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Abstract  

Fire plays an important role in forest ecosystem management depending on the dual character 

of it. It should be managed and supervised effectively. In this particular study, the study area 

was located in the north part of Gävleborg County in Sweden, which is in a high- latitude 

region. Seven factors, divided into natural factors and human caused factors, were extracted 

from digital elevation model (DEM), classified land use map and feature shape files provided 

by National Land Survey of Sweden (Lantmäteriet). Two different weighting schemes for the 

factors were determined by the Analytic Hierarchy Process (AHP) method. With the help of 

ArcGIS 9.3 and Erdas 9.3, two classified result maps were obtained, where forest fire risk 

ranks were shown as five classes, very low, low, moderate, high and very high.  The 43 fire 

incidents in the year 2007 and 2008 recorded by Global Fire Management System were used 

to evaluate the results. The results show that the higher rank the region is, the larger is the 

probability for forest fire risk and higher the risk to spread the fire. Furthermore, according to 

the occurrence time of the fire incidents, the period of time from end of May to beginning of 

June was generalized as a dangerous period for forest fire risk in this study area. After 

analyzing and discussing, even if there might be some uncertainties caused by variable 

selection, resolution problem and weighting schemes, the results were generally reliable.  

 

Keywords: Multi-criteria analysis (MCA), GIS, Forest fire risk rank, Analytic Hierarchy 

Process (AHP) 
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1 Introduction 

1.1 Background 

Forest ecosystems cover 31 percent of land surface on the earth. They provide series of 

benefits on both human and natural points of view. From human point of view, they provide 

fuel as energy source, specific medicinal and lumber as materials (World Forest Organization, 

2011). From another point of view, they make a huge contribution to maintain species 

diversity and have a significant influence on climate condition (Lasch et al., 2002). Therefore, 

forest is one of the most important ecosystems on the earth, undoubtedly. In addition, as a 

kind of renewable resource, it is expected to be protected and treasured.  

 

In recent years, forest decrease is becoming a serious problem and fire can be treated as an 

important factor. Fire plays an indispensible and extraordinary role in forest management, 

because of the dual character of it (Vafeidis et al., 2007). On the one hand, fire is treated as a 

significant factor for creating and maintaining the landscape structure (Covington & Moore, 

1994; Morgan et al., 2001). Lentile et al. (2006) also mention that fire can ultimately alter the 

structure and composition of soil and vegetation by stimulating the processing of microbial in 

the soil and combusting the vegetation. Fire also functions as a good and powerful tool to 

remodify forest area to some other land use, such as agriculture land and grazing land. On the 

other hand, fire causes many problems at the same time of providing benefits to landscape. 

Fire is treated as one of the major factors which cause ecological disturbance and 

environmental problems (Vadrevu et al., 2010). Naveh (1994) states that fire is widely 

perceived as one of the most important factors which do damage to forest. Combustion of 

forest or grassland releases different kinds of substances which will do harm to earth and 

human. For example, combustion of large amount of vegetation will lead to release of large 

volumes of radioactive gases and some other chemistry gases which influence the earth’s 

radiative budget and atmospheric chemistry (Andreae & Merlet, 2001). At the same time, the 

air quality will be influenced a lot (Hardy et al., 2001). As one of the major factors of global 

warming, forest fire has a great effect on CO2 emissions. Vafeidis et al. (2007) mention that 

high frequency of fire will become a threat to humans. In addition, high frequencies of fire 

will cause destruction to the soil structure which is hard to recover (Badarinath et al., 2009). 

No matter how forest fire plays the role on positive or negative side, there is no doubt that 
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forest fire is a big problem to humans which should be handled by an effective management 

and supervision. However, factors for causing fire sometimes are very complex. Perry (1998) 

states that the most important factors of forest fire are climate, vegetation and topography. 

Traditional analysis is limited because of lack of approaches to analyze complex factors and 

to manage large amounts of data. In addition, forest fires are either made natural or human 

caused, traditional analysis is also difficult to consider spatial data and attribute data together. 

As a result, the fire estimation model is rough with many uncertainties.  

 

Fortunately, with the help of the development of Geographic Information System (GIS) 

technology in recent years, it becomes a useful and powerful tool for rational management of 

the forest resource and fire factors (Lin et al., 2000). Also it is a significant tool to integrate 

spatial data and attribute data for analysis. Because of the contribution of GIS technology, 

more influencing factors can be taken into consideration, both including natural factors and 

human caused factors, in order to make more detailed and accurate models. Furthermore, 

along with the development of GIS technology, multi-criteria analysis (MCA) is becoming 

more and more popular in GIS processing for designing models (Tims, 2009). MCA is a kind 

of technology used to make decisions, and those decisions are usually affected by complex 

factors. In MCA, several different criteria are taken into consideration and weighted against 

each other in order to produce the optimal result (Brandt, 2010). More instructions about 

MCA are presented in methodologies section. 

 

1.2 Previous studies 

GIS and MCA technology often are used in forest fire hazard management. There are 

thousands of scientific papers which focus on this field of study. Some of the related scientific 

articles are reviewed, in order to find requirement for this study. The most important task is to 

find influencing factors of fire and weighting schemes. There are three previous studies which 

will be highlighted in the following text. These three studies give the basic ideas and provide 

a lot of help for this study.  

