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Abstract 

 
 Trans-boundary haze pollution in Malaysia has become an issue that created a public attention over the 
past several years. The presence of haze not only caused by internal and external sources but it sometime coincided 
with the El Nino phenomenon which prolonged the dry season during the southwest monsoon in May to September. 
In this study fine particulate data (PM 2.5) of Klang Valley region covering the period from 1997 to 2008 were used 
to investigate the source location that responsible for the long range transport of pollutant. Back trajectory model 
the Hybrid Single-Particle Lagrangian Integrated Trajectory (HYSPLIT) was used to calculate the air mass 
backward trajectories up to 120 hours (5 days) for the days when fine particle were sampled.  
 
 

Abstrak 
 
 

 Jerebu Merentas Sempadan di Malaysia telah menjadi satu isu yang menarik perhatian masyarakat sejak 
beberapa tahun yang lepas. Kehadiran jerebu bukan saja disebabkan oleh sumber dalaman dan luaran tetapi 
pertembungan antara fenomena El Nino boleh memanjangkan lagi musim panas ketika monsun barat daya di 
antara bulan Mei hingga September. Dalam kajian ini data partikel halus di  kawasan Lembah Klang yang meliputi 
tahun 1997 – 2008 telah digunakan untuk mengkaji lokasi sumber yang bertanggung jawab terhadap pemindahan 
bahan pencemar dari jarak jauh. Model Trajektori Integrasi Lagrangian Hibrid Partikel Tunggal (HYSPLIT) 
telahpun digunakan untuk mengira trajektori ke belakang jisim udara sehingga 120 jam (5 hari) semasa 
persampelan dijalankan.  
_____________________________________________________________________________________________ 
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INTRODUCTION 
 

Haze is a phenomenon characterized by high concentration of particulate matter that scatters and absorbs 
sunlight and lowering horizontal visibility. The occurrence of haze pollution in Malaysia was first realized in the 
early 1960s, followed by the haze episode in 1982, 1983 and a number of haze episodes but had not received as 
much public attention. Since about 1990s haze episode become more frequently and increasing in intensity and has 
now become regular feature of our Malaysian environment notably during the dry months of February-April and 
June-September. The haze in 1997 was considered a large scale of air quality disaster which occurred during the 
second half of 1997. Increase of respiratory and asthma cases, poor visibility were reported within Southeast Asia 
(http://en.wikipedia.org/wiki/1997_Southeast_Asian_haze). The situation became so serious that the cabinet directed 
anti- pollution measures to be more strictly enforced to prevent the worsening of the haze. It was the longest and the 
worst haze episode so far and had received the most attention and created a great deal of debate in media. The Haze 
Action Plan formulated by the National Haze Committee after the haze episode in 1991 has finally approved by the 
Cabinet in August 1997 (http://www.aseansec.org/8953.htm). 
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The haze can be characterized using two measures i.e. the Air Pollutants Index (API) and the Visibility 
Index (VI). The air pollutant used in computing the API are ozon (O3), carbon monoxide (CO), nitrogen dioxide 
(NO2), sulphur dioxide (SO2) and particulate matter of less than 10 micron (PM10). The API is categorised as good, 
moderate, healthy, unhealthy, very unhealthy and hazardous (Malaysian Environmental Quality Report 2008). 
Visibility is usually measured as the furthest distance from which a person can see a landscape. A five kilometer 
change in visual range can either be very apparent or imperceptible depending on the amount of pollution before the 
change. In Malaysia the reports we receive are on visual ranges from the Meteorological Services Department whilst 
air quality status are monitored by the Department of Environment (DOE) through a network of 51 continuous 
monitoring station.  
 During the haze episodes in 1997, 1998, 2003, 2004, and 2006 arising from forest fires in a neighboring 
country, the area of Klang Valley was the most affected. The pollutants emitted from forest fires as well as from 
vehicles and industrial activities have given rise to severe air pollution in the area. In order to study the sources of 
materials emitted into the air as well as understanding the transport of the substances from the sources to downwind 
location, Malaysian Nuclear Agency Bangi has involved in the IAEA/RCA project on air particulate matter. The 
project was started in 1997 and completed in 2010. The study area is the Klang Valley region. The study of fine 
particles (PM 2.5) for the samples collected during the period from 2000 to 2006 at Klang Valley identified 5 
possible sources of aerosols in the Klang Valley (Rahman et al 2009a, 2009b). These sources include sea spray, motor 
vehicle, smoke, industry and soil. This paper focuses the study of significant events of smoke particles in the 
atmospheric aerosol that are major causes of haze in Malaysia. Fine particulate data that include mass, black carbon 
and concentration of 20 elements collected from 1997 to 2008 were analyzed in order to understand the haze 
problem and long range transport of fine particles.   
 

