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ABSTRACT

The great forest of Zakour is located north of the commune of Mamounia (department of Mascara). It is considered
the lung of the city of Mascara, covers an area of 126.8 ha. It is a forest that is subject to several natural and human
constraints. Among them, the fires are a major danger because of their impacts on forest ecosystems.

The purpose of this work is to develop a fire risk map of the Zakour Forest through the contribution of geomatics
according to natural and anthropogenic conditions (human activities, agglomeration, agricultural land) while inte-
grating information from ground on the physiognomy of the vegetation.

For this, the creation of a clearer fire risk map to delimit the zones potentially sensitive to forest fires in the for-
est area of Zakour. This then allows good implementation of detection management plans, for better prevention and
decision-making assistance in protecting and fighting forest fires.
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INTRODUCTION

For several decades, the Algerian forest, like all the
forests of the Mediterranean region, has been subjected
to multiple attacks, both climatic and anthropogenic.
Among these attacks that accentuate deforestation:
fires, drought, overgrazing, agricultural abandonment,
erosion, phytosanitary problems, attacks on the proces-
sionary caterpillar, lack of maintenance and cultural

care, the strong pressure from forest-bordering popu-
lations, land clearing, increased urbanisation, tourist
pressure and illegal logging and firewood harvesting
(Louni 1994; Benderradji et al. 2006; Arfa 2008; Al-
exandrian 2008; Khader et al. 2009; Bensouiah 2004;
Mihi 2012; Laala 2016; Talbi et al. 2017; Chiali-Charif
2018).

But, fires constitute the most destructive perma-
nent danger of forest that threatens these ecosystems,
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whether by their influence on the composition of species
and forest cover or the threat they represent for human
societies (Ghennai 2015).

Globally, 350 million ha of natural areas are de-
stroyed by fire every year, or 9% of the total area of
forests and non-forest areas (FAO 2007).

According to Vélez (1999), fire is, in Mediterra-
nean forests as in many parts of the world, a chronic,
recurrent phenomenon whose intensity seems to be in-
creasing. The Mediterranean forest covers around 85
million ha in 2010, or 2% of the world’s forest area
(FAO 2013). For the Mediterranean Basin, forest fires
constitute a main permanent threat of forest destruc-
tion, especially in summer; more than 55,000 fires run
on average each year ravaging from 700,000 ha to 1
million ha of Mediterranean forest, causing enormous
ecological and economic damage, as well as loss of
human life. The environmental consequences and the
negative socio-economic effects of fires oblige the ri-
parian countries to make intense efforts both in terms
of prevention and extinction (Vélez 1999; Gouiran
1999; Jappiot et al. 2003; Martinez et al. 2004; Dimi-
trakopoulos and Mitsopoulos 2006; Maddou 2016;
Chiali-Charif 2018).

In Algeria, forests occupy an area of around
4,100,000 ha, i.e. less than 2% of the country’s area
(Mazali 2003; DGF 2018). It is mainly composed of for-
est species such as the Aleppo pines; oak cork; holm
oak; Junipers and others (Thuja, eucalyptus and vari-
ous) (ONS 2015). Like the countries around the Medi-
terranean, Algeria is witnessing an intense deteriora-
tion of its forest heritage (Ferka Zazou 2006). Fires
constitute the most devastating factor of degradation of
the Algerian forest; nevertheless, each year more than
36,000 ha are crossed by fires that remain very frequent
in the summer period (Louni 1994; Madaoui 2002; Mis-
souni et al. 2002; Benhanifia et al. 2004; Meddour-Sa-
har et al. 2008; Khader et al. 2009; Berrichi et al. 2013;
Mezrag and Ziane 2013; Meddour-Sahar and Bouisset
2013; MADRP 2015; Hamdach and Bourazza 2016;
Souidi and Benbakar 2017; Talbi et al. 2017; Sahar et al.
2018; Chiali-Charif 2018; Talbi 2019).

