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Abstract

Climate change is increasing re-conducive weather conditions worldwide gener-
ating higher risks of wild re exposure. Despite growing research on the impact of
wild res on health outcomes, studies on birth outcomes, socio-demographic hetero-
geneities and for the European context are lacking. This study examines the impact of
wild res on birth outcomes in Spain, a country facing multiple climate change-related
health risks. We use Spanish administrative data covering approximately 3.5 million
live births between 2008 and 2021. This dataset is combined with precise measure-
ments of wild re exposure based on data from the European Forest Fires Information
System. We observe a decrease in birth weight and an increase in the probability of
low birth weight and preterm birth due to wild re exposure during pregnancy, with the
e ect concentrated in the rst and third trimester of pregnancy. The results show no
signi cant di erences between socio-demographic groups, suggesting a uniform impact
of wild re exposure. We also examine the role of air pollution induced by wild res,
particularly PM ».5, and nd that PM .5 also contributes to adverse birth outcomes,
suggesting that both maternal stress and air pollution determined by wild res pose
dangers to fetal development. The ndings underscore the need for public health inter-
ventions aimed at mitigating the health e ects of wild res on vulnerable populations,

particularly pregnant women.
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Introduction

Climate change is a growing threat for public health, due to the increase in weather conditions
conducive to extreme weather events. In this context, wild res are a growing environmen-
tal and public health concern globally (Gould et al| 2024; M. W. Jones et &l. 2022), that
could reverse recent health gains achieved through improvements in air quality (Burke et al.
2023). Wild res have been shown to cause several negative health impacts on the exposed
population (Gould et al.|2024; Reid, Brauer, et al. 2016) such as mortality (Qiu et al. 2024),
hospitalizations (Del no et al. |2009; Malig et al. 2021), elevated risks of cardiovascular and
respiratory diseases (C. G. Jones et al. 2020; Reid, Jerrett, et al. 2016), and even impaired
cognitive outcomes such as lower test scores among children (Wen & Burke 2022; Zivin et al.
2020). Importantly, air pollution attributable to wild res appears more detrimental for hu-
man health than from other sources (Aguilera et al. 2021). While the short-term e ects of
wild res on mortality and morbidity at adult ages is well-documented, evidence on prenatal
exposure to wild re smoke and the implications for fetal development and birth outcomes is
scarce and inconclusive (Reid 2022; Xu et al. 2020).

Adverse birth outcomes such as preterm birth and low birth weight are critical pub-
lic health concerns that can be a ected by wild res (Almond & Currie|2011), potentially
generating long-term health issues and increased healthcare costs (Foo et al. 2023). Three
literature reviews described research on wild res and birth outcomes as limited, but increas-
ing in the recent years. In fact, the rst review reported ndings on 8 studies (Amjad et al.
2021), the second on 13 studies (Evans et al. 2022) and the latest on 31 (Foo et al. 2023),
but lamented a lack of comprehensive ndings raised also by other reviews on health and
wild res (Reid 2022; Xu et al.|2020). Several birth outcomes are shown to be negatively
a ected by wild res and the mechanisms generating this link are mostly two. On the one

hand, increased maternal stress caused by a wild re during gestation is likely to a ect fe-



tal development, as observed with other natural and human disasters (Cozzani et|al. 2022;
Torche |2011; Torche & Nobles 2024). On the other hand, the impact of elevated levels of
air pollution, most notably PM,.s (Evans et al.|2022) is deemed to increase negative birth
outcomes as observed in existing literature exploring the impacts of air pollution on health
at birth (Fussell et al. 2024; Nyadanu et al, 2022). Importantly, the literature on stress and
birth outcomes, as well as air pollution and birth outcomes, highlights signi cant population
heterogeneity in how these stressors impact health at birth.

Sociodemographic heterogeneity in the impact of natural disasters on health outcomes is
expected due to disparities in exposure, sensitivity and access to support (Hajat & Kosatky
2010). Considering wild res, individuals could vary in their likelihood of being exposed
to wild res, as low socioeconomic status individuals could be more likely to live close to
areas prone to be a ected by wild res (Leary et al| 2022; Modaresi Rad et al. 2023). Also,
behavioral responses to wild res could vary generating an SES gradient in the reduction in
the exposure to air pollution related to wild res, as observed in a recent study (Burke et al.
2022). Equal exposure to a wild re could still determine SES inequalities due to di erences
in the stress determined by the wild re or in the negative impact of air pollution on mother’'s
health due to existing health conditions. Access to health care and support could become
even more challenging for low SES mothers, especially, if individuals are required to relocate
due to the wild re.

