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Abstract

The present study analyzes the spatial distribution of 881 forest fires recorded during four recent
years (2009-2012) in 59 municipalities of a Mediterranean region (Attica, Greece) characterized
by high fire risk and relevant human pressure due to uneven urban expansion. The hypothesis
that a defined fire profile (in terms of density, severity and land-use selectivity) on a local scale
was associated to a specific set of socioeconomic and territorial variables, was tested explicitly
using six fires’ indicators and eight contextual indicators under a multivariate analysis framework.
Analysis identified two main dimensions for both forest fires (dimension and selectivity) and the
socioeconomic context (demographic variables associated to the urban-rural gradient and aver-
age income). Fire density and forest/pastures burnt areas did not correlated to any socioeconomic
variable. At the same time, average declared income and elevation of each municipality did not
correlated to any fires’ variable. To the contrary, the average fire size, the percentage of burnt
area per municipality and the proportion of cropland affected by fires correlated positively with
the distance from the inner city and the total surface area of each municipality and negatively with
the proportion of compact settlements, population density and growth. These results confirm the
importance of the urban-rural divide determining the spatial distribution of forest fires in Attica
while pointing out the modest influence of variables such as the socioeconomic status of resident
population.
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Mediterranean Region

1. Introduction

In fragile Mediterranean environments characterized by the millenary interaction between man and nature, the
spatial distribution and expansion of urban settlements traditionally shaped the neighboring landscape in a more
effective way than it was done by the action of biophysical gradients such as elevation or the distance from the
sea (Antrop [1]; Catalan et al. [2]; Polyzos et al. [3]; Salvati et al. [4]). Although southern European cities are
usually regarded as representative examples of compact, dense and land-saving cities (Paul and Tonts [5]; Ka-
sanko et al. [6]; Cakir et al. [7]), urban growth especially in the form of discontinuous, low density settlements,
was found increasing in recent years [8]. Threatened by exurban development, peri-urban landscapes and, more
in general, rural areas surrounding big cities are characterized by a variety of land-use classes, which are re-
flected in fragmented environments sensitive to fires and soil erosion (Arianoutsou [9]; Allen [10]; Ba-
dia-Perpinya and Pallares-Barbera [11]; Briassouli [12]). Forest fires, especially big fires, are relevant events
shaping the ecological fragility of the Mediterranean landscape, altering the structure, composition and diversity
of landscapes and determining land degradation in certain environmental conditions with important conse-
quences also for the social and economic local context (Christopoulou et al. [13]; Martinez et al. [14]; Moreira
et al. [15]). The hypothesis that a defined fire profile (in terms of density, severity and land-use selectivity) on a
local scale was associated to a specific set of socioeconomic and territorial variables (e.g. [16]) was tested expli-
citly in the present study. By analyzing six fires’ indicators and eight contextual indicators through a multiva-
riate exploratory framework, we evaluated the spatial distribution of 881 forest fires recorded during four recent
years (2009-2012) in 59 municipalities of a Mediterranean region (Attica, Greece) characterized by high fire risk
and relevant human pressure [17]. Information derived from this analysis proves useful in planning local strate-
gies for the containment of forest fires in peri-urban areas.

2. Methods
2.1. Study Area

The investigated area covers a large part of the administrative region of Attica, central Greece, extending for
nearly 3000 km? (Figure 1). According to the local authorities’ reform enforced in 2011 (the so called “Kalli-
kratis” law), the area was subdivided in 59 municipalities (including a municipality covering the entire Salamina
island). The region mostly consists of mountains with the highest elevation reaching 1413 m in Mount Parnitha
at only 25 km northwest Athens. Three coastal plains (Messoghia, Marathon and Thriasio) are located in the At-
tica region outside the urban area [4]. Population residing in the region amounted to 3.8 million people in 2011
with a density of 1248 inhabitants/km®.

