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Abstract. A team of specialists normally carries out the task of locating reservoir sites based on
general guidelines, technical knowledge and experience. Consequently, the procedures used are not
based on a defined criteria in addition to being time consuming and expensive. Furthermore, the
failure of a number of dams and the increase in environmental awareness will require the inclusion
of environmental and social factors in the processes besides economy. In this study, a criteria was
developed and implemented to locate potential sites for reservoirs in the Langkawi Island, Malay-
sia based on all relevant factors including: topography, geology, hydrology, land use/cover types
and settlements. A satellite imagery and digitized geological and elevation maps were utilized to
generate the necessary data layers for the developed criteria. Then IDRISI, a raster based GIS was
employed to implement the criteria using the Boolean and the Weighted Linear Combination (WLC)
methods. The Boolean method produced five reservoir sites with the 70 Mld water capacity, two of
which corresponded well with a field-based study. Whilst the proposed site with the 90 Mld water
capacity did not correspond with the field based study. The WLC method produced five sites with the
70 Mld water capacity, three of which matched those of the field study. Whilst for the 90 Mld water
requirement, two potential sites were produced and both have matched those of the field study. The
outcomes indicated that the developed criteria were sensitive to physical, environmental and eco-
nomical settings on the Langkawi Island. Furthermore, GIS and remote sensing can be useful tools
for generating, manipulating and handling relevant data layers and ultimately providing management
options for decision makers.
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1. Introduction

In simple terms, reservoir means a construction that holds a volume of water,
and dam is the structure, which holds back the water (Brassington, 1995). This
definition indicates the need to examine both the reservoir and dam site locations,
as one needs to know the capabilities of the foundations to withstand the weight of
both the volume of water in the reservoir and the materials for dam construction.
Therefore, choosing a suitable site is a crucial phase in reservoir construction. A
well-selected site will not only give the optimum benefits but its aesthetic value
may also create a recreational area surrounding the reservoir. Conversely, a poorly
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selected site could cause a detrimental effect on the life downstream of the reser-
voir. In 1963, for example, more than 300 million metres of rock slid into the
reservoir site of the St. Vaiont Dam in Italy. This generated flood waves, which
overtopped the crest of the dam by 100 m and killed 3000 people downstream
(Henderson-Sellers, 1979). An investigation, at a later date, established that the
rock material on the reservoir side slope became saturated due to the impound-
ment of water and, as a result, the slope became unstable and started to slide
into the reservoir (Nelson, 1991). This example shows the importance of prelim-
inary investigations and reconnaissance survey in selecting and locating reservoir
sites. Prior to the United Nations Conference on Environment and Development
in 1972, the economic importance of a reservoir project preceded all other con-
siderations. Since then, environmental awareness and concern has been growing
steadily, accordingly decision-makers have had to take into consideration not only
the technical design and economic factors but also local and regional environ-
mental and social impacts of a proposed reservoir. As a result, they have to handle
and analyse large data sets (Baban, 1999). Despite having established dam design
criteria, general guidelines and recommended considerations as well as technical
knowledge and experience, there is no certainty that the resulting design criteria
can be applied to other reservoir sites with similar conditions (Wilson and Marsal,
1979). These requirements and pressures have made it necessary to develop a
clear criteria for locating reservoir sites in addition to a more effective system in
decision-making, i.e. one which can handle a large number of data sets and provide
assistance to decision makers (Baban and Flannagan, 1998). Remote sensing and
GIS have the capability to handle, analyse and manipulate all relevant information
layers involved such as the topography, economic and environmental data, in re-
lation to reservoir site selection. In addition, remotely sensed data can enable the
decision-makers to investigate a wider area of potential sites in a shorter period
of time and at lower cost (Baban, 1999). It can also outline areas of structural
weakness through mapping the extent of major geological lines pertaining to faults
and strikes (Thomas, 1976; Avery and Berlin, 1992). As reservoir site selection
involve large data sets, GIS can be used to maintain and manipulate the data in
order to extract the necessary information and to utilise the information in the
decision-making process (Guptill, 1989). A further important advantage of using
GIS in site selection is its visualisation capabilities (Heywood et al., 1998). The
visual outcome of the final image will assist the user in decision-making by giving
several alternatives through simulating different scenarios showing the most and
least suitable locations for development (Alber et al., 1991). Remote sensing and
GIS applications in reservoir site selection to date include mapping some factors
including the size of the catchment area for determining the runoff volume; land
use/cover to determine the retention of runoff or to the contribution of sediment;
and to estimate the amount of agricultural land lost following inundation by water
(Legg, 1992). Furthermore, Gismalla and Bruen (1996) have successfully identified
several locations for the small-scale hydropower plant in Tanzania based on hydro-
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logical factors such as the runoff volume, the coverage of population distribution
relating to potential users and economic factors. Each of these factors was analysed
and manipulated using GIS, then a final map of the potential sites was produced.

