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Abstract: In a changing world where the frequency of natural hazards is increasing, the consequences
of disasters on cultural heritage assets are still not well understood. This can be attributed to
shortcomings in existing risk management practices and to the fact that disaster consequences in
the cultural sector are seldom recorded in a structured manner. On 15 October 2017, an extreme
wildfire event took place in Portugal, causing significant human and material losses. However, little
information is available about its impacts on cultural heritage. This article describes a study that
was carried out to identify cultural heritage assets affected by the event in inland central Portugal,
and the types of impacts that they withstood, based on local information collected from a sample of
municipalities estimated to have been the most affected. The municipalities were selected based on a
geospatial analysis supported by maps of estimated burnt areas and national datasets of cultural
heritage. The information provided by the municipalities is comprehensively reported and discussed.
Although the consequences of the wildfires on cultural heritage were not particularly severe, relevant
direct and indirect damage occurred, and further indirect consequences may arise in the future as a
result of the event. Improved knowledge and awareness regarding wildfire risk management for
cultural heritage assets, supported by research initiatives such the one presented here, are called for.

Keywords: archaeological heritage; architectural heritage; disaster impacts; loss data; Portugal; risk
management; wildfires

1. Introduction

Extreme wildfires are a recurrent phenomenon worldwide which have caused growing
economic, social and environmental impacts in recent decades [1,2]. In many regions of
the world, the projected increase in fire activity due to climate change is likely to further
exacerbate this trend [3]. In fact, climate change is not only causing fire seasons to start
earlier and finish later, but it is also associated with an increase in the duration, extent,
intensity and severity of extreme wildfire events [4]. Such events can pose a significant
threat to tangible cultural heritage, particularly at sites where cultural heritage assets are
covered by vegetation or located close to forests and flammable vegetation, as is often
the case in southern European countries [5]. The impacts of wildfires on cultural heritage
can be classified as direct and indirect [6]. Direct impacts are the physical and chemical
effects of the energy transported from the burning fuel to an asset’s materials, or the
degradation of its surface due to the deposition of combustion byproducts such as soot.
Indirect impacts are those arising both from biophysical processes acting on the fire-altered
environment (e.g., post-fire damage caused by increased weathering and erosion) and
from human responses to the fire (e.g., damage caused by fire suppression and mitigation
activities) [6,7].

In order to adequately mitigate and manage wildfire risk—or the risk associated with
any other type of hazard—reliable risk assessments and evidence-based decision making
are necessary [4,8], which in turn require data and knowledge on the impacts and losses
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caused by past events [9,10]. This is particularly relevant in the case of cultural heritage
due to its socio-cultural, environmental and economic value for society [11,12]. However,
even though the importance of protecting cultural heritage and including it within disaster
risk reduction initiatives have been widely recognised worldwide (e.g., [13-16]), risk
management practices for cultural heritage are still lacking in many aspects [17,18]. In this
context, although cultural heritage around the world is recurrently affected by disasters,
the consequences of such events are usually not adequately recorded [19,20].

Portugal is among the European countries most affected by wildfires [21]. In 2017
alone, a record 500,000 hectares burned in the country and over 120 human lives were lost.
One of the most extreme wildfires that year took place on 15 October, after the end of the
official fire season established by Portuguese authorities. This event was marked by the
passage of hurricane Ophelia, an unusual meteorological phenomenon that caused strong
and dry winds in Portugal, particularly in the central part of the country. Together with the
high temperatures registered throughout 2017, which caused the vegetation and soil to be
extremely dry, this meteorological event created the conditions for the extreme wildfires of
15 October [22,23]. The event caused over 50 fatalities and extensive damage to property.
However, even though its consequences were studied in detail for certain sectors [23], this
was not the case regarding cultural heritage, where post-event assessments were limited
in number and scope [24]. This highlights an insufficient awareness and effectiveness
regarding the management of cultural heritage exposed to disaster events, including
wildfires, similarly to what has been reported by other authors [17,24].

In this context, this article describes a study that was carried out between 2019 and
2020 to gain a better understanding of the impacts of the October 2017 Portugal wildfires—
particularly in the inland central part of the country, as specified in the following section—
on cultural heritage assets. The study was conducted in the context of the research project
Risk Indicators for the Analysis of Cultural Heritage under Threat (RIACT), which is being
undertaken at the Faculty of Engineering of the University of Porto. In this study, we
first identified a set of potentially affected cultural heritage assets based on a geographic
information system (GIS), using maps of estimated burnt areas and national databases of
cultural heritage. We then contacted the municipalities with a potentially higher number of
affected cultural heritage assets in order to enquire if field surveys had been carried out to
assess the potential damages and monitor the state of local cultural heritage and, if not, to
encourage the municipalities to carry out such surveys. Lastly, we analysed the information
collected locally and compared it with the data and results obtained from our GIS-based
analysis. The objectives of this study are to identify and report the cultural heritage assets
that were in fact affected during the wildfires, and the types of impacts that occurred, based
on the information collected from our sample of municipalities. Based on this, we then
discuss common practices and shortcomings related to the collection and management of
information at the local level, identifying potential improvements, as well as discuss the
reliability of geospatial analyses at the large scale to identify assets potentially affected by
wildfires. Ultimately, this article aims to contribute towards improving knowledge and
awareness regarding the management of cultural heritage wildfire risk in Portugal.

