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 Background: Forest parks are managed for bioenvironmental, economical and 
recreative purposes. These parks are classified into two major categories, such as 

provision of recreation, services to society and conservation of natural values. 

Objective: determination the areas suitable for forest parks location in the Badreh 
country, Iran using an integrated GIS and Analytic Network Process. Results: The 

result showed that the area of high suitability (C1) is about 6.80%. The area of 

moderately suitable (C2) is about 56.08% and the area of low suitability (C3) is about 
27.59%. Only a few percentages (9.53 %) of the study area were classified as lower 

suitability. Conclusion: This paper presents an application of combining ANP with GIS 

to site suitability for forest park location the integration of GIS and ANP methods 
provides a mechanism with which complex issues can be thoroughly explored and 

immediate feedback for Decision-Makers can be provided. In conclusion, the 

integration of GIS with the Analytic Network Process has demonstrated to be an 
extremely useful tool for the analysis and the aggregation of ecological and 

environmental indicators. 
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INTRODUCTION 

 

Today, green spaces play an important role to improve urban landscape toward getting adjusted with the 

nature [13]. The most significant effects of parks and urban green spaces include their bioenvironmental 

functions as well as their effects on urban life quality, mental health of residents, air pollution reduction, more 

oxygen production, wind flow control, etc. [17]. In other words, parks are classified into two major categories, 

such as provision of recreation, services to society and conservation of natural values [22]. Larger parks impose 

greater positive effects as compared with small ones and Forests and woodlands are the most valuable parts of 

parks and urban green spaces [17]. Thus, Forest parks are managed for bioenvironmental, economical and 

recreative purposes. In order to develop natural areas and to preserve the natural values while permanently 

exploiting the area, appropriate planning and management strategies are necessary. Land suitability for forest 

park location which is a necessary prerequisite of permanent natural resource exploitations can prevent the 

activities that not proportionate to area exploitation potentials via an optimal planned management strategy. 

So far, a large number of studies have been done in relation to land suitability for different types of the 

tourism and ecotourism [10,16,14], However few studies have been done about land suitability for forest park 

location. For example, Zukka et al. [30] evaluate land suitability of a region of Italy for locate the local park and 

Chandio et al. [5] using GIS-based Analytic Hierarchy Process evaluate the land suitability for parks planning in 

Larkana city in Pakistan.   

Hence, regarding to importance of land suitability for forest parks location, the aim of the present study was 

to determine the areas suitable for forest parks location in the Badreh country, Ilam, Iran using an integrated GIS 

multi-criteria evaluation technique. GIS plays a vital role in planning for many decades of land-use suitability 

mapping and modeling [20,21,15] One of the most useful applications of GIS for planning and management is 

the land use suitability mapping and analysis [23,2,7,6]. There are various methods used in GIS in evaluating 

land suitability. An introduction to this field can be found in Malczewski [20], in this study the large number of 
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various methods used in GIS in evaluating land suitability. Also, Malczewski [19] contributed to bridging the 

gap between geographical information systems (GIS) and multi-criteria decision making (MCDM) methods 

such as analytical Hierarchy process (AHP) [30]. The integration of MCDM techniques with GIS has 

considerably advanced the conventional map overlay approaches to the land-use suitability analysis [4,3,19,29]. 

GIS-based MCDM can be thought of as a process that combines and transforms spatial and aspatial data (input) 

into a resultant decision (output). The procedures involve the utilization of geographical data, the decision 

maker‟s preferences and the manipulation of the data and preferences according to specified decision rules.  

AHP is one of the most famous MCDM techniques that break down a decision making problem into several 

levels in such a way that they form a hierarchy with unidirectional hierarchical relationships between levels 

[11]. AHP has its highest penetration, at 80%, in spatial/GIS papers for determining the importance of any 

factors in evaluation process [12]. AHP is conceptually easy to use; however its strict hierarchical structure 

cannot address the complexities of many real-world problems. As a solution, Saaty [26] proposed the Analytic 

Network Process (ANP), a generalization of AHP. ANP represents a decision-making problem as a network of 

criteria and alternatives (all called elements), grouped into clusters. All the elements in the network can be 

related in any possible way, i.e. a network can incorporate feedback and complex inters relationships within and 

between clusters. This provides a more accurate modeling of complex settings [1]. 

