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Abstract 

The main objective of this study is to identify and prioritize the potential ecotourism sites using Geographic 
Information System (GIS) and Analytical Hierarchy Process (AHP) in Surat Thani Province, Thailand. This study 
identifies the following factors as indicators of suitability within land ecosystems: landscape/naturalness, wildlife, 
topography, accessibility and community characteristics. The evaluating process for ecotourism site conducted based 
on nine chosen criteria including visibility, land use/cover, reservation/protection, species diversity, elevation, slope, 
proximity to cultural sites, distance from roads and settlement size. Those factors were selected according to the 
professional expert’s opinions. AHP was effectively used in this study to calculate the details of the factors and class 
weights. GIS plays a crucial role in ecotourism planning. The methodology proposed was useful to identify 
ecotourism sites by linking the criteria deemed important with the actual resources of the Province.  
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1. Introduction 

Ecotourism has a strong connection with sustainable tourism. Sustainability depends on the 
relationship between tourism and environment. Suitable management for ecotourism development is 
essential in order to conserve and maintain the biological richness of the area as well as economic 
upliftment of the local people. In addition, ecotourism can be defined as an opportunity to promote the 
values in the protected areas and to finance related stakeholders [1]. In this respect, ecotourism evaluation 
should be regarded as an important tool for sustainable development of tourism in a protected area [2]. 
This can be judged with the help of criteria and indicators approach, which is basically a concept of 
sustainable ecotourism management developed in a set of principles, criteria and indicators [3]. Ideally, 
ecotourism should satisfy several criteria such as conservation of biological and cultural diversities 
through ecosystem protection and promotion of sustainable use of biodiversity with minimal impact on 
the environment being a primary concern [4]. GIS used for identifying location suitability and resource 
inventories according to environmental concern. To identify untouched areas GIS can play an important 
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role [5]. However, a fundamental problem of decision theory is how to derive the relative weights of the 
criteria. A well-known weight evaluation method is the Analytical Hierarchy Process (AHP). This method 
has steps including specifying the hierarchical structure, determining the relative important weights of the 
criteria and sub-criteria, assigning preferred weights of each alternative and determining the final score [6]. 
Abidin [7] identified a set of 15 criteria and 58 indicators for sustainable ecotourism management in 
Taman Negara National Park (TNNP), Malaysia. The Delphi method and public survey were used to 
solicit opinions from an interdisciplinary panel of Malaysian experts and public groups regarding the 
suitable criteria and indicators of sustainability for TNNP. Bukenya [8] employed six criteria (high 
number of species, wildlife management potential, endangered species, potential to attract more tourists, 
less susceptibility to encroachment and degradation over long period) to prioritize the potential national 
parks in Uganda, based on the stated objectives and criteria for the development of ecotourism industry. 
The site specific criteria and indicators can be developed with stakeholders’ participation. Boyd et al. [9] 
identified the following criteria: naturalness, wildlife, cultural heritage, landscape and community for 
ecotourism within Northern Ontario by linking their importance criteria with the actual landscape 
characteristics of this region. Kenan [1], using multiple criteria selected ecotourism planning activities in 
Igneada. The model was applied using participatory approach which consisted of 19 alternates and 28 
criteria based on an ELECTRE method. Kumari et al. [10] integrated five indicators (wildlife distribution, 
ecological value, ecotourism attractively, environmental resiliency and ecotourism diversity) in order to 
identify and prioritize the potential ecotourism sites in West District of Sikkim state in India.  

Ecotourism’s perceived potential as an effective tool for sustainable development is the main reason 
why developing countries are now embracing in their economic development and conservation strategies 
[11]. Ecotourism emerged as an alternative form of tourism in the 1990s to mitigate the faults of 
conventional (mass) tourism in meeting the needs of sustainable development. It has since become 
widespread in Thailand and is adopted not only in natural areas but also in rural communities [12]. 
Ecotourism is one of the rapidly growing sectors in the tourism industry at present. Since people are 
traveling to original and natural regions to enjoy the landscapes, wild animals, plants etc. These actions 
had insignificant impact on the environment and natural resources, play role in the protection and survival 
of various species of plants and natural sources [13]. In many protected areas, tourism is a major activity 
that occurs without much planning or preparation [14]. Limiting ecotourism to such areas where the 
region's characteristics are most suited for ecotourism will to an extent reduce negative impacts compared 
to areas which are more fragile in nature [9]. It is imperative that only some areas suitable for ecotourism 
are to be developed and ensure that ecotourism criteria matched with the basic resource characteristics of 
the area. Suitable management for ecotourism development is essential in order to maximize the positive 
impacts and minimize negative impacts on all aspects of tourism like in Thailand. The integration of the 

