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Effects of Prenatal Exposure to Wildfires on Children’s Height and Weight: 

Evidence from Russia 

 

 
 

 

Abstract: In this paper, we investigate whether prenatal exposure to forest fires 

affects children’s health in Russia. We show that in-utero exposure to forest 

fires in the first trimester is associated with reductions in body height but not 

weight. More specifically, we find that an exposure to a standard-deviation 

increase in the area burned in the neighborhood in the first trimester reduces 

standardized height among children aged below 16 years old by about 0.03 

standard deviations. We conduct a battery of robustness checks and yield 

similar results.  
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1. Introduction 

Wildfires are unplanned fires that occur in areas with combustible vegetation—e.g., forests, 

grasslands, and other ecosystems. They are often caused by natural forces such as lighting 

or by human activities. As satellite observations show, wildfires burn around 463 million 

hectares of forests per year (Lizundia-Loiola et al., 2020). Along with climate changes, in 

particular global warming associated with severe heat and drought, it is expected that the 

frequency, size, and severity of wildfires would increase (United Nations Environment 

Programme, 2022). 

Numerous studies point out that the hazard of forest fire occurrence will not cease to 

increase as climate change worsens (Turco et al., 2018; Sun et al., 2019). These are 

alarming projections, given abundant evidence of adverse health effects of wildfires (Xu 

et al., 2020; Aguilera et al., 2021). The smoke from wildfires contains a mixture of air 

pollutants, including fine particulate matter, volatile organic compounds, and toxic gases, 

which can be inhaled and have adverse effects on human health (Liu et al., 2015; Meo et 

al., 2021; Aguilera et al., 2021). The health effects of forest fires are diverse, encompassing 

respiratory and cardiovascular health issues due to increased air pollution, toxic smoke, 

and particulate matter exposure (Emmanuel, 2000; Moore et al., 2006; Rikkmaster et al., 

2006; Fang et al., 2020). These health impacts can result in heightened healthcare costs, 

decreased productivity, and economic disruptions at individual and societal levels (Zivin 

and Neidell, 2006).  

The literature also indicates that children are more susceptible to the adverse health impacts 

of air pollution compared to adults, due to a combination of physiological and behavioral 
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factors (Reid et al., 2016). Physiologically, children have developing organs and systems 

that are more sensitive to the toxic effects of air pollutants, including their respiratory and 

immune systems (Guxens & Sunyer, 2012). Behaviorally, children tend to spend more time 

outdoors, engage in higher levels of physical activity, and breathe faster than adults, 

leading to increased exposure to air pollutants (Dadvand et al., 2012). As a result, studies 

have found that prenatal and early-childhood exposure to air pollution is associated with 

adverse socioeconomic outcomes later in life, including long-run health, educational 

performance and labor-market outcomes (Currie et al., 2014; Rosales-Rueda and Triyana, 

2019; Tan-Soo and Pattanayak, 2019). These findings suggest that early-childhood 

exposure to air pollution may have long-term socioeconomic consequences, underscoring 

the need for policies and interventions to reduce air pollution and protect vulnerable 

populations, including children. 

In this paper, we investigate whether prenatal exposure to forest fires affects children’s 

health in Russia. In recent years, the country has experienced a significant increase in the 

frequency and extent of wildfires. According to the Russian Federal State Statistics Service, 

the number of wildfires in Russia increased by 63% between 2001 and 2019, with a 

particularly sharp increase in the frequency of large fires (more than 1,000 hectares). 

Despite the significance of these losses, the socioeconomic effects of forest fires in Russia 

have not been extensively investigated in the current literature. 

Our findings indicate that prenatal exposure to forest fires in the first trimester is associated 

with reductions in body height but not weight. More specifically, we find that exposure to 

a standard-deviation increase in the area burned in the neighborhood in the first trimester 

reduces standardized height among children aged below 16 years old by about 0.03 
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standard deviations. These effects are largely driven by the subsample of boys or children 

of mothers without a college degree. Our findings confirm the existence of adverse effects 

of in-utero exposure to wildfires documented in past studies—see Amjad et al. (2021) for 

the recent systematic review of the literature. In addition, we conduct a series of robustness 

checks and find similar results. We also conduct placebo tests to further support our 

findings.  

The remainder of the paper is organized as follows. Section 2 presents data and descriptive 

statistics. Section 3 presents our empirical strategy. Section 4 discusses the results. Section 

5 concludes the paper.  

