
MONITORING AND EARLY WARNING OF SMOKE HAZE BY SOUTHEAST ASIA REGIONAL CENTRE 

 

Transboundary smoke haze pollution has been affecting the ASEAN1 region for decades. Fire has 
traditionally been used as a means to clear land, and this releases smoke haze of unburnt carbon and 
gases into the atmosphere. In some years, prevailing meteorological conditions in the region have 
transported the smoke haze across borders to areas far from their sources.  
 
 
ASEAN Specialised Meteorological Centre (ASMC) as the regional monitoring centre 
 
In 1995, the ASEAN Specialised Meteorological Centre (ASMC) was designated by the ASEAN 
Environment Ministers as the regional centre to perform fires and smoke haze monitoring and 
assessment functions, and the issuance of early warning on transboundary haze occurrence for the 
ASEAN region. The ASMC, hosted by the Meteorological Service Singapore (MSS), was set up in 1993 
to support National Meteorological Services (NMS) in the region in improving the delivery of weather 
and climate prediction services.  
 
For 24/7 operational monitoring and assessment of the regional fire hotspot and haze situation, the 
ASMC leverages heavily on remote sensing technologies and uses extensively data from a suite of 
geostationary and polar orbiting satellites, including Himawari-8, GEO-KOMPSAT-2A, Suomi-NPP, 
NOAA-20, EOS-MODIS and METOP satellites. Information from long-range forecast and high-
resolution numerical weather prediction and atmospheric transport models were synthesized with 
observation data to produce outlook of the regional weather and haze situation. Such products are 
availed on ASMC’s publicly accessible website at http://asmc.asean.org/home.  
 
ASMC’s issuance of early warnings follows a tiered approach to alert the region to increasing risks of 
transboundary haze occurrence. At Alert Level 1, ASMC issues an advisory informing the affected 
region on the onset of the traditional dry season, during which land-clearing activities would peak. 
ASMC activates the subsequent Alert Levels (viz 2 and 3) when it assesses that there has been an 
escalation in the fire and haze situation under meteorological conditions that can lead to an increase 
in the risk of transboundary haze. The Alert Levels would step down sequentially as the situation 
improves. The advisories serve as advance notice to local authorities, which may then mobilise 
resources to take mitigation or fire suppression measures and arrest the problem at an early stage in 
order to prevent the occurrence of transboundary smoke haze.    
 
 
2019 Smoke Haze Episode in the Southern ASEAN Region 
 
2019 saw the return of transboundary smoke haze that adversely affected the air quality of some 
areas in the southern ASEAN region (comprising Brunei Darussalam, Indonesia, Malaysia, Singapore 
and southern Thailand). The last severe transboundary haze episode that affected the region 
extensively was in 2015. 
 
 
 
 
 

                                                           
1 ASEAN – Association of Southeast Asian Nations comprising ten countries, viz Brunei Darussalam, Cambodia, 
Indonesia, Lao PDR, Malaysia, Myanmar, Philippines, Singapore, Thailand, and Viet Nam.  



  

The traditional dry season of the 
southern ASEAN region typically sets in 
between June and August and extends 
into October. In 2019, the dry season 
over the southern ASEAN region set in by 
July 2019, and dry conditions in some 
parts of the region, particularly in 
Sumatra, Peninsular Malaysia and 
Singapore, were exacerbated by the 
positive phase of the Indian Ocean 
Dipole. These areas received significantly 
below-normal rainfall between July and 
September (Fig. 1). With little rainfall and 
prolonged periods of dry weather, 
conditions were conducive for burning 
activities. 
 
Between July and August 2019, ASMC’s 
monitoring detected increasing number 
of  fire hotspots in the fire-prone  areas. 

↑   Fig. 1:  Rainfall anomaly for July to September 2019 (Source: 
NASA). 
 

A further escalation in fire hotspot activities in Sumatra and Kalimantan, Indonesia, from late August 
led to worsening haze situation and the ensuing haze episode persisted through to the third week of 
September. ASMC issued corresponding early warnings to the countries in the southern ASEAN region 
to alert them to the increasing risk of transboundary haze occurrence (Fig. 2).  
 

