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Abstract
The present study focuses on the identification of potential ecotourism site using 
remote sensing, geographical information system and multi-criteria decision anal-
ysis (MCDA) techniques in Great Himalayan National Park Conservation Area 
(GHNPCA), Himachal Pradesh, India. This research incorporates 12 thematic 
layers, i.e. slope, topographic roughness, vegetation, surface water accessibil-
ity, groundwater, elevation, visibility of snow peak, proximity to villages, trekking 
route, climatic suitability, habitat suitability and lake proximity. The analytical hier-
archy process (AHP) among different MCDA techniques was used to determine 
the weights of various themes to identify different ecotourism potential zones. The 
research concluded that the southwestern and central parts of the Great Himalayan 
Area (GHNPCA) have high to very high ecotourism potentiality which incorporates 
the eco-development zone, Tirthan Wildlife Sanctuary and Sainj Wildlife Sanctuary 
and mid-western part of Great Himalayan National Park. Finally, a total of 77 eco-
tourism potential sites have been identified within very high potential zone.

Keywords  Ecotourism potentiality · Remote sensing · GIS · Analytical hierarchy 
process · MCDA

1  Introduction

The growing concern of environmentalism raised the issue of sustainability. Ecotour-
ism emerged as a tool of sustainability of tourism where sustainability indicates the 
management of human activity based on ecological and cultural element (Dowling 
1995a, b; Blamey 1995a, b, 1997; Sano 1997) and also contribute to environmental 
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conservation and development (Ross and Wall 1999a, b; Tsaur et al. 2006). Sustain-
ability of tourism exemplifies the relationship between ecotourism and sustainable 
development (Bansal and Kumar 2011) where sustainability included three systems, 
i.e. environmental, socio-cultural and economic (Wall 1997). The growing popular-
ity and conservation potential of ecotourism offers unique opportunities for integrat-
ing rural development, tourism resource management and protected area manage-
ment in many sites around the world (Hvenegaard 1994). Ecotourism can play an 
important role in attracting support, in both fields of political and financial, to pre-
serve threatened natural areas (Boo 1990; Dixon et al. 1993; Western 1993; Burton 
1997; Honey 1999).

Tourism in protected areas emerged as a strategy for development, and ecotour-
ism, in particular, has been identified as a viable option for sustainable develop-
ment (Obua 1997). Ecotourism development in National parks has immense impor-
tance due to its legal protection and sustainable management framework (Wallace 
and Pierce 1996). Farver (2002) forecasted that the protected area concept in future 
could be congested. Therefore, protected areas worldwide needed to demonstrate 
their economic value to the wider community (Dudly et al. 1999). Ecotourism can 
produce tangible financial benefits for protected areas, in which many ecotourism 
activities occur. Entrance fees can substantially offset park management cost and 
control visitation (Lindberg 1991) and provide critical foreign exchange (Edward 
1991; Aveling and Wilson 1992).

First step for the identification of potential ecotourism is to evaluate criteria and 
indicators (Kalogirou 2002; Malczewski 2004; Gillenwatera et al. 2006). To iden-
tify potential ecotourism sites in a particular spatial unit, geospatial technology, 
i.e. remote sensing, GIS and GPS are widely used in the recent decade (Page and 
Dowling 2002; Boyd and Butler 1996; Arrowsmith and Inbakaran 2002; Lillesand 
and Kiefer 2004). GIS-based land suitability has been applied using analytical 
hierarchy process (AHP) (Saaty 1980) and MCDA method through modeling and 
overlay analysis (Carver 1991; Banai 1993; Malczewski 1999). Armstrong (1994) 
applied remote sensing, GIS and multi-criteria decision analysis (MCDA) method 
for the identification of the nature-based tourism potential sites based on socioeco-
nomic and environmental indicators. Among different MCDA methods, AHP was 
widely used due to its capability to analyze data according to its relative importance 
and hierarchical ordering. Boyd and Butler (1996) applied GIS to identify suitable 
ecotourism areas in Northern Ontario, Canada. Kumari et al. (2010) included five 
indicators to identify potential ecotourism sites such as wildlife distribution index, 
ecological value index, ecotourism attractivity index, environmental resiliency 
index and ecotourism diversity index, whereas Akbarzadeh et  al. (2011) applied 
landscape ecological components to identify potential ecotourism sites. Bunruam-
kaew and Murayama (2011a) used landscape, wildlife, topography, accessibility and 
community characteristics to evaluate site suitability of ecotourism. Gourabi and 
Rad (2013) applied the indicators, i.e. number of sunny days, average daily relative 
humidity, slope, water use, vegetation density and soil texture to evaluate potential-
ity of ecotourism in wetland.

