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Abstract

Our short communication aims to shed light on the critical health implications of the severe forest fires that occurred in
Portugal in September 2024, highlighting the immediate surge in hospitalizations, the increase in mortality rates, and the
long-term consequences for public health. Additionally, we emphasize the urgent need for updated public policies and air

quality management strategies to effectively mitigate such crises in the future.
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Short communication

Portugal has faced a series of severe forest fires since 2002,
with a significant intensification of events in the last 8 years,
driven by rising temperatures and prolonged droughts
linked to climate change (Senande-Rivera et al. 2025). One
of the most tragic incidents occurred in 2017 in Pedrégdo
Grande, located in the central region of Portugal, where
66 individuals lost their lives, 47 of whom were trapped
on a road surrounded by flames with no means of escape
(Ribeiro et al. 2020). The 2017 fires prompted reassessing
the forest management strategy for fire prevention. How-
ever, many felt the measures were insufficient and advocated
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more comprehensive approaches. Rural areas cover 92% of
mainland Portugal, and inadequate forest management along
with widespread eucalyptus, contribute to the country's
history of wildfires, causing major economic and ecologi-
cal losses. Earlier, the devastating fires of 2003, triggered
by intense heatwaves, tragically claimed 21 lives (Trigo
et al. 2006; Varela 2006; Tarin-Carrasco et al. 2021). This
period coincided with a major heatwave that affected much
of Europe during the first two weeks of August, with tem-
peratures peaking on August 1 st, particularly in southern
Portugal. Record highs were set, reaching the maximum
of 47.3 °C in Amaraleja and the minimum of 30.1 °C in
Portalegre (Ribeiro and Coutinho 2007), marking a signifi-
cant escalation in both temperatures and pollutant levels,
further intensifying the strain on public health systems and
the environment. The Portuguese National Health Obser-
vatory reported a 43% rise in deaths from July 30 th to
August 15 th, 2003 (Calado et al. 2004), compared to the
seasonal average. Concerningly, these events are becoming
more frequent, driven mainly by rising temperatures and
the absence of effective predictive models and mitigation
policies. These occurrences highlight the growing threat of
climate change, as extreme heat and drought increasingly
lead to fatal outcomes.

In addition to the tragic loss of lives, the health impacts
of these fires extend far beyond the immediate fatalities.
Increased hospital admissions and mortality from cardio-
vascular and respiratory diseases, linked to air pollution
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from the fires, are widely reported (Molina-Terrén et al.
2019; James et al. 2020; Tarin-Carrasco et al. 2021). The
healthcare system faces the dual challenge of managing
the acute surge in cases during fire events while address-
ing the long-term chronic health consequences that follow
further straining resources. These subsequent chronic health
impacts are often overlooked in global assessments of wild-
fire consequences.

Furthermore, beyond the immediate public health
impacts, forest fires in Portugal have long-term ecological
consequences, threatening biodiversity, increasing soil ero-
sion and hindering ecosystem recovery. The destruction of
carbon sinks exacerbates climate change, creating a vicious
cycle where rising temperatures fuel more fires, releasing
even greater amounts of carbon into the atmosphere.

Unfortunately, September 2024 witnessed severe wildfires
across central and northern Portugal, with around 150,000
hectares burned and 450 active fires (Observador 2024). This
dramatically boosted air pollutant levels, including NO,, CO
and particulates, primarily PM,, and PM, s, particulate mat-
ter with an aerodynamic diameter of less than 10 pm and 2.5

