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Abstract Sustainable approach to tourism development is
rarely addressed among authorities and participants. This re-
search presents an approach based on an integrated use of
analytic network process (ANP) and geographic information
system (GIS) for sustainable tourism planning in Cameron
Highlands, Malaysia. ANP was utilized to evaluate the rela-
tive priorities for the sustainable tourism development of the
highlands based on chosen criteria. ANP results were then
transferred into GIS environment and attached to their respec-
tive criterion maps. Subsequently, GIS-based sustainable tour-
ism map was generated, which defines the various types of
tourism activities that are compatible with the highlands ac-
cording to the sensitivity of the highland’s environment. The
final output was validated using Cameron Highlands Local
Plan.
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Introduction

Tourism—a sector which has continuously recognized the
natural environment as an important attraction of many desti-
nations—is also one that can be utilized as a significant re-
source product (Farrell and Runyan 1991). Nevertheless, the
sector is associated with pollution, indigenous culture loss,
deforestation, habitat and biodiversity loss—some of the neg-
ative impacts which have caused an enduring damage to pris-
tine environments. Tourism is the main environmental burden
in some of its destinations (Tubb 2003). Indeed, this pressure
destroys the natural values of the protected areas thus leading
to lower amenity value for visitors.

The development of tourism facilities such as accommoda-
tion, infrastructure, and recreational facilities have led to soil
erosion (Sunlu 2003), thus resulting in water pollution (EEA
2000). Furthermore, tourism-related activities such as urbani-
zation, agricultural activities, and insufficient waste water
treatment have caused pollution of surface and ground water
at tourism destinations. This has negatively affected the qual-
ity of freshwater resources (Kotios et al. 2009). According to
European Environmental Agency (EEA), 7% of all pollution
in the Mediterranean basin is contributed by tourism (EEA
2000).

Continued growth of tourism would further damage such
ecosystems. The consequences in sustaining long-term devel-
opment and human well-being are serious, unless appropriate
action is taken. Unfortunately, although currently available,
tourism planning processes lack the refined modeling and
simulation tools used in predicting potential outcomes. In ad-
dition, authorities in-charge lack decision making tools, essen-
tial tools that provide them with value-added information on
remote locations and unexploited potentials.

Tourism has been acknowledged as the contributor to en-
vironmental degradation of natural areas and that it could be
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self-destructive (Eagles and McCool 2002). Contrastingly, the
sector has also been acknowledged to have the potential in
leading significant enhancement of the environment and eco-
nomic situation of destinations (Herath 2002). Hence, tourism
should be used as a means to attain sustainable development,
not as an aim in itself. Many scholars have been advocating
for a certain type of tourism—one that contributes to biolog-
ical diversity conservation, protection of local culture, envi-
ronmental education to tourists, and economic development
for inhabitants and destinations (Garcia-Melon et al. 2012).

A major tool for conservation of natural areas and raising
environmental awareness among residents and visitors is sus-
tainable tourism, which conserves both natural and cultural
assets (Muhanna 2006), besides providing mechanisms re-
quired to preserve threatened areas as well as protecting wild-
life. To enhance this type of tourism planning, appropriate
tools such as the geographic information system (GIS) is ap-
plied. A valuable tool to environmentalists in locating areas
requiring immediate attention, GIS allows for the experimen-
tation of various management approaches in working with
those resources, without risking them in the process. Spatial
data are useful in exploring conflicts, examining impacts, and
assisting decision making (Bahaire and Elliott-White 1999).

GIS and analytic network process (ANP) of multi-criteria
evaluation (MCE) has been discovered to be compatible. In
fact, GIS is further strengthened when working with ANP.
Decision makers who need to translate environmental, eco-
nomic, and social issues into manageable units of information
would find ANP useful. Possessing the capability to evaluate
physical processes—for, e.g., expert opinion on biodiversity
conservation and tourism development—ANP is able to select
the best among variables considered. These tools, besides of-
fering even more tools, could further facilitate the process of
sustainable tourism planning and decision making.

Past studies on the subject matter (Table 1) show that
some researchers only focused on identifying the poten-
tials of tourism destinations in relation with tourism de-
velopment, without concentrating on destination conser-
vation from tourism and related development perspec-
tives. Furthermore, some of the past studies used only
the GIS without any decision support system, such as
MCE. However, this gap has been filled by certain stud-
ies that utilized an aspect of the MCE—the analytic hi-
erarchy process (AHP), which has been criticized to be
insufficient in handling complex decisions such as sus-
tainable tourism. It is asserted that AHP is associated
with hierarchical structures that assume criteria to be in-
dependent of alternatives (Schoner et al. 1993). Nekhay
et al. (2009) stressed that AHP’s assumption rarely oc-
curs in real-life situation. Belton and Gear (1983) also
proclaimed AHP’s possible rank reversal phenomenon,
meaning changes of the relative rankings of the other
alternatives after an alternative is added or deleted.
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Hence, for these reasons, the method has been widely
criticized by a number of researchers (Barzilai 1998;
Goodwin and Wright 1998; Leung and Cao 2001,
Wang and Elhag 2006). These authors, in general, attri-
bute AHP’s failure to this fact—the weight of each cri-
terion is independent of the evaluations of available al-
ternatives with respect to this criterion, which is caused
by the way in which the method elicits these weights
from decision makers.

This study, therefore, employs the application of a GIS-
based ANP for sustainable tourism planning, which is a more
general form of AHP in MCE that would provide a significant
benefit to sustainable tourism planning. This is because ANP
could model complex decision problems where AHP is not
sufficient, besides allowing interaction and feedback within
clusters (inner dependence) and between clusters (outer de-
pendence) (Neaupane and Piantanakulchai 2006). Like in
many real-world situations, ANP considers elements and al-
ternatives to be interdependent with each other thus making
accurate predictions. Furthermore, ANP provides a thorough
framework to include clusters of elements connected in any
desired way to investigate the process of deriving ratio scale
priorities from the distribution of influence among elements
and among clusters (Saaty 2003). ANP, through its feedback
mechanism, is able to better capture the complex effects of
interplay in human society and, subsequently, guides re-
searchers in selecting the best choice in a way that matches
the common sense.