At the regional level, the burned area is unevenly
distributed over the three regions of Algeria. The north-
east region with 50.06% is the most affected, with an
area of burned forest formation of 86,246 ha, the north-
central region of the country comes second with 28.21%

over an area of 44,300 ha and finally, that of the north-
west with 21.73% over 24,725 ha (Arfa et al. 2009; DGF
2018).

At the local level, at the level of the department of
Mascara, the forest massifs cover an area of 161,464 ha.
This forest heritage is currently weakened by a large
number of natural and human factors, but fires remain
the main most devastating and devastating risk of the
forest. An area of 220 ha was covered by forest fires
during the period from June 1 to the end of September
2019, because the burnt areas observed on the ground
show that the remaining forest cover is likely to disap-
pear if there is no appropriate protective measure (C.F
Mascara 2019).

This concerns the “Zakour forest” study area: is
considered to be the lung of the city of Mascara, of great
ecological and socioeconomic importance extending
over an area of several hectares, is faced with a serious
threat of fire.

The objective of this work is the development of
a fire risk map of the Zakour forest in the commune of
Mamounia (Mascara), which then provides a good ref-
erence for detection, protection and control.

MATERIAL AND METHODS

Geographic location of the study area

The forest of Zakour is located north-east of Mamounia
(Daira d’Ain Fares) on the edge of the National Road
No.7, at 2 km outside the capital of Mascara, the subject
of our study. It is characterised by mountainous terrain
at an altitude of 686 m. It is located between longitudes
0°8” and 0°0’ East and latitudes 35°26” and 35°26’ north
(Fig.1). The forest of Zakour is Mediterranean type,
covers an area of 126.8 ha, very diverse in species,
oak is the main species as well as other species such
as Aleppo pine, eucalyptus, undergrowth species and
secondary species.

The Zakour forest is increasingly threatened, fac-
ing serious degradation problems. Forest fires are un-
fortunately a very worrying threat for the inhabitants
of the region. It is one of the sites most exposed to the
risk of forest fire on the scale of the forest heritage of the
department of Mascara. In fact, more than 20 ha of for-
est and brush were ravaged by fire during the summer
season (C.F Mascara 2019).
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Figure 1. Geographical location of the Zakour forest (Mamounia — Mascara)

On the climate level

The climate of the Mascara region is semi-arid to hu-
mid. The average rainfall is around 370 mm/year. Dur-
ing this same period, the average temperature and the
maximum annual average temperature are, respective-
ly, 17.1 and 43.5°C. The climate is Mediterranean, with
a tendency to semi aridity. Weather changes and rainfall
show up mainly in late fall and early spring. At the level
of the northern plains, the influence of sea winds regu-
lates the rains for part of the year. We also note the pres-
ence of very thick fog at the end of spring. The presence
of sirocco is frequent. The entire department territory is

subject to the phenomenon of frost, which lasts an aver-
age of 22 days a year (ANDI 2015).

Socioeconomically

The population of the region has strongly evolved dur-
ing the various population censuses carried out since
1977 from 407,663 inhabitants to reach the number of
968,446 inhabitants in 2018 (DPSB 2018). Therefore,
the population of the department of Mascara repre-
sents 1.2% of the Algerian population. The peri-urban
commune of Mamounia is populated by approximately
16,506 inhabitants, with a density of 170 inhabitants/
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km?. The forest/human interface is very important there
because of the bursting of the habitat in the forest of
Zakour, an agglomeration of 285 inhabitants.