2. Data and Descriptive Statistics 

Russia Longitudinal Monitoring Survey.—Our primary dataset is the Russia Longitudinal 

Monitoring Survey (RLMS). From this dataset, we obtain information on children’s height 

and weight reported by their caregivers. We z-transform these variables using age×month-

specific mean and standard deviation. In addition, the dataset contains information on 

family-level demographic characteristics (e.g., mother’s age and education) as well as the 

birth date of every individual and the location of each family at the city level, which is the 

third-level administrative unit of Russia. We utilize the latter two pieces of information to 

assign prenatal exposure of each child in the dataset to wildfire. Last, while RLMS does 

not contain information on the migration history of every family, it does contain a question 

asking whether a given individual was born in the city where he/she is surveyed. Thus, we 

drop those children who had been born outside of the city where they were surveyed in 
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(about 13% of observations), as we cannot match them with wildfire exposure due to the 

lack of data on the migration history in the RLMS.  

One might have concerns about the possibility that children who were born outside of the 

city where they were surveyed may be systematically different from those who have never 

migrated, leading to potential biases. In Table A1, we present the results of testing whether 

the two groups of children differ systematically across the set of observable characteristics 

used in the study. Except for age, we do not find any statistically significant differences. 

Importantly, the two groups of children are comparable in terms of their outcome variables, 

such as height and weight. This analysis largely alleviates concerns about possible bias 

resulting from excluding “migrants” from the analysis. 

Forest Fires.—We retrieved the information on wildfires from MODIS Collection 6.1 

Burned Area Product for the period between November 2000 and August 2018 (Giglio et 

al., 2018). The raw dataset contains information on daily forest fires at the 500-meter 

resolution. Thus, for each city×month-year cell in RLMS, we first calculate the total area 

burned within a given radius (measured in kilometers, km). Our baseline specifications 

deploy a 100 km radius; we report the results with alternative radii as in the robustness 

checks section.1 Second, for each child in the RLMS, we calculate the total area of forests 

burned within a given radius in each trimester relative to the birth date. 

                                                      
1 Studies show that wildfire episodes elevate the concentration of particulate matter—as well as other air 

pollutants—in the atmosphere, (Liu et al., 2016; Knorr et al., 2017).  Notably, numerous studies have shown 

the transportability of particulate matter across large distances, highlighting the potential for long-range 

transport of the said pollutant (e.g, Bory et al., 2003; Grousset et al., 2003; Bozlaker et al., 2013). A more 

precise measure of exposure to air pollution triggered by wildfire would take into account the location of 

wildfire per se as well as wind patterns. However, given the data in hand, constructing such a measure is not 

possible. Nevertheless, given the aforementioned literature discussing the capability of air pollutants to travel 

across large distances, we believe that the density of forest fires in the local neighborhood adequately captures 

exposure to wildfire-induced air pollution. 
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Weather variables.— We obtained information on exposure to the average temperature and 

precipitation (by trimester) from The ERA5 Daily Aggregates dataset, which is a 

comprehensive collection of meteorological data produced by the European Centre for 

Medium-Range Weather Forecasts (ECMWF). The dataset includes a range of information 

on atmospheric variables, including temperature and precipitation at daily resolution for 

the entire globe (ECMWF, 2021). The data is available for the period from 1979 to present 

day and is widely used by researchers in the fields of meteorology, climate science, and 

environmental studies for a range of purposes, including climate modeling, weather 

forecasting, and the analysis of environmental impacts. 

Table 1 presents means and standard deviations of the chief variables deployed in our 

analysis. After (i) excluding children born outside of the city where the RLMS survey is 

conducted and (ii) restricting the dataset to those observations for which we have a 

complete set of information for anthropometric outcomes and wildfire exposure, we end 

up having 20,532 children aged below 16 years old. The average height (weight) is about 

111 cm (23 kg); the share of males is, roughly, 50 percent, and the average age is 5.3 years. 

We also deploy maternal college-degree attainment and height variables which average at 

about 40 percent and 163 centimeters, respectively. Lastly, on average, about 214.5 𝑘𝑚2 

of forests burn in the 100 km radius per trimester of pregnancy.  

3. Empirical Strategy 

Our identification strategy utilizes within-city variation of exposure to wildfires, by 

trimester. The econometric model is as follows: 
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𝐻𝑖𝑐 =  ∑ 𝛽𝑡𝑊𝑐𝑚𝑦
𝑡

3

𝑡=1

+ 𝑋′
𝑖𝑐𝛿 + 𝜃𝑐 + 𝜃𝑚 + 𝜃𝑦 + 𝑣𝑖𝑐, (1)  

where i, c, m, and y index child, city, month of birth, and year of birth, respectively. H is 

z-transformed body height or weight and 𝑊𝑡 is z-transformed area burned in trimester t. 