Fig. 1. Geographical location of Surat Thani Province, Thailand 
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AHP with GIS combines decision support methodology with powerful visualization and mapping 
capabilities which in turn facilitates the creation of land use suitability map [15]. Thus, the present study 
is an attempt to identify potential ecotourism sites using AHP and GIS in Surat Thani Province, Thailand. 
This is also an additional benefit achieved by integrating geo-scientific aspects in the land use decision 
process, as demanded by Agenda 21 [16].  

2. Study Area 

The area chosen for this current research is specially focused on the land ecosystems of Surat Thani 
Province, southern Thailand (Fig. 1), where 49% of the provincial area is mountainous with high 
mountain ranges along the north and south of the area. There are some important attributes that should be 
considered in order to develop successful ecotourism in the Province. For instance, it should largely be 
free from urban settlements with untouched landscape, have rich vegetation cover and considerable 
wildlife, traditional indigenous people’s groups and recreational tourist attractions. Such characteristics 
suit the selection of the area for a case study to demonstrate the application of the methodology. 

3. Materials and Methods 

3.1. Data Sources 

Data used in this study were assembled from a variety of sources (Table 1). Firstly, the primary data 
from the field survey were collected through interviews and questionnaires answered by experts in the 
related fields of study for identifying factors that are important for ecotourism in Surat Thani Province 
along with statistics data, Global Positioning System (GPS) field survey data and other GIS datasets. The 
GIS-based land suitability analysis has been applied in a wide variety of situations including sites and 
administrative boundaries.  

Table 1. List of data and their original sources 

Data Scale Source 

Boundary Map 1:50,000 Department of Land Development, Thailand. 

Land Used/Cover Map 2007 1:50,000 Department of Land Development, Thailand. 

DEM (View-shed Map) 1:50,000 U.S. Geological Survey (USGS). 

Tourist Map 1:50,000 Tourism Authority of Thailand. 

Natural Attraction Places  Field Survey with GPS. 

Protected Areas 2004 1:50,000 Department of National Parks, Wildlife and Plant Conservation, Thailand. 

Location of  National Park Headquarters  Geo-Informatics Operation Center, Thailand. 

Surat Thani Wildlife Areas  Thailand Institution Scientific and Technological Research (TISTR). 

Topography: Slope, Contour Line,  

Spot Height 

1:50,000 Department of Land Development, Thailand. 

Cultural Attraction Places  Ministry of Natural Resources and Environment, Thailand. 

Ministry of Cultural, Thailand. 

Road Map 1:50,000 Road Layer, ESRI. 

Population Data 2007  National Statistical Office, Thailand. 

 



272  Khwanruthai Bunruamkaew and Yuji Murayama / Procedia Social and Behavioral Sciences 21 (2011) 269–278

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Schematic diagram for modeling suitable ecotourism sites in Surat Thani Province, Thailand 

3.2. Methods 

The AHP weights calculated using Microsoft Excel and ArcGIS 9.3 software were used in the 
suitability map producing process. There were four crucial steps to produce site suitability map for 
ecotourism and these are: (1) finding suitable factors to be used in the analysis (2) assigning factor 
priority, weight and class weight (rating) to the parameters involved (3) generating land suitability map of 
ecotourism and (4) determining ecotourism potential areas. Details of each processing step are shown in 
Fig. 2. 

3.3. Determination of Factors and Classification of Criteria 

This study identifies the following factors as indicators of suitability within the land ecosystems of Surat 
Thani Province context: landscape/naturalness, wildlife, topography, accessibility and community characteristics. 
The evaluation for ecotourism sites was conducted based on the nine chosen criteria namely: visibility, 
land use/cover, reservation/protection, species diversity, elevation, slope, proximity to cultural sites, 
distance from roads and settlement size (Table 2).  