2. Methods

This section describes the datasets and procedures adopted to identify the cultural
heritage assets potentially affected by the October 2017 wildfires in inland central Portugal
(i.e., assets in contact with the fire regardless of the occurrence of damage) and, based on
that information, the municipalities where the number of such assets was estimated to be
higher.

2.1. Mapping Burnt Areas

Mapping areas affected by wildfires is inevitably associated with some uncertainty [25].
Therefore, in order to establish burnt areas relative to the October 2017 fire, delineation
maps from two different data sources were adopted: the Copernicus Emergency Manage-
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ment Service (CEMS) and the Institute for Nature and Forest Conservation (ICNF). The
first, CEMS, is one of the core services of the European Union’s Earth observation pro-
gramme Copernicus. The CEMS comprises a rapid mapping component, which provides
on-demand geospatial information to support emergency response actions following a
disaster. This information is generated from the acquisition, processing and analysis of
remote sensing data in rapid mode [26,27]. The October 2017 fire corresponds to the CEMS
Activation ID EMSR250 [28]. In this article, as previously mentioned, we focus on the
inland central part of Portugal, which is covered by EMSR250’s Nelas Area of Interest
(Aol). The corresponding delineation map was developed from post-event satellite imagery
using a semi-automatic approach [29]. The second, ICNE, is a Portuguese public institute
whose mission is to implement integrated territorial planning and management policies
in the domains of conservation of nature, biodiversity and forests, and ensure the coor-
dination of structural prevention and management of forest fires [30]. On a yearly basis,
the ICNF manages the production of maps of burnt areas in mainland Portugal with the
objectives of supporting planning actions to recover such areas, implementing structural
prevention actions and organising the surveillance and combat system. The surveying of
burnt areas and production of delineation maps are carried out by the Guarda Nacional
Republicana (GNR; the Portuguese National Republican Guard) with the support of the
affected municipalities [31]. When necessary, this data is complemented with polygons
of burnt areas from semi-automatic classification processes using imagery from LandSat,
Sentinel or others. Based on the ICNF’s vector map of burnt areas relative to 2017 [32], the
delineation of the October 2017 event was obtained by filtering the database by date in
order to cover the days during which the fire was active, extracting the polygons located
within the previously mentioned Nelas Aol.

It should be noted that the ICNF geospatial dataset for 2017 used in this study contains
a “Source” attribute that refers to the source from which each polygon was obtained;
existing values of this attribute in the dataset include, among others, “Copernicus” and
“GNR/GTF” (where GTF stands for Gabinete Técnico Florestal, i.e., Forestry Technical Office).
In the majority of the burnt area given by the ICNF polygons for this event, the source is
defined as “GNR/GTEF”, which implies that in this case the delineation was carried out
based on local information. This confirms that the two adopted datasets are indeed derived
from different approaches (i.e., one from satellite imagery and the other from locally
obtained data). Figure 1 shows the delineation maps from the two sources, highlighting
the areas where they do and do not overlap. It can be observed that, in general, there is
a reasonably good agreement between the maps in terms of their outline, even though
there are differences in certain areas, which is expected. However, the most considerable
discrepancy between the two sources is that the ICNF’s polygons are spatially continuous,
i.e., they do not contain any island polygons inside them. As such, the ICNF’s burnt area
map covers several human settlements that were actually not directly hit by the fire. In this
regard, and for this event, the CEMS’s map appears to be more accurate.
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Figure 1. Map of the estimated burnt areas relative to the October 2017 wildfire, locations of protected and archaeological
assets within the Copernicus Area of Interest (with larger icons indicating assets overlapping burnt areas), and names of the

municipalities with potentially affected cultural heritage assets.

2.2. Geolocating Cultural Heritage Assets

In order to define and geographically locate cultural heritage assets with which to
perform the assessment, we resorted to two databases developed by the public entity
responsible for managing the cultural heritage in Portugal, the Directorate-General for Cul-
tural Heritage (DGPC). The first database, Information System for Architectural Heritage
(SIPA; http:/ /www.monumentos.gov.pt (accessed on 12 July 2021)), contains the most com-
prehensive inventory of architectural, urban and landscape heritage in Portugal [33]. The
SIPA database of protected heritage that was adopted herein comprises Portuguese cultural
heritage with listed status, i.e., with an official protection representing a formal acknowl-
edgement of the civilisational or cultural value of a cultural heritage asset. The Portuguese
system of heritage listing establishes that a cultural heritage asset can be listed as bearing
national interest (if it contains features of considerable national significance), public interest
(if it contains features of national significance though in a level insufficient to be considered
of national interest) or municipal interest (if it contains features of local significance) [34,35].
The second database, Endovélico, is the main archaeological management and storage instru-
ment in Portugal; its inventory of archaeological heritage can be accessed through Portal
do Arquedlogo (the Portal of the Archaeologist, http:/ /arqueologia.patrimoniocultural.pt
(accessed on 12 July 2021)) [36-38]. Further details about these databases can be found in
the previously cited references.

