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ABSTRACT 
 

Methane (CH4) is a significant greenhouse gas (GHG's) with a relatively short atmospheric lifetime of about 12 years, 
and is released to the atmosphere by biological processes occurring in anaerobic environments. The CH4 is second in 
importance only to CO2 with regard to its environmental effects, and its relative global warming ability is 23 times that of 
CO2 over a time horizon of 100 years. The interannual distribution of atmospheric CH4 has been studied in Peninsular 
Malaysia during the period 2003–2009 using Atmosphere Infrared Sounder (AIRS) data, onboard NASA's Aqua Satellite. 
The analysis of CH4 above five dispersed stations in the study area shows that the high CH4 growth rates observed at the 
end of each year can be attributed to the increased emissions from biomass burning and wetlands, and the reduced hydroxyl 
(OH) sink. In particular, we observe a quasi-biennial variation in CH4 emissions in Peninsular Malaysia, with varying 
magnitudes in peak emissions occurring in 2004, 2006, and 2008. The seasonal variation in the CH4 fluctuated significantly 
between northeast (NEM) and southwest (SWM) monsoon seasons. The CH4 value in the NEM season was higher than in 
the SWM season, and higher in the north regions, above the latitude 4°, than in the rest of area throughout the year. To study 
the CH4 distribution over peninsular Malaysia for 2009, monthly CH4 maps were generated using the Kriging interpolation 
technique. The AIRS data and satellite measurements are able to measure the increase in the atmospheric CH4 concentrations 
over different regions. 
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INTRODUCTION 
 

Many GHGs take place naturally in the atmosphere, such as 
water vapor, methane, nitrous oxide and carbon dioxide, while 
others are synthetic. Methane (CH4) is a potent greenhouse 
gas and it’s second in importance only to CO2 with relative 
global warming ability 23 times that of CO2 over a time 
horizon of 100 years. This mean, for the same mass, that 
CH4 emission will have 23 times the influence on temperature 
of CO2 emission (Yashiro et al., 2008). Fortunately, it has a 
much shorter atmospheric lifetime, about 12 years. It is also 
formed and released to the atmosphere by biological processes 
occurring in anaerobic environments. CH4 is emitted from 
a diversity of both human-connected (anthropogenic) and 
natural sources. Human-connected activities include 
agriculture, biomass burning, fossil fuel production, waste 
management, and animal husbandry (enteric fermentation 
in livestock and manure management). Domestic ruminant 
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animals, especially cattle and sheep, emit about 15% of all 
methane (Hill, 2004). 

Natural sources comprise wetlands, oceans, non-wetland 
soils, gas hydrates, permafrost, termites, freshwater bodies, 
and other sources such as wildfires. Wetlands are the single 
largest source of CH4 into the atmosphere, because of their 
water saturated soils, and account for 20–40% of the global 
CH4 source, of which tropical wetlands account for 50–60% 
of this global wetland CH4 source (Bloom et al., 2012). In 
the earth's atmosphere, the dominant infrared absorbing and 
emitting gases are carbon dioxide (CO2), which causes 9–
26% of the greenhouse effect; water vapor, which causes 
about 36–70% (not including clouds); methane (CH4), which 
causes 4–9%; and ozone (O3), which causes 3–7%. Clouds 
have different effects on radiation from water vapor due to 
it’s composed of liquid water or ice (Blais et al., 2005).  

Owing to dominated by marshes and swamps, tropical 
wetlands emit large amounts of CH4 into the atmosphere 
compared to northern peatlands. What’s more, CH4 emissions 
are significantly higher in open peatlands than in forested 
peatlands, which is most likely related to the increase in 
temperature and water table depth (Melling et al., 2005). 
Climate affects the exchange of CH4 between ecosystems and 
the atmosphere by influencing CH4 oxidation, production, 
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and transport in the soil. The net CH4 exchange depends on 
soil, vegetation characteristics and ecosystem hydrology 
(Spahni et al., 2011).  

The rice paddies in the tropics are a major, seasonally 
varying CH4 emission source. Although a lot of field 
observations of CH4 emission from rice paddies have been 
prepared under a variety of soils, agricultural practices and 
climates in Asia, precise estimates of CH4 from global or 
regional rice paddies via-scaling have been difficult due to 
large differences in temporal and spatial variability in soils, 
agricultural practices and climate. However a large range 
of emissions was given by the IPCC (IPCC, 2007 and 
references therein), both the seasonal maximum and the 
monthly total, of the Asian CH4 emissions are still not well 
known (Xiong et al., 2009). 

