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About This Report 

Fires in Indonesia cause severe health, environmental, and economic damages both locally 
and in transboundary locations across equatorial Asia. Improved understanding of how fire 
pollution affects public health is particularly timely in light of recent fire events around the 
world, including in Australia, Brazil, the western United States, and boreal regions. Using 
satellite-based metrics of air pollution and locally collected health impact data in Indonesia, this 
report summarizes the results of preliminary analysis of the drivers and consequences of fire 
emissions on various health outcomes. We present these initial results to reduce knowledge gaps 
regarding the negative health consequences of future fires with implications for Indonesia, the 
equatorial Asian region, and fire-prone regions around the world. 
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Summary 

Air pollution from fires is a regional public health issue in Indonesia and other fire-prone 
regions around the world. In this report, we quantify the public health consequences from 
exposure to air pollution using satellite-derived pollution metrics and locally collected health 
survey data. We find that exposure to elevated levels of fine particulate matter is associated with 
reduced lung function and increased diastolic blood pressure. These results motivate the need for 
future work that can explore fire-specific contributions to surface air pollution at more-granular 
temporal scales. 
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1. Introduction 

In 2015, devastating fires in Indonesia produced the highest levels of fire emissions in a 
decade. Satellite-based estimates suggest that over the course of several months, Indonesia’s fire 
emissions were higher than annual fossil fuel emissions from such countries as Japan or India.1 
Fires are a recurring environmental and public health hazard in Indonesia, responsible for 
severely degraded air quality that leads to excess morbidity and mortality throughout Equatorial 
Asia.  

Fires in Indonesia are driven by complex interacting factors, including the conversion and 
drainage of tropical forests to agricultural plantations,2 the burning of dense belowground carbon 
stocks in peatlands, and regional climate variability that can bring periods of prolonged drought 
to Indonesia. During the past several decades, fires in Indonesia have contributed to severe air 
pollution, also known as haze, that spreads across Indonesia and the broader Equatorial Asian 
region. The haze is composed of gases and aerosols that are dangerous to public health; 
contributes to greenhouse gas concentrations; and can disrupt economic productivity, including 
by closing transportation hubs and schools, among other societal impacts. In the primary burning 
regions, fires also devastate natural ecosystems and the provision of ecosystem services, destroy 
habitat for threatened and endangered species, and damage local livelihoods.  

Effective policy solutions to reduce the consequences of haze can be particularly challenging 
to design and implement. The multiple and often interacting factors that drive fire activity can be 
difficult to disentangle and responsibility for individual fires hard to determine. Haze exposure 
also has local and transboundary consequences, necessitating coordinated responses across 
governmental and nongovernmental actors at local, national, and regional scales. Expanded data 
collection and information-sharing are required to streamline efficient policy responses. 

This report summarizes results from a pilot project and is organized into three chapters. In 
Chapter 2, we describe the historical context of fires in Indonesia, considering both the 
contributing factors to fire activity and assessments of the societal consequences of fire activity 
both in Indonesia and in transboundary regions. In Chapter 3, we discuss preliminary analysis of 
our work on health consequences using satellite-based pollution metrics and locally collected 
health information from the Indonesian Family Life Survey (IFLS). In Chapter 4, we conclude 
with future research recommendations to mitigate negative health outcomes from fire pollution 
exposure.  

 
1 Field et al., 2016. 
2 This also includes escaped fires from intentional land clearance and agricultural preparation fires. 
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2. Drivers and Consequences of Fire Activity 

Drivers of Fire Activity 
The severity and timing of fire activity in Indonesia are driven by complex interactions 

between land management, natural landscape characteristics, and regional climate variability. 
Taken together, these factors describe ignition sources, the amount of material available to burn, 
and the likelihood of conditions conducive for fires to occur.  

