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Plan preparation process has evolved from the usage of traditional approaches of 
brainstorming to an advanced application of sophisticated analytical techniques coupled 
with powerful decision support software systems. The rationale of applying analytical 
techniques is to ensure that the analysis is thorough and logical and 1ninin1ize the 
uncertainties in the decisions made. The National Physical Plan (NPP) of Malaysia is 
prepared on the basis of the Town and Country Planning Act 1976 (Al 129). It contains 
a written state1nent that pertains to fonnulation of strategic policies in detennining the 
general directions and trends of the physical development of the country. The NPP is 
needed to strengthen the existing national planning system so that it is 1nore syste1natic, 
effective, and efficient. The NPP also coordinates the country's various planning 
agencies and authorities at the national, state and local levels and acts as the basis for 
preparation of lower tier physical development plans, e.g., structure and local plans. The 
present paper presents a case study on the NPP using a combined application ofGIS and 
a multi-criteria decision making (MCDM) technique. While GIS has provided its 
capability in data storage, retrieval and analysis of data, MCDM technique has reflected 
its capability as the tool for aggregating the geographical data and decision maker's 
preferences. It is expected that the study will stimulate further applications in various 
planning activities in Malaysia. 
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INTRODUCTION 

Conyers and Hill ( l 989) defined planning as "a continuous process, which 
involves decisiolls, or choices, about alternative ways of usillg available 
resources, lvith the ainz of achieving particular goals at sonzethne in fitture". 
This definition involves planning with decision making, which is the process of 
selecting the best alternative from a number of available alternatives. 
Obviously, planning has goals that are to be achieved within limited resources. 
There are numerous types of planning. Out of these, spatial planning pertains to 
geographical entities, e.g., land, water, environment, etc. Over the years, spatial 
planning has attracted considerable attention from the researchers. 

To facilitate spatial planning, researchers have developed many computer-based 
support systems. Perhaps the most significant one is the development of 
geographical information system (GIS) (Dueker and Barton, 1990; Scholten and 
Stillwell, 1990). Referring to GIS, Innes and Simpson (1993, p. 230) state that, 
"this developillg techllology offers Gil opportullity to trall~form alld empower 
planning practice". 

The main applications of GIS are in location choice, land suitability assessment, 
and collaborative decision-making (Joerin et al., 2001 ). Location analysis deals 
with the problem of selecting the most promising location for certain future 
activity. Saaty and Gholamnezhad (1982) have used multicriteria tool to select 
the most suitable location for nuclear waste disposal. Carver (199 l) has 
addressed the same problem using GIS. For public facility planning, Yen and 
Hong (1996) have used GJS and location allocation modeling technique. Land 
suitability assessment is similar to location analysis and its goal is to map a 
suitability index for an entire territmy of study (Hall et al., 1992; Senes and 
Toccolini, 1998; Joerin et al., 2001 ). Among the early researchers, Tinbergan 
(1956) and Thorbecke and Hall (1982) studied the effects of economic policies 
on patterns of and changes in land use. They considered the changes in land use 
as the result of the interaction between policy variables (e.g., infrastructure, 
price, etc) and exogenous parameters (e.g., resource endowment) that lead to 
realization of a number of goals (e.g., welfare, equity, rehabilitation). Sharifi 
and Rodriguez (2003) mention that land use decisions involve choices of two 
levels: regional and farm. They write (pp. 543-544), "at the regional level, a 
policy-maker is tlJ1ing to decide how best to allocate resources or lead the 
agricultural development process ill the desired direction, ill the face of 
Ullcertaillty about the impact of the allocation process on the other systems 
(ecollomic, cultural and ecological). This uncertainty is related to the way that 
farmers in the economic system will respond to the new policy. At the farm 
level, farmers have their own decision problem: how best to respolld to the llew 
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policy, given their own resources and objectives that are influenced by socio­
cultural values and illlpacts of the other systems. In order to reduce the 
uncertainty aboutfarlllers' reactions to and support for an effective decision on 
a proper policy measure at the macro-level, their impact at farm level has to be 
evaluated". Collaborative decision suppm1 systems mainly deal with GIS and 
decision-making techniques (Geertman and Toppen, 1990; Jankowski et al., 
2001). 