Southeast Asia is one of the most heavily populated 
regions of the world with a vibrant mixture of cultures, and 
its important contribution to regional and global pollution 
because of increasing anthropogenic emissions associated 
with biogenic emissions from large tropical forests. In 
Malaysia, it is considered one of Southeast Asia tropical 
country, industrialization; urbanization and rapid traffic 
growth have contributed significantly to economic growth. 
Pockets of heavy pollution are being created by emissions 
from major industrial zones, a dramatic increase in the 
number of residences, office buildings, manufacturing 
facilities, increases in the number of motor vehicles and 
trans-boundary pollution. Besides that, Malaysia is situated 
in a humid tropical zone with heavy rainfall and high 
temperatures (Tangang et al., 2007; Mahmud and Kumar, 
2008), the cloudy conditions cover the study area becomes 
the obstacle to acquire a high quality and resolution for 
satellite data. 

Over the past three decades, the abundances of the 
atmosphere gases were obtained from a lot of sources such 
as Balloons, airplane and sparsely distributed measurement 
sites. The observations were mostly limited to the surface 
and more sensitive to sources and sinks with best accuracy 
from ground and aircraft, but the major shortfall is not 
being able to make daily global variations evaluation 
(Rajab et al., 2011a). The Satellite remote sensing has very 
good global coverage increase our capability to access the 
influence of human activities on the chemical composition 
of the atmosphere and on the climate changes (Dousset and 
Gourmelon, 2003). Satellite measurements have been used 
in several studies which have provided some evidence for 
the transport or traces of atmospheric components from the 
surface to the upper atmosphere (Kar et al., 2004; Park et 
al., 2004 and reference therein; Li et al., 2005; Randel and 
Park, 2006; Xiong et al., 2009). 

The first new generation of meteorological advanced 
sounders for operational and research use was Atmospheric 
Infrared Sounder (AIRS), one of several instruments onboard 
the Earth Observing System (EOS) Aqua spacecraft launched 
May 4, 2002 (Fishbein et al., 2007a). From 705 km above 
the Earth’s surface the AIRS measures the integrated impact 
of numerous atmospheric molecules emitting and absorbing 
radiation at various temperatures throughout the atmospheric 
path from the surface to the instrument. Providing 

information for several greenhouse gases is one goal of the 
AIRS instrument, new Insights into Weather and Climate 
for the 21st Century, and study the water and energy cycle 
(Marshall et al., 2006).  

In this study the analysis of CH4 mixing ratio was 
investigated for the period 2003–2009 in Peninsular Malaysia 
using the retrieved AIRS Level 3 monthly product 
(AIRX3STM) Version 5 data. The CH4 Satellite data were 
evaluated over five stations; Subang, Penang, Kuantan, 
Johor, and Kota Bharu, respectively, for the study period. 
The monthly CH4 maps were generated using Kriging 
Interpolation technique to analyze its distribution on 2009 
for study area. This interpolation technique produced high 
correlation coefficient R and low root mean square error. 
 
STUDY AREA 
 

The study area is peninsular Malaysia is located, between 
1° to 7° latitudes north and 99° to 105° longitudes east, south 
of Thailand, north of Singapore and east of the Indonesian 
island of Sumatra. An area Fig. 1, covering 3.575 × 105 
km2, with a center at Pahang (102°E and 4°N) was selected 
for this study. The central dimensions of the study domain 
are 550 km E-W and 650 km N-S. The Titiwangsa Mountain 
is a range from the Malaysia–Thai border in the north 
running approximately south-southeast over a distance of 
480km forms the backbone of the Peninsula and separating 
the western part from the western part. Surrounding the 
central high regions are the coastal lowlands (Rajab et al., 
2011b).  

Version 5 Leve-3 data are available at http://disc.sci. 
gsfc.nasa.gov/AIRS/data-holdings/by-data-product, as well 
as auxiliary data including the corresponding location and 
time along the satellite track in a Hierarchical Data Format 
(HDF) format on daily basis. Using the location information, 
CH4 data was gridded monthly at Geospatial Resolution of 
1° × 1° (lat × lon). 
 