The geospatial data are available as GIS point features which contain not only the
geographical location of each asset but also information such as their types (e.g., building,
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castle, dolmen, rock art) and protection level according to the Portuguese system of heritage
listing described previously. These two datasets, which contain 4201 and 26,509 entries,
respectively, do not include unlisted architectural heritage assets, i.e., assets with features of
some significance that were not granted any type of official protection. These unlisted assets
were not considered necessary for this first part of the study since they are mostly located in
urban areas. Still, because wildfires cover mainly forest areas where archaeological heritage
tends to be more prevalent, the presented analysis considers all of the archaeological assets
regardless of their listed status. Figure 1 shows the assets within the Aol. It should be
noted that these datasets, notwithstanding their usefulness, have some limitations. First,
some assets contain inaccurate geographical locations, particularly archaeological heritage,
which should be taken into account when using them as input for any analysis. Second,
there is an uneven distribution of archeological heritage across some of the municipalities,
which can either mean that certain areas were previously surveyed and no sites were found,
or that those areas were not yet surveyed; further information on this issue was unable to
be obtained for the present study. Third, some assets have entries in both databases; thus, a
verification was carried out in order to avoid duplication of the elements under analysis
within the event’s Aol

2.3. Identification of Potentially Affected Assets

A list of cultural heritage assets potentially affected in the October 2017 fire was then
obtained by performing a spatial overlap between the geo-datasets of burnt areas and
of the cultural heritage assets, and by selecting the points of the latter overlapping the
polygons of the former. Due to the differences between the CEMS and ICNF maps—which
underlines the uncertainty that exists in burnt area mapping—we considered a joint CEMS-
ICNF delineation obtained by merging the two datasets. Protected heritage assets located
within the polygon islands of the CEMS maps described in Section 2.1, i.e., within urban
settlements that were not affected by the fire, were excluded. All of the archaeological
heritage assets were considered due to some uncertainty regarding their exact locations.

Figure 1 illustrates the overlap between the different databases described above for
the October 2017 event, while the bar plot presented in Figure 2 summarises the results in
terms of the number of affected assets by municipality.

Arganil
Carregal do Sal .2
Castelo Branco
Fornos de Algodres
Gouveia [™.2

Lousd f.1L

Mangualde .1
Mortagua
Nelas
Oleiros .1
Oliveira de Frades
Oliveira do Hospital .2
Pampilhosa da Serra

Municipalities

Penacova

Santa Comba Dio
Sdo Pedro do Sul
Seia .1

Tébua L1

Tondela .2

Trancoso

Vila Nova de Poiares

Viseu M Protected heritage (14)
Vouzela Archaeological heritage (444)
0 20 40 60 80 100

Number of potentially affected assets

Figure 2. Bar plot representing the number of protected and archaeological heritage assets identified
as potentially affected by the October 2017 wildfire by municipality.
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3. Surveys

The previously described geospatial analysis identified 23 municipalities with at
least one potentially affected cultural heritage asset due to the October 2017 event. Based
on these results, and with the aim of obtaining a representative sample of locally col-
lected information—given that contacting every municipality was not practicable—we
approached the municipalities with 20 or more potentially affected elements. To each mu-
nicipality, we provided the list of potentially affected assets within its region (as described
in the previous section) as a reference and requested any information on the impacts of the
event on existing cultural heritage. We managed to obtain information for six municipali-
ties, which is described in this section: Arganil, Gouveia, Oliveira do Hospital, Pampilhosa
da Serra, Tabua and Vouzela. Note that although the terminology used by the different
municipalities is not always entirely consistent, here we describe the information as it was
provided to us as closely as possible, after translating from Portuguese. A discussion is
then provided in Section 4.

3.1. Arganil

The municipality of Arganil provided a list of 21 cultural heritage assets affected by
the 2017 October wildfires, as well as photographs of some of those assets after the event
(see Figure 3 for examples). In terms of architectural heritage, affected assets include the
bell tower of the church Igreja Matriz de Vila Cova do Alva, which is a listed asset with public
interest status, and three houses with coats of arms that collapsed, which had cultural
relevance at the local level despite not being listed. Regarding archaeological sites, the
municipality team carried out an archaeological survey (prospection) to ascertain the
impacts of the fire. The municipality reported that the affected heritage comprised mostly
rock art and part of the medieval road known locally as Estrada Real, although there was
no physical damage. In addition, several conheiras (archaeological heritage consisting of
heaps of pebbles related to alluvial gold mining located along the Alva River) and some
rock carvings in the Benfeita area were also affected. The municipality also reported that
rock art in the parish of Piédao was relocated after the event.

3.2. Gouwveia

The municipality team reported that, based on a spatial analysis performed using the
QGIS geographic information system, 57 cultural heritage assets in the municipality were
located within the area affected by the October 2017 fire. The map and asset list based on
which this analysis was carried out were provided by the municipality and are shown in
Figure 4 and Table 1, respectively.

