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Southeast Asia (SEA) is a Major Agricultural Exporter

Trade liberalization rapidly expanded agricultural exports in SEA:

30B USD (2003) ! 142B USD (2021)
10.43% of global market in 2021

Figure: Growth in Agricultural Sector Exports in SEA Countries
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More Trade, More Agriculture Fires

Agricultural Output " ) Fires "
Land clearing
Soil fertility
Burning is affordable

(March 1–7, 2003) (March 1–7, 2025)
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Agricultural Fires: Local and Transboundary Pollution

Air pollution can travel long distances

Source from MIT News (2018)

Notes: geographical distance between Indonesia (Sumatra) and Singapore: 740 km)
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Research Questions

What is the welfare from trade if accounting for the pollution cost?

Pollution Cost from Trade

The reduction in agricultural tariffs increase fires in SEA?
The domestic and transboundary pollution costs of these fires? (health)

Gains from Trade

SEA Countries
The Rest of the World

! Net welfare for each country in the world
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Schematic Framework
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Contribution
A framework to quantify trade-induced environmental externalities beyond
bilateral trading partners, incorporating the full set of pollution-receiving
regions.

Measuring externalities requires linking:
origins of production and pollution,
mechanisms of pollutant transmission,
all exposed regions.

Existing research typically examines only one part.
Exporter-side impacts (emissions, health, land use): Bombardini and Li
(2020), Carreira et al. (2024), Du et al. (2024), Rodrigue et al. (2024),
and Tanaka et al. (2022)
Importer-side impacts (import competition/substitution): Akerman
et al. (2024), Gutiérrez and Teshima (2018), and Shi and Zhang (2023)
Few quantitative trade models focus mostly on CO2 from transport:
Cristea et al. (2013), Larch and Wanner (2017), and Shapiro (2016)

We construct a source–receptor matrix that maps emissions in each origin
to exposure in each downwind region, making externalities spatially explicit
and empirically traceable.
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Contribution

We extend the pollution haven literature beyond manufacturing to the
agricultural sector.

Prior research focuses on how trade liberalization shifts manufacturing
pollution across borders through the relocation of industrial
production.

Cherniwchan et al. (2017), Ederington et al. (2005), Fowlie et al.
(2016), D. Kellenberg (2012), and D. K. Kellenberg (2009)

We provide the first systematic evidence of pollution haven dynamics
in agriculture.
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Background: Trade liberalization in Southeast Asia

Figure: Reductions in Agricultural Tariffs in Ten SEA Countries
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Background: Fire Use is Cheaper for Farmers

(a) Burning (b) Machine

Burning (Slash-and-Burn)
Lower Cost: � $5 per hectare
Low Time Cost
Unskilled Labor

Mechanical clearing
Higher Cost: � $250 per hectare
More Time Cost
Skilled Labor
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Background: Agricultural fires in the Land-clearing Period
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Data: Mapping to 0:1� � 0:1� Grid

(1) Data Source (2) Spatial Frequency (3) Temporal Frequency

(a) Agriculture Fires

Agriculture Fires FIRMS 0:01� � 0:01� Grid Daily, 2003{2021

(b) Trade Measures (Bilateral)
Trade Volumes UN Comtrade Product-by-Ctry Yearly, 2003{2021
Tari� Teti (2025) Product-by-Ctry Yearly, 2003{2021

(c) Environment

PM2:5 Concentrations Shen et al. (2024) 0:01� � 0:01� Grid Monthly, 2003{2021
PM2:5 Emissions by Fire FINN 0:1� � 0:1� Grid Monthly, 2003{2021

(d) Agriculture Activities
Land Coverage MODIS 0.5km� 0.5km Grid Yearly, 2002{2020

(e) Weather Controls
Temperature ERA5 0:1� � 0:1� Grid Daily, 2003{2021
Precipitation ERA5 0:1� � 0:1� Grid Daily, 2003{2021
Dryness Index ERA5 0:1� � 0:1� Grid Daily, 2003{2021

