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Abstract: This paper presents a spatial characterization of the distribution at district level of the
forest fire events that occurred in mainland Portugal between 1996 and 2015 and whose causes were
investigated. We further examine the breakdown of the causes of these forest fires over this period.
Results supported by relevant validated statistics show that of the total fire events recorded, 94.4%
were identified as an effective occurrence, of which 22.2% had burned an area greater than 1 ha, and of
these only 42.1% were investigated. False alarms or fires without a recorded burning area are more
significant in the districts of Aveiro, Lisbon and Porto, the biggest municipalities. Of the fires whose
causes were investigated, the largest number of recorded events were in NE regions (49.0%), followed
by NW regions (41.7%), and finally in the rest of the country (9.3%). Taking into account the ratio
between the investigated fires and the total number of fires and the behavior profile produced for
cluster analysis, a different panorama is brought to light, with the center and south regions showing
greater effort to investigate the fires. A thorough analysis of the causes and motivations of the ignition
of these forest fire occurrences showed that human activity, either deliberate (20.4%) or negligent
(29.9%), outweigh natural phenomena (0.6%). Reactivations (14.6%) and Unknown (34.5%) causes
decreased as time passed, whereas negligent and deliberate causes increased. However, these results
could change if the percentage of unknown information in relation to the origin of the forest fires
is considerable. The outcome of this research will support an efficient management related to fire
mitigation and suppression including establishing preventive actions to reduce the occurrence of
forest fires and emphasize the need to improve the procedure for recording forest fire events in
Portugal, especially in relation to identifying their cause.

Keywords: forest fire occurrences; ignition causes; fire in Portugal; cluster analysis

1. Introduction

Fire is one of the major drivers of ecosystem dynamics in European Mediterranean landscapes,
as it has affected soil and vegetation composition for millennia [1,2]. A wide range of factors have
been indicated as likely to encourage fire ignition. Several scientific papers have been published in
recent years that support the strong relationship between the incidence of forest fires and climatic
and meteorological features in European countries (e.g., [3—6]), while other studies report that the
causes of forest fire ignitions are mainly anthropogenic (e.g., [5,7-11]). The human factors that are
commonly linked to fire ignition are the forest-agricultural or forest-urban interface constraints related
to land use management, social conflicts arising from unemployment, rural poverty, hunting disputes
or simply from the inappropriate use of the fire recreation activities. These anthropogenic sources of
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fire ignition are also known to be related to fire persistence and seasonality, while fire density patterns
are associated with variables of specific climates and vegetation cover [12].

Conversely, natural ignitions in the European Mediterranean basin, such as lightning, are common
in regions where the atmospheric conditions feature low humidity and little or no precipitation.
In mainland Portugal, these natural wildfires are more prone to occur during the summer, when
temperatures are high and relative air humidity is low. The summer follows a rainy period with lower
temperatures that lasts from October to May, and which promotes the availability of a large amount of
biomass fuel that can be burned each year [13-15]. These meteorological conditions, in conjunction
with strong winds, significantly increase the tendency for natural forest wildfires to occur [16].

However, fire occurrence in Portuguese forests only developed in what was considered a natural
manner until the beginning of the industrial revolution, in the nineteenth century. From this point,
the traditional use of fire in Portuguese forests was changing mainly due to increasing mechanization in
agriculture and changes in people’s daily life and its organization [17]. Also, the period from the 1950s
to the 1970s was remarkable regarding the change of the fire regime in Portuguese forests. This was
essentially due to modifications in the Portuguese socio-economic matrix and the composition of the
population, as well to people’s lifestyle at a time which saw a significant exodus of the rural population
to urban and/or industrial areas, either inland or abroad, in the search of better living conditions. As a
result of these phenomena, the traditional use of the Portuguese territory was changing in a way that
led to the progressive abandonment of large swathes of agricultural areas, which gradually gave way
to forest and large areas of scrubland [10,18,19]. Under these conditions, livestock grazing also slowed
significantly and the scrubland that was once cleared to provide bedding for the cattle and the wood
once used for cooking and for heating homes were left to accumulate in the forest [20]. This movement
whereby rural areas were abandoned gained strength during the present century, largely due to the
major economic crisis that this country has been undergoing [21]. This modified socio-economic pattern
has also led to changes in the traditional causes of fire ignition in recent decades, whose origin have
predominantly become anthropogenic instead of natural, not only in Portugal but in other European
Mediterranean countries, too [10,11,22-25].