2.2. Forest Fire Data

This study was based on 881 records of the Hellenic Fire Brigade on individual forest fires occurred in the in-
vestigated area from 2009 to 2012. For each fire, the data set includes a field estimate of the burnt area, the date
and hour of ignition, the municipalities of the ignition point or a description of the place of ignition (the name of
the main road or similar information useful to the geo-referencing process); these information allowed to assign
each fire to one of the 59 municipalities of the region. The database contains all fires that were recorded by the
Fire Brigade, and is assumed to be enough complete and reliable down to the smallest fires. Density of fires was
0.29 events/km? during 2009-2012 with the average burned area per fire amounting to 28 hectares (Table 1).
According to previous studies [18], fire size distribution in Attica was adequately described by a power-law over
many orders of magnitude with nearly 80% fires < 1 ha and only 1% > 100 ha. Like in most Mediterranean re-
gions, the large majority of fires included in this analysis are human-caused rather than “natural” in origin and
mainly concentrated during hot and dry months spanning from late spring to early autumn. The available data-
base includes information on the surface area of different land-use classes affected by each fire event. Three
classes were considered here: 1) forests and related natural habitats including maquis, garigue and shrublands, 2)
cropland and 3) pastures. The 881 events examined in this study may be regarded as enough representative of
the fire regime characterizing the region. The investigated time interval (2009-2012) include years with few but
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Figure 1. Maps describing selected characteristics of the investigated area (upper left: average municipality distance from
Athens’ centre [km]; upper right: population density [inhabitants/km?]; lower left: density of forest fires [per year and km?],
lower right: percentage of burnt land on total municipal area [%]).

Table 1. Fire statistics in the investigated area by year.

Variable 2009 2010 2011 2012 Total
Number of fires 184 304 194 199 881
Burnt area (km?) 199.3 17.9 3.8 28.2 249.1

Average fire size (ha) 108.3 5.9 1.9 14.2 28.3
Woodland (%) 50.2 25.0 68.6 55.8 49.3
Cropland (%) 16.8 29.4 34 211 18.0

Pastures (%) 254 41.7 24.2 229 26.3

extremely severe events (2009), years with a high number of fires and moderate severity in terms of total area
and forest land affected (2010), favorable years with a reduced number of events characterized by low fire se-
verity (2011) and years with an intermediate fire profile (2012). According to meteorological data recorded in
Thissio station (Athens) by the National Observatory of Athens (NOAA), the four years showed also an hetero-
geneous climatic pattern, with a relatively wet year (2009) and a hot and exceptionally dry year (2010) inter-
mixed with years showing a normal climatic regime.
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2.3. Indicators

Six fires’ indicators and eight socioeconomic variables were calculated at the municipal scale from data made
available by Hellenic Statistic Authority, Ministry of the Environment and Ministry of Finance (Table 2). The
selected indicators assess, on the one hand, fire density, severity and selectivity and, on the other hand, demo-
graphic and territorial characteristics along the urban-to-rural gradient, including population density and average
income. The spatial unit of analysis adopted in this study allows evaluating changes in the spatial distribution of
population along the urban-to-rural gradient by integrating information from different statistical and field sur-
veys. Figure 1 illustrates the spatial distribution of four selected indicators in the study area.

2.4. Statistical Analysis

The spatial distribution of each studied indicator was explored through maps based on official municipality
boundaries produced by Hellenic Statistical Authority in 2012. Municipalities with no fires observed along the
investigated period were removed from further analysis. Two separate Principal Components Analyses were run
to identify the main factors characterizing fire profile in Attica and socioeconomic and territorial characteristics
of local municipalities. Factors with eigenvalues > 1 were extracted and two separate plots of factor loadings
and factor scores were produced. A non-parametric Spearman rank correlation analysis was carried out compar-
ing the distribution of the six fire’s indicators and the eight socioeconomic indicators in the studied municipali-
ties testing at p < 0.05 after Bonferroni’s correction for multiple comparisons. Finally, a non-hierarchical cluster
analysis (using Euclidean metric with Ward’s agglomeration rule) was developed to identify similarities in the
spatial distribution of the 14 indicators examined here.