WHAT IS TRANSBOUNDARY POLLUTION 
 

 Trans-boundary pollution is the pollution that originates in one country but is able to cross the boarders 
through pathways like water or air and caused environmental pollution in another country. This paper focuses on 
just one form of trans-boundary pollution i.e. trans-boundary atmospheric pollution (the haze) which has attracted 
much attention not only of national governments but also regional and international communities leading to 
multilateral or bilateral agreements in order to cope with the problem. Since the year 1997 haze episode where 
Malaysia was severely affected by bush fires and agricultural waste burning in the islands of Sumatra and 
Kalimantan, haze problem have made headlines and created a public attention every year. The emissions of these 
fire caused considerable air pollution not only to Malaysia but also affected significant part of Southeast Asian 
region, notably in Indonesia, Singapore and Brunei depending on wind flow and weather patterns. 
 

METHODOLOGY 
 

Sampling and analysis 
 
 All aerosol samples were collected using a Gent stack sampler (Hopke et al 1997) provided by the 
International Atomic Energy Agency (IAEA). The sampler was placed on a rooftop of a two storey building at the 
Universiti Teknologi Malaysia, Kuala Lumpur at approximately 10 meters height. The sampler was programmed to 
run automatically at an air flow-rate of 15L/min to collect two fractions (<2.5 µm and 2.5-10 µm aerodynamic 
diameter particles) of  24 hours duration samples on 47mm polycarbonate filters at a frequency of a week or 
fortnight. The filter samples were then analyzed at the Analytical Chemistry Laboratory of Malaysian Nuclear 
Agency for mass (microbalance), black carbon (reflectometry), trace and major elements (NAA). Elemental analysis 
was also performed by Particle Induced X-ray Emission (PIXE) at the Geological and Nuclear Sciences Limited, 
New Zealand with the help of IAEA. 
 
Back trajectory calculation 
 

There are a number of trajectory models that have been developed to study atmospheric transport. They can be 
used to examine the motion of the atmosphere forward or backward in time. The model used in this study is The 
NOAA Hybrid Single Particle Lagrangian Integrated Trajectory (HYSPLIT–4). Archived REANALYSIS 
meteorological data were used as input. This model is accessible on-line 
(http://www.arl.noaa.gov/HYSPLIT_info.php). The model is used to calculate the position of the air being sampled 
backward in time from the receptor site from various starting times throughout the sampling interval.  
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RESULT AND DISCUSSION 
 

Source apportionment of smoke 
 

 Smoke is known to be one of the major sources of particles to the Klang Valley (Keywood et al 2003).  
Previous study (Rahman et al 2011) on source apportionment for the fine particles composition data collected at 
Klang Valley in 2004 to 2008 has found that smoke contributed about 17.5% to the fine mass on average. The 
smoke factor profile mainly characterized by K (70%) as shown in Fig.1. 
 
 

 
*Figure 1: Smoke factor profile for Klang Valley in 2004 to 2008 

 
*Source: Rahman et al., 2011 
 
 An important question is whether the observed concentrations arise entirely from local sources or if there 
are any contributions from distant sources through long–range transport. Recently (Seneviratne et al 2011) has 
shown that smoke episodes in Colombo Sri lanka in the year 2000, 2004 and 2006 indicates that they are often 
associated with transported particulate matter. 