In Malaysia, the Langkawi Island has become a popular destination for both
domestic and foreign tourist in the last decade (Jusoff and Hassan, 1996). Con-
sequently, Langkawi Island faces the possibility of having water shortages in the
future and building reservoirs has been promoted as a possible solution to meet
the future demand of water supply (Baban and Wan-Yusof, 2001a). This article
aims to develop, implement and evaluate criteria to identify suitable reservoir sites
on the Langkawi Island with the view to satisfy water demands in the future. The
implementation will be carried out using remote sensing, GIS, the Boolean and the
Weighted Linear Combination (WLC) methods. The usefulness of the criteria and
the methodology will be evaluated.

2. Selecting Potential Sites for Reservoirs

Reservoir site investigations are often carried out by a team of specialists. However,
it is impractical for such a team to survey all potential areas, because this will incur
a much higher cost. In order to minimise costs, investigations are targeted to areas
likely to yield viable sites (Gismala and Bruen, 1996). Site investigations also in-
clude studies of environmental impact assessment; water quality; and surveying of
physical aspects such as hydrology, geology and topography (Thomas, 1976). The
main disadvantages of these procedures are that they are time consuming and very
expensive, especially when employing a specialist team to produce a detailed site
survey. These restrictions have put pressure on researchers to set objective criteria
in the reservoir-planning phase. Initially, economic considerations were emphas-
ised in the site selection as long as the reservoir served the purpose of supplying
water for drinking and irrigation. However, due to poor considerations in the plan-
ning stage, the number of accidents with reservoirs has increased. An example was
the collapse of the Teton Dam in Idaho, U.S.A. in 1976 which killed 14 people and
caused damage to the value of (US)$ 400 million (Henderson-Sellers, 1979). These
incidents have alerted engineers and surveyors and they have begun to include
stability and safety factors in their design. In the last decade, environmental and
social issues in reservoir construction have been raised. Recently, environmentalist
movements have gained momentum, and their resistance to some reservoir projects
has been rewarded. An example is the case of Bakun Dam in Malaysia. It was es-
timated to cost (US)$ 5.5 billion, would flood almost 300 square miles of rainforest
and would force about 5000 people from their homes (see Rainforest Action Net-
work, 1994 at http://nativenet.uthscsa.edu/archive/nl/9409/0019.html). The project
was shelved in 1997 due to constant pressure from the local and international en-
vironmentalist groups (see McCully, 1997 at http://forests/ic.wirc.edu/ric/wrr37/
Bakundam.html). Thus, the designers and the decision makers are obliged to in-
clude environmental and social factors in the design and planning considerations.
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Factors influencing reservoir and dam site selection include;

(i) Economy

Cost-benefit analysis need to consider the area to be impounded according to
a land evaluation as cropland, forest and built-up areas (Legg, 1992; Avery
and Berlin, 1992).

(ii) Hydrology and hydraulics

Basically, a dam needs to be located where there is a suitable storage area for
flood control, power requirements, irrigation, and/or water supply (ASCE-
USCOLD, 1967).