According to the European Commission [26], the yearly number of forest fire occurrences tended
to increase in the five southern Member States (Portugal, Spain, France, Italy, and Greece) between
the 1980s and the 1990s. This increase was mainly due to improved recording procedures. This trend
remained stable for around ten years and then reversed to become a decrease in the 2000s. In this period,
Portugal was identified as the country with the greatest number of fires (42% of the total occurrences
recorded), affecting forest cover that mainly consisted of shrubland, Pinus pinaster, and Eucalyptus
globulus plantations, species that burn more easily than the native Quercus faginea and Quercus suber.

Human activity and behaviors were identified as the causes of the majority of Portuguese forest
fire ignitions that occurred in the last three decades, whether by deliberate actions, negligence, accident
or carelessness [10,11,23]. Despite its importance, knowledge of the human causes, i.e., the reasons
for forest fires, is still very limited [11,24,27], although it is widely recognized that they can vary
considerably. Thus, most of the published research rarely mentions the human activity component in
terms of human behavior such as incendiarism and the negligent use of fire. These findings reinforce
the need to include regional information in the analysis of the causes of fires. A good knowledge of the
causes of forest fires, the relevant motives and the spatial-temporal distribution of fires is therefore
crucial to devising prevention policies suited to the socio-economic, cultural and environmental
circumstances of each region [28,29]. Accurate information on the causes of fire would help produce
reliable predictions of the number of fires and where, when and why they are expected to occur [30].

The aim of this paper is thus to describe the spatial distribution of the number of forest fires whose
causes were investigated (TIF) that occurred in mainland Portugal in the last twenty years, between
1996 and 2015, at the district level. In addition, spatial patterns of the causes of TIF are identified and
how they are related within the most critical districts.
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2. Materials and Methods

2.1. Study Area

The Portuguese mainland is organized into 18 districts, covering in total about 90,000 km?. It lies
between 37° N and 42° N latitude and between 6° W and 10° W longitude on the Iberian Peninsula in
the extreme southwest of continental Europe. Despite its modest land area, the physical environment
varies significantly from north to south (Figure 1).
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Figure 1. Mainland Portugal: (a) Variation in altitude; (b) Percentage of population variation by district,
between 1950 and 2011.

This variation is largely explained by the different physiographic characteristics; most of the
country’s mountains lie north of the River Tagus, where the landscape is more rugged and the slopes
are steeper and intersected by deep valleys [18]. The southern part of mainland Portugal is mainly
characterized by the vast flat or rolling terrain of the pediplain, where the average altitude varies
between 200 and 400 m. Despite this variability, the country as a whole reflects the seasonal pattern
typical of a Mediterranean climate notable for cool, wet winters and hot, dry summers. Thus, all the
districts have a reasonably long dry season, lasting two to five months, increasing from north to south
and from coastal to inland Portugal.

Forest ecosystem patterns on mainland Portugal cover one third of the territory and provide a
wide range of both goods and services. Most Portuguese forests are of high economic importance,
largely because they provide raw materials for the paper, furniture and cork derivatives industries and
are, in many cases, the result of planned afforestation/reforestation. Of the total forest, 87% is under
private ownership. The average size of these private properties ranges from 2 ha in the north, through
30 ha in the central districts of the country to 100 ha in the south.

In relation to the tree species planted on the Portuguese mainland, there are two distinct scenarios:
pine and eucalypts are the two main species used in the north, while in the south, oaks are the most
common species. Furthermore, in some northern districts, pine accounts for more than half of the total
forest area, while eucalypts are favored in the coastal districts of the northern regions. In southern
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districts, pine and eucalypts are also planted but they represent a substantially smaller fraction of the
forest area than in the north [30].