 
Smoke 
 
 Smoke is a collection of tiny solid, liquid and gas particles emitted when a material undergoes combustion 
or pyrolisis, together with the quantity of air that is entrained or otherwise mixed into the mass. Smoke can contain 
hundreds of different chemicals and fumes, visible smoke is mostly carbon (soot), tar, oils and ash.  Smoke is also a 
component of internal combustion engine exhaust gas, particularly diesel exhaust 
(http://en.wikipedia.org/wiki/smoke). Fine potassium is an accepted key element for smoke from biomass burning 
(Chueinta et al 2000, Baxla et al 2009). In order to obtain a reliable smoke indicator from the fine potassium, fine 
potassium associated with soil and sea salt component should be subtracted from total K. Hence, smoke is obtained 
by using the following equation: 
 
  Smoke = (Ktot – 0.036 Na – 0.6 Fe)     (1) 

 
 

Long–range transport of smoke 
 
 Forest fires are common in Indonesia during the hot, dry months of the dry season, which runs from June to 
September (Anwar et al 2010), despite Indonesia’s efforts to crack down on illegal burning. Sometimes fires are the 
result of slash and burn deforestation to clear land for farming or other agriculture. During this season (May – 
September) southwesterly wind are blowing from Sumatra to Malaysia and bring along thick smoke blanketing 
Singapore and parts of Malaysia and Indonesia for weeks.  At the same time internal sources such as open burning, 
emissions from vehicles, electric power generation and industrial activity were contributory factors. Smoke trans-
boundary events for the selected studying period in Malaysia (Klang Valley) were identified based on the pseudo–
element K as presented in Table 1.   
 In order to exclude low local source contributions, only daily events with concentrations that are two 
standard deviations above the mean value for a measured species were considered. Fig.2 shows the time series plot 
for the smoke concentration of Klang Valley in 1997. It can be seen that there are two sharp peaks occur typically in 
the month of September. The values were 600ng/m3 and 834ng/m3 respectively. Back trajectory plot at different 
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height 300m, 500m and 1000m above ground level (AGL) were used to calculate the four days backward 
trajectories. Both events (Fig.3) were seen to be associated with international transport of smoke from the area of 
Sumatra Island. The smoke signature travel about 350 km to 900 km in southwest direction from the source location 
to reach the receptor site in Kuala Lumpur.  

 
Table 1: Statistic and the peak value concentration (ng/m3) of smoke 

 for the selected studying period 
Year Mean  

(ng/m3) 
Median 2stdev Date Peak value 

(ng/m3) 
1997 207 194 416 15/09/97 600 

18/09/97 834 
2001 

 
 
 

283 257 232 20/06/01 377 
03/07/01 467 
04/09/01 402 
20/09/01 372 

2004 329 308 345 17/05/04 633 

21/06/04 722 

23/08/04 816 

02/09/04 660 
06/09/04 692 

2006 358 288 412 11/10/06 527 
12/10/06 634 
16/10/06 788 

2008 238 220 259 22/07/08 408 
30/07/08 524 
04/08/08 571 
23/09/08 431 

 
 

 
Figure 2: Time series plot of smoke at Klang Valley 1997 



 

          
 Figure 3: Back trajectories associated with smoke event at Klang Valley 

 on Sept.15 and Sept. 18 1997 
 

  Since year 1997, haze has become such a regular problem for the country that at one point, the government 
stopped publishing air quality statistics for fear of raising public alarm and driving away tourists. Fig.4 to 7 present 
another time series plot for the smoke concentration measured at Klang Valley in 2001, 2004, 2006 and 2008 
respectively. It was observed that there were smokes episodes occur between May to September of the study 
periods. In case of year 2006 there are no data available between July to September, but there are three sharp spikes 
in concentration of smoke observed on October 11, 12 and 16, 2006.  
 Fig. 8 to 11 show the trajectory plot at different height AGL calculated for July 3, 2001; June 21, 2004; 
October 12, 2006 and July 22 and August 4, 2008 respectively. In general all trajectories extend southwestward into 
various area of Sumatra Island. Despite a governmental ban on open burning, seasonal fires continue to occur on the 
Indonesian islands each year peaking in the dry season of late summer and early fall. Between May to September 
Malaysia is affected by the southwest monsoon which signifies drier weather and the prevailing wind flow is 
generally southwesterly blowing from Sumatra to Malaysia. Hot, dry weather and winds blowing from the southwest 
help fires explode in Indonesia forests for several weeks, and may have collected dust from the island leading to 
high K that appear to be smoke.  
 