In this study, we explore the impact of wild res on birth outcomes in Spain. Spain is
expected to experience some of the most detrimental impacts of climate change on public
health in the European area, mostly due to increased exposure to heatwaves (Forzieri et al.
2017). Considering wild res, the frequency and total area burnt by wild res has decreased
in recent years (Turco et al| 2016), as observed in other areas of the world (M. W. Jones
et al. |2022), but there is evidence of an increase in the intensity of each re and in the

presence of re-conducive weather (Cardil et al. 2015). Policies implemented to contain



wild res have been e ective in diminishing the total area burnt by wild res, but the increase
in re-conducive weather conditions pose a challenge for future years (Brotons et al. 2013;
Ru ault & Mouillot 2015; Turco et al. 2016).

We contribute to the existing literature on the impact of wild res on birth outcomes
in three main ways. First, to the best of our knowledge, we provide the rst evidence on
the impact of wild res on birth outcomes in Europe and more precisely Spain. Existing
literature is mostly concentrated on the United States, Australia, Brazil (Amjad et al. 2021;
Evans et al.| 2022; Foo et al. 2023; Picciotto et al. 2024; Zheng 2023), but a lack of studies
appears for Europe and in particular the Mediterranean area that is expected to highly su er
from climate change impacts on public health (Forzieri et al. 2017; Hauer & Santos-Lozada
2021). Secondly, we explore sociodemographic disparities in the impact of wild res on birth
outcomes for which existing studies have shown contrasting results. For instance, a study
for California observed an increase in the probability of low birth weight due to wild re ex-
posure on the second trimester only for low educated mothers, while it increased in the third
trimester for high educated mothers (Rauscher & Cao 2024). Conversely, another study
on California using a di erent measure of exposure to wild res and period of analysis did
not observe disparities by race or income in the impact of air pollution related to wild res
(Heft-Neal et al.|2022). Thirdly, we present evidence on the impact of wild res by exam-
ining both proximity to wild re exposure and wild re-related air pollution, o ering a more
comprehensive analysis compared to previous studies that typically focus on just one type
of exposure.

The next sections are organized as follows. First, we document the existing evidence for
the e ects of wild res on birth outcomes and provide information on our context of analysis,
Spain. Second, we describe the data and methods. We then present the results of our
analysis. Finally, we present several additional analyses and robustness tests and discuss the

implications of our results.



Background

Wild res and Birth Qutcomes

Climate change is generating an increase in re-conducive weather conditions that combined
with a larger proportion of individuals living close to re prone areas is increasing the public
health risks related to wild res (Gould et al. 2024; M. W. Jones et all 2022; Xu et al.
2020). Existing studies have documented wild res to increase negative birth outcomes.
Three literature reviews documented growing research on such association (Amjad et al.
2021; Evans et al| 2022; Foo et al. 2023; Reid 2022). The existing studies explain the
existence of a link between wild res and birth outcomes through two main mechanisms:
stress and air pollution.

The role of external sources of stress has been largely documented as deleterious for
birth outcomes (Torche & Nobles 2024). Stressful events, such as natural disasters, eco-
nomic hardships, or signi cant life changes, can elevate cortisol levels in expectant mothers,
triggering physiological responses that interfere with fetal development and determine low
birth weight and preterm birth (Coussons-Read 2013). Also, stress can disrupt hormonal
balances and a ect blood ow to the placenta, a ecting the health of the fetus (Weinstock
2005). Wild res are a signi cant source of stress due to their direct and disruptive impact
on nearby households. People may be forced to relocate, face restricted access to critical
infrastructure, and experience negative e ects on mental health, potentially leading to in-
creased use of psychotropic medications (Wettstein & Vaidyanathan 2024). For instance,
pregnant women exposed to a major wild re in Alberta in May 2016 described sentiments of
fear, trauma and changes in their support network after the event (Bremault-Phillips et al.
2020). Also, a study on California found wild res to increase tobacco use and alter prenatal
care use of expectant mothers (Rauscher & Cao 2024). Nevertheless, stress is not the only

pathway by which wild res a ect birth outcomes as increased levels of air pollution could



also a ect them.