The integration of multicriteria analysis (MCA) with GIS has created a 
powerful tool for spatial planning (Pereka and Duckstrin 1993; Jankowski, 
1995). The aim of this paper is to describe how a national physical plan has 
been designed using GIS and multicriteria analysis tool. The details are 
described in the rest of the paper. 

NATIONAL PHYSICAL PLAN OF MALAYSIA 

The National Physical Plan of Malaysia is a significant part of the national 
developing planning agenda. Three levels of planning, viz., national, 
regional/state, and local constitute the national development plan. Figure 1 
shows the relationships and various interfaces between these three types of 
plans. As it is clear from the figure that the ultimate objective of all the three 
plans is to achieve the Malaysian vision 2020 (Malaysia envisions achieving the 
status of a developed nation by the year 2020). The National Physical Plan 
(NPP) involves formulating strategic policies for the purpose of determining the 
general directions and trends of the physical development of the nation. The 
main functions of NPP are: to strengthen national plan by providing a spatial 
dimension to national economic policies, to coordinate various agencies and 
local planning activities and to provide overall policies to perform physical 
planning. 

The Town and Country Planning Act 1976(Al129) has stated that the Director 
General of Town and Country Planning Department shall npon the directive of 
the National Physical Planning Council prepare and submit a draft on National 
Physical Plan which covers Peninsular Malaysia. Once the Plan is approved, the 
policies of the NPP will take effect unless those are subsequently altered or 
replaced. In view of changing socio-economic circnmstances of the country, the 
Act stipulates that the Plan be reviewed eve1y five years in tandem with the 
review of the National Five Year Development Plan, or as and when directed by 
the Council. 

©2006byMIP 71 



Nor Sallehi Kassim and Rafikul falam 
A11 l11tegratio11 Of Multicriteria Ana{vsis With G/S In The }vfalaysia11 National Physical Plan 

VISION2020 

t 
Level I: National Planning 

r "' 5 - Year 
( ) 

National 
( ) Various 

Development Physical Policies/ 
Plan Plan Plans 

A I 

J, t 
Level 2: Regional I State Planning 

' "' 5 - Year ( ) Regional I ( ) Various Develop1nent Structure 
Policies/ Plan Plan 

Plans 
+ 

J, t 
Level 3: Local Planning 

I .J, 

Local ' 
Special Area 

Plan , / Plan 
..._ 

t I 

Figure I: National development planning framework 

NPP study involves seven major sectors: Global framework and 
Macroeconomics; Physical Planning and Urbanization; Population, Housing and 
Social Amenities; Infrastructure, Utilities and Transportation; Environment and 
Natural Resources; Information Systems; and Institutionalization and 
Implementation. The plan preparation process has been shown in Figure 2. The 
database which is developed sector wise forms the basis for NPP lnfonnation 
System. 

The output of the NPP consists of the National Physical Framework Indicative 
Map and written statements that consist of policies, mechanisms for 
implementation, and the manual of the Planning Information System. 
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MCA AND GIS APPLICATIONS RELATED TO SPATIAL PLANNING 
IN MALAYSIA 

A considerable amount literature is available on the three types of spatial 
planning in Malaysia. At the national level, Yaakup (2001) has discussed how 
GIS is used for data collection, land suitability analysis and generate suitability 
maps. Maidin et al. (2004) have discussed the effectiveness of multicriteria 
analysis (MCA) to assist the generation of alternative land use development 
plans. Yaakup and Healey (1994) have discussed how GIS can be applied in 
squatter settlement planning in Kuala Lumpur. Yaakup et al. (1994) have also 
discussed the application of GIS for the development plan formulation and 
implementation at both state and district levels based on the case studies of 
Pahang state structure plan, Klang Valley GIS (AG!Swlk) and Pekan district 
local plan. The above mentioned authors have also applied the MCA techniques 
in the formulation of strategies and policies through the generation of 
alternative development scenarios. However, a study on the demand of MCA 
and spatial planning and decision support system (SPDSS) in Malaysia by 
Muhammad Faris et al. (2005) have indicated the level of awareness and 
knowledge of MCA and SPDSS amongst professional planners were still low. 

NPP AND LAND SUITABILITY ANALYSIS 

The basic purpose of the present study is to identify the land in various states of 
Peninsular Malaysia for further urban development. Specially, the objectives are 
the following: 

e To use multicriteria decision making (MCDM) technique and GIS to 
generate alternative development plans. 