Significant socio-economic changes have affected Portugal for at least the last five/six decades.
The population of the rural areas decreased substantially in the second half of the 20th century, leading
to the abandonment of agricultural land and a reduction in the size of livestock herds and the amount
of forest fuels consumed by grazing and the collection of firewood [9,18,31].

In the period 1950-2011, nine districts (Viana do Castelo, Vila Real, Viseu, Braganca, Guarda,
Castelo Branco, Portalegre, Evora and Beja) lost between 10% and 47% of their population. Conversely,
coastal districts from Setuibal to Braga saw their inhabitants increase over the same period; today, they
have the highest concentration and density of urban populations, as well as younger residents [10].

2.2. Databases

All records dating from 1996 to 2015, available in the Portuguese Institute for Nature and Forests
Conservation (ICNF) data bank (http://www.icnf.pt/portal/florestas/dfci/estatisticas), were used in this
work. Each record contains certain relevant information, specifically, geographic location, date, burned
area in hectares and cause of the ignition, reported when the fire was investigated by the competent
authorities.

By applying various filters, the total annual occurrences in each district and the total annual
occurrences in the country were extracted from these records. All the occurrences (TOc) were grouped
by burns (TB) or false burns, by forest fires (TF) or agricultural burns, by investigated fires (TIF) or
fires not investigated, and finally by cause, when known.

The classifications of causes of forest fire are presented in Table 1.

Table 1. Classifications of causes of forest fires.

Unknown (Un) absence of sufficient objective evidence to determine the cause of the ignition of fire

Natural (Na) lightning generated in thunderstorms

the misguided use of fire in activities such as burning trash, mass burning of agricultural
Negligence (Ne) and forest fuels, fun and leisure activities; failure to properly extinguish cigarettes by
smokers; the dispersal and transport of incandescent particles from chimneys; etc.

incendiarism and arson, mostly resulting from behaviors and attitudes reacting to the

I ional 1 - .
ntentiona () constraints of agroforestry management systems and to conflicts related to land use

reburning of an area over which a fire has previously passed, but where fuel has been left

Reactivati R . L
eactivations  (Re) that is later ignited by latent heat, sparks, or embers

In this study, districts were the geographical unit that performed the best according to our
assessment and given the specific goals and time period of the study. A district is an intermediate unit
in which the integration and harmonization of socio-biophysical characteristics with the dynamics
and responsibilities of the authorities in the district can be promoted with a view to supporting the
necessary changes and implementing the strategic actions required to protect the forest against forest
fires. Fire policies, suppression and prevention efforts are also organized at the district level.

The districts considered in this manuscript are referenced as shown in Table 2.

Table 2. District reference numbers.

(0) Portugal (5) Coimbra (10) Leiria (15) Santarém

(1) Aveiro (6) Castelo Branco (11) Lisboa (16) Viana do Castelo
(2) Braganca  (7) Evora (12) Porto (17) Vila Real

(3) Beja (8) Faro (13) Portalegre (18) Viseu

(4) Braga (9) Guarda (14) Setubal
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2.3. Statistical Analysis

A descriptive statistical analysis was performed for fire occurrences (TOc, TB, TF and TIF), both
for the mainland and individually for each district. The TIF records were investigated in depth with
respect to the origin of forest fires (Un, In, Ne, Na, Re) to ascertain the possible existence of similar
patterns of behavior between districts.

There are several statistical approaches to analyze space-time data. In this work, due to the high
degree of randomness of the data, a clustering analysis was considered to extract and synthesize the
information. A hierarchical agglomerative clustering algorithm based on a complete linkage method
was therefore used to investigate similarity between districts. City block distance between each district
profile was the metric used to perform clustering in relation to the types of occurrence.

The Spearman correlation coefficient between causes in district profiles was computed. We used
the Spearman correlation coefficient because the samples do not validate the Shapiro-Wilk normality
test for a confidence level of 95%.

The criterion used to select the number of clusters took the analysis of the produced dendrograms
and the color-coded distance matrix into account by associating each color with the distance between
pairs of districts and the matrix [32]. The cophenetic correlation coefficient was used as a measure of
clustering efficiency [33,34].