The main purpose for selecting Badreh country as the study area is the fact that the study area despite 

having beautiful forests, nature and recreation attractions, hasn't parks and recreation places for outing people. 

 

MATERIALS AND METHODS 

 

2.1. Study area: 

The study area is Badreh country that located in Ilam province, western Iran with latitude from 33˚ 29′ 27˝ 

to 33˚ 8′ 45˝ north, and longitude from 46˚ 47′ 21˝ to 47˚ 14′ 50˝ east. The total area of Badreh is about 57028 ha 

that is placed on the Zagros chain. The average annual rainfall is about 528.3mm and the average annual 

temperature is 20.95 °c. The climatic condition is semi-arid with cold winters based on Ampereje method. The 

common characteristics of this area are: forest hills, limestone bedrock, deep litho-soil, fair to good vegetation 

cover, and sharp slope with rill and sheet erosion. 

 

2.2. Methodology: 

To land suitability for forest park location the approach consists of the following three main steps: 

(1) Definition of network structure and weighting to clusters and nodes  

(2) Mapping nodes and setting-up of a GIS database 

(3) Generation of final map using Weighted Linear Combination (WLC) 

Due to the presence of different interrelated factors and to the intrinsic spatial nature of the problem, the 

ANP has been coupled with Geographic Information Systems (GIS). The ANP represents the evolution of the 

Analytic Hierarchy Process [25] in order to take into account interactions and feedbacks among the decision 

elements. 

According to the ANP, the problem structuring phase involves identifying criteria (clusters) constituted by 

various sub-criteria (nodes) that influence the decision. All the nodes in the network can be related in different 

ways since the network can incorporate feedbacks and complex inter-relationships within and between clusters, 

thus providing a more accurate modeling of complex settings. The network construction thus represents an 

important and creative phase in the problem-solving process. 

The network structure of the problem and the interdependences between the clusters have been simulated 

using Super Decisions 2.0.8 Software, which automatically creates a list of the pairwise comparisons needed to 

run the evaluation. 

In this study, based on literature review and previous studies [16,14], special conditions of the region and 

expert‟s opinions, 3 clusters and 12 nodes were selected. 

According to the ANP methodology, once the network has been identified, it is necessary to represent the 

influences among the elements [27]. These influences, which have been identified by means of a focus group 

with expert's knowledge.  

Thus, In order to obtain the factor weights the pairwise comparison method was applied. According to the 

ANP methodology the pairwise comparison of the elements of the model can be divided into two levels: the 

comparison between clusters which is more general and strategic, and the comparison between nodes which is 

more specific and detailed. In particular, a ratio scale of 1–9 point, that is the Saaty‟s fundamental scale [25], is 

used to compare any two elements [8]. Therefore, questionnaires were distributed among experts. Experts used 

pairwise comparisons and Saaty‟s scale to assess the importance and comparison of clusters and nodes. After 

calculate the weights, the weights of questionnaires were averaged and the final weight was computed for each 

node. 
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Computation of weights using ANP: 

The ANP model consists of the control hierarchies, clusters, elements, interrelationship between elements, 

and interrelationship between clusters. The modeling process can be divided into four steps for the ease of 

understanding which are described as follows [24]: 

Step I: pairwise comparison and relative weight estimation 

The determination of relative weights in ANP is based on the pairwise comparison as in the standard AHP. 

Pairwise comparisons of the elements in each level are conducted with respect to their relative importance 

towards their control criterion based on the principle of AHP. Saaty [25] suggested a scale of 1–9 when 

comparing two components (see Table 1). 

After all pairwise comparison is completed the priority weight vector (w) is computed as the unique 

solution of 

 

Aw= λmax w              (1) 

 

Where λ max is the largest eigenvalue of matrix A. The consistency index (CI) of the derived weights could 

then be calculated by  

 

               (2) 

 

Based on the properties of reciprocal matrixes, the consistency ratio index (CR) as shown in Eq. (3) can be 

calculated. Saaty [25] suggests that if CR is smaller than 0.10, then degree of consistency is fairly acceptable. 