Methodological approach

The methodological approach for the mapping of forest
fire risk zones on the application of the model integrat-
ing GIS and remote sensing for the extraction, capture,
processing and analysis of geographic information,
aiming at the evaluation of parameters of the model,
responsible for initiating, initiating and spreading for-
est fires and collecting data in the form of annual fire
reports, requiring the integration of the following pa-
rameters:

— Combustibility index “CI” (types of vegetation, hor-
izontal structure of the vegetation, nature of the fuel
and degree of its flammability),

— Topo-morphological index “MI” (slope, exposure,
altitude),

— human index “HI” or anthropogenic factors (hu-
man activity, distances to farms, distances to built-
up areas near a built-up area and agricultural land
use of land, pasture, road and douars or small vil-
lage, etc.).

The intersection of the combustibility index layer,
the topo-morphological index layer and the human oc-
cupation index led to the mapping of the potential risk
of forest fires.

For the realisation of the forest fire risk map, we
used the Turkish model adopted by Erten et al. (2004)
and Xu et al. (2005). This model involves five factors:
the type of vegetation (TV), the slope (S), the exposure
(E), the distance from the roads (Dr) and the distance
from the agglomerations (Da). The model applied is
based on the following formula:

RI=7TV + 5(S+E) + 3(Dr + Da)
(Erten et al. 2004)

where:

RI - risk index of forest fire,

TV —type of vegetation,

S —slope,

E —exposure,

Da — distance from agglomerations (towns),
Dr —distance from roads.

In this study, we have adopted the model by its
adaptability to Mediterranean regions and its simplicity
of execution because “it is not too demanding in terms
of data, especially for those relating to forest fires”. The
application of the model is closely related to the values
in Table 1.

Table 1. Summary of the revised and adopted parameters for
the model and their weights

s 5285 5| Risk
£ 2 & ;% g Classes ";“ degrees
1 2 |3 4 5 6
- high density 3 | strong
% 7 average density 2 | medium
‘5 = low density 1 [low
%ﬂ o o Quercus ilex 5 | very strong
2 fﬁ g 7 Pinus halepensis 4 | strong
? % Olea europea 3 | medium
Pelouse 2 | low
>35% 5 |very strong
& 25-35% 4 | strong
2 5 10-25% 3 [ medium
% 10-5% 2 |low
<5% 1 |very low
g south-west | 180-270° | 4 | very strong
3”5) s south east | 90-180° | 3 |strong
é« = 3 north west | 270-360° | 2 | medium
- northeast 0-90° 1 [low
<800 5 | very strong
@ 800-900 4 |strong
2 5 900-1,000 3 | medium
% 1,000-1,100 2 |low
>1,100 1 | very low
0-100 5 |very strong
— 100-200 4 | strong
E | B |3 200-500 3 | medium
E s 500-1,000 2 [ low
‘é >1,000 1 | very low
& 0-50 5 | very strong
g ~ 50-100 4 | strong
2 | 53 100-200 3 | medium
° 200-500 2 |low
>500 1 | very low
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1 2 3 4 5 6
£ o 0-100 5 | very strong
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Qo
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£ 2 0-50 5 | very strong
EZg 50-100 4 [strong
8y 3 100-400 3 | medium
Z8= 400-1,000 2 [low
a3

= >1,000 1 | very low

Erten et al. 2004; Raptis et al. 2012.

The use of this approach allows us to make a map of
the risk of forest fires in a relatively short time and this,

by integrating the different risk factors in their simplest
form, especially with regard to vegetation.

Several authors have been used models to develop
risk maps for forest fires in Algeria (Missoumi and Tad-
jerouni 2003; Belhadj 2003; Belhadj et al. 2003; Khader
et al. 2009; Belat et al. 2012; Talbi et al. 2017; Chiali
2018; Talbi 2019).

Topo-morphological index (S + A + E)

Topography is an important physiographic factor close-
ly related to the behaviour of wind, and which direct-
ly influences the predisposition of a region to fire, on
which depend the behaviour of fires, detection. Three
topographic parameters are involved in the start and
spread of a forest fire: slope, exposure and altitude.
Three topographic parameters are involved in the mod-
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Figure 2. Flow chart of the methodological approach applied to draw up a fire risk map for the Zakour forest (Municipality of

Mamounia)
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el: slope, exposure and altitude. All these parameters
are deduced from the digital terrain model (DTM) of
the study region (Fig. 2).

