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ABSTRACT 

 

 

 

 

The insufficient number of ground-based stations for measuring Particulate 

Matter less than 10μm (PM10), especially in the developing countries hinders PM10 

monitoring at a regional scale. The present study aims to develop empirical models for 

PM10 estimates from space over Malaysia using Aerosol Optical Depth (AOD550) 

retrieval from Moderate Resolution Imaging Spectroradiometer (MODIS), Medium 

Resolution Imaging Spectrometer/Advanced Along-Track Scanner Radiometer 

(MERIS/AATSR) synergy algorithm and meteorological data that include surface 

temperature, relative humidity and atmospheric stability from 2007-2011. Accuracy of 

meteorological parameters that have been used in the estimation of PM10 are examined. 

The estimated relative humidity and surface temperature using satellite data agree well 

with ground data where coefficient of determination (R2) = 0.78 and 0.49 and Root 

Mean Square Error (RMSE) = 5.14% and 2.68C for relative humidity and surface 

temperature respectively. Multiple Linear Regressions (MLR) and Artificial Neural 

Network (ANN) techniques are utilized to develop the empirical models. The models 

were developed using PM10 data measured at 29 stations over Malaysia. Result of the 

research reveals that the ANN using MODIS AOD550 provide higher accuracy with R2 

= 0.71 and RMSE = 11.61gm-3 compared to the MLR method where R2 = 0.66 and 

RMSE = 12.39gm-3 or models that use MERIS/AATSR AOD data. Stepwise 

regression analysis performed on the MLR method  reveals that the MODIS AOD550 

is the most important parameter for PM10 predictions where R2 = 0.59 and RMSE = 

13.61gm-3. However, the inclusion of the meteorological parameters in the MLR 

increases the accuracy of the PM10 estimations. The significance of the meteorological 

parameters in prediction of PM10 concentrations is in the order of (i) atmospheric 

stability, (ii) relative humidity and (iii) surface temperature. The estimated PM10 

concentrations are validated against another 16 stations dataset of measured PM10 with 

the ANN model to result in higher accuracy (R2= 0.58, RMSE = 10.16gm-3) 

compared to the MLR technique (R2 = 0.56, RMSE = 10.58gm-3). The higher 

accuracy that has been attained in PM10 estimations from space allows (i) to map the 

PM10 distribution at large spatial and temporal scales and (ii) permits for future 

estimates of PM2.5 concentrations from space for monitoring of the Environmental 

Performance Index (EPI). 
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ABSTRAK 

 

 

 

 

Jumlah stesen darat yang tidak mencukupi untuk mengukur jirim zarahan yang 

bernilai kurang daripada 10μm (PM10), khususnya di negara-negara membangun telah 

menghalang pemantauan PM10 pada skala serantau. Tujuan kajian ini ialah untuk 

membangunkan model empirikal bagi PM10 berdasarkan anggaran dari ruang angkasa 

Malaysia dengan menggunakan kedalaman optik aerosol  (AOD550) yang didapati 

daripada spektroradiometer pengimejan resolusi sederhana (MODIS), algoritma 

sinergi spektrometer pengimejan resolusi sederhana/radiometer pengimbasan 

sepanjang-trek tinggi (MERIS/AATSR) dan data meteorologi termasuk suhu 

permukaan, kelembapan relatif dan kestabilan atmosfera dari tahun 2007 hingga 2011. 

Ketepatan pembolehubah meteorologi yang digunakan dalam penganggaran nilai 

PM10 telah diperiksa. Anggaran nilai kelembapan relatif dan suhu permukaan dari data 

satelit adalah bersamaan dengan data tanah dimana pekali penentuan (R2) =0.78 dan 

0.49, serta ralat min punca kuasa dua (RMSE) = 5.14% dan 2.68°C bagi nilai 

kelembapan relatif dan suhu permukaan.  Bagi membangunkan model empirikal, 

teknik regresi linear berganda (MLR) dan teknik buatan rangkaian neural (ANN) telah 

diguna pakai.  Model ini telah dibangunkan menggunakan data dari PM10 yang dicerap 

di 29 buah stesen di seluruh Malaysia. Hasil kajian mendapati ANN yang 

menggunakan AOD550 dari MODIS telah memberikan nilai ketetapan yang lebih tinggi 

dimana R2=0.71 dan RMSE = 11.61μgm-3 berbanding teknik MLR yang memberi nilai 

R2= 0.66 dan RMSE = 12.39μgm-3 atau model yang menggunakan data AOD550 dari 

MERIS/AATSR. Analisis regresi berperingkat yang dilakukan ke atas teknik MLR 

menunjukkan bahawa AOD550 dari MODIS adalah pembolehubah yang paling penting 

bagi menganggar nilai PM10 dimana R2=0.59 and RMSE=13.61μgm3.Walau 

bagaimanapun, penambahan pembolehubah meteorologi dalam MLR mampu 

meningkatkan lagi ketepatan anggaran PM10. Kepentingan pembolehubah meteorologi 

dalam ramalan kepekatan PM10 adalah mengikut turutan berikut (i) kestabilan 

atmosfera, (ii) kelembapan relatif dan (iii) suhu permukaan. Anggaran kepekatan PM10 

telah disahkan terhadap set data daripada 16 stesen lain yang mencerap PM10 dengan 

ANN untuk menghasilkan nilai ketepatan yang lebih tinggi (R2= 0.58, RMSE 

=10.16μgm-3) berbanding teknik MLR (R2 = 0.56 dan RMSE = 10.58μgm-3). 

Penambahbaikan ketepatan ketara yang telah dicapai dalam penganggaran PM10 

membolehkan  (i) taburan PM10 dipetakan pada skala ruang dan masa yang besar dan 

(ii) membolehkan anggaran kepekatan PM2.5 dibuat pada masa hadapan dari angkasa 

untuk tujuan pemantauan indeks prestasi alam sekitar (EPI). 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1    Background of Study 

 

 

Air pollution is a serious environmental problem in Southeast Asian countries such 

as Malaysia, which aims to become an industrial nation by 2020. Malaysia is ranked 171th 

of 180 nations for air quality (EPI, 2016). Major sources of Malaysian are air pollutants 

from open biomass burning, motor vehicles and industry (Afroz et al., 2003; Hyer et al., 

2013; Alias et al., 2014). Biomass-burning aerosols from wildfires in Indonesia are also 

transported to Malaysia during the dry season and the southwest monsoon (Kanniah et al., 

2014a; Khan et al., 2015). Malaysia lies in the main pathway of the Southeast Asian 

pollution outflow (Lawrence and Lelieveld, 2010; Reid et al., 2013; Wang et al., 2013), 

which contributes significantly to local aerosol and pollutant emissions. Air pollution 

levels in Malaysia are expressed via the Air Pollution Index (API), calculated using 

surface concentrations of carbon monoxide (CO), tropospheric ozone (O3), nitrogen 

dioxide (NO2), sulphur dioxide (SO2) and Particulate Matter less than 10 m (PM10) 

(Awang et al., 2000; Dominick et al., 2012).    

 

 

PM10 is an important component of air-pollution monitoring networks because it 

causes respiratory problems (Balakrishnan et al., 2002; Pope et al., 2011; Trang and 

Tripathi, 2014). The inhalation of PM10 and PM2.5 can cause cardiovascular diseases 

(Dominici et al, 2006), birth defects and premature deaths (Ballester et al., 2010). PM10 

is an aerosol particle that effects the climate by absorbing and scattering incoming solar 

radiation (Ramanathan and Carmichael, 2008). Effects vary depending on the type of 
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particles (i.e. dust, soot or anthropogenic pollution), and the particles optical and chemical 

properties.  

 

 

In Malaysia, the most widely measured air-quality parameter is PM10. The PM10 

monitoring network is rather sparse, accounting for 75 stations across Malaysia with a 

coverage area of 330,290 km2. These limited stations provide insufficient data to describe 

spatial variations in PM10. In most of developing countries, installing more air quality 

monitoring stations is limited due to insufficient finances. PM10 estimates for space are 

considered necessary for the continuous monitoring of large spatial extents and for 

providing air quality warnings.  