Even though the municipality did not specify the data source it used to establish which
areas had been affected, based on the provided map it can be observed that the area shapes
are consistent with the ICNF geospatial database of the 2017 fires in Portugal (although
they also appear to include a few polygons relative to previous fires from that year, perhaps
erroneously). Out of the 57 cultural heritage assets supposedly within the affected area,
the municipality reported that 21 are architectural elements located in urban areas, which
did not suffer any damage for that reason. The remaining 36 cultural heritage assets are
archaeological sites located in areas affected by the fire. These assets were classified by
the municipality in two groups: archaeological sites (21) and relevant archaeological sites
(15). This classification was assigned based on a series of internal parameters that were not
further described by the municipality.
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Figure 3. Photographs of some of the cultural heritage assets affected by the October 2017 fire in the municipality of Arganil:
(a) House with coat of arms in the parish of Cerdeira e Moura da Serra, which was heavily damaged by the fire; (b) Rock art
in the parish of Benfeita; (c) Estrada Real medieval road; (d) Conheira (heaps of pebbles related to alluvial gold mining).

The asset list shown in Table 1 indicates the assets that were visited by the municipality
technicians following the October wildfire (between November 2017 and January 2018),
which correspond to 17 archaeological sites. The selection of which sites to visit in the
aftermath of the event was based on information provided to the municipality by the
municipal civil protection, who indicated the locations where the fire intensity was the
highest. Contacts were also maintained with the parishes, who indicated the locations
where the incidence of the fire was higher and reported the state of the cultural heritage
located therein. The sites that were not visited at that time were surveyed at a later stage,
and it was then confirmed that their state of conservation had not been affected by the
event. Based on this information, the municipality classified the impact of the event on
each asset based on a scale of indices, which is also presented in Table 1.
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Figure 4. Map provided by the municipality of Gouveia.

Table 1. List of cultural heritage assets provided by the municipality of Gouveia. The ‘Visited” column indicates the assets

that were visited shortly after the event, i.e., between November 2017 and January 2018. The ‘Impact’ column refers to the

levels of impact due to the event according to the following categories: 0—no structures on the surface; 1—not affected;

2—affected; 3—very affected; 4—destructive impacts.

. Municipal -
Toponym Type Listed Status Classi ﬁl:a tion Visited  Impact
Igreja Matriz de Vinho Religious architecture =~ Public interest Relevant built heritage 1
Igreja Matriz de Folgosinho  Religious architecture Relevant built heritage 1
Capela Sra. do Monte Religious architecture Relevant built heritage 1
Capela Sta. Eufémia Religious architecture Relevant built heritage 1
Casa do Judeu Vern‘acular Relevant built heritage 1
architecture
Capela de Sta. Marta Religious architecture =~ Public interest Relevant built heritage 1
Casa da Camara Civil architecture Public interest Relevant built heritage 1
Pelourinho Pillory National monument Relevant built heritage 1
Pago de Melo Civil architecture Public interest Relevant built heritage 1
Castelo de Folgosinho Castle Public interest Relevant built heritage 1
Outeiro Undefined Public interest Relevant built heritage 1
Misericordia Religious architecture Relevant built heritage 1
Capela S. Faustino Religious architecture Relevant built heritage 1
Capela S. Pedro Religious architecture Relevant built heritage 1
Solar Carvalho Cunha Civil architecture Relevant built heritage 1
Solar Bento de Moura Civil architecture Relevant built heritage 1
Capela do Santissimo Religious architecture Relevant built heritage 1
Capela Sra. do Porto Religious architecture Relevant built heritage 1
Igreja S. Isidoro Religious architecture Relevant built heritage 1
Solar Civil architecture Relevant built heritage 1
Tronco do Ferrador Ethnographic Ethnographic heritage 1
Galhardos Pathway Public interest Ancient road network v 4
Ponte das Cantinas Bridge Ancient road network v 2
Ponte do Aljao Bridge Ancient road network v 1
Bravoissa Inscription Archaeological site 1
Campo Redondo Village Archaeological site v 1
Quinxozo Tomb Archaeological site 1
Tapada Necropolis Archaeological site v 1
Regada/Bacelo Undefined Archaeological site 0
Chao do Pinto Tomb Archaeological site 1
Moita do Cume Tomb Archaeological site 1
Castelo Walled village Archaeological site v 2
Fraga Undefined Archaeological site 0
Sitio da Horta Undefined Archaeological site 0
Pai Mogo Undefined Archaeological site 0
Penedo da Marreca Inscription Archaeological site 1
Barroca Girabolhos Inscription Archaeological site 1
Lagar do Clergo Winepress Archaeological site 1
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Table 1. Cont.
Toponym Type Listed Status Municipal Visited  Impact
pony M Classification P
Monte dos Galhardos Menhir Archaeological site 1
Regada Grande Necropolis Archaeological site v 1
Quinta dos Botos Winepress Archaeological site 1
Cama da Moura Tomb Archaeological site 1
Penedo dos Mouros Residential Archaeological site 1
Penedo dos Mouros Tomb Archaeological site v 2
Quinta da Moira Tomb Archaeological site 1
Pedras da Forca Forca Relevant . . v 3
archaeological site
Castelo Tomb Relevant . . v 2
archaeological site
Casal Sao Pedro Tomb Relevant . . 1
archaeological site
Vale do Rossim Undefined Relevant . . 0
archaeological site
Castro Vedro Village Relevant . . v 3
archaeological site
Castelejo Walled village Relevant S v 2
archaeological site
Risado/Arrasado Necropolis Relevant . . v 2
archaeological site
Castelo Undefined Relevant . . 1
archaeological site
. . Relevant
Lages Ruivas I Winepress archaeological site v 1
Penedo dos Mouros Rogqueiro castle Relevant . . v 2
archaeological site
Penedo dos Mouros Residential Relevant . . v 2
archaeological site
Quinta da Moira Rock sanctuary Relevant v 1