All statistical analysis was conducted in Python 2.7 with NumPy, SciPy, Matplotlib and
Pandas packages.

3. Results

3.1. Spatial Temporal Distribution of Occurrences by Type

In the period between 1996 and 2015 a total of 516,577 occurrences (TOc) were recorded; however,
94.4% were classified as forest fires, i.e., the total burns (TB) in these two decades correspond to
487,503 events. Two kind of TB situations were considered: burns with burned area less than 1 ha,
(A <1ha), amounting to 77.8%, and forest fires with burned area greater than 1 ha (A > 1 ha),
amounting to 22.2% (108,242 occurrences). Of these, 45,603 (42.1%) were investigated to determine the
cause of the fire (TIF) (Figure 2a).
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Figure 2. Occurrences in mainland Portugal from 1996 to 2015: (a) Total for two decades; (b) Annual
profile of Total occurrences (TOc), Total burns (TB), Total forest fires with burned area greater than
1 ha (TF), Total forest fires with burned area less than 1 ha (A), and Total forest fires with burned area
greater than 1 ha and whose cause was investigated (TIF); (b) Cumulative occurrences.

Figure 2b shows the evolution of the types of occurrences during the period under study. In general,
since 2010, forest fire occurrences have tended to decrease while the number of false alarms ignition
investigated tend to increase. In fact, NIF almost disappear, to be replaced by TIF.

The total number of occurrences recorded in the two decades, by year and by district, is summarized
in the boxplot of Figure 3a. Hierarchical clustering was applied to data and the results are presented in
Figure 3b. The geographical localization of each cluster is shown in Figure 3c.
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Figure 3. Spatial distribution of Total occurrences (TOc): (a) Distribution by district; (b) Clusters by
annual profile of distribution; (c) Clusters in geographic location (cophenetic coefficient: 0.88).

These outputs clearly show a great dispersion in the distribution of annual occurrences, with
three main clusters. The Porto cluster has the highest number and the higher mean annual distribution
of ignitions, 5600 + 1698, and an asymmetric distribution, with 50% of the annual occurrences between
2000 and 6000 and the remaining 50% between 6000 and 8000. Aveiro, Braga, Lisboa, Viana do Castelo,
Vila Real and Viseu are aggregated in another cluster which presents an annual ignition of 2211 + 945.
The remaining districts recorded the lowest annual average (630 + 430) and have an annual number
of occurrences below 2000. In this cluster there is a subgroup consisting of Beja, Evora, Portalegre
(Alentejo region), which is considered to have residual values compared with the other districts.

Regarding the occurrences classified as fire (A > 0) (Figure 4), the results of the analysis are similar
to those for total occurrences. The clusters have the same groups of districts. The annual averages and
respective standard deviation are: 5356 + 1677, 2080 + 921 and 592 + 401, respectively, for the different
clusters. The cophenetic coefficients are also similar (0.87), meaning that clustering analysis and the
dendrogram are reliable techniques to use since they keep the pairwise distances between the original
unmodeled data.

8000 ] B 100000
o 2 -

2 6000 ] S 80000
g ] S

> ? ? o 60000
=4000 . o
g [ ]

@ | [ < 40000
$2000(f | 0 5

= Te,lg g + &a7 ] @ 20000
0 < * P 3 1 F

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 0

District 128 3 7139 5 610152 14 41118 1 1617
District
(a) (b) (c)

Figure 4. Spatial distribution of Total burns (TB: (a) Distribution by district; (b) Clusters by annual
profile of distribution; (c) Clusters in geographic location (cophenetic coefficient: 0.87).

False alarms (FA), or fires without burned area, are more frequent in Aveiro, Lisbon and Porto
(Figure 5), with an annual average of 232 + 300 occurrences. The rest of the country presents an
annual mean of 50 + 84 occurrences. Both groups show a high annual variation, evidenced by the high
standard deviation and the presence of a significant number of outliers.