 

 

 

 

1.2   Problem Statement 

 

 

After vigorous study, the connection between PM10 and increases in morbidity and 

mortality was discovered (Woodruff et al., 2006). Remote satellite sensing is increasingly 

available for PM10 studies over large spatial domains. Remote-sensing retrieval of Aerosol 

Optical Depth (AOD) from multiple satellite sensors, such as the Multiangle Imaging 

Spectroradiometer (MISR) (Liu et al., 2007; Van Donkelaar et al., 2010; Dey et al., 2012; 

Sotoudeheian and Arhami, 2014), Spinning Enhanced Visible and Infrared Imager 

(SEVIRI) (Emili et al., 2010), Moderate Resolution Imaging Spectroradiometer (MODIS) 

(Gupta et al., 2006; van Donkelaar et al., 2010; Jamil et al., 2011; Nordio et al., 2013; 

Yap and Hashim, 2013; Chitranshi et al., 2014), Medium Resolution Imaging 

Spectrometer (MERIS) (Kaskaoutis et al., 2010; Kanniah et al., 2014b; Beloconi et al., 

2016), Landsat (Nadzri et al., 2010; Nguyen and Tran, 2014) and Visible Infrared Imager 

Radiometer Suite (VIIRS) on board of Suomi National Polar-orbiting Partnership (NPP) 

are used to estimate PM10 and PM2.5 from space.  
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Among the available remote-sensing data, MODIS AOD was found to have high 

retrieval accuracy over land (i.e. ±0.05*AOD under clear skies and ±0.15*AOD under 

moderately cloud-contaminated atmospheres), as well as daily global coverage (Remer et 

al., 2008). Validation of MODIS AOD retrieved from both Terra and Aqua satellites 

showed a high correlation (𝑅2 = 0.9) with AERONET AODs worldwide (Levy et al., 

2010) and (𝑅2 = 0.55) over Malaysia (Kanniah et al., 2014a). MODIS AOD with 10 km 

resolution generalizes AOD information spatially, but its archive of available data and its 

high correlation with ground based AOD makes it popular for estimating PM10. MODIS 

AOD550 data was used in this study to map PM10 for Malaysia.  

 

 

Several studies have used satellite AOD via simple linear regressions for PM 

estimations from space, resulting in estimated correlation coefficients of around 0.52 to 

0.77 and measured PM10 concentrations (Gupta and Christopher, 2008; Schaap et al., 

2009). According to Gupta and Christopher (2009a, b), AOD alone is poor predictor of 

PM, since AOD corresponds to total columnar aerosol, whereas PM refers to particle 

concentration at the surface. The correlation between PM and AOD depends on the 

vertical distribution of aerosols and several meteorological factors (Chitranshi et al., 2014; 

Sinha et al., 2015).  

 

 

Incorporating meteorological parameters such as ambient Relative Humidity 

(RH), fractional cloud cover and mixing layer height improves PM predictions (Gupta and 

Christopher, 2009b; Benas et al., 2013b; Chitranshi et al., 2014). RH influences the 

hygroscopic growth of particles (Benas et al., 2013b), while strong wind speeds affect PM 

dispersion (Xiao et al., 2011) or contribute to additional emissions over arid terrains 

(Rashki et al., 2012). The inclusion of surface temperature in PM estimates significantly 

improves results (Benas et al., 2013b; Chitranshi et al., 2014) because temperature 

modulates the photochemical reactions and plays a major role in boundary-layer dynamics 

that control PM concentrations near the surface via dilution and/or the trapping of 

pollutants (Dumka et al., 2015). The atmospheric stability index and Boundary Layer 

Height (BLH) index have been used as surrogates for atmospheric stability, resulting in 

more accurate estimates of PM since the vertical aerosol variability can be determined 
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(Rohen et al., 2010; Emili et al., 2010). No previous studies have estimated PM10 for the 

entire Malaysia region. Yap and Hashim. (2013) provided PM10 estimates for Peninsular 

Malaysia, however their model only considers AOD. In this study surface temperature, 

RH and atmospheric stability are integrated with MODIS derived AOD to provide a more 

representative estimate of AOD for Peninsular Malaysia, Sabah and Sarawak.  

 

 

An overview of the literature  (e.g. Hoff and Christopher, 2009) shows that various 

techniques, such as simple linear regressions (Wang and Christopher, 2003; Engel-Cox et 

al., 2004), multiple linear regressions (Gupta and Christopher, 2009a; Kanniah et al., 

2014b; Chitranshi et al., 2014), nonlinear regressions (Benas et al., 2013b; Sotoudeheian 

and Arhami, 2014), mixed effects models (Kloog et al., 2012; Nordio et al., 2013; Yap 

and Hashim, 2013; Hu et al., 2014; Xie et al., 2015; Beloconi et al., 2016), statistical and 

chemical transport models (Van Donkelaar et al., 2010), as well as complex nonlinear 

regressions, such as artificial neural networks (ANN) (Gupta and Christopher, 2009b 

;Kanniah et al., 2014b) have been employed for PM monitoring from space at the local, 

regional and global level. These advanced statistical techniques significantly improve the 

prediction capability of simple AOD-PM relationships that were initially used for PM 

estimation from space. The continuous improvement of databases, methods and 

techniques for PM monitoring from space justifies the importance of these studies for air-

pollution mitigation efforts and human health in developing countries (Snider et al., 2016).  

 

 

Yap and Hashim (2013) attempted to estimate PM10 over Malaysia via a mixed-

effects model which took into consideration the monthly variability of the coefficients (i.e. 

slope and intercept) in association with MODIS-AOD and PM10. The model provided 

greater predictive accuracy relative to linear regression models. To improve the accuracy 

of PM10 estimates, this study integrates atmospheric/meteorological parameters with 

advanced statistical methods such multiple linear regressions (MLR) and ANN for the 

PM10 monitoring from space for Malaysia for the first time. The seasonality of the spatial 

distribution of PM10 is provided at a 10 x 10 km spatial resolution from 2007 to 2011 and 

is checked against potential sources of aerosols and pollutants. Results are useful for air 
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quality, meteorological and health studies as well as for the calculation of the 

Environmental Performance Index (EPI) over Malaysia. 

 

 

 

 

1.3  Aim and Objectives 

 

 

The aim of this study is to estimate PM10 using the AOD provided by MODIS, 

MERIS/AATSR satellite sensors. This study has the following research objectives: 

1) To assess the accuracy of AOD product from MODIS and MERIS/AATSR 

satellite sensors using AOD retrieved by AERONET stations. 

2) To develop empirical models to estimate PM10 concentration in Malaysia based on 

MODIS AOD, MERIS/AATSR AOD, surface temperature, atmospheric stability 

and relative humidity. 

3) To validate the estimated PM10 with PM10 measured using ground based 

measurements. 

 

 

 

 

1.4   Scope 

 

 

This study focuses on PM10 estimation using AOD derived from MODIS and 

MERIS/AATSR synergy algorithms. AOD data is a basic parameter used to determine 

aerosol concentration from throughout the entire atmosphere. Synergistic AOD is a 

combination of MERIS and AATSR instruments that improve the characterization of 

aerosol properties and surface reflectance compared to AOD retrieved using a single 

instrument (North et al., 2009). The AOD data estimated by these sensors covers 2007 to 

2011 due to data being available for both of the sensors used in this study (MODIS and 

MERIS/AATSR). AOD meteorological parameters such as relative humidity, air surface 

temperature, and atmospheric stability data were obtained from MODIS sensors. PM10 

data was obtained from the Department of Environment (DOE) using 45 stations 

throughout Malaysia (Figure 1.1). These stations have long-term data availability. 
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Multiple Linear Regression (MLR) and Artificial Neural Network techniques (ANN) were 

used in estimating PM10 in Malaysia. Stepwise techniques were used for multiple linear 

regression because it can access the performance of each variable. Multi-Layer Perceptron 

(MLP) was used for ANN and consists of interconnected neurons that simplify nonlinear 

mapping between each set of inputs. This study covers the entire Malaysia area, including 

Sabah and Sarawak. 

 

 

 

 

1.5  Study Region 

 

 

Southeast Asia (SEA) has the most complicated aerosol system in the world with 

complex meteorological data, a heterogeneous land surface, high biological productivity, 

and various atmospheric pollutants (Reid et al., 2013).  Malaysia is a developing country 

in SEA that is undergoing rapid growth in industry and transportation as well as increasing 

air pollution and PM10 concentrations (Afroz et al., 2003; Jamil et al., 2011). Regional 

meteorology in Malaysia is characterized by four seasons, dry season (June-September), 

wet season (November-March) and two inter-monsoon seasons (April-May and October, 

respectively). Each season is examined separately due to differences in aerosol loading 

and aerosol characteristics. During the dry season, south-westerly winds blow from 

Indonesia (Sumatra and Kalimantan) carrying biomass-burning aerosols from extensive 

forest and agricultural fires (Abas et al., 2004). The dry season also sees high international 

demand for agricultural products like palm oil, sugar and rice (Reid et al., 2013). The land 

surface of Malaysia experiences rapid changes due to deforestation and agricultural 

production.  Low level of aerosol loading are recorded for the rainy season due to a wet 

deposition and rain washout. Winds are mostly from the northeastern directions traversing 

the South China Sea. During the two transition seasons, a wind shift occurs. Monsoonal 

behaviour together with complex tropical wave phenomena, rough topography and 

heterogeneous land surface makes atmospheric studies over this region very challenging.  
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Figure 1.1: Locations of the 45 PM10 monitoring stations that were used for training 

(black dots) and validating (red dots) the empirical models developed in this study. 

