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Abstract: This study investigates the relationship between urban fire outbreaks and biodiversity in a 
tropical urban environment, using an index that assesses urban suitability for biodiversity. Analyzing 
9,877 fire records from 2011 to 2020, we found that the highest frequency of fire outbreaks occurred 
in areas with intermediate suitability levels, typically peri­urban vegetated zones with limited law 
enforcement. In contrast, areas with the lowest biodiversity suitability exhibited the fewest incidents, 
likely due to stricter regulations and alternative land uses. Notably, regions with high biodiversity 
suitability showed double the frequency of fire occurrences compared to areas with lower suitability, 
suggesting significant human disturbances within preserved vegetation patches. Our findings indicate 
that urbanization correlates with increased fire risks, emphasizing the need for effective fire 
management strategies. Furthermore, this research highlights the critical need for public policies 
aimed at raising awareness of the ecological and health impacts of urban fire outbreaks. By linking 
fire outbreaks to urban biodiversity, this study underscores the importance of integrating 
environmental considerations into urban planning and management to mitigate adverse effects on 
both ecosystems and human populations.

Key­words: Urban ecology; Fire management; Habitat suitability; Environmental policy; Urban 
Biodiversity Suitability index.

INCÊNDIOS URBANOS E BIODIVERSIDADE: O PAPEL DA ADEQUAÇÃO DO HABITAT NA 
INCIDÊNCIA DE INCÊNDIOS EM UMA METRÓPOLE TROPICAL 
Resumo: Este estudo investiga a relação entre incêndios urbanos e biodiversidade em um ambiente 
urbano tropical, utilizando um índice que avalia a adequabilidade urbana para a biodiversidade. 
Analisando 9.877 registros de incêndios entre 2011 e 2020, identificamos que a maior frequência de 
ocorrências foi registrada em áreas com níveis intermediários de adequabilidade, tipicamente zonas 
periurbanas vegetadas com fiscalização limitada. Em contraste, áreas com menor adequabilidade à 
biodiversidade apresentaram o menor número de incidentes, provavelmente devido a 
regulamentações mais rigorosas e usos alternativos do solo. Notavelmente, regiões com altos valores 
de adequabilidade à biodiversidade exibiram o dobro de ocorrências de incêndios em comparação às 
áreas de menor valor, sugerindo distúrbios humanos significativos em fragmentos vegetados 
preservados. Nossos resultados indicam que a urbanização está associada a maiores riscos de 
incêndios, destacando a necessidade de estratégias eficazes de manejo do fogo. Além disso, este 
estudo enfatiza a importância de políticas públicas voltadas para a conscientização sobre os impactos 
ecológicos e de saúde decorrentes de incêndios urbanos. Ao relacionar as ocorrências de incêndios à 
biodiversidade urbana, o trabalho reforça a relevância de integrar considerações ambientais no 
planejamento e na gestão urbana para mitigar os efeitos adversos nos ecossistemas e nas populações 
humanas.

Key words: Ecologia urbana; Manejo do fogo; Adequabilidade de habitats; Política ambiental; Índice 
de Adequabilidade para a Biodiversidade Urbana 
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INTRODUCTION

Fire outbreaks and their impact on 
biodiversity are normally associated with wild 
areas (Silveira et al., 2016; Durán­Medraño et 
al., 2017). These events, best known as 
wildfires, occur almost annually, and their 
frequencies are prospectively increasing 
worldwide due to climate change (Pausas & 
Keeley, 2021). In addition, there is a direct 
impact on biodiversity, with a significant 
reduction of vegetation (Pivello et al., 2021; 
Tyukavina et al., 2022), leading to habitat loss 
for fauna, as well as severe damage to human 
populations, especially those living near or in 
rural areas (Chas­Amil et al., 2013; Salvati & 
Ferrara, 2014).

Nevertheless, fire outbreaks can also 
affect both people and biodiversity in urban 
environments, either directly (when occurring 
within or near urban landscapes) or indirectly 
(when occurring in surrounding landscapes) 
(Kotze et al., 2022; Cobbinah et al., 2023). 
Many studies have explored the consequences 
of fire outbreaks in urban environments, 
focusing on phenomena like smog, with an 
emphasis on human health and the destruction 
of infrastructure (MacLeod et al., 2019; Calkin 
et al., 2023). However, the effects of urban fire 
outbreaks on urban biodiversity remain 
underexplored. It has already been 
demonstrated that fires impact habitat quality 
for birds and the natural regeneration processes 
mediated by them (Lindenmayer et al., 2008; 
Stojanovic et al., 2016). Additionally, the 
impacts of fire­related air pollution on urban 
wildlife behavior have been addressed, as they 
can affect both animal movement and 
vocalization (Sanderfoot et al., 2021).