Considering TF, a cophenetic coefficient of 0.85 was obtained, meaning that the representativeness
of distributions and hierarchical analysis is reliable. Three clusters were obtained, with Braga, Porto,
Vila Real and Viseu forming the cluster with the highest number of forest fires. It is characterized by
having more than 500 ignitions in 50% of records (median), with over 1000 occurrences in some years.
The cluster composed of Braganga, Guarda, Lisbon and Viana do Castelo has a median of less than
500 occurrences; however, about 25% of the records report more than 500 fires. The cluster formed of
the remaining districts records the lowest annual number of occurrences >1 ha, with a median value
below 200 and never exceeding 500 ignitions (Figure 6).
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Figure 5. Spatial distribution of Total forest fires with burned area less than 1 ha (A): (a) Distribution by
district; (b) Clusters by annual profile of distribution; (c) Clusters in geographical location (cophenetic
coefficient: 0.94).
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Figure 6. Spatial distribution of Total forest fires with burned area greater than 1 ha (TF): (a) Distribution
by district; (b) Clusters by annual profile of distribution; (c) Clusters in geographic location (cophenetic
coefficient: 0.85).

With regard to TIF, three clusters were also obtained (cophenetic coefficient: 0.87). Although most
e districts remain in the same common group, such as in TF and TIF, there are some exchanges

between groups, suggesting that districts have different coverage capacities when it comes to research

into the reasons underlying forest fire ignition (Figure 7).
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Figure 7. Spatial distribution of Total forest fires with burned area greater than 1 ha and whose
cause was investigated (TIF): (a) Distribution by district; (b) Clusters by annual profile of distribution;
(c) Clusters in geographic location (cophenetic coefficient: 0.87).

3.2. Ratio between TIF/TF and Annual Average of TIF/TF in Portugal

With the aim being to compare the ability to respond to requests from the district authorities

responsible for the investigation into forest fires, in Figure 8 we present the graphs which summarize
the comparative study between the relative profiles of the districts, obtained from the ratio between
the annual number of fires investigated in relation to the number of forest fires that occurred by year
and by district. For this purpose, the relative profiles (TIF/TF) were compared between all pairs of
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districts, using the Spearman correlation coefficient. The results are shown in Figure 8. The annual
average of Portugal is represented by “0”.
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Figure 8. Ability to respond to requests: (a) Dissimilarity matrix based on Spearman correlation
coefficient; (b) Clusters by annual profile distribution of TIF in relation to TF; (c) Clusters in geographic
location (cophenetic coefficient: 0.76).

According to Figure 8, in the last two decades the districts of Coimbra, Beja, Santarém, Portalegre,
Evora and Leiria had higher values of investigated ignitions than the ones recorded in Aveiro, Braga,
Castelo Branco, Guarda, Lisboa, Porto, Settbal, Viana do Castelo and Viseu. The greatest dissimilarity
occurred between the districts of Faro, Braganca and Vila Real and all the other districts.

3.3. Spatial Distribution of Ignition Causes

As we can see in Figure 9, the ‘unknown cause’, due to lack of resources to start and/or conduct
investigations up to the end, has a weight of 34.5% in the TIF. However, these fires have been decreasing
significantly in Portugal since the beginning of the 2000s, presumably as a result of efforts to remedy
this shortage (Figure 9b). Negligent and deliberate were responsible for 29.9% and 20.4% ignitions,
respectively. The human-caused forest fires saw the highest increase in the period under investigation,
particularly from the year 2000. Reactivations represent 14.6% and natural causes only amount to 0.6%
of total ignitions of investigated forest fires.
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Figure 9. Causes of fires in mainland Portugal; (a) Relative proportion of each cause in investigated
fires; (b) Annual distribution of fires by cause.

From the graphics (Figure 10), we can see that Lisbon (11) was the district registering the highest
percentage of unknown causes and also the greatest dissimilarity compared with Guarda, Vila Real,
Viseu, and Faro, which had the lowest unknown cause values. According to the matrix presented in
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Figure 10a, the northeast districts (Braganca, Vila Real and Viseu) presented great similarity among
them, as did the central (Aveiro, Coimbra, Castelo Branco and Leiria) and northwest districts (Porto

and Braga).
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Figure 10. Unknown causes (Un): (a) Dissimilarity matrix; (b) Clusters by relative annual profile of
distribution; (c) Clusters in geographic location (cophenetic coefficient: 0.74).