Air pollution has been extensively shown to a ect birth outcomes, and wild res could be
particularly detrimental in this aspect. The mechanisms linking air pollution with negative
birth outcomes relate to the systemic in ammation and oxidative stress this causes to the
mother, which could compromise the transfer of oxygen and nutrients to the fetus (Fussell
et al.2024). In particular, PM,.5 particles penetrate deep into the respiratory system and en-
ter the bloodstream, triggering in ammatory responses that a ect fetal development (Leung
et al. 2022) and induce oxidative stress, causing cellular damage and a ecting physiological
processes critical for a healthy pregnancy (Wang et al. 2024). Similarly, air pollution expo-
sure is linked with increased maternal blood pressure that has been associated with several
complications such as pre-eclampsia (Shen et al. 2022). Consequently, the large release of air
pollutants from wild res, resulting from the combustion of organic matter like trees, shrubs,
and grasses, as well as various materials such as buildings, vehicles, and infrastructure, can
critically impact maternal and newborn health outcomes (Burke et al. 2023).

Importantly, both maternal stress and air pollution exposure, can be in uenced by where
people end up during and after a wild re and by how well their community can respond to
it. Residential displacement during an event often places families outside the destructive
impacts of the wild re and the exposure to pollutants. Additionally, the capacity of local
institutions to respond to such events with early warning systems, shelters and emergency
response plans could e ectively shield residents from the hazards and the anxiety caused
by the event (Zhang et al.| 2025). Similarly, well planned displacement programs from local
authorities could ease the mobility of a ected individuals, and provide the continuity of care

that mothers urgently need (Bansal et al. 2023).



Sociodemographic Disparities in the Impact of Wild res on Birth Outcomes

Few studies have examined the heterogeneity of the relationship between wild res and birth
outcomes as a function of maternal sociodemographic characteristics (Heft-Neal et al. 2022;
Rauscher & Cag 2024; Requia et al. 2022). Heft-Neal et al. (2022) focuses on di erences by
income and race in the association between wild res during pregnancy and the likelihood of
preterm birth in the United States. No heterogeneous e ects by income and race were found
in this study. In the same vein, Requia et al.|(2022) focus on heterogeneity by race when
examining the association between exposure to wild res during pregnancy and birth weight
in Brazil. In this case, however, the authors nd heterogeneous relationships by race, with a
more negative impact found for the black compared to white racial group. Finally, Rauscher
and Cao (2024) focus on another socio-demographic heterogeneity: maternal education.
That is, the authors investigate whether there is an association between wild re exposure
and low birth weight and fetal deaths, di erentiated by maternal education. The authors nd

di erent heterogeneous e ects depending on the trimester of pregnancy in which the mother
is exposed to wild re and which outcome variable is considered. Therefore, the heterogeneous
e ects of wild res on birth outcomes by socioeconomic status remain inconclusive. In this
study, we aim to investigate the heterogeneous e ects by socioeconomic background, focusing
on the di erential e ects by maternal education.

We hypothesize that newborns born to mothers with lower levels of education may be
more adversely a ected by wild res for four main reasons. First, individuals with lower
socioeconomic status (SES) might be more a ected by wild res compared to those with
higher SES, as suggested by Masri et al. (2021), Schumann Il et al. (2024), and Winker
et al. (2024), but mixed ndings on inequalities in such exposures where observed in the
U.S. varying by year of analysis (Casey et al. 2024). Secondly, even with equal exposure to

wild re, di erences in pre-existing health conditions between SES groups may exacerbate



the e ects of wild re exposure. Mothers with low SES tend to be less healthy than high SES
mothers, and individuals with pre-existing conditions are more susceptible to the adverse
e ects of air pollution (O'Neill et al. 2012; Peled 2011). Consequently, air pollution caused
by wild res may have more severe e ects on mothers with low SES.

