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Abstract

Climate change is increasing fire-conducive weather conditions worldwide determining

increased risks of wildfire exposure. Despite growing research on the impacts of wildfires

on health outcomes, studies on birth outcomes, sociodemographic heterogeneities and for

the European context are lacking. This study investigates the impact of wildfires on birth

outcomes in Spain, a country suffering several public health threats due to climate change.

We use Spanish administrative data comprising about 3.5 million live births from 2008 to

2021. We connect this data with precise measures of wildfire exposure based on data provided

by the European Forest Fires Information System. We observe a decrease in birth weight

and increase in low birth weight with exposure to a wildfire during gestation and the effect to

be concentrated in the third trimester. Exploring heterogeneities, we do not observe major

differences between sociodemographic groups. The results highlight the need for public health

interventions and policies aimed at mitigating the health impacts of wildfires 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, wildfires are a growing environmental and

public health concern globally (Gould et al., 2024; Jones et al., 2022), that could reverse recent

health gains achieved through improvements in air quality (Burke et al., 2023). Wildfires have

been shown to determine several negative health impacts on the exposed population (Gould

et al., 2024; Reid et al., 2016a) such as mortality (Qiu et al., 2024), hospitalizations (Delfino

et al., 2009; Malig et al., 2021), cardiovascular (Jones et al., 2020) and respiratory disease

hospitalizations (Reid et al., 2016b) or on non-health outcomes such as test scores (Wen and

Burke, 2022). Importantly, air pollution attributable to wildfires appears more detrimental for

human health than from other sources (Aguilera et al., 2021). While the short-term effects of

wildfires on mortality and morbidity at adult ages is well-documented, evidence on prenatal

exposure to wildfire 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 public health

concerns that can be affected by wildfires (Almond and Currie, 2011), potentially determining

long-term health issues and increased healthcare costs (Foo et al., 2023). Three literature reviews

described research on wildfires and birth outcomes denoting limited research on the topic, but

an increase in studies in the recent years. In fact, the first review reported findings 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). Several birth outcomes show to be negatively affected by wildfires and the mechanisms

determining this link are two. On the one hand, increased maternal stress determined by a

wildfire during gestation is likely to affect fetal development, as observed with other natural and

human disasters (Cozzani, Triventi, and Bernardi, 2022; Torche, 2011). On the other hand, the

impact of elevated levels of air pollution, most notably PM2.5 (Evans et al., 2022) is deemed to

increase negative birth outcomes as observed in a large existing literature exploring the impacts

of air pollution on health at birth (Fussell et al., 2024; Nyadanu et al., 2022).

Sociodemographic heterogeneity in the impact of natural disasters on health outcomes is

expected due to disparities in exposure, sensitivity and access to support (Hajat and Kosatky,
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2010). Considering wildfires, individuals could vary in their likelihood of being exposed to

wildfires, as low socioeconomic status individuals could be more likely to live close to areas

prone to be affected by wildfires (Leary et al., 2022; Modaresi Rad et al., 2023). Also, behavioral

responses to wildfires could vary determining an SES gradient in the reduction in the exposure

to air pollution related to wildfires as observed in a recent study (Burke et al., 2022). Equal

exposure to a wildfire could still determine SES inequalities due to differences in the stress

determined by the wildfire or in the negative impact of air pollution on mother’s health due to

existing health conditions. Access to health care and support especially if individuals are required

to relocate due to the wildfire could become even more challenging for low SES mothers.

In this study, we explore the impact of wildfires 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 wildfires, the frequency and total area burnt by wildfires has decreased in recent

years (Turco et al., 2016), as observed in other areas of the world (Jones et al., 2022), but there

is evidence of an increase in the intensity of each fire. Critically, policies implemented to contain

wildfires have been effective in diminishing the total area burnt by wildfires, but the increase in

fire-inducive weather conditions pose a challenge for future years (Brotons et al., 2013; Ruffault

and Mouillot, 2015; Turco et al., 2016).

We contribute to the existing literature on the impact of wildfires on birth outcomes in

three main ways. First, to the best of our knowledge, we provide first evidence on the impact

of wildfires on birth outcomes in Europe and more precisely in Spain. Existing literature is

mostly concentrated on the United States, Australia, Brazil (Amjad et al., 2021; Evans et al.,

2022; Foo et al., 2023; Zheng, 2023), but a lack of studies appears for Europe and in particular

the Mediterranean are that is expected to highly suffer from climate change impacts on public

health (Forzieri et al., 2017; Hauer and Santos-Lozada, 2021). Secondly, we provide evidence

on birth outcomes for which there is still scarce evidence (Evans et al., 2022). Thirdly, we

explore sociodemographic disparities in the impact of wildfires on birth outcomes for which

existing studies have shown contrasting results. For instance, a study for California observed

an increase in low birth weight due to wildfire exposure on the second trimester only in low

educated mothers, but an increase with exposure in the third trimester for highly educated

mothers (Rauscher and Cao, 2024). Conversely, another study on California using a different
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measure of exposure to wildfires and period of analysis did not observe disparities by race or

income in the impact of air pollution related to wildfires (Heft-Neal et al., 2022).