um, respectively. We selected the 12 air quality monitoring
stations based on their proximity to areas most affected by
the September 2024 fires, which were primarily concen-
trated in northern and center of Portugal (Fig. 1). Although
Portuguese network includes additional stations, those in
surrounding regions did not show significant variations in
pollutant concentrations during the study period and were
therefore excluded from the analysis. This focused approach
allowed us to capture the most relevant data related to the
fire impact. Analysis of 12 air quality monitoring stations
(Qualar 2024) showed daily PM,, averages ranging from 143
to 583 pg/m® and PM, s levels between 115 and 180 pg/m?,
respectively 3.2- to 13-fold and 7.7- to 12-fold higher than
World Health Organization (WHO) air quality guidelines
24-h average exposure (World Health Organization 2021).
Maximum daily values were even more alarming, with PM,,
peaking 2159 ug/m? and PM, 5412 ug/m? at a station located
northwest of Albergaria-a-Velha, the most affected city.
These figures far exceed WHO air quality standards and the
air quality legislation in Portugal (Decreto-Lei no 47/2017,
de 10 de maio), as can be seen in Fig. 2. These fires directly
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Fig. 1 The analyzed air quality monitoring stations and burned areas. The map was generated using ArcGIS Pro
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Fig.2 PM,, average concentration (ug/m>) and active fires from Sep-
tember 14 th to 22nd 2024. The background photograph was taken
on September 17 th, 2024, captured by Sofia Ramos in the district of
Gondomar, located in the metropolitan area of Porto, northern Portu-
gal, and visually illustrates the severe atmospheric conditions caused

resulted in 9 deaths and injured 175 people, including both
firefighters and civilians (Observador, 2024). However, the
effects of short-term exposure to pollutants extend beyond
the immediate aftermath, with impacts observed for up to 14
days following exposure to the elevated levels of air pollu-
tion caused by the fires (Yu et al. 2022). For comparison, an
analysis of total daily mortality in northern Portugal during
September for the years 2023 and 2024 revealed a statisti-
cally significant increase in mortality from September 16 th
to 21 st, 2024, with an average increase of 9.3 deaths and a
total increase of 56 deaths over this period (unpaired 7-test
analysis; p-value =0.03), coinciding with the peak days of
the fires. We utilized air quality monitoring data from the
Portuguese agency Qualar, which provides daily measure-
ments of key air pollutants. Similarly, daily mortality data
were obtained from Statistics Portugal, while the number of
active fires was sourced from Portuguese fire surveillance
records.

Moreover, the need for protective public policies high-
lights the critical importance of accurate air quality assess-
ments to develop effective protocols that prevent health
injury. The absence of timely data hampers the creation of
Health Impact Assessment (HIA) models, which are essen-
tial for building predictive frameworks to minimize the
health impacts of air pollution, especially during extreme
events like forest fires. Besides the impacts discussed in this
brief communication, wildfire smoke exposure has been

by the fires. Data on PM,, concentration elaborated by the authors
based on https://qualar.apambiente.pt/ (consulted on September 23rd
2024) (QUALAR 2024). Data on number of active fires elaborated by
the authors based on https://fogos.pt/estatisticas (consulted on Sep-
tember 21.% 2024) (Fires 2024)

associated with significant mental health burdens, includ-
ing anxiety, depression, and post-traumatic stress disorders
(Eisenman and Galway 2022; Oerther et al. 2024), empha-
sizing the urgency of preparedness strategies. Given that
extreme weather events are becoming more frequent and
intense due to the current global climate crisis, strengthening
the resilience of health care systems is crucial to ensuring an
adequate response to upcoming emergencies.

Climate change is intensifying extreme weather events,
leading to more frequent and severe wildfires (Stevens-
Rumman et al. 2018; NASA 2025), particularly in temperate
regions like Southern Europe, the western United States, and
southeastern Australia. The Los Angeles wildfire of Janu-
ary 2025 exemplifies how rising temperatures, prolonged
droughts, and shifting precipitation patterns create highly
flammable conditions (Burki 2025). These factors, combined
with human-induced land-use changes and increased fuel
loads, underscore the growing wildfire risk driven by climate
change.

Recent fire events underscore the urgent need to enhance
forest management practices and develop robust national-
level monitoring systems to mitigate climate change impacts.
Actionable steps include implementing comprehensive cri-
sis management plans that account for disturbance risks,
strengthening early-warning systems through satellite and
sensor-based monitoring, and regularly evaluating firefight-
ing protocols. Together, these measures can foster proactive
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conservation efforts and inform strategic environmental
responses. Future research should focus on improving pre-
dictive models that integrate environmental and health data,
as well as evaluating the effectiveness of early warning sys-
tems and mitigation strategies. Effective and well-designed
strategies based on integrative efforts of the environmental
and health sectors can significantly reduce the health burden
and economic costs associated with critical air pollution epi-
sodes and promote community resilience.
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