 

A very early study is done by Chuvieco & Congalton (1989), where remote sensing and GIS 

technology are used to develop a forest fire hazard map of a small area on the coast of the 

Mediterranean Sea in Spain. In their study, they use a high resolution satellite image from 
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Landsat TM as the base data to classify vegetation and some other objects. There are five 

influencing factors which are taken into account: vegetation species, elevation, slope, aspect 

and proximity to roads. The rank order according to the importance of the factors is 

vegetation, slope, aspect, proximity to roads and elevation. That means the vegetation species 

is a very important influencing factor of forest fire.  

 

The second study is presented by Bonazountas et al. (2007). The two variables which are 

considered are physical and socioeconomic variables. The significance which must be pointed 

out of this study is that socioeconomic variables are taken into consideration. The researchers 

have a good control of the human caused factors. Comparing with the study listed before, this 

fire model is more complete. Vegetation data also is obtained from satellite image. The 

vegetation classification is based on the height of the vegetation. However, in their physical 

model, the topography factors are not included.  

 

The last study which will be mentioned here is coming from Vadrevu et al. (2010). In their 

study, they focus on a large study area in India and use MCA analysis to process four groups 

of parameters. These are topography, vegetation, climate and socioeconomic factors. For this 

particular study, climate factors are added to the model, because of the study area is larger 

than the other two studies. It is considered very detailed, for instance, temperature is divided 

into intervals by every two degree centigrade. For weighting the parameters, they use 

Analytic Hierarchy Process (AHP) to give the weights to each factors. In this processing, they 

give the highest weight to socioeconomic parameters and the lowest weight to topography 

parameter. That means the human activities are regarded as the most important factor of 

causing forest fire. 

 

1.3 Aims and objectives 

To increase the knowledge of making forest fire estimation model by GIS and MCA 

technology, and present forest fire risk map of study area for controlling and managing forest 

fire effectively can be regarded as the general aims of this study. These aims will be achieved 

through the objectives shown below. 
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 To see which influencing factors of forest fire there are. This will be decided by 

reviewing literature and previous studies. 

 As a result of the influencing factors, two classified maps showing fire risk ranks will be 

created according to different weighting schemes for the study area. 

 The result maps showing fire risk ranks will be evaluated based on the fire incidents 

recorded in the year 2007 and 2008.  

 

Therefore, the results of this study can provide maps with forest fire risk rank for the local 

related department for reference to carry out fire hazard protection. The problems met during 

the process of the study can be treated as the suggestions for future work. Furthermore, this 

study carried out in a high-latitude region which is lack of studies (Prakash et al., 2011), can 

provide a significant example for future study.  

 

1.4 Organization of the thesis 

The following contents are organized as: The materials section will give general information 

of the study area, software and primary data. The methodologies section will illustrate MCA 

analysis, the factors and weighting schemes used in this study. The result section will present 

two classified result maps with the time of the fire incidents and the ranks of forest fire. The 

discussion section will discuss some problems met during this study and the results obtained, 

and the final conclusion section will summarize the whole study and simple perspectives for 

future work. 
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2 Materials 

2.1      Study area 

In forest fire management field of study, a lot of researches have been carried out in tropical 

and temperature coal bearing regions (Stracher & Taylor, 2004; Vadrevu et al., 2010). 

However, studies which are developed in high-latitude regions seem poor. It is also 

mentioned in the study carried out by Prakash et al. (2011).  

 

In this study, the study area is located in a high-latitude region. It is located in the north part 

of Gävleborg County, in Sweden. A location map of the study area is shown in Figure 1. The 

study area, which is about 725 km
2
, lies between latitude 62.03° and 62.23°, longitude 16.13° 

and 16.77° in WGS84 coordinate system (In SWEREF99 TM: north 6878656 m to 6899996 

m, east 558517 m to 592492 m).   

 

Figure 1. Location of the study area (Länsstyrelserna, 2011 & DigitalaKartbiblioteket, 2011) 

 

Gävleborg is located in the middle part of Sweden. It lies on the coast of the Gulf of Bothnia. 

According to the information provided in book written by Nilsson (1990), the following 

information is obtained. Both deciduous forest and coniferous forest can be found in this area, 
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but coniferous forest is the main type. The climate of this area is called northern coniferous 

forest climate with short summer. Growing season of the forest in Gävleborg region is about 

150 days each year after thawing. In other words, growing season is spring and summer time, 

usually between May and September. During the growing season, the average air humidity in 

this area is 0-50 mm which is lower than the western part of Sweden and precipitation is 

about 350-400 mm. Temperature sum of the growing season is around 1110-1300 degree, 

which is moderate. From May to September in the 2007 and 2008, forest fire happened in the 

study area, according to the statistics from a system called Global Fire Management System, 

developed by Food and Agriculture Organization of the United Nations (Global Fire 

Management System, 2011). This fire position data was used to help determine the weights 

for some of the factors and evaluate the final results of this study.  

 

2.2      Software used 

In GIS analysis, software is an indispensable part which should be considered carefully. For 

this study, mainly three pieces of software were used: ArcGIS 9.3, Erdas 9.3 and AHP. These 

three pieces of software would play their own role in the study.  