Slope (S)

It promotes the upward spread of fire between the burnt
front and the vegetation still intact. Therefore, the more
the slope is inclined, the higher the risk of fire spread.
The calculation of the slopes from the digital elevation
model (DEM) produces a raster format file, which must
be classified according to Table 1. In terms of forest fire,
the effect of the slope is in the modification of the incli-
nation of the flames relative to the soil, which promotes
heat transfers to the vegetation located upstream. Con-
sequently, the slope is steeper, the risk as the greater.
This parameter also has an impact on the difficulty of
accessibility for firefighting or so-called parades. The
slope of the study site varies between 0, for horizontal
pixels, up to 75% for the most inclined areas. The lat-
ter are mainly located in the far east of the study area
(Talbi 2019).

Exposure (E)

Throughout the northern hemisphere of the earth,
a slope facing south finds itself facing the sun, and on
the contrary, a north slope is shaded. This influences
the temperature and humidity of the air, which influ-
ences the risk of hatching and spreading of fires. Calcu-
lating exposures from the DEM produces a raster that
contains values expressed in degrees, with north as the
origin. This raster file must be classified according to
Table 1 (Talbi 2019).

Elevation (E

The higher altitudes are linked to a greater availability
of air freshness and probability of rain, and therefore,
the risk of fire tends to be lower. The trend in fire be-
haviour will be less severe at high altitudes due to the
possible heavy precipitation (Talbi 2019).

Human Index (RD + SD + FD)

The presence of the population and their homes near the
forests is the issue, whose importance determines the de-
gree of vulnerability of the environment. It is about pro-
tecting people and facilities. Thus, the anthropic param-
eter is the main term in the human activity index model.
The anthropogenic factor, or indicator factor of human

presence, has its weight and its direct influence in the out-
break of a forest fire and then and indirectly on its spread.
This factor characterises the impact of infrastructure
(roads, built-up area, villages, house and cultivated land)
present in the immediate vicinity of forest areas. Their
vulnerability is inversely proportional to the distance be-
tween them and these infrastructures. That is to say, the
risk of forest fires decreases by moving a medium from
anthropized areas. Thus, this parameter was divided
into three sub-factors (Raptis et al. 2012): distance from
roads, tracks (DR), distance from built-up areas and vil-
lages and distance from houses (DA) (Talbi 2019).
However, fire outbreaks are much more frequent
near forest roads and paths. The closer you get to roads,
dwellings (isolated houses or farms, villages and towns)
and/or farmland, the higher the risk of fire. This risk
decreases further from these areas. Therefore, the po-
tential risk of a fire outbreak is closely linked to the
proximity of these human infrastructures (Talbi 2019).

Vegetation index (VI)

The main factor, which affects the spread of a forest
fire, is the type of vegetation (fuel) and its character-
istics. To estimate and map the recovery rate of forest
vegetation, we need to extract to another vegetation in-
dex (VI). Regarding the application of the model used,
only the classes, with non-zero overlap, were retained:
weak, medium and strong. This qualitative estimate
materialises the potential risk of forest fires linked to
vegetation (Tab. 1) (Talbi 2019).

Fire risk index (CR)

The fire risk mapping allows us to delimit the poten-
tial areas of fire outbreaks while being able to trace the
causes and degree of the risk (highly flammable vegeta-
tion, high slope, proximity to a road, etc.). The fire risk
calculation was carried out with the “map calculator”
function of the analyst spatial extension. This involves
applying the formula of the model adopted on the differ-
ent vegetation, topo-morphological and human indices
in raster format.

This modelling accounts for the complexity of this
scourge and for the understanding and quantification
of the physical and anthropogenic factors that govern it
(Faleh et al. 2016).