 
↑ Fig. 2: The total number of fire hotspots detected in the southern ASEAN region between July and November 
2019, and the associated issuance of ASMC’s early warning based on tiered Alert Levels. Most of the hotspots 
were in Sumatra and Kalimantan, Indonesia 

 
In the issuance of early warnings, ASMC’s assessment also took into account subseasonal forecast for 
winds, rainfall and temperature in the fortnight ahead, as well as potential influence from climatic 
drivers such as the Madden-Julian Oscillation, El Niño Southern Oscillation and Indian Ocean Dipole. 

0

500

1000

1500

2000

Jul Aug Sep Oct Nov

H
o
ts

p
o
t 
C

o
u
n
t

Start of 
dry season

Level 1

Escalation of 
fire and haze 
situation

Level 2

High risk of 
transboundary haze

Level 3
Gradual improvement to fire 
and haze situation

Level 2 Level 1

End of dry 
season

Level 0

Rainfall Anomaly for Jun – Sep 2019 

Rainfall Anomaly (mm/day) 

-10 10 



For September 2019, subseasonal forecast consistently indicated drier and warmer than average 
conditions over many parts of the southern ASEAN region (Fig. 3), and a wind field that favoured the 
transboundary transport of smoke haze. The positive Indian Ocean Dipole was a key contributing 
factor to the significantly drier conditions, as colder-than-average sea surface temperatures persisted 
over the eastern Indian Ocean.  
 

  
↑ Fig. 3: Fortnightly subseasonal forecast for the ASEAN region for second half of September 2019, which 
indicated warmer and drier than average conditions over much of the southern ASEAN region. ASMC adopts a 
multi-model ensemble approach and bases its sub-seasonal to seasonal forecast on products from WMO Global 
Producing Centres and other modelling groups.  

 
 
Transboundary Smoke Haze Occurrences in September 2019 

The prolonged period of drier weather led to a sharp escalation in fire hotspot activities in southern 
Sumatra and many parts of Kalimantan (Fig. 4 and 5). Many of the fire hotspots were detected on 
peatlands, lining the coastal areas of southern Sumatra and Kalimantan. ASMC’s analysis of satellite 
data showed that some of the hotspots persisted for many days (Fig. 6).   
 
Over time, there was significant accumulation of smoke haze in the atmosphere. The smoke haze was 
blown by the prevailing southeasterly or southwesterly winds over neighbouring areas, including 
Brunei Darussalam, parts of Malaysia, Singapore and southern Thailand. At the height of the haze 
season, “Hazardous” air quality was reported at Sri Aman, Sarawak, Malaysia. Areas close to the 
persistent fires were the worst hit – “Hazardous” air quality levels were reported in both the Jambi 
province in Sumatra and Central Kalimantan.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



↑ Fig. 4   Himawari-8 satellite imagery on 11 September 2019 at 1600LT - Smoke haze from central Sumatra was 
blown by the prevailing winds across the Strait of Malacca to affect Peninsular Malaysia. Smoke haze from parts 
of Kalimantan was also blown across the adjacent South China Sea by the prevailing southeasterly winds. Smoke 
haze appears as smooth yellowish hues on the image.  

 

↑ Fig. 5   Himawari-8 satellite imagery on 20 September 2019 at 1610LT – Widespread smoke haze observed 
over the region, shrouding large areas in central Sumatra, western Kalimantan, Peninsular Malaysia, Singapore 
and western Sarawak. Extensive smoke haze was also observed over the South China Sea. Smoke haze appears 
as smooth yellowish hues on the image.  
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↑ Fig. 6: Distribution of detected hotspots based on NOAA-20 satellite surveillance, and the mean winds at 
2,500ft in September 2019 (Wind data from the Japan Meteorological Agency). The most persistent hotspots 
were detected on peatlands. 

 
 
End of Haze Season 

An increase in shower activities between late September and October helped to improve the hotspot 
and haze situation in the region significantly. However, scattered hotspot activities persisted in the 
southern parts of Sumatra and Kalimantan into mid-November 2019. The onset of the Northeast 
Monsoon in November brought widespread showers over the southern ASEAN region. This coupled 
with a change in wind direction brought the 2019 haze season to an end.  
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