archaeological site

The municipality reported that the site that suffered the most was Calgada dos Galhardos
(a Roman stone pathway) along its 2 km extension. Although the fire damage was limited
to slight and sporadic changes in the stone compounds, the most critical situation results
from its position on the hillside and the erosion that occurred in the area, which endangers
the structure (as the erosion conditions facilitate the occurrence of landslides in the future).
Reforestation actions in the region were monitored by the archaeological technician of the
municipality, and were carried out leaving a margin of 5 m on both sides of the pavement.
Castro Vedro and Pedra da Forca also suffered minor damage to their structures. Similar to
Calgada dos Galhardos, the municipality expected that the destruction of the forest would
accelerate the erosion process of the land where the structures were located, putting them
at risk of destruction.

3.3. Oliveira Do Hospital

Following our contact, the municipality of Oliveira do Hospital developed a detailed
study with the purpose of identifying the protected and archaeological heritage in the
region, as well as assessing the direct and/or indirect impacts that the October 2017 fire
had on those assets. To do so, after receiving the previously described list of potentially
affected assets from our team, the municipality technicians started by collecting information
to facilitate subsequent field trips. Specifically, the municipality team contacted parish
councils in order to more easily locate certain sites whose exact location was not known,
and in parallel gathered information from the Portal do Arquedlogo database. The data
collected during the field trips were recorded in so-called site sheets, developed by the
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municipality team, which include the following fields: (i) designation; (ii) parish; (iii) type
of asset; (iv) brief descriptions of the asset and the impacts caused by the October 2017 fire;
(v) geographical location represented in Portuguese military maps; (vi) photographs of the
structures (if present) and their surroundings. Thirty-five site sheets were completed; an
example is presented in Figure 5, and the information provided about the impacts of the
event are synthesised in Table 2. In cases where it was not possible to identify the assets,
site sheets were not created. Regarding these cases, the municipality team reported some
of the constraints that hampered the surveying fieldwork:

- Some of the sites were not known to the locals of the contacted parishes, meaning that
in those cases the municipality technicians could not make use of oral information.
Nevertheless, the team attempted to identify the sites based on the collected geograph-
ical coordinates. The sites located within the urban fabric of villages and towns or
close to agricultural rural areas were easily identified, mapped and inventoried. On
the other hand, in forest areas, two and a half years after the event (which affected
98% of the municipality’s forest territory), different types of vegetation had grown
in a disorganised manner, making them inaccessible and/or impenetrable. Since a
large part of the potentially affected archaeological sites are high medieval funerary
structures (i.e., graves dug in rock), most of them are located in granitic outcrops at
the ground level, and are therefore hidden by the vegetation;

- In some of the cases, the original typological classification of the sites in the database
was performed without following strict scientific criteria. As a result, some of the sites
may belong to different types than those recorded;

- Some of the sites suffered anthropogenic damage prior to the fires, which made it
impossible to locate them (such as the Crastos tomb);

- Some of the sites are located on private property which the municipality team was
not given permission to access;

- Some of the archaeological sites consist in patches of occupation (i.e., areas where there
is a concentration of archaeological materials on the surface belonging to a specific
period) which have not yet been intervened (i.e., archaeological excavations have not
yet been carried out). However, it may be assumed that these sites are preserved.

After carrying out this work, the municipality team concluded that the impact of
the October 2017 fire to the protected and archaeological heritage of Oliveira do Hospital
was null or very low. The only directly impacted building was the chapel Capela de Sio
Bartolomeu, located next to the homonymous archaeological site. As previously mentioned,
some of the identified assets are archaeological sites consisting of graves dug in the rock,
where the only evidence of the event is the presence of soot on the outcrop where the graves
are inscribed. On the other hand, some of the archaeological sites were indirectly impacted;
for example, at the dolmen Anta de Curral de Mouros, during the forest clearing process,
a charred tree fell onto one of the pillars of the access corridor to the funeral chamber,
tilting it.

3.4. Pampilhosa da Serra

The municipality of Pampilhosa da Serra stated that no assets were affected by the
event, although no field surveys were performed to confirm that assertion.
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Ficha de Sitio Arqueolégico

Designacao: Anta de Curral de Mouros

Concelho/Freguesia: Oliveira do Hospital/Seixo da Beira/Sobreda

Tipo de sitio: Anta/Dolmen

Descricao do sitio: Este monumento megalitico é constituido por uma camara de planta
tendencialmente subcircular, composta por 9 esteios (atualmente persistem apenas 8) e despojada
das lajes de cobertura de origem. Possui um corredor bem diferenciado, com 4 esteios conservados
no lado sul e 2 no lado norte. Um dos esteios apresentava pinturas a ocre vermelho. A mamoa
apresenta um formato oval. Nos incendios de 2017, nao foi diretamente afetada. No entanto, no
processo de limpeza florestal, houve uma arvore carbonizada que caiu para cima de um esteio do
corredor, tendo afetado, parcialmente, encontrando-se 0 mesmo, um pouco inclinado.