Land Use Management 

Natural forests in Indonesia have been rapidly cleared during the past several decades, most 
extensively on the islands of Sumatra and Kalimantan. Satellite observations have estimated that 
more than 6 million hectares of primary forest were cleared between 2000 and 2012. By 2012, 
Indonesia’s annual primary forest loss rate was higher than that of Brazil.3 Industrial-scale 
plantations, including oil palm, wood pulp and paper, and timber, accounted for nearly half of 
deforestation during this period.4 Additional factors affect the relationship between land use 
management and fire activity. Fires are associated with (1) land use conversion from forests (or 
other natural ecosystems) to agriculture and (2) previously deforested or degraded lands that are 
highly susceptible to burning.5 During drought conditions, many fires can become uncontrollable 
(escaped fires) and peatland fires are particularly difficult to extinguish. Fires are generally 
considered a cheap and effective method to clear and manage land for agriculture. However, the 
cost-effectiveness of using fire is context-dependent, and using fire is not always cheaper than 
using alternative, no-burn methods, particularly when considering such externalities as soil 
quality degradation or public health consequences from haze exposure.6  

Peatlands 

Peatlands are a globally important store of carbon that have typically accumulated organic 
material belowground over thousands of years. Indonesia has the largest deposit of peatlands in 
the tropics, equivalent to ~57 gigatons of carbon.7 Although protected from fire by a high water 
table in their natural state, peatlands become highly vulnerable to fire following the construction 
of canals (or other mechanisms) that drain water from peatlands and facilitate the conversion to 

 
3 Margono et al., 2014. 
4 Abood et al., 2015. 
5 Gaveau et al., 2014. 
6 Simorangkir, 2007. 
7 Page and Hooijer, 2016. 
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agriculture. Drained or converted peatlands are an important factor in driving air pollution and 
negative health outcomes because of their high fire emissions potential and contribution to 
transboundary haze.  

Regional Climate Variability 

Fire activity in Indonesia varies from year to year because of regional climate mechanisms. 
One important driver is the El Niño–Southern Oscillation (ENSO), which is a variation of wind 
and sea surface temperatures in the eastern Pacific Ocean that affects climate conditions across 
the tropics and subtropics. The opposite phases of ENSO, the warming phase El Niño and the 
cooling phase La Niña, bring drought and enhanced precipitation, respectively, to Indonesia and 
occur on an irregular two- to seven-year cycle.8 There is a strong relationship between the 
occurrence of El Niño–associated droughts and fires in Indonesia. Previous studies have found 
that fire emissions from Indonesia are more than 30 times higher during a moderate El Niño than 
during La Niña conditions.9 In addition to El Niño, other atmospheric mechanisms have been 
found that bring drought conditions to the region.10 

Consequences of Fire Activity 
The societal consequences of fire activity include health, environmental, and economic 

implications. The consequences of the Indonesian fires are not constrained by borders, and can 
have regional, or even global, actors and consequences. Furthermore, empirical evidence on the 
societal consequences most frequently accounts for short-term effects, while the long-term 
consequences of fires—particularly on ecosystem services or health—are more difficult to 
quantify.  

Health Consequences 

Indonesian fires contribute to severe air pollution, or haze. The peatlands that typically burn 
during such events contain large amounts of fuel and, therefore, release significant amounts of 
fine particulate matter less than 2.5 microns in diameter (PM2.5). Outdoor PM2.5 is estimated to 
be the world’s fifth-ranking mortality risk factor, causing 4.2 million deaths worldwide,11 of 
which the highest burden falls in Asia.12 Exposure to PM2.5 is associated with risk for ischemic 
heart disease, cerebrovascular disease, chronic obstructive pulmonary disease, lung cancer, and 
lower respiratory infections, among other adverse health outcomes. 

 
8 NOAA National Centers for Environmental Information, undated. 
9 van der Werf et al., 2008. 
10 Gaveau et al., 2014; Koplitz et al., 2018. 
11 Cohen et al., 2017. 
12 World Health Organization, 2016. 