Case study

Cameron Highlands, a hill resort located on the main moun-
tain range of Peninsular Malaysia, is situated in the state of
Pahang. Its geographical coordinates are 4° 19’ 16"-4° 37" 6"
North, 101° 19" 59”-101° 36’ 35" East, at an altitude of
1829 m above sea level. It covers an area of 712 km?
(MM2H 2012) and has three townships—Brinchang, Tanah
Rata, and Ringlet. Cameron Highlands is bordered by
Kelantan to the north and Perak to the west (Fig. 1). Situated
at the northwestern tip of Pahang, the highlands is approxi-
mately 121 km east of Ipoh (Perak State) and about 214 km
north of Kuala Lumpur (Pahang Tourism 2011). Temperature
at the highlands seldom rises above 25 °C during the day,
while at night it could sometimes drop to as low as 9 °C.

Materials and methods

The research approach is divided into two segments, which
include ANP and spatial analysis. These segments and the
major processes involved are depicted in Fig. 2.
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Table 1 Past studies
Author and year of Method and  Purpose Study area Findings
publication tools
Boers and Cottrell (2007) GIS Sustainable tourism infrastructure ~ Sinharaja Forest Reserve, Sri Mapping of nature and cultural tourism
planning Lanka trail networks are based on
sustainability criteria. It provided
directives for sustainable trail
development within the reserve.
Berry (1991) GIS Island resource planning US Virgin Islands Conservation areas, ecological research
areas and, areas of residential and
recreational development were
defined. For conflict resolution
among competing uses, a fourth
model was applied.
Butler (1993) GIS Suitable ecotourism areas Northern Ontario, Canada Different sites were ranked according to
identification the developed criteria; sites with the
best potential were also identified.
Minagawa and Tanaka GIS and AHP  Tourism development planning ~ Lombok Island, Indonesia Potential sites for tourism development
(1998) were identified.
Beedasy and Whyatt (1999)  GIS and AHP  Spatial decision support system  Mauritius A spatial decision support system for
development tourism planning was developed.
Williams et al. (1996) GIS Tourism resource inventory British Columbia, Canada A tourism capability map indicating
information record and analysis areas of high, moderate and low
capability for specific tourism
activities was developed.
Abed et al. (2011) GIS and AHP  Evaluation of suitability for Guilan Province Coast, Iran Sustainable coastal tourism sites were

Bunruamkaew and Murayam
(2011)
Dye and Shaw (2007)

Zha and Wang (2010)

Fishwick and Clayson (1995)

Olafsdottir and Runnstrdm
(2007)

Othman et al. (2010)

Abomeh and Nuga (2013)

Harun and Samat (2016)

Shah and Wani (2015)

sustainable tourism
destinations
GIS and AHP

constraints planning

GIS and
DBMS
system development

GIS Exclusion of certain areas from

tourism development

GIS Evaluation on GIS potential in
planning for ecologically

sustainable tourism

GIS Database development to analyze
data associated with tourist

accommodations

GIS Modeling of accessibility for

tourist attractions

GIS and AHP
sensitive areas to be

incorporated into the process of
selecting suitable sites for

tourism development.

GIS GIS technology for the promotion

of tourist industry

Identification and prioritization of
potential ecotourism sites

GIS Tourist activities matching

personal preferences &

Regional tourism planning and
spatial decision supporting

Identifying environmentally

Surat Thani Province, Thailand

Great Smoky Mountains National
Park (GSMNP), USA

Anhui Province, China

Lake District National Park, UK

Southeast Iceland

East coast states of Malaysia

Lagos, Nigeria

Langkawi Island, Malaysia.

Srinagar City, India

determined and prioritized.

Ecotourism site suitability map was
developed.

An easy-to-use and flexible system was
developed to assist GSMNP visitors
in effectively choosing trails that bet-
ter match their preference, in order
toincrease their satisfaction in
experiencing the visit.

The system developed was a prediction
and optimization tool for tourism
planning in Anhui Province.

Areas that are detrimental for tourism
development were generated.

A tourism impact factor map was
developed. The map will aid decision
makers to plan and manage
sustainable tourism in areas facing the
risk of being subjected to ecological
or cultural degradation.

The database was developed by mapping
selected components of lodging
establishments in the study areas as
data layers.

Routes for tourist movements, i.e., from
hotels to tourist attractions and
restaurants in the study area, were
generated.

Determination of environmentally
sensitive areas for tourism
development sites.

Identification of tourism destinations and
tourism related facilities.
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Fig. 1 Cameron Highlands

Analytic network process development and decision
making

This approach comprises processes involved in developing
the ANP model towards sustainable tourism development,
which is explained in a series of steps below.

Expert opinion survey

Expert opinions were obtained using a questionnaire survey.
The questionnaire was developed through a systematic way so
as to capture interactions and feedback among criteria. This is
in accordance with previous studies on a GIS-based ANP
(Neaupane and Piantanakulchai 2006; Nekhay et al. 2009).
In this study, questionnaires were distributed to the experts
(Table 2). Given the complex nature of the method under
consideration, follow-up interviews were conducted to ensure
that the respondents fully understood the questionnaire
content.

Analytic network process

Generally, a standard ANP application is carried out in a se-
quence of steps as follows:

Model construction This step is used to classify clusters and
generate network topology of the ANP model for the problem
studied on (Zhang 2013). The model is represented by a net-
work structure that indicates all dependences among clusters
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and determines the direction of influence. As seen in Fig. 3,
connections can be set among criteria (nodes) within a cluster
(i.e., inner dependence), as indicated by a self-loop on that
cluster. Connections can also be set between nodes in different
clusters (i.e., outer dependence), as indicated by a line be-
tween the clusters, with an arrow on it from the cluster con-
taining the parent node or from both clusters when there is a
mutual influence.

The ANP model for the study has been defined with its
corresponding clusters and criteria. The clusters for the study
include accessibility, cultural heritage, ecosystem diversity,
and wildlife. Accessibility cluster has two criteria (node)—
proximity from main road and proximity to eco-trail; cultural
heritage cluster has aboriginal settlement and cultural ground
as criteria; ecosystem diversity cluster criteria are elevation,
viewshed, water quality, slope, open space, and forest reserve;
and lastly, wildlife cluster has species habitat, rare flora, and
endangered fauna as criteria (Fig. 3).

Pairwise comparison and relative weight estimation The
ANP control hierarchy provides overriding criteria for com-
paring each type of interaction in the network. Saaty (1999)
proposed four basic control hierarchies, namely, Benefits,
Opportunities, Costs, and Risks (BOCR). Nevertheless, it is
not necessary to include all four control hierarchies in a model
as it all depends on criteria relevance (Neaupane and
Piantanakulchai 2006). Relative weights in ANP are deter-
mined based on pairwise comparison as in the standard
AHP. Pairwise comparison of elements at each level is
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Fig. 2 Methodology framework (black segment, ANP; red segment,
GIS)

conducted with respect to their relative importance towards
their control criterion. Saaty (1980) suggested a scale of 1-9
when comparing two components.

