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Abstract 

The fire complex that began on 17/6/2017, in Central Portugal, will be for always remembered, not only 

because of the extensive burned area, but mainly because it caused 65 deaths, more than 200 injured and 

destroyed hundreds of structures, making it one of the most serious accidents in the country, and one of the 

worst in Europe. The Forest Fire Research Centre of ADAI (University of Coimbra, PT) performed a detailed 

analysis and report on this fire complex focused on aspects related to the fire spread and behaviour, the mortal 

accidents and the fire impact on local communities. The work presented here is related to the latter, i.e., the 

destruction of property. The greatest impact was observed in the municipalities of Pedrógão Grande, 

Castanheira de Pera and Figueiró dos Vinhos, where the deaths occurred and where most of the damaged 

structures were located. This component of structural damage was the subject of an intensive fieldwork, 

during which we inventoried several aspects related to fire behavior, the structures and their surroundings. 

During the field work, 1043 structures damaged by fire were identified. They are mostly support structures, 

such as barracks or storage (38.6%), but there is a considerable number of damaged dwellings, either 

permanent (13.3%) or temporary (11.9%). One of the most important aspects of the study relates to the type 

and location of structural ignition. More than 60% of the structures have been ignited due to the deposition 

of incandescent particles (firebrands) in different weak points. Likewise, more than 60% of these ignitions 

occurred on the roofs, mainly because of the vulnerability associated to the structures and materials 

supporting them. Another relevant factor is the observation of the advanced age of most buildings affected 

(over 30 years), which may indicate less resistance to the passage of a fire. Nevertheless, and for the 

Portuguese reality, we can say that buildings are generally safe during the passage of a fire, if themselves and 

their surroundings are kept in good conditions. The fact that there are people inside can be essential in their 

defense and resistance to the passage of fire. 

This paper presents the main results of the assessment of the fire impact on structures, part of a larger 

work on the Fire Complex of Pedrógão Grande and neighboring municipalities. 
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The analysis of the impact of a fire on a given community has inherent the concept of Wildland 

Urban Interface (WUI), or simply interface. WUI can be simply defined as the space where structures 

and vegetation coexist in a fire prone environment (BRP, 2008). We must also add the human 

component (Ribeiro, 2016), because it is mainly people who are affected. This impact can be hard to 

evaluate, given the difficulty in obtaining measurable data that allows the establishment of gradations 

of social, economic or even emotional and familiar impact. From a purely structural impact 

perspective, it becomes more feasible to gather a set of parameters that allow us to estimate how the 

fire has impacted the community affected.  

The way in which the structures in the WUI are damaged by wildfires has received special attention 

all over the world (e.g. Cohen, 2003; Cohen & Saveland, 1997; Gollner et al., 2015; Graham et al., 

2012; Westhaver, 2016) and efforts have been made by the scientific community, but also the 

operational and technical ones, in order to understand the ignition mechanisms of the structures and 
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 the weaknesses they present to the passage of a wildfire. For instance, Blanchi et al., (2012) carried 

out an historical analysis on the impact of fire on people and structures across Australia between 1901 

and 2011. During this work specific databases were created to allow data harmonization and collection. 

Inspired by this report, we designed customized geodatabases to allow us the systematic collection of 

data related to the impacts of the wildfire complex of Pedrógão Grande and neighbouring 

municipalities, namely on personal accidents resulting in deaths, and on structures damaged. The 

geodatabases where simple but were designed to collect the maximum amount of detail in the field 

work, considering the time available to execute the field campaign. 

After the extensive field campaign, a detailed analysis of all the collected data was performed, and 

published in the respective fire report (Viegas et al., 2017). We present here what we believe to be 

some of the most important results obtained. 