The factors and criteria set up were chosen according to experience, experts’ opinions and information 
from various sources. Knowledge acquisition has been accomplished through discussions with experts of 
related fields of study, surveying of authenticated literatures and analysis of historical data.  

Determination of weight value of each criterion using 
Analytical Hierarchy Process (AHP) 

- Study site selection and literature study 
- Determining criteria of evaluation 

Spatial and non-spatial data collection 

Criteria maps of ecotourism’s land suitability evaluation 

Data standardization 

Spatial Multi-Criteria Decision Analysis (MCDA) 
implementation 

Evaluation Output: Suitability map for ecotourism development 

Determination of ecotourism potential area 

Preliminary study 

Data collection 

Spatial database construction 

Data analysis 

Synthesis 

Recommendation 
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Table 2. Factors and criteria in land suitability analysis for ecotourism  

Factors Criteria Unit Factor Suitability Rating 

High  Moderate Marginal  Not suit  

Landscape/ 
Naturalness  

Visibility  value  range Near range Middle range Far range Not visible 

Land use/ cover class High  Moderate Marginal Not  

Wildlife  Reservation/ 
Protection  

protected 
areas class 

High  Moderate Marginal Not 

Species diversity  % of recorded 
species 

> 30% 20-30% 5-20 % < 5% 

Topography Elevation meter 300-400 m 100-300 m > 400 m 0-100 m 

Slope degree 0-5o 5-25 o 25-35 o > 35 o 

Accessibility  Proximity to 
cultural sites 

kilometer 0-15 km 15-30 km 30-45 km > 45 km 

Community 
Characteristics 

Distance from 
roads 

 

kilometer Areas outside 
of any buffers 
around all 
roads 

Areas within    
2 km buffer 
around third 
main roads 

Areas within 5 
km buffer 
around second 
main roads 

Areas within 
10 km buffer 
around major 
roads 

Settlement size population 
size 

Absence of 
permanent 
settlement (0) 

Unincorporat
ed 
communities  
(1-1000) 

Small towns 
(1001-10000) 

Urban 
settlements 
(>10000) 

 

3.4. Criteria Maps Generation and Classification 

The related factors and criteria as seen in Table 2 were created and kept as GIS layers. Firstly, visibility 
factor was generated from a digital elevation model integrated with location of natural uniqueness by 
View-shed analysis on the basis of visible or not visible. Land used/cover factor was classified and 
reclassified from 2007 land use map according to bio-physical vegetation characteristics of ecotourism 
potential resources. Reservation/protection factor was classified by type of protected areas, which are 
suitable for habitat with regards to wildlife reserve, rare species, and newly found species. In this study, 
Wildlife Sanctuary (WS) and Non Hunting Area (NHA) are ranked as high, National Park (NP) areas are 
ranked as medium, and Non Forest Reserve (NFR) areas are ranked as moderate. On the other hand, the 
areas outside of the protected area are ranked as not suited for ecotourism. Species diversity factor was 
classified from the number of recorded species (mammals, birds, reptiles and amphibians) in order to 
consider wildlife population abundance in the area. Elevation factor was generated from digital elevation 
model. Slope factor was classified by degree measurement unit. Proximity to cultural sites factor was 
classified by Euclidean analysis according to the nearby cultural sites. Distance from roads factor depends 
on the transport condition by access types and distance from the road types. Settlement size factor was 
classified by population size. 

In the GIS database, the attribute factors are represented as map layers, which contain attribute values 
for each pixel in raster data [17]. With regards to the acquired information, there were nine important 
criteria in the form of nine GIS-based layers incorporated for ecotourism (Fig. 3). In this process, data of 
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all selected factors were kept, displayed, and managed individually. These criteria maps were overlaid 
together for final suitability classification of the study area for ecotourism. 