Ecotourism in present day is one of the most sensitive issues and a tool towards 
sustainable tourism development in both developed and developing countries around 
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the world. To develop proper planning for ecotourism, the primary task is the selec-
tion of site for ecotourism development. The selection of site is controlled by differ-
ent elements belonging to physical, socio-cultural, environmental and infrastructural 
factors which vary place to place and situation to situation. Himalayan mountain-
ous region is considered as one of the most attractive regions to the tourist around 
the world. The study area, Great Himalayan National Park and Conservation area 
(GHNPCA), is considered as the most suitable region for ecotourism development 
due to its natural and cultural diversity. Several past works have been carried out on 
biodiversity conservation, land use and land cover mapping and community-based 
ecotourism in this protected area (Pandey 2008; Naithani and Mathur 1998) but no 
attempt has been made on ecotourism site selection. Ecotourism has been taken into 
consideration for regional development policy but there is no implementable plan 
and policy is not yet established. This research attempts to make spatial decision for 
ecotourism site selection based on multiple criteria decision analysis in GIS environ-
ment. This present work attempts to identify potential ecotourism sites in protected 
area of GHNPCA in Himachal Pradesh, India, based on different physical, socio-
cultural, environmental and infrastructural elements using AHP and GIS. From this 
site selection point of view, this paper is the pioneering work for the protected area 
management and also an ideal blueprint for the decision-maker to develop strategies 
for the development of ecotourism sites in study area.

1.1 � Study area

Great Himalayan National Park and Conservation Area (GHNPCA) is located 
in the central part of Himachal Pradesh and lies in between 31°33′00″–31°56′56″ 
North latitude and 77°17′15″–77°52′51″ East longitude covering an area about 
1171  square  km (km2) (Fig.  1). In terms of its physiographic characteristics, the 
study area is broadly divided into two major watersheds of Sainj and Tirthan rivers 
and elevation ranges between 1300 and 6100  m above mean sea level. The study 
area is bounded by Greater Himalayan mountain range in the east and Dhaulad-
har range in the west. GHNPCA by its local administration has been divided into 
four broad divisions, i.e. Great Himalayan National Park, Tirthan Wildlife Sanctu-
ary, Sainj Wildlife Sanctuary and eco-development zone. Eco-development zone is 
the only inhabited part of the study area and permanently settled by 2400 people 
belonging to 160 hamlets within twelve Panchayats. The existence of snow clad 
mountain, landscape and climatic beauty, National Park and Wildlife Sanctuaries, 
rich biodiversity, ethnic and socio-cultural diversity, pilgrimage and sacred sites 
and adventure tourism activities attracts tourists of both national and international 
origin. The development of ecotourism should meet the needs of basic conserva-
tion principles and the participation of local community ensures the management of 
natural and cultural resources in a better manner without hampering the ecological 
stability within study area and provides economic opportunities of local community.
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1.2 � Database

To fulfill the research objective, required spatial, non-spatial data and available 
maps have been collected from both primary and secondary sources. To collect 
primary data related to expert’s opinion regarding  the selection of elements for 
ecotourism site identification, questionnaire  has been distributed and collected. 
Location information was collected using handheld GPS. Shuttle Radar Topogra-
phy Mission (SRTM) digital elevation model (DEM) having 30 ms spatial resolu-
tion has been used to analyze topographic aspects such as slope and Topographic 
Roughness Index. Groundwater-related spatial information has been collected 
from district planning map of Kullu District, National Atlas and Thematic Map-
ping Organization. Habitat suitability map of Western Tragopan and Musk deer, 
climatic map made available from GHNPCA official website. The information 
regarding vegetation has been collected through the calculation of normalized 
differential vegetation index (NDVI) using Landsat 8 satellite imagery having 

Fig. 1   Location of Himachal Pradesh in India (a), Kullu District within Himachal Pradesh (b), GHNPCA 
within Kullu District (c) and GHNPCA division boundary (d)
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30 m spatial resolution. Other information such as drainage networks, lakes, rural 
settlements and trekking routes was extracted through digitization in GIS soft-
ware using GHNPCA official map. To collect the information regarding snow 
clad mountain peak visibility, view shed analysis was carried out using SRTM 
DEM data and absolute location of snow clad peak.

2 � Methodology

2.1 � Selection of thematic layer

Potential ecotourism site selection or prediction consists of three steps: (1) 
geospatial data base generation, (2) application of AHP for normalization of 
weight of each criterion and preparation of ecotourism site, and (3) validation 
and interpretation of result (Razandi et al. 2015). To assess ecotourism potential 
site identification, slope, topography roughness, vegetation, drainage, visibility, 
accessibility, rural settlement, habitat, elevation, climate, ground water and lake 
proximity elements have been taken into consideration (Fig. 2a, b). The elements 
for ecotourism potentiality in Great Himalayan National Park and Conservation 
Area have been taken into consideration based on expert’s opinion and relative 
importance of elements (Kumari et  al. 2010; Mahdavi and Niknejad 2014; Gul 
et al. 2006; Bunruamkaew and Murayama 2011b).