The score of aij in the pairwise comparison matrix repre-
sents the relative importance of the component on row (i) over
the component on column (j), i.e., aij = wi /wj. The score of 1

represents equal importance of two components and 9 repre-
sents extreme importance of component i over component j.
The reciprocal value of the expression (1 / aij) is used when
component j is more important than component i.

After all pairwise comparisons were completed, the priority
weight vector was computed (Eq. 1).

AW = ApaW (1)

Where A is the largest eigenvalue of the matrix. The
priority vector is often normalized by a=Xi"=1 wi. Tegou
et al. (2010) included two measures of consistency in their
approach: a consistency index (CI) and a consistency ratio
(CR). The CI can be measured using Eq. 2 (Saaty 1977).

Cl = A1t / n—1 (2)

Where .« is the largest eigenvalue in the matrix and recip-
rocal matrix and 7 is the number of criteria. If there are no
inconsistencies in the pairwise comparisons, then \,.x = 7.
The CR measures coherence of the pairwise comparisons
(Eq. 3).

o a

CR =—
RI

(3)
Where RI is the mean CI of a set of randomly generated
comparison values (Saaty 1977), and generally a CR value
greater than 10% indicates a significant inconsistency and
suggests that the user re-evaluate the judgments of relative
importance regarding the criteria (Tegou et al. 2010).

Formation of unweighted supermatrix Elements in ANP
are entities that interact with each other in the system.
The entities could be a unit of decision makers, criteria
or sub-criteria, possible outcomes, or alternatives.
Determination of relative weights discussed above is
based on pairwise comparison. The weights are then
placed into the supermatrix that represents the interrela-
tionship of elements in the system (Neaupane and
Piantanakulchai 2006).

Formation of weighted supermatrix The unweighted
supermatrix consists of several eigenvectors where each of
which sums to one; it must be transformed to a matrix in
which each of its columns sum to unity. The weighted super
matrix was obtained by multiplying all elements in a compo-
nent of unweighted supermatrix by the corresponding cluster
weight (Saaty 2003). The eigenvector obtained from cluster
level comparison with respect to the control criterion is ap-
plied as the cluster weight. This results in a matrix in which its
columns sum to unity.

@ Springer



286 Page 6 of 20

Arab J Geosci (2017) 10: 286

Table 2 Profile of experts

Experts Organization Qualifications Experience Profession

Expert 1 UniversitiTeknologi Malaysia Ph.D 0-10 Academician
Expert 2 University of Arak, Iran Ph.D 0-10 Academician
Expert 3 UniversitiTeknologi Malaysia Master’s degree 0-10 Researcher

Expert 4 UniversitiTeknologi Petronas, Malaysia Master’s degree 0-5 Researcher

Expert 5 UniversitiTeknologi Petronas, Malaysia Master’s degree 0-5 Researcher

Expert 6 UniversitiTeknologi Malaysia Master’s degree 0-5 Researcher

Expert 7 Private Sector, Oman Bachelor’s degree 5-10 Private practitioner
Expert 8 Private Sector, Oman Bachelor’s degree 0-5 Private practitioner
Expert 9 UniversitiTeknologi Malaysia Master’s degree 0-10 Researcher

Expert 10 UniversitiTeknologi Malaysia Master’s degree 10-20 Researcher

Expert 11 UniversitiTeknologi Malaysia Master’s degree 0-10 Researcher

Expert 12 UniversitiTeknologi Petronas, Malaysia Master’s degree 5-10 Researcher

Expert 13 Regional Environmental Awareness for Cameron Highlands Bachelor’s degree 3040 Environmentalist
Expert 14 Regional Environmental Awareness for Cameron Highlands Advanced diploma 40-50 Environmentalist
Expert 15 Regional Environmental Awareness for Cameron Highlands Diploma 20-30 Environmentalist

Calculation of global priority vectors and weights In the
final step, the weighted supermatrix is raised to limiting power
to get the global priority vectors (Eq. 4).

we = m (4)

k—o0

In this case, the limit is unique, and there is a col-
umn vector, w”, for W*. If other roots of unity exist

Fig. 3 ANP model for
sustainable tourism planning
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1. Species habitat I -
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. Bl

| Cultural heritage =10|X|

2. Rare ﬂoraI :
t\-> 3. Water quality (rivcr)l

and the supermatrix has the effect of cyclicity, the lim-
iting supermatrix is not only one. There are two or
more limiting supermatrices in this situation. The limit
matrix was normalized to obtain the priorities (Eq. 5)
(Saaty 2003).
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Where Wj is the jth limiting supermatrix. The Cesaro sum
is used primarily for taking the limits when they are not
unique. Otherwise, the supermatrix would be raised to large
powers to get the priority weights (Yu and Tzeng 2006).

ANP computations were developed in super decisions soft-
ware version 2.0.8. Priorities were aggregated using geometric
mean method.

Geometric mean computation

Geometric mean refers to the average of a set of numbers
different from arithmetic average. The geometric mean is cal-
culated by multiplying all the numbers and taking the nth root
of'the total. Geometric mean applies only to positive numbers.
As such geometric mean method was used to aggregate expert
opinion (Basak and Saaty 1993), it was computed for the 15
respondents using Eq. 6. The aggregated values were trans-
ferred into GIS for weighted sum overlay.

(X1) X (X2) X (X3)orrrn.. (XN))I/N (6)

Where

X individual score
N sample size (number of criteria)

Priority weights validation

Two validation methods were used in order to check the
precision or otherwise of the priority weights. The
methods are sensitivity analysis and statistical analysis
(Kolmogorov—Smirnov and T-test).

Sensitivity analysis framework Sensitivity analysis (SA)
is a useful measure utilized in multi-criteria analysis
approaches. SA provides understanding of sensitivity in
the outputs to inaccurate assumptions or errors in the
input values. SA helps in evaluating the accuracy and
limitations of the model (Chen et al. 2010). This is
because the criteria values are based on the opinions
of various experts and decision makers, which are sub-
jective in nature. Thus, the opinions were used for val-
idating weights derived from multi-criteria evaluation.
Changing input factors one-at-a-time, i.e., the OAT meth-
od, has become a common approach in sensitivity analysis
(Chen et al. 2010) in order to see how it affects the output.
By changing one factor at a time, the remaining factors can be
fixed to their baseline value, which increases comparability of
results. OAT method is easy to implement and computation-
ally cheap. This research employed the OAT method by
changing each of the criterion weight in percentage. A range

of percent change (RPC) of £20% was applied to all criteria
(Chen et al. 2010).