 

 4 

The 2015 Indonesian fires exposed an estimated 69 million people across the region to 
persistent unhealthy air quality conditions.13 Studies of both the 1997 and 2015 fires found 
effects on fetal, infant, child, and adult mortality; respiratory disease; and other health outcomes, 
in Indonesia and in surrounding countries, such as Malaysia and Singapore.14 In addition to 
etiologic studies, several studies used a risk assessment approach to quantify the health burden of 
the forest fires. These resulted in estimates of more than 100,000 excess deaths across Indonesia, 
Malaysia, and Singapore for the 2015 event alone.15 These estimates might, in fact, 
underestimate the public health burden for two reasons. First, they rely on concentration 
response functions derived from epidemiologic studies in high-income countries with different 
baseline health characteristics and air pollution sources. Second, much of the previous research 
relies on administrative health care utilization or mortality data and might fail to capture subtle 
changes in biological markers that might present before observable symptoms but can lead to 
long-term health consequences. We explore these two factors in Chapter 3. 

Other Consequences 

Indonesia’s fire emissions contribute to global greenhouse gas concentrations, with the 
magnitude in specific years higher than annual fossil fuel emissions from the European Union, 
India, Japan, Germany, or Indonesia.16 In addition, unlike in other parts of the world where fires 
are a natural ecosystem process, fires in peat swamp forests in Indonesia are driven by human 
land use and therefore negatively affect the provision of ecosystem services. Global analysis of 
the monetary benefits provided by tropical forests estimates a value of nearly $5,300 per hectare 
per year.17 This is mostly because of the provisioning and regulating services that forests 
provide, such as providing food, water, medicinal resources, and regulation of air quality, 
climate, and water flows. Conversely, the benefits of converting natural ecosystems to 
agricultural plantations, such as oil palm, are mostly limited to individual companies and 
shareholders.18  

The economic toll of the Indonesian fires affects agriculture, forestry, trade, tourism, 
transportation, health (short- and long-term), human capital, school closures, and emergency 
response. The 2015 fires were estimated to cost Indonesia at least $16.1 billion, or 1.9 percent of 
the 2015 GDP.19 However, this estimate does not account for long-term health and ecosystem 

 
13 Crippa et al., 2016. 
14 Jayachandran, 2009; Sheldon and Sankaran, 2017; Sahani et al., 2001. 
15 Koplitz et al., 2016. 
16 Global Fire Emissions Database, 2020. 
17 de Groot et al., 2012. 
18 Suwarno, Hein, and Sumarga, 2016. 
19 World Bank, 2016. 
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consequences. Therefore, the total costs, accounting for long-term consequences and 
consequences to other countries, are likely to be much higher. Although it is difficult to 
comprehensively estimate costs to the entire Equatorial Asian region, prior studies have 
estimated that the 1997 haze event caused an estimated $163.5–$286.2 million in damages to 
Singapore and $4.5 billion dollars in damages to the region,20 with 15 percent of those 
attributable to losses outside Indonesia.21 A more recent study estimated Singaporeans’ 
willingness to pay for haze mitigation at $643.5 million per year, emphasizing the effects across 
the region.22  
 
 

  

 
20 Quah, 2002. 
21 Glover and Jessup, 2006. 
22 Lin, Wijedasa, and Chisholm, 2017. 
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3. Preliminary Health Impact Analysis 

In this chapter, we present preliminary results that explore the influence of fire-related air 
pollution on public health outcomes. For this analysis, we used a locally collected data set, the 
IFLS. The IFLS is a continuing longitudinal socioeconomic and health survey. It uses a sample 
of households representing about 83 percent of the Indonesian population who were living in half 
of the nation’s provinces in 1993.23 The survey collects data on individual respondents, their 
families, their households, the communities in which they live, and the health and education 
facilities they use. The fifth wave of the IFLS (IFLS5) was fielded in late 2014 and early 2015.24 
As shown in Figure 3.1, 2014 and 2015 were ranked third and first for the highest levels of 
annual fire emissions across Indonesia since 2003, which suggests that fire emissions were an 
important contributor to overall air pollution concentrations during both years.  
 

Figure 3.1. Annual Fire Emissions in Indonesia from 2003 to 2018 

 

SOURCE: Author’s analysis of data from the Global Fire Emissions Database as of September 10, 2019 (Global Fire 
Emissions Database, undated). 