 

 

 

 

1.6  Significance of the Study 

 

 

The results of this study (maps of PM10) are useful for pinpointing PM10 

concentrations in different seasons (dry seasons, wet seasons, inter-monsoon (April-May) 

and inter-monsoon (October)). This information can be used as an indicator for air 

pollution. 

 

 

This study provides important parameters for the effects of PM10 on health and 

climate. PM10 estimations in this study are useful for calculating the Environmental 

Performance Index (EPI) of Malaysia. Currently the global EPI is computed using PM2.5 

and MODIS AOD at 10km spatial resolution (Van Donkelaar et al., 2010). This index 

needs to be refined to represent local variations. 
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1.7  Thesis Organization 

 

 

This thesis consists of five chapters. Chapter 1 is an introductory chapter highlighting 

research gaps in PM10 monitoring in Malaysia. Chapter 2 provides previous studies on 

PM10. Chapter 3 describes the methods that used to achieve the research objectives. 

Chapter 4 presents and discusses the main outputs of this study. Chapter 5 concludes this 

thesis and provides recommendations for further study.             

 

 

The next section provides a literature review for aerosols (i.e. PM and AOD), methods for 

aerosol measurements, remote sensing for atmospheric aerosols and modelling/estimating 

PM using AOD measured by remote sensors.  

 

  

 

 

 

 

 

 

 

 

 

 

 

 



91 
 

 

 

 

 

REFERENCES  

 

 

Abas, M.R.B., Oros, D.R., and Simoneit, B.R.T. (2004). Biomass Burning as the Main 

Source of Organic Aerosol Particulate Matter in Malaysia During Haze 

Episodes. Chemosphere 55: 1089–1095. 

 

Abdullah, N.A., Shuhaimi,. S.H., Toh. Y.Y., Shapee.A.H., and Mohamad,. M. (2011). 

The Study of Seasonal Variation of PM10 Concentration in Peninsular, Sabah 

and Sarawak. Malaysian Meteorological Department (MMD) and Ministry of 

Science, Technology and Innovation (MOSTI). Research publication 

No.9/2011. 

Afroz, R., Hassan, M., and Ibrahim, N.K. (2003). Review of air pollution and health 

impacts in Malaysia. Environ. Res. 92: 71-77. 

Air Quality Monitoring Activities by MetMalaysia (2015). GURME Regional 

Workshop for ASEAN Countries: 

http://mce2.org/wmogurme/images/workshops/ASEAN/day4/Malaysia%20-

%20GURME_Oral_Presentation.pdf  

 

Alam, K., Qureshi, S., and Blaschke, T. (2011). Monitoring Spatio-Temporal Aerosol 

Patterns over Pakistan Based on MODIS, TOMS and MISR Satellite Data 

and a HYSPLIT Model. Atmospheric Environment 45: 4641–4651. 

 

Alias, A.N., Mat Jafri, M.Z., Lim, H.S., Saleh, N.M.,  Chumiran, S.H.,  and Mohamad, 

A. (2014). Inferring Angstrom Exponent and Aerosol Optical Depth from 

AERONET. Journal of Environmental Science and Technology, 7:166-175.  

 

Al-Saadi, J., Szykman, J., Pierce, R. B., Kittaka, C., Neil, D., Chu, D. A., Remer, L., 

Gumley, L., Prins, E., and Weinstock, L. (2005). Improving National Air 

Quality Forecasts with Satellite Aerosol Observations. Bulletin of the 

American Meteorological Society, 86. 

 

Amanollahi, J., Abdullah, A.M., Farzanmanesh, R., Ramli, M.F., and Pirasteh, S. 

(2011). PM10 Distribution using Remotely Sensed Data and GIS Techniques: 

Klang Valley, Malaysia. EnvironmentAsia 4 (1), 47-52. 

Awang, M.B., Jaafar, A.B., Abdullah, A.M., Ismail, M.B., Hassan, M.N., Abdullah, 

R., Johan, S., and Noor, H. (2000). Air quality in Malaysia: Impacts, 

Management Issues and Future Challenges. Respirology, 5, 183–196. 

 

Balakrishnan, K., Sankar, S., Parikh, J., Padmavathi, R., Srividya, K., and Venugopal, 

V. (2002). Daily average exposures to respirable particulate matter from 

combustion of biomass fuels in rural households of Southern India. Environ. 

Health Persp., 110(11): 1069–1075. 

 

http://mce2.org/wmogurme/images/workshops/ASEAN/day4/Malaysia%20-%20GURME_Oral_Presentation.pdf
http://mce2.org/wmogurme/images/workshops/ASEAN/day4/Malaysia%20-%20GURME_Oral_Presentation.pdf


92 
 

Ballester,F., Estarlich,M., Iniguez,C., Llop,S., Ramon,R., Esplugues,A., Lacasana,M., 

and Rebagliato,M. (2010). Air Pollution Exposure During Pregnancy And 

Reduced Birth Size: A Prospective Birth Cohort Study In Valencia, Spain. 

Environmental Health.9:6 doi: 10.1186/1476-069X-9-6 

Barmpadimos, I., Hueglin, C., Keller, J., Henne, S., and Prévôt, A. S. H. (2011). 

Influence of meteorology on PM10 trends and variability in Switzerland from 

1991 to 2008. Atmospheric Chemistry and Physics, 11(4): 1813–1835.  

 

Barnaba, F., and Gobbi, G.P. (2004).  Aerosol seasonal variability over the 

Mediterranean region and relative impact of maritime, continental and 

Saharan dust particles over the basin from MODIS data in the year 2001. 

Atmospheric Chemistry and Physics. 4, 2367–2391. 

 

Beloconi, A., Kamarianakis, Y., and Chrysoulakis, N. (2016). Estimating urban PM10 

and PM2. 5 concentrations, based on synergistic MERIS/AATSR aerosol 

observations, land cover and morphology data. Rem. Sens. Environ, 172, 148-

164. 

Benas, N., Beloconi, A., and Chrysoulakis, N. (2013b). Estimation of urban PM10 

concentration, based on MODIS and MERIS/AATSR synergistic 

observations. Atmos. Environ.79: 448  

Benas, N., Chrysoulakis, N. and Giannakopoulou, G. (2013a). Validation of 

MERIS/AATSR synergy algorithm for Aerosol Retrieval against Globally 

Distributed AERONET Observations and Comparison with MODIS Aerosol 

Product. Atmospheric Research. Volume (132-133), 102-113. 

Brockmann Consult (2009).MERIS/AATSR Synergy Algorithms for Cloud 

Screening, Aerosol Retrieval and Atmospheric Correction, Details Processing 

Model.1-39  

 

Campbell, J.R., Reid, J.S., Westphal, D.L., Zhang, J., Tackett, J.L., Chew, B.N., 

Welton, E.J., Shimizu, A., Sugimoto, N., Aoki, K., and Winker, D.M. (2013). 

Characterizing the Vertical Profile of Aerosol Particle Extinction and Linear 

Depolarization over Southeast Asia and The Maritime Continent: The 2007–

2009 view from CALIOP. Atmos. Res., 122: 520-543. 

 

CAICE (Center for aerosol Impacts on climate and the environment). Learning with 

CLEAR: Introduction to Aerosols-what are aerosols? A National Science 

Fundation center for Chemical Innovation 

http://caice.ucsd.edu/index.php/education/clear/learning-with 

clear/introduction-to-aerosols/ (assess on 12 May 2016) 

Chaloulakou, A., Grivas, G., and Spyrellis, N. (2003). Neural Network and Multiple 

Regression Models for PM10 Prediction in Athens: A Comparative 

Assessment: 1183-1189. 

 

Chitranshi,S.,Sharma,S.P., and Dey,S. (2014). Satellite-Based Estimates of Outdoor 

Particulate Pollution (PM10) for Agra City in Northern India. Air quality, 

atmosphere and health. Volume 8, issue: 55-56. 

http://caice.ucsd.edu/index.php/education/clear/learning-with%20clear/introduction-to-aerosols/
http://caice.ucsd.edu/index.php/education/clear/learning-with%20clear/introduction-to-aerosols/


93 
 

Chu, D. A., Kaufman, Y. J., Zibordi, G., Chern, J. D., Mao, J., Li, C. C., and Holben, 

B. N. (2003). Global monitoring of air pollution over land from the Earth 

Observing System-Terra Moderate Resolution Imaging Spectroradiometer 

(MODIS). J. Geophys. Res.Atmos. 108, 4661. 

 

Chubarova, N., Nezval, Y.,  Sviridenkov, I.,  Smirnov, A.,  and Slutsker, I.  (2012). 

Smoke aerosol and its radiative effects during extreme fire event over central 

Russia in summer 2010. Atmos. Meas. Tech, 5, 557–568. 