To efficiently address the occurrence of 
fire outbreaks in cities, it is important to 
investigate whether these fires are influenced 
by the environmental and spatial characteristics 
of urban landscapes. Within cities, fire 
outbreaks may be linked to human conflicts, 
particularly in regions of interest for real estate 
development (Chas­Amil et al., 2013; Salvati & 
Ranalli, 2015). There is also a direct association 
between urban growth and the occurrence of 
fires, as cities expand into vegetated areas, 
affecting both the structure of the vegetation 
(Hubert et al., 2023; Schug et al., 2023) and 
urban biodiversity (Chang & Lee, 2016; 
Stojanovic et al., 2016).

Investigations focused on urban 
environments have gained significant 
importance, whether due to continuous urban 
growth and the associated increase in 
population in these areas (United Nations, 
2018), or because of the high biodiversity found 
in urban environments (Bhakti et al., 2024). 
Moreover, monitoring fire outbreaks at this scale 

is more challenging compared to wildfires in 
large forested areas, which can be tracked using 
various satellite systems (MapBiomas, 2024). 
Assessing urban fires is also a way to highlight 
the impact they can have on both biodiversity 
as a whole and human populations, 
emphasizing the need for public policies with 
this focus.

Assumed the potential for urban fire 
outbreaks to strongly impact biodiversity, and 
the fact that fire occurrences are influenced by 
urban landscape characteristics, this study aims 
to assess how spatial characteristics related to 
bird habitat suitability in a large metropolis may 
influence the occurrence of urban fire 
outbreaks. To do this, we used the Urban 
Biodiversity Suitability (UBS) index developed 
by Bhakti et al. (2024), which is based on a 
knowledge­driven approach incorporating four 
landscape attributes: human accessibility, 
soundscape, built artifacts and volume, and land 
cover. The UBS index is particularly useful for 
identifying urban areas that, despite human 
presence, offer environmental conditions 
favorable for sustaining biodiversity. In a 
previous assessment, regions with high UBS 
index values were characterized by a high 
amount of vegetation — especially woody cover 
— reduced noise exposure, and lower levels of 
accessibility and built artifacts (Bhakti et al., 
2024). Thus, the goal of this study was to 
evaluate whether the UBS index can also 
describe urban vegetated areas that are at 
higher risk for fire outbreaks, based on the 
geospatial characteristics of Belo Horizonte 
(Minas Gerais, Brazil). As fire outbreaks in cities 
are often linked to peri­urban areas undergoing 
expansion (Schug et al., 2023), we hypothesize 
that fires are more likely to occur in regions 
with intermediate to high biodiversity suitability 
levels according to the UBS index.

METHODS

STUDY AREA

We conducted our study within the 
municipality of Belo Horizonte, State of Minas 
Gerais, Brazil (­19.899152, ­43.955470), 
characterized by a predominantly urbanized 
landscape and lower population density in peri­
urban regions (Belo Horizonte, 2019). The 
climate is divided between a dry and cool 
season from April to September, and a rainy and 
humid season from October to March (Alvares 
et al., 2013). The municipality is situated within 
the ecotone of two biodiversity hotspots, the 
Atlantic Forest and Cerrado (Myers et al., 2000), 
and contains around 100 protected areas, as 
well as other green spaces in peri­urban zones 
(Xavier, 2018; Bhakti et al., 2024).

We selected Belo Horizonte as our case 
study because it is the same city for which the 
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UBS Index was developed. Additionally, a recent 
study indicated that the majority of air pollution 
in this region is attributable to fire outbreaks 
(Sobrinho et al., 2024), highlighting the need 
for further investigation into the spatial 
distribution of these occurrences. Furthermore, 
the municipality has experienced a high 
incidence of fires during recent dry seasons, 
with smoke completely covering the territory 
(Haddad, 2024). This point was crucial in our 
search for local data, particularly from public 
agencies that deal directly with fire prevention 
and response in urban areas. In this way, we 
obtained more accurate data for the urban 
scale, which we believe can have a greater 
impact and be applicable as a return of the 
research to public policies.