NOTE: Tg = teragrams. 

 
 

23 Strauss, Witoelar, and Sikoki, 2016. 
24 Strauss, Witoelar, and Sikoki, 2016. 

0

50

100

150

200

250

300

350

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

Fi
re

 E
m

is
si

on
s 

(T
g 

C
ar

bo
n)

Year



 

 7 

We estimated long-term exposure to PM2.5 using both annual average PM2.5 concentrations 
from 2014 and a combined average of annual PM2.5 concentrations from 2014 and 2015. Annual 
PM2.5 exposure was available from a public data set developed with an approach that combines 
satellite aerosol optical depth products, ground observations, and chemical transport modeling, 
producing estimates at 0.01-degree spatial resolution.25 As shown in Figure 3.2, PM2.5 
concentrations were higher in 2015 than in 2014, particularly in the more intensive burning 
regions of eastern Sumatra and south-central Kalimantan. However, we see similar spatial 
patterns of elevated PM2.5 concentrations in both years, and, importantly, several areas of the 
country exceed the World Health Organization’s annual guideline of 10 micrograms per cubic 
meter of air (µg/m3) for PM2.5 during both 2014 and 2015. Across communities in our study, the 
mean PM2.5 concentration was 27.7 µg/m3 (interquartile range, IQR: 16.9–35.1) in 2014 and 34.1 
µg/m3 (IQR: 21.1–43.1) in 2015. 

Figure 3.2. Annual Fine Particulate Matter Concentrations in Indonesia 

 

SOURCE: Author’s analysis of data from the Atmospheric Composition Analysis Group, Global Estimates (V4.GL.03), 
undated.  

 
25 Hammer et al., 2020. 
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As a first step in identifying subclinical effects of pollution from fires and other sources, we 

conducted a preliminary cross-sectional multilevel analysis (with individuals nested in 
households and communities) using data on lung function and blood pressure from IFLS5. Peak 
expiratory flow is measured in IFLS5 participants and is one indicator of respiratory health that 
measures the degree of obstruction in the airways and severity of asthma. Prior studies have 
found sustained negative effects of haze pollution on lung function in earlier waves of the 
IFLS.26 Elevated blood pressure is a known risk factor for cardiovascular disease (CVD), which 
has been associated with air pollution exposure in prior studies, though this has not been 
examined in the IFLS.  

As shown in Table 3.1, we found that long-term exposure to PM2.5 was associated with 
reduced lung function and increased diastolic blood pressure. After adjustment for potential 
confounding factors, this association was significant using both average annual exposure from 
2014 and average exposure from the combined 2014 and 2015 years, although the latter 
association was weaker. We note here that these relationships are for total PM2.5 exposure, of 
which fires are an important seasonal contributor. 

Table 3.1. Associations Between Particulate Matter Air Pollution Exposure and Biological Markers 
in IFLS5 Participants 

 

Exposure 
Windowa 

Minimally Adjusted Modelb Fully Adjusted Modelc 

Biological Marker 

Percentage 
Change per 10 
µg/m3 PM2.5 

95-Percent 
Confidence 

Interval 

Percentage 
Change per 10 
µg/m3 PM2.5 

95-Percent 
Confidence  

Interval 

Lung function 2014 –0.58 (–1.10, –0.05) –1.02 (–1.49, –0.54) 

Diastolic blood 
pressure 

2014 0.69 (0.47, 0.92) 0.45 (0.23, 0.67) 

Systolic blood 
pressure 

2014 0.18 (–0.02, 0.39) 0.06 (–0.16, 0.27) 

Lung function 2014/2015 –0.45 (–0.92, 0.03) –0.88 (–1.31, –0.44) 

Diastolic blood 
pressure 

2014/2015 0.61 (0.41, 0.81) 0.39 (0.19, 0.59) 

Systolic blood 
pressure 

2014/2015 0.19 (0.01, 0.37) 0.08 (–0.11, 0.27) 

a 2014 PM2.5 estimates are based on an annual mean. 2014/2015 PM2.5 estimates are the average of the 
annual means for 2014 and 2015.  
b Model was adjusted for age and sex. 
c Model was adjusted for age, sex, education, smoking, body mass index, and use of hypertension 
medication. 