Chudnovsky, A.A., Koutrakis, P., Kloog, I., Melly, S., Nordio, F., Lyapustin, A., 

Wang, Y., and Schwartz, J. (2014). Fine Particulate Matter Predictions Using 

High Resolution Aerosol Optical Depth (AOD) Retrievals. Atmospheric 

Environment, 189-198. 

 

Cope, M., Lee, S., Noonan, J., Lilley, B., Hess, D., and Azzi, M. (2009). Chemical 

Transport Model- Technical Description. CAWCR Technical Report No. 015. 

Correia, A., and Pires, C. (2006). Validation of Aerosol Optical Depth Retrievals by 

Remote Sensing over Barzil and South America Using MODIS. In Anais do 

XIV Congresso Brasileiro de Meteorologia.  

 

Curier, R.L., Veefkind, J.P., Veilhmann, B., Braak, R., Torres, O., and Leeuw, G.D. 

(2007). Aerosol retrieval from OMI: Applications to the Amazon Bassin. 

Proc. “ENVISAT Symposium 2007”, Montreux, Switzerland. 

 

de Graaf, M., and Stammes, P.(2005). SCIAMACHY Absorbing Aerosol Index – 

calibration issues and global results from 2002–2004. Atmos. Chem. Phys., 5, 

2385-2394. 

Deng, X., Shi, C., Wu, B., Chen, Z., Nie, S., He, D., and Zhang, H. (2012). Analysis 

of Aerosol Characteristics and Their Relationships with Meteorological 

Parameters Over Anhui Province in China. Atmospheric Research 109–110, 

52–63. 

 

DOE (Department of Environment) (2014) http://www.doe.gov.my/portalv1/info-

umum/kuality-udara/114 (Accessed on 15 June 2014). 

 

Dey, S., Di Girolamo, L., van Donkelaar, A., Tripathi, S.N., Gupta, T., and Mohan, 

M. (2012). Variability of Outdoor Fine Particulate (PM2.5) Concentration in 

the Indian Subcontinent: A remote sensing approach. Remote Sensing 

Environment, 127: 153-161. 

  

Di Girolamo, L., Bond, T. C., Bramer, D., Diner, D. J., Fettinger, F., Kahn, R. A., 

Martonchik, J. A., Ramana, M. V., Ramanathan, V., and Rasch, P. J. (2004). 

Analysis of Multi-angle Imaging SpectroRadiometer (MISR) Aerosol Optical 

Depths over Greater India during winter 2001–2004. Geophysical Research 

Lett., 31, L23115, doi: 10.1029/2004GL021273 

 

DOE (Department of Environment) (2015) at http://www.doe.gov.my/portalv1/ 

(Accessed 30 September 2015)  

 

http://www.doe.gov.my/portalv1/info-umum/kuality-udara/114
http://www.doe.gov.my/portalv1/info-umum/kuality-udara/114


94 
 

Dominici, F., Peng,R.D., Bell,M.L., Pham,L., McDermontt,A., Zeger,S.L., and 

Samet,J.M. (2006). Fine Particulate Air Pollution and Hospital Admission for 

Cardiovascular and Respiratory Diseases. The Journal of the America Medical 

Association 295(10):1127-1134. 

Dominick, D., Juahir, H., Latif, M.T., Zain, S.M., and Aris, A.Z. (2012). Spatial 

assessment of air quality patterns in Malaysia using multivariate analysis. 

Atmospheric Environment 60, 172-181. 

 

Du,C., Liu, S., Yu, X., Li, X., Chen, C.,  Peng, Y.,  Dong,Y.,  Dong, Z. and Wang. F. 

(2013). Urban boundary layer height characteristics and relationship with 

particulate matter mass concentrations in Xi’an, Central China. Aerosol and 

Air Quality Research, 13 (2013).1598–1607 

 

Dumka, U.C., Kaskaoutis, D.G., Srivastava, M.K., and Devara, P.C.S. (2015). 

Scattering and Absorption Properties of Near-Surface Aerosol over Gangetic–

Himalayan Region: The Role of Boundary Layer Dynamics and Long-Range 

Transport. Atmos. Chem. Phys., 15: 1555–1572. 

 

Eck, T.F., Holben, B.N., Ward, D.E., Mukelabai, M.M., Dubovik, O., Smirnov, A., 

Schafer, J.S., Hsu, N.C., Piketh, S.J., Queface, A., Le Roux, J., Swap, R.J., and 

Slutsker, I. (2003). Variability of Biomass Burning Aerosol Optical 

Characteristics in Southern Africa during the SAFARI 2000 Dry Season 

Campaign and a Comparison of Single Scattering Albedo Estimates from 

Radiometric Measurements. J. Geophys. Res., 108(D13), 8477, doi: 

10.1029/2002JD002321. 

 

Elangasinghe, M.A., Singhal, N., Dirks, K.N., Salmond, J.A., and Samarasinghe, S. 

(2014). Complex time series analysis of PM10 and PM2.5 for a coastal site using 

Artificial neural network modelling and k-means clustering.Atmospheric 

Environment 94 (2014) 106—116 

 

Elossta, E., Qahwaji, R., and Ipson, S.S. (2013). Detection of Dust Storms using 

MODIS Reflective and Emissive Bands. IEEE J-STARS, 6, 2480-2485. 

 

Emili, E., Popp, C., Pettita, M., Riffler, M., Wunderle, S., and Zebisch, M. (2010). 

PM10 remote sensing from geostationary SEVIRI and polar-orbiting MODIS 

sensors over the complex terrain of the European Alpine region. Remote Sens. 

Environ, 114, 11. 

 

Engel-cox, J., Oanh, N.T.K., van Donkelaar, A., Martin, R.V. and Zell, E. (2013). 

Toward the Next Generation of Air Quality Monitoring: Particulate Matter. 

Atmospheric Environment 80 (2013), 584-590.  

Engel-Cox, J.A., Hoff, R.M., and Haymet, A.D.J. (2004). Recommendations on the 

use of Satellite Remote-Sensing Data for Urban Air Quality. J Air Waste 

Manage Assoc 54(11):1360–1371. 

 

EPI (Environmental Performance Index) (2016): Environmental Performance Index – 

2016 report, http://epi.yale.edu/country/malaysia  

 



95 
 

Feng, N. and Christopher, S.A. (2013). Satellite and Surface-based Remote Sensing 

of Southeast Asian Aerosols and their Radiative Effects. Atmospheric 

Research. Volume 122, 544-554. 

Gao, B.C, and Kaufman, Y.J. (2003). Water Vapor Retrievals using Moderate 

Resolution Imaging Spectroradiometer (MODIS) Near-infrared Channels. 

Journal of Geophysical Research 108. doi:10.1029/2002JD003023. issn; 

0148-0227 

Gao, J., and Zha, Y. (2010). Meteorological Influence on Predicting Air Pollution from 

MODIS-Derived Aerosol Optical Thickness: A Case Study in Nanjing, China. 

Remote Sens, 2, 2136-2147. 

García, O. E., Díaz, J. P., Expósito, F. J., Díaz, A. M., Dubovik, O., Derimian, Y., 

Dubuisson, P., and Roger, J.-C. (2012). Shortwave radiative forcing and 

efficiency of key aerosol types using AERONET data. Atmos. Chem. Phys. 12: 

5129-5145, doi: 10.5194/acp-12-5129-2012 

 

Gupta, P., and Christopher, S. A. (2008). Seven Year Particulate Matter Air Quality 

Assessment from Surface and Satellite Measurements. Atmos. Chem. Phys, 8, 

3311–3324, doi: 10.5194/acp-8-3311-2008 

 

Gupta, P., and Christopher, S.A. (2009a). Particulate Matter Air Quality Assessment 

Using Integrated Surface, Satellite, and Meteorological Products: Multiple 

Regression Approach. J. Geophys. Res.Atmos. 114, D14205 

http://dx.doi.org/10.1029/2008JD011496. 

 

Gupta, P., and Christopher, S.A. (2009b). Particulate Matter Air Quality Assessment 

Using Integrated Surface, Satellite, And Meteorological Products: 2. A Neural 

Network Approach.  J. Geophys. Res. Atmos. 10.1029/2008JD011497  

 

Gupta, P., Christopher, S.A., Wang, J., Gehrig, R., Lee, Y., and Kumar, N. (2006). 

Satellite Remote Sensing Of Particulate Matter and Air Quality Assessment 

over Global Cities. Atmos. Environ., 40, 5880–5892. 

 

Ham, F.M., and Kostanic, I. (2001). Principles of Neuro computing for science and 

engineering. New York: 478 McGraw Hill. 

 

Hamdan, H., Zakaria, R., Lias, N., Taat, A., and Mat Adam, S.F.(2010). Malaysian 

Meteorological Department: Extreme weather of Sarawak 2009. Ministry of 

Science, Technology and Innovation (MOSTI). 