 

                (3) 

 

Step II: formation of initial supermatrix 

Elements in ANP are the entities in the system that interacts with each other. They could be a unit of 

decision makers, criteria or sub-criteria (if exists), possible outcomes, and alternatives etc. The determination of 

relative weights mentioned above is based on pairwise comparison as in standard AHP. The weights are then put 

into the supermatrix that represents the interrelationships of elements in the system. 

Step III: formation of weighted supermatrix 

The initial supermatrix consists of several eigenvectors each of which sums to one. The initial supermatrix 

must be transformed to a matrix in which each of its columns sums to unity. To reduce the column sum to unity 

each of the elements in the block of the supermatrix is factored by its priority weight to the control criterion. The 

eigenvector obtained from cluster level comparison with respect to the control criterion is applied as the cluster 

weights. This results in a matrix of its columns each of which sums to unity. If any block in the supermatrix 

contains a column with all zero elements, it must be normalized by the cluster's weights to ensure the column 

sums to unity. The concept is similar to Markov Chain in that the sum of probabilities of all states equals to one. 

This matrix is called the stochastic matrix or weighted supermatrix. 

Step IV: calculation of global priority vectors and weights 

In the final step, the weighted supermatrix is raised to limiting power to get the global priority vectors as in 

Eq. (4) 

 

               (4) 

 

After compute the weights using ANP, in the next step, corresponding map for each node prepared. For site 

suitability, different map layers need to be collected. GIS used for managing, producing, analyzing and 

combining spatial data. Some of the attribute data needed in the suitability evaluation process are collected by 

field inventories and the rest are produced from collected or existing data in varies sources. Digital topography 

map of 1:50000 was georeferenced in Arc GIS 9.3 software. Then, the digital elevation model (DEM) was 

prepared using interpolation method and three maps of slope, elevation and aspect were produced and classified. 

Vegetation cover, soil and petrology maps obtained from Department of Natural Resources of Ilam Province. 

Erosion rate Map was prepared using GIS and EPM model. For mapping the distance from the recreational 

attractive; first, recreational resources of the area including archaeological sites, waterfalls, most beautiful caves, 

shrines and etc were identified using topography map and field inventories using GPS. Then, map of distance 

from recreational attractive was generated in four categories using Buffering. Distance maps from water 

resources (springs and rivers), negative factors (livestock and poultry farms, industrial sites, etc.), roads and 

residential areas were generated using topography map, field inventories using GPS and Buffering in GIS 

environment. Maps classification was conducted based on the natural conditions of study area, previous studies 

and expert opinions. 
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In the final step, each map was combined with corresponding weight using Weighted Linear Combination 

(WLC) technique in GIS environment [28]. The site which obtained the highest score is identified as the suitable 

site or class. In this method, the value of each criterion is calculated by the following equation (Eq. 5): 

 

               (5) 

 

Where “n” is the number of factors, “Wi” is the weight of “i 
th

” factor and “Xi” is a rating given for the 

defined class of the “i 
th

” factor found on the factor map. 

 

3. Results: 

Definition and weighting to clusters and nodes: 

In this study, firstly network of evaluation was structured and 12 factor consist of distance from water 

resources, vegetation cover, distance from roads, distance from residential areas, distance from negative factors, 

distance from recreational attractive, slope, aspect, elevation, erosion rate, soil type and petrology determined 

using experts knowledge, literature review and condition of study area. Then these factors classified in 3 group 

or cluster consist of environmental, socio-economic and geomorphology factors. Then the relationships between 

the nodes designed by using expert knowledge in Super Decision software (Fig. 1).  

 
Fig. 1: Network of land suitability evaluation for forest park location in Super Decision software 

 

In the next step by using ANP methodology and supermatrixes computations the weights of nodes in the 

each questionnaire acquired. For example Fig. 2, 3 and 4 present unweighted (initial), weighted and limit matrix 

from number 1 questionnaire respectively. Finally the weights from questionnaires averaged and final weights 

for nodes acquired (table 1). Based on the results of the clusters and nodes assessment, Vegetation cover with a 

weight equal to 0.396197 was the most important in this evaluation. Distance from the water resources, slope, 

elevation and soil layers were the much important respectively. Table 1 shows the results of the network 

creation, the importance of the sub-criteria (layer) and layer classification. 