(iii) Topography

Topography determines the surface configuration (size and shape) and the
ratio between surface and volume of the site. These in turn will determine the
type of dam to be constructed. For example, with a concrete dam, the site must
have narrow deep valleys and large stream flows, whereas wide valleys and
small stream flows favour earth dam. A preferable dam is a narrow channel
section with minimum quantities of material for dam construction (Thomas,
1976; Stephens, 1991).

(iv) Geology

Geology is an important consideration for an adequate foundation for the dam
and a leak-proof reservoir (ASCE-USCOLD, 1967; Avery and Berlin, 1992;
Legg, 1992). For a desirable foundation and abutment; igneous rocks such
as granite; metamorphic rocks, such as quartzite; sedimentary rocks such as
thick-bedded and flat-lying sandstones and limestones are among the most
satisfactory materials (Avery and Berlin, 1992). A site where an active fault
exists should never be considered (ASCE-USCOLD, 1967).

(v) Points of abstraction and supply

This will determine the head of water available for the abstraction and demand
points. It will also determine whether the supply will be by gravity or require
pumping. Location will also dictate the length of pipelines to convey the water
to the demand centre (Schwab et al., 1996).

(vi) Environmental considerations

This is a relatively new undertaking in the consideration but has become of
wide concern by the decision-makers and the public. These include settlement
relocation, flooding agricultural land, drowning wildlife and flooding areas
with archaeological value (Thomas, 1976). However, the impact of dams and
reservoirs on the environment can be minimised by taking certain mitigation
steps such as maintaining regulated flows in the reservoir to enhance fish and
aquatic habitat and using water aeration methods to maintain the reservoir’s
water quality (Murphy, 1977; Jonge et al., 1996).
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Figure 1. The study area.

3. The Study Area

Langkawi Island lies off the northwest coast of Peninsular Malaysia and is loc-
ated approximately at latitude 6◦20′N and longitude 99◦40′E (Figure 1). It has an
area of 362 km2. Langkawi Island is mainly covered by forest (52%), mangroves
(11%), rubber (12%), agricultural land (18%) and newly expanding urban areas
(5%) (Baban and Wan-Yusof, 2001a). The topography varies from flat coastal
plains, hilly areas to rugged mountains. Its climate is influenced by the two wet
monsoons in April and May, when the monthly rainfall average is over 180 mm,
and during August and October when the average reaches over 220 mm. Its annual
average rainfall is between 1600–2000 mm. The daily average temperature is about
31 ◦C (Shaaban and Sahat, 1996; Baban and Wan-Yusof, 2001a). Most streams
have small catchment areas and they tend to flow rapidly from the mountain to
the sea. As such, their flow tends to cease during periods of dry weather (Syed,
1992). The economical prosperity over the past three decades in Malaysia and the
declaration of the Langkawi Island as a duty free area in 1987 made the island the
focus for recreation activities in Malaysia (Jusoff and Hassan, 1996). Consequently,
the island has been undergoing rapid development in terms of expanding road net-
works and the construction of hotels and holiday complexes. The influx of tourists
to the Island has increased at a rate of 30.7% in the year 1988 to 1989 (Jusoff
and Hassan, 1996). As a consequence of these developments, the Langkawi island
faces the possibility of having water shortages in the future. A study, which was
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Table I. Total water demand (Mld) for the Langkawi
Island until 2015 (adapted from Syed, 1992)

District 2000 2005 2010 2015

Ayer Hangat 4.85 7.49 10.28 14.70

Bohor 1.31 1.96 2.79 3.52

Kedawang 5.68 7.51 9.45 11.25

Kuah 15.24 21.47 28.84 37.20

Padang Mat Sirat 8.35 10.65 13.57 18.64

Ulu Melaka 1.77 2.64 3.49 4.31

Total 37.20 51.72 68.42 89.62

conducted to quantify the future demand of water supply, has concluded that the
total water demand might triple in the period 1993–2001 (Table I) (Syed, 1992).