<> To generate the prefetTed development plan (land suitable for 
development) on the basis of projected population across various 
states in Peninsular Malaysia. 

Various stages ofNPP and land suitability analysis are described below: 

Stage 1: 

Stage 2: 

Setting up the ultimate goal: to create an efficient, equitable and 
sustainable national spatial framework to guide and assist in the 
overall development of the country towards achieving the status of 
a developed nation by the year 2020. 

F01mulating the objectives: these are developed in congruence with 
the ultimate goal. The main objectives are the following: 
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" To optimize utilization of land, infrastructure and resources 
" To promote environmental quality 
" To ensure equitable regional development 
• To make Malaysia globally competitive 
e To enhance quality of life 

Stage 3: Identifying criteria and sub-criteria that are related to the 
objectives: the criteria and sub-criteria are shown in Table I. Each 
criterion is represented by a number of sub-criteria. Details of the 
sub-criteria and the corresponding intensities are provided in Table 
2. 

T bi I C .t . a e r1 er1a an d b I t d t th b. su -en ena re a e 0 e o JJec ives 
Objectives Criteria Sub-criteria 

To pro1note Physical Characteristics • Slope 
environ1nental quality • Terrain 

• Soil erosion risk 
• Coastal erosion risk 

To optimize utilization Land, Infrastructure & • Water availability 
of land, infrastructure Resources • Accessibility to highway 
and resources /road 

• Accessibility to railway 
• Soil class 
• Industrial Indices 

To ensure equitable Social Econornic • Mean household Incorne 
regional develop1nent Development Status • Incidence of poverty 

• Per capita GDP 
To make Malaysia Proximity to Town and • Proximity to big town 
globally competitive Industry • Proxi1nity to industrial 

areas 
• Accessibility to port 
• Accessibility to airoort 

To enhance quality of Quality of life indices • Quality of life indices 
life Proxitnity - disperse to • Proximity to small & 

medium town n1edium town 
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a e u -cntena an T bi 2 S b t eir correspon d h. d" mg mtens1l!es 
SUB-CRITERIA INTENSITIES 

A. Phvsical Characteristics 
a.I Slope I. 0-12 

2. 12-20 
3. 20-25 

a.2 Terrain l. Lo\vland: belo\v l 50 n1eter 
2. Hilly: 150 - 300 meter 

a.3 Soil erosion risk l. Lo\v risk : < l 0 t/ha/yr 
2. Moderate risk : 10 - 50 t/ha/yr 
3. Moderately high risk : 50 - I 00 t!ha/yr 
4. High risk : !00 - 150 t!ha/yr 

a.4 Coastal erosion risk 1. Within 5 km coastal erosion risk 
2. Outside 5 km coastal erosion risk 

B. Land, Infrastructure and Resources 
b.! Water availability \Vithin l. Water sufficient until year 2050 

catchment areas 2. Water deficient by year 2050 
3. Water deficient bv vear 2020 

b.2 Accessibility-distance to I. 10 km buffer from the Interchange, 5 kin buffer along the 
highway interchanges and US reads, and 3 km buffer along the U4 roads 
road net\vorks 2. 25 km buffer from the Interchange, 5 - 10 km buffer along 

the U5 roads, and 3 - 8 km buffer along the U4 roads 
3. 33 km buffer from the Interchange, 10- 15 kin buffer 

along the U5 roads, and 8 - 10 km buffer along the U4 
roads 

4. 40 km buffer from the Interchange, 15 - 20 kin buffer 
along the U5 roads, and 10 - 15 km buffer along the U4 
roads 

b.3 Accessibility to raihvay • l 0 km buffer from raihvay station 
station 
b.4 Industrial develop1nent • Rank I 
indices • Rank 2 

• Rank 3 
b.5 Soil Class I. Class 5 

2. Class 4 
3. Class 3 
4. Class 2 
5. Class I 

c. Social Economics Devclooment status 
c. I Mean household incon1e I. Mean household inco1ne by state above national average 

2. Mean household income by state belo\v national average 
c.2 Per capita GDP I. Per capita GDP by state above national average 

