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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 (201 1a) 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 (km?) (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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Fig. 1 Location of Himachal Pradesh in India (a), Kullu District within Himachal Pradesh (b), GHNPCA
within Kullu District (¢) and GHNPCA division boundary (d)

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
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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 (percent) = 5« 100. (1)
run

Slope layer was further reclassified into five suitability classes, i.e. very high,
high, moderate, low and very low and they cover 242 km?, 368 km?2, 347 kmz,
176 km? and 38 km? 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.
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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:

SD — MinDEM

TRI = - )
MaxDEM — MinDEM

@

where TRI means Topographic Roughness Index, SD indicates smoothed DEM of
DN value of 10x 10 pixel, max DEM means maximum DN (digital number) value
of 10x 10 pixel, and min DEM indicates minimum DN value of 10X 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 km?, 403 km?, 310 km?, and
113 km? 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):

NDVI = MR -R 3)
NIR + R

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 km?, 201 km?, 168 km?, 192 km? and 293 km?, 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

@ Springer



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

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 km?
area belongs to very high suitability class and 28 km?, 110 km? and 321 km? 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 (36004200 m), moderate (3000-3600 m), low
(2400-3000 m) and very low (less than 2400 m) and they cover 255 km?, 332 km?,
122 km?, 255 km? and 200 km? 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 km?, 387 km?, 210 km?, 48 km? and 9 km? 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 32004000 m have been created and represented as very high,
high, moderate, low and very low suitability zones and they cover 30 km?, 51 km?,
64 km?, 77 km? and 83 km?, 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 km? area
and is given higher weight for ecotourism potential whereas lower weight provides
limited ground water potential zone and it covers 563 km? 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:
CI

CR = T “4)
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:

Cl=(>max —n)/(n—1), 3)
where X 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):

EPI = (Wn; = lmw = 1 X X)), (6)
where W, 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:

EPI = SI,,Sl,¢ + Tr,, Trys + Vg, Ve + Sw, Sw + Alr, Al + Va,, Va,,

+RawRawf + Twwa + CSWCSwf + HSWHSWf + prprf + GWWGWWf’ (7)
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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 km? (19%), 183 km? (15%), 189 km?
(16%), 205 km? (18%) and 377 km? (32%) areas within GHNPCA (Fig. 3).

In the Great Himalayan National Park, 95.8 km? (13%) area falls under very high
suitability zone whereas 92.8 km? (12%), 112.1 km? (15%), 138.2 km? (18%) and
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Fig. 3 Ecotourism potentiality zone map based on AHP and GIS
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315 km? (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 km? (19%), 15.8 km?
(17%), 17 km? (19%), 17.2 km? (19%) and 23.3 km? (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 km? (32%), 12.8 km?* (21%),
11.9 km? (19%), 10.2 km? (17%) and 6.9 km? (11%) area fall under the very high,
high, moderate, low and very low suitability zones (Fig. 7). The majority of land in

77°28'0"E 77°36'0"E T7°44'0'E 77°52'0"E

Great Himalayan National Park

31°52'0'N
31°52'0"N

31°44'0"N
31°44'0"N

Ecotourism Potentiality

I Very High
[ High
["] Moderate
] Low
- Very Low
Y Ecotourism Potential
0 5 10 20 Km Sites
I T T N NN S T S [ eHine Boundary

31°36'0"N

77°280° 77°360°E T7°440°E 77°520°E

Fig.4 Ecotourism potential zone map of Great Himalayan National Park

@ Springer



639

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

6281 68FLL 6S
618'1€  L6¥'LL 8S
PISTIE  96SLL LS
TISIE  88S'LL 9s 001 006 e,
018°1€  VESLL Ss 9T €'€C Mo K1op
LOB'TE  SOS'LL S 61 TLI Mo
908'1¢  69S°LL €S 61 0Ll AIeIPON
S08'TE  ¥6SLL 4y 81 8°CI ySiH
66LTE  08¥LL IS 61 891 ysty K10A
opmiSuo opmne SIS [eNUAod (%) BAIY JAuyuresary  auoz Anqeing
Krempoueg aprprip fureg
6081 999°LL ¥ZD 09L'1E  6LY'LL [409)
8S16'1E  ¥TVL'LL [4%9) LOS'TE  9V9'LL €O YOL'TE  ELVLL 303)
€106'1E  ShovLL 1439) YO8 IE  S99°LL (443) 6SL'1E  EISLL 01D
1€68'T€  609L°LL €€D €08'1E  66S°LL 170 €SLTE  T69°LL 6D
LE6S'TE  EVLYLL (4%9) 86L'1€  LOY'LL (1749) 9SL'IE  99F'LL 8D
PE6YIE  EE8YLL €0 9L 1€ OI9LL 619 YSLIE  TLYLL LD
9¢68'1€  8TV'LL 0£D 98L 1€ 609'LL 81D LYLTE  L9Y'LL 9D 001 YYSL [e0],
9IL8TIE  60I+LL 67D S8LIE  €ESTLL L1D PPLIE  ELYLL ) w 290 Mo A10A
€598°1€  060S'LL 87D 6LLTE  9VS'LL 91D ThLTIE 0TS'LL ¥D 81 T8El MO
vS98° 1€ VELYLL LTD ILLTE  6S9'LL SID orL'1E  LLYLL €0 1 1zl SIRIOPON
0SY81€  LSIVLL 743) LOL1E  OIS'LL 1409) 00L'TE  98S'LL [43) 4! 876 Y3ty
TLERIE  SL8Y'LL [%43) 9L1€  €LYLL €D 00L'1E  ¥TS'LL D €l 866 ysty K10A
opmiSuo] opmue SIS [BNUAJOJ  OpMISUOT]  OpmIe]  SAS [BNUA0J  OpmMISUOT  opmnpe]  saNs [enualod (%) BAIy AUy ureary  auoz Anqeing