This index is designed according to a model adopt-
ed under conditions specific to the study area; assigning
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a weighting coefficient to each parameter, depending
on its influence on the spread of the fire (Hamdach and
Bourazza 2016).

The approach used to produce the thematic infor-
mation layers necessary for the creation of the fire risk
map was carried out in several successive stages. The
different stages of the methodology adopted throughout
this work are represented by the flowchart summarised
below (Fig.2).

RESULTS AND DISCUSSION

The present work made it possible to draw up various
index maps of the risks (Fig.3) linked to vegetation, to-
pography, human presence as well as the proposal for
improvements based on the results obtained.

Vegetation index (Cl)

The developed vegetation map (Fig. 4) enables the
stands to be known and classified by major categories of
combustibility and flammability of the plant species en-
countered in the study area. It indicates that 48.33% of
the studied area presents a high risk (61.32 ha), the space
involved brings together a forest and a scrub with a pre-
dominance of the Aleppo Pine species (Fig.5). These
areas present a greater fire risk, while the medium-risk
classes occupy 34.14% (43.21 ha) and the low-risk class
occupies an area of 17.54% or (22.25 ha) of the study
area (mainly bare soil). Charif et al. (2016), indicate that
the response of vegetation to this scourge will make it
possible to better undertake remedial actions helping
the forest to recover.
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Figure 5. Vegetation types in the study forest (Cork oak, Aleppo pine, Brushwood)

Topo-morphological index

The risk of inflammation based on the degree of influ-
ence of several topo-morphological factors (slope, slope
exposure and altitude).

Slope

The most represented classes are the low- and very-low-
risk class 92% of the study area (116.52 ha). These class-
es occupy almost the entire area, the medium-risk class,
which represents 8% (10 ha). Generally, slopes are solid
ground, valley bottoms and plateaus; these grounds
have no risk of fire. The middle classes are character-
ised by hilly reliefs; those are plateaus or low hills. The

slope plays a very important role in the spread of fire
(Guettouche et al. 2011; Maktite et al. 2016).

Exposure:

Reading the exposure risk map of the study area (Fig. 6)
shows us that the most widespread class is the high-risk
class, which represents 55% with an area of (69.6 ha)
of the study area. This is mainly due to the fact that
the study area is characterised by various exposures,
the most dominant of which are the west and south
exposure. The very-high-risk class represents 23.64%
(29.92 ha) of the same area. On the other hand, the low-
risk classes represent 20.35% with an area of (25.75 ha),
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and the medium risk classes represent only 1% with an
area of (1.26 ha).

Elevation (Altitude)

We note that the high-risk class occupies the majority of
the study area (90%). This demonstrates, by Mekikite
and Faleh (2017), that high altitude areas are favourable
or even very favourable to the risk of fire by the pres-
ence of type trees with high caloric intensity.

Human index (HI)

The human index is retained as one of the factors for
risk assessment. It is linked to human presence and ac-
tivity (anthropogenic factors). This human index was
characterised by the distances from roads, settlements,
houses and/or agricultural land. These parameters im-
pact the start of forest fires (Belkaid 2016; Medddour
2014; Faleh et al. 2016).

The proximity index of houses and agglomerations:

Figure 7a shows that over 44% of the study area pre-
sents a very high risk (proximity < 50 m). However, the
high-risk class (50 and 100m) represents 24.25% of the
study area. This impact is justified because the Zakour
Forest is closer to the population of the commune of
Mamounia (less than 5 km). Followed by the low-risk
class (> 500 m), which occupies 33%. For this purpose,
the risk decreases the further we move a medium from
these places. This no doubt reflects the role of human
presence in the outbreak of fires.

Road proximity index:

A strong exerted pressure is due to the density of the
roads around the forest of Zakour (Fig. 7). Therefore,
these roads constitute a major factor of degradation be-
cause of the ease of access to the various resources of
this forest.