The term 𝑋′ is a row vector of controls that comprises child’s gender and (quadratic) age 

in months, maternal education (college-degree attainment) and body height, and weather 

variables (average temperature and precipitation, by trimester). 𝜃𝑐 , 𝜃𝑚 and 𝜃𝑦 denote fixed 

effects for city, month of birth, and year of birth; finally, 𝑣𝑖𝑐 is the idiosyncratic error term 

that we cluster at the city level. 

Our chief identifying assumption is that conditional on the set of controls deployed on the 

right-hand side of Equation (1), our wildfire-exposure variables are uncorrelated with the 

error term. We note that we have controls for maternal wealth and health (proxied by 

education and body height, respectively), exposure to different weather conditions, and a 

rich set of fixed effects, which, altogether, bolster the plausibility of our main assumption. 

We, nevertheless, conduct three kinds of tests. First, we look at the behavior of 𝛽𝑡 estimates 

as we transit from parsimonious specifications to the most saturated ones. The point 

estimates are fairly stable, which relieves the endogeneity-bias concern. Second, we test 

the response of our outcome variables to the variation in placebo wildfire exposure 

variables assigned from the year before the child i was born. As we show, the resulting 

OLS estimates of interest are estimated with “wrong” signs and imprecisely. 
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4. Results 

Baseline findings.—Table 1 shows our baseline results. Panel A reports the results for 

height, whereas Panel B shows those for weight. Column (1) reports the results with 

weather controls and fixed effects only; In Column (2), we add controls for the child 

(gender and quadratic age, in months) and his/her mother (an indicator for having at least 

a college degree and body height); and, in Column (3), we saturate our specifications with 

the city-specific year-of-birth trend, to capture possible variation in the local economic 

conditions at birth at least partially. Regardless of the choice of the specification, Panel A 

shows that a standard deviation increase in the area burned due to wildfires within 100km 

from the city’s centroid decreases height by about 0.03 standard deviations, and these 

effects are estimated significantly at the 5% significance level. According to Panel B, 

though, a unit standard deviation increase in the area burned decreases weight by about 

0.003-0.009; these effects are numerically very small and estimated imprecisely. 

Overall, we take these findings as evidence for the existence of adverse effects of wildfires 

in the long term. While our dataset does not allow us to investigate possible mechanisms 

for these findings, the existing literature does provide some explanations. For example, 

exposure to smoke and particulate matter from wildfires can impact fetal growth and 

development, leading to reduced body height. This is supported by studies that have found 

associations between prenatal exposure to air pollution and reduced fetal growth (e.g., Ritz 

et al., 2014). Another possibility is that exposure to smoke and particulate matter from 

wildfires may affect hormones and other signaling pathways that regulate growth, leading 

to reduced body height. This conjecture is supported by studies that have found 
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associations between exposure to air pollution and altered hormone levels (e.g., Janssen et 

al., 2017)  

Effect of placebo wildfires.—Some studies show that socioeconomically disadvantaged 

families are more likely to be exposed to forest fires (e.g., Masri et al., 2021). Thus, concern 

about whether our baseline estimates merely capture pre-existing socioeconomic 

disadvantages emerges. We note, though, that our deployment of controls for mothers and 

fixed effects largely alleviates this concern. Nevertheless, in Table 3, we look at the 

response of our outcome variables to exposure to wildfires lagged by 12 months. The 

results show that the effects of exposure to placebo wildfire are positive and imprecisely 

estimated. If anything, these findings suggest that families located near areas prone to 

wildfires deliver healthier children. Unfortunately, our data does not permit investigating 

possible reasons behind the observed positive placebo effects. However, one plausible 

explanation is that living next to forests might entail positive health effects—e.g., due to 

cleaner air. However, these findings largely rule out the concern about our baseline results 

being driven by pre-existing socioeconomic disadvantages of families exposed to forest 

fires and, given that the placebo effects are positive, our baseline estimates likely capture 

the lower bound of the true impacts. 