 
Figure 4: Time series plot of smoke at Klang Valley 2001 

 
 

 
Figure 5: Time series plot of smoke at Klang Valley 2004 

 
 

 
Figure 6: Time series plot of smoke at Klang Valley 2006 

 



 
Figure 7: Time series plot of smoke at Klang Valley 2008 

 
 

 

    
Figure 8: Three days back trajectories calculated for Jul. 3, 2001 



 

    
Figure 9: Five days back trajectories calculated for Jun. 21, 2004 

 
 



 

    
Figure 10: Four days back trajectories calculated for Oct. 12, 2006 

 
 



   

      
Figure 11: Five days (left) and four days (right) back trajectories calculated for Jul.22 and Aug. 4, 2008 

 
 

Supporting material  
 
 Evidence of these events is identified. Fig. S1 in supporting material (SM) presents pictures of clear and 
hazy Kuala Lumpur taken during the sampling time in September 1997 whilst Fig. S2 is a picture by National 
Geophysical Data Center (NGDC-NOAA) showing fires and haze on Sumatra Island and Kalimantan in the 
beginning of September 1997. Fig. S3 to S6 show NASA satellite image of fire burning across Sumatra and the 
presences of hot spots throughout Borneo, Sumatra, the Malay Peninsula and several other places. Fig. S3 shows the 
portion of Malaysia and part of the Indonesian island of Sumatra to the west and south shrouded in thick haze on 
July 9, 2001. Moderate Resolution Imaging Spectroradiometer (MODIS) also detected actively burning fires (red 
dots) on June 18, 2004 and fires burning across Sumatra on June 24, 2004 as shown in Fig. S4. Fig. S5 shows the 
haze in the area of islands of Sumatra and Borneo in early October 2006. The satellite image on October 1, 2006, 
also shows places where MODIS detected actively burning fires marked in red, whilst image in Fig. S6 shows fire 
locations from MODIS for the week of August 4, 2008 and active fires detected by the Moderate Resolution 
Imaging Spectroradiometer (MODIS) on NASA’s Aqua satellite on 6 August 2008. This information is available via 
the Internet at http://modis.gsfc.nasa.gov/. 

CONCLUSION 
 
 The HYSPLIT (HYbrid Single-Particle Lagrangian Integrated Trajectory) model is a complete system for 
computing simple air parcel trajectories to complex dispersion and deposition simulations. The technique is very 
handy tool to get an identification of various trans-boundary events. The transport of smoke from agricultural and 
forest fires burning on Sumatra Indonesia during the dry season, which runs from June to September could be 
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clearly observed by this technique. The forest fires in parts of Sumatra and Kalimantan during the haze period, 
clearly evident in satellite images, were identified as the probable key sources of the widespread heavy haze that 
extended across Southeast Asia from Indonesia to Singapore, Malaysia and Brunei.  
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CONTENT 
 
Figure S1. Pictures taken on September 10, 1997 and September 16, 1997 showing clear and hazy Kuala Lumpur  
 
Figure S2. Fires and haze on Sumatra Island and Kalimantan in the beginning of September 1997  

(Picture-NGDC) 
 

Figure S3. NASA satellite image of peninsular Malaysia shrouded in thick haze on July 9, 2001. 
 
Figure S4. NASA satellite image of fires burning across Sumatra on June 18 and June 24, 2004 
 
Figure S5. NASA satellite image of haze in the area of islands of Sumatra and Borneo in early October, 2006 
 
Figure S6. Fire locations from MODIS for the week of August 4, 2008 and active fires detected by the Moderate 

Resolution Imaging Spectroradiometer (MODIS) on NASA’s Aqua satellite on 6 August 2008 
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Figure S1: Pictures taken on Sept. 10, 1997 (left) and Sept. 16, 1997  

showing clear and hazy Kuala Lumpur  
 
 

 
Figure S2: Fires and haze on Sumatra Island and Kalimantan in the beginning of  

Sept. 1997. (Picture-NGDC) 
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Figure S3: NASA satellite image of peninsular Malaysia shrouded in thick haze on Jul. 9, 2001. 

 
 

 
Figure S4: NASA satellite image of fires burning across Sumatra on Jun. 18, 2004 (left) and  

Jun. 24, 2004 (right).  Active fires are marked with red dots 
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Figure S5: NASA satellite image of haze in the area of islands of Sumatra and Borneo on October 1, 2006 (left) and 

Oct. 8, 2006 (right) 
 
 

      
Figure S6: Fire locations from MODIS for the week of Aug. 4, 2008 and active fires detected by the Moderate 

Resolution Imaging Spectroradiometer (MODIS) on NASA’s Aqua satellite on  Aug. 6, 2008  
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