2.2 � Geospatial data base generation

2.2.1 � Slope

To generate ecotourism potential site, slope of land has immense importance 
(Kumari et  al. 2010; Dashti et  al. 2013; Bunruamkaew and Murayama 2011a; 
Bozorgnia et al. 2010). The construction of ecotourism sites needs low slope of 
land and increasing slope decreases possibilities to develop ecotourism site. Shut-
tle Radar Topographic Mission (SRTM) DEM is used to generate slope. Based 
on percentage rise method, slope layer was generated using SRTM DEM having 
30 m spatial resolution:

Slope layer was further reclassified into five suitability classes, i.e. very high, 
high, moderate, low and very low and they cover 242  km2, 368  km2, 347  km2, 
176 km2 and 38 km2 area, respectively. The preferences were assigned according 
to the relative importance of each class, where higher value of slope indicates 
lesser possibilities to develop potential ecotourism site and vice versa.

(1)Slope (percent) =
rise

run
× 100.
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Fig. 2   a, b Criteria maps for 
ecotourism potentiality assess-
ment
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2.2.2 � Topographic roughness

Topographic Roughness Index is used to represent topographic characteristics of a 
region (Riley et  al. 1999; Jenness 2004). Topographic roughness has inverse rela-
tionship with ecotourism and is widely used for ecotourism potentiality (Kumari 
et al. 2010). High roughness of land surface indicates lesser possibilities to develop 
ecotourism site and low roughness of land is suitable for ecotourism site develop-
ment. SRTM DEM data are used to calculate topographic roughness index. Topo-
graphic Roughness Index (TRI) was calculated based on relative topographic posi-
tion index which is a terrain ruggedness matrix and local elevation index:

where TRI means Topographic Roughness Index, SD indicates smoothed DEM of 
DN value of 10 × 10 pixel, max DEM means maximum DN (digital number) value 
of 10 × 10 pixel, and min DEM indicates minimum DN value of 10 × 10 pixel. Topo-
graphic roughness value (TRI) is further divided into four classes, i.e. very high, 
high, moderate and low, where each zone covers 345 km2, 403 km2, 310 km2, and 
113 km2 areas, respectively. The region with higher topographic roughness indicates 
lower suitability for ecotourism and vice versa.

2.2.3 � Vegetation

There exists positive relationship of ecotourism and vegetation density. Ecotourism 
involves abiotic, biotic and cultural attraction. Among them biotic features, i.e. bio-
diversity, wildlife and natural areas are considered as the most important aspect for 
ecotourism site development.

Landsat 8 imagery of NASA was used to calculate normalized differential vegeta-
tion index (NDVI):

where NIR indicates DN value from near-infrared band and R indicated DN value 
from red band of satellite imagery and the result of NDVI value data has been fur-
ther categorized into five classes where higher value indicates the region having 
higher suitability for ecotourism development and vice versa. The area has been cat-
egorized into very high, high, moderate, low and very low suitability classes and 
they cover 317 km2, 201 km2, 168 km2, 192 km2 and 293 km2, respectively.

2.2.4 � Visibility

Visibility of snow clad mountain is the most important aspect for ecotourism devel-
opment (Bunruamkaew and Murayama 2011b). For suitability analysis of ecotour-
ism site development, snow clad mountain visibility is taken into consideration and 

(2)TRI =
SD −MinDEM

MaxDEM −MinDEM
,

(3)NDVI =
NIR − R

NIR + R
,
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it positively related to tourist attraction as well as tourist arrival. Tourists basically 
prefer to stay in places where from snow clad mountain is visible. The spatial analy-
sis of visibility carried out using viewshed analysis is based on elevation and loca-
tion of snow clad peak data. The visible part of snow clad mountain was extracted 
and results were further reclassified into four classes such as very high, high, moder-
ate and low suitability based on the nature of visibility. As per the result, 5.2 km2 
area belongs to very high suitability class and 28 km2, 110 km2 and 321 km2 to high, 
moderate and low suitability, respectively.

2.2.5 � Proximity to rural areas

The nature and diversity of host culture in GHNPCA also attract responsible tour-
ist to a great extent. Eco-tourist basically prefers to stay in places where cultural 
interaction with local people is possible. There exists positive relation between the 
culture of local community and ecotourism. The unique cultural characteristics of 
any region attract tourist from different parts of the country and abroad. The study 
region has unique cultural characteristics in terms of its traditional value, social cus-
tom, language, dress pattern, dietary habits, religion, etc. The core of ecotourism is 
the conservation of culture of local community. Thus, selection of rural areas has 
been given priority for the location of ecotourism site in GHNPCA. For this analy-
sis, five buffer zones of rural settlements such as 800 m, 1600 m, 2400 m, 3200 m 
and 4000 m have been created and they cover 238, 149, 118, 97 and 42 square kil-
ometer areas, respectively. The zone nearer to the village is given priority for the 
selection of ecotourism site and suitability decreases with increasing distance.