ACQUISTION AND SPECIFICATION 
 

AIRS is a continuously operating cross-track scanning 
sounder, consisting of a telescope that feeds a scale 
spectrometer. The AIRS instrument views the atmospheric 
infrared spectrum in 2378 channels with a nominal spectral 
resolving power λ⁄∆λ ranging from 1086 to 1570 covering 
more than 95% of the earth surface and returning about three 
million spectra daily, in the 3.74–4.61 μm, 6.20–8.22 μm 
and 8.8–15.4 μm infrared wavebands at a nominal spectral 
resolution, also includes four visible/near-IR (Vis/NIR) 
channels between 0.40 and 0.94 μm, with a 2.3–km FOV 
(Rajab et al., 2010).  

The AIRS/AMSU/HSB is designed to operate in 
synchronism, and its science objective mission is to 
understand the dynamics of climate, operational numerical 
weather forecasting, determination of the factors that control 
the global energy and water cycles, inquisition of atmosphere-
surface interactions, and diagnosis of the effects of increased 
carbon dioxide, methane, ozone and other greenhouse 
gases. Its data will be used to improve numerical weather 
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Fig. 1. The geographical feature of study area. 

 

predictions and to support climate-related studies (Aumann 
et al., 2003). AIRS measures nearly 200 channels in the 
absorption band of CH4, 71 channels near 7.6 µm are used 
for CH4 retrieval, and they are most sensitive to the middle 
to an upper troposphere. AIRS CH4 products include not 
only the CH4 profile but also the information content. The 
atmospheric temperature-humidity profiles, emissivity, and 
surface skin temperature required to derive CH4 are acquired 
from retrievals using separate AIRS channels and the AMSU 
(Xiong et al., 2008). 

The L3 data are created from the L2 data product by 
binning them in 1° × 1° grids. Level 3 products are statistical 
summaries of geophysical parameters that have been 
temporally aggregated and spatially re-sampled from lower 
level data products (e.g., Level 2 data) (Kopacz et al., 2010). 
There are three AIRS Level 3 data products separately 
derived from Microwave-Only (MW-Only) retrievals and 
combined Infrared/Microwave (IR/MW) retrievals: daily, 
weekly and monthly as summarized in Table 1. Each product 
provides separate ascending (daytime) and descending 
(nighttime) binned data sets. 

The spatial footprint of the infrared channels is 1.1° in 
diameter, which corresponds to about 15 × 15 km in the 
nadir. Spatial coverage and calibration targets are supplied 
by the scan head assembly, including the scan mirror and 
calibrators. The rotating external mirror scans the underlying 
Earth scene 49° × 49° nadir, in 90 integration periods, and 
provides two views of dark space during each scan. Table 2 
shows AIRS technology-specifications.  
 
MATERIALS AND METHODS 
 

This research has been carried out for seven-year data 
from January 2003 to December 2009. In order to evaluate 
and analysis the CH4 distribution over the study area, we 
selected five stations dispersed across Peninsular Malaysia; 
Subang, Penang, Kuantan, Johor, and Kota Bharu. Results 
from the analysis of the retrieved for the CH4 obtained 
from AIRS ascending (AIRX3STM) Level-3 data. The 

AIRS standard CH4 products are derived from the IR stage 
of the combined IR/MW retrieval. The effective CH4 volume 
mixing ratio is produced at three levels between 390 mb 
(height 7500 m) and 160 mb (height 1300 m). This study 
were used effective CH4 volume mixing ratio (CH4) (ppmv) 
at a height of 7500 metres. Generally, 84 monthly L3 
ascending granules were downloading to obtain the desired 
output. Extract the AIRX3STM product's files from the 
Satellite using the AIRS website, and saves in HDF-EOS4 
files; this is a convenient file extension that can be easily 
extracted data from it and arrange in table using MS Excel. 

Data including the corresponding location and time along 
the satellite track in a HDF (Hierarchical Data Format) format 
on monthly basis. Map of the study area was conducted by 
using Photoshop CS and SigmaPlot 11.0 software to 
analyze the carbon dioxide data distribution along the study 
period. To better assess the impacts and distribution of CH4 
over Peninsular Malaysia the maps of CH4 was generated by 
using Kriging interpolation technique for the year 2009. The 
CH4 data were obtained from 1° × 1° (latitude × longitude) 
spatial resolution ascending orbits. 
 