Statistical analysis for priority weights validation The
study utilized two statistical analyses for the validation
of sustainable tourism priorities derived from the ANP
model. The tests are Kolmogorov—Smirnov test (K-S
test) and ¢ test. K-S test is a goodness-of-fit test for
any statistical distribution (Weisstein 2014). Therefore,
it was used to check if the priority weights from the
individual experts were normally distributed. The second
statistical test utilized was the ¢ test, which assessed
whether the mean of two samples were significantly
related to each other. This is because experts tend to
have a similar opinion with each other regarding criteria
ranking. Hence, it is expected to have a significant re-
lationship between the experts opinion. Statistical anal-
ysis was computed in Spatial Package for the Social
Sciences (SPSS) software version 16.0.

Spatial modeling

Spatial data was sourced and used in creating the spa-
tial models (maps). They were analyzed using spatial
analyst tools such as distance operators, union, clip,
viewshed, interpolation, conversion, and reclassification
functions, besides extract by mask, mosaic, times,
erase, and minus function tools. Spatial analysis was
carried out in ArcGIS software version 9.3. Data layers
were reclassified into a common scale of 1 to 4, with 1
being the lowest suitability score (not suitable) and 4
the highest (most suitable). ArcGIS Model Buildertool
was utilized in generating results (maps) for the
research.

Data used and sources

Data extraction was performed on satellite images with
the aim to generate part of the vector data. Digital maps
were imported into GIS, geo-referenced, and digitized
into a GIS compatible format. Attribute data were cap-
tured into GIS as part of the database generation.
Primary data were captured through a physical survey
of the study area in order to confirm some points on the
satellite image. Global positioning system (GPS) was
also used to capture points of interest. Thematic layers
acquired include Bertam River, other rivers (unstudied),
topographic map, aboriginal settlements, eco-trail, en-
dangered fauna, main road, mounts, rare flora, species
habitat, land-use map, boundary map, cultural ground,
water quality sampling stations, forest reserve, moun-
tains, and landslide areas (Table 3).
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GIS and ANP integration

The key to using ANP for meaningful land suitability analysis
Table 3  Data inventory for the study

Data Scale Source

Boundary map 1:25,000 Cameron Highlands District Council

1:25,000 Cameron Highlands District Council

1:25,000 Cameron Highlands District Council

1:25,000 Faculty of Built Environment,
UniversitiTeknologi Malaysia

Aboriginal settlements 1:25,000 Department of OrangAsli
Development, Malaysia

1:25,000 Faculty of Built Environment,
UniversitiTeknologi Malaysia

1:25,000 Department of Mineral and
Geoscience,
Malaysia
1:25,000 (Eisakhani and Malakahmad 2009)
1:25,000 Field survey with GPS

Land-use map
Road map
Eco-trail

Cultural area

Topographic map

Bertam River

Water quality
sampling
stations

Forest reserve 1:25,000 Department of Forestry, Malaysia

1:25,000 Department of Wildlife, Malaysia

1:25,000 Department of Forestry, Malaysia

1:25,000 Department of Wildlife, Malaysia

1:25,000 (Basith 2011)

Species habitat
Rare flora
Endangered fauna

Landslide areas

Other rivers 1:25,000 Department of Mineral and
(unstudied) Geoscience,
Malaysia
Mountains 1:25,000 Cameron Highlands District
Council

requires the integration of ANP results with a GIS (Fig. 2).
This was achieved by assigning ANP-derived weights to the
corresponding criterion maps. GIS, through weighted sum
model, was then used in summing the criterion maps and
eventually produced as one suitability map (sustainable tour-
ism map) (Fig. 4).

Spatial model validation

The end result of the study, which is a spatial model
(map of sustainable tourism in Cameron Highlands) was
validated in order to check its precision and limitation.
This was carried out using the local plan (map) of
Cameron Highlands. Its local authority, Majlis Daerah
Cameron Highlands has come up with a guideline map
that indicates the types of activities allowed in different
parts of the highlands. This is contained in its local plan
(CHLP 2008). The research final output was overlaid

@ Springer

with that of the study area local plan (map) in order
to check its adherence to the local plan.

Results and discussion
Application of ANP in sustainable tourism planning

Comparison of all criteria with respect to the parent criteria
was performed in the form of matrix. This means that for each
record, the value was divided by the sum of the respective
column and the average was calculated for the corresponding
row. The average provides an estimate of the relative priorities
of criteria being compared. This was done for all matrices.
Since the inconsistency ratio for all the comparisons has
shown to be less than 0.10, re-evaluation of judgments was
not required. Results obtained from the relative priorities, as a
result of the pairwise comparison, formed the unweighted
supermatrix. Table 4 shows the result of the unweighted
supermatrix which contains all local priority vectors of the
comparison groups in the network. In other words, it com-
prises results of all pairwise comparisons made throughout
the network.

The simplified cluster matrix is shown in Table 5.
This causes the matrix to be column stochastic, i.e.,
each column sums to one. The cluster matrix result is
the same for all opinions of experts as there was no
cluster comparison.

Table 6 displays the result of weighted supermatrix. This
was obtained by multiplying the values in the cluster matrix
cell with corresponding values in each cell of the unweighted
supermatrix. In other words, every component of unweighted
supermatrix is weighted with its corresponding weight in the
cluster matrix.

Table 7 shows result of the limit matrix where all rows
appear to be the same as a result of weight convergence. The
convergence took place by raising the weighted supermatrix
to powers. This limit matrix result shows the relative impor-
tance of every factor in the model.

After the limit matrix had been computed, it was
then normalized to obtain the priorities. Table 8 shows
results of the ANP model. As obtained from the given
illustration using response provided by one of the ex-
perts (R1), aboriginal settlement appears to be the most
important factor (0.1886); this is followed by endan-
gered fauna (0.1384). On the other hand, viewshed
(0.0119) is depicted as the least important among fac-
tors under consideration.

Geometric mean computation of expert opinion

Results of the computed geometric mean from the 15 experts
(R) are shown in Table 9. An illustration from the first
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criterion (proximity from main road) is used to demonstrate
the computations of the geometric mean.