Effect by different area sizes relative to the city’s centroid.—In our baseline specification, 

we employ the area burned within 100 km of the city’s centroid. In Figure 1, we look at 

how our estimated effects vary as we consider different radii. More specifically, we re-run 

Equation (1) by raising the radius from the city’s centroid in 50 km increments starting 

from the 50 km radius. As shown in the figure, our baseline finding largely holds: prenatal 

exposure to wildfires in the first trimester is negatively associated with children’s body 
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height in the long term. We note that the estimated effects are numerically stable regardless 

of the choice of area size relative to the city’s centroid considered. The exception is a 50 

km radius which shows an imprecisely estimated—albeit still negative—effect which is 

likely an artifact of the minimal variation in the area burned at such a close distance relative 

to the city’s center. These findings may appear to be counter-intuitive, as one would expect 

the estimated health effects to attenuate as the radius increases. However, as discussed in 

Section 2, air pollutants from wildfires are capable of traveling long distances, which could 

serve as one potential explanation for the lack of diminishing impact observed in Figure 1 

(see footnote 1) 

Effects by the child’s gender.—In Table 4, we investigate whether the effect of prenatal 

exposure to wildfires differs by the child’s gender. Possible differences in the effect by 

gender may be expected due to differences in fetal physiology and sensitivity to pollutants, 

as well as sex-specific differences in hormone regulation, genetic susceptibility, and timing 

of exposure during critical periods of development. Our results indicate that our baseline 

findings are driven nearly entirely by a subsample of boys: a standard-deviation increase 

in the area burned decreases the body height of boys by 0.041 standard deviations; the 

effect for girls is 0.005 standard-deviations reduction, and it is estimated imprecisely. 

Effects by the mother’s education.— Low-educated mothers may be at a disadvantage in 

terms of their ability to protect themselves and their fetuses from the harmful effects of air 

pollution. This can include factors such as lack of access to transportation, inadequate 

housing, and limited information and resources. Consistent with this conjecture, in Table 

5, we show that the adverse effects of prenatal exposure to wildfires is driven by the 

subpopulation of children with mothers without a college degree. 
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5. Conclusion 

In this paper, we show that exposure to wildfires reduces body height among children aged 

below 16 years old. We largely rule out the possibility that these effects are driven by 

possible socioeconomic disadvantages of families residing in areas prone to forest fires. 

Also, our findings suggest that the observed adverse effects are driven by the subsample of 

boys, highlighting gendered differences in the long-term effects of forest fires. 

The findings of the present study have significant policy implications. Firstly, they 

highlight the importance of reducing exposure to wildfire smoke for pregnant women, 

particularly during the first trimester when the fetus is most vulnerable. This could include 

measures such as issuing air quality warnings during wildfires, promoting the use of air 

filters in homes, and providing evacuation or relocation support to pregnant women in 

affected areas. Secondly, they emphasize the need for governments and communities to 

prioritize the health and well-being of vulnerable populations, such as pregnant women and 

children, in their responses to wildfires and other environmental disasters.  

Additionally, the findings also highlight the need for continued research in this area to 

better understand the mechanisms underlying the negative health impacts of prenatal 

exposure to wildfire smoke and to develop effective interventions to reduce exposure and 

prevent harm. This could involve assessments of the persistence of the effects of prenatal 

exposure on children’s health and development, as well as research to identify the most 

effective strategies for reducing exposure to wildfire smoke in pregnancy. 
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Figure 1: Effects of wildfires on standardized height, by radius to the city’s centroid (km) 

 
NOTES: This figure reports the effects of exposure to wildfire in a given trimester by 

distance from the city’s centroid (km). Circles mark the estimated effect; vertical lines 

mark 95% confidence intervals. The dependent variable is standardized body height. Every 

regression controls for trimester-level average temperature and precipitation, mother’s 

characteristics (body height and an indicator of having at least a college degree), male 

dummy, quadratic age of the child (in months), and fixed effects for city, year of birth, and 

month of birth. 
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Table 1: Summary statistics     

 Mean Standard deviation 

A. Child’s characteristics   

Height (centimeters) 110.7 27.9 

Weight (kilograms) 22.6 13.0 

Male 0.5 0.5 

Age 5.3 3.9 

B. Mother’s characteristics   

Mother has at least a college degree 0.4 0.5 

Mother’s height (centimeters) 163.9 6.4 

C. Wildfire exposure (within 100 km)   

1st trimester 210.3 551.1 

2nd trimester 209.2 511.4 

3d trimester 224.0 530.8 

N 20,532 
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Table 2: Baseline findings 

 (1) (2) (3) 

A. Standardized height 

1st trimester -0.031* -0.025* -0.027* 

 (0.011) (0.012) (0.012) 