RESULTS 
 

Fig. 2 Shows the monthly CH4 from 2003–2009 for five 
stations; Subang, Penang, Kuantan, Johor, and Kota Bharu, 
respectively. The mean and the standard deviation of monthly 
CH4 was (1.71 ± 0.03 × 10–6 ppmv) for the entire period. 
The CH4 experience various seasonal fluctuations depend 
on weather conditions and topography. Seasonal variation 
in CH4 fluctuated considerably between northeast monsoon 
(NEM) and southwest monsoon (SWM) periods. High CH4 
growth rates observed at the end of each year were attributed 
to a reduced hydroxyl (OH) sink and increased emissions 
from wetlands and biomass burning. The increased wetland 
emissions were related to climatic variations involving 
positive temperature and precipitation anomalies (Langenfelds 
et al., 2002). 

A study by Dlugokencky et al. (1996) indicated that high
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Table 1. Level 2 and level 3 data set products (Jason, 2008). 

Data Set Short Name Granule Size 
L2 Cloud-cleared radiances AIRI2CCF 10 MB 

L2 Standard Product AIRX2RET 5.4 MB 
L2 Support Product AIRX2SUP 20 MB 

L3 standard daily product AIRX3STD ~70 MB 
L3 8-day standard product AIRX3ST8 ~103 MB 

L3 monthly standard product AIRX3STM ~105 MB 

 

Table 2. AIRS Technology-Specifications (Fishbein et al., 2007b). 

Instrument AIRS 
Size Stowed: 116.5 × 80 × 95.3 cm 

Earth shade deployed: 116.5 × 158.7 × 95.3 cm 
Spectral Range IR: 3.74–15.4 µm, 2378 channels with λ⁄∆λ = 1200 resolution 

VIS/NIR: 0.4–1.1 µm with 4 channels 
Instrument Field of View IR: 1.1 degree (13.5 km at nadir from 705 km altitude) 

VIS/NIR: 0.2 degree (2.3 km from 705 km altitude) 
Mass / Power 177 kg/220 Watt 

Aperture IR: 10 cm; VIS/NIR: 0.2 to 1 cm 
Swath Width 99 degree (1650 km from 705 orbit altitude) 

Scan Sampling IR: 90 × 1 × 1.1 degree; VIS/NIR: 720 × 8 × 0.2 degree 
Spatial Coverage Scan Angle: ± 49.5 around nadir IFOV: 0.185 
Ground Coverage ± 49.5 degrees around nadir 
Ground Footprint 90 per scan, 22.4 ms footprint 

Temporal Coverage Global, twice daily swath (daytime and night-time) 
Spectral Resolution 13.5 × 13.5 km in the nadir 

Radiometric Calibration ± 3% absolute error 

 

 
Fig. 2. Monthly CH4 mixing ratio between 2003–2009 for the stations Kota Bharu, Penang, Kuantan,Subang, Jouor. 
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CH4 growth rates observed in later years were attributed to 
a reduced hydroxyl (OH) sink resulting from the Mount 
Pinatubo volcanic eruption. Novelli et al. (1999) also pointed 
out that the main sink of CO and CH4 is oxidation by OH. 
Even though H2 is itself destroyed by OH, it is also a by 
product of CH4 destruction and a net product of OH 
photochemistry. Thus variation in OH concentration would 
produce anticorrelation in growth rates of CO and CH4 (net 
less due to higher OH).  

The CH4 emissions are affected indirectly by the water 
table depth, temperature, topography and climatic regions, 
and increase from north to south by unit area, which is 
mostly connected to the increase in temperature. In the NEM 
season, the production of CH4 is low at low temperatures 
(resulting from the few sunny hours in April because of the 
intermonsoon), as occurred during November and April. In 
open peatlands, which are usually characterised by a water 
table close to the surface, CH4 fluxes are significantly high 
compared with forested peatlands. The late NEM season 
coincides with minimal OH levels, which is an important 
component of the CH4 equation, and the instability of the 
climatic conditions with tropical cyclones significantly 
affects the emission of CH4 in different regions; therefore, 
CH4 fluxes have relatively positive results in the late NEM 
season as a result of reductions in OH, first formed from 
water vapour collapse by oxygen atoms that come from the 
splitting of O3 by ultraviolet radiation (Reiners et al., 1998). 
In the SWM season, the oxidation of methane by OH; 
radical chemistry is the major removal mechanism of CH4 
from the atmosphere, and the lack of rice cultivation during 
the SWM season also contributes to reduction in CH4 
emissions. The positive results in July and August are the 
result of minimum precipitation; those are the driest months 
in most districts which lead to low production of OH (Suhaila 
and Jemain, 2009).  

