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Motivation

• Pollution a�ects morbidity and mortality 3.7 million
deaths in 2012 (WHO)

• How would early life exposure to air pollution in
developing countries a�ect children?

• Still developing, vulnerable respiratory system

• Air pollution is a negative health shock

• Limited resources to mitigate e�ects of negative
shocks

• E�ects of early life health shocks often persist
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Our paper

• Indonesia experienced one of the worst �res in 1997

• E�ects were widespread: morbidity and mortality
e�ects (Frankenberg et al 2005, Jayachandran 2009)

• How does early-life exposure to forest �res a�ect
surviving children's human capital formation?

• Short-term and medium-term e�ects
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Outline

1 Background and literature:

• Short term and long term e�ects
• Indonesian forest �res

2 Data

3 Estimation

4 Preliminary results

5 Next steps
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Framework

• Prenatal and postnatal periods as sensitive stage of
development (Barker 1995)

• Negative shocks in early years can impair
development and skill formation

• Past skills in�uence both future skills and investments
(Heckman and Cunha 2007)

• Evidence on pollution and human capital outcomes
has relied on natural experiments (Currie et al., 2013
for a review)
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Link between pollution and child

endowment

• Precise mechanism between air pollution and
cognitive achievement unclear

• Hypothesized channel:

• CO crosses placental barrier

• CO exposure a�ects outcomes through cardiovascular
and respiratory function
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Empirical evidence

• Exposure to CO in utero and early childhood linked
to lower pulmonary function (Mortimer et al 2008,
Neidell 2004, Plopper and Fanucchi 2000)

• Air pollution in utero increases the neonatal and
infant mortality (Currie et al., 2013 for a review)

• Evidence from 1997 Indonesian �re consistent with
literature
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Empirical evidence

• More limited evidence on early life pollution and
long-term human capital outcomes:

• IQ scores, education and earnings (Almond et al.,
2009; Bharadwaj et al., 2013; Currie et al., 2013b;
Peet, 2014; and Black et al., 2013)

• Exposure in the �rst year of life associated with
lasting negative e�ects in adulthood (Currie et al.,
2013)
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The 1997 Fire

• Slash and burn common in Indonesia

• El Nino causes drier condition, �res burn more
intensely

• El Nino between August and November 1997,
a�ected 2-3% of Indonesia's land area

• Levels of PM10 > 2000 micrograms/cubic meter in
a�ected areas in September (Heil et al 2001)
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Endogenous exposure of pollution

• Selection into high pollution area

• Intensity of the �re was unexpected because of El
Nino

• State of emergency declared

• Natural experiment to study the e�ect of air pollution
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Source: Siegert et al 2001
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Related work

• Jayachandran (2009) used data from the 2000 census
combined with aerosol index from NASA's Earth
Probe Total Ozone Mapping Spectrometer (TOMS)

• Exposure to 1997 �res led to a 1.2 percent decline in
birth cohort size

• No signi�cant gender e�ect

• Larger e�ects in poorer districts
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Related work

• Frankenberg et al. (2005) used the IFLS and TOMS

• Worse adult health outcomes:

• Self-reported general health status, respiratory
problems

• This paper: e�ects of exposure on surviving children
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Data: IFLS

• 7,224 panel households in 1993 in 13 provinces

• Representative of about 83% of population, including
provinces a�ected by �res:

• North Sumatra, West Sumatra, South Sumatra,
Lampung, South Kalimantan

• Subsequent waves in 1997, 2000, 2007

• Split-o� households included
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Data

• Detailed information on children: prenatal care, birth
weight (mother's recall), cognitive test (in 2007)

• Anthropometric measures on survey years: height,
weight, lung function (>9 yrs)

• Mother characteristics: education, age at delivery
(based on mother and child's date of birth)

• Household characteristics: per capita expenditure
quintile, household size, urban residence

• Sample restricted to children born between 1995 and
2000
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TOMS Aerosol index

• Daily aerosol measures from July 1996-December
2005

• 1 degree latitude and 1.25 longitude grid

• Index ranges from 0 to 5

• Aerosol index correlated with pollution measures
(Ostermann et al 2001)

• Aerosol index > 1.5 for >= 3 days (Frankenberg et
al. 2005)

• Match IFLS district centroid to monthly average of
aerosol index
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Variables of interest

• Separate exposure in utero, �rst year of life, second
year of life

• Short-term outcomes: di�culty breathing in 1997,
height for age and stunting in 2000

• Medium-term outcomes: height, test scores, lung
capacity in 2007
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Estimation strategy

• Exploit timing of the forest �res and geographic
variation of the location

• August to November 1997 in Sumatra and Borneo

• Information on month and year of birth, district of
birth

• Indicator for exposure in development stages: in
utero, �rst year (0-12 mo), second year (13-24 mo)
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Estimation strategy

Yimyd = Σage2
k=uteroδkExp_kimyd +βXibd +θm+γy +µd +εimyd

• Y is the outcome for child i , born in month m, year
y , district d

• Exp_k = 1 if child was exposed in utero, age 1, age 2

• Month, year, district FE included

• Mother and household characteristics included

• SE clustered at community level (enumeration area)
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Summary statistics
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Balance test
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Short-term outcomes
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Medium-term outcomes
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Heterogeneity

• Di�erential e�ects by:

• Gender

• Poverty

• Urban
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Heterogeneity: Gender
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Heterogeneity: Poor

M. Triyana Pollution and human capital January 6, 2016 27 / 34



Heterogeneity: Urban

M. Triyana Pollution and human capital January 6, 2016 28 / 34



Summary of preliminary results

• Exposure to pollution associated with persistent
e�ects

• Boys more a�ected

• Selective mortality by gender a potential concern,
although earlier work does not �nd signi�cant gender
e�ects (Jayachandran 2009)

• No heterogeneity by poverty

• Urban doesn't seem to be protective
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Hypothesized channels

• Maternal health: blood pressure, di�culty breathing,
and lung capacity:

• Pregnant women were a�ected by the �res, therefore
children in-utero were a�ected

• Breast-feeding:

• If mothers were less healthy, breast milk production
may be a�ected, and breast feeding rates would
decline

• Birth spacing:

• If mothers were less healthy (and children were sick),
birth spacing may increase
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Channels
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Robustness: 1.25 threshold
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Robustness: 1.25 threshold
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Next steps

• Other parental investments that mitigate cognitive
e�ects (compensating vs reinforcing):

• Health and education expenditure, parental
employment

• Placebo/falsi�cation tests
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