 

Han, H.-J., and Sohn, B.J. (2013). Retrieving Asian Dust AOT and Height from 

Hyperspectral Sounder Measurements: An artificial Neural Network 

Approach. J. Geophys. Res., 118, 837–845. 

 

Herman J., Bhartia, P., Torres, O., Hsu, C., Seftor, C., and Celarier, E. (1997). Global 

distribution of UV-absorbing aerosols from Nimbus-7/TOMS data. Journal 

of Geophysical Research. 102:16911-16922. 

 

http://dx.doi.org/10.1029/2008JD011496


96 
 

Hillger,D., Kopp,T., Lee, T.,  Lindsey, D.,  Seaman, C., Miller, S.,  Solbrig, J., Kidder, 

S.,  Bachmeier, S.,  Jasmin, T., and Rink, T. (2013). First-light imagery from 

Suomi NPP VIIRS. Bull. Amer. Meteor. Soc., 94, 1019–1029. 

DOI:10.1175/BAMS-D-12-00097.1 

 

Hoff, R. M., and Christopher, S. A. (2009). Remote sensing of particulate pollution 

from space: Have we reached the Promised Land? J. Air & Waste Manag. 

Assoc, 59, 645–675. 

 

Holben, B. N., Eck, T.F., Slutsker, I., Tanré, D., Buis, J.P., Stezer, A., Vermote, E., 

Reagan, J.A., Kaufman, U. J., Nakajima, T., Lavenu, F., Jankowiak, I.,  and 

Smirnov, A. (1998). AERONET A federated instrument network and data 

archive for aerosol characterization. Remote Sensing Environment 66, 1-16. 

 

Hsu, N. C.,  Jeong, M.-J.,  Bettenhausen, C.,  Sayer, A. M.,  Hansell, R.,  Seftor, C. 

S.,  Huang, J.  and  Tsay, S.-C. (2013). Enhanced Deep Blue aerosol retrieval 

algorithm: The second generation. J. Geophys. Res. Atmos., 118, 9296–9315. 

 

Hu, X., Waller, L. A., Al-Hamdan, M. Z., Crosson, W. L., Estes, M. G. Jr., Estes, S. 

M., Quattrochi, D.A., Sarnat, J.A. and Liu, Y. (2013). Estimating ground-level 

PM2.5 concentrations in the southeastern U.S. using geographically weighted 

regression. Environmental Research, 121, 1–10. 

 

Hu, X., Waller, L. A., Lyapustin, A., Wang, Y., Al-Hamdan, M.Z., Crosson, W.L., 

Estes, M G. Jr., Estes, S.M., Quattrchi, D.A., Puttaswamy, S.J., and Liu, Y. 

(2014). Estimating ground-level PM 2.5 concentrations in the Southeastern 

United States using MAIAC AOD Retrievals and a Two-Stage Model. Rem. 

Sens. Environ, 140, 220-232. 

 

Hussein, T., Puustinen, A., Aalto, P.P., Makela, J.M., Hameri, K., and Kulmala, M. 

(2004). Urban Aerosol Number Size Distributions. Atmos. Chem. Phys, 4. 391-

411. 

 

Hyer, E.J., Reid, J.S., Prins, E.M., Hoffman, J.P., Schmidt, C.C., Miettinen, J.I., and 

Giglio, L. (2013). Patterns of fire activity over Indonesia and Malaysia from 

polar and geostationary satellite observations. Atmos. Res, 122, 504-519. 

 

Ichoku, C., Chu, D.A., Mattoo, S., Kaufman, Y.J., Remer, L.A., Tanr´ e, D., Slutsker, 

I., and Holben, B.N. (2002). A spatio-Temporal Approach for Global 

Validation and Analysis of MODIS Aerosol Products. Geophys. Res. Lett. 29, 

8006. 

 

Ignatov, A., Stowe, L., Sakerin, S.M., and Korotaev, G.K. (1995). Validation of the 

NOAA/NESDIS Satellite Aerosol Product over the North Atlantic in 1989. 

Journal of Geophysical Research 100(D3): 5123–5132. 

 

IPCC., 2007. Climate Change 2007: The Physical Science Basis. Contribution of 

Working Group I to the Fourth Assessment Report of the Intergovernmental 

Panel on Climate Change [Solomon, S., D. Qin, M. Manning, Z. Chen, M. 

Marquis, K.B. Averyt, M. Tignor and H.L. Miller (eds.)]. Cambridge 



97 
 

University Press, Cambridge, United Kingdom and New York, NY, USA, 996 

pp. 

 

Jamil,A., Makmom, A.A., Saeid,P., Firuz,R.M., and Prinaz, R. (2011). PM10 

monitoring using MODIS AOT and GIS,Kuala Lumpur, Malaysia. Res J.Chem 

Envron. Volume 15.  

 

Juneng, L., Latif, M. T., Tangang, F. T., and Mansor, H. (2009). Spatio-temporal 

Characteristics of PM10 Concentration across Malaysia. Atmos. Environ.43, 

4584-4594. 

 

Kahn, R. A., Gaitley, B., Martonchik, J., Diner, D., Crean, K., and Holben, B. (2005). 

MISR Global Aerosol Optical Depth Validation Based on Two Years of 

Coincident AERONET Observations. Journal of Geophysical Research 110, 

D10S04 

 

Kahn, R. A., Yu, H., Schwartz, S.E., Chin, M., Feingold, G., Remer, L.A., Rind, 

Halthore, R., and Decola, P. (2009). Introduction, in Atmospheric Aerosol 

Properties and Climate Impacts. Synthesis and Assessment Product 2.3 

Report by the U.S. Climate Change Science Program and the Subcommittee 

on Global Change Research. 

 

Kambezidis, H.D., and Kaskaoutis, D.G. (2008). Aerosol climatology over four 

AERONET sites: An overview. Atmos. Environ., 42, 1892-1906. 

 

Kanniah, K.D, Lim, H.Q., Kaskaoutis, D.G., and Cracknell, A.P. (2014a). 

Investigating aerosol properties in Peninsular Malaysia via the synergy of 

Satellite Remote Sensing and Ground-Based Measurements. Atmos. Res. 138, 

1, 223-239. 

 

Kanniah,K.D., Kamarul Zaman, N.A.F.,Lim, H.Q., and Md Reba,M.N.(2014b). 

Monitoring Particulate Matters in Urban Areas in Malaysia Using Remote 

Sensing and Ground Based Measurements. Remote Sensing of Clouds and the 

Atmosphere XIX; and Optics in Atmospheric Propagation and Adaptive 

Systems XVII, edited by Adolfo Comerón. 

 

Kaskaoutis, D. G. N., Sifakis, A. Retalis., and Kambezidis, H. D. (2010). Aerosol 

Monitoring over Athens Using Satellite and Ground-Based Measurements. 

Advances in Meteorology, vol.2010, Article ID 147910, 12 pages. 

doi:10.1155/2010/147910 

Kaskaoutis, D.G.,  Kumar,S., Sharma,D., Singh, R.P.,  Kharol, S.K.,  Sharma, A.K., 

Singh, S., Singh, A., Singh, D., and Singh (2014). Effects of Crop Residue 

Burning on Aerosol Properties, Plume Characteristics and Long-Range 

Transport over Northern India. J. Geophys. Res., 119: 5424-5444, doi: 

10.1002/2013JD021357. 

 

Kaskaoutis, D.G., Kosmopoulos, P., Kambezidis, H.D., and Nastos, P.T. (2007). 

Aerosol Climatology and Discrimination of Different Types over Athens, 



98 
 

Greece, based on MODIS data. Atmospheric Environment 41 (34), 7315–

7329. 

 

Kaskaoutis, D.G., Nastos, P.T., Kosmopoulos, P.G., and Kambezidis, H.D. (2012). 

Characterising the long-range transport mechanisms of different aerosol 

types over Athens, Greece during 2000–2005. International Journal of 

Climatology 32 (8), 1249–1270. 

 

Kelly, F.J and Fussell, J.C. (2012). Size, source and chemical composition as 

determinants of toxicity attributable to ambient particulate matter. 

Atmospheric Environment. Volume 60,504-526. 

doi:10.1016/j.atmosenv.2012.06.039 (2012) 

Kensten, Y., Brand,.A., Fournier., M., Goudreau.,S., Kosatsky.,T., Maloley.,M., and 

Smargiassi.,A. (2011). Modeling the Variation of Land Surface Temperature 

as Determinant Of Risk of Heat-Related Health Events. International Journal 

of Health Geographics 2011, 10:7 doi: 10.1186/1476-072X-10-7  

 

Khan, M.F., Latif, M.T., Saw, W.H., and Amil, N. (2015). Fine particulate matter 

associated with monsoonal effect and the responses of biomass fire hotspots in 

the tropical environment. Atmos. Chem. Phys. Discuss., 15, 22215–22261. 

