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➢ Emissions:  

• Toxic pollutants, GHGs, 

SLCFs (BC, OC, etc.)

➢ Effects:

• Air quality, Health, 

Climate

• Atmospheric visibility

• Ecosystem damage

• Economy: health, 

property, tourism, etc.

➔ Local and transboundary:  

haze episodes

Source: modified from Adam et al. (2021)

Regional 
and trans- 
transport

Planetary 
health effects: 
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ecosystem

Local pollution

BOB: emission and effects



PM2.5, air quality in N. Thailand

9:00 am, Mar 24, 2023

Air pollution episodes in SEA during dry - burning seasons

(website: Air4Thai)

Agence France-Presse
Published: 3:04pm, 15 Mar 2024
Why you can trust SCMP

Vientiane, Apr 2019 (BoB)

Chiang Mai from atop Wat 

Phra That Doi Suthep 

temple, Mar 2024

Manila, PLH

2019- 24h NAAQS: 50 µg/m3

24h-PM2.5 at 3 PCD st. in Bangkok: & 1 

in Chiangmai (36T).;

Source: Air4Thai

https://www.scmp.com/author/agence-france-presse-1
https://www.scmp.com/author/agence-france-presse-1
https://www.scmp.com/author/agence-france-presse-1
https://www.scmp.com/author/agence-france-presse-1
https://www.scmp.com/policies-and-standards


Main types of BOB in ASEAN 
ASEAN Guidelines on the 

Reduction of Crop Burning



Burning seasons in ASEAN

Open burning: August 2024

https://firms.modaps.eosdis.nasa.g

ov/

Open burning: March 2024

https://firms.modaps.eosdis.nasa.

gov/

Cambodia, Laos, Myanmar, 

Thailand, Vietnam
Indonesia: forest fires and 

peat fires

Himawari, AOD, 2019

2019, TROPOMI CO 

Regional airsheds



Contributions of BOB to ambient PM2.5 
(source apportionment by receptor model) 

Hanoi: 2019-2020

Annual PM2.5: 45-50 µg/m3

Narita et al. (2019) Malloken et al. (2023)

Bangkok: 2016-2017

Annual PM2.5: ~20 µg/m3



Emission shares of BOB in the annual emission in SEA (2010 – 2018) 

Source: Huy  et al. (202x) 

BC: 480 Gg/yr

CROB: 23% BC
Forest fires: 28% BC

(BC: 480 Gg/yr) 



Example: Sector-wise BC emissions by country 
 (annual aver during 2010 – 2018) 

ASEAN total BC 
emissions: 480 
Gg/yr 

CROB: 23%
Forest fires: 28%

Source: Huy  et al. 



CROB vs. forest fire emissions in SEA

▪ CROB contributes 12-45% of the 

total SEA OB emission of 

different species

▪ Compared to forest fires: CROB 

emissions are higher in Vietnam 

and Philippines, and lower in 

Indonesia, Thailand, Myanmar 

▪ CROB happens daily over 

extended period and where 

people are ➔ health risks



Heath effects: attributable deaths (AD) to open 

burning air pollution (Xu et al, 2024)

SEA, East Asia and Oceania

▪ Globally: ~8 mil deaths per year 

due to AP ➔ 1.53 mil AD to air 

pollution from landscape fires 

(BOB)

▪ ASEAN: 650,000 die due to AP ➔ 

206,817 AD to BOB

▪ South Asia: 170,800 AD to BOB 

▪ East Asia: 147,290 AD to BOB 



Management framework: BOB

Assessment: 

status

Assessment: 

root causes

Actions: 

Emission reduction

- Fire & AP monitoring: 

ground and satellite (AI)

- Quantity emissions (EI)

- Modeling ambient air 

pollution due to BOB

- Effects: health, 

ecosystem, climate 

- Human related: 
o Knowledge

o Attitude

o Practices

- Weather- related: dry 

(fire weather) vs. wet

- Others: crop seasons 

timing 

- Human: 
o Awareness raising 

- Technology: non-burning

- Law and regulation: 

o Ban vs. fine

o Meteorology-based: ban 

and early warning

- Alternative crop systems 

Technical tools Social survey, 

technical tools
Policy & implementation: 

joint actions



Examples: non-burning alternatives for 

sustainable rice straw management

Emission per kg RS from cookstove: 1/3 of OB emissions
◼ Making rice straw pellets for cooking in Mimimoto gasifier stoves

◼ Emission reduction: PM2.5 emission rate from RS is 1/3 of OB 

emission

◼ Reduce reliance on fossil fuel and wood fuel

◼ Financial incentives to farmers ➔ Business Models 

(2014-2016-2019)



Thank you !
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