4. Methodology

An examination of the total water demand for the Langkawi Island, taken into
account the physical characteristics of the island, required land surface area, and
population distribution, will raise the question of how many reservoirs should be
built. For example, if a single reservoir is built in the year 2015, a storage capa-
city of 32 850 × 103 m3 yr−1 is required to sustain water consumption of 90 Mld
(Table II). Therefore, by taking the minimum dam height as 15 and 50 m for the
maximum, the water surface area will be between 2190 × 103 m2 (219 ha) and
657 × 103 m2 (65.7 ha), respectively. This will certainly require an enormous land
surface area and will incur high cost in land acquisition. Furthermore, a single
reservoir will also add extra costs in pipelines to supply the whole Island. There-
fore, under these circumstances, it is more practical and cost-effective to have at
least two reservoir sites; not only will this reduce the required land surface area but
also, it will cut the cost of pipelines considerably. Accordingly, if two reservoirs
were developed, the water demand would be reduced to 35 Mld in 2010 (Table II).
This would require a water storage capacity of 16 425 × 103 m3 yr−1 and a surface
area of 85.2 and 25.5 ha for dam heights of 15 and 50 m, respectively. Similarly,
in 2015, the water demand from each reservoir would be ca. 45 Mld. Therefore, a
surface area of 109.5 and 32.85 ha for dam heights of 15 and 50 m, respectively,
would be required.

4.1. DEVELOPING RESERVOIR LOCATION CONSTRAINTS CRITERIA

Factors influencing reservoir site selection includes topography (slope/aspect), hy-
drology (rainfall, river discharge), geology (mineral), soil, land use/cover (agri-
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Table II. Surface area required for the proposed two reservoirs in the Langkawi Island

2010 2015

Water demand for a single reservoir (Mld) 70 90

Water demand for each reservoir (Mld) 35 45

Dam heights (m) 15 50 15 50

Surface area (ha) 85.2 25.5 109.5 32.85

Storage capacity 16425 × 103 m3 32850 × 103 m3

culture, forestry), road network and development plan (Adinarayana et al., 1995;
Gismala et al., 1996). However, increasingly socio-economic and environmental
factors are also being considered (Murphy, 1977). It is more viable and humane to
locate a reservoir site near to demand points as well as minimising settlement relo-
cation or flooding areas with historical archeological value. Based on these factors
and the development guidelines by Langkawi District Council (1992), criteria for
locating reservoir in the Island was developed (Table III). The constraints criteria
indicate that reservoir sites should not be in the vicinity of densely populated areas
must be located on land providing a strong foundation and there should not be any
development in the forest reserve areas, hence constraint criteria 1, 2 and 3. From
an economic point of view, development costs dictate the acquisition of high-grade
land, hence factor 4. In minimising the cost of pumps and gaining the hydraulic
head for abstraction, factor 5 was included to ensure that water flows by gravity as
well as conveying water to the demand area. Factor 6 was included to avoid any
slope failure, and slopes up to 11◦ are recommended in the literature and within the
upper limit set by the Langkawi Structure Plan (Adinarayana et al., 1995; Steph-
ens, 1991; Langkawi District Council, 1992). Constraint 7 was included to account
for the projected demand for water supply in the Island. Total water demand was
projected to be 70 megalitre/day (Mld) in 2010 and based on the topographical
features of the reservoir basin, the recommended dam heights are between 15 and
50 m (Syed, 1992).