 

ArcGIS 9.3 is one of the most powerful and world widely used software in GIS work. It is 

developed by Environmental System Research Institute (ESRI) in United Sates. ArcGIS 

provides a workspace for mapping, modeling and data processing (ESRI, 2011). Moreover, it 

can satisfy different requirements of researchers who are from different organizations. For 

example, it can be used to create models on the desktop or connect to browser for internet 

uses. In this particular study, ArcGIS 9.3 was applied to analyze and process a digital 

elevation model (DEM) by using the 3D analysis tool. ArcGIS 9.3 was also used as a tool for 

digitizing the fire incident coordinate points from the Global Fire Management System.  

 

Erdas 9.3 is a piece of image analysis software developed by The Earth to Business Company. 

Erdas provides a powerful platform for advanced remote sensing image analysis and special 

analysis (Erdas, 2011). In addition, the results of the image processing can be viewed in 

different ways, for instances, 2D, 3D or movie. This software was used as a main tool for 

image processing in this study. Most of the data was converted into raster form and input to 

Erdas 9.3. The final raster image option was done by using this software. 



 

 

7 

 

AHP is short for Analytic Hierarchy Process. It is a kind of technology which is used to make 

complex decision. It is developed by Saaty (1977). Now there is a piece of software which is 

based on his method called AHP (Brandt, 2006). This software can be used to calculate 

weights for the factors influencing the decision making by using pairwise comparison matrix. 

In addition, this software can evaluate if the weights are consistent. Therefore, in this study, 

AHP software was used to calculate the weighting values for the influencing factors and 

evaluate consistency ratio of the weights at the same time. 

 

2.3      Data description and preprocessing 

Mainly, there are four maps used as the primary data in this study. First, a digital elevation 

model (DEM) (Appendix, Figure 1) which is in raster format was used to create maps for 

topographic factors. Second, a classified land use map (Appendix, Figure 2), also in raster 

format was used to obtain land use information. The vegetation types, camping site, water 

surfaces and urban areas were extracted by recoding this image. Third, some shape files 

(Appendix, Figure 3) containing roads and other features in vector format were converted to 

raster for creating a transportation factor map. Fourth, the fire position map which was 

provided in Global Fire Management System mentioned before was digitized using ArcGIS 

9.3, in order to help determine the weights of some variables and evaluate the final results.  

 

The first three data were downloaded from the Digital Map Library, a database provided by 

National Land Survey of Sweden (Lantmäteriet). In addition, fire incidents data was obtained 

from Global Fire Management System which was developed by Food and Agriculture 

Organization of the United Nations.  

 

Before using these datasets for creating factor and constraint maps, the unification of the data 

should be taken into consideration. First, the spatial reference system for the data was not 

unified. With the help of projections and transformation tool in ArcGIS 9.3, SWEREF99 TM 

coordinate system was input to all the data layers which were used in this study. Second, the 

DEM image and the land use map are both in raster form, but pixel size and the number of 

rows and lines are not the same. This unification processing was also carried out by using 

ArcGIS 9.3. The original pixel size of DEM image is 50. The resample tool was used to 
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transform DEM pixel size to 25 by nearest neighbor method, which was the same size as land 

use map. However, it is much special for DEM data, because aspect and slope factor were 

extracted from DEM data. In order to avoid resolution errors and keep the primary 

information, aspect and slope factor were obtained by transforming the primary DEM data 

with pixel size 50 meters firstly. After this process, the two images contained those two 

factors were converted to pixel size 25 meters. The reason for transforming from pixel size 50 

to 25 instead of transforming from 25 to 50 is explained in the discussion section in resolution 

problems part. Based on this processing, the pixel size of all the raster images used in this 

study was transformed to 25. For the inconsistent number of rows and lines, the clip tool in 

raster processing catalog was used to make the images to the same extent. Third, in order to 

use them for further analysis, the original shape file containing transportation lines was 

converted to raster form by using the conversion tool in ArcGIS 9.3. During this processing, 

pixel size was selected to 25 directly. But this processing led to a problem of pixel dislocation, 

which means positions of the pixels in this image did not match to the other images, even if 

the pixel size was equal. This problem is also discussed in the discussion section as well. 

 



 

 

9 

3 Methodologies 

3.1 MCA model and image stretch method 

MCA is a powerful technology for making complex decision as mentioned previously. In 

order to identify the suitable or optimal location or area for a particular subject, the variables 

can be divided into two groups, factor and constraint variables. Factor variables are the 

variables which influence the probability for subject happened and the maps which indicate 

the probability for subject happened are called factor maps. Constraint variables contain two 

values and present the answer to the question whether the subject is possible at all to happen 

or not. Zero indicates the answer no and value one for yes. Finally, with the help of weighting 

each factor and multiplying factor and constraint maps, the result of MCA can be obtained.  

 

In this particular study, the final result maps were combined by factor and constraint maps 

which contained all of the influencing factors and constraint conditions. In order to take both 

nature and human activities influencing factors into consideration, the factors were divided 

into two groups: natural and human caused factors. A flow chart showing the model of MCA 

method is presented below in Figure 2. 

 

Figure 2. Flowchart of the MCA analysis model. 
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The final factor maps were created by multiplying each factor map and their weight and sum 

them together. The raster maps operation can be shown as the following formula. This 

formula can be found in many multi-criteria analysis studies, for example: Kurowski et al. 

(2008) and Baourakis et al. (2009). The final result maps were obtained by multiplying the 

final factor maps and constraint map. 