 

Kim, I.-S., Jang, J.-Y., Kim, T.-H., Park, J., Shim, J., Kim, J.-B., Byun, Y.S., Sung, 

J.-H., Yoon, Y.W., Kim, J.-Y., Cho, Y.-J., Kim, C., and Joung, B. (2015). 

Guidelines for the Prevention and Management of Cardiovascular Disease 

Associated with the Fine Dust/Asian Dust Exposure. J Korean Med Assoc: 58 

(11): 1044-1059. 

Kirchstetter, T.W., Novakov, T., and Hobbs, P.V. (2004). Evidence that the spectral 

dependence of light absorption by aerosols is affected by organic carbon. 

Journal of Geophysical Research 109: doi: 10.1029/2004JD004999. issn: 

0148-0227. 

 

Kittaka, C., Winker, D.M., Vaughan, M.A., Omar, A., and Remer, L.A. (2011). 

Intercomparison of column aerosol optical depths from CALIPSO and 

MODIS-Aqua. Atmospheric Measurement Techniques. 4, 131–141. 

 

Kloog, I., Nordio, F., Coull, B.A., and Schwartz, J (2012). Incorporating Local Land 

Use Regression and Satellite Aerosol Optical Depth in a Hybrid Model of 

Spatiotemporal PM2.5 Exposures in the Mid- Atlantic States. Environmental 

Science and Technology. 09/2012; 46(21). doi: 10.1021/es302673e 

 

Kloog, I., Koutrakisa, P., Brent, A., Coullb., Leea, H.J., and  Schwartza, J. (2011). 

Assessing temporally and spatially resolved PM2.5 exposures for 

epidemiological studies using satellite aerosol optical depth measurements. 

Atmospheric Environment 45. 

 

Kokhanovsky, A., Breon, F.M., Cacciari, A., Carboni, E., Diner, D., Di Nicolantonio, 

W., Grainger, R., Grey, W., Höller, R., and Lee, K.H. (2007). Aerosol remote 

http://dx.doi.org/10.1016/j.atmosenv.2012.06.039


99 
 

sensing over land: A comparison of satellite retrievals using different 

algorithms and instruments. Atmospheric Research, 85, 372-394. 

 

Kosmopoulos, P.G., Kaskaoutis, D.G., Nastos, P.T., and Kambezidis, H.D. (2008). 

Seasonal variation of columnar aerosol optical properties over Athens, 

Greece, based on MODIS data. Remote Sensing Environment 112 (5), 2354–

2366. 

 

Kumar, N., Chu, A., and Foster, A. (2007). An empirical relationship between 

PM2.5 and aerosol optical depth in Delhi Metropolitan. Atmospheric 

Environment (Oxford, England : 1994), 41(21), 4492–4503. 

http://doi.org/10.1016/j.atmosenv.2007.01.046 
 

Lawrence, M. G., and J. Lelieveld (2010). Atmospheric pollutant outflow from 

southern Asia: A review, Atmos. Chem. Phys., 10, 11,017–11,096. 

 

Lee, H. J., Liu, Y., Coull, B. A., Schwartz, J., and Koutrakis, P. (2011). A novel 

calibration approach of MODIS AOD data to predict PM2.5concentrations. 

Atmospheric. Chemistry. Physic, 11, 7991-8002, doi: 10.5194/acp-11-7991-

2011  

Levy, R. C., Remer, L. A., Kleidman, R. G., Mattoo, S., Ichoku, C., Kahn, R., and 

Eck, T. F. (2010). Global Evaluation of the Collection 5 MODIS Dark-Target 

Aerosol Products Over Land. Atmos. Chem. Phys., 10, 10399-10420, doi: 

10.5194/acp-10-10399-2010 

 

Li, C., Hsu, N.C., and Tsay, S.-C. (2011). A Study on the Potential Applications of 

Satellite Data in Air Quality Monitoring and Forecasting. Atmospheric 

Environment 45(2011), 3663-3675.  

Liu, Y., Franklin, M., Kahn, R., and Koutrakis, P. (2007). Using aerosol optical 

thickness to predict ground-level PM2:5 concentrations in the St. Louis area: 

A comparison between MISR and MODIS. Remote Sens. Environ., 107, 33–

44, doi:10.1016/j.rse .2006.05.022.  

 

Liu, Y., Jia,R., Dai, T., Xie, Y., and Shi,G. (2014). A Review of Aerosol Optical 

Properties and Radiative Effects. Journal of Meteorological Research. Volume 

28, 1003-1028 

 

Lohmann, U., and Feichter, J. (2005). Global indirect aerosol effect: a review. 

Atmospheric chemistry and Physics. 715-737 

 

Mahmud, M., and Iza, H. A. L. (2010). Pencemaran udara di Bukit Rambai, Melaka 

sewaktu peristiwa jerebu tahun 2005 (Air pollution at Bukit Rambai, Melaka 

during the haze episode of 2005), Geografia,Malaysian Journal of Society and 

Space (GMJSS), 6, 30–39. 

 

Malm, W.C., Day, D.E., and Kreidenweis, S.M. (2000). Light Scattering 

Characteristics of Aerosols as a Function of Relative Humidity: Part I—A 

Comparison of Measured Scattering and Aerosol Concentrations Using the 

Theoretical Models. J. Air Waste Manag. Assoc., 50: 686-700. 

http://doi.org/10.1016/j.atmosenv.2007.01.046


100 
 

 

Marey, H.S., Gille, J.C., El-Askary, H.M., Shalaby, E.A., and El-Raey, M.E. (2011). 

Aerosol Climatology over Nile Delta based on MODIS, MISR and OMI 

satellite data. Atmospheric Chemistry and Physics 11: 10637–10648. 

 

Martins, J.V. and Tabacniks, M.H. (2009). Phys650-Special Topics in Experimental 

Atmospheric Physics (Spring 2009). University of Maryland Baltimore 

Country(UMBC):http://userpages.umbc.edu/~martins/PHYS650/Aerosols_Si

ze_Effects_Health.pdf 

 

Mckendry I. G. (2002). Evaluation of artificial neural network for fine particulate 

pollution (PM10 and PM2.5) Forcasting.  J. Air Waste Manag. Assoc.52, 1096-

1101. 

 

Md.Yusof,N.F.F., Ramli,N.A., Yahaya,A.S., Samsuddin,N.A., and al Madhoun,W. 

(2010). Monsoon Differences and Probability Distribution of PM10 

Concentration. Environmental Monitoring and Assessment, 163, 163(1). 655-

667.  

Met One Instruments, Inc (2013). BAM-1020 Continuous Particulate Monitor. 

www.metone.com (Accessed on 13 January 2015). 

MetMalaysia (Malaysian Meteorological Department) (2015). Available at: 

http://www.met.gov.my/ (Accessed 28 August 2015). 

 

Michel Flores, J., Bar-Or, R. Z., Bluvshtein, N., Abo-Riziq, A., Kostinski, A., 

Borrmann, S., Koren, I., Koren, I. and Rudich, Y. (2012). Absorbing aerosols 

at high relative humidity: linking hygroscopic growth to optical properties. 

Atmos. Chem. Phys., 12, 5511-5521.  

 

Mishchenko, M.I., Geogdzhayev, I.V., Cairns, B., Rossow, W.B., and Lacis, A.A. 

(1999). Aerosol retrievals over the ocean by use of channels1 and 2 AVHRR 

data: Sensitivity analysis and Preliminary results. Applied Optics 38: 7325-

7341.doi:10.1364/AO.38.007325. 

 

Mohamad, M. and Toh, Y. Y. (2011). The Global Atmosphere Watch (GAW) 

Activities in Malaysia. In Asian GAW Greenhouse Gases Newsletter Seoul,21-

26.ISSN: 2093-9590 

Moustris, K.P., Larissi, I.K., Nastos, P.T., Koukouletsos, K.V. and Paliatsos, A.G. 

(2013). Development and Application of Artificial Neural Network Modeling 

in Forecasting PM10Levelsin a Mediterranean City. Water Air Soil Pollution, 

224:1634, 1-11. 

 

Munchak, L., Levy, R., Mattoo, S., Remer, L., Holben, B., Schafer, J., Hostetler, C., 

and Ferrare, R. (2014). MODIS 3 km aerosol product: applications over land 

in an urban/suburban region. Atmos Meas Tech. 6 (7):1747-1759. 

Nadzri,O., Mat Jafri, M.Z., and Lim ,H.S. (2010). Estimating Particulate Matter 

Concentration over Arid Region Using Satellite Remote Sensing: A Case 

Study in Makah, Saudi Arabia. Modern applied Science, volume 4, No.11. 

http://userpages.umbc.edu/~martins/PHYS650/Aerosols_Size_Effects_Health.pdf
http://userpages.umbc.edu/~martins/PHYS650/Aerosols_Size_Effects_Health.pdf
http://www.metone.com/


101 
 

 

NASA. The MODIS atmosphere (2015) 

http://modisatmos.gsfc.nasa.gov/MOD07_L2/index.html  (Accessed 10 

November 2015). 