ABFER Annual Conference Agricultural Fires May 2026 12 / 50



Graphical Illustration: Ag. Export and Ag. Fires

Figure: Binscatter Plot of Agricultural Exports and Fire Activity

Notes: Include meteorological controls: Temperature, precipitation, relative humidity, wind.
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Graphical Illustration: Tari�s and Ag. Fires

Figure: Binscatter Plot: Tari�s and Number of Fire Points

Notes: Include meteorological controls: Temperature, precipitation, relative humidity, wind.
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Speci�cation: Tari�s' Impacts on Fires

Grid-by-year panel regression, 2003-2021, OLS:

Yict = � + � Tct + � W ict + � t + � i + � t X2003;c + � t M 2003;ic + " ict (1)

Yict : # of �re points in grid i in country c in yeart .

Tct : tari� measures on agriculture products in gridi in country c in
year t ; weight byt � 1 year product level trade volumes share.

W ict : grid-level time-variant weather controls.

� i and � t : grid �xed e�ects and year �xed e�ects.

X2003;c and M 2003;c : baseyear characteristics at the country level and
at the grid level: export value, tari�, #of �re points, crop coverage.

Standard errors clustered at the grid level.
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E�ects of Tari�s on Fires (Baseline Result)

1 pp reduction in agricultural tari� increases grid-level �re points by
0.18-0.20 units (3.9-4.3%).

(1) (2) (3) (4)
Fire Points Fire Points Fire Points Fire Points

Tari� -0.1884*** -0.1782*** -0.1831*** -0.2034***
(0.0188) (0.0189) (0.0204) (0.0202)

Average Fire Points 4.55 4.67 4.67 4.67
Number of Grids 44,811 43,650 43,650 43,650
Observations 851,409 829,350 829,350 829,350
R-squared 0.5223 0.5242 0.5292 0.5550
Grid FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Weather Controls No Yes Yes Yes
2003 Country CharsÖ Year FE No No Yes Yes
2003 Grid CharsÖ Year FE No No No Yes
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Results by Land-Cleaning Period
Impacts are more salient in land-cleaning periods: account for 98.3%
�re increases.

Figure: Results by Agricultural Conditions
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The Impact of Trade on Fire Activity by Land Suitability

Figure: The Impact of Trade (Ag. Export) on Fire Activity by Land Suitability
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The Impact of Trade on Fire Activity by Land Suitability

Figure: The Impact of Trade (MFN Tari�) on Fire Activity by Land Suitability
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Robustness Checks

1 Alternative Speci�cations
Di�erent controls
Intensive and Extensive Margin: PPML, Logmore

2 Alternatives Outcomes more

Emissions of PM2:5 and CO2

Fire Stringency Brightness of Fire Points
Burn Areas

3 Alternatives Tari� Measures more

MFN Tari�
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More Exposed to Tari� Reductions: Less Existing Cropland

Grids withMore Cropland vs. Grids withLess Cropland

Yict = � +
6X

k=1

� kCCk
ic;t � 1Tct +

6X

k=1


 kCCk
ic;t � 1

+ � W ict + � t + � i + � ct + � t M 2003;ic + " ict (2)

CCk
ic;t � 1: cropland coverage in gridi in country c in yeart � 1.

0%, 0-20%, 20-40%, 40-60%, 60-80%, 80-100%.
80� 100%! reference group.

� 1 � � 6: relative e�ects of tari� reductions on �re points
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Heterogeneity by Agricultural Conditions

Figure: Results by Agricultural Conditions
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From Local Ag Fires to Transboundary Pollution

Notes: Trajectories From Myanmar

7-day Trajectory Pollution transporting trajectory
NOAA Hybrid Single-Particle Lagrangian Integrated Trajectory
(HYSPLIT) Model

Details
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