2.2.6 � Elevation

Elevation plays an important role in the development of ecotourism site and increas-
ing elevation has a negative relation to ecotourism site development (Ahmadi et al. 
2015). Increasing elevation indicates decrease in oxygen level as well as lesser pos-
sibilities of human existence. Thus, lower elevation indicates higher possibilities for 
ecotourism site construction and vice versa. The study area is the part of Great Him-
alayan mountain range and elevation ranges 1300–6250  m above mean sea level. 
Based on elevation, the entire region has been categorized into five classes such 
as very high (above 4200 m), high (3600–4200 m), moderate (3000–3600 m), low 
(2400–3000 m) and very low (less than 2400 m) and they cover 255 km2, 332 km2, 
122 km2, 255 km2 and 200 km2 areas, respectively. The area having lower elevation 
is suitable for ecotourism site development where increasing elevation decreases the 
possibility for ecotourism site development.

2.2.7 � Surface water accessibility

Water availability and ecotourism site are positively related to each other. Without 
water availability, human existence should not be possible. The study area belongs 
to two major watersheds of Sainj and Tirthan rivers. Based on the distance from 
drainage network, proximity analysis was carried out using buffer of less than 
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400 m, 400–800 m, 800–1200 m, 1200–1600 m and 1600–2000 m. The region near 
drainage network indicates high suitability for ecotourism potentiality analysis and 
possibilities decrease with increasing distance. The proximity zones were further 
reclassified into five suitability zones, i.e. very high, high, moderate, low and very 
low suitability and they cover 517 km2, 387 km2, 210 km2, 48 km2 and 9 km2 areas, 
respectively.

2.2.8 � Lake proximity

In terms of surface water accessibility and scenic beauty, lakes have immense impor-
tance for ecotourism site development (Mirsanjari et  al. 2008). To find out suita-
bility of lakes, five buffer zones of less than 800 m, 800–1600 m, 1600–2400 m, 
2400–3200 m and 3200–4000 m have been created and represented as very high, 
high, moderate, low and very low suitability zones and they cover 30 km2, 51 km2, 
64 km2, 77 km2 and 83 km2, respectively.

2.2.9 � Groundwater suitability

Not only surface water, but also groundwater availability has a positive relation to 
ecotourism site identification. As per availability and potentiality of groundwater, 
the study area is classified into two zones, i.e. aquifer having good groundwater 
potentiality and limited groundwater potential zone. The information about ground-
water was collected from district planning map of National Atlas and thematic map-
ping organization. The region with good groundwater potential covers 608 km2 area 
and is given higher weight for ecotourism potential whereas lower weight provides 
limited ground water potential zone and it covers 563 km2 area.

2.3 � Normalized weight for different thematic layers

Analytical hierarchy process (AHP) is widely used among different multiple crite-
ria decision analysis (MCDA) techniques in the field of natural resources and envi-
ronmental management. AHP is used to determine weights of the thematic layers 
(Saaty 1980) and used for decision-making in which a problem is divided into vari-
ous parameters, arranging them in a hierarchical structure making judgment on rela-
tive importance of pair of elements and synthesizing the result (Saaty 1999). For 
this analysis, 12 thematic layers belongs to geomorphic, ecological, socio-cultural 
and infrastructure parameters i.e. slope, topographic roughness, vegetation, surface 
water accessibility, groundwater, elevation, visibility of snow peak, proximity to 
villages, trekking route, climate, habitat and lakes etc. has been taken into consid-
eration. For the selection of elements to identify potential ecotourism site, question-
naire has been prepared and distributed among the experts belonging to different 
backgrounds such as environmentalist, ecotourism experts, academicians, and pro-
tected area management authority who work directly or indirectly on study area. The 
elements having higher average score were selected for study. To assign the weight 
of each thematic layer, Saaty’s 1–9 scale has been applied (Saaty 1980). Based on 
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Saaty’s scale, pairwise comparison of different thematic layers was carried out and 
a comparison matrix was prepared for delineation of potential ecotourism site. The 
normalized weight of different thematic layers and consistency ratio (CR) was cal-
culated. In AHP method, pairwise comparison of all thematic layers was taken as 
the input, while the relative weights of thematic layers were the output. The final 
weightings for the thematic layers are the normalized value of the eigen vectors that 
are associated with the maximum eigen value of the matrix ratio (Jha et al. 2010; 
Adiat et al. 2012). The consistency ratio is measured using the following equation:

where CI indicates consistency ratio, RI means Random Index whose value depends 
on the order of the matrix, CI indicates Consistency Index which can be expresses 
as follows:

where ⋋ indicates the largest eigen value of the matrix (can be calculated from the 
matrix) and n represents the number of thematic layers for ecotourism potentiality. 
The result of consistency ratio (CR) is 0.07 which is less than 0.1, it implies that 
there is reasonable level of consistency in the pairwise comparison and inconsist-
ency is acceptable. According to Saaty (1980) and Malczewski (1999) and Dalalah 
et al. (2010), consistency ratio must be less than 0.1. The calculation of normalized 
weight and consistency ratio is represented in Tables 1 and 2. 