JIed [euoneN UeAe[ewIH 18910

uoz

JuowdooAdp-099 pue ArenjouesS JIPIA UBYIIL], ‘ATenjoues SJI[plip [utes ‘GNHDO Jo sais [enuajod Jo uonedo] pue auoz [enudjod WSLINOJ09 JO JUIXS [BAIY § d|qel

pringer

As



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

640

LIL1E  €0bLL v1d 66L 1€  T9€°LL ¥d SI 68€ Mo
SILTE  06€LL ¢1d 0I18'1€  TLELL 5| 61 L6t SIRIGPOIN
0TLIE  LYVLL g TISIE  T6TLL (4| vT 6€9 ysSiH
STLIE  99C°LL 114 8€8°TIE  THELL 19 e 906 yS1y K10

oﬁsﬁwco,u— v_uaﬁ.mA moﬁw _mE:ouOn— oﬁ_\:mwﬁod QUEENA moﬁm ~NEC®HOn— A&L By NE& ur By AUOZ b:Emﬁ:m

Juoz juowdo[aaop-007
1S9IE  SYS'LL 1L
€Y9IE  STS'LL 0IL
SE9'T1E  6LYLL 6L
1€9°1€  €IS'LL 8L
STYIE  06¥LL LL
YZ9'1€  0IS'LL 9L 0001 019 [el0],
9191 68FLL SL 11 69 nof K19A
L6STE  9ESLL i L1 ol Mo
T8S 1€ LOS'LL €L 61 611 IRIPON
08S' 1€ TES'LL L 1T 8TI Y3ty
9LSTE  60S°LL IL 43 761 Y31y K1op
opmISuo]  opmme SIS [eNUAOd (%) eIy A ureary  ouoz Anqeing
Aremjoueg SJIP[IA UBYHILL,
PE8IE  P6SLL 118
68 1€ YTS'LL oIS
vﬁﬂﬁwﬁod QUSHEMA mvﬁm ~Nﬁcvu0n~ Aokvv ﬁ®H< NEM Em Baly UO0Z \szﬁmﬁsm

Kremoueg ojiprip fures

(ponunuoo) t 3|qey

pringer

As



641

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

€9671¢ S6v'LL 0cd TeLTE SLELL ord

SLSTE 9EY'LL 61d 6vL'1E Yev'LL 64

l6S°1¢ YEV'LL 81d LOL'TE r'LL 84

G651 6EV'LL L1d 8L1E 8C°LL L4

€69'1¢ 0S¥'LL 91d 8L 1€ ILELL 9d 07001 9°69¢ [BI0L

969°1¢€ 0S¥'LL SId €6L'1¢E LTV'LL Sd 8 ¥'ee MO[ K1oA
SpmISUOT]  OpmET SIS [BHUSJOJ  OPMISUOT  OpMNETT SIS [BRUSl0d (%) BAIY Wy UleALy  duoz Ajjiqeimg

ouoz JuawdoaAdp-00g

(ponunuoo) t 3|qey

pringer

As



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

77°27'0°E 77°30'0"E 77°330"E 77°36'0'E

Sainj Wildlife Sanctuary

31°51'0'N
31°51'0°N

31°48'0'N
31°48'0'N

B very High
Ecotourism Potential - High
o 15 3 6 Km Sites [ Moderate
L L 1 L | L Il Il | D Sainj Wildlife Sanctuary :I Low
Boundary - Ve
‘'ery Low

77°27'0°E 77°30'0"E 77°33'0°E 77°36'0"E

Fig.5 Ecotourism potential zone map of Sainj Wildlife Sanctuary

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 km? area and is
considered as the most suitable zone for ecotourism site development because of
the cultural characteristics concerned. Within this zone, 90.6 km? (34%), 63.9 km?
(24%), 49.7 km? (19%), 38.9 km? (15%) and 22.4 km?* (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

@ Springer



Asia-Pacific Journal of Regional Science (2019) 3:623-646 643

77°20'0"E 77°25'0"E 77°30'0"E

Eco- Development Zone

31°50'0"N
31°50'0"N

31°45'0"N
31°45'0"N

Ecotourism Potentiality

- Very High
[ High
I:I Moderate
I:I Low
- Very Low

Ecotourism Potential
® Sites
Ecodevelopment Zone
D Boundary

31°40'0"N
31°40'0"N

31°35'0"N
31°35'0"N

77°20'0"E 77°25'0"E 77°30'0"E

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

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.
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