The prolonged wet weather conditions improved the air 
quality slightly in Malaysia throughout 2003. Unexpected 
heavy rains occurred in areas such as Penang, reaching 869.1 
mm in October. Therefore, it can be observed two peaks of 
CH4 coinciding with the impact of the intermonsoon in 
May and October (DOE, 2003). The air quality in peninsular 
Malaysia deteriorated slightly throughout 2004 compared 
with 2003 because of the influence of southwesterly winds, 
especially on the west coast, simultaneity with the impact 
of El Nino from May to July (DOE, 2004). We observed an 
slightly decreases in CH4 values in most areas, especially 
in Penang and Subang. The year 2005 shows the lowest 
value of CH4 due to the rainfall deficits and the influence 
of peatland fires in several areas in the state of Selangor. 
Following a prolonged dry season in the region, coincide with 
impact of El Nino effects with the beginning of the year 
and the direct impact of southwesterly wind. In addition, 
the effects of the land and forest fires in the Riau Province 
of Central Sumatra, Indonesia, from mid-May until mid-
October on the CH4 values (DOE, 2005). 

In 2006, we observed an increase in the CH4 values from 
August until November, mainly as a result of sensibly rain 
that occurred in this period, coupled with direct effect of 
south-westerly winds and El Nino (DOE, 2006). Favourable 

weather significantly improved the CH4 emissions on the east 
coast in the late months of 2007. The wet weather conditions 
in 2008 slightly improved the CH4 values compared to 2007, 
especially in the east coast due to heavy rainfall (DOE, 2008). 

A quasi-biennial variation in CH4 mixing ratio over 
Peninsular Malaysia in October is plainly evident in the 
monthly AIRS CH4 maps presented in Fig. 3 for 2003, 2004, 
2005, 2006, 2007, and 2008. Maximum values of CH4 over 
the rice paddies, wetland and open peatlands in the northern 
regions, up to latitude 4° occur in 2004, 2006, and 2008, with 
minima in 2003, 2005, and 2007. More careful examination 
reveals subtle differences in the CH4 spatial patterns for 
each of the peak years. Interannual variations are visible 
for the geographic regions, but none is as pronounced or 
regular during these six years. 

The effective CH4 (CH4_VMR_eff_A) Level-3 monthly 
AIRX3STM 1° × 1° spatial resolution ascending data were 
used for mapping CH4 in 2009. Fig. 4(a) shows that the 
highest value of CH4 occurred during the early NEM season 
(November–January), especially above the northern region 
above latitude 4° (1.752 × 10–6 ppmv, at 101.5° × 4.5°), as a 
result of reduced OH and favourable weather conditions, 
which increased CH4 formation. In February, CH4 decreased 
to its lowest value in the NEM season (1.688 × 10–6 ppmv, in 
Malacca), though it slightly increased to moderate levels in 
March and increased to slightly high levels in April. This 
fluctuation in the CH4 values during the late NEM season 
was caused by the geographic nature of the areas and 
climatic variations.  

As illustrated in Fig. 4(b) for the SWM season, an increase 
in the CH4 value during May and October was observed 
with an increase in the temperature and precipitation, whereas 
slightly high to moderate values of CH4 were predominant 
from June to September because of the prolonged dry 
weather conditions that coincided with a moderate to strong 
El Niño experienced in the region during this period. The 
highest value that occurred in the SWM season was in May 
(1.730 × 10–6 ppmv, at 102.5° × 3.5°), and the lowest value 
was in August (1.706 × 10–6 ppmv, at 100.5° × 5.5°). 

In general, Figs. 2, 3, 4(a and b) shows that the values of 
CH4 in the northern regions, up to latitude 4°, were higher 
than in the other regions throughout the year because of an 
increase in CH4 emission from the abundance of paddies 
and wetlands, which was related to the weather conditions, 
water table depth, and topography. In addition, the CH4 
fluxes in open peatlands were high compared with the 
fluxes in forest peatlands. In addition, in the NEM season, 
CH4 had values higher than in the SWM season, and there 
were regions that had low values in some months, such as 
Johor in February and September, as a result of low rainfall 
and temperature. The reduction in the CH4 values occurred 
along with the impact of El Niño from June to August. 
 
CONCLUTIONS 
 

As demonstrated here, AIRS’ monthly views of atmosphere 
CH4 across the study area enable detailed analyses of both 
the temporal and spatial variations in emissions and the 
visualization of subsequent transport. We have just begun to
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Fig. 3. The six maps illustrate the monthly AIRS CH4 mixing ratio for October of 2003, 2004, 2005, 2006, 2007, and 2008, 
respectively. 