 

NASA. Aerosol Robotic Network (AERONET) (2016) http://aeronet.gsfc.nasa.gov/ 

(Access on 12 January 2016). 

Nguyen,N.H., and Tran,V.A. (2014). Estimation of PM10 from AOT of Satellite 

Landsat 8 Image over Hanoi City. International Symposium on Geoinformatics 

for Spatial Infrastructure Development in Earth and Allied Sciences. 

 

Nordio, F., Kloog, I., Coull, B. A., and Chudnovsky, A. (2013). Estimating spatio-

temporal resolved PM10 Aerosol Mass Concentrations using MODIS Satellite 

Data and Land Use Regression over Lombardy, Italy. Atmos. Environ, 74, 227-

236. 

 

North, P., Grey, W., Heckel, A., Fischer, J., Preusker, R., and Brockmann, C. (2009). 

MERIS/AATSR Synergy Algorithms for Cloud Screening, Aerosol Retrieval, 

and Atmospheric Correction. Algorithm Theoretical Basis Document Land 

Aerosol and Surface Reflectance ATBD. No, 21090, 1-44. 

 

Peng, G., Li, J., Chen, Y., Norizan, A.P., and Tay, L. (2006). High-resolution Surface 

Relative Humidity Computation using MODIS Image in Peninsular Malaysia. 

Chin. Geog. Sci. 16:260–264. 

 

Pope, C.A., Brook, R.D., Burnett., and Dockery, D.W. (2011a). How is cardiovascular 

disease mortality risk affected by duration and intensity of fine particulate 

matter exposure? An integration of the epidemiologic evidence. Air Qual. 

Atmos. Health, 4, 5–14. 

 

Prasad, A. K., and Singh, R. P., (2007). Comparison of MISR-MODIS aerosol optical 

depth over the Indo-Gangetic basin during the winter and summer seasons 

(2000-2005). Remote Sensing of Environment, 107, 109-119. 

 

Ramanathan,V., and Carmichael.G. (2008). Global and Regional Climate Changes 

due to Black Carbon. Nature Geoscience 1,221-227. 

 

Rashki, A., Kaskaoutis, D.G., Rautenbach, C.J.de W., Eriksson, P.G., Qiang, M., and 

Gupta, P. (2012). Dust storms and their horizontal dust loading in the Sistan 

region, Iran. Aeol. Res., 5, 51-62. 

 

Reid, J.S., Hyer, E.J., Johnson, R.S., and Holben, B.N. (2013). Observing and 

Understanding the Southeast Asian Aerosol System by Remote Sensing: An 

Initial Review and Analysis for the Seven Southeast Asian Studies (7SEAS) 

program. Atmos. Res., 122, 403-468.  

Remer, L., Kaufman, Y., Tanré, D., Mattoo, S., Chu, D., Martins, J., Li, R., Ichoku, 

C., Levy, R., Kleidman, R., Eck, T., Vermote, E., and Holben, B. (2005). The 

MODIS aerosol algorithm, products and validation. Journal of the 

Atmospheric Sciences, 62, 947-973. 

http://modisatmos.gsfc.nasa.gov/MOD07_L2/index.html
http://aeronet.gsfc.nasa.gov/


102 
 

 

Remer, L.A., Kleidman, R.G., Levy, R.C., Kaufman, Y.J., Tanré, D., Mattoo, S., 

Martins, J.V., Ichoku, C., Koren, I., Yu, H., and Holben, B.N. (2008). Global 

Aerosol Climatology from the MODIS Satellite Sensors. J. Geophys. Res. 113, 

D14S07  

 

Remer, L.A., Mattoo, S., Levy, R.C., and Munchak, L.A. (2013). MODIS 3km 

Aerosol Product: Algorithm and Global Perspective. Atmospheric 

measurement techniques, 6, 1829-1844. doi: 10.5194/amt-6-1829-2013 

 

Rohen, G.J., von Hoyningen-Huene, W., Kokhanovsky, A., Dinter, T., Vountas, M., 

and Burrows, J.P. (2010). Retrieval of aerosol mass load (PM10) from 

MERIS/Envisattop of atmosphere spectral reflectance measurements. Atmos. 

Meas. Tech. Discussions 3, 5429-5467. 

 

Rohen, G.J., Von Hoyningen-Huene, W., Kokhanovsky, A., Dinter,T., Vountas, M., 

and Burrows, J.P. (2011). Retrieval of aerosol mas load (PM10) from MERIS/ 

Envisat top of atmosphere spectral reflectance measurements over Germany. 

Atmospheric measurement techniques, 4, 523-534. doi:10.5194/amt-4-523-

2011. 

 

Roy, S. (2012). Prediction of particulate matter concentrations using artificial neural 

network, Resour. Environ, 2(2): 30-36. 

 

Ryan, P., and Le Masters, G., (2007). A review of Land-Use Regression Models for 

Characterizing Intraurban Air Pollution Exposure. Inhalation Toxicology 19, 

127-133. 

 

Santese, M., Tomasi, F. De., and Perrone, M. R., (2007). Moderate Resolution 

Imaging Spectroradiometer (MODIS) and Aerosol Robotic Network 

(AERONET) retrievals during dust outbreaks over the Mediterranean. 

Journal of Geophysical Research 112, D18201. 

 

Sayer, A.M., Hsu, N.C., Bettenhausen, C., Ahmad, Z., Holben, B.N., Smirnov, A., 

Thomas, G.E., and Zhang, J. (2012). SeaWiFS Ocean Aerosol Retrieval 

(SOAR): algorithm, validation, and comparison with other data sets.  Journal 

of Geophysical Research Atmospheres, 117, D03206 

http://dx.doi.org/10.1029/2011JD016599. 

 

Schaap, M., Apituley, A., Timmermans, R. M. A., Koelemeijer, R. B. A., and 

de Leeuw, G. (2009). Exploring the Relation between Aerosol Optical Depth 

and PM2.5 at Cabauw, the Netherlands. Atmos. Chem. Phys, 9, 909-925. doi: 

10.5194/acp-9-909-2009 

 

Seeman,S.W., Borbas,E.E., Li,J., Menzel,W.P and Gumley,L.E (2006). MODIS 

Atmospheric Profile Retrieval Algorithm Theoretical Basis Document. 

Version 6:1-37 

 

Seo, S., Kim, J., Lee, H., Jeong, U., Kim, W., Holben, B. N., Kim, S.-W., Song, C. H., 

and Lim, J. H. (2015). Estimation of PM10 concentrations over Seoul using 

http://dx.doi.org/10.1029/2011JD016599


103 
 

Multiple Empirical Models with AERONET and MODIS Data Collected 

during the DRAGON-Asia campaign. Atmos. Chem. Phys., 15, 319-334, doi: 

10.5194/acp-15-319-2015 

Sheehan, P.E., and Bowman, F.M. (2001). Estimated effects of Temperature on 

Secondary Organic Aerosol Concentrations. Environ. Sci. Technol, 135, 2129–

2135 

Sinha, P.R., Gupta, P., Kaskaoutis, D.G., Sahu, L.K., Nagendra, N., Manchanda, R.K., 

Kumar, Y.B., and Sreenivasan, S. (2015). Estimation of Particulate Matter 

from Satellite and Ground Based Observations over Hyderabad, India. Intern. 

J. Rem. Sens, 36:24, 6192-6213. 

 

Snider, G., Weagle, C. L., Murdymootoo, K. K., Ring, A., Ritchie, Y., Walsh, A., 

Akoshile, C., Anh, N. X., Brook, J., Qonitan, F. D., Dong, J., Griffith, D., He, 

K., Holben, B. N., Kahn, R., Lagrosas, N., Lestari, P., Ma, Z., Misra, A., Quel, 

E. J., Salam, A., Schichtel, B., Segev, L., Tripathi, S. N., Wang, C., Yu, C., 

Zhang, Q., Zhang, Y., Brauer, M., Cohen, A., Gibson, M. D., Liu, Y., Martins, 

J. V., Rudich, Y., and Martin, R. V.(2016). Variation in Global Chemical 

Composition of PM2.5: Emerging Results from SPARTAN, Atmos. Chem. 

Phys. Discuss, doi: 10.5194/acp-2016-62,  

 

Song, C.H., Park, M.E., Lee, K.H., Ahn, H.J., Lee, Y., Kim, J.Y., Han, K.M., Kim, J., 

Ghim, Y.S., and Kim, Y.J. (2008). An Investigation into Seasonal and 

Regional Aerosol Characteristics in East Asia Using Model-Predicted and 

Remotely Sensed Aerosol Properties. Atmospheric Chemistry and Physics 8, 

6627–6654. 

 

Sotoudeheian,S., and Arhami,M. (2014). Estimating ground-level PM10 using satellite 

remote sensing and ground-based meteorological measurements over Tehran. 