 

 
26 Rosales-Rueda and Triyana, 2019. 
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Because the majority of clinical health measurements took place in 2014 and the first half of 
2015, the combined 2014/2015 exposure metric is prone to more error. Although there was an 
indication of an association between 2014/2015 PM2.5 and increased systolic blood pressure, it 
was attenuated after adjustment for confounding factors. We found no association between 2014 
PM2.5 exposure and systolic blood pressure. Although use of the combined 2014/2015 exposure 
metric included pollution from the severe fire events in both 2014 and 2015, the coarse (annual) 
temporal resolution of this exposure metric makes it difficult to attribute health effects to fires 
specifically. Detecting an association between a specific fire episode and a biological marker that 
varies day-to-day, such as blood pressure, might require a more temporally refined exposure 
metric that captures day-to-day peaks in exposure. In the next chapter, we discuss this data 
limitation and our plans to overcome it in future work.  
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4. Conclusions 

Air pollution from fires is an environmental, public health, and economic issue both in 
Indonesia and in other fire-prone regions around the world. We conclude by discussing the 
findings from this pilot study in the context of future research needs. 

Air Pollution Exposure  
Characterizing population exposure to haze and resulting health consequences is notoriously 

challenging. The episodic nature of fires and the lack of broad spatial coverage of air pollution 
monitoring networks usually limit the quantity and quality of air pollution observations. There 
are three broad data categories that are generally used to estimate exposure to air pollution.27 The 
first is the use of ground stations that measure pollution at point locations. Stations can collect 
detailed measurements of a suite of harmful atmospheric pollutants, from PM2.5 to ozone, but 
might not be representative of pollution at broader regional scales. However, in this region, there 
is not a dense network of publicly available data from ground stations. The second category is 
satellite-based observations, which we used here. Satellites offer broader spatial coverage than 
ground stations, but challenges exist with inferring surface-level exposure, which is the most 
relevant for public health. New techniques are being developed to address this problem.28 An 
additional challenge with these techniques is the coarse temporal resolution (typically annual), 
which limits the categories of health outcomes that we can examine. The third category is the use 
of atmospheric models to reproduce exposure estimates. Models can be a useful tool for 
examining the impact of individual sources (such as fires versus urban emissions) on time-
varying pollution exposures across a broad spatial region. However, the relatively coarse spatial 
resolution of individual model grid cells can be a limitation. 

Health Outcomes 
There is difficulty in accurately assessing the associated population health consequences 

because ongoing health data collection is expensive and time-consuming to sustain. Even in the 
United States, which has a relatively extensive air quality monitoring system and vast research 
networks assessing population health, addressing the link between forest fire smoke and health 
consequences has proven to be a challenge. In developing nations, such an Indonesia, where 
ground-level air quality measurements are generally less available and the resources to conduct 

 
27 Marlier et al., 2016. 
28 Hammer et al., 2020. 
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health surveys are limited, the challenge is even greater. Although locally supported health 
impact analysis has previously been identified as a critical need, in addition to insufficient air 
quality monitoring, shortcomings in health endpoint classification and lack of local stakeholder 
engagement limit the utility of current efforts.29  

The majority of evidence about the health effects of fires has been derived from studies 
conducted in developed countries, and there is a clear need for more research—and the resources 
to conduct it—in such regions as Southeast Asia.30 Some notable exceptions, such as the IFLS, 
do exist for obtaining high-quality health data. That said, clinical data collection for this ongoing 
longitudinal survey does not always overlap with severe fire seasons. For example, in IFLS5, 
which took place during 2014 and 2015, more than 85 percent of health measurements were 
ascertained prior to June 2015, the beginning of the 2015 fire season. Thus, the ability to match 
high-quality health data with intermittent events, such as severe fire episodes, remains a 
challenge. 