Thirdly, behavioral responses to wild re may di er by SES, increasing the vulnerability
of low SES mothers (Burke et al| 2022). For example, low SES mothers may have less
exibility to stay indoors during a wild re or may be more likely to work outdoors, resulting
in higher exposure compared to high SES mothers. Also, low SES mothers might have
fewer resources to evacuate early or resettle farther from the smoke plume and might rather
decide to shelter in place, experiencing longer smoke exposure and daily routine disruptions
which could amplify stress and air pollution exposure. Finally, the stress associated with
proximity to wild res could be higher for low-SES pregnant women than for their high-
SES counterparts. This increased stress could be due to the more severe consequences of
wild res for low SES mothers, such as loss of homes or jobs, which may increase stress levels
during pregnancy and negatively impact birth outcomes (Cozzani et al. 2022; Torche 2011).
Similarly, low SES mothers might have a weaker support structure that has been shown to
be critical in reducing the mental health impacts of exposure to wild res or live in areas that
are less equipped to cope with the consequences of wild res or struggle in accessing public
services when these are provided (Verstraeten et al. 2021).

In summary, the combination of higher exposure, pre-existing health conditions, di eren-
tial behavioral responses, and increased stress levels may lead to more pronounced negative
e ects of wild res on birth outcomes for low SES mothers and increase health disparities

among newborns.



Spain, Climate Change and Wild res

In this study, we focus on Spain as a case study. Spain is particularly vulnerable to the
e ects of wild res on public health due to its unique climatic conditions. Climate change

is leading to a signi cant increase in summer heatwaves, which are expected to increase
further (Abaurrea et al. 2018; Cardell et al| 2020). Extreme heatwaves are increasing in
all seasons, with temperatures rising the most in summer and fall, further extending the
wild re season. These extreme heatwaves contribute to prolonged droughts that make the
landscape exceptionally dry and ammable, while decreasing precipitation exacerbates these
conditions and increases the severity of wild res. Although the overall frequency and total
area burnt by wild res have decreased in recent years (M. W. Jones et al. 2022; Turco
et al. |2016), the intensity of each re has increased, making them more destructive and
dangerous (Abatzoglou et al. 2025; Nunes et al. 2019). This combination of extreme heat,
prolonged droughts and more intense res makes Spain a critical area for studying the impact

of wild res on neonatal health.

Data and Methods

Birth Outcomes Data

In this study, we use data on birth outcomes provided by the Spanish Institute of Statistics
(INE). This comprehensive dataset contains information on all births in Spain from 2008 to
2021, organized by month and municipality for a total of 3,369,610 births. Spain has 8,132
municipalities, but data on the municipality of residence of the mother is only available for
mothers in municipalities with more than 10,000 inhabitant§] We note that in Spain a

municipality is considered as rural when it has a population that is below 30,000 inhabitants

INote that we also exclude information from the Canary Islands, Ceuta and Melilla. The total number
of municipalities in the regions analyzed is therefore 8,042.
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and in these live approximately 7.5 million people or about 15% of the total Spanish popu-
lation (Ministerio de Agricultura, Pesca y Alimentacon 2021). Additionally, municipalities
are further divided into large rural municipalities having between 5,000 and 30,000 inhabi-
tants and small rural municipalities are those with a population below 5,000. Therefore, we
did not include in our sample information on some of the large rural municipalities, which
comprise a total of 319 municipalities and have a population of about 3 million inhabitants,
and we do not capture information on small rural municipalities, which comprise a total
of 6,352 municipalities and have a population of about 4.4 million inhabitants (Ministerio
de Agricultura, Pesca y Alimentacon|2021). Nevertheless, the dataset we use covers births
from 779 municipalities, accounting for about 85% of births during the study peridd.

It contains information on the outcome variables used in this study: birth weight, low
birth weight and preterm birth, widely used measures in neonatal health research (e.g. Al-
mond & Currie [2011; Conley & Bennett 2000; Gluckman & Hanscon 2006). It also provides
information on various characteristics of the newborns and their parents. In particular, we
use information on the newborns’ sex and the mothers’ age, education, marital status, na-
tionality and birth order. We only consider singleton births, as multiple births tend to have
a lower weight compared to singleton births, which accounts for 96% of the sample. Mothers’
education is categorized into three groups: low (up to rst level of secondary education),
medium (beyond rst level of secondary education but less than a bachelor's degree) and
high (at least a bachelor’s degree). Marital status is either married (including civil partner-
ship) or unmarried. Nationality is categorized as native or foreign. The birth order variable

is coded as one for the mother’s rst delivery and zero otherwise.