 

 

The analysis of the impact of fire on structures was based on field verification of all buildings 

damaged by fire, regardless of their use or type. For this purpose, a geodatabase and a geospatial form 

of simple interpretation and completion were constructed. The database comprised 3 sections: i) 

description of the structures, for example the type of structure, age, fuel management in the 

surroundings, condition before and after the fire and usage, among others. The second section was 

related to describing how the fire affected the structure, namely, the ignition point and the way the 

structure ignited. The last section was related to fire details (time of arrival, impact on electricity, 

water, communications) and human behavior (escape/stay and defend, injuries, deaths). 

Given the size of the affected area and the time available to carry out the survey and analysis, 

visiting the entire burned area searching for affected structures would be extremelly hard to 

accomplish. Therefore, the initial planning comprised the search for initial data sources related to the 

location of damaged structures. For this, we asked the affected municipalities for information on the 

structures impacted by the fire in each of them. From the municipalities of Castanheira de Pera, 

Figueiró dos Vinhos, Penela and Sertã we obtained georeferenced data of the structures that they 

identified as having been damaged in some way by the fire. Together with Pedrogão Grande, these 

were the municipalities selected to carry out the fieldwork and the respective analysis. To our 

knowledge, these surveys were carried out in all municipalities in order to allow applications for 

reconstruction or rehabilitation support. Later we obtained this data also from the municipality of Góis 

(27 houses damaged by fire), Pampilhosa da Serra (8 dwellings and 20 agricultural wharehouses) and 

Alvaiázere (10 structures but only a secondary housing), but they were not included in the fieldwork 

and therefore the analysis. From the municipality of Pedrógão Grande we were not able to obtain this 

information. However, at the beginning of this work we were invited to join an initiative of Esri 

Portugal - Sistemas e Informação Geográfica, SA (the official distributor of the North American Esri 

- Environmental Systems Research Institute, world leader in the technology of Geographic Information 

Systems), to support the decision in the wildfire of Pedrógão. This initiative was titled "FireHub 2017" 

and consisted in the creation of a collaborative open data platform (available in June 2017 at 

http://arcg.is/2rMwc0B). Using this platform, we had access to a set of georeferenced points 

representing structures allegedly damaged by fire, especially in the municipality of Pedrógão Grande, 

but with some cases in Castanheira de Pera and Penela. These points were not validated by any entity, 

so we proceeded with some care to include them in our work.  

The impact of the fire was especially noted in the municipalities of Pedrógão Grande, Figueiró dos 

Vinhos and Castanheira de Pera, so the analysis presented focuses mainly on that region. We also 

decided to include the neighboring municipalities of Penela and Sertã, since they have suffered 

considerable damage, albeit in a smaller area. In the municipalities of Góis and Pampilhosa da Serra 
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the impact of the fire was lower. It was not possible to extend the study to those two municipalities, 

due to difficulties related to the execution time of this work. 

We were able to gather a substantial 

set of georeferenced points, which 

allowed us to schedule the field visits. 

These points, for a total of 704, 

represented, for the most part, 

permanent housings. During the 

fieldwork, 289 of these points proved to 

be false. In some cases, there were not 

even structures in the place indicated by 

the points, in others the structures had 

not been damaged by the fire. As we 

said before, we were interested in all 

structures damaged by the fire, not only 

the housings, so during the field work 

we inventoried another 684 points that 

were not listed initially. In total, 1388 

points were visited, of which 1099 

points were initially considered valid. 

Figure 1 shows the location of all points 

visited (valid and false) as well as the 

points not visited, referring to Góis (27), 

Pampilhosa da Serra (28) and 

Alvaiázere (10). 

 
Figure 1 - Location of all points visited (blue and red) and not visited 

(yellow) 

During the field work we encountered several structures in ruins that were already in that state 

before the fire. Although we started registering them, the number we encountered was so large (and 

the data gathered not that meaningful) that we decided to leave them out of the analysis. In total, 

discounting these structures, we finished with 1043 valid points that fulfilled the requirements for 

analysis. 