  ∑     

 

   

 

 

S indicates the value which shows the index for the object.  is the weight of factor i.   is 

criteria score of factor i. Finishing creating final factor maps, the final results were obtained 

by multiplying the factor maps and constraint map. All the processing described above was 

carried out by the Model Maker tool in Erdas 9.3. 

 

In the processing of MCA, the importance of the variables is decided by weighting the 

influencing factors, which is described in detail in weights determination part. Therefore, all 

the factor maps should be unified, which means the value region for pixels should be the same. 

Gray scale values which are usually used in this kind of analysis also were applied in this 

study. The pixel values of factor maps were stretched to from 0 to 255. Zero which is black 

means there is very low probability for fire appearing in that pixel. On the contrary, the pixels 

with the value 255 which is shown as white color are regarded as the highest probability area 

for fire incidents appearing. In order to maintain the scale of the original pixel values, the 

stretch method should be linear. With the help of Erdas 9.3, the linear stretch was carried out 

by using modeler tool which is used for raster image pixel value operation. Each pixel value 

was calculated by following formula. This formula can be found in Natural Resources Canada 

(2011).  

      
     

       
 

 

B is the new value after stretching. A is the old pixel value. Max is the largest pixel value in 

the whole image. Conversely, Min is the smallest pixel value in the whole image. According 

to this formula, the smallest pixel value will be stretched to 0 and the largest pixel value will 

be 255. The pixel values for all the factor maps presented in the following section were 

stretched to the region 0 to 255 by the method described above. 
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3.2 Natural factors 

3.2.1 Elevation 

Elevation is considered as an influencing factor of forest fire, because elevation relates to 

precipitation and temperature. In general, with the increasing of elevation, precipitation 

usually increases (Sen & Habib, 2000). Therefore, the probability of fire is less in higher 

elevation area. Only in some specific situations, precipitation does not follow this rule. This 

specific situation will not be considered in this study. A similar use of elevation factor for 

forest fire estimation is performed by Chuvieco & Congalton (1989). For temperature, higher 

elevation leads to lower temperature, which also means there will be lower probability for fire 

to appear in higher elevation area. Both precipitation and temperature are influenced by 

elevation and the effects on the forest fire are the same, so they can be considered together. 

 

In this study area, the elevation range is from about 121 meters to 512 meters. Elevation 

values were obtained from the DEM image directly for making the factor map. Figure 3 

shows the factor map of elevation. The brighter the color is, the higher the probability of fire 

will be.  

 

Figure 3. Factor map of elevation, stretched from 0-255 (dark-bright). 
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3.2.2 Aspect 

Aspect is one of the topographic factors. It has a strong relationship with sunlight and wind 

(Jaiswal et al. 2002). According to the geographic situation of the study area, sunlight is 

coming from southern direction. Therefore, the temperature is higher in southern than on 

north-facing slopes, and the soil is also much dryer on the south-facing slopes. A similar 

consideration is presented in Vadrevu et al. (2010). From the wind point of view, the slope 

which faces to the wind is easier to cause raging fire. With the help of the report written by 

Bergström & Söderberg (2008), which contains maps of the wind direction in Sweden, the 

general percentage of the wind coming from each direction can be generalized roughly from 

the wind direction maps. However, in this case, the resolution of the wind maps shown in the 

report is very poor. They cannot be used for software analysis. Instead, they are only used as a 

reference for qualitative analysis when adjusted the importance of the different directions of 

slope. This problem is also mentioned in the discussion section. In addition, comparing with 

43 fire incidents digitized from Global Fire Management System, the number of fire incidents 

happened in each direction of slope was counted to estimate the importance of different 

directions of slope. This factor was used as the main factor for weighting the aspect variable. 

Table 1 shows the numbers of counted fires, percentages of wind and weights for eight 

directions of aspect. More description of weights calculation in AHP is presented in separate 

part in weights determination. 

 

Table 1. Weights of aspect from eight directions. 

Direction 
The number of 

fire incidents 

Percentage 

of wind 

Weight in  

AHP 

Integer  

weight 
Description 

North 4 10% 0.0776 3 Lower hazard 

Northeast 9 10% 0.1968 7 Medium hazard 

East 3 15% 0.0708 3 Lower hazard 

Southeast 2 5% 0.0266 1 The lowest hazard 

South 15 25% 0.309 12 The highest hazard 

Southwest 6 15% 0.2235 8 Higher hazard 

West 1 10% 0.0282 1 The lowest hazard 

Northwest 3 10% 0.0675 3 Lower hazard 
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The aspect map was transformed from DEM data by using the raster surface tool in ArcGIS 

9.3. The unit for the map was selected to degree, so the range for each pixel value was 0 to 

360. Zero means north and 90 means east and so on. In AHP software the weights were 

calculated with a consistency ratio of 0.0832, which means the weights are basically 

consistent. Because only integer values can be input to replace the original pixel values, 

integer weights were calculated depending on the ratios of the weights calculated in AHP. 

With the help of the reclassify tool in ArcGIS 9.3, the pixel values were reset by inputting the 

integer weights shown in Table 1 for each direction. In order to do a linear stretch in Erdas 9.3, 

the raster image was exported into image form and stretched the pixel values to the range 0 to 

255 by the method informed in previous part. The final factor map of aspect is shown in 

Figure 4. Brighter pixels indicates higher hazard of fire, which also were assigned larger 

values of weights. 