3.5. Determination of Weight Value for each Criterion using AHP 

The AHP is one of the most extended Multi-Criteria Decision Making (MCDM) techniques. This 
method provides a structural basis for quantifying the comparison of decision elements and criteria in a 
pair wise technique [18]. Experts are asked to rank the value of a criterion map for a pair wise matrix on a 
Saaty’s scale [19]. The method evaluates relative significance of all parameters by assigning weight for  

 
 
 
 
 
 
 
 
 
 
 
 

(a) Visibility (b) Land use/cover (c) Reservation/Protection 
 
 
 
 
 
 
 
 
 
 
 
 

(d) Species diversity (e) Elevation (f) Slope 
 

 
 
 
 
 
 
 
 
 
 
 

(g) Proximity to cultural sites (h) Distance from roads (i) Settlement size 

Fig. 3. Criteria maps for ecotourism suitability analysis 
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each of them in the hierarchical order, and in the last level of the hierarchy, the suitability weight for each 
class of the used factors is given. Typically, the priority of each factor involved in the AHP analysis is 
determined based principally on the suggestions from experts [20]. To ensure the credibility of the 
relative significance used, AHP also provides measures to determine inconsistency of judgments 
mathematically. Based on the properties of reciprocal matrices, the consistency ratio index (CR) as shown 
in Equation (1) can be calculated. Saaty [21] suggests that if CR is smaller than 0.10, then degree of 
consistency is fairly acceptable. But if it’s larger than 0.10, then there are inconsistencies in the evaluation 
process, and the AHP method may not yield meaningful results.  

 

In this process, experts’ opinions were asked to calculate the relative importance of the factors and 
criteria involved. CR* was also calculated and found to be 0.05 for ecotourism, which is acceptable to be 
used in the suitability analysis. The calculations of pair wise comparison matrix and computation of 
consistency ratio are given in Tables 3 and 4, respectively.  

3.6. Land Suitability Assessment 

In this process, the land suitability map for ecotourism has been created, based on the linear 
combination of each used factor’s suitability score as shown in Equation (2). The AHP method was 
applied to determine the relative importance of all selected factors. The total suitability score “Si” for 
each land unit (i.e. each raster cell in the map) was calculated from the linear combination of suitability 
score obtained for each factor and criteria involved. 

 

where “n” is the number of factors, “Wi” is the multiplication of all associated weights in the hierarchy 
of “ith” factor ( as seen in Table 5) and “Ri” is a rating given for the defined class of the “ith” factor found 
on the assessed land unit. In Multi Criteria Evaluation (MCE) using a weighted linear combination, the 
assigned weights need to be summed up to 1 for each category/subcategory defined. However, each factor 
in the last layer was classified into 4 suitability classes (S1, S2, S3, N) and their suitability scores were 
presented in the standardized format ranging from 0 (least suitable) to 1 (most suitable). Finally, the total 
suitability score from each factor were assembled to create site suitability map for ecotourism.  

The land suitability map for ecotourism has been created, based on the linear combination of each used 
factor’s suitability score. The GIS-based model (modified from Baniya [22]) for multi-criteria land 
suitability evaluation for ecotourism is shown in Fig. 4. 

Table 3. Development of the pair wise comparison matrix 

Factor C1 C2 C3 C4 C5 

Landscape/ Naturalness (C1) 1.00 5.29 2.05 5.57 4.05 

Wildlife (C2) 0.19 1.00 0.31 2.05 1.73 

Topography  (C3) 1.00 3.00 1.00 4.57 3.10 

Accessibility (C4) 0.18 0.49 0.22 1.00 0.90 

Community characteristics (C5) 0.25 0.58 0.32 1.11 1.00 

Total 2.62 10.36 3.90 14.30 10.78 
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Table 4. Computation of the factor weights and estimate of the consistency ratio 

Factor C1 C2 C3 C4 C5 SUM Weight Consistency  

Landscape/Naturalness (C1) 0.38 0.51 0.53 0.39 0.38 2.18 0.44 5.36 

Wildlife (C2) 0.07 0.10 0.08 0.14 0.16 0.55 0.11 5.08 

Topography (C3) 0.38 0.29 0.26 0.32 0.29 1.54 0.31 5.28 

Accessibility (C4) 0.07 0.05 0.06 0.07 0.08 0.33 0.06 5.18 

Community characteristics (C5) 0.09 0.06 0.08 0.08 0.09 0.40 0.08 5.25 

Total 1.00 1.00 1.00 1.00 1.00  CI = 0.06 

 
RI = 1.12 

CR* = 0.05 

Table 5. Factors and criteria weight and rating for ecotourism land suitability analysis 