 

 

In total, 1043 points (representing affected structures) were considered valid for analysis, from 

approximately 1400 points visited. The data collected in the field work was treated and analyzed in 

ArcMap and IBM SPSS Software. Figure 2 shows a density map of damaged structures, or “heatmap”. 

It can be clearly seen the area where the impact was greatest. This area, comprised of five 

municipalities, also coincides with the region of more extreme fire behavior and to where the 65 

victims were found. 
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Figure 2 - Heatmap of damaged structures 

This was the region chosen for the fieldwork and subsequent analysis. The data collected was 

treated and analyzed in ArcMap and IBM SPSS Software. Results were grouped in three categories: i) 

relating to the structure, ii) relating to the surroundings of the structure and iii) relating to the arrival 

and impact of fire. In the next tables (Tables 1 through 3) we present some of the most relevant results 

from each of these categories. A most complete set of results can be consulted in Viegas et al., 2017. 

Table 1 - Results from the field work related to i) the structure 

Variable  
Structure  condition after the fire 

Slightly 

damaged 

Moderately 

damaged 

Highly 

damaged 

Totally 

destroyed 

Total 

Type of 

structure 

Permanent housing 35 17 46 41 139 

Secondary housing 19 9 46 50 124 

Agricultural Warehouse 1 5 28 40 74 

Shed / Storage 12 20 179 192 403 

Garage 5 9 22 24 60 

Comerce facility 0 1 0 0 1 

Industry 0 2 5 8 15 

Uninhabited house 2 4 36 16 58 

Devolute structure 1 3 56 72 132 

Stable 2 1 8 9 20 

Outdoor kitchen 0 2 2 2 6 

Other 2 1 4 4 11 

Age of the 

structure 

< 10 years 6 5 2 13 26 

between 10 and 30 years 17 11 26 64 118 

> 30 years 56 58 399 380 893 

Type of 

construction 

Concrete 71 57 195 207 530 

Stone 7 14 222 177 420 

Wood 0 0 0 29 29 

Metal 1 2 14 43 60 

Other 0 1 1 1 3 
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Most of the structures affected by the fire are support structures, such as barracks or storage 

(38.6%), but there is a considerable number of damaged dwellings, either permanent (13.3%) or 

temporary (11.9%). The inventoried structures are in general aged, with 86% being older than 30 years, 

but they are mainly support structures (only 23% of affected houses have more than 30 years). 

Construction in Portugal is mainly of concrete, but in this area we found many old stone structures. 

Age and building materials are important factors to be taken into account in the structural strength 

analysis but are themselves dependent on the degree of conservation or maintenance in which the 

owners maintain them. During the visits it was possible to observe cases of old houses, mainly of 

schist, recovered and maintained in excellent conditions (mainly by foreigners), while at the same time 

relatively recent structures were seen, but with a very low degree of maintenance. 

Table 2. Results from the field work related to Results from the field work related to ii) the surroundings of the 

structure 

Variable  
Structure condition after the fire 

Slightly 

damaged 

Moderately 

damaged 

Highly 

damaged 

Totally 

destroyed 

Total 

Land use (COS 

2010, level 2) 

1.1 Urban Tissue 48 39 181 235 503 

1.2 Industry, commerce and 

transportation 
0 1 3 4 8 

1.3 Areas of inert extraction, waste 

disposal sites and construction sites 
0 1 3 1 5 

1.4 Urban green spaces, sports, 

cultural and leisure facilities, and 

historical areas 

0 0 1 1 2 

2.1 Temporary crops 1 2 4 3 10 

2.2 Permanent crops 4 4 19 18 45 

2.4 Heterogeneous agricultural areas 20 21 152 126 319 

3.1 Forests 4 6 55 58 123 

3.2 Open forests and shrub and 

herbaceous vegetation 
2 0 14 12 28 

Fuel 

Management 

Absent 17 20 183 203 423 

Partial 37 40 198 211 486 

Complete 7 8 19 20 54 

Analyzing the land use obtained with the level 2 of the official Land Use Map (COS 2010), 

produced by the Portuguese Direção Geral do Território (General Directorate of Territory), it is 

possible to verify that most of the impact was on the urban areas (50%), specially the urban tissue 