2. Per capita GDP by state belo\v national average 
c.3 Incidence of poverty I. Incidence of poverty by state above national average 

2. Incidence of poverty by state belo\v national average 

(Continue next page) 
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D. Proximitv to To,vn and lndustrv 
d. l Proximity to To\vn 
Big town (>I 00,000 population) 1. <10 km radius 

2. 10 - 20 km radius 
3. 20 - 40 km radius 

Mediu1n town (30,001 to 1. <5 km radius 
100,000 population) 2. 5 - 15 km radius 

3. l5-30kmradius 
Small town (10,000 to 30,000 1. < 5 km radius 
population) 2. 5 - 10 km radius 

3. 10-20 km radius 
d.2 Proximitv to industrv areas 
Industry I l. Within 5 km from industrial areas 
Industry 2 2. Between 5 -10 km from industrial areas 
Industry 3 3. Bet\veen 10 - 15 kin fro1n industrial areas 
Industrv 4 4. Bet\veen 15 - 20 kin from industrial areas 

d.3 International airport port 20 km buffer fro1n aimort and seanort. 
d.4 Local aimort port 20 ktn buffer from airport and seaport. 
E. Quality of Life 
e. I Quality of life index I. Rank I 

Stage 4: 

Stage 5: 

Stage 6: 

2. Rank 2 
3. Rank 3 
4. Rank4 
5. Rank 5 

Determining the weights of the criteria/sub-criteria and their 
intensities: the Analytic Hierarchy Process (AHP) (Saaty, 1990) 
has been used to determine the weights. Four consultants (names 
are shown in Figure 3) in four different areas (architecture, 
transportation engineering, civil engineering, and environment) 
were involved in forming the pairwise comparison matrices. Expert 
Choice was used to compute the weights from the matrices (see 
Figure 3). 

Transfe1Ting weights to GIS: the weights generated by using AHP 
are transferred to GIS package. The data on various sub-criteria are 
already captured in NPP database. Criteria maps are prepared using 
the data and the weights. 

Performing land suitability analysis: the criteria maps are 
aggregated (see Figure 4) to form a composite plan which shows 
the most suitable area for future development. Figure 5 shows the 
output of land suitability analysis. In the functional land suitability 
analysis, the suitable areas for development are matched with 
demand for land. 
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Figure 3: Assigning weights to the criteria/sub-criteria and the intensities by 
using the Expert Choice software. 
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Figure 4: The way of obtaining a composite plan for NPP 
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We have estimated the demand for land based on the population projection by 
the year 2020, with the assumption that 30 people stay in one hectare area. 
Based upon the land suitability analysis, Table 3 shows the amount of land 
available for urbanization. 

Table 3: Urban land required and available land in peninsular Malaysia 

Urban Land Land Available 
State I Region Required Available Net 

Land Position 
Ha Ha Ha 

Perlis 1,800 840 - 960 

Kedah 28,560 18,152 - 10,408 

Pulau Pinang 25,080 20,499 - 4,581 

Perak 26,760 133,530 + 106,770 

Northern Region 82,200 173,021 + 90,821 

Selangor 111,720 13,884 - 97,836 

W.P. Kuala Lumpur 19,600 5,123 - 14,477 

Negeri Sembilan 10,040 22,989 + 12,949 

Melaka 10,760 36,397 + 25,637 

Central Region 152,120 78,393 - 73,727 

Johor 52,080 135,976 + 83,896 

Southern Region 52,080 135,976 + 83,896 

Pahang 17,720 113,000 + 95,280 

Terengganu 9,960 55,207 + 45,247 

Kelantan 17,440 18,456 + 1,016 

Eastern Region 45,120 186,663 + 141,543 

Peninsular Malaysia 331,520 574,053 + 242,533 

CONCLUSIONS 

Over the years, planning problems have become more and more complicated. 
The complexities have been compounded due to the presence of multiple 
objectives, multiple criteria, multiple stakeholders, and multiple actors. Many of 
these criteria are conflicting and subjective in nature. The model or tool to be 
used in the planning process is expected to tackle these complexities, 
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simultaneously giving an output plan that is viable. This paper shows how a 
powerful MCDM technique can facilitate the planning process with the help of 
GIS. It is expected that further application of the model used in the present 
study will be extended to similar applications including structure and local 
plans. 
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