Districts dominated by negligent causes of forest fires were found in the vast majority of the
Portuguese territory, including the entire southern and the central and north inland regions (Figure 11).
In this cluster, comprising twelve districts, around 23% of annual causes were identified as negligent.
For the remaining districts the mean annual varies between 15.2% (Porto and Braga) and 13.1% (Leiria).
Aveiro, Leiria and Coimbra were; however, the most dissimilar districts compared with the rest of the
country (Figure 11a).
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Figure 11. Negligent causes (Ne): (a) Dissimilarity matrix; (b) Clusters by relative annual profile of
distribution; (c) Clusters in geographic location (cophenetic coefficient: 0.86).

Deliberate forest fires (Figure 12), caused by malicious acts of pyromaniacs or for agricultural and
livestock reasons are highly relevant in the central and northern regions, as well as in the southernmost
district. The highest values were recorded in the cluster comprising the districts of Aveiro, Coimbra
and Leiria, with an annual mean of 18.4% and a standard deviation of 27.8%, and the one formed by
the districts of Braga, Braganca, Faro, Guarda, Lisboa, Santarém, Viseu, Viana do Castelo and Vila Real,
with an average of 17.3 + 21.5%. Evora and Setubal, included in the cluster with the lowest values,
are the most dissimilar districts, as we can see in the matrix in Figure 12a.

Figure 13 shows the spatial distribution of Re (reactivations) by district. In short, Re are spatially
concentrated in two main groups: the first includes six districts near the coastline—in the north,
Aveiro, Braga, Porto and Viana do Castelo, plus Lisbon and Faro. For this cluster, the mean annual
of rekindles was 24.4 + 18.4% for the analyzed period. The second group, with an annual mean of
18.8 + 14.0%, is concentrated in the central and northern inland districts. Evora and Portalegre are;
however, the districts that show the lowest similarity among all the spatial units (Figure 13a).
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Figure 12. Deliberate causes (In): (a) Dissimilarity matrix; (b) Clusters by relative annual profile of
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Figure 13. Reactivations (Re): (a) Dissimilarity matrix; (b) Clusters by relative annual profile of
distribution; (c) Clusters in geographic location (cophenetic coefficient: 0.79).

Regarding naturally ignited forest fires (Figure 14), the districts most affected in the last two
decades were Braga, Braganca, Castelo Branco, Coimbra, Guarda, Lisboa, Portalegre, Evora, Santarém,
Settbal and Vila Real, with an annual mean of 3.05 + 1.32% of the total of investigated wildfires.
Conversely, Aveiro, Leiria and Viana do Castelo recorded the lowest values, 0.95 + 0.27%. Viana do
Castelo, Aveiro, Leiria, Faro and Viseu show the greatest dissimilarities, as can be seen in the matrix in

Figure 14a.
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Figure 14. Natural causes (Na): (a) Dissimilarity matrix; (b) Clusters by relative annual profile of
distribution; (c) Clusters in geographic location (cophenetic coefficient: 0.81).

4. Discussion

4.1. Spatial Temporal Occurrence by Type and Motivation

In the period between 1996 and 2015 the total number of fires in the 18 districts of mainland
Portugal reached 108,242 ignitions, but this huge number only represents 22% of the total number of
occurrences (investigated and non-investigated) reported by ICNF for the analyzed period. In fact,
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the data available for this study suggests, a priori, that the level of information gathered on the causes
that originate fires falls very short of what is desirable. “Unknown cause’ due to lack of resources to
start and/or to conduct investigations up to the end amounts to an average of 34.5% in the total of
investigated occurrences. This figure indicates, however, an improvement on the Portuguese procedure
for recording the occurrences of forest fires, since in the last decade Costa et al. [30] reported a value of
75% for unknown ignition sources. The lack of official registration of this type of information has been
reported in other Mediterranean countries (e.g., [26,35]).