3. Results and Discussion

Out of 59 municipalities considered, forest fires were recorded in 39 of them, the other 20 municipalities con-
centrating high-density settlements with few green spaces apart from small gardens and non-vegetated, aban-
doned open land. The resulting density of fires illustrated in Figure 1 showed a rather heterogeneous spatial
pattern with peri-urban and accessible municipalities characterized by several small-sized fires while the per-
centage of burnt area on the total municipal surface indicates a contrasting spatial pattern with less accessible,
rural municipalities characterized by severe (and sometimes repeated) burning. These findings suggest the ex-
istence of different fires’ profiles on a local scale shaped by the changing socioeconomic context along the ur-
ban gradient. Principal Components Analyses applied separately to the two available datasets (fires’ variables
and socioeconomic variables) pointed out the importance of various interpretative dimensions on a local scale
(Figure 2, upper left): as for fires’ variables, PCA factor 1 (explaining 33% of total variance) represents an axis
of fire severity ordering municipalities according to AVGFSU, FIRSU% and FIRDEN values. PCA factor 2
(accounting for 31% of total variance) illustrates the opposition between strictly woodland fires and fires in-
volving cropland and pastures with municipalities distributed primarily along this gradient (Figure 2, upper
right): on average, fires with smaller size affected forest land more frequently than fires with larger size gener-
ally consuming more agricultural and pasture lands. Results of the PCA applied to the eight socioeconomic va-
riables identified two relevant dimensions in the spatial organization of the investigated area. PCA factor 1 (ex-
plaining 54% of total variance) illustrates the urban-to-rural gradient described by population density and
growth and the distance from the inner city of Athens (Figure 2, lower left) which separated local municipalities
in two homogeneous groups (Figure 2, lower right). PCA factor 2 (accounting for 16% of total variance)
represents the economic disparities observed at the urban scale in Attica, pointing out the spatial polarization
observed between rich and poor municipalities, in turn oriented along the elevation gradient (high and interme-
diate social classes tend to settle on upland municipalities around the main urban center). Based on a Spearman
rank coefficients matrix (Table 3), the correlation analysis between fires’ and socioeconomic variables indicates
a complex spatial pattern based on fires’ severity and the related land-use selectivity. Fire density and forest/
pastures burnt areas did not correlate to any socioeconomic variable. At the same time, the average declared in-
come and the elevation class assigned to each municipality did not correlate to any fires’ variable. To the con-
trary, the average fire size, the percentage of burnt area per municipality and the proportion of cropland affected
by fires correlated positively with the distance from the inner city and the total surface area of each municipality
and negatively with the proportion of compact settlements, population density and growth and the ratio of
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Table 2. List of variables investigated in the present study.

Acronym Indicator Measurement unit Primary data source

Forest fires’ variables

FIRDEN Density of forest fires on total municipal area (2009-2012) Fires per km? Hellenic Fire Brigade
AVGFSU Average fire size by municipality (2009-2012) Hectare Hellenic Fire Brigade
FIRSU% Percentage of municipal area affected by fires (2009-2012) Burnt area/km? Hellenic Fire Brigade
WOOD Proportion of burnt forests on total burnt area (2009-2012) % Hellenic Fire Brigade
CROP Proportion of burnt cropland on total burnt area (2009-2012) % Hellenic Fire Brigade
PAST Proportion of burnt pastures on total burnt area (2009-2012) % Hellenic Fire Brigade

Territorial and socioeconomic variables

DENPOP Population density (2011) Inhabitants/km? Hellenic Statistic Authority
DIST Distance from Athens km Hellenic Statistic Authority
VARDEM Annual population growth rate (2001-2011) % Hellenic Statistic Authority
POPRAT The ratio of present to resident population (2011) % Hellenic Statistic Authority
ADJBUI The ratio of adjacent buildings on total buildings (2001) % Hellenic Statistic Authority
SUPMUN Municipality surface area km? Ministry of the Environment
ELEV Elevation (0: lowland; 1: upland municipalities) Dummy Ministry of the Environment
INCOME Average per-capita declared income (2011) Euros Ministry of Finance

Table 3. Non-parametric Spearman rank correlation coefficients between forest fires’ variables and territorial/socioeconomic
variables in the study area (bold indicates significant correlations at p < 0.05 after Bonferroni’s correction for multiple com-
parisons).