 

Figure 4. Factor map of aspect, stretched from 0-255 (dark-bright). 

 

3.2.3 Slope 

Slope is an extremely important factor among topographic factors. Slope has a large effect on 

the speed of fire when it is spreading. Kushla & Ripple (1997) mention that fire always 

spreads faster up-slope than down-slope. Steep slopes increase the speed of fire a lot, because 
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convective preheating and ignition rate are more effective. In other words, larger slope of the 

terrain will lead to lager probability of causing fire.  

 

The factor map of slope was transformed from the DEM. In the area for this study, the 

smoothest slope is 0 degree, and the steepest slope is 40.05 degree. The slope value for each 

pixel was transformed from the DEM data. With the help of the raster surface creation tool, 

slope was calculated. The factor map of slope is shown below in Figure 5. White areas with 

pixel value 255 indicate the highest hazard of fire. With the brightness becoming darker, the 

probability for fire appearing decreases. 

 

Figure 5. Factor map of slope, stretched from 0-255 (dark-bright). 

 

3.2.4 Vegetation 

Vegetation type has a strong relationship with the forest fire risk. Different types of 

vegetation have different kinds of combustibility. Generally, coniferous forest has a higher 

probability for fire risk than deciduous forest, because coniferous trees contain less water and 

higher oiliness (Li, 1998).  

 

In this study, the vegetation map was extracted from the classified land use map. There were 

four types of vegetation classes: coniferous forest, deciduous forest, mixed forest and bush. 
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The method for assigning weights to each type of vegetation is similar to create weights for 

aspect. Based on previous studies (Chuvieco & Congalton, 1989; Jaiswal et al. 2002; Yin et 

al., 2004) and 43 fire incidents happened in this study area in 2007 and 2008, the weights for 

each type of vegetation were given. Table 2 shows the number of fire cases and weights for 

different types of vegetation.  

 

Table 2. Weights of vegetation. 

Vegetation type 
The number of 

fire incidents 

Weight in  

AHP 

Integer  

weight 
Description 

Deciduous forest 0 0.0525 1 Low hazard 

Coniferous forest 20 0.3852 7 High hazard 

Mixed forest 2 0.1234 2 Low hazard 

Bush 21 0.4388 8 High hazard 

 

With the help of AHP, which will be described detailed in the weights determination part, the 

weights were calculated. In order to replace original pixel values, integer weights were 

calculated according to the ratios of the weights from AHP. Afterwards, pixel values were 

stretched to range 0 to 255 linearly. The result map of vegetation factor is shown below in 

Figure 6, where higher fire hazard are shown with brighter color.  

 

Figure 6. Factor map of vegetation, stretched from 0-255 (dark-bright). 
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3.3 Human caused factors 

3.3.1 Proximity to transportation 

Transportation is an important factor of fire hazard mapping. Closer to transportation systems 

signifies more intense human activities. There is a potential probability for hiking and 

camping (Chuvieco & Congalton, 1989). In addition, because of moving of the vehicles on 

the roads, the speed of the air flow around transportation lines is faster, which means there 

will be more wind according to the movement of the vehicles. 

 

The transportation system considered in this study contains roads mostly. The primary data 

for transportation lines was provided by National Land Survey of Sweden. In order to input 

the data into Erdas 9.3, shape file data were converted to raster image in ArcGIS 9.3. Then, 

buffering was made in Erdas 9.3. The pixel value was also stretched to 0 to 255 for. The 

factor map of transportation is shown in Figure 7. Whiter areas indicate closer to 

transportation lines, which also mean higher probability for fire. 

 

Figure 7. Factor map of transportation, stretched from 0-255 (dark-bright). 
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3.3.2 Proximity to urban area 

Proximity to urban areas signifies more human activities. Human caused factors are treated as 

an important part of forest fire impact. In the study area, there are one small town called 

Hassela and several small villages. Higher population density appears in these places 

compared with the other regions in the study area. In Vadrevu et al.’s (2010) study, they point 

out that the regions having higher population density will be more dependent on the forest 

resource. Therefore, they consider population density as an individual variable. As a result, 

the forest closer to urban area will have higher probability for fire.  

 

In this study, the population density was considered broadly together with the urban area 

variable. The urban area was extracted from land use map provided by National Land Survey 

of Sweden. Applying the recode tool in Erdas 9.3, urban area was separated from other 

features. The stretched factor map of urban area is shown below in Figure 8. Brighter area 

reflects higher probability of fire. 

 
Figure 8. Factor map of urban area, stretched from 0-255 (dark-bright). 
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3.3.3 Proximity to camping site 

Camping site is considered as a place which uses fire in high frequency. Especially barbecue 

is preferred by people in spring and summer and coal fire is always used in barbecue. In 

addition, camping area is usually surrounded by beautiful scenery, such as trees and forest. 

Coal fire is easy to lose control when wind is blowing. Therefore, camping site was treated as 

an important factor of forest fire in this study. 

 

The processing of creating factor map is similar to urban area. Depending on the recode and 

search tool in Erdas 9.3, the separated factor map for camping site was made. The factor map 

of camping site is shown below in Figure 9. Higher probability for fire appearing is in 

brighter color which is closer to camping site. 

 

Figure 9. Factor map of camping site, stretched from 0-255 (dark-bright). 