Cartografia:

Fotografias:

Impactos dos grandes incéndios de 2017 no patriménio protegido e
arqueoldgico em Portugal
Trabalho de campo: Jodo Cid Brito, Vitor Fernandes

Figure 5. Illustrative site sheet developed by the municipality of Oliveira do Hospital, relative to Anta

de Curral de Mouros (dolmen). This asset was indirectly affected during the forest clearing process

when a charred tree fell onto one of the pillars of the corridor accessing the funeral chamber and

tilted it.

Table 2. Synthesis of the information provided by the municipality of Oliveira do Hospital about the impacts of the October

2017 fire on cultural heritage assets.

Designation Type Impact

Aldeia das Dez Treasure None, as the moveable heritage was not exposed to the
flames.

Alto Zambujeiro Tomb None or minor.

Ameal Necropolis None.
Even though the nearby forest burned, the site was not

Anta da Arcafnha Dolmen directly affected. Howeve.r, Quring thv::‘ reforestatign process
promoted by a local association, the site was partially
damaged.
Not directly affected. During the forest clearing process, a

Anta de Curral dos Mouros Dolmen charred tree fell onto one of the pillars of the access corridor
to the funeral chamber, tilting it.

Anta da Coitena/Pinheiro dos Abragos Dolmen None or minor.

Avo 3 Pathway None or minor.

Calcada medieval de Vila Pouca da Beira Pathway None or minor.

Casa do Penedo Tower None.

Castelo Castle None.

Castelo de Avo Castle None or minor.

Castelo Verde Village None or minor.

Digueifel e Digueifel 2 Pebble heap Minor, as the site was not directly affected.

Espinhal Tomb None, as the site was not affected by the fire.

Fiais da Beira Fortified village Colouring affected by the fire.

Mata das Forcas Necropolis One of the graves is not impacted, whereas the other may in
the future be covered by forest remnants.
The structure was not directly affected. Indirectly and as a

Olival dos Pobres Tomb consequence of the event, there are forest and agricultural

remnants covering a part of the grave.
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Table 2. Cont.

Designation Type Impact

Passal 1 Necropolis None, as the religious building that this site is part of was
also not affected.

Penedo do Gorgulao Necropolis None or minor.
The grave dug in the rock was not directly hit, although

Pinhal da Fonte do Rei Tomb some SOOF is present as a result of the fire. Regardmg its
surroundings, forest remnants are present, which may affect
the visibility of the site in the future.

Ponte Romana de Bobadela Bridge None or minor.

Quinta de Salgodins Necropolis No impacts from the fire, but the site is adjoined by
undergrowth.

Quinta do Boco Shrine None.

Quinta da Moreira de Baixo Necropolis None or minor.

Quinta do Ribeiro Mouro Necropolis None, as the site was not affected by the fire.

Ruinas Romanas de Bobadela City None or minor.

Salgueiral Necropolis None.

Santa Ovaia Isolated findings Any possibly existing structures are underground; thus, the

Sao Bartolomeu 1 e 2

Sao Joao
S&o Pedro de Lourosa

Tapada

Tapada 1

Tapada do Adao
Vale do Coito/Laje da Pereira

impacts were minor.
The necropolis was occasionally affected by the soot present

Misc. remains;

on the outcrops where the structures are inscribed. The

Necropolis uncontrolled growth of vegetation may hide the structures
in the future.
Necropolis None, although the site is covered by dense vegetation.
Necropolis No impact relatable to the event.
The grave dug in the rock was not directly hit, although
T some soot is present as a result of the fire. Regarding its
omb . . L.
surroundings, the archaeological site is covered by dense
vegetation, threatening its identification in the future.
The grave dug in the rock was not directly hit. Regarding its
Tomb surroundings, the archaeological site is covered by dense
vegetation, threatening its identification in the future.
Rock art None or minor.
Tomb None or minor.

3.5. Tdbua

The municipality of Tabua provided information at the parish level. Accordingly, the
municipality team reported that nine out of the fifteen parishes of Tabua were either not
affected by the October 2017 fire or do not have known archaeological sites. In the parishes
of Sao Joao da Boa Vista and Sinde, the fire is reported to have been relatively mild, causing
some damage to property but not to protected cultural heritage or archaeological sites.
The four remaining parishes (Covas, Midoes, Tabua and Vila Nova de Oliveirinha) were
heavily impacted by the event, affecting some assets but with no significant damage to
report; these included two listed assets with public interest status, the Sumes roman bridge
in the Midoes parish, and the Pedra da Sé roman pathway in the Tabua parish. In general,
some of the affected archaeological sites only became more visible after the event. The
municipality of Tabua noted that its survey had a general scope and did not specifically
address cultural heritage.

Upon further interaction with the municipality team, they also reported that some of
the existing manor houses, important at the local level, burned down and remained so as
of November 2019, such as the manor house of Ribeirinho, the manor house of Espordo, and
Paldcio Valverde (Figure 6). Many of these houses burned in the village centre of Middes,
which was attributed to two main reasons: (1) the violence of the fire caused several
projections towards the centre of the village; (2) the poor state of conservation (e.g., broken
roofs and /or windows) or even abandonment of some properties, including lack of land
clearing.
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Figure 6. Photograph of Palicio de Valverde after the October 2017 fire, during which it was heavily
damaged.