Despite the constraints mentioned above in terms of data quality, the performed analysis shows
that negligent and deliberate causes assume a very significant relevance in the investigated fires. In fact,
in Portugal, wildfires are mainly caused by human negligence or human intent (arson and deliberate
incendiarism). These results were highlighted by several authors [11,24,30,36,37], who found that
around 97% of investigated fires are human-caused. Moreover, significant spatial contrast was detected
in the number and causes of wildfires. On this subject, Nunes et al. [10] identified both topography and
population density as the most relevant municipal drivers of ignitions in Portuguese forests. However,
population density seems to play a double role in NO: although greater population density leads to
a higher number of fires it is also commonly associated with districts with a suitable number of fire
fighters’ facilities that allow a quick response in case of emergency. Considering this, an in-depth
analysis of the spatial distribution of NO is convenient. On the other hand, the high number of NO
in mainland Portugal is not necessarily found in the districts with a higher total forested area [30].
Several works and reports note that, depending on the social, economic and cultural context of a
given region, the causes of forest fire ignition may differ spatially from country to country and from
region to region, within the same country [28]. As an example, the use of fire for the renewal of
shrub pastures in mountain grazing areas and in recreation activities has a strong impact on wildfire
occurrence [9,21,38,39].

Rekindles of fires, which represent more than 14% of known causes, is also a wildfire problem.
This number can be as high as 30% in some districts. According to Beighley and Hyde [40], the main
reasons are: first, a volunteer firefighter culture of only using hoses and water, staying on roads,
and not using hand tools; second, too many daily fires forcing brigades to move prematurely from
one first intervention action to another and not checking suppressed fires to make sure they are
properly extinguished.

In this context, understanding the underlying patterns of forest fires in terms of their spatiotemporal
distribution could help the decision makers to take preventive measures beforehand, by identifying
potential hazards and deciding on strategies for fire prevention, detection and suppression.

4.2. The Performance of the Used Methodology

Forest fires were studied using classical statistical tools. However, these methods have limitations,
both terms of in capturing all the features underlying the dynamics of forest fires, and with respect to
the evolution over time. Forest fire dynamics have correlations in size, space and time. Size-frequency
distributions expose long-range memory, which is typical in complex systems. Correlation between
data is characterized by self-similarity and the absence of a characteristic length-scale, meaning that
forest fires exhibit power-law (PL) behavior.

This study hopes to contribute to the literature for making better decisions in the selection of
appropriate cluster methods by using subgroup sizes, variable numbers, subgroup means and variances.

5. Conclusions

The data available on NO in mainland Portugal in the period 1996 to 2015 showed three regions
that had distinctive behavior over those two decades. In relation to the investigated fires, three
clusters were identified: (i) the northwest, (ii) the northeast; and (iii) the center and south regions.
The analysis of the NO ignition sources revealed that human activities, either deliberate or negligent,
are predominant, rather than natural phenomena such us storms. In both the northern and central
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regions, the NO was predominant: 20.4% due to deliberate causes and 29.9% due to negligent use
of fire. The huge percentage of unknown information in relation to the origin of forest fires (34.5%)
highlights a serious weakness in terms of the level of information gathered and emphasizes the need
to improve the data registration process.

A better understanding of the variations in causes of forest fires throughout Portugal will improve
fire risk management, fire prevention planning, and firefighting. Analysis at district level can help
define priorities in different areas in order to design appropriate prevention measures and improve the
effectiveness of fire prevention; equally, it supports environmental and civil protection policies such as
the allocation of firefighting resources.

Considering that the public authorities are largely responsible for that task, a political decision on
increasing both human and technological resources to allocate to the data collection stage is pertinent.
In addition, and given that the regional incidence of fire ignitions differs from district to district and
also varies with respect to the type of ignition, different actions targeting specific audiences must be
considered. In this context, the district fire management plans should contain planning actions that
support the district strategy actions to prevent and control forest fires with tactics to secure people’s
participation. As an example, we dare to recommend the development of special educational programs
for the population in general. This would seem to be an appropriate approach in districts where
deliberate and negligent ignitions are predominant. Furthermore, the development of special programs
on the use of controlled fire techniques for the purposes of soil clearing, and forest and pasture renewal
should be implemented more effectively in order to guide farmers in those districts where natural
ignitions are predominant.
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