Journal of Environmental Health Science & Engineering 12:122 

http://www.ijehse.com/content/12/1/122 
 

Stowe, L.L., Ignatov,A.M., and Singh, R.R. (1997). Development, Validation, And 

Enhancement To The Second-Generation Operational Aerosol Product At 

The National Environmental Satellite, Data, An Information Service Of The 

National Oceanic And Atmospheric Administration. Journal of Geophysical 

Research, vol 102, D1416: 923-16,934. 

 

Takekawa, H., Minoura, H., and Yamazaki, S. (2003). Temperature Dependence of 

Secondary Organic Aerosol Formation by Photo-Oxidation of Hydrocarbons. 

Atmos. Environ., 37:   3413–3424.   

 

Tan, F., Lim, H.S., Abdullah, K., Yoon, T.L. and Holben, B. (2015a). AERONET 

data- based Determination of Aerosol Types. Atmospheric Pollution Research 

6 (2015). 682-695. 

 

Tan, F., Lim, H.S., Abdullah, K., Yoon, T.L. and Holben, B. (2015b). Monsoonal 

variations in aerosol optical properties and estimation of aerosol optical depth 

using ground-based meteorological and air quality data in Peninsular Malaysia. 

Atmos. Chem. Phys, 15 (2015). 3755-3771. 

http://www.ijehse.com/content/12/1/122


104 
 

 

Titos, G., Lyamani, H., Cazorla, A., Sorribas, M., Foyo-Moreno, I., Wiedensohler, A., 

and Alados-Arboledas, L. (2014). Study of the relative humidity dependence 

of aerosol light-scattering in southern Spain, Tellus B, 66, 24536, doi: 

10.3402/tellusb.v66.24536. 

Torres, O., Bhartia, P., Herman, J., Sinyuk, A., Ginoux, P., and Holben, B. (2002). A 

long-term Record of Aerosol Optical Depth from TOMS observations and 

Comparison to AERONET Measurements. Journal of the Atmospheric 

Sciences, 59, 398-413. 

 

Torres, O., Tanskanen, A., Veihelmann, B., Ahn, C., Braak, R., Bhartia, P.K., 

Veefkind, P., and P,Levelt. (2007). Aerosols and surface UV products from 

Ozone Monitoring Instrument observations: An overview, Journal of 

Geophysical Research. 112, D24S47. 

 

Trang, N.H. and Tripathi, N.K. (2014). Spatial Correlation Analysis between 

Particulate Matter 10 (PM10) hazard and Respiratory Diseases in Chiang Mai 

Province, Thailand. ISPRS - International Archives of the Photogrammetry, 

Remote Sensing and Spatial Information Sciences, Volume XL-8, 2014, 185-

191. 

 

UNEP (United Nations Environment Programme) 2016. http://www.unep.org/tnt-

unep/toolkit/pollutants/facts.html (access on 16 may 2016) 

 

 EPA (United States Environmental Protection Agency) (2016). 

https://www3.epa.gov/pm/ (Accessed on 24 February 2016).  

 

Valenzuela, A., Olmo, F.J., Lyamani, H., Antón, M., Titos, G., Cazorla, A., and 

Alados-Arboledas, L. (2015). Aerosol scattering and Absorption Angström 

Exponents as Indicators of Dust and Dust-Free Days over Granada (Spain). 

Atmos. Res. 154, 1-13. 

Van de Kassteele,J.,  Koelemeijer, R. B. A.,  Dekkers, A. L. M.,  Schaap, M.,  Homan, 

C. D. and Stein, A. (2006). Statistical mapping of PM10 concentrations over 

Western Europe using secondary information from dispersion modeling and 

MODIS satellite observations. Stochastic Environmental Research and Risk 

Assessment, Volume 21, Number 2, 183. 

 

Van Donkelaar, A., Martin, R.V., and Rokjin J. Park, R.J (2006). Estimating ground-

level PM2.5 using Aerosol Optical Depth Determined from Satellite Remote 

Sensing. Journal of Geophysical Research, Volume 111, D112201, doi: 

10.1029/2005JD006996 

 

Van Donkelaar., A., Martin, R.V., Brauer,.M., Kahn. R., Levy. R., Verduzco.C., and 

Villeneuve. (2010). Global Estimates of Ambient Fine Particulate Matter 

Concentrations from Satellite-Based Aerosol Optical Depth: Development and 

Application. Environ Health Perspect.118 (6):847-55. doi: 

10.1289/ehp.0901623.  

http://www.unep.org/tnt-unep/toolkit/pollutants/facts.html
http://www.unep.org/tnt-unep/toolkit/pollutants/facts.html
https://www3.epa.gov/pm/


105 
 

Vidot, J., Santer, R., and Aznay, O. (2008). Evaluation of the MERIS aerosol product 

over land with AERONET. Atmospheric Chemistry and Physics Discussions. 

8: 3721–3759. 

 

Voogt,J.A.,and Oke,T.R (2003). Thermal remote sensing of urban climates. Remote 

Sensing of Environment, Volume 86, Issue 3, 370-384, ISSN 0034-4257   

 

Wang, C., Liu,.Q., Ying N., Wang X., and Ma, J.(2012). Air Quality Evaluation On 

An Urban Scale Based On MODIS Satellite Images. Atmospheric research, 

volume 132-133.  

Wang, J., and Christopher, S.A. (2003). Intercomparison between Satellite-Derived 

Aerosol Optical Thickness and PM2.5 Mass: Implications for Air Quality 

Studies. Geophysical Research Lett 30: 2095, doi: 10.1029/2003GL018174. 

 

Wang, J., and Martin, S. T. (2007). Satellite Characterization of Urban Aerosols: 

Importance of Including Hygroscopicity and Mixing State in the Retrieval 

Algorithms. J. Geophys. Res., 112, D17203, doi: 10.1029/2006JD008078  

 

Wang, J., Ge, C., Yang, Z., Hyer, E. J., Reid, J. S., Chew, B. N., Mahmud, M., Zhang, 

Y., and Zhang, M. (2013). Mesoscale modeling of smoke transport over the 

Southeast Asian Maritime Continent: Interplay of sea breeze, trade wind, 

typhoon, and topography, Atmospheric Research, 122, 486-503. 

 

Woodruff.T.J., Parker.J.D., and Schoendorf.K.C. (2006). Fine Particulate Matter 

(PM2.5) Air Pollution and Selected Causes of Post Neonatal Infants Mortality 

in a California. Environ Health Perspect, 114 (5): 786-90. 

 

Xiao, F., Man, S.W., Kwon, H. Lee., Campbell, J. R. and Shea, Y. –k. (2015). 

Retrieval of dust storm aerosols using an integrated Neural Network 

model. Comput. Geosci. 85, PB (December 2015), 104-114.  

 

Xiao, F., Wong, M.S., Lee, K.H., Campbell, J.R., and She, Y.-k. (2015). Retrieval of 

Dust Storm Aerosols Using An Integrated Neural Network Model. Computers 

& Geosciences, (in press), doi: 10.1016/j.cageo.2015.02.016 

 

Xiao, Z.-m., Zhang, Y.-f., Hong, S.-m., Xiao,-h.Bi., Li, J., Feng, Y.-c., and Wang, Y.-

g. (2011). Estimation of the Main Factors Influencing Haze, based on a Long-

term Monitoring Campaign in Hangzhou, China. Aerosol and Air Quality 

Research, (11), 873-882. 

Xie, Y., Wang, Y., Zhang, K., Dong, W., Lv, B., and Bai, Y. (2015). Daily estimation 

of ground-level PM2. 5 concentrations over Beijing using 3 km resolution 

MODIS AOD. Environ. Sci. Techn., 49(20), 12280-12288. 

 

Yao,L., Lu, N., and Jiang,S. (2012). Artificial Neural Network (ANN) for Multi-

source PM2.5 Estimation Using Surface, MODIS, and Meteorological Data. 

(2012). Biomedical Engineering and Biotechnology (iCBEB), 2012 

International Conference on, vol., no., 1228-1231 doi: 

10.1109/iCBEB.2012.81 



106 
 

Yap, X.Q., and Hashim, M. (2013). A robust calibration approach for PM10 prediction 

from MODIS aerosol optical depth. Atmos. Chem. Phys. 13, 3517–3526. 

 

Yu, H., Kaufman, Y. J., Chin, M., Feingold, G., Remer, L. A., Anderson, T. L., 

Balkanski, Y., Bellouin, N., Boucher, O., Christopher, S., Decola, P., Kahn, 

R., Koch, D., Loeb, N., Reddy, M. S., Schulz, M., Takemura, T., Zhou, M. 

(2006). A review of measurement-based assessments of the aerosol direct 

radiative effect and forcing. Atmos.Chem. Phys, 6, 613-666. doi:10.5194/acp-

6-613-2006. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




