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INTRODUCTION

QUANTIFYING HEALTH EFFECTS

Fire is one of the most significant instruments of land use change. Tropical fire
emissions from deforestation, agriculture waste burning, and field maintenance
amount to 2 Pg carbon annually.1 While most fire emissions are alarming for their
effects on atmospheric chemistry and climate, others, such as particulate matter
(PM) and ozone (O3), are also of growing concern for public health.2,3,4 However,
there is currently no single method to assess these diverse impacts: changes in
the atmosphere and climate are evaluated at global or regional scales,5,6 while
studies concerned with public health are usually confined to specific localities or
episodes.3,4,7 Previous research has linked air quality and health through
atmospheric models, but typically focuses on urban air pollution.8 In this study,
we combine satellite-derived fire emissions estimates from the Global Fire
Emissions Database (GFED) and atmospheric modeling to estimate potential
population exposure to biomass burning emissions over short-term and
annual timescales.

Potential public health risk is measured with current air quality regulations from
the World Health Organization (WHO).10 Exposure metrics include:
1. Spatial distribution of days per year exceeding WHO’s air quality guidelines.
2. Population and area-weighted exposure to air pollution above WHO targets. At
each threshold, the population and area experiencing 25 exceedance days over
short-term guidelines within a 12-month period were calculated.

 How did fires, relative to other sources of pollution, contribute to air quality
degradation from 1997 to 2007 in Southeast Asia?
How do estimates of potential exposure vary among different models, spatial
resolutions, and fire inputs?

Pollutant

Level

Averaging Time

Effects

PM2.5

25 µg/m3

24 hour

Air Quality Guideline (AQG)

37.5 µg/m3

24 hour

1.2% increase in short-term mortality over AQG value.

50 µg/m3

24 hour

2.5% increase in short-term mortality over AQG value.

75 µg/m3

24 hour

5% increase in short-term mortality over AQG value.

1997 AIR QUALITY MAPS AND EXCEEDANCE DAYS
Comparison of PM2.5 annual concentrations in μg/m3 and exceedance days for 1997 attributed to fires only (all
sources – industrial/biogenic). Prominent burning centers in Kalimantan and Sumatra are evident in all models.
Columns present results from the GISS GCM with GFEDv2 and GFEDv3, and GEOS-CHEM CTM with GFEDv2.

GISS GFED2

O3

GEOS-CHEM GFED2

Annual Conc. μg/m3

GISS GFED3

100 µg/m3 Maximum daily 8 hour

AQG

160 µg/m3 Maximum daily 8 hour

3-5% increase in mortality over AQG value.

240 µg/m3 Maximum daily 8 hour

5-9% increase in mortality over AQG value.

AREA AND POPULATION EXPOSURE
Potential area (m2) and population exposed above the WHO base guideline (black line) and
interim targets (warmer colors correspond to higher exposure) show the contrast in exposure
between high and low fire years. Short-term exposure for PM and O3 is quantified with 25 days
exceeding each guideline; the annual standard is available for PM only. GISS GFED3 run only.
(μg/m3)
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STUDY AREA
The Association of Southeast Asian Nations (ASEAN) is home to 583 million
people (Fig. 1). Regional emissions can vary by a factor of 20 or more interannually
and illustrate the strong influence of local climate and land use; alternating years of
extreme and minimal fire emissions highlight their contribution to overall air
pollution (Figure 2).1,3 Emissions are tied to high fuel loads stored aboveground in
tropical forests and soil organic carbon in peat.1 Severe health and environmental
effects were documented in 1997-1998, when the region experienced extremely
high fire levels that released 130 Tg of CO (~30% of global fossil fuel emissions).6
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RESEARCH OBJECTIVES
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Figure 3.
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MODEL VARIATION
Population exposure variability among models attributed to PM2.5 from fires versus other sources (industrial +
natural biogenic) for a high, low, and moderate fire year (1997, 2000, and 2004, respectively). For the case of
25 exceedance days over a 12 month period.
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Figure 5 shows the linear correlation coefficient between the extinction coefficient (km-1)
and modeled PM2.5 (left) and probability distribution of station and modeled O3 (right).

Figure 5.

CONCLUSIONS AND SIGNIFICANCE
 There is substantial potential population exposure to air pollution from fires in
moderate El Niño years, not just during the extreme 1997-98 El Niño event.
Advanced warning of probable drought conditions from El Niño forecasts can
target resources to prevent and mitigate fires.
The economic benefits of avoided deforestation are mostly focused on carbon
storage; this work highlights the importance of also incorporating health costs.
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