 

 
 

Fig. 2: unweighted supermatrix from number 1 questionnaire 
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Fig. 3: weighted supermatrix from number 1 questionnaire 

 

 
 

Fig. 4: limit supermatrix from number 1 questionnaire 

 
Table 1: clusters, nodes, final weights, and maps classification 

Layers classification (suitability) Weight 

(Wi) 

Nodes Clusters 

 lower low moderate High 

1200 < 600 - 1200 300 - 600 0 - 300 0.266330 Distance from water  

Resources (M) 

E
n
v

iro
n

m
en

tal 
Other lands rangeland Forest- 

Poor 
(5-25%) 

Forest-Moderately 

(25-50%) 

0.396197 Vegetation cover 

9 < 6 - 9 3 - 6 0 - 3 0.00315 Distance from roads (KM) 

S
o

cio
-E

co
n
o

m
ic 

9 < 6 - 9 3 - 6 0 - 3 0.00318 Distance from Residential 
areas (KM) 

0 - 3 3 - 6 6 - 9 9 < 0.00029 Distance from negative 

factors (KM) 

9 < 6 - 9 3 - 6 15432 0.084025 Distance from Recreational 
attractives (KM) 

45 < 25 - 45 12 - 25 0 - 12 0.107678 Slope (percent) 

G
eo

m
o

rp
h
o

lo
g
y
 

Eastern Southern Northern Western 0.010404 Aspect 

2000<  1500-2000 1000-1500 500-1000 0.106764 Elevation (M) 

high moderate low Very low 0.002558 Erosion 

Very shallow 

with most rock 

particles 

Shallow with 

many rock 

particles 

Deep with 

more rock 

particles 

Deep with few 

rock particles 

0.085126 Soil type 

Marns and 

gypsies 

Alluvial soils Alluvial fan Lime stones 0.002887 Petrology 

 

Mapping nodes: 

In next step, required maps derived from reorganization of biological and ecological resources of the study 

area. These maps include distance from water resources, vegetation cover, distance from roads, distance from 

residential areas, distance from negative factors, distance from recreational attractive, slope, aspect, elevation, 

erosion rate, soil type and petrology. 
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The related nodes as seen in Table 1 were created and kept as GIS layers (Fig. 5). The layers were classified 

based on Table 1, as the biggest number value was assigned for the most suitable class. For instance, between 

slop classes, the class that has the least slop the biggest value was assigned. 

 

Extract the map of suitability evaluation for forest park location: 

The major result of this study is suitable areas map for forest park locations (Fig. 6). Data in the maps are 

divided to represent 4 suitability classes according to the FAO framework for land evaluation, namely, high 

suitability, moderate suitability, low suitability and lower suitability. From the suitability map for forest park 

location as seen in Fig.5, it was found that the area of high suitability (C1) is about 6.80% (3876.06 ha) and these 

are located in the central part of the study area. The area of moderately suitable (C2) is about 56.08% (31979.22 

ha). The area of low suitability (C3) is about 27.59% (15731.55 ha) and these are located in the northern part of 

the study area. Only a few percentages (9.53 % or 5437.82 ha) of the area were classified as lower suitability 

(C4), respectively (table 2). 