2nd trimester 0.013 0.018 0.018 

 (0.017) (0.016) (0.015) 

3d trimester -0.001 0.001 0.001 

 (0.014) (0.014) (0.013) 

N 20531 20117 20117 

Adjusted 𝑅2 0.086 0.119 0.128 

B. Standardized weight 

1st trimester -0.009 -0.006 -0.003 

 (0.015) (0.017) (0.017) 

2nd trimester -0.007 -0.007 -0.006 

 (0.015) (0.015) (0.015) 

3d trimester -0.002 -0.000 -0.002 

 (0.022) (0.022) (0.022) 

N 21017 20541 20541 

Adjusted 𝑅2 0.054 0.070 0.074 

Additional controls N Y Y 

City-specific linear trend N N Y 

NOTES: The dependent variable is specified in the header of each 

panel. Every regression controls for trimester-level average 

temperature and precipitation as well as fixed effects for city, year 

of birth, and month of birth. Additional controls comprise 

Mother’s characteristics (body height and an indicator of having 

at least a college degree), male dummy, and quadratic age of the 

child (in months). Standard errors clustered by city in parentheses. 

+, *, and ** denote significance at the 10%, 5%, and 1% level, 

respectively. 
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Table 3: Regressions with placebo wildfire exposure 

 (1) (2) 

Outcome variable: Standardized 

height 

Standardized 

weight 

1st trimester 0.004 0.024+ 

 (0.009) (0.012) 

2nd trimester 0.006 0.006 

 (0.008) (0.012) 

3d trimester 0.027+ 0.028+ 

  (0.014) (0.014) 

N 18464 18864 

Adjusted 𝑅2 0.114 0.071 

NOTES: The dependent variable is specified in the header of 

each column. Every regression controls for trimester-level 

average temperature and precipitation, mother’s characteristics 

(body height and an indicator of having at least a college degree), 

male dummy, quadratic age of the child (in months), and fixed 

effects for city, year of birth, and month of birth. Standard errors 

clustered by city in parentheses. +, *, and ** denote significance 

at the 10%, 5%, and 1% level, respectively. 
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Table 4: Effects by gender 

 (1) (2) 

Subsample: Boys Girls 

1st trimester -0.041** -0.005 

 (0.015) (0.017) 

2nd trimester 0.008 0.028 

 (0.019) (0.020) 

3d trimester -0.008 0.018 

  (0.018) (0.019) 

N 10077 10040 

Adjusted 𝑅2 0.138 0.110 

NOTES: The dependent variable is standardized body height. 

Every regression controls for trimester-level average 

temperature and precipitation, Mother’s characteristics (body 

height and an indicator of having at least a college degree), 

quadratic age of the child (in months), and fixed effects for city, 

year of birth, and month of birth. Standard errors clustered by 

city in parentheses. +, *, and ** denote significance at the 10%, 

5%, and 1% level, respectively. 
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Table 5: Effects by education of the mother 

 (1) (2) 

Level of education of the mother: 
High school or 

below 

At least 

college 

1st trimester -0.035** -0.020 

 (0.013) (0.023) 

2nd trimester 0.008 0.036 

 (0.016) (0.028) 

3d trimester 0.003 -0.002 

  (0.015) (0.016) 

N 12739 7378 

Adjusted 𝑅2 0.118 0.148 

NOTES: The dependent variable is standardized body height. Every 

regression controls for trimester-level average temperature and 

precipitation, mother's characteristics (body height and an indicator of 

having at least a college degree), quadratic age of the child (in months), 

and fixed effects for city, year of birth, and month of birth. Standard errors 

clustered by city in parentheses. +, *, and ** denote significance at the 

10%, 5%, and 1% level, respectively. 
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Table A1: Difference in observed characteristics between migrants and non-migrants 

 (1) (2) (3) 

 
Mean among 

non-migrants 

Difference (migrants 

minus non-migrants) 

S.E. of the 

difference 

A. Child's characteristics    

Male 0.502 -0.006 0.023 

Age 5.314 0.479** 0.142 

B. Mother's characteristics    

Mother has at least a college degree 0.365 -0.058 0.037 

Mother's height 163.9 -0.147 0.250 

N 20532 

NOTES: This table shows the difference in observable characteristics between children who 

are surveyed in the same city where they were born (non-migrants) versus those who are not 

(migrants). Standard errors clustered by city in parentheses. +, *, and ** denote significance at 

the 10%, 5%, and 1% level, respectively. 

 




