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Summary 

This article deals with the problem of forest fires in the province of Tizi Ouzou this tragic phe-
nomenon which has always struck the region and which often causes degas at the same time 
human, social, economic, ecological and sanitary. The methodology applied to the Tizi Ouzou 
region aims to study the vulnerability of its territory to forest fires. The AHP-GIS integration 
greatly facilitates this work because in this study several qualitative and quantitative criteria 
come into play. The construction of this structure was based on the construction of a grid of 
criteria applied to the entire area of The study, using geomantic operations as integrating and 
generating tools. To choose the most vulnerable area, a geographic information system (GIS) 
was combined with an analytical hierarchy process (AHP) in order to analyze several criteria, 
such as land use, climatological condition and Topography. The AHP was applied to determine 
the importance weights of each criterion. to assess the vulnerability of areas, a simple additive 
weighting method was used. Each criterion was evaluated with the aid of AHP and mapped by 
GIS. The main advantage of such an approach is to facilitate the analysis of complex data in the 
form of graphical representations. In particular, this is an essential decision-making tool for 
elected representatives of local authorities. These results can be used effectively to plan fire con-
trol measures in advance and the methodology suggested in this study can be adopted in other 
areas too for delineating potential fire risk zones. 
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1.	 Introduction  

Protected areas, which play a significant role in maintaining environmental balance, 
are found in forests in developing regions [Bonan 2008]. Although extremely impor-
tant, forest cover loss in these regions is occurring at an alarming rate [Uusivuori et al. 
2002]. Over the past decades, forest cover loss has been attributed to forest fires, rapid 
economic development, agriculture, logging, and human population growth [Ajin et 
al. 2015]. Globally, about 30% of tropical forests were degraded by logging and fires 
between 2000 and 2012 [Coomes et al. 2017].

Forests are among the most productive ecosystems in the world as they provide 
essential services that support key sectors (agriculture, energy, water, mining, 
transport and urban sectors) [FAO 2018], helping to maintain soil fertility, protect 
watersheds, to provide habitat for a wide range of species and to reduce the risk of 
natural disasters, including floods and landslides, and also to slow climate change by 
absorbing carbon dioxide released by burning fossil fuels through photosynthesis 
[Gupta et al. 2012]. Unfortunately, the world’s forests have always been exposed to 
several disturbances, themselves strongly influenced by climate change on the one 
hand, such as fires, droughts, landslides, the spread of invasive species and infesta-
tions [Thom et al. 2016]. Insects, on the other hand, are threatened by the expansion 
of agriculture, timber production, firewood collection and other human activities. 
All these factors have affected the vulnerability of forests to the various risks they 
face, especially in terms of frequency, severity, duration, and timing of disturbances 
[Seidl et al. 2017, Canelles et al. 2021]. For example, increased fuel loads, longer fire 
seasons and more severe weather conditions could result. Today, forest fires are the 
most common hazard threatening forest wealth and the entire forest system. This 
phenomenon has dramatically increased in recent decades (wildfires destroy an 
annual value of 10 million hectares worldwide), due to socio-economic problems 
and climate change. Lightning causes less than 10% of fires worldwide. However, 90% 
of forest fires are of human origin [San-Miguel-Ayanz et al. 2017]. Some of the most 
common causes of fires include criminal acts, private and agricultural forestry, irre-
sponsible behavior, littering, reigniting fires, etc. In Algeria, the forest area destroyed 
by forest fires has increased significantly in recent years. In 2021, a  series of fires 
separately ravaged 89 thousand hectares of forest, fruit trees and olive trees in several 
northern regions (a total of 71 fires in 35 states) [Forest Wildfires 2023]. Indeed, 19 
forest fires, including eight major ones, were recorded in several municipalities of 
the state of Tizi Ouzou, with a death toll of 69, including 28 soldiers and 41 civilians, 
and 12 injured, in addition to the destruction of dozens of homes [Forest Wildfires 
2023], this has subsequently caused environmental, economic, and social disruption. 
Our interest in this study is to map the vulnerability of the state of Tizi Ouzou to the 
risk of forest fires through the integration of geographic information systems and 
the multi-criteria hierarchical GIS-AHP method. The cartography obtained makes 
it possible to locate the zones exposed to the risk to help to set up prevention and 
control programs in a more precise way in the face of forest fires. The state of Tizi 
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Ouzou is in the North of Algeria; it extends over an area dominated by mountainous 
ensembles. The Algerian north (the Tell Atlas) is the region in which most of the 
fertile and arable land and wooded structures are found, unlike the arid lands of the 
highlands or the arid expanses of the Sahara. It is a region located between the coast 
to the north and the highlands to the south, which extends over part of northwestern 
Tunisia. 