(48%). The most affected area after this was the one classified as "heterogeneous agricultural areas" 

(30% of the total). The General Directorate of the Territory (Direção-Geral do Território, 2016) 

describes these areas as "agricultural areas with various types of associations between temporary crops, 

pastures, permanent crops and natural areas. Includes temporary crops and/or pastures associated with 

permanent crops, temporary or permanent crops grown under forest cover, areas of temporary crop 

mosaics, pastures and permanent crops, and landscapes in which crops and pastures are mixed with 

natural or semi-natural areas. Only about 11% of damaged structures were within forest areas.  

Fuel management is a difficult parameter to assess after the passage of the fire. Nevertheless, and 

with the help of the local inhabitants, we were able to inventory this aspect in 963 structures. The 

criteria we used was that, in order to have a “partial” fuel management, at least one of the sides of the 

structure should have a discontinuity of no less than 3 meters. A “full” fuel management would mean 

that all 4 sides of the structure had it. Although the results may be statistically not representative, as 

we did not inventory non-affected houses, they suggest the idea that having “partial” or “absent” fuel 
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management may be indifferent to the structure survival. In other words, either fuel management is 

active on all the surroundings of the structure or its effectiveness may be compromised. 

Table 3. Results from the field work related to iii) the arrival and impact of the fire 

Variable  
Structure  condition after the fire 

Slightly 

damaged 

Moderately 

damaged 

Highly 

damaged 

Totally 

destroyed 

Total 

Type of ignition Embers (spotting) 27 54 294 261 636 

Direct fire impact 7 8 91 116 222 

Materials burning on the vicinity 7 9 43 74 133 

Neighbour structure 2 1 3 6 12 

Damaged but no ignition 35 2 1 0 38 

Location of the 

ignition 

Roof 16 36 299 293 644 

Window 14 17 70 68 169 

Door 4 7 36 28 75 

Open structure 2 6 13 47 68 

Wall 5 4 0 14 23 

Ventilation 0 1 12 6 19 

Other 3 1 1 0 5 

Damaged but without ignition 35 2 1 0 38 

One of the most important aspects of the study relates to the type and location of structural ignition. 

More than 60% of the structures have been ignited due to the deposition of incandescent particles 

(firebrands) in different weak points. This percentage could even be higher, as 133 ignitions (12%) 

were identified as being related to different materials burning in the vicinity of the structure. These 

were most probably also ignited by embers. More than 60% of these ignitions occurred on the roofs, 

mainly because of the vulnerability associated to the structures and materials supporting them.  

 

 

The largest impact of this fire complex occurred in the Pedrogão Grande, Castanheira de Pera and 

Figueiró dos Vinhos municipalities, including small areas in the neighboring municipalities of Penela, 

Alvaiázere and Sertã. Most damaged structures occurred in this area. These are mainly structures of 

advanced age (over 30 years), but the majority without being housing. In the fieldwork carried out in 

the six mentioned counties, we inventoried 263 damaged dwellings (primary and secundary), 91 of 

which were destroyed. Most ignitions were registered as being originated by firebrands, and mainly 

affecting roofs and windows. The partial or full absence of fuel management in the surroundings of 

the houses is a constant in all the burned area. That may explain, in part, the destructive outcome of 

the Pedrógão fire. Another relevant factor is the observation of the advanced age of most buildings 

affected (over 30 years), which may indicate less resistance to the passage of a fire. Nevertheless, and 

for the Portuguese reality, we can say that buildings are generally safe during the passage of a fire, if 

themselves and their surroundings are kept in good conditions. The fact that there are people inside 

can even be essential in their defense and resistance to the passage of a wildfire.  
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