 

3.4      Constraint criteria 

There were only two features considered as constraint factors, water surface and urban area. 

There is no doubt forest fire will not happen on the surface of water. The reason for 

considering urban area as a constraint variable is the fires in urban area have many human 

caused factors and this study is focused on forest wild fire. The combined constraint map of 
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water surface and urban area is shown in Figure 10. Black area which contains pixels with 

value zero indicates water surfaces or urban areas which were treated as constraint variables. 

Conversely, white area means it is available for forest fire. 

 
 

Figure 10. Constraint map of the study area, black=0 and white=1. 

 

3.5      Weights determination by AHP 

AHP is a kind of powerful technology for weights determination used in complex decision 

making. A pairwise comparison matrix is used to estimate the weights of the variables. The 

method is developed by Saaty (1977). The importance of the variables is compared in pairs. 

The scale numbers for comparing importance of the variables is shown in Table 3. This kind 

of weighting method is widely used in GIS-based analysis. A similar use is presented by 

Vadrevu et al. (2010). 
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Table 3. Scale numbers for pairwise comparison (Vadrevu et al., 2010). 

Scale 

number 
Description Rank 

1 Equally important Very low 

3 Weakly important Low 

5 Essentially important Medium 

7 Very strong important High 

9 Absolutely important Very high 

2,4,6,8 
Intermediate values between 

two adjacent judgments  

Reciprocal Less important 
 

 

In this study, seven factors were compared in pairs by using the pairwise comparison matrix 

suggested by Saaty (1977). Moreover, two separate weighting schemes were calculated by 

AHP, based on different reasons. The first output of weights (Weighting Scheme A) was 

estimated following the suggestion provided by some previous studies and Professor Ronghua 

Fu (Personal Communication) who is a professor from Chengdu University of Technology. 

According to the geographical situation of the study area, the temperature is moderate. 

Therefore, the reason for forest fire may have strong relation with human activities. Human 

caused factors were considered more important in Weighting Scheme A, especially proximity 

to urban. Two similar determinations of weights are presented in Vadrevu et al. (2010) and 

Bonazountas et al. (2007). The second output of weights (Weighting Scheme B) was only 

based on the literature. Several previous studies (Chuvieco & Congalton, 1989; Jaiswal et al., 

2002; Yin et al., 2004) advise that vegetation type is an absolutely important factor. In their 

studies, the factor of vegetation types is treated as the first important factor, with over twice 

the weight of the second important factor. Therefore, for Weighting Scheme B, vegetation 

type was regarded as the most important factor. Table 4 shows the two different weights 

estimated based on different suggestion. According to the AHP method, consistency ratio 

value less or equal to 0.1 is treated as acceptable and consistent (Saaty, 1977; Saaty & Vargas, 

1993). The same method also used to estimate weights for the factors aspect and vegetation 

which were mentioned in preceding part of the text. The pairwise matrixes of these two 

weighting schemes are shown in Appendix, Figure 8 and Figure 9. The factor maps created 

according to these two weighting schemes are shown in Appendix, Figure 4 and Figure 5. 
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Table 4. Two different weighting schemes of the study estimated by AHP. 

Feature 
Weighting 

Scheme A 

Weighting 

Scheme B 

Elevation 0.0305 0.0288 

Aspect 0.0653 0.0618 

Slope 0.0471 0.0455 

Vegetation 0.2746 0.3519 

Proximity to  

transportation 
0.1413 0.1292 

Proximity to  

urban area 
0.2928 0.2482 

Proximity to  

camping site 
0.1485 0.1346 

Consistency ratio 0.0207 0.0305 
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4 Results 

The result maps were obtained by multiplying final factor maps and constraint map, which is 

mentioned previously. The final result thematic maps showing forest fire risk by using 

different weighting schemes are presented below. The unclassified maps are shown in 

Appendix, Figure 6 and Figure 7. In addition, the 43 fire incidents which happened in 2007 

and 2008 were used to evaluate the results. Both of the results were classified into five fire 

risk ranks by using equal interval classification method. Simple statistics for pixel values of 

two result maps are presented in Table 5.  

 

Table 5. Pixel value statistics for two weighting schemes. 

Weighting schemes Min pixel value Max pixel value Mean pixel value 

Weighting Scheme A 34 244 169 

Weighting Scheme B 31 244 170 

 

4.1 Result of Weighting Scheme A 

 As the result of Weighting A, the final classified map is shown in Figure 11. The result 

shows that very high forest fire risk area is located on the right side of the image, which is 

closer to the city Hassela and the region for camping. Most of the regions in the study area are 

assigned with high forest fire risk rank. Only small areas in the study area are shown as low 

and very low forest fire risk rank. Comparing with the fire incidents which happened in the 

year 2007 and 2008, the number of fire incidents happened in each of the forest fire risk rank 

region was counted and is shown in Table 6. Most of the fire incidents were located in high 

fire risk rank region. No fire incidents happened in very low and low fire risk rank region. 
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Figure 11. Classified result map according to Weighting Scheme A. 

 

Table 6. The number of fire incidents located in each of the fire risk rank region (Weighting 

Scheme A). 

Region 
The number of  

fire incidents 

Very low 0 

Low 0 

Moderate 11 

High 23 

Very high 9 

 

 

4.2 Result of Weighting Scheme B 

For Weighting Scheme B, the result is similar to the result obtained by Weighting Scheme A. 