Source: Authors’ own study 

Fig 1.	 Location map of the state of Tizi Ouzou 

2.	 Material and research methods  

In this study, a multi-criteria method (AHP) was integrated into GIS software (Arc GIS 
10.3) to assess the vulnerability of the state of Tizi Ouzou to the risk of forest fires, this 
methodology was developed according to the following steps. 

2.1.	 Identification of study criteria 

The vulnerability of a territory to the risk of forest fire imposes society-nature interac-
tions, the criteria studied and the sub-criteria are the factors of the natural and anthro-
pogenic environment which influence the outbreak, the spread and the intensity of 
a fire. 
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2.2.	Map study criteria 

The evaluation criteria are identified in relation to the factors that have the great-
est impact on the vulnerability of the forest territory of the state of tizi ouzou to the 
phenomenon of forest fires. Each criterion is therefore linked to several classes. Each 
evaluation leads to a map representing [Joerin 1995]. These maps were obtained on the 
basis of satellite images integrated into a database for the creation of a Geo-referenced 
GIS. 

2.3.	Weighting of study criteria 

The process of calculating the relative importance of each criterion is according to the 
scales shown in the Table 1. 

Table 1.	 Comparison scale

Scale Description

1 Equal importance of two elements.

3 One element is slightly more important than the other.

5 One element is more important than the other.

7 One element is much more important than the other.

9 One element is much more important than the other.

2, 4, 6 ,8 2, 4, 6, 8 Intermediate values ​​between two judgments.

2.4. Verification of the consistency of the study criteria  

In order to test the respect of the transitivity of our judgment, Saaty [1990] proposes 
the following mathematical formula where IC is the coherence index, N the number 
of elements compared and λmax, a value calculated on the basis of the average of the 
values ​​of Saaty matrix where λmax is the largest eigenvalue of the n × n reciprocal 
pairwise-comparison matrix: 

IC ( max N)
(N )

= −
−

λ
1

To obtain the average consistency λmax, each column of the non-normalized 
binary comparison matrix is ​​multiplied by the weight of the associated criterion. The 
sum of the elements is then calculated for each row. The consistency of each criterion 
is given by the previous sum divided by the weight of the row criterion. By summing 
the consistency of each criterion and dividing by the number of criteria, we obtain the 
average consistency. 
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The coherence ratio (CR) is calculated by the equation: 

RC IC
IA

=

Saaty [1990] defined the Random Index (AI) of a matrix of the same dimension 
presented in the Table 2. According to Saaty [1990], when it comes to comparing less 
than 9 elements, a tolerance threshold of 10% is set for this consistency index. 

Table 2.	 Random index by number of criteria

n 1 2 3 4 5 6 7

IA 0 0 0.58 0.9 1.12 1.24 1.32

Source: Saaty [1990] 

2.5.	Aggregation of study criteria 

This operation consists of multiplying each factor layer by its respective weighting 
coefficient as confirmed in the hierarchical structure according to the AHP method, 
and the integration of the criteria cards in accordance with their weight on a GIS 
software by using a method of linear combination of weighting for their aggregation 
in order to obtain a summary map this analytical method has a very important role 
in the organization of data and spatial information, their presentation, analysis and 
interpretation. 

3.	 Results 

Wildfires (also known as bushfires or forest fires) are large, uncontrolled fires that can 
have a devastating impact in rural and urban areas. It can spread rapidly, change the 
direction of its spread, and even ‘jump’ great distances as its embers and sparks fly 
up to be carried by the wind. According to scientific studies, the spread of forest fires 
depends on the terrain, the available fuel (vegetation or wood debris) and weather 
conditions (wind direction, speed and temperature). For that the classes of the under 
criterion are determined both from the factors that have the most important influ-
ence on the spread of fires in relation to the experience of professionals of the fight 
and also from the bibliography [Burgan and Robert 1984, Van Wagner 1987, Lambert 
1977, Sol 1991, Alexandrian 1990, Dupuy 1995, Dupuy 1997]. The judgment is exer-
cised between the following criteria, each criteria is supported by a  cartographic 
representation. 