2.4 � Normalized weight of different features of thematic layer

The thematic layers were classified according to its importance such as very high, 
high, moderate, low and very low suitability zones for ecotourism site development. 
The ranks of each feature class of individual thematic layer are assigned and feature 
normalized weights were extracted and are shown in Table 3.

2.4.1 � Ecotourism Potentiality Index (EPI)

Ecotourism Potentiality Index (EPI) is a dimensionless quantity that applies to eco-
tourism potential mapping in an area. The weighted linear combination method used 
to estimate Ecotourism Potential Index (EPI) is as follows (Malczewski 1999):

where Wi is the normalized weight of the j thematic layer, Xj is the rank value of the 
each class with respect to the j layer, m is the total number of thematic layer and n 
is the total number of class in a thematic layer. The EPI for each grid was estimated 
using the following equation:

(4)CR =
CI

RI
,

(5)CI = (⋋max − n)∕(n − 1),

(6)EPI = (Wini = 1mw = 1 × Xj),

(7)
EPI = SlwSlwf + TrwTrwf + VgwVgwf + SwwSwwf + AlrwAlwf + VawVawf

+RawRawf + TwTwf + CswCswf + HswHswf + LpwLpwf + GwwGwwf,
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where Sl is the slope, Tr is the topographic roughness, Vg is the vegetation char-
acteristics, Sw is the surface water accessibility, Al is the altitude, Va is the vis-
ibility analysis, Ra is the proximity to rural areas, T is the trek route, Cs is the cli-
matic suitability, Hs is the habitat suitability, Lp is the lake proximity and Gw is the 
groundwater suitability and subscripts, i.e. ‘w’ and ‘wf’ indicate normalized weight 
of theme obtained through AHP and the normalized weight of the individual feature 
class of a theme, respectively.

3 � Results and discussion

Ecotourism potential zone map has been prepared based on AHP in GIS environ-
ment. Ecotourism Potential Index (EPI) values are classified into five suitabil-
ity classes such as very high (0.0825–0.1426), high (0.1467–0.1615), moderate 
(0.1616–0.1788), low (0.1789–0.1993) and very low (0.1994–0.2923) based on 
quantile classification method in which each class contains the same number of 
features (Umar et al. 2014). The suitability zones such as very high, high, moder-
ate, low and very low, respectively, cover 217 km2 (19%), 183 km2 (15%), 189 km2 
(16%), 205 km2 (18%) and 377 km2 (32%) areas within GHNPCA (Fig. 3).

In the Great Himalayan National Park, 95.8 km2 (13%) area falls under very high 
suitability zone whereas 92.8 km2 (12%), 112.1 km2 (15%), 138.2 km2 (18%) and 

Fig. 3   Ecotourism potentiality zone map based on AHP and GIS
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315 km2 (42%) areas, respectively, fall under the high, moderate, low and very low 
suitable zones (Fig. 4). The western part of this protected area such as lower reaches 
of river valley such as Jiwa Nala, Sainj river, Tirthan river and Palchan Gad belongs 
to high to very high ecotourism potential zone, whereas the higher altitudinal region 
of the Greater Himalayan mountain range dominated by glaciated landscape falls 
under moderate to very low ecotourism potential zone. Within the very high suita-
bility zone, a total of 35 sites (G1–G35) have been selected as a potential ecotourism 
site considering nearness of villages, water availability, trekking route and visibility 
of snow-clad mountains (Table 4). In the Sainj Wildlife Sanctuary, very high, high, 
moderate, low and very low suitable zones incorporate 16.8 km2 (19%), 15.8 km2 
(17%), 17 km2 (19%), 17.2 km2 (19%) and 23.3 km2 (26%) areas (Fig. 5). The north-
ern part of Sainj river is characterized by ideal location for ecotourism site develop-
ment. The lower elevated zones in Sainj Wildlife Sanctuary basically Sainj river and 
its tributaries represent high to very high suitability zone for ecotourism site devel-
opment. The majority of lands in northern and northeastern part of this protected 
area fall under moderate to very low potentiality zone. From this particular region, 
10 ecotourism potential sites (S1–S11) have been marked which fall under very high 
suitable zone. Those microlevel sites have been selected depending on the near-
ness of villages, water availability, trekking route and visibility of snow-clad moun-
tains (Table 4). In the Tirthan Wildlife Sanctuary, 19.2 km2 (32%), 12.8 km2 (21%), 
11.9 km2 (19%), 10.2 km2 (17%) and 6.9 km2 (11%) area fall under the very high, 
high, moderate, low and very low suitability zones (Fig. 7). The majority of land in 