4.2. IMPLEMENTING THE CRITERIA USING MULTI-CRITERIA EVALUATION

(MCE) APPROACHES

Using GIS will require creating information layers corresponding to each con-
straint. The relevant information obtained for the Langkawi Island were converted
into the required constraint layers as in Table IV using IDRISI, a raster based
GIS. The necessary constraint layers for the study area were derived from various
sources including a land use/cover map of the Langkawi Island produced from
satellite data of 1995 and field data (Baban and Wan-Yusof, 2001a). This map was
used to extract information and construct layers of information for constraints I, 4
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Table III. Reservoir location constraints criteria

Criteria Consideration

The dam and reservoir site must:

1. Not be located in or near settlement areas Safety

2. Be on granite and/or metamorphic rock Safety

3. Avoid forest reserved areas Resources/environment

4. Avoid high grade agricultural land value areas Resources/economic

5. Be at an altitude of between 25–90 m Hydraulic/economic

6. Be on a gentle slope of 0′′-11◦ Environmental/safety

7. Have a sufficient volume to provide the necessary volume Consumption/economic

Table IV. Data and data sources used to create various information layers for
the criteria

Criteria Data Source

1 Urban areas Satellite image

2 Elevation/topography Digitised Elevation Map

3 Geology Digitised Geology Map

4 Agricultural land classification Satellite image

5 Agricultural land classification Satellite image

6 Topography Digitised Elevation Map

and 5, i.e. to identify urban areas, to protect agricultural and forest areas, respect-
ively. Topography was derived from a Digital Elevation Model (DEM) digitised
from a topographic map of Langkawi Island at a scale of 1:50 000 (Taher, 1996).
Similarly, geology was also derived from digitising a geological map at a scale
of 1:200 000 (Mohamad and Kiat, 1996). The data used to create each layer, the
criterion it corresponds to and data source are shown in Table IV. This process
is usually followed by allocation of weights to each constraint layer, multiplying
each layer by its weight and then successively multiplying the result by each of the
constraints to combine all the layers. These operations are labeled as a multicriteria
evaluation (MCE) (Heywood et al., 1998). In this study, two MCE approaches were
considered for combining the information layers Boolean and Weighted Linear
Combination (WLC) methods.

4.2.1. Using the Boolean Method

In this method, all the criteria are reduced to constraint Boolean images of areas,
which are suitable and not suitable. Furthermore, all the layers are considered
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Figure 2. Forest reserve areas.

equally important and are given an equal weight (Heywood et al., 1998). This
procedure was applied to all the information layers using the MCE function in
IDRISI in order to produce the necessary constraint images. For example, Figure 2
marks forest reserved areas, which are clearly defined (in black) as being not suit-
able for consideration based on the developed criteria (Table III). The constraint
layers were subsequently overlaid consecutively; by using the OVERLAY multiply
function to produce a single suitability Boolean image. Subsequently, the suitable
areas in the last Boolean image were regrouped to determine the surface area. The
output image was achieved using GROUP to assign identifiers to unite groups of
pixels and AREA function was used to calculate area for each group. Finally, the
RECLASS function was used to select only those areas (groups) that can comply
with the specified surface areas (Table II) for reservoirs with 70 Mld water capacity
(Figure 3) and reservoirs with 90 Mld water capacities, only one potential site at
Ayer Hangat (Figure 3).

4.2.2. Using the Weighted Linear Combination (WLC)

In this method the constraint layers need to be standardised to a continuous scale
of suitability from 0 (the least suitable) to 255 (the most suitable) (Eastman, 1997).
Therefore, all the constraints in the criteria (Table III) were standardised and re-
scaled into 0 to 255 from the least suitable to the most suitable areas. For example
in the case of the height constraint which will need to be taken into consideration
to access gravitational pressure in order to deliver water by gravity, thus the higher



10 S. M. J. BABAN AND K. WAN-YUSOF

Figure 3. Potential reservoir sites with 70 Mld water capacities using the Boolean method.

Figure 4. Linear relationship of suitability against height (adopted from Syed, 1992).

the elevation the greater will be the hydraulic pressure head. A study carried out
in the Island suggested that the range of elevation suitable for reservoir is between
25 and 90 m above sea level (Syed, 1992). In order to transfer this range into a
continuous scale of suitability a simple linear relationship was used with a height
of 25 m as the least suitable and a height of 90 m as the most suitable (Figure 4).
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Table V. A pairwise comparison matrix for assessing the comparative
importance of factors to reservoir site selection

Slope Height Erosion Agricultural

factor factor factor factor

Slope factor 1

Height factor 1/3 1

Erosion factor 1 5 1

Agricultural factor 1/7 1/3 1/7 1

In this approach, weights will need to be assigned to each constraint layer based
on pairwise comparisons associated with the Analytical Hierarchy Process where
every possible pairing and the ratings are arranged on a 9-point continuous scale
(Saaty, 1977). In this study, ratings between the relative importance of two factors
involved were considered and the weight scale was entered into a pairwise com-
parison matrix for assessing the relative importance of the constraints to reservoir
site selection (Table V).