 

 
 (a) (b) 

Fig. 4. AIRS monthly coverage from the retrieved CH4, (a) for NEM season [November to April] and (b) for SWM season 
[May to October] 2009. 
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investigate the wealth of information contained in the more 
than six years. The CH4 values are strongly correlated with 
weather conditions. The mean and the standard deviation of 
monthly CH4 was (1.71 ± 0.03 × 10–6 ppmv) for the entire 
period. Seasonal variation in CH4 fluctuated considerably 
between NEM and SWM periods. High CH4 growth rates 
observed at the end of each year were attributed to a 
reduced hydroxyl (OH) sink and increased emissions from 
wetlands and biomass burning. The CH4 emissions are 
affected indirectly by the water table depth, temperature, 
topography and climatic regions. 

From monthly CH4 distribution, the northern regions, up to 
latitude 4°, were higher than in the other regions throughout 
the year due to increase of the CH4 emission from the 
abundance of paddies and wetlands. In addition, the CH4 
fluxes in open peatlands were high compared with the fluxes 
in forest peatlands, and CH4 values in the NEM season was 
higher than in the SWM season. As a result of low rainfall 
and temperature, there are areas had low values of CH4 in 
some months, such as Johor in February and September. 
The reduction in the CH4 values occurred along with the 
impact of El Niño from June to August. The highest value 
that occurred in the northern region above latitude 4° on 
November (1.752 × 10–6 ppmv, at 101.5° × 4.5°), and the 
lowest value was on March (1.688 × 10–6 ppmv, in Malacca). 
The CH4 maps were generated using Kriging Interpolation 
technique. The AIRS data and the Satellite measurements 
are able to measure the increase of the troposphere CH4 
concentrations over different regions. 
 
ACKNOWLEDGMENT 
 

This project was carried out using the Universiti Sains 
Malaysia (USM) short term grants and Science Fund. The 
authors gratefully acknowledge the financial support from 
the RU grant, Relationship between Heavy Rain, Flash 
Floods and Central Pressure in Malaysia Grant, account 
number: 1001/PFIZIK/811152. We would like to thank the 
technical staff who participated in this project. Thanks are 
also extended to USM for support and encouragement. 
 
REFERENCES 
 
Aumann, H.H., Chahine, M.T., Gautier, C., Goldberg 

M.D., Kalnay, E., McMillin, L.M., Revercomb, H., 
Rosenkranz, P.W., Smith, W.L., Staelin, D.H., Strow, 
L.L. and Susskind, J. (2003). AIRS/AMSU/HSB on the 
Aqua Mission: Design, Science Objectives, Data Products, 
and Processing Systems. IEEE Trans. Geosci. Remote 
Sens. 41: 253–264.  

Blais, A.M., Lorrain, S. and Tremblay, A. (2005). Greenhouse 
Gas Fluxes (CO2, CH4 and N2O) in Forests and Wetlands 
of Boreal, Temperate and Tropical Regions, In Greenhouse 
Gas Emissions - Fluxes and Processes, Allan, R. Förstner, 
U. and Salomons, W. (Eds), Verlag Berlin Heidelberg, 
Springer.  

Bloom, A.A., Palmer, P.I., Fraser, A. and Reay, D.S. (2012). 
Seasonal Variability of Tropical Wetland CH4 Emissions: 
The Role of the Methanogen-Available Carbon Pool. 

Biogeosci. Discuss. 9: 387–409. 
Department Of Environment (DOE) (2003). Malaysia 

Environmental Quality Report, Ministry of Natural 
Resources and Environment Malaysia, Petaling Jaya, 
Sasyaz Holdings Sdn Bhd.  

Department Of Environment (DOE) (2004). Malaysia 
Environmental Quality Report, Ministry of Natural 
Resources and Environment Malaysia, Petaling Jaya, 
Sasyaz Holdings Sdn Bhd.  

Department Of Environment (DOE) (2005). Malaysia 
Environmental Quality Report, Ministry of Natural 
Resources and Environment Malaysia, Petaling Jaya, 
Sasyaz Holdings Sdn Bhd.  

Department Of Environment (DOE) (2006). Malaysia 
Environmental Quality Report, Ministry of Natural 
Resources and Environment Malaysia, Petaling Jaya, 
Sasyaz Holdings Sdn Bhd.  

Department Of Environment (DOE) (2008). Malaysia 
Environmental Quality Report, Ministry of Natural 
Resources and Environment Malaysia, Petaling Jaya, 
Sasyaz Holdings Sdn Bhd. 