Factors 

(Category) 

Weight Criteria  

(Sub-category) 

Weight Total Suitability 
Score 

Rating 

S1 S2 S3 N 

Landscape/ Naturalness 0.44 Visibility  0.47  0.21 1.0 0.55 0.33 0.11 

  Land use/cover 0.53 0.23 1.0 0.37 0.30 0.10 

Wildlife 0.11 Reservation/Protection 0.54 0.06 1.0 0.73 0.28 0.11 

  Species diversity 0.46 0.05 1.0 0.57 0.29 0.14 

Topography 0.31 Elevation 0.53 0.16 1.0 0.67 0.45 0.30 

  Slope  0.47 0.15 1.0 0.67 0.35 0.26 

Accessibility 0.06 Proximity to cultural sites 0.53 0.03 1.0 0.71 0.29 0.17 

  Distance from roads 0.47 0.03 1.0 0.62 0.31 0.18 

Community character 0.08 Settlement size 1.00 0.08 1.0 0.59 0.30 0.15 

 

 

Fig.4. GIS-based model: multi-criteria land suitability evaluation for ecotourism in Surat Thaini Province, Thailand 
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Fig. 5. Suitability map for ecotourism in Surat Thani Province, Thailand 

4. Results and Discussions 

Data in the maps are divided to represent 4 suitability classes according to the FAO framework for 
land evaluation [20, 23], namely, highly suitable (0.8-1.0), moderately suitable (0.4-0.8), marginally 
suitable (0.2-0.4) and not suitable (0.0-0.2). From the suitability map for ecotourism as seen in Fig.5, it 
was found that the area of marginally suitable (S3) is about 69.68% and these are located in the central 
part of the province. The area of moderately suitable (S2) is about 29.02% and these are in the Eastern 
and Western parts of the province. Only a few percentages (0.89% and 0.41%) of the area were classified 
as not suitable (N) and highly suitable (S1), respectively. 

With regards to the analysis of the results and ecotourism requirement, the typical sites recommended 
are summarized based on 4 classes [24]. (1) S1 ‘highly ecotourism potential’ category involves the most 
sensitive area and development activities within this area which will lead to disaster and threaten the 
natural characteristic of the area. It could serve as main ecotourism attractions but with the use of certain 
limitations and guidelines. Example of guideline to be used to limit the number and duration of access to 
the area is the code of conduct. Activities suggested for these areas include education and research related 
activities, site seeing and trekking. (2) S2 ‘moderately ecotourism 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 ecotourism attractions due to passive tourist activities such 
as camping, trekking, bird watching, site seeing and any activities with minimum development or 
inference to the site. (3) S3 ‘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, restaurants 
and public convenience facilities are needed to support ecotourism in these areas. (4) N ‘currently not 
suitable’ category includes areas with several impacts of development and degraded environment. 

The development of ecotourism is further enhanced by geospatial approaches [14]. This study is an 
integrated approach of ecotourism development by identifying ecotourism sites and constructing 
methodology to assess the ecotourism sustainability by matching the characteristics of an area with those 
attributes most appropriate for ecotourism. This method has been proven beneficial for supporting 
decision-making for planning tourism facilities and ecotourism resource utilization for sustainable development.  
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Combination of GIS capabilities with MCDM techniques involves the phases of intelligence, design 
and choice [25]. However, a fundamental problem of decision theory is how to derive the relative weights 
of the criteria. Thus, one disadvantage of this method is the inherent subjectivity of assigning preference 
values between criteria and its complexity in the computation of the criteria weights [14]. The results of 
this study may only work in the prevailing situation of ecotourism in Surat Thani Province. However, the 
same principles may be also applicable elsewhere. There are a number of ways in which future research 
could strengthen the validity of the findings. Implement activities of the selected ecotourism suitable sites 
must be continued and more concrete.  
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