The resulting map according to Weighting Scheme B is shown in Figure 12. The trend of the 

forest fire risk rank is almost the same as the first result. The only difference is the area of 

each fire risk rank region. In this case, the area of high and very high regions increases 

observably. A moderate region decrease a lot. There are not so many changes with the regions 

low and very low. The statistics of number of fire incidents located in each region of fire risk 
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rank is shown in Table 7. As for Weighting Scheme A, no fire incidents happened in the very 

low and low fire risk region. However, the number of fire incidents happened in very high 

risk region increase a little bit compared with the first result. 

 

Figure 12. Classified result map according to Weighting Scheme B. 

 

Table 7. The number of fire incidents located in each of the fire risk rank region (Weighting 

Scheme B). 

Region 
The number of  

fire incidents 

Very low 0 

Low 0 

Moderate 8 

High 22 

Very high 13 
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5 Discussion 

According to the problems met during the processing of this study and the results shown in 

the previous section, four points are expected to be pointed out in this section for discussion. 

First, because of the special situation of this study, some variables which were treated as 

important factors of forest fire in previous studies were not taken into consideration in this 

study. Second, the results were influenced by some resolution problems. Third, the result 

maps obtained by using two different weighting schemes were compared to evaluate the 

reliability of the weights. Fourth, with the help of fire incidents happened in 2007 and 2008, 

the result maps were analyzed and discussed. 

 

5.1 Variables selection discussion 

Perry (1998) states that the most important factors for forest fire are climate, vegetation and 

topography, which is mentioned in the introduction section. In this study, climate factors were 

considered together with topographic factors, based on the relationship between them. In 

other words, climate factors were considered indirectly. Therefore, only the qualitative 

analysis can be carried out to manage these factors. In addition, the study area is a small part 

of Gävleborg County, and detailed climate information is difficult to be collected. According 

to some general climate data, it is very difficult to identify the changes of temperature, 

precipitation and wind direction in the study area. Therefore, this problem leads to poorly 

conceived climate factors which is an important factor pointed out by Perry. If more detailed 

and high resolution climate data is available and climate factors can be considered separately 

as an individual influencing factor, the results can be probably improved.  

 

Another variable which was not considered in this study was agriculture fields. In Vadrevu’s 

(2010) study, agriculture lands are treated as one of the human caused factors. In their study, 

they mention that Stolle & Lambin (2003) state that famers and agriculture workers use fire to 

clear forest for agriculture uses and the fire is easy to lose control in this case. Hence this 

variable is considered in their study. However, because of the different situation in Sweden, 

Swedish farmers are not allowed to use fire to clear forest for agriculture uses. Therefore, this 

influencing factor is disregarded in this study.  
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Vegetation is treated as a main influencing factor of forest fire in many previous studies and it 

was considered as an important factor in this study as well. However, the reason for choosing 

this factor is depending on the fuel provided by different kinds of vegetation. In several 

previous studies (e.g. Chuvieco & Congalton, 1989; Jaiswal et al., 2002; Yin et al., 2004), 

vegetation types are divided very detailed, for example, dense pine tree, medium pine tree, 

spare pine tree and shrub. Furthermore, in Vadrevu’s (2010) study, which even contains 

biomass density and calorific value, vegetation is considered even more professionally. 

However, in this study, because of the limitation of primary data, the vegetation types were 

classified broadly into four groups, deciduous forest, coniferous forest, mixed forest and bush 

by recoding the land use map. In case of collecting more detailed data as used in the previous 

studies mentioned before, the accuracy of the results can be improved. 

 

5.2 Resolution problems discussion 

Resolution problems are usually met in GIS work, especially, in raster image processing. 

Through this study, raster images were used largely, so resolution problems appeared. First, in 

the earlier stage of this study, the resolution problem was appearing in data unification. Pixel 

size of the raster images which were used as primary data is not unified. The pixel size of the 

land use map is 25 meters, but it is 50 meters for the DEM data. Here comes a problem with if 

the pixel size should be unified to 25 meters or 50 meters. Instead of converting to pixel size 

50 meters, the pixel size was unified to 25 meters. The reason for this process is that one 50 

meters pixel can be divided into four pixels in 25 meters with the same pixel value. Even if 

the resolution did not increase, there was no error causing in this process. Conversely, if four 

pixels with size 25 meters is merged into one pixel with size 50 meters, according to 

interpretation methods, the pixel merged will be calculated through calculation. The different 

final values will be obtained according to different interpretation methods. The errors will 

come into the pixel values. Second, when vector image which contains the transportation lines 

was converted to raster image with pixel size 25 meters, the pixels of the image after 

converting did not match with the other raster images, although the pixel size was the same. 

In order to do calculation of these images, the pixels were shifted to match with the other 

images by inputting the correct coordinates of the image using Erdas 9.3. This process leads 

to some uncertainties of the results, because after shifting the transportation lines may be 

located at incorrect positions. In this study, comparing with the area of study region, the shift 
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of transportation lines is about half of a pixel size and will therefore not have any significant 

effect on output. The two results are not affected so much according to this problem. However, 

in some detailed analysis, for instance, the fire estimation along streets in urban area, this shift 

may lead to a large uncertainty of the final result. It could be a serious problem in this kind of 

cases. 