3.6. Vouzela

The municipality of Vouzela analysed the list of potentially affected assets provided
by our team and complemented it with additional information; specifically, the assets were
categorised as follows:

- Affected (forestry work): damage caused by moving machinery during cutting opera-
tions of burnt wood;

- Atrisk (forestry work): includes risks arising from cutting operations of burnt wood
and/or soil mobilisation for reforestation;

- Undetermined: the site in question has not yet been located by municipality services
and it is not possible to determine its state of conservation;

- Nonexistent: database errors, possibly due to repeated inventorying of the same site
but with different names.

Furthermore, the municipality team added seven assets classified as affected or at risk
due to forestry work that were not present in the initial list. Regarding these two categories,
in total, two assets were identified as affected (the Abelheira and Adside megalithic monu-
ments) and twelve were identified as at risk. No assets were identified as directly damaged
by the fire itself. The municipality provided a photograph of one of the archaeological sites
located in the area affected by the fire (Lapa de Meruge), which is shown in Figure 7.
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Figure 7. Photograph of the Lapa de Meruge archaeological site after the October 2017 fire. Although
this area was affected by the wildfire, the municipality reported no visible damage to the dolmen.

4. Discussion

The data collected from the six municipalities presented in Section 3 constitutes a
representative sample of information regarding the impacts of the October 2017 wildfires.
This information provides relevant insights into different issues that are important to
understand in the context of the risk management of cultural heritage. Accordingly, based
on the information presented before, in the section we: (1) discuss existing procedures at the
municipal level to manage cultural heritage data and record disaster impacts; (2) discuss the
reliability of geospatial analyses at the large scale to identify cultural heritage potentially
affected by wildfires; and (3) summarise the types of impacts that the October 2017 event
had on cultural heritage, based on the available data.

Regarding the first point, our interactions with the municipalities and the information
we were provided with highlighted that the level of knowledge on local cultural heritage
tends to vary among municipalities; for example, not every municipality has a database of
local cultural heritage assets. This influenced the approach adopted by each municipality to
collect and provide data for this study, as well as the level of detail of that information. For
example, the municipality of Oliveira do Hospital used the list of potentially affected assets
provided by our team as the main reference for selecting which sites to survey and assess;
Vouzela provided information based on the same list of assets but complemented it with
additional assets; and Gouveia performed an assessment based on its internal database.
It should be noted, as mentioned in Section 2, that there are assets which despite not
possessing listed status are still relevant from a local-level cultural viewpoint, and therefore
should not be disregarded in risk management initiatives. Although these types of assets
are not always registered in a structured digital database of cultural heritage, their local
value is recognised and well known by locals. Nevertheless, some municipalities, such as
Gouveia, do include these assets in their databases of local cultural heritage. Ultimately,
municipalities appear to have different levels of awareness regarding the importance
of cultural heritage, different resources available for managing local cultural heritage
and/or different degrees of specialisation regarding cultural and archaeological heritage;
for example, not all municipalities have archaeologists on their teams. Accordingly, for
this study, some municipalities performed comprehensive field surveys to investigate and
record the potential impacts of the 2017 fire on local cultural heritage, particularly on
archaeological sites located outside human settlements, but this was not the case for all
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municipalities. Subsurface archaeological materials were not investigated, although these
may also be affected during wildfires [6].

Another critical aspect refers to how cultural heritage disaster impact and loss infor-
mation is recorded and reported. Despite the importance of disaster loss data to support
the assessment and management of risk in any sector, there is a lack of internationally
agreed definitions or accounting practices for such data [10]. Moreover, the collection and
recording of the consequences of disasters are often performed by different institutions or
government departments with different objectives and rules depending on the types of
event and/or assets affected [9]. These problems are exacerbated in the case of cultural
heritage assets, where there is no agreed-upon method to quantify disaster losses, and loss
data tend to be scarce [19,20,35,39]. The data provided by the municipalities for this study,
described in Section 3, confirm these well-known issues to some extent. Here, the biggest
challenge is related to the lack of a clear and common approach to report and describe the
impacts of the event on the cultural heritage assets under analysis. For example, the word
“affected” often appears in the information provided by the municipalities, albeit without a
clear definition of its intended meaning and without consistency among the municipalities.
In fact, in some cases, the reference to “affected” refers simply to the fact that the fire
passed through the location of the asset regardless of any damage it may have caused,
whereas in other cases, it refers to some form of actual impact. The lack of definitions
for the provided descriptions of impacts also occurs, for example, in the scale used by
the municipality of Gouveia to describe such impacts—i.e., “affected”, “very affected”,
“destructive impacts”—whereas in the case of Oliveira do Hospital, impacts are often
described as “minor” and “none” although it is not evident if these two terms are used
interchangeably or not. Another illustrative issue is present in the list of assets provided by
the municipality of Vouzela, where some assets do not have a category assigned to them,
although it is not clear what this means (e.g., not hit by the fire, not impacted or not visited).
It would also be relevant to perform more detailed analyses on the effects of the fire for
certain assets (e.g., [40]), although such actions do not necessarily need to be carried out as
part of larger-scale assessment surveys shortly after the event, but rather at a subsequent
stage and for a more limited number of assets identified as the most impacted. Naturally,
situations such as the ones described above hamper a precise understanding of disaster
impacts within and among municipalities and, consequently, subsequent risk management
efforts. We must highlight that these examples do not intend to criticise the data-reporting
efforts of the municipalities that participated in the present study; on the contrary, they are
invaluable contributions. As previously mentioned, the lack of a standardised approach for
loss data collection is still the reality worldwide across most sectors, and it is with research
initiatives such as this one, with the active contribution of local stakeholders, that this issue
can be better understood and gradually addressed. This will require working towards a
harmonisation of local practices and a standardised approach for data recording. Moreover,
the collection of cultural heritage loss data needs to become a common practice across
local stakeholders; currently, and in most cases, obtaining such data requires establishing
contacts with local stakeholders shortly after an event, otherwise such information is likely
to be lost.