POWER (R1 x R2 x R3 x R4 x R5 x R6 x R7 x R8 x R9 x R10 x R11 x R12 x R13 x R14 x R15,0.0666) = 0.0901—0.0942

Validation of sustainable tourism priorities

Results of validation for sustainable tourism priorities are pre-
sented under two methods, which include OAT sensitivity
analysis and statistical analysis (Kolmogorov—Smirnov and ¢
test). The OAT sensitivity analysis result shows that the
criteria weight remained as they were or changed slightly de-
spite variation in criterion weight. This depicts the criterion
weight as accurate.

Results from K-S test shows that both the skewness and
kurtosis from all experts are within the normal range of +1.96.
The test also shows that the priority weights from most of the
experts (R’s) are normally distributed due to their P value
being greater than 0.05; as such, the null hypothesis is accept-
ed. ¢ test computation shows that the P value is observed to be
greater than 0.05 for all paired comparisons. Since the null
hypothesis is accepted, the conclusion drawn is that there is
no significant difference in expert opinion. This is because
experts tend to have similar opinions with regard to criteria

¥ Model

Model Edit View
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Window Help

ranking; hence, a significant relationship is expected. The
opinions of experts were compared to each other, one at a
time.

Spatial analysis

Table 10 shows the suitability assessment criteria which are
standardized in order to allow for their summation. It is seen
from the table that the study criteria are classified into a com-
mon scale of “not suitable” (1) to “most suitable” (4).

GIS-based ANP model for sustainable tourism planning

Figure 4 shows a graphical representation of the sustainable
tourism model, which comprises variables and processes in-
volved. The number of processes varied based on the proper-
ties of the original dataset, conversion and transformation re-
quired to make them ready for weighted sum overlay.

Figure 5 was utilized in generating sustainable tourism
maps. Benefits derived from the Model Builder of ArcGIS

f—
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Input rasters " | Outputraster
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Fig. 4 Weighted sum model (spatial analyst)
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Table 4 Unweighted supermatrix

Clusters Criteria (nodes) Accessibility  Cultural Ecosystem diversity Wildlife
heritage
PM PE AS CG EL VS wQ SL oS FR SH RF EF
Accessibility 1. Proximity from main 0.0000 0.0000 0.5000 0.0000 0.3333 0.2500 0.2500 0.0000 0.5000 0.2500 0.6667 0.5000 0.6667
road (PM)
2. Proximity to eco-trail 0.0000 0.0000 0.5000 0.0000 0.6667 0.7500 0.7500 0.0000 0.5000 0.7500 0.3333 0.5000 0.3333
(PE)
Cultural 1. Aboriginal settlement 0.9000 0.9000 0.0000 0.0000 0.9000 0.9000 0.9000 0.0000 0.9000 0.9000 0.8333 0.8333 0.8333
heritage (AS)
2. Cultural ground (CG) 0.1000 0.1000 0.0000 0.0000 0.1000 0.1000 0.1000 0.0000 0.1000 0.1000 0.1667 0.1667 0.1667
Ecosystem 1. Elevation (EL) 0.6382 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.1000 0.2372 0.2484 0.3285
diversity 2. Viewshed (VS) 0.1955 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0518 0.0561
3. Water quality (river) 0.1015 0.6667 0.0000 0.0000 0.0000 0.6667 0.0000 0.0000 0.2500 0.0000 0.0580 0.0466 0.0400
WQ)
4. Slope (SL) 0.0000 0.0000 0.5936 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.9000 0.6335 0.6531 0.5754
5. Open space (OS) 0.0648 0.3333 0.2493 0.0000 0.5000 0.3333 0.3333 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
6. Forest reserve (FR) 0.0000 0.0000 0.1571 0.0000 0.5000 0.0000 0.6667 0.0000 0.7500 0.0000 0.0712 0.0000 0.0000
Wildlife 1. Species habitat (SH) 0.0000 0.0000 0.0000 0.0000 0.0000 0.6370 0.0000 0.0000 0.0000 0.0000 0.0000 0.2500 0.2500
2. Rare flora (RF) 0.3333 0.7500 0.5000 0.0000 0.2500 0.1047 0.1667 0.0000 0.6667 0.2500 0.2500 0.0000 0.7500
3. Endangered fauna (EF)  0.6667 0.2500 0.5000 0.0000 0.7500 0.2583 0.8333 0.0000 0.3333 0.7500 0.7500 0.7500 0.0000
Table 5 Cluster matrix
Clusters Accessibility Cultural heritage Ecosystem diversity Wildlife
Accessibility 0.0000 0.3333 0.2500 0.2500
Cultural heritage 0.3333 0.0000 0.2500 0.2500
Ecosystem diversity 0.3333 0.3333 0.2500 0.2500
Wildlife 0.3333 0.3333 0.2500 0.2500

are worth highlighting. The tool allowed for the integration of
a great volume of spatial data and expert opinion in a systemic

Table 6 Weighted supermatrix

way. It has automated geo-processing workflows in producing
quantified and visual outputs, helping to optimize and speed

Clusters Criteria (nodes) Accessibility  Cultural Ecosystem diversity Wildlife
heritage
PM PE AS CG EL VS wQ SL oS FR SH RF EF
Accessibility 1. Proximity from main 0.0000 0.0000 0.1667 0.0000 0.0833 0.0625 0.0625 0.0000 0.1250 0.0625 0.1667 0.1250 0.1667
road (PM)
2. Proximity to eco-trail 0.0000 0.0000 0.1667 0.0000 0.1667 0.1875 0.1875 0.0000 0.1250 0.1875 0.0833 0.1250 0.0833
(PE)
Cultural 1. Aboriginal settlement 0.3000 0.3000 0.0000 0.0000 0.2250 0.2250 0.2250 0.0000 0.2250 0.2250 0.2083 0.2083 0.2083
heritage (AS)
2. Cultural ground (CG) 0.0333 0.0333 0.0000 0.0000 0.0250 0.0250 0.0250 0.0000 0.0250 0.0250 0.0417 0.0417 0.0417
Ecosystem 1. Elevation (EL) 0.2127 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0250 0.0593 0.0621 0.0821
diversity 2. Viewshed (VS) 0.0652 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0130 0.0140
3. Water quality (river) 0.0338 0.2222 0.0000 0.0000 0.0000 0.1667 0.0000 0.0000 0.0625 0.0000 0.0145 0.0117 0.0100
(WQ)
4. Slope (SL) 0.0000 0.0000 0.1979 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.2250 0.1584 0.1633 0.1439
5. Open space (OS) 0.0216 0.1111 0.0831 0.0000 0.1250 0.0833 0.0833 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
6. Forest reserve (FR) 0.0000 0.0000 0.0524 0.0000 0.1250 0.0000 0.1667 0.0000 0.1875 0.0000 0.0178 0.0000 0.0000
Wildlife 1. Species habitat (SH) 0.0000 0.0000 0.0000 0.0000 0.0000 0.1592 0.0000 0.0000 0.0000 0.0000 0.0000 0.0625 0.0625
2. Rare flora (RF) 0.1111 0.2500 0.1667 0.0000 0.0625 0.0262 0.0417 0.0000 0.1667 0.0625 0.0625 0.0000 0.1875
3. Endangered fauna (EF)  0.2222 0.0833 0.1667 0.0000 0.1875 0.0646 0.2083 0.0000 0.0833 0.1875 0.1875 0.1875 0.0000
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Table 7 Limit matrix