 

   

   

   

   
Fig. 5: The maps of nodes (a: distance from water  Resources, b: vegetation cover, c: distance from roads, d: 

distance from residential areas, e: distance from negative factors, f: distance from recreational attractive, 

g: slope, h: aspect, i: elevation, j: erosion rate, k: soil, l: petrology). 

a b c 

d e f 

g h i 

j k l 
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Fig. 6: Final map of suitable areas for forest park location 

 
Table 2: The area and percentages of different suitable classes for forest park location 

Classes Area (ha) Area (%) 

C1 (high suitability) 3876.06 6.80 
C2 (moderate suitability) 31979.22 56.08 

C3(low suitability) 15731.55 27.59 

C4 (lower suitability) 5437.82 9.53 

 

Discussion and Conclusions: 

Discussion: 

This paper presents a methodological approach based on the link between a GIS database and a Decision 

Support System to perform an ecological evaluation of forest ecosystems for land suitability evaluation for 

forest park location. In this study we use of experts knowledge for determination of effective clusters and 

elements in land suitability and weighting of these clusters and nodes. It can create the regulatory framework for 

collective participation in decision making and generate best decisions regarding to prioritization of clusters and 

nodes using expert's opinions. In studies of Babai-Kafaki [2], Jalilvand et al. [14] and Karami et al. [15] also 

expert's opinions were used for determination and weighting of criteria. 

Results of the experts' opinions indicated that the three-factor including vegetation cover, distance from 

water resources and slope were the major factors in this area to optimal sites selection for the forest park 

location, respectively. Regarding to importance of forest density for recreational evaluation in many studies 

[7,16], in this study used as important factor, too. Vegetation mapping results showed that more than half of the 

study area has forest cover, which shows good potential for the creation of the park. Results of Gul et al. [10] 

and Karami [16] studies showed that distance from water resources is most important factor in recreational 

evaluation. This factor has the greatest influence on recreational potential and the areas where have the 

minimum distance from the water, have a higher value. The slope is important limiting parameter in planning of 

the recreational [18], So that in Makhdoom [18] and Jalilvand et al. [14] studies is the most important factor and 

Maximum utility for physical development funded in lower slope [10,16]. Regarding to slope factor, study area 

has potential to planning for all types of recreation and ecotourism activities.  

Low forest density, scarce of water resources, high slope with the shallow soil depth of the study area were 

effective factors, resulting in a low rate of highly suitable land in this study. Similarly, in a study conducted to 

evaluate recreational land suitability for promenading, Sari (Iran), parallel results were obtained, [14]. The 

authors indicated that the scarce of water resources and very high mean slope values in study area not only 

determine the general characteristics of areas but also limit potential recreational land in the region 

With regards to the analysis of the results and forest park location requirement, the typical sites 

recommended are summarized based on 4 classes C1 „highly potential‟ category suitable for tourism 

development‟ category includes areas with low sensitivity and available for exploitation. Still, development 

should be conducted in an appropriate manner with respect to minimizing development impact. Physical 

structures such as green hotels, lodge, creating of facilities, camping, restaurants and public convenience 

facilities are needed to support promenading in these areas. 2) C2 „moderately potential‟ category allows for 

mild development but with high consideration on construction work and detail assessment of environmental 

impact. These areas can still be considered for promenading attractions. 3) C3 „suitable for tourism 

development‟ category involves the most sensitive area and development activities within this area. It could 

serve as main promenading attractions but with the use of certain limitations and guidelines. Activities 

suggested for these areas include education and research related activities, site seeing and trekking. 4) C3 

„currently not suitable‟ category. 
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Conclusions: 

This paper presents an application of combining ANP with GIS to site suitability for forest park location in 

Badreh country, Ilam, Iran. The ANP is used to evaluate the importance and determinate weights of criteria. The 

ANP methodology integrated with GIS are remarkably important for the effective and quick evaluation of the 

site suitability. Environmental, socio-economic and geomorphology factors were all together considered in the 

computation process including 12 nodes categorized in 3 clusters. Final suitability map was created for 

combined all criteria. This study can offers a methodology and decision support to the decision maker for 

solving the Forest park site selection. The proposed approach has shown that the spatial ANP is a powerful tool 

for solving complex problems with interactions and correlations among multiple objectives. Therefore, the 

integration of GIS and ANP methods provides a mechanism with which complex issues can be thoroughly 

explored and immediate feedback for Decision-Makers can be provided. In conclusion, the integration of GIS 

with the Analytic Network Process has demonstrated to be an extremely useful tool for the analysis and the 

aggregation of ecological and environmental indicators, thus constituting a very promising line of research in 

the sustainability assessments field and more specifically in ecological planning. 
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