The procedure in the WLC requires that the principal eigenvector of the pair-
wise comparison matrix be computed to produce the best-fit set of weights. Sub-
sequently, the best acceptable fit of the respective weights are used in the Multi
Criteria Evaluation function (MCE) to calculate the weighted linear combination
(WLC) using the constrains in the criteria. The principal eigenvector was cal-
culated by taking the square reciprocal matrix of pairwise comparisons between
the criteria and these weights would sum to 1. This result could be achieved by
calculating the weights with each column and then averaging over all columns
(Eastman et al., 1993). The WEIGHT function in IDRISI, which operates on this
principle, was used to determine the best fit of weight factors (Table VI). The
erosion factor for example was given the highest weight because a suitable reser-
voir site in the Langkawi Island must avoid highly erodible areas (Baban and
Wan-Yusof, 2001b). The slope factor was given more weight than other factors
because areas with steep slopes have a greater tendency to experience landslides
and increase the erosion risk. An index of consistency, known as a consistency
ratio (CR), was also determined to be 0.06. The CR indicates the probability that
the matrix ratings are randomly generated and the value should be less than 0.10,
otherwise the matrix rating should be re-evaluated (Saaty, 1977). Subsequently,
the acceptable best fit of the respective weights were used in the Multi Criteria
Evaluation function (MCE) to calculate the weighted linear combination (WLC)
using the factors (slope, height, land value, and erosion) and constraints (forest
reserve, settlement zone, and geological foundation) images. In order to select only
those areas (groups) that can comply with the specified surface areas (Table II),
the GROUP, AREA and RECLASS functions of IDRISI were used. The outputs
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Table VI. The weights derived by
computing the principal eigenvector
of the pairwise comparison matrix

Factor Factor weight

Slope 0.37

Height 0.14

Erosion 0.44

Agricultural 0.05

Figure 5. Potential reservoir sites with 70 Mld water capacities using the WLC.

represent potential sites with the highest suitability for reservoirs with 70 Mld water
capacity (Figure 5) and reservoirs with 90 Mld water capacity, two potential sites
namely: Limbong and Ulu Melaka (Figure 5).

5. Results, Evaluation and Discussions

The outcome of potential sites from the Boolean approach (Figure 3) has satisfied
all the constraints in the criteria. The reservoir sites selected were within the surface
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area required, were outside the settlement zone, located at an altitude between
25 and 90 m, were on a gentle slope of 0 to 11◦, have a strong foundation on
either granite or metamorphic rock, and were not within the forest reserve areas.
However, in terms of numbers of suitable sites Figure 3 shows two potential sites
in the north, one on the west, one on the southwest and one on the southern part
of the Island for the 70 Mld water capacity and only one site, Ayer Hangat, in the
north of the Island for the 90 Mld water capacity. This mainly due to the fact that
the Boolean approach is very conservative in terms of risk. Therefore, it produced
absolute sites i.e. there were no trade-offs with other constraints criteria. Con-
sequently, suitability in one criterion cannot compensate for a lack of suitability
in any other image. Whilst, the WLC approach produced 5 potential reservoir sites
for 70 Mld (Figure 5) and 2 sites for the 90 Mld water capacity, Limbong and
Ulu Melaka (Figure 5). The sites on both outcomes are located around the central
region of the Island. These potential sites are more practical due to their central
locations, as this will reduce costs in pipeline distribution throughout the Island.