Clusters Criteria (nodes) Accessibility  Cultural Ecosystem diversity Wildlife
heritage
PM PE AS CG EL VS wQ SL oS FR SH RF EF
Accessibility 1. Proximity from main 0.1030 0.1030 0.1030 0.0000 0.1030 0.1030 0.1030 0.0000 0.1030 0.1030 0.1030 0.1030 0.1030
road (PM)
2. Proximity to eco-trail 0.1052 0.1052 0.1052 0.0000 0.1052 0.1052 0.1052 0.0000 0.1052 0.1052 0.1052 0.1052 0.1052
(PE)
Cultural 1. Aboriginal settlement 0.1886 0.1886 0.1886 0.0000 0.1886 0.1886 0.1886 0.0000 0.1886 0.1886 0.1886 0.1886 0.1886
heritage (AS)
2. Cultural ground (CG) 0.0271 0.0271 0.0271 0.0000 0.0271 0.0271 0.0271 0.0000 0.0271 0.0271 0.0271 0.0271 0.0271
Ecosystem 1. Elevation (EL) 0.0499 0.0499 0.0499 0.0000 0.0499 0.0499 0.0499 0.0000 0.0499 0.0499 0.0499 0.0499 0.0499
diversity 2. Viewshed (VS) 0.0119 0.0119 0.0119 0.0000 0.0119 0.0119 0.0119 0.0000 0.0119 0.0119 0.0119 0.0119 0.0119
3. Water quality (river) 0.0402 0.0402 0.0402 0.0000 0.0402 0.0402 0.0402 0.0000 0.0402 0.0402 0.0402 0.0402 0.0402
(WQ)
4. Slope (SL) 0.1033 0.1033 0.1033 0.0000 0.1033 0.1033 0.1033 0.0000 0.1033 0.1033 0.1033 0.1033 0.1033
5. Open space (OS) 0.0462 0.0462 0.0462 0.0000 0.0462 0.0462 0.0462 0.0000 0.0462 0.0462 0.0462 0.0462 0.0462
6. Forest reserve (FR) 0.0366 0.0366 0.0366 0.0000 0.0366 0.0366 0.0366 0.0000 0.0366 0.0366 0.0366 0.0366 0.0366
Wildlife 1. Species habitat (SH) 0.0213 0.0213 0.0213 0.0000 0.0213 0.0213 0.0213 0.0000 0.0213 0.0213 0.0213 0.0213 0.0213
2. Rare flora (RF) 0.1283 0.1283 0.1283 0.0000 0.1283 0.1283 0.1283 0.0000 0.1283 0.1283 0.1283 0.1283 0.1283
3. Endangered fauna (EF) 0.1384 0.1384 0.1384 0.0000 0.1384 0.1384 0.1384 0.0000 0.1384 0.1384 0.1384 0.1384 0.1384

up the planning process. Model Builder graphical environ-
ment has made it easy to create, modify, and run the sustain-
able tourism model.

Figure 6 shows two scenarios (maps), depicting the final
product of the study. They were generated from the sustain-
able tourism model. The distinguishing factor between the two
scenarios is water quality component for the two seasons (high
water flow, HWF, and average water flow, AWF). As such, the
first scenario depicts sustain able tourism during high water
flow, while the second scenario depicts sustainable tourism
during average water flow.

As seen in Fig. 6, the “not suitable” category—otherwise
referred to as “constraint”—depicts areas that are environ-
mentally sensitive. These are high biodiversity areas (species
habitat, rare flora, and endangered fauna) with the most fragile
terrain (elevation greater than 1500 m above sea level and
slope degrees greater than 35). This category also contains
areas that are culturally sensitive (aboriginal settlement and
cultural ground), hence requiring high level protection with
regard to tourism and related development. As such, guide-
lines should be enforced and compliance ensured. The guide-
lines would include duration and number of visitors to this
area that should be strictly controlled (Yaakup et al. 2006).
This would ensure a significant amount of species are not
hampered by tourism and related development, thereby ensur-
ing a balance between tourism as a socioeconomic activity
and preservation of natural resources (RSNP 2008). These
locations would be allowed for research and education, but
there should be compliance for carrying out such activities.
This could be achieved by having a trained aborigine
(OrangAsli) as tour guide, hence involving the local people
and improving their well-being (Simmons 1994). This would

also ensure that the needs of the host inhabitants are met with
regards to improved living standards in both short and long
term (Cater 1993). The “not suitable” category also comprises
built up area, landslide areas, and other rivers (unstudied),
which are constraints to this study as they could not be utilized
for sustainable tourism development.

The “less suitable” category is the highlands area adjoining
the high biodiversity areas and the fragile terrain. As such, it
serves as a breeding ground for some of the highlands species.
Such areas include parts of the highlands that adjoins species
habitat, rare flora, and endangered fauna; others include ele-
vation in the range of 1000—-1500 m above sea level, 26-34°
slope. These areas need to be protected to ensure that valuable
amount of the highlands species continue to persist. Thus, the

