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Abstract 

Nowadays, wildfires are the most devastating natural hazard in Portugal with the highest number of 

victims and mortality of both operational agents and civilians. During the yearly Wildfire Season, which is 

determined by law from 15th of May until 15th of October, extra efforts are carried out by the civil protection 

through dedicated financial and human resources. In the recent years, most of the available resources were 

employed with their highest capacities in Portugal to control wildland fires. However, still, a high number of 

fires escape first attach and results in large fires (>100 ha). On the years 2012, 2013, 2016 and 2017 there is 

temporal variances appeared in the recorded ignitions, where high ignitions recorded during the spring and 

some of them developed in large and deadly wildfires like the fires ignited in 17th of June 2017 in the Centre 

of Portugal with 65 mortalities. In the autumn of the same year as well, 2017, large fires were ignited in 15th 

of October 2017 with 47 mortalities. In 2015, the Institute for Conservation of Nature and Forests (ICNF) 

recorded a total of 15851 occurrences, the National Republican Guard investigated 76% of those and 

identified 47% of them occurred due to negligent human behaviour. 89% of these occurrences are due to 

leftover burnings. With such a high number of anthropogenic causes, there is a need arises to evaluate the 

human perception of wildfires hazards, particularly in Wildland-Urban Interfaces (WUI). The evaluation will 

assist in reducing the occurrences due to negligent behaviours, which is the aim of this study in addition to 

highlighting the needed awareness actions based on that perception. As a methodology, we defined territories 

in Mainland Portugal recently affected by wildfires; then we characterised them based on human and physical 

aspects. A survey with 40 questions was generated. We divided the survey into four sections according to the 

purpose of the questions, which are sociographic characterisation; perception of the participant regarding the 

wildfire hazard; the impact of wildfire in the area of the participant; and finally, the participant suggestion of 

mitigation and prevention measures. The query was pre-tested first by selecting a small population group 

formed of 30 residents, which is in Algeriz, located in the district of Aveiro. As some preliminary results, a 

pre-test showed that 85.2% of the sample addressed wildfires as the most significant natural hazard impacting 

his/her life, followed by floods. 3.7% of the participants reported that they suffered from housing damage 

due to wildfires To complete our understanding of the people perception of wildfire hazards, this survey will 

be extended to several other territories of Portugal Mainland, and analyse the patterns of answers. 

 

Keywords: wildfire, impact, perception, survey, spot fire 

 

 

Wildfires are the most devastating environmental hazard in Portugal, with the highest number of 

victims and mortality of both operational agents and civilians, and causing severe economic and 

environmental consequences (Oliveira et al., 2017) (Nunes et al., 2016) (San-Miguel-Ayanz et al., 

2013) (Tedim et al., 2015) (Turco et al., 2016). Most fires in Portugal result from human activities, 

with negligence associated with leftover burning as the primary cause (ICNF, 2016a). The year of 

2017 was particularly severe, with 112 fatal victims and a total burned area in the country of around 

500.000 ha (ICNF, 2017). The temporal trends of wildfire occurrence during this year indicate that the 

larger fires, that caused higher losses, occurred in late spring (June) and autumn (October). In Portugal, 
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 the main wildfire season is established by Law and extends from 15th May to 15th October; during 

this period, an extra effort is carried out by the civil protection services through additional financial 

and human resources, and most fires are controlled in the early stages of development (Diário da 

República, 2006). However, a certain number of fires still escape control during the early attack by 

suppression resources and may result into fires above 500 ha in size. When driven by favorable weather 

conditions, in places with irregular topography and higher slopes, these fires exhibit extreme and 

unexpected behaviour and escape the control of suppression resources (Viegas et al., 2017).  

The tragic situation verified in Central Portugal in 2017 also derived from other characteristics of 

the territory, in particular the dispersion of small settlements interspersed in wildland areas, where 

fuels accumulated due to the abandonment of agricultural activities in the last decades (Nunes et al., 

2016) (Moreira et al., 2011)(San-Miguel-Ayanz et al., 2012). These areas, generally defined as 

Wildland-Urban Interface (WUI), have been the focus of multiple studies regarding wildfire 

mitigation, since the coexistence of vegetated areas with human structures and potential ignition agents 

increase risk levels (Modugno et al., 2016) (Badia et al., 2011). 

 

According to the conditions of propagation, fires are divided in four types: surface fires, crown 

fires, ground fires and spot fires (Almeida, 2011).  Spot fires are caused by the projection of sparks or 

embers at a distance from the main fire and are a characteristic of extreme wildfire behavior (Viegas, 

2012) (Almeida et al., 2014).  Previous studies indicate a direct relation between damages in buildings 

and spot fires, with damages resulting from the direct contact with a fire front being rarer (Cohen, 

2010) (Blanchi & Leonard, 2008) (Caballero, 2017).  

