Hu M,
Shao M, Zeng LM, Zhanng HY, Andreae OM, Poschi U (2008).
Aerosol optical properties in a rural environment near the mega-city
Guangzhou, China: implications for regional air pollution, radiative
forcing and remote sensing. Atmo. Chemis. Phys., 8(17): 5161-5186.

Gupta P, Christopher SA (2008). An evaluation of Terra-MODIS
sampling for monthly and annual particulate matter air quality
assessment over the Southeastern United States. Atmos. Environ.,
42: 6465-6471.

Gupta P, Christopher SA, Box MA, Box GP (2007). Multiyear satellite
remote sensing of particulate matter air quality over Sydney,
Australia. Inter. J. Remote Sens., 28(20): 4483-4498.

Gupta P, Christopher SA, Wang J, Gehing R, Lee Y, Kumar N (20086).
Satellite remote sensing of particulate matter and air quality
assessment over global cities. Atmos. Environ., 40: 5880-5892.

Hutchison KD, Smith S, Faruqui SJ (2004). The use of MODIS data and
aerosol products for air quality prediction. Atmos. Environ., 38(30):
5057-5070.

Hutchison KD, Smith S, Faruqui SJ (2005). Correlating MODIS aerosol
optical thickness data with ground-based PM2.5 observations across
Texas for use in a real-time air quality prediction system. Atmos.
Environ., 39(37): 7190-7203.

Ichoku C, Chu DA. Mattoo S, Kaufman YJ, Remer LA, Tanre D,
Slutsker I, Holben BN (2002). A spatio-temporal approach for global
validation and analysis of MODIS aerosol products. Geophys. Res.
Letters. 29 (12), 8006, doi:10.1029/2001GL013206.

IPCC (2001). Climate Change 2001: The Scientific Basis. IPPC.
Cambridge University Press, p. 93

Keywood MD, Ayers GP, Gras JL, Boers R, Leong CP (2003). Haze in
the Klang Valley of Malaysia. Atmo. Chemis. Phys., 3: 591-605.

Koe LCC, Arellano AF, McGregor JL (2001). Investigating the haze



1380 Sci. Res. Essays

transport from 1997 biomass burning in Southeast Asia: its impact on
Singapore. Atmos. Environ., 35(15): 2723-2734.

Krewski D, Bumett RT, Goldberg MS, Hoover K, Siemiatycki J, Jerrett
M, Abrahamowicz A, White WH (2000). Reanalysis of the Harvard
Six Cities Study and the American Cancer Society Study of
Particulate Air Pollution and Mortality: A Special Report of the
Institute’s Particle Epidemiology Reanalysis Project. Health Effects
Institute, Cambridge MA, [Available online at:
http://pubs.healtheffects.org/getfile.php.] p. 97.

Liu R, Huza MA (1995). Filtration and indoor air quality: A practical
approach. Ashrae J., 37(2): 18-23.

Liu Y (2008). The application of satellite remote sensing in estimating
fine particle concentration. PhD thesis, Harvard University, pp. 113.
MMD (2009). Malaysian Meteorological Department. [Available online

at: http://www.met.gov.my/index.php.]

NASA (2009). National Aeronautics and Space Administration.
[Available online at: http://terra. nasa.gov/FactSheet /Aerosols,
http://disc.sci.gsfc.nasa. gov/ MODIS, http://terra.nasa.gov,
http://aqua.nasa.gov, http://modis-
ocean.gsfc.nasa.gov/userguide.html.]

Ostro L, Chestnut N, Vichit-Vadakan A, Laixthai A (1999). The impact
of particulate matters on daily mortality in Bangkok, Thailand. J. Air
Waste Manag. Assoc., 49(9): 100-107.

Martin RV (2008). Satellite remote sensing of surface air quality. Atmos.
Environ., 42(34): 7823-7843.

Remer LA, Kaufman YJ, Tanre D, Mattoo S, Chu DA, Martins JV, Li
RR, Ichoku C, Levy RC, Kleidman RG, Eck TF, Vermote E, Holben
BN (2005). The MODIS aerosol algorithm, products and validation. J.
Atmos. Sci., 62(4): 947-973.

Seinfeld JH, Pandis SN (1998). Atmospheric Chemistry and Physics-
From Air Pollution to Climate Change. John Wiley Sons, p.1326

Sohrabinia M, Khorshiddoust AM (2007). Application of satellite data
and GIS in studying air pollution in Tehran. Habitat Int., 31(2): 268-
275.

Wang J, Christopher SA (2003). Inter comparison between satellite-
derived aerosol optical thickness and PM 2.5 mass: Implication for air
quality studies. Geophys. Res. Lett., 30(21): 2095.

Who (2005). Air Quality Guidelines global update 2005. Report on a
Working Group meeting, Bonn, Germany, 18-20 October, [Available
online at: http://www.euro.who.int/document/e87950.] p. 25.

Williams R, Suggs J, Rea A, Leovic K, Vette A, Croghan C, Sheldon L,
Rodes Ch, Thomburg J, Ejire A, Herbst M, Sanders W (2003). The
research triangle park particulate matter panel study: PM mass
concentration relationships. Atmos. Environ., 37(38): 5349-5363.