Table 8 Priorities

Clusters Criteria (nodes) Limiting
Accessibility 1. Proximity from main road (PM)  0.1030
2. Proximity to eco-trail (PE) 0.1052
Cultural heritage 1. Aboriginal settlement (AS) 0.1886
2. Cultural ground (CG) 0.0271
Ecosystem diversity 1. Elevation (EL) 0.0499
2. Viewshed (VS) 0.0119
3. Water quality (river) (WQ) 0.0402
4. Slope (SL) 0.1033
5. Open space (OS) 0.0462
6. Forest reserve (FR) 0.0366
Wildlife 1. Species habitat (SH) 0.0213
2. Rare flora (RF) 0.1283
3. Endangered fauna (EF) 0.1384
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= § importance of forest reserve, water bodies, and watersheds
= «% g should be maintained and preserved with the introduction of
= Q . . .
& g é eco-recreational activities that are supported by appropriate
§ E s facilities (CHLP 2008). This category also borders the rich
£ _8 E cultural heritage area (aboriginal settlement and cultural
E g 2 ground). Consequently, the area needs some level of protec-
] 7] — SN SS R . .
= 5 o ~8 8 . tion to guard the local people and their culture. This would
2 _sue2z-"E828 t for the sociocultural authenticity of host com-
) Sis8858- 535882 ensure respect for the sociocultural authenticity of host com
8 3 g a8 3§ % 38 28 g munities and conservation of their built, living cultural heri-
N 2] .. . .
& 2 £ = % g E 2T E8 88 E ; tage and traditional values (WTO 2004). As contained in the
2 =) @ 830 =0 @ em@m<0o Cameron Highlands Local Plan, these locations would be pro-
o | ~ vided with environmentally friendly facilities such as sky
2 & o T8 = e tram, towards ensuring minimum effect on Mother Nature.
= (=2 1 . . .- .
2| 3 SI &g .8:>¢g Sky tram is a tourism facility that soars smoothly and quietly
7 B Y ) N8 S — o — — . .
S| 7T ST s d TS 44 I 4 through the forest area. It offers an endless view of the high-
E — >~ O o N O A O &N n
lands ecosystem. The sky tram would be operated by an ab-
i; origine, having been trained as bilingual tour guide and facil-
ERE ity operator. The aborigine would be skilled at starting and
21 = “ -~ 228 EEEE stopping the tram at any point—a feature of the facility that
5|8 S g 8 EE & EEE . . . o .
_qg % T on Zgsggs2ss provides tourists with opportunities to take magnificent pho-
< g1 24 é E é < é $| é < % tographs and spot highlands birds. Other environmentally
v o on n - - N . PP . .
friendly facilities that would be provided at this part of the
o | E highlands are lookout areas for sightseeing and birdwatching.
g § o B § EEEEEE The lgokogt areas would be equipped with binocular.s for
; é . 2 % _ $ gl: gl ? gr 3 gl $ magnification of some feature's. Also, suspended brldges
glsldeZ2cesgsgsgsecse would be erected at these locations to create a breathtaking
" experience of treetop view. All these would be achieved by
g imposing guidelines that limit the number of tourists and time
o 2 of access. The guidelines should educate tourists on issues of
% § environmental management and pollution control. This, in the
E, _Lé e g _ T m m m = long run, would ensure protection of such sensitive locations.
% 5 § - + § Svr § § § § § “Moderately suitable” category comprises less sensitive
= - — 3 =N - = . . . .
2|2 % 1 % § E OOL 2 < E E 2 1 E areas tha.t are farther away from high biodiversity areas (spe-
cies habitat, rare flora, and endangered fauna) and culturally
. EEEEEEE sensitive locations (aboriginal settlement and cultural ground)
% g g g g g g g g of the highlands. These localities are characterized by a stable
; 2222 2 22 2 terrain (elevation of 500—1000 m above sea level and slope
£ b ET T T T T T T T .
- 5 B 5 g 5 g é*; B B B g g 3 degrees of .1 6—25)..These areas could be used for trail hiking.
5 SEEZRPEEZEEEERERA Nétur.e trails .pr0\./1de a pathway throug}.l a protfacted area,
8 - bringing tourists into intimate contact with special features
‘% g = in that area (WWF-Malaysia 2002). A trained aborigine would
2 £ g é act as tour guide monitoring these locations that could accom-
< . . .
£ £ < 3 < g modate tourism infrastructure such as low density chalets,
& o o & E E £ 8 i . . . .
g 2 z 9o B & & 3 g) = e camping grounds, and public convenience. This would sup-
= g z
2 21 5 2 - N é‘ é‘ gﬁ o § g port the environmentally friendly tourism activities. However,
@ 2] . E @B Lo . S o . o .
| g s_,g 2228 § 8% % § 23 o 8 erection of these facilities should be done based on environ-
1] ) — = = & = < .
; E|S|Es 02 Ls&E&<dara mental impact assessment (Yaakup et al. 2000).
= ; = “Most suitable” category is the farthest from high biodi-
g § g o versity and culturally sensitive locations, which are character-
< . . .
«n % 3 2 g ized by a more stable terrain surface (elevation of 160-500 m
S E" @ p_i B :‘_2 o above sea level and slope degrees of 0—15). It also has a river
2| g &;’ z 8 Z = area that is suitable for river recreational activities (WQI of
ElalT|a < 3 = 76.5-92.7; Class II). Descriptions of river water quality trends
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Fig. 5 Sustainable tourism model
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Fig. 6 Sustainable tourism maps during HWF and AWF

are based on the river classification system developed by the
DOE (INWQS: Interim National Water Quality Standards for
Malaysia). The classification system places rivers under spe-
cific categories ranging from Class I (rivers in pristine condi-
tion) to Class V (rivers which are heavily polluted); thus, this
determines the suitable area for recreational activities where
body contact is allowed (DOE 2002). This area could accom-
modate tourism infrastructure such as green hotels and restau-
rants, swimming and canoeing facilities in order to support
sustainable tourism activities. Construction of the facilities
should be done in such a way that it ensures a minimum

impact on the terrain, rivers, and other natural features of the
highlands. “Most suitable” category has the smallest percent-
age of land area compared to other suitability categories
(Table 11) thus depicting Cameron Highlands as a protected
area.

It is evident from the two scenarios that “not suitable”
category of HWF is slightly higher than that of AWF. This is
because suitable areas for tourism activities could not be
ascertained in the river during HWF due to high runoff that
has had an adverse effect on water quality (Table 10). Also,
there exists a difference in the “less suitable” category of the

Table 11 Sustainable tourism
maps comparison (%)

Not suitable Less suitable Moderately suitable Most suitable

(%) (%) (%) (%)
Sustainable tourism map (HWF) 39.69 28.91 30.82 0.56
Sustainable tourism map (AWF) 39.66 28.95 30.82 0.57
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two scenarios. This is ascribed to the suitable areas for recre-
ational activities that were determined in one of the sampling
stations during AWF, which made this category to be margin-
ally higher. The same situation is obtained in the “most
suitable” category which appears to have the smallest percent-
age value, while the “not suitable” category has the highest
percentage value. This portrays the highlands as a protected
area.

Spatial model validation

The result obtained from the spatial analysis (sustainable tour-
ism map) was validated using the provisions of Cameron
Highlands Local Plan. Figure 7 depicts Cameron Highlands
Local Plan map with the various forms of activities allowed on
the highlands.