Research on spot fires and their relation with wildfire behavior dates back from the fifties of the 

last century (Byram, 1954) (McArthur, 1967) (Lee & Hellman, 1969); however, several knowledge 

gaps still remain, mainly regarding the difficulty in determining with high accuracy the amount, size, 

shape and landing spot of burning particles, as well as their ability to ignite a new fire. As such, the 

results of this thematic research are usually reflected in guidelines and good practices to help mitigating 

the effects of spot fires in human structures, through fuel management options and in the involvement 

of communities in decision-making.  

Considering the strong human dimension of fire causes, the characteristics of the WUI, the 

relevance of spot fires in wildfire behavior and the severe impacts of wildfires in the country, it is 

crucial to understand how people perceive fire occurrence in their area of residence and their 

knowledge on spot fires as a means of fire propagation in extreme conditions. This study aimed to 

evaluate people’s perception of spot fires in wildland-urban interface areas, in order to identify 

potential mitigation and prevention (awareness) actions based on their knowledge, experience and 

needs.  

 

 

 

This study was carried out in two test areas of mainland Portugal that were recently affected by 

wildfires: Algeriz (Vila Nova (VN) de Monsarros – Anadia) in 2016 and Pedrógão Grande in 2017 

(Figure ). 

Area 1 – Algeriz. Village located in the countryside of the civil parish of Vila Nova de Monsarros, 

in the municipality of Anadia, Aveiro district (Figure ). According to the latest Census Survey 2011 

(INE, 2012), the municipality of Anadia has 29 150 residents, distributed by 10 civil parishes and a 

population density of 134,58 people/km2. The civil parish of VN Monsarros occupies an area of 23,72 

km² and has 1 713 inhabitants, with a population density of 72,2 people/km², lower than the municipal 

average. In Algeriz village, currently live 30 people.  
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This municipality was affected by a wildfire that started on 10 August 2016, with a burned area 

extending for 2538,9 ha, which corresponds to 11.7 % of the municipality area. The civil parish of VN 

Monsarros by itself contributed with 1 691 ha, corresponding to 71.29 % of its total area.  

 
Figure 1 - Location of the two test areas 

The cause of the fire has supposedly been the contact between a fallen electric line in a steep slope 

and the vegetation, mainly composed of eucalyptus, under windy conditions (ICNF, 2016b).  

Area 2 – Pedrógão Grande is a municipality located in the district of Leiria, in the Central Region. 

It has an area of 128,75 km2 and 3 915 residents (INE, 2012), divided in 3 civil parishes. The population 

density corresponds to 30,4 people/km2, much lower than the national average of 114,5 people/km² 

and less than half of the population density of VN Monsarros. 

This municipality was severely affected by a wildfire that started on 17 June 2017, with a burned 

area extending for 9407,6 ha, corresponding to 73.06 % of the municipality area (Viegas et al., 2017). 

The probable cause of the fire has been identified as the contact between an electric line and the canopy 

of a cork oak tree, in dry and windy weather conditions (Viegas et al., 2017).  

 

Data on prior experience and perception of wildfire occurrence by residents was obtained through 

the implementation of a survey questionnaire in the test areas. In total, 47 questionnaires were made 

face-to-face.  

The questionnaire was composed of 40 questions, divided into 4 sections: 

i. The first section included questions regarding the individual characteristics of people (age, 

gender, nationality, place of origin, education level and occupation). Additionally, the 

relation of people with forest activities and prior experience with wildfires were also 

included; 

ii. The second section comprised essentially the conceptual understanding of wildfire risk, spot 

fires and wildland-urban interface areas;  
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iii. The third section focused on the prior experience of people with different wildfire impacts 

and their knowledge on propagation conditions related to construction and property; 

iv. The fourth section included questions about the knowledge and preferences of people 

regarding wildfire prevention and mitigation measures. 

This paper focuses mainly on the results obtained with sections 1 and 2 of the questionnaire. 

 

The personal characteristics and wildfire experience of the interviewees, compiled in section 1 of 

the questionnaire, were first analyzed with descriptive statistics, to uncover the overall socio-

demographic context of the respondents. These characteristics were subsequently tested for association 

with the responses given in the second section, regarding the understanding of several wildfire-related 

concepts. To attain this goal, the Pearson χ2 (chi-square) test was applied to multiple pairs of questions. 

This test measures the difference between the observed values in each category and the expected 

values, which should be similar among categories if no significant association exists (Scheffe, 1959). 