The pair wise comparison of the sub-criteria relating to the criteria applied for our 
case gave the following results (Table 4, the comparison matrix is normalized so that 
the sum of all the weights is equal to 1). 
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Table 3.	 Standardization of selected criteria

Criteria Under citerions Rank Value Class

Land use

Wooded areas
1 3 Shrubs

2 5 Wild trees

3 9 Olive trees

Urban areas

1 9 0–200 m

2 5 200–400 m

3 7 400–600 m

4 3 > 600 m

The road network
1 3 > 1.8 km for 100 ha of wood 

2 5 1.8–1.2 km for 100 ha of wood 

3 7 < 1.8 km for 100 ha of wood 

Climatological 
condition

Wind
1 3 < 9 m/s

2 7 9–17 m/s

3 9 > 17 m/s

Temperature
1 3 < 15 °C

2 7 15–30°C

3 9 > 30 °C

Air humidity
1 3 < 35%

2 7 35–65 %

3 9 > 65 %

Topography

Altitude
1 3 < 600 m

2 7 600–800 m

3 9 > 800 m

Slope
1 3 < 10°

2 7 10°

3 9 > 10°

Orientation 

1 5 North

2 9 East

3 7 West

4 9 South
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Table 4.	 The results of the pair wise comparison of the sub-criteria

Under 
criterions 1 2 3 4 5 6 7 8 9 W

1 1 1/5 2 3 2 5 4 4 4 0.17

2 5 1 5 7 5 4 2 3 3 0.30

3 1/2 1/5 1 3 1/5 2 3 3 2 0.09

4 1/3 1/7 1/3 1 1/2 1/2 1/3 1/3 1 0.04

5 1/2 1/5 5 2 1 4 7 5 3 0.18

6 1/5 1/4 1/2 2 1/4 1 5 3 2 0.09

7 1/4 1/2 1/3 3 1/7 1/5 1 1/2 1/3 0.05

8 1/4 1/3 1/3 3 1/5 1/3 2 1 3 0.04

9 1/4 1/3 1/2 1 1/3 ½ 1/3 1 0.04

Explanations: 1 – wooded areas, 2 – urban areas, 3 – road network, 4 – wind, 5 – temperature, 6 – air humidity, 
7 – altitude, 8 – slope, 9 – orientation

Source: Authors’ own study

Fig 2.	 Land use of the state of Tizi Ouzou 
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Source: Authors’ own study 

Fig 3.	 Climatological condition of the state of Tizi Ouzou 

Source: Authors’ own study

Fig 4.	 Topography of the state of Tizi Ouzou
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The consistency of criteria must be checked before the application of the cartographic 
overlay, and after the application of the formulas presented above we find RC < 0.1.

After the superimposition of the geographical data and the maps which represent 
the criteria of our study by multiplying each layer by its weight obtained by the AHP 
calculation in GIS software (with  ArcGIS interactive maps Builder), we obtained 
a summary map which represents the vulnerability of the territory of Tizi Ouazou state 
in the face of forest fire risk.

Source: Authors’ own study

Fig 5.	 Vulnerability to forest fire risk of the state of Tizi Ouzou 

4.	 Conclusions  

This research document has dealt with the sensitivity of the forest region of the prov-
ince of Tizi Ouzo to forest fires. This risk is considered to be one of the most important 
and frequent subjects of particular attention from researchers and decision-makers, 
especially after the tragic fires that the Wilaya experienced in 2021 and which caused 
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enormous material and human damage, this directly affected the economy, society and 
the environment too.

The method of analysis used in this study and which relates to the integration of GIS 
techniques based on satellite imagery to an Analytical Hierarchy Process (AHP) guided 
us to develop a cartography at 1/200,000 of the whole of the forests of the province of 
Tizi Ouzou, estimated at 41,489 hectares. This map contains 4 classes according to the 
level of sensitivity to the risk of forest fire from low to very high. The vulnerability map 
is considered as an aid tool decision-making in order to put in place an action plan to 
fight against this danger and to develop prevention and protection plans. 
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