Dlugokencky, E.J., Dutton, E.C., Novelli, P.C., Tans, P.P., 
Masarie, K.A., Lantz, K.O. and Madronich, S. (1996). 
Changes in CH4 and CO Growth Rates after the Eruption 
of Mount Pinatubo and Their Link with Changes in 
Tropical UV Flux. Geophys. Res. Lett. 23: 2761–2764. 

Dousset, B. and Gourmelon, F. (2003). Satellite Multi-
Sensor Data Analysis of Urban Surface Temperatures 
and Landcover. ISPRS J. Photogramm. Remote Sens. 58: 
43–54.  

Fishbein, E., Granger, S., Lee, S.Y., Manning, E., Weiler, M., 
Blaisdell, J. and Susskind, J. (2007a). AIRS/AMSU/HSB 
Version 5 Data Release User Guide, A. Atmospheric 
Infrared Sounder, EOS, Jet Propulsion Laboratory, 
California Institute of Technology, Pasadena, CA.  

Fishbein, E., Hearty, T., Lee, S.Y., Irion, F.W., Kahn, B., 
Manning, E., Blaisdell, J., Susskind, J., Iredell, L., 
Barnet, C., Maddy, E., Rosenkranz, P., McMillan, 
W.W., Machado, S.D. and Knuteson, R. (2007b). AIRS 
Version 5 Release Level 2 Standard Product QuickStart, 
Jet Propulsion Laboratory, California Institute of 
Technology, Pasadena, CA.  

Hill, M.K. (2004). Understanding Environmental Pollution, 
New York, Cambridge University.  

Intergovernmental Panel on Climate Change (IPCC) (2007). 
Contribution of Working Group I to the Fourth Assessment 
Report of the Intergovernmental Panel on Climate 
Change, Climate Change 2007, The Physical Science 
Basis, Cambridge (UK), Cambridge University Press. 

Rajab, J.M., Mat Jafri, M.Z., Lim, H.S., and Abdullah, K. 
(2010). Daily Distribution Map of Ozone (O3) from AIRS 
over Southeast Asia. Energy Res. J. 1: 158–164.  

Rajab, J.M., Mat Jafri, M.Z., Lim, H.S., and Abdullah, K. 
(2011a). Monthly Distribution Map of Carbon Monoxide 
(CO) from AIRS over Peninsular Malaysia, Sabah and 
Sarawak for the Year 2003. Pertanika J. Sci. Technol. 
19: 89–96.  

Rajab, J.M., Tan, K.C., Lim, H.S. and Mat Jafri, M.Z. 
(2011b). Investigation on the Carbon Monoxide Pollution 



 
 
 

Rajab et al., Aerosol and Air Quality Research, 12: 1459–1466, 2012 1466

over Peninsular Malaysia Caused By Indonesia Forest 
Fires from AIRS Daily Measurement, Air Pollution/Book 
1. Rijeka, Croatia, INTECH, p. 115–136. 

Jason, L. (2008). README Document for AIRS Level-2 
Version 005 Standard Products, Goddard Earth Sciences 
Data and Information Services Center, National 
Aeronautics and Space Administration (NASA).  

Kar, J., Bremer, H., Drummond, J.R., Rochon, Y.J., Jones, 
D.B.A., Nichitiu, F., Zou, J., Liu, J., Gille, J.C., Edwards, 
D.P., Deeter, M.N., Francis, G., Ziskin, D. and Warner, 
J. (2004). Evidence of Vertical Transport of Carbon 
Monoxide from Measurements of Pollution in the 
Troposphere (MOPITT). Geophys. Res. Lett. 31: L23105, 
doi: 10.1029/2004GL021128. 

Kopacz, M., Jacob, D.J., Fisher, J.A., Logan, J.A., Zhang, 
L., Megretskaia, I.A., Yantosca, R.M., Singh, K., Henze, 
D.K., Burrows, J.P., Buchwitz, M., Khlystova, I., 
McMillan, W.W., Gille, J.C., Edwards, D.P., Eldering, 
A., Thouret, V. and Nedelec, P. (2010). Global Estimates 
of CO Sources with High Resolution by Adjoint 
Inversion of Multiple Satellite Datasets (MOPITT, 
AIRS, SCIAMACHY, and TES). Atmos. Chem. Phys. 
10: 855–876.  