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. Spain has 8,131 municipalities, but data on the

municipality of residence of the mother is only available for mothers in municipalities with more

than 10,000 inhabitants. Therefore, the dataset covers births from 768 municipalities, accounting

for 85% of births during the study period. It contains information on the outcome variables used

in this study: Birth weight and low birth weight, two widely used measures in neonatal health

research (e.g. Almond and Currie, 2011; Conley and Bennett, 2000; Gluckman and Hanson,

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, nationality, birth order and whether it was a singleton birth.

Mothers’ education is categorized into three groups: low (up to first level of secondary ed-

ucation), medium (beyond first 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 first delivery and zero otherwise. The variable for the number of

newborns at this birth is one for singleton births and zero for multiple births.

Wildfire and Environmental Data

We measure exposure to wildfires leveraging data provided by the European Forest Fire Informa-

tion System (EFFIS) (San-Miguel-Ayanz et al., 2012). The data is compiled using satellite ob-

servations of land area burnt during a wildfire. These satellite observations offer high-resolution

and precise geolocation, enabling accurate mapping and wildfire-affected regions. Additionally,

EFFIS data includes temporal information, the type of area burnt and the extent of wildfire
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occurrences. In Spain, fires are classified in three main categories: 1) attempts, when burnt area

is less than 1 hectare, 2) fire, when burnt area ranges between 1 and 500 hectares and 3) large

forest fires when burnt an area is larger than 500 hectares. For our purposes, we focus our main

analysis on exposure to large forest fires, but provide analysis with milder forms of fires in our

robustness analysis. We connect exposure to large fires (from now on wildfires), 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 wildfire falling within the administrative boundaries.

In addition, we also control for weather conditions, which can influence both birth outcomes

and the development of fires. 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).

Empirical Strategy

We capture impact of wildfire exposure using a linear probability model (LPM) with fixed effects

described in Equation 1:

Yipt = βFirept +Xipt + δm + γp + αy + ϵipt (1)

In the model, Yipt represents the birth outcome (birth weight/low birth weight) of individual

i in municipality p at time t. Fire is the key independent variable indicating wildfire exposure

in municipality p at time t. The vector X includes individual level control variables and environ-

mental factors. We add fixed effects for δ the month of birth m, γ municipality fixed effects and

birth year fixed effects, α 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 effect

of wildfire exposure from other confounding factors. We explore the heterogeneous impacts of

wildfire on individuals by sociodemographic characteristics based on Equation 2 in which we

add an interaction between our wildfire exposure and socioeconomic status variable:

Yipt = βFirept × Socioipt +Xipt + δm + γp + αy + ϵipt (2)
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Results

Figure 1: Descriptive statistics

(a) Fires Above 500 ha (b) Number of Births

In figure 1a panel (a), we describe the geographical distribution of fires burning more than

500ha in Spain between 2008 and 2021 . In panel (b) of figure 1a, we show the distribution of

births in the municipalities included in the analysis in the Spanish territory from 2008 and 2021.

Table 1: Wildfire and birth outcomes

Birth weight Low birth weight

Wildfire (>500ha) -4.749 0.004***
(3.737) (0.002)

FE YES YES

Controls YES YES

Observations 3,520,384 3,520,384
Note: Estimates are obtained by estimating Equation (1). Standard errors clustered at the province level and

reported in parenthesis. * p<0.05

In table 1 we report the results of the analysis described in Equation 1. We observe a

decrease in birth weight of 4.7 grams with exposure to a wildfire during gestation. However,

such estimates are not statistically significant at the 95 % confidence level. Conversely, we

observe a statistically significant increase in the probability of LBW with exposure to wildfire

during gestation of 0.4 percentage points.

In Figure 2, we report the results of exposure to wildfires by trimester. Here, we observe a
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Figure 2: Wildfire exposure and birth outcomes by trimester
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decline in birth weight of 11 grams with exposure in the third trimester. Similarly, we observe

exposure in the third trimester to increase the probability of LBW by about 0.7 percentage

points.

In Figure 3, we provide the results of the heterogeneity analysis described in Equation 2.

Notably, we do not observe any major differences in the impact of wildfires by socioeconomic

status. The effect size for birth weight is larger and negative for low and medium SES mothers,

but the estimates are not statistically different from the High SES group. Differences between

groups for LBW are even smaller than those observed for birth weight.

Future steps

In further analysis, we will test the robustness of our results and provide additional heterogene-

ity analysis. For instance, we will capture exposure to three alternative measures of wildfire

exposure. First, we will test the impact of milder wildfires on birth outcomes classified on the
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Figure 3: Wildfire exposure and birth outcomes by SES
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area burnt ranging from 1 to 500ha. Additionally, we will test another administrative dataset

of wildfire events provided by the Spanish Ministry for the Ecological Transition and the De-

mographic Challenge. This dataset differs from the EFFIS data as it provides point locations

of wildfires as recorded by Spanish fire fighters. Also, we will analyze the direct impact of air

pollution related to wildfires leveraging recently released daily data for all of Europe(Hänninen

et al., 2022) and how such impact differs by SES. Finally, we will analyze how wildfires affect

birth outcomes based on other measures of sociodemographic characteristics such as occupation,

migration background, marital status and mother’s age.
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