Variable DENPOP DIST VARDEM POPRAT ADJBUI SUPMUN ELEV INCOME
FIRDEN —0.04 0.07 0.00 0.16 0.00 -0.14 0.11 —-0.10
AVGFSU —0.55 0.48 —-0.45 0.37 —-0.44 0.49 0.09 —0.03
FIRSU% —0.55 0.51 —0.40 0.47 —0.38 0.45 0.09 -0.13
WOOD 0.24 -0.21 0.33 —0.25 0.23 —-0.27 0.22 0.11
CROP —-0.78 0.78 —-0.79 0.52 -0.78 0.73 —-0.20 0.07
PAST —-0.10 0.08 -0.11 0.20 —0.02 0.17 —-0.15 -0.21

present to resident population. The dendrogram generated by a non-hierarchical cluster analysis using Euclidean
distances with Ward’s linkage agglomeration rule was illustrated in Figure 3. This analysis was aimed to iden-
tify similarities in the spatial distribution of the whole set of variables examined. This analysis was aimed to
identify similarities in the spatial distribution of the whole set of variables examined. Ward’s dendrogram iden-
tified two groups of variables (from FIRDEN to FIRSU% and from WOOD to ADJBUI) suggesting a separation
between fires observed on Athens’ fringe and those recorded in the rural area surrounding the urban region. The
former type of fires usually destroys small patches of (mainly forest) land in municipalities characterized by
specific socioeconomic traits (medium-high population density in compact and semi-compact settlements, high
average declared income, growing population determining higher anthropogenic pressure on fringe’s land). The
latter type of fires is characterized by high density and severity and low selectivity, being primarily associated to
high land availability to edification and the prevalence of agricultural and pasture land.

4. Conclusion

Previous studies underlined that, across the Mediterranean basin, the spatial distribution of land-uses and the so-
cio-demographic context may affect fire regimes, with population densification, deregulated urban expansion,
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Figure 2. Principal components analysis results (left: factor loadings, right: factor scores; upper panel: forest fires’ variables;
lower panel: territorial and socioeconomic variables).
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Figure 3. Non-hierarchical cluster analysis (Euclidean distances,
Ward’s agglomeration rule) evaluating similarity in the distribution of
the investigated variables among municipalities in Attica.
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crop intensification, livestock density and land abandonment being the most important factors determining fire
hazard (e.g. Pausas et al. [19]; Lampin-Maillet et al. [20]; Minetos and Polyzos [21]; Barbati et al. [22]). Our
research partly confirms this theory by depicting the intimate relationship between defined fire profiles (severity
and land-use selectivity) and specific socioeconomic variables in a Mediterranean peri-urban landscape. Using
exploratory statistical analysis, we demonstrated that socio-demographic and economic indicators reflected in
the urban-rural gradient of a large city region can provide insight in the analysis of forest fires’ spatial distribu-
tion and structural characteristics. The indicators illustrated here may form the basis for an integrated monitoring
system for fire risk. These variables, produced by official data sources, are easily and freely accessible on the
web and can be mapped using administrative boundaries or interpolated to physiographic or vegetation homo-
geneous regions [23]. Remote sensing application and field survey data may also contribute to this information
system [15]. Finally, the information collected in the present study may inform local-scale (i.e. municipal or dis-
trict) plans for sustainable forestry at the wildland-urban interface [24] and fire suppression programs integrating
monitoring, control and rapid interventions in the most vulnerable municipalities.
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