Fig. 4   Ecotourism potential zone map of Great Himalayan National Park
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Tirthan Wildlife Sanctuary (53%) belongs to high to very high ecotourism potential 
zone. Due to harsh environmental condition and high slope of land in the northeast-
ern and eastern parts, this protected area belongs to low ecotourism potentiality zone 
whereas lower altitudinal regions of Tirthan river and Palchan Gad valley represent 
high potentiality. Within this protected area, 11 most suitable sites (T1–T11) have 
been demarcated, respectively (Table  4). Eco-development zone or buffer zone of 
GHNP is the only inhabited part of GHNPCA which covers 265.6 km2 area and is 
considered as the most suitable zone for ecotourism site development because of 
the cultural characteristics concerned. Within this zone, 90.6 km2 (34%), 63.9 km2 
(24%), 49.7 km2 (19%), 38.9 km2 (15%) and 22.4 km2 (8%) areas belong to very 
high, high, moderate, low and very low suitability zones (Figs.  6, 7). The central 
and eastern parts of this zone represent high to very high potentiality, whereas the 
majority of land in the western and southwestern parts fall under moderate, low and 
very low ecotourism potential zone. Finally, nearness of villages, water availability, 
trekking route and visibility of snow-clad mountains have been taken into consid-
eration for identifying 20 most suitable sites (E1–E20) for ecotourism development 
(Table 4).    

4 � Conclusion

Assessment of ecotourism potential has become a major issue for the authorities 
responsible for ecotourism planning and sustainable environment management. 
In this study, an integrated approach has been adopted. Remote sensing, GIS and 
MCDA techniques have been successfully used and demonstrated for the evalu-
ation of ecotourism potential zone. Nowadays, MCDA method is widely used in 

Fig. 5   Ecotourism potential zone map of Sainj Wildlife Sanctuary
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various disciplines and is an effective tool in potentiality analysis in the field of 
tourism. The novelty of this research lies on the fact that it incorporates multiple 
physical, socio-cultural, environmental and infrastructural aspects for ecotour-
ism potentiality analysis in GHNPCA. This type of multi-criteria-based holis-
tic assessment is very useful in ecotourism suitability analysis and it has been 
applied for the first time in this region. The result shows that out of total geo-
graphical lands of GHNPCA, 19% of the area belongs to very high ecotourism 
potential zone and for microlevel spatial decision-making within this zone, a total 
of 77 sites have been identified for ecotourism site development. Hence, the result 
of ecotourism potential site can be useful for decision-makers to formulate strat-
egies for ecotourism development and sustainable resource management in this 
study area.

Fig. 6   Ecotourism potential zone map of eco-development zone



644	 Asia-Pacific Journal of Regional Science (2019) 3:623–646

1 3

References

Adiat KA, Nawawi MNM, Abdullah K (2012) Assessing the accuracy of GIS based elementary multi 
criteria decision analysis as a spatial prediction tool—a case of predicting potential zones of sus-
tainable groundwater resources. J Hydrol 440:75–89

Ahmadi M, Asgari S, Ghanavati E (2015) Land capability evaluation for ecotourism development in 
Ilam Province, a GIS approach. BolCiênc Geod Sec Artigos Curitiba 21(1):107–125

Akbarzadeh M, Kafaki S, Shahrokhi S, Kouhgardi E (2011) Environment evaluation for ecotourism 
development using GIS in Arasbaran area, Iran. In: International conference on Asia agriculture 
and animal, IPCBEE, 13, ACSIT Press, Singapore

Armstrong M (1994) Requirement for the development of GIS based group discussion support sys-
tem. Am Soc Inf Sci 45(9):669–677

Arrowsmith C, Inbakaran R (2002) Estimating environmental resiliency for the Grampian Park, Vic-
toria, Australia: a quantitative approach. Tour Manag 23:295–309

Aveling R, Wilson R (1992) Tourism in the habitat of the great apes-costs and benefits. In: Paper pre-
sented at the fourth World Congress on National Parks and Protected areas, Caracas, Venezuela, 
February 10–21, p 8

Banai R (1993) Fuzziness in geographic information systems: contributions from the analytic hierar-
chy process. Int J Geogr Inf Syst 7:315–329

Bansal SP, Kumar J (2011) Ecotourism for community development: a stakeholder’s perspective in 
Great Himalayan National Park. Int J Soc Ecol Sustain Dev 2(2):31–40

Blamey RK (1997) Ecotourism: the search for an operational definition. J Sustain Tourism 5(2):109–130
Blamey RK (1995) The nature of ecotourism. BTR Occasional Paper No. 21, Bureau of Tourism 