Langenfelds, R.L., Francey, R.J., Pak, B.C., Steele, L.P., 
Lloyd, J., Trudinger, C.M. and Allison, C.E. (2002). 
Interannual Growth Rate Variations of Atmospheric CO2 
and Its D13C, H2, CH4, and CO between 1992 and 1999 
Linked to Biomass Burning. Global Biogeochem. Cycles 
16: 1–22. 

Li, Q.B., Jiang, J.H., Wu, D.L., Read, W.G., Livesey, N.J., 
Waters, J.W., Zhang, Y.S., Wang, B., Filipiak, M.J., Davis, 
C.P., Turquety, S., Wu, S.L., Park, R.J., Yantosca, R.M. 
and Jacob, D.J. (2005). Convective Outflow of South Asian 
Pollution: A Global Ctm Simulation Compared with EOS 
MLS Observations. Geophys. Res. Lett. 32: L14826. 

Mahmud, M. and Kumar, T.S.V.V. (2008). Forecasting 
Severe Rainfall in the Equatorial Southeast Asia. 
Geofizika 25: 109–127. 

Marshall, J.L., Jung, J., Derber, J., Chahine, M., Treadon, R., 
Lord, S.J., Goldberg, M., Wolf, W., Liu, H.C., Joiner, J., 
Woollen, J., Todling, R., Van Delst, P. and Tahara, Y. 
(2006). Improving Global Analysis and Forecasting with 
AIRS. Bull. Am. Meteorol. Soc. 87: 891–894. 

Melling, L., Hatano, R. and Goh, K.J. (2005). Methane 
Fluxes from Three Ecosystems in Tropical Peatland of 

Sarawak, Malaysia. Soil Biol. Biochem. 37: 1445–1453.  
Novelli, P.C., Lang, P.M., Masarie, K.A., Hurst, D.F., 

Myers, R. and Elkins, J.W. (1999). Molecular Hydrogen 
in the Troposphere: Global Distributions and Budget. J. 
Geophys. Res. 104: 30427–30444. 

Park, M., Randel, W.J., Kinnison, D.E., Garcia, R.R. and 
Choi, W. (2004). Seasonal Variation of Methane, Water 
Vapor, and Nitrogen Oxides near the Tropopause: Satellite 
Observations and Model Simulations. J. Geophys. Res. 
[Atmos.] 109: D03302, doi: 10.1029/2003JD003706. 

Randel, W.J. and Park, M. (2006). Deep Convective Influence 
on the Asian Summer Monsoon Anticyclone and 
Associated Tracer Variability Observed with Atmospheric 
Infrared Sounder (AIRS). J. Geophys. Res. [Atmos.] 111: 
D12314, doi: 10.1029/2005JD006490.. 

Reiners, W.A., Keller, M. and Gerow, K.G. (1998). 
Estimating Rainy Season Nitrous Oxide and Methane 
Fluxes across Forest and Pasture Landscapes in Costa 
Rica. Water Air Soil Pollut. 105: 117–130.  

Spahni, R., Wania, R., Neef, L., van Weele, M., Pison, I., 
Bousquet, Frankenberg, P., C., Foster, P.N., Joos, F., 
Prentice, I.C. and van Velthoven, P. (2011). Constraining 
Global Methane Emissions and Uptake by Ecosystems. 
Biogeosci. Discuss. 8: 1643–1665. 

Suhaila, J. and Jemain, A.A. (2009). Investigating the 
Impacts of Adjoining Wet Days on the Distribution of 
Daily Rainfall Amounts in Peninsular Malaysia. J. 
Hydrol. 368: 17–25.  

Xiong, X., Barnet, C., Maddy, E., Sweeney, C., Liu, X., 
Zhou, L. and Goldberg, M. (2008). Characterization and 
Validation of Methane Products from the Atmospheric 
Infrared Sounder (AIRS). J. Geophys. Res. 113: G00A01, 
doi: 10.1029/2007JG000500.  

Xiong, X., Houweling, S., Wei, J., Maddy, E., Sun, F. and 
Barnet, C. (2009). Methane Plume over South Asia during 
the Monsoon Season: Satellite Observation and Model 
Simulation. Atmos. Chem. Phys. 9: 783–794.  

Yashiro, Y., Kadir, W.R., Okuda, T. and Koizumi, H. (2008). 
The Effects of Logging on Soil Greenhouse Gas (CO2, 
CH4, and N2O) Flux in a Tropical Rain Forest, Peninsular 
Malaysia. Agric. For. Meteorol. 148: 799–806. 

 
 

Received for review, February 16, 2012 
Accepted, June 5, 2012

 