The epidemiologic literature on haze events in Southeast Asia is limited, and most studies 
have looked at mortality and respiratory morbidity outcomes. Because CVD is the leading cause 
of death worldwide, and more than 3 million CVD deaths are attributable to air pollution,31 there 
is growing interest is the association between haze events and cardiovascular morbidity and 
mortality. Although limited research has demonstrated an association between haze and CVD 
morbidity in Malaysia,32 there is a need for additional research on this association in the region. 
Additionally, using biological markers to demonstrate mechanistic plausibility is an important 
component to link exposures and health effects, but very few mechanistic studies have been 
conducted of haze events in Southeast Asia.  

Consistent with prior research, our preliminary analysis demonstrated an association between 
air pollution and lung function. However, a novel finding of this pilot project is the association 
between particulate air pollution and diastolic blood pressure in the IFLS. We did not find an 
association between particulate air pollution and systolic blood pressure. Prior studies have 
found that blood pressure might react quickly to air pollution exposure and the days and weeks 
before clinical measurement are known to be important exposure windows.33 To investigate 
more-proximal exposure windows and to disentangle the effects of fires from the effects of other 
pollution sources, air pollution data at a finer temporal resolution are needed. Our future work 
will incorporate modeled PM2.5 data at a finer temporal scale to investigate the association 
between exposure to PM2.5, from fires and other sources, and changes in CVD biological 
markers. A growing literature is emerging on the relationship between prenatal exposure and 

 
29 Carmenta, 2017. 
30 Liu et al., 2015. 
31 Forouzanfar et al., 2016. 
32 Mott et al., 2005. 
33 Zanobetti et al., 2004; Mordukhovich et al., 2009. 
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adverse birth and early childhood outcomes. Although most of this work has been conducted in 
Western countries, there is evidence that prenatal exposure to the 1997 Indonesian fires resulted 
in adverse effects on childhood development.34 Finally, few studies have investigated 
psychological distress from Southeast Asian haze events, and research on mental well-being as it 
relates to haze events is critical to developing a more comprehensive assessment of the health 
consequences of fires. 
 

Future Research Directions 
Recurring Indonesian haze events have health implications in Indonesia and neighboring 

countries. Although there is a body of evidence documenting the health effects of haze events, 
there is scant research using biological markers, in particular related to CVD. Given the evidence 
supporting the relationship between particulate air pollution and CVD in developed countries, 
this gap in the research might lead to an underestimation of the health burden of Indonesian haze 
events. The results presented here are a first step in closing this gap. There are several key areas 
that can improve our estimates of the health burden of air pollution exposure. This is particularly 
important for the protection of such vulnerable populations as pregnant women, children, the 
elderly, and those with existing chronic conditions (e.g., asthma and hypertension). First, we plan 
to explore different methods of air pollution exposure estimates, including modeling strategies 
that can separate air pollution by source and estimate finer temporal variations that might be 
more relevant to subclinical health outcomes. Second, by collecting more local health outcome 
data sets, like the IFLS survey, we can better understand the impact of fires on local 
communities, especially if data collection is prioritized during future fire events. Taken together, 
this provides additional motivation for the benefits of long-term conservation strategies and 
public health interventions to reduce the health implications of haze exposure. 
  

 
34 Tan-Soo and Pattanayak, 2019. 
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Abbreviations 

CAPP RAND Center for Asia Pacific Policy  

CVD cardiovascular disease  

IFLS Indonesia Family Life Survey  

IFLS5 Indonesian Family Life Survey wave five 

µg/m3 micrograms per cubic meter of air 

PM2.5 particulate matter less than 2.5 microns in diameter 
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F
ires in Indonesia contribute to severe air pollution, or haze, that causes 

public health, environmental, and economic degradation across Indonesia 

and across equatorial Asia. As populations around the world are facing 

increasing threats from fires, now is a critical time to better understand 

the connection between fire pollution and public health outcomes. In 

this report, the authors present preliminary analysis that explores the drivers of fire 

activity in Indonesia and quantifies health impacts of air pollution exposure using a local 

survey collected in districts located around the country. The report concludes with 

recommendations for future research directions that will improve understanding of the 

health consequences of haze exposure.
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