Result of the overlay between the final output of this study
and the map from the local plan is shown in Fig. 8. As deduced
from the map, result obtained from this study has, to a great

extent, adhered to the provisions of the local plan regarding
sustainable tourism development in Cameron Highlands.

For further clarification, conformity of the research final
output (sustainable tourism map) and local plan proposals
with regard to sustainable tourism is further explained and
translated in Fig. 9. The figure describes the kind of tourism
activities that could be carried out on the highlands by utiliz-
ing both its natural and cultural heritage in a sustainable man-
ner. It is evident that both sustainable tourism map and local
plan map have identified Cameron Highlands forest reserve as
a conservation area that has the potential to be developed for
tourism. However, the local plan has not recognized the im-
portance of elevation and slope in determining the suitability
of such locations for tourism development. This study, how-
ever, has taken into consideration the elevation and the slope
of Cameron Highlands in land suitability analysis for sustain-
able tourism development. Also, the OrangAsli (aborigines)
settlements have been recognized by both sustainable tourism
map and local plan map as having the potential to be

| LADANG TEH (Bharat Tea kiosk. Boh Tea House) | '
- sumber pelancongan yang menank *

-
[}
.
-

DAERAH LIPIS

Fig. 7 Cameron Highlands Local Plan provision on tourism and other activities (Source, CHLP 2008)
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Fig. 8 Overlay of sustainable tourism map and local plan map

developed as a tourism product of cultural heritage. However,
the local plan has failed to consider species habitat and cultural
ground (area) surrounding some of the settlements. This needs
to be considered when reviewing the local plan in the future.
This research has categorized the surrounding of OrangAsli
settlements as less suitable. This is to ensure that their built
and living cultural heritage, as well as the species habitat

around some of the settlements are conserved. Furthermore,
sustainable tourism map and local plan map have acknowl-
edged the importance of Bertam River and Habu Dam to be
developed for water recreational activities. To achieve this, the
research has proposed a management framework to ensure
that waters at these locations reach the status of being used
for water recreational activities. The foregoing discussion has
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Fig. 9 Sustainable tourism map and the provision of Cameron Highlands Local Plan

highlighted parallelisms that exist between the sustainable
tourism map and what is obtained from the guideline map of
Cameron Highlands Local Plan, hence depicting the final re-
sult of the study as valid.

Discussion and conclusions

This research presents an approach for sustainable tourism
planning in Cameron Highlands, Malaysia, that is based on
an integrated use of ANP of MCE and GIS. It depicts the
method as hybrid in nature, combining expert opinion with
spatial data.

MCE has demonstrated to be a valuable decision tool in the
sustainable tourism development of the highlands environ-
ment. Because such type of planning involves the use of a
multi-objective method, it leads to a well-conceived and ac-
ceptable management alternatives. Furthermore, MCE has
shown to be a useful tool in quantifying the value of ecosys-
tem in a non-monetary manner. ANP as an MCE technique
has proven to be a reliable method in the identification of the
most important criteria for sustainable tourism. The method
has also proven to be having a better structure than AHP in
handling complex decisions such as sustainable tourism. It has
allowed interactions and feedback among factors responsible
for sustainable tourism development thus depicting a better
way of capturing happenings in the real world. The major
shortcoming of the ANP network structure is the numerous
pairwise comparisons required for its implementation; thus,
even for a simple network structure for this case study, many
pairwise comparisons had to be performed. Accuracy of the
ANP generated priority weights must also be discussed in that
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K-S and ¢ test have shown to be useful tools in checking the
subjective nature of expert opinion. The K-S test shows that
both the skewness and kurtosis from all experts are within the
normal range of £1.96. K-S test also reveals that the priority
weights from most of the experts are normally distributed, due
to their P value being greater than 0.05. ¢ test computation
shows that the P value is observed to be greater than 0.05
for all paired comparisons. It is concluded that there is no
significant difference in expert opinions, thus depicting the
priority weights as valid. Furthermore, results of the sensitiv-
ity analysis show that the criteria weight remained the same or
slightly changed despite the variation introduced. This por-
trays the criteria weights as highly stable.

Another important aspect is the development of a GIS-
based ANP map for the sustainable tourism development of
Cameron Highlands. Results obtained in this study indicate
that the integration of GIS and ANP is useful in providing
analytical tools for the spatial planning of Cameron
Highlands with regards to sustainable tourism. GIS has pro-
vided a significant contribution in the evaluation of sustain-
able tourism development areas in the highlands based on
established goals, plans, and standards of the parameters being
studied. Evaluation of the study criteria has led to the genera-
tion of new information from existing datasets, therefore lead-
ing to the visualization of sustainability indicators which oth-
erwise would not have been possible. This offers value-added
information. Evaluation of sustainable tourism development
areas has allowed for the characterization of the study criteria
in a way that it ensures the safety of natural and cultural her-
itage of the highlands from tourism activities.

Areas for sustainable tourism development, which are
mostly areas that are less sensitive to human interference, have
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been determined in the study. Results obtained from the study
shows that the “most suitable” locations for tourism develop-
ment occupy only about 0.57%, thus portraying the motive of
the study in trying to protect the highlands from tourism ac-
tivities. It is ensured that tourism activities in these areas
would be a viable one considering the guidelines imposed
for carrying out such activities and the environmentally
friendly facilities to be used. Constraint areas, which are areas
that would be conserved from tourism and related develop-
ment, have also been determined. These areas are highly sen-
sitive to human interference, therefore only permitted for re-
search and educational activities to ensure minimal effect on
the highlands ecosystem.

In addition, the study has recognized the importance of
OrangAsli as original inhabitants of the highlands; their indig-
enous knowledge should be acknowledged. Therefore, it is
proposed that they should be part of the tourism activities as
tour guides. However, it is necessary to provide them with
proper training on how to perform their tasks in preparing
them for the job (Saufi et al. 2014). Empowering the local
communities especially the Orang Aslias tour guides would
help them sustain. In addition, previous studies have also
shown that community-driven tourism approach has success-
fully achieved its targets in protecting and enabling the com-
munity (Muganda et al. 2013; Murphy 1988; Simmons 1994;
Tosun 2006). This would ensure sustainable human develop-
ment by improving the economic well-being and generating
quality employment for the original inhabitants of the high-
lands. Subsequently, tourism in the highlands would result in
higher revenue, thus increasing gross domestic product from
tourism activities. Therefore, this research has fulfilled the
three pillars of sustainable development, which are environ-
mental protection (environment), local people inclusion in the
tourism sector (social), and economic benefits derived from
tourism activities (economy).
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