 

5.3 Reliability of the weighting schemes 

Weighting the factors can be treated as the core of MCA study. It is also one of the largest 

factors which affect the result. In this study, two different weighting schemes were estimated 

mainly depending on previous studies. Personal communication with Professor Fu from 

Chengdu University of Technology was used for reference. The geographical situations of the 

previous studies are different from this study area, so the weighting schemes might have some 

uncertainties. However, comparing the two results obtained depending on different weighting 

schemes, the differences are not obvious. In other words, changing the weighting values of 

the factors mildly did not lead to a significant effect. The statistics of the fire incidents 

happened in each of the fire risk rank area also shows the two results are basically consistent. 

Sensitivity analysis can be used to analyze and evaluate the uncertainty of the variables used 

to create models. At the same time, it also can be used to study result changes which are led 

by variable changes (Saltelli et al. 2008). In this case, the result maps are similar after 

changing the weights of the factors, which means that mild correction of the weights will 

hardly improve the results without collecting higher resolution data and changing variables 

selection. Therefore, the weighting schemes are basically reliable. 

 

5.4 Results discussion 

Depending on the statistics of the fire incidents happened in each fire risk rank region, most 

of the fire incidents happened in the high rank region. Furthermore, the biggest crowd of fire 

incidents, which is over half of the 43 incidents, is located in the middle of result images on 

the boundary of high risk rank region and very high risk rank region. These fire incidents 

happened on three different days, June 1
st
, June 2

nd
 and June 9

th
 in the year 2008. The fire 

incidents recorded on June 2
nd

 can be treated as the spreading of fires from the fire incidents 

on June 1
st
. That means in this area that the fire is spread fast and much. The fire happened on 
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June 9
th

 may be a new fire case in this region. Within ten days, fire happened two times in this 

region, which shows this region has a high probability of fire appearing. Comparing with the 

two small crowds of fire incidents happened on June 11
st
 and August 22

nd
 in the year 2007, it 

seems that the closer to a very high fire risk region, the more dangerous fire it is. 

 

According to the time recorded for the fire incidents, all the fire incidents happened in the 

summer time between June and September. Moreover, on June 1
st
 in 2008, two separate fire 

incidents areas are recorded. One area is in the biggest crowd of fires shown in the middle of 

the result maps. The other is one fire incident located in the small crowd of fires on the left 

side of the result maps. Although this fire incident happened on the left side may be treated as 

a spreading fire from the fire incidents happened on May 31
st
, the period of time between the 

end of May and beginning of June should be considered as the most dangerous time for forest 

fire risk in this study area.  
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6 Conclusion 

This study attempts to develop a forest fire risk model for the study area which is located in 

the north part of Gävleborg County in Sweden. In this particular study, seven factors are 

chosen according to several previous studies (Vadrevu et al. 2010; Bonazountas et al. 2007; 

Chuvieco & Congalton, 1989; Jaiswal et al., 2002; Yin et al., 2004). Two classified maps 

which were created based on two different weighting schemes were obtained as the results. 

The uncertainties might be caused by variables selection, data resolution problems and 

weighting schemes discussed in the previous section. Even if there must be some uncertainties 

in the result maps, the results are generally reliable depending on the analysis and discussion 

done over the results.  

 

The aims of the study are achieved and the whole study is completed. According to the results, 

fires in the area identified as the high and very high fire risk rank regions are expected to take 

place in the summer time, especially from the end of May to the start of June. Therefore, 

careful management and supervision should be carried out. 

 

The model developed in this study can be used as a predictive risk assessment for forest fire 

estimation, although there are some uncertainties. In order to improve this forest fire risk 

estimation model, higher resolution basic data, more professional weighting scheme and more 

accurate variable selection should be worked out, which can be regarded as suggestions for 

future work. Hopefully, more studies in this study field of forest fire estimation will be carried 

out in high-latitude regions. 
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Appendix 

The additional images are shown in this appendix. These images include original DEM data, 

original classified land use map, the transportation lines in shape file document, the two final 

factor maps, the two unclassified result maps and two pairwise comparison matrixes of the 

weighting schemes.  

 

 

Figure 1. Original DEM data of the study area (From the brightest area to the darkest area 

indicate elevation from 512.4 meters to 0 meter). 
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Figure 2. Original classified land use map of the study area (The legend of this map is called 

GSD – MARKTÄCKEDATA available at: 

http://kartavdelningen.sub.su.se/kartrummet/GSDMarkdatatext.pdf, accessed: May 24, 2011). 

 

 

Figure 3. Transportation lines in shape file document (vector form) of the study area. 

 

http://kartavdelningen.sub.su.se/kartrummet/GSDMarkdatatext.pdf


 

 

36 

 

Figure 4. Final factor map created according to Weighting Scheme A (brighter area indicates 

higher probability for fire). 

 

 

Figure 5. Final factor map created according to Weighting Scheme B (brighter area indicates 

higher probability for fire). 
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Figure 6. Unclassified result map created according to Weighting Scheme A (brighter area 

indicates higher probability for fire). 

 

 

Figure 7. Unclassified result map created according to Weighting Scheme B (brighter area 

indicates higher probability for fire). 
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Figure 8. Pairwise comparison matrix of Weighting Scheme A in AHP. 

 

 

Figure 9. Pairwise comparison matrix of Weighting Scheme B in AHP. 



 

 

 