The WLC method which uses a continuous scale has an advantage over the
Boolean in that it will avoid the hard Boolean decision of defining any particular
area as absolutely suitable or not. In fact, the factors assigned to each criterion had
been more flexible. This allowed the factors to compensate for each other while
maintaining all of the variability in the continuous suitability data. A low suitability
aggregate in one factor for any given area had been compensated for by a high
suitability aggregate in another factor. For example, areas with a slope factor with
high suitability were compensated for by a low suitability in an agricultural factor.
In the resultant image, that location had a high suitability score. This approach can
trade-off among the factors, but the degree to which it will influence the result was
severely limited by its low factor weight. As a result, this gave more allowance in
the selection for the suitability areas. Thus, the WLC was an averaging technique
and balances between extreme risk taking and risk aversion (Eastman, 1997).

In order to evaluate the outcomes from this study, the proposed reservoir sites
using both methods were compared to field based study conducted to locate reser-
voir sites on the Langkawi Island. This study was founded on topography, catch-
ment areas, hydrology; land use/cover, accessibility and socio-economic factors.
The study has identified six possible reservoir sites (Figure 6) (Syed, 1992). These
areas are the Limbong, Ulu Melaka, Upper Ayer Tawar, Lower Ayer Tawar, Batu
Asah and Langkanah. Through comparison, it is evident that two of the potential
sites with the 70 Mld water capacity (Kg. Nyior Cabang and Bukit Tekoh) using
the Boolean method (Figure 3) corresponded well with the field-based study areas
(Figure 6). Whilst the proposed site for the 90 Mld water capacity in did not cor-
respond with the sites on Figure 6. The proposed reservoir sites at Limbong, Lower
Ayer Tawar and Upper Ayer Tawar (Syed, 1992) matched the proposed sites, using
the WLC method, in Figure 5 for a 70 Mld water capacity, whilst Limbong and Ulu
Melaka reservoir sites matched the proposed sites with the 90 Mld water capacity
(Figure 5).
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Figure 6. Potential reservoir sites based on a field based study (adopted from Syed, 1992).

6. Conclusion

A set of criteria was developed to locate suitable reservoir sites in Langkawi Island.
The criteria chosen are extensive, taking into consideration all relevant constraints
based on hydrology and hydraulics, topography, geology, economy, site location
in relation to the points of abstraction and supply and environmental implications.
The main considerations being safety, economy and the environment.

Two approaches were considered for reservoir site selection: Boolean and
Weighted Linear Combination. The Boolean technique is more direct in its ap-
proach to decision making and is very conservative in taking risk. Reservoir sites
located by using this approach were scattered over the Island. Two potential sites
with the 70 Mld water capacity (Kg. Nyior Cabang and Bukit Tekoh) (Figure 3)
corresponded well with the field-based study areas (Figure 6). Whilst the proposed
site with the 90 Mld water requirement did not correspond with the sites on Fig-
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ure 6. In the Weighted Linear Combination technique, this flexibility in assigning
constrain factors allows these factors to compensate for each other. For the pro-
posed 70 Mld water requirement, three potential sites (Limbong, Lower Ayer Tawar
and Upper Ayer Tawar) matched those of the field study whilst for the 90 Mld water
requirement, two potential sites (Limbong and Ulu Melaka) matched those of the
field study.

Although the GIS methodology makes the decision-making process more ob-
jective, there is still an element of subjectivity associated with the allocation of
map weights and scaling. This also allows flexibility to the planners to incorporate
varying degrees of importance to each criterion based on their experience. Through
experience, a good and sound judgment in the evaluation of environmental, social
and political constraints could produce the best alternative decisions.

Overall, this study has shown that the criteria chosen were sensitive and extens-
ive. Furthermore, it has demonstrated the effectiveness of using remotely sensed
data in providing the necessary spectral and spatial information for generating in-
formation layers for reservoir site selection criteria. The GIS as a decision-making
tool, has facilitated combining various information layers as well as implementing
the necessary analysis on the data.
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