The second point identified above concerns the reliability of the analyses in geographic
information systems to identify cultural heritage potentially affected by wildfires. In order
to investigate this issue, we compared the list of potentially affected assets obtained using
the methodology described in Section 2 with the information received by the municipalities.
As expected, there is not a perfect match between the former and the lists of assets identified
by the municipalities as having been in contact with the fire, which can be attributed to two
main reasons. Firstly, as previously described, there is some uncertainty in the mapping
of burnt areas at the large scale. Concerning this issue, an illustrative example is the
case of Igreja de Vila Cova de Alva in Arganil, which was damaged by the fire despite not
initially identified as potentially affected due to being located outside the CEMS burnt
area map. Secondly, local information on cultural heritage is, in some cases, more reliable
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than data obtained from national databases, e.g., due to inaccurate geographic positioning,
such as the case of Calgada dos Galhardos, which according to the Gouveia municipality is
wrongly located in Portal do Arquedlogo. In addition, locally obtained information often
comprises unlisted assets with a certain local relevance (as mentioned previously) that are
typically not found in national databases (e.g., the manor houses in Arganil and Tabua).
We found the largest discrepancy between the analysis in GIS and local information for the
municipality of Pampilhosa da Serra, although in this specific case such information may
not be entirely reliable as it was not based on any form of field survey. Overall, based on
the results obtained for this case study, we conclude that notwithstanding the previously
described limitations, it is possible to identify cultural heritage assets potentially affected
by wildfires using large-scale datasets with a reasonable degree of confidence. However,
we believe that a more sensible approach is to first identify the affected municipalities
(i.e., containing potentially affected cultural heritage) based on a GIS, and then perform a
more detailed data collection campaign directly with local stakeholders. This approach
also allows collecting specific information about the actual impacts, which would be very
difficult to estimate based exclusively on a large-scale analysis. Naturally, some of these
issues could be alleviated by improving the quality of national databases and/or disaster
loss reporting practices, as previously mentioned.

Alongside these reliability concerns, the current discussion needs to highlight another
source of uncertainty imbedded in the dataset of archaeological heritage. As referred before,
areas for which the dataset does not contain archaeological sites can mean that these areas
were previously surveyed and no sites were found, or that these areas were not previously
surveyed. Since the data available in Portal do Arquedlogo does not include this information,
the identification of potentially affected archaeological sites may not be exhaustive given
that certain areas of some of the municipalities exhibit a low density of archaeological sites.
Although information on this issue was unable to be obtained for the present study, the
quality and usefulness of the data available in Portal do Arquedlogo could be improved by
including a layer indicating the areas that have been surveyed for archaeological sites in
the past.

Lastly, and concerning the third point, it can be observed that despite the extreme
nature of the 2017 wildfires both in terms of the physical phenomenon and of its conse-
quences, the impacts of the event on cultural heritage were not particularly severe. In
terms of architectural heritage, the only damaged asset with listed status was a church in
Arganil. In addition, a few unlisted manor houses with local cultural relevance in Arganil
and Tébua were also damaged. The relatively low number of damaged architectural ele-
ments is undoubtedly linked to the fact that this type of asset is most often located within
urban settlements, which tend to be less affected than their surroundings during wildfires.
Regarding archaeological heritage, even if most assets are located in forest areas that were
significantly affected by the fire, notwithstanding the previously discussed concerns about
the reliability of the dataset, the impacts were generally low, with only slight damage
reported for a few assets. This is due to the fact that the prevalent material in most such
assets is stone, which has a relatively low susceptibility to fire; nevertheless, it must be
highlighted that fire may cause micro-scale mineralogical and textural changes that can con-
tribute to subsequent decay processes [41,42]. On the other hand, indirect impacts—either
already occurred or with the potential for future occurrence—were reported for several
archaeological sites. Such impacts are related mainly to the erosion of soil that was previ-
ously protected by vegetation, affecting its stability, and to post-event forestry activities,
such as cutting and hauling burnt wood, reforestation or improving forest infrastructure
(e.g., dirt roads, firebreaks) [43—45]. Thus, the potential indirect impacts of wildfires on
archaeological sites located in forest areas should be given particular attention in the risk
management of cultural heritage.

In conclusion, it is evident that there are different types of stakeholders in Portugal who
are conscious of the importance of adequate wildfire risk management for cultural heritage
assets, as well as the relevance of collecting asset and loss data after such events [24,43-45].
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Nevertheless, there is still room for significantly improving the effectiveness of such actions,
which calls for improved knowledge and awareness supported by research efforts such as
the one presented in this article.
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