For open-ended questions, to which no prior option was provided and where the responses were based 

on the individual’s own knowledge or experience, a data-driven analysis based on text mining 

techniques was applied. These techniques allow to explore the frequency of specific terms, the relation 

between different words and to visualize graphically the most common words that people associate 

with the question posed (with word clouds, for example). These results were used to define particular 

categories of responses retrieved from the open-ended questions, for further analysis regarding their 

association with personal characteristics and prior wildfire experience. The statistical analysis of the 

questionnaire responses was made with the R software (R Project for Statistical Computing) (Bunn & 

Korpela, 2016), to create automatic routines and to enable the replication of the analysis procedure in 

other areas and with new data. 

 

 

Initial results showed that 64 % of the participants were women, 79 % were above 50 years old and 

52 % had no education level or only the elementary school (Erro! A origem da referência não foi 

encontrada.). About 96 % of the interviewed people were previously affected by wildfires and only 

11 % have a job related to forest activities (Table 1). 

     
Figure 2 - Proportion of people by age groups (left) and by education level (right) 
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Table 1-Percentage of people with regards to residency, professional status and job related to forest 

Resident in the parish 

of origin 
Professional status Job related to forest 

Categories % Categories % Categories % 

Yes 85.1 Employed 46.8 Yes 10.7 

No 14.8 Unemployed 8.5 No 89.3 

  Retired 44.7  

These personal characteristics and experience showed association with the responses given in 

section 2. The concept of wildfire risk was different depending on age groups, education level and 

professional status (Table ). Regarding age groups, people above 65 years old answered mostly that 

they didn’t know, or didn’t want to answer (80 %), whereas only 14 % of people below 50 years old 

didn’t give an answer. The majority of people who responded mentioned that wildfire risk is not 

probability, weather conditions nor fuel management, giving a wide diversity of opinions that are 

difficult to classify (“Others”). Regarding education levels, the proportion of people that responded 

didn’t know/respond was higher for people with no education (85 %) or people with elementary school 

level (58 %). The relation of wildfire risk with Probability was mostly selected by people with 

university level (33 %) and by people with secondary education (20 % of the total people in this level). 

In relation to the professional status, for the people who are currently employed (47 %), 18 % relate 

wildfire with Probability, 14 % with Risk, 5 % with weather conditions, 5 % with lack of fuel 

management and 45 % relate it to other conditions. Retired people correspond to 45 % of the 

interviewees and the majority answered, “didn’t know/respond” (76 %). 

Table 2 - Association between personal characteristics and the answers given in section 2 of the survey 

 
Q10 - What is wildfire risk?    

 Characteristics & Experience  χ2 p-value df 

Age groups 36,39 0,0138 20 

Education level 46,03 0,0308 30 

Professional status 22,14 0,0144 10 

    

Q11 - How do you classify your knowledge on wildfire risk? 

 Characteristics & Experience  χ2 p-value df 

Job related to forest 18,16 0,0004 3 

    
Q12 - Do you know what are spot 
fires?   

 Characteristics & Experience  χ2 p-value df 

Job related to forest 8,66 0,0131 2 

    
Q20 - Do you think you can defend yourself, your family 
and your property against wildfires? 

 Characteristics & Experience  χ2 p-value df 

Education level 27,60 0,0063 12 

Previously affected by fires 6,46 0,0393 2 
χ2 – value of the Pearson χ2 test; p-value indicates significance of the association; if the p-value is less than 0.05, the difference in 

the responses related to the personal characteristic tested is significant at 95% level. df – degrees of freedom 
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The level of knowledge on wildfire risk and spot fires activity (Question 11) is associated with 

having a job related to forest or not; from those people who don’t work in forest activities (90 %), the 

majority says their knowledge is low (64 %), whereas the people with forest-related activities (10 %) 

mostly gave the answer “Doesn’t know/respond” (66 %) and none said their knowledge was high. This 

may be related to their age and education level, since most of the people with forest-related activities 

are above 60 years old. Regarding spot fires (Question 12), about 56 % of the people who don’t work 

in forest activities said they know what they represent, which means that this knowledge may be 

disseminated through other sources, eventually by past experiences. 

Regarding the possibility of self-defense (Question 20), 92 % of the people with no education 

mention they can’t protect themselves properly; on the other hand, most of the people with secondary 

and university education levels also said they had no conditions for self-protection (80 % and 83%, 

respectively). These results can be related to the lack of fire experience of the younger and more 

educated population, whose relation with fire is different from older generations.  

 

 

To deepen our understanding on the perception of wildfire occurrence in the country, this survey is 

being extended to several other areas in the Portuguese mainland. The responses will be analyzed with 

the same procedure to further explore the relationship between personal characteristics and prior 

experience with wildfire knowledge of wildfires. These results can contribute to improve educational 

programmes dedicated to students in schools; furthermore, prevention and mitigation options can be 

adapted to the needs and experience of people who live in wildland-urban interface areas, in order to 

improve wildfire awareness. 
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