Figure 8b indicates that more than 43% of the
study area presents a medium to high risk (proximity
<200 m). However, the very-high-risk class (proxim-
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Figure 7. Impact of Roads on the Zakour Forest
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ity < 100 m) represents 24.28% of the area of the study
area. While, the low-risk class represents 33% (distance
from the roads is more than 400 m). For this purpose,
the extent of the fire is noted especially at the edge of
different roads. This is reported by Makikite and Faleh
(2017) and Faleh et al. (2016) that most of the fire starts
(85%) are triggered around the tracks and roads.

The map of potential fire risk in the Zakour For-
est (Fig. 9) shows a predominance of medium and high

13,16%

- Very Strong - Strong

- Medium D Low

risk, with respectively (37% or 46.88 ha) and (33% or
41.83 ha) of the surface total forest. The other classes
are distributed as follows: low risk (17% or 21.78 ha) and
very high risk (12% or 16.31 ha) of the study area.
From this approach, sensitive areas in the Zakour
Forest (Mamounia) are now well known and mapped.
The results obtained show the significant extent of the
risk of fire in the Zakour Forest. Good knowledge of the
causes of forest fires has enabled us to act better on the
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Figure 9. Map of potential fire risk in the Zakour Forest

actions to be taken in terms of prevention and to bet-
ter reduce their effects. The anthropogenic and climatic
factors seem to be involved in the outbreak of fires in
the study area:

The risk of forest fires is very influenced by the na-
ture of the vegetation in combination with human
and topo-morphological activities, given the value
of the weight assigned to this parameter. However,
this influence is reduced when there is a combina-
tion of several other parameters for the same zone.
Also, it should be noted that the fires are located
mainly at the borders of the forest massifs, privi-
leged places of the start of a fire, before spreading
thereafter towards the interior of the massif.
Existence of consistency with the reality on the
ground, because it was found that the classes at me-
dium to very high risk are indeed the areas where
the majority of fires were recorded.

Geographical location of the Zakour Forest near
the agglomeration, which is a few kilometres from
the capital of the department of Mascara and a few

hundred metres from the capital of the commune of
Mamounia.

Ease of access linked to the high density of the road
network located around the Zakour Forest.

The causal frequency of fire outbreaks in the Zakour
Forest between 11 and 20 h, especially during the
period between June and October when the summer
season intersects with the summer holidays. This is
due to the fact that this period coincides with the
hottest and driest season, thus favouring the devel-
opment of forest fires (Arfa 2008).

The pressure exerted by the high density of the pre-
urban population, of the order of 74 inhabitants/km?,
testifies to an overexploitation of natural resources
and especially the study forest.

The floristic composition of the forest in highly
combustible pyrophyte species, in particular: Alep-
po pine (Pinus halepensis) and Holm oak (Quercus
ilex). According to Talbi et al. (2017), the main factor
affecting the spread of a forest fire is the type of veg-
etation and its characteristics. Aleppo pine is one of
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the major species of the Mediterranean region most tion for a better prevention of forest fires and a certain
affected by fire, xerophilic forest species with high decision aid.
flammability and combustibility belonging to the In perspective, the cartographic documents pro-
conifer family (Talbi et al. 2017). Thus, the structure duced constitute an essential means of decision-making
and composition of plant formations dominated by in terms of forest management to intervene for the pro-
coniferous species, accompanied by undergrowth tection of areas sensitive to forest fires, with the aim of
where brushwood dominates, are all factors favour- conserving and preserving this forest heritage for future
ing forest fires (Missoumi et al. 2003; Chiali Charif generations. Therefore, it is necessary, for the success of
2018). According to Arfa (2008), the majority of Al- such a management action to fight forest fires, to involve
gerian forests is constituted by the presence of the and sensitise the populations near the forests in actions
pinnacles (based on Aleppo pine), remains the plant aimed at preventing any outbreak of fire.
formation most affected by fires with more than
60% of the total area burned.
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