2To better understand the distribution of the Spanish population among the municipalities, a map showing
this distribution can be found in Appendix E]
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Wild re and Environmental Data

We measure exposure to wild res leveraging data provided by the European Forest Fire
Information System (EFFIS) (San-Miguel-Ayanz et al, 2012). The data is compiled using
satellite observations of the land area burned by a wild re. These satellite observations
o er high-resolution and precise location, enabling accurate mapping and wild re-a ected
regions. Additionally, EFFIS data includes temporal information, the type of area burnt
and the extent of wild re occurrences. In Spain, res are classi ed in three main categories:
1) attempts, when burnt area is less than 1 hectare, 2) re, when burnt area ranges between
1 and 500 hectares and 3) large forest res when burnt area is larger than 500 hectares
(Ministerio para la Transicon Ecobgica y el Reto Demogia co 2022). For our purposes, we
focus our main analysis on exposure to large forest res, but provide analysis with milder
forms of res in our robustness analysis. We connect exposure to large res (from now on
wild res), based on the area burnt falling within a municipality. Consequently, our main
variable of exposure is binary and coded as 1 when a municipality had a wild re that burned
more than 500 hectares crossing their administrative boundaries.

We focus on the presence of wild res as our primary measure of exposure because our
interest extends beyond air pollution to capture the broader e ects of wild res, including
mechanisms such as maternal stress that may not be well captured by air pollution alone.
While studies using PM.5 concentrations provide a detailed account of wild re-induced air
pollution, this approach may overlook other critical pathways through which wild res a ect
birth outcomes. In particular, maternal stress, or the need to relocate which can trigger
fear and uncertainty associated with wild res and recognized as one of the main factors
contributing to adverse birth outcomes (Rauscher & Cap 2024).

To further disentangle whether the e ects of wild res are solely due to pollution or

whether other mechanisms also play a role, we conduct an additional analysis using wild re
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PM,.5 emissions as the main explanatory variable. This allows us to better isolate the role
of air pollution due to wild res that might in uence birth outcomes. Nevertheless, such
analysis, even though suggestive of the pathway of impact due to air pollution, does not
allow us to fully isolate such impact as wild re smoke might also a ect mental health and
increase stress (Eisenman & Galway 2022). Data on wild re-related PNRare obtained from
Hanninen et al. (2022), who estimate PM25 concentrations attributable to wild res using
advanced modeling that integrates meteorological and satellite information. The dataset
provides daily values at a spatial resolution of approximately 0.10.1 degrees. We capture
exposure to air pollution from wild res as anomalies based on a method similar to that
described in Heft-Neal et al.|(2022). More precisely, we classify days with high anomalies as
those on which the PM.s level on the day exceeds the average level for the entire sampling
period in the respective grid cell by more than 1§=m?3. Days that do not fulll this
criterion are classi ed as not having high anomalies. We then aggregate these anomalies at
the municipality-day level by taking the average of the counts across the grid cells within
each municipalityf| In our robustness analysis, we explore alternative ways to measure
wild re exposure, such as mothers’ proximity to wild res during pregnancy or lower levels
of air pollution anomalies. By incorporating these di erent measures, we provide additional
robustness to the measures used in the main analysis.

In addition, we also control for weather conditions, which can in uence both birth out-
comes and the development of res. That is, exposure to high temperatures during preg-
nancy has been shown to be negatively related to birth outcomes (e.g. Andrigno 2023; Chen
et al. 2020; Conte Keivabu & Cozzani 2022; Hajdu & Hajdu 2021; Le & Nguyen 2021).
On the other hand, high temperatures make the occurrence of wild res more likely and at

the same time increase their duration and extent (Cardil et al. 2015; Sun et al. 2019; Trigo

3Note that from now on, when we talk about PM,.5 anomalies, we refer to anomalies in re-induced
PM,.5 emissions.
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et al. 2006). The data on temperatures come from the E-OBS dataset, a daily, land-only,
gridded observational dataset for Europe with a spatial resolution of about 10 kilometers
(Cornes et al, 2018). It is provided by the European Climate Assessment & Dataset project
and contains data from national meteorological services. Specically, we account for the

population-weighted average temperature per municipality during pregnancy.