Research, Canberra
Blamey RK (1995) Profiling the ecotourism market. In: The ecotourism association of Australia 

national conference taking the next steps, Alice Springs
Boo E (1990) Ecotourism: the potential and pitfalls. World Wildlife Fund, Washington, DC

Fig. 7   Ecotourism potential zone map of Tirthan Wildlife Sanctuary



645

1 3

Asia-Pacific Journal of Regional Science (2019) 3:623–646	

Boyd SW, Butler R (1996) Managing ecotourism: an opportunity spectrum approach. Tour Manag 
17:557–566

Bozorgnia D, Oladi J, Manoochehri M (2010) Evaluating the ecotourism potentials of Naharkhoran area 
in Gorgan using remote sensing and geographic information system. In: International archives of the 
photogrammetry, remote sensing and spatial information science, vol 38(8), Kyoto, Japan

Bunruamkaew K, Murayama Y (2011a) Site suitability evaluation for ecotourism using GIS and AHP: a 
case study of Surat Thani Province, Thailand. Proced Soc Behav Sci 21:269–278

Bunruamkaew K, Murayama Y (2011b) Site suitability evaluation for ecotourism using GIS & AHP: a 
case study of Surat Thani province, Thailand. Proced Soc Behav Sci 2:269–278

Burton R (1997) The sustainability of ecotourism. In: Stabler MJ (ed) Tourism and sustainability: princi-
ples to practice CAB international. Wallingford, UK

Carver SJ (1991) Integrating multi-criteria evaluation with geographical information systems. Int J Geogr 
Inf Syst 5(3):321–339

Dalalah D, Faris A, Mohammed H (2010) Application of the analytic hierarchy process (AHP) in multi-
criteria analysis of the selection of cranes. Jordan J Mech Ind Eng (JJMIE) 4(5):567–578

Dashti S, Masoud M, Hosseini SM, Riazi B, Momeni M (2013) Application of GIS, AHP, fuzzy and 
WLC in island ecotourism development—case study of Qeshm Island, Iran. Life Sci J 10:1274–1282

Dixon JA, Scura LF, Van’t Hof T (1993) Meeting ecological and economic goals: marine parks in the 
Caribbean. Ambio 22:117–125

Dowling RK (1995a) Ecotourism and development: partners and progress. In: Paper presented in the 
national regional tourism conference, Launceston, Tasmania, August

Dowling RK (1995b) Regional ecotourism development plans: theory and practice. In: Paper presented in 
the regional symposium of the geography of sustainable tourism in Australia, New Zealand, South-
West Pacific and South-East Asia. Canberra, Australia, September

Dudly N, Birksham G, Jackson B, Jeanrennaud JP, Oviedo G, Phillips A, Rosabel P, Stolton S, Wells S 
(1999) Challenges for protected areas in the 21st century. In: Hewlett D, Edwards J (2013) Beyond 
prescription: community engagement in the planning and management of National Parks as tourist 
destinations. Tourism Planning and Development 10(1):45–63

Edward SF (1991) The demand for Galapagos vacations: estimation and application to wilderness preser-
vation. Coast Manag 19:155–169

Farver T (2002) Indigenous and local communities and protected area: rethinking the relationship. Parks 
12(2):5–15

Gillenwater D, Granata T, Zikab U (2006) GIS-based modeling of spawning habitat suitability for wall-
eye in the Sandusky River, Ohio, and implications for dam removal and river restoration. Ecol Eng 
28:311–323

Gourabi BR, Rad TG (2013) The analysis of ecotourism potential in Boujagh wetland with AHP method. 
Life Sci J 10(2s):251–258

Gul AM, Orucu K, Oznur K (2006) An approach for recreation suitability analysis to recreation planning 
in Golchuk Nature Park. J Environ Manag 1:606–625

Honey M (1999) Ecotourism and sustainable development: who owns paradise?. Island Press, Washing-
ton, DC

Hvenegaard GT (1994) Ecotourism: a status report and conceptual framework. J Tour Stud 5(2):155–165
Jenness JS (2004) Calculating landscape surface area from digital elevation models. Wildl Soc Bull 

32(3):829–839
Jha MK, Chowdary VM, Chowdhury A (2010) Groundwater assessment in Salboni Block, West Bengal 

(India) using remote sensing, geographical information system and multi-criteria decision analysis 
techniques. Hydrogeol J 18:1713–1728

Kalogirou S (2002) Expert systems and GIS: an application of land suitability evaluation. Comput Envi-
ron Urban Syst 26:89–112. https​://doi.org/10.1016/S0198​-9715(01)00031​-X

Kumari S, Behera MD, Tewari HR (2010) Identification of potential ecotourism sites in West District, 
Sikkim. Trop Ecol 51(1):75–85