URBAN BIODIVERSITY SUITABILITY INDEX ­ UBS
The UBS index was developed with the 

aim of identifying urban areas with greater 
suitability for biodiversity (Bhakti et al., 2024). 
To achieve this, it combined four geospatial 
layers: human accessibility, soundscape, built 
artifacts and volume, and land cover. All these 
layers represent different ways to characterize 
urban structure, indicating locations with lower 
accessibility, less noise and built volume, as well 
as higher vegetation cover. To validate the UBS 
index, it was used bird data collected in 120 
survey sites distributed throughout Belo 
Horizonte landscape. As a result, it was found 
that locations with higher UBS values also 
exhibited greater bird taxonomic and functional 
diversities, indicating a positive relationship 

between the environmental and landscape 
quality indicated by the UBS index and 
biodiversity (Bhakti et al., 2024). Although the 
UBS index can be extrapolated to various urban 
biodiversity groups, it is important to highlight 
that its validation was based on birds. 
Therefore, it is recommended that the use of its 
results take this limitation into account, and 
that other fauna groups be used to broaden the 
understanding of the relationship between 
biodiversity and urban data.

FIRE OUTBREAK DATA AND ANALYSES

To assess the relationships between the 
suitability levels of the UBS Index and the 
occurrence of urban fire outbreaks, we used 
data from 9,877 records collected between 2011 
and 2020. These records were obtained as a 
point feature map from the Minas Gerais State 
Fire Department within the municipality of Belo 
Horizonte (https://www.bombeiros.mg.gov.br/) 
(Fig. 1A). These records represent occurrences 
of fire outbreaks in urban vegetation, including 
vacant lots, public and private green spaces, 
brownfields, and protected areas. The full 
dataset is available in Supplementary Material 
(see Bhakti, 2025).

We built a histogram to assess the 
distribution of the frequencies of fire outbreak 
records according with the five classes 
representing the levels of the UBS Index, 1 
being the lowest and 5 the highest suitability 
levels (Fig. 1B). Additionally, we conducted a 
chi­square test to determine if there was a 
significant association between the occurrence 

Fig 1. (A) Records of fire outbreaks in urban vegetation in the Belo Horizonte municipality (Minas 
Gerais, Brazil) during the period from 2011 to 2020. (B) Urban Biodiversity Suitability index (UBS): 1 
being the lowest and 5 the highest suitability levels.
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of fires and the UBS classes. This test allowed 
us to evaluate whether the observed 
frequencies of fires in the different classes were 
significantly different from the expected 
frequencies, providing a deeper understanding 
of the potential interactions between 
urbanization and biodiversity in the Belo 
Horizonte region.

RESULTS

According with our expectations, most of 
the fire outbreak records occurred at 
intermediate levels (UBS: 2, 3 and 4 ­ 7,489 
records), followed by high levels of suitability 
(UBS: 5 ­1580 records) and the areas with the 
lowest suitability values were those with the 
lowest frequency of records (UBS: 1 ­ 806). 
Therefore, the regions with the lowest UBS 
Index values, i.e. with a higher degree of 
urbanization, presented the lowest frequency of 
fire outbreak records. (Fig. 2).

We found a significant association 
between the occurrence of fire outbreak records 
and the classes of the Urban Biodiversity 
Suitability Index (UBS) (χ² = 1251.6, df = 4, p 
< 2.2e­16). The expected frequencies for each 
class were approximately 1975.4. UBS 1 and 5 
showed an occurrence of fires below what was 

expected, while classes 2, 3, and 4 exhibited a 
higher incidence, indicating that areas with 
intermediate levels of suitability for biodiversity 
are associated with a higher number of fire 
outbreak in urban vegetation (Fig. 2).

 DISCUSSION

The UBS Index can describe patterns of 
fire outbreaks across an urban landscape: the 
highest frequency of records occurred at 
intermediate suitability levels. They mainly 
represent peri­urban vegetated areas, where 
law enforcement is probably limited, typically 
located near large vegetated zones yet distant 
from densely populated areas. In contrast, 
vegetated areas with the lowest biodiversity 
suitability levels exhibited the lowest frequency 
of fire outbreaks, likely due to small vacant lots 
and brownfields situated in the most urbanized 
areas, where law enforcement is presumably 
stricter, and alternative land uses (such as cattle 
ranching and agriculture) are limited. 
Conversely, areas with the highest biodiversity 
suitability showed double the frequency of 
outbreaks, indicating human disturbances within 
native and preserved vegetation patches. This 
pattern was only highlighted due to the 
utilization of long­term data collected over 

Fig. 2. Histogram frequency of fire outbreaks according to the suitability levels described by the 
Urban Biodiversity Suitability Index (UBS: 1 to 5) developed for Belo Horizonte (Minas Gerais, Brazil). 
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nearly 10 years. Such data allow for a better 
assessment of impacts and the establishment of 
patterns for the sampled area, as well as for 
spatial and temporal variables (Bispo et al., 
2023). Although the UBS Index effectively 
describes these spatial patterns, it is important 
to acknowledge that areas with the same UBS 
classification value (1 to 5) may still present 
relevant ecological differences, such as variation 
in vegetation structure, land use types, and 
conservation status. This is expected, 
considering that each index value reflects a 
combination of multiple urban and 
environmental layers. Therefore, while similar 
UBS values indicate comparable levels of overall 
suitability for biodiversity, they do not imply 
ecological uniformity at finer scales. Rather, 
they reflect composite patterns of human 
accessibility, noise levels, built structure 
density, and vegetation cover, which together 
influence habitat suitability across 
heterogeneous urban landscapes.