Empirical Strategy

To measure the e ects of wild re exposure, we use traditional linear models for birth weight
and linear probability models for low birth weight and preterm birth. In all cases, the models

are estimated using OLS with xed-e ects (FE) as speci ed in Equatior] [L:

Yipt: ot 1Firept+xipt+ mt pt vyt i (1)

In the model, Yi,; represents the birth outcome (birth weight/low birth weight/preterm
birth) of individual i in municipality p at time t. Fire is the key independent variable
indicating wild re exposure in municipality p at time t. Particularly, it takes value one if
there is at least one re in the municipality of residence of the mother during pregnancy. The
vector X includes individual level control variables for gender of the newborn, mother’s age,
education, marital status and nationality and birth order and environmental factors such as
the population weighted average temperature in the municipality of residence of the mother
during pregnancy. We add xed-e ects for the month of conception (), municipality ( )
and year of conception () to control for seasonal variations and unobserved heterogeneity
across locations. The standard errors are clustered at the municipality level to account
for potential correlation in the error terms within each location. This approach enables us
to isolate the e ect of wild re exposure from other confounding factors. The coe cient of
interestis 1, which measures the e ect of experiencing at least one wild re during pregnancy

in the mother’s municipality of residence on each of the dependent variables analyzed.
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We also consider di erences in exposure by trimester of pregnancy as described in Equa-

tion

x3

Yt = ot Firegot q+ Xipt + m+ p+ y+ ipt (2)

g=1
In this case,Fire refers to exposure to at least one wild re during the rst trimester of
pregnancy. Similarly,Fire ,,; and Fire s, represent exposure to at least one wild re during
the second and third trimesters, respectively. The coe cients of interest;, , and 3 re ect
the impact of experiencing at least one wild re during the rst, second and third trimester of
pregnancy, respectively, in the mother’s municipality of residence on each of the dependent
variables considered.

We then explore how wild res a ect birth outcomes di erently depending on the SES of
the mother. Previous studies have often faced the challenge of disentangling individual-level
e ects from regional-level in uences. For example, if region A has a higher proportion of
educated mothers and also reports stronger e ects of wild res on health at birth due to
hidden regional factors, while region B with less educated mothers reports weaker e ects,
this could falsely suggest that educated mothers are more a ected by wild res. However,
these results may be primarily in uenced by regional di erences.

To address this problem, we use a method proposed by Giesselmann and Schmidt-Catran
(2022), which involves using a double-demeaned interaction approach. In this method, the
municipality-level mean is subtracted from the variables before the interaction, followed by
the application of xed-e ects estimation. Their study highlights that FE estimates can
be biased due to within-region and between-region variation when considering interaction
e ects. By applying the double-demeaned interaction estimator (dd-1E), we focus on within-
municipality variation and eliminate potential biases arising from regional di erences. Using

this method, we can compare the e ects of wild res on birth outcomes of mothers with

di erent levels of education within the same municipality. In contrast, the traditional FE
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estimator would compare this e ect between mothers with di erent levels of education across

the country. Further details on the estimated model are provided in Appendix|B.

Results

Descriptive Statistics

Panel a of Figur€ 1 illustrates the distribution of res with an area of more than 500 hectares
during the sample period. Most of these res are concentrated in the northwest of the
country. Of the 8,042 municipalities in Spain (excluding the Canary Islands, Ceuta and
Melilla), 869 municipalities experienced wild res a ecting more than 500 hectares between
2008 and 2021. We include 70 of these municipalities in our analysis. The remaining 799
are small rural municipalities, which we exclude due to limited data availability. Thus, our
analysis covers about 73% of all individuals exposed to wild res during the study period.
Panel b of Figure[]1 shows the distribution of births during the same period and illustrates
the high concentration of births in the city of Madrid, which is located in the center of the

country.

(a) Fires above 500 ha (b) Number of births

Figure 1: Distribution of res and number of births.
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