Lillesand RM, Kiefer RW (2004) Remote sensing and image interpretation, 5th edn. Wiley, New York
Lindberg K (1991) Policies to maximizing nature tourism’s ecological and economic benefits. World 

Resources Institute, Washington, DC
Mahdavi A, Niknejad M (2014) Site suitability evaluation for ecotourism using MCDM methods and 

GIS: Case study-Lorestan province, Iran. J Biodivers Environ Sci 4(6):425–437
Malczewski J (1999) GIS and multicriteria decision analysis. Wiley, New York, pp 177–192

https://doi.org/10.1016/S0198-9715(01)00031-X


646	 Asia-Pacific Journal of Regional Science (2019) 3:623–646

1 3

Malczewski J (2004) GIS based landuse suitability analysis: a critical overview. Prog Plan 28(13):4449–
4466. https​://doi.org/10.1007/s1126​9-014-0663-6

Mirsanjari MM, Angali KA, Dhumal KN, Gavali RS (2008) Importance of lakes potential for develop-
ment of ecotourism in Pune district. In: Sengupta M, Dalwani R (eds) (2008) Proceedings of Taal 
2007: the 12th world lake conference, pp 1186–1196

Naithani S, Mathur VB (1998) Long term monitoring of landuse/landcover through remote sensing and 
geographical information system in Great Himalayan National Park, Himachal Pradesh. FREEP 
GHNP Research Project Wildlife Institute of India, Dehra Dun

Obua J (1997) The potential, development and ecological impact of ecotourism in Kibale National Park, 
Uganda. J Environ Manag 50:27–38

Page SJ, Dowling RK (2002) Themes in tourism. Pearson Education Limited, Harlow
Pandey S (2008) Linking ecodevelopment and biodiversity conservation at the Great Himalayan National 

Park, India: lessons learned. Biodivers Conserv. https​://doi.org/10.1007/s1053​1-008-9365-9
Razandi Y, Pourghasemi HR, Samani N, Rahmati NO (2015) Application of analytical hierarchy process, 

frequency ratio, and certainty factor models for groundwater potential mapping using GIS. Earth Sci 
Inf 8(4):867–883

Riley SJ, DeGloria SD, Elliot R (1999) A terrain ruggedness index that quantifies topographic heteroge-
neity. Intermt J Sci 5(1–4):1999

Ross S, Wall G (1999a) Ecotourism: towards congruence between theory and practice. Tour Manag 
20(1):123–132

Ross S, Wall G (1999b) Evaluating eco-tourism: the case of North Sulawesi, Indonesia. Tour Manag 
20:673–782

Saaty TL (1980) The analytic hierarchy process: planning, priority setting, resource allocation. McGraw-
Hill, New York

Saaty TL (1999) Fundamentals of the analytic network process. In: International symposium of the ana-
lytic hierarchy process (ISAHP), Kobe, Japan

Sano JD (1997) Promoting biological and cultural diversity through ecotourism. In: Paper presented in 
international symposium on public environmental awareness and ecotourism. Sichuan, China, June

Tsaur SH, Lin YC, Lin JH (2006) Evaluating ecotourism sustainability from the integrated perspective of 
resource, community and tourism. Tour Manag 27:640–653

Umar Z, Pradhan B, Ahmad A, Jebur MN, Tehrany MS (2014) Earthquake induced landslide susceptibil-
ity mapping using an integrated ensemble frequency ratio and logistic regression models in West 
Sumatera Province, Indonesia. CATENA 118:124–135

Wall G (1997) Is ecotourism sustainable? Environ Manag 21(4):483–491
Wallace DR, Pierce MS (1996) An evaluation of ecotourism in Amazonas, Brazil. Ann Tour Res 

23(4):843–873
Western D (1993) Defining ecotourism. Application of GIS, AHP, fuzzy and WLC in island ecotourism 

development: case study of Qeshm Island, Iran. Life Sci J 10:12–74

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published 
maps and institutional affiliations.

https://doi.org/10.1007/s11269-014-0663-6
https://doi.org/10.1007/s10531-008-9365-9

	Assessment of ecotourism potentiality in GHNPCA, Himachal Pradesh, India, using remote sensing, GIS and MCDA techniques
	Abstract
	1 Introduction
	1.1 Study area
	1.2 Database

	2 Methodology
	2.1 Selection of thematic layer
	2.2 Geospatial data base generation
	2.2.1 Slope
	2.2.2 Topographic roughness
	2.2.3 Vegetation
	2.2.4 Visibility
	2.2.5 Proximity to rural areas
	2.2.6 Elevation
	2.2.7 Surface water accessibility
	2.2.8 Lake proximity
	2.2.9 Groundwater suitability

	2.3 Normalized weight for different thematic layers
	2.4 Normalized weight of different features of thematic layer
	2.4.1 Ecotourism Potentiality Index (EPI)


	3 Results and discussion
	4 Conclusion
	References