Despite the important role of fire 
outbreaks in modulating habitat quality and 
availability for biodiversity (Haugaasen et al., 
2003), they can facilitate the spread of exotic 
species across natural areas (Rossi et al., 
2014), as well as lead to changes in the 
vegetation structure (Silveira et al., 2016; 
Pivello et al., 2021), which can directly affect 
biodiversity, including habitat for some bird 
species (Stojanovic et al., 2016). Thus, our 
findings highlight a worrisome pattern that 
urban areas that harbor intermediate to high 
levels of suitability for urban biodiversity also 
concentrates most of the fire outbreak records 
across this urban landscape. 

Relating the occurrence of these fire 
outbreaks to urbanization is a starting point for 
assessing their impacts on biodiversity (Hubert 
et al., 2023). With the expansion of built 
surfaces in cities, there is also greater access to 
more isolated green areas (such as peri­urban 
areas), which implies an increase in the 
probability of occurrence of fires. These areas 
are not only spatial transition zones but also 
harbor distinct ecological features. In particular, 
they often differ from other urban sectors in 
terms of vegetation structure and bird species 
composition, with birds responding to subtle 
gradients of habitat quality and landscape 
configuration (MacGregor­Fors, 2010). Our 
findings reinforce this ecological distinction, as 
the high incidence of fire outbreaks in these 
areas reveals a convergence of biodiversity 
relevance and human pressure. This relationship 
can be associated with the use of fire as a 
management practice to prepare new areas for 
urban expansion, especially grassland and open 
habitat vegetation patches (Barger et al., 2003). 
Those areas are more easily occupied due to the 
lower above ground biomass than forest 

patches (Bhakti et al., 2020). Additionally, fire is 
used not only to facilitate urban expansion but 
also as a form to prepare the soil for 
agriculture, although considered as an 
environmental crime in Brazil (Brasil, 1998). 
Such practice can cause the spread of flames to 
various green spaces, including protected areas 
(Rezende, 2023), causing health problems due 
to smoke, affecting biodiversity, and increasing 
public spending on firefighting (CBMMG, 2023). 
Therefore, regions with intermediate levels of 
the UBS Index and with high frequency of fire 
outbreaks may receive special attention for 
surveillance and environmental education 
programs, increasing the awareness of the 
human population about impacts of the use of 
fires not only on biodiversity, but also on human 
health and well­being (e.g., air pollution, 
respiratory issues, property damage). The 
continuous changes caused by fire outbreaks 
and the lack of campaigns or management 
actions by stakeholders can result in ecological 
impacts and a reduction in the ecosystem 
services that urban vegetation provides for the 
human population (Cobbinah et al., 2023).

Given the complex issue of fires, it must 
be viewed through the lens of political decisions 
(Pivello et al., 2021), requiring actions related 
to the development of laws and effective 
enforcement by executive authorities. To 
illustrate, in 2024, Brazil experienced a record 
number of fires, with smoke and its effects felt 
across the country (Castro, 2024; MapBiomas, 
2024; Sinimbú, 2024). This was also true for 
the municipality of Belo Horizonte, where this 
study was conducted (Fig. 3), with urban areas 
in Minas Gerais alone recording more than 
25,000 fire occurrences (Ferreira, 2024). 
Although the UBS index is biased towards bird 
occurrence, and other taxonomic groups are 
important to fully understand the relationship 
with fire outbreaks, this highlights the urgent 
need for preventative measures. Therefore, it is 
essential to use long­term data in comparison 
with urban biodiversity assessment indices in 
these new times. 

Finally, we would like to conclude this 
study with the following recommendations:

• We reinforce the need for further 
studies that relates urban fire outbreaks and the 
occurrence of biodiversity in cities, since urban 
landscapes are important refuges for native 
flora and fauna (Rega­Brodsky et al., 2022).

• Second, the approach we adopted in 
this study can be considered as a form of 
integrated management of urban green spaces. 
By relating the occurrence of fire outbreaks with 
vegetated areas with specific spatial 
characteristics, it is possible to investigate 
people motivations for the use of fire, as well as 
assist in the formulation of public policies 
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aiming at reducing the occurrence of fire 
outbreaks and their impacts on urban 
biodiversity and human health.
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