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7.1 Introduction to Multi Criteria Decision Making (MCDM)

Multiple Criteria Evaluation “MCE” was originally developed to select the best alternative from a set of competing options. Over the years, these methods have evolved into Multiple Criteria Decision Analysis “MCDA” tools and techniques. These includes a diverse range of decision analysis techniques that can be used for the decision making process. 

The MCDM process can achieve the following:-

· structure the decision problem and improve the understanding of the main issues involved in the decision; 

· identify and assess the effect and impact of policy alternatives in various forms;

· identify pro’s and con’s of various management processes to support feed back and feed forwards;

· identify pro’s and con’s of various management options,  and support the evaluation of multiple policy alternatives;

· present the choices and priorities made in a transparent and effective way; 

· support reasoning in the negotiations; and

· analyse the sensitivity and robustness of the options with respect to the selected criterion.

In this study, MCDM was used as a framework for the design, and evaluation of alternative rail-network in order to come up with an integrated transportation system which meets the socio-economic, and environmental, requirements of the people in Klang valley region. The main purpose was to:

(i) Guide the preliminary design of potential alternative rail-networks, which matches the existing, and future socio-economic and technical requirements of the Klang Valley region.

(ii) Study the pros and cons of the potential networks from different perspectives, considering proper indicators in order to improve the designs.

(iii) Selection of proper transportation network through evaluation of potential alternative networks from different local authorities perspectives through considering relevant socio-economic, environmental and engineering criteria and indicators. Such preferred network shall be subject to further detailed design and development.

(iv) Support discussions and the decision-making process.



7.2 Applied Methodology and Procedure 

The objective of the Klang Valley Integrated Transportation System was to design and recommend the proper rail-network, which together with the other existing and planned transportation infrastructure meets the socio-economic, environmental and technical requirements of the people in Klang valley region in year 2020. 

Considering the objectives, the decision-making paradigms and approaches, procedural rationality and value-focused1 approach was selected to be used in the study. In this context after careful study of the case and discussion with various members of the consortium of consultants involved in the study, the following procedure was established:
a) Identification of the goal, objectives and purpose of the integrated transportation which is to be designed in this study

b) Identification of criteria and indicators, which could be used to measure performance of the designed network.

c) Development of basic principle for the design and evaluation of the transportation network. This was developed through detailed specification of the characteristics of ideal transportation network, so called “sustainable transportation system”. Such system shall meet the engineering requirements as well as the future socio-economic and the environmental requirements of the Klang Valley region in year 2020.

d) Such characteristics was hierarchically structured “so called criteria tree” including, goal, objectives, criteria, indicators, which were closely related to the overall goal and objectives of the project. 

e) The criteria structure after being approved by the Project Technical Committee, and the Steering Committee was used as a basis for development and evaluation of the transportation networks. 

f) Considering the above desired characteristics (presented in the criteria structure) and the existing studies, 3 potential alternative transportation rail networks which complements the existing networks and meets the future set demands of the people in the Klang Valley in year 2020 was designed.

g) Presentation, review and finalization of the conceptual networks with related stakeholders (members of technical committee and their expert teams),

h) Assessment of the socio-economic, environmental, and engineering performance/impacts of each of the above networks by different experts and stakeholders group. Some of the impacts and performance indicators were estimated through transportation model “simulation”, some through surveys, and in some cases through qualitative judgment of the related experts, and stakeholders.

i) Selection of proper transportation network through Multi criteria evaluation. The evaluation was carried out based on the impacts/ and performances of different networks on each criterion and indicators as well as their relative importance’s as perceived by different stakeholders. The members of the Technical Committee, Steering Committee and the related expert groups were considered as the main stakeholders.

j) Presentation of the evaluation results and support final discussion and decision on the proper rail network

7.3 
Basic principle of design and evaluation of rail networks 

To implement the selected value-focused approach, a top down method was used to define the goal, objectives, and their related indicators of the required transportation network. After several rounds of discussions between the technical team and technical committee members a criteria structure as presented in Fig. 7.1 was accepted and used as a base for development and evaluation of the rail-network. The various elements of this structure are briefly defined as follows: 

7.3.1 Goal: 

The goal of this study is to identify an efficient public transport system for Klang Valley region integrated with a land use in such a way that it meets the future and long-term (2020) socio-economic and environmental requirements of the people in the region.  This goal can be achieved if related objectives are met.

7.3.2 Objectives: Includes the following:
[1]
Economic objective

Economic objective seeks to maximize feasible economic return in investment from the network.  A number of criterion and indicators were used to measure how well an alternative performs on each objectives, e.g., benefit/cost ratio, first year return, internal rate of return, net present value, construction cost and operation cost.

[2]
Engineering Objective

This objective looks at three main concerns i.e. efficiency of the network, construction issues, and effective use of the network for work and non-work trips. The criteria used to measure extend of such achievement by networks are as follows: 

-
Efficiency is measured by examining the minimum number of transfer, (whereby an alternative with excessive transfer will score low for this criteria), network which   contribute to a reduction in travel time compared to time spend in the vehicular traffic will score high or be beneficial; and the more distance covered by rail   will be considered a plus compared to a shorter area of coverage; 

-
From the construction aspect, alternatives which have rail routes passes through problematic area like utility lines, high density built-up areas, commercial area, industrial area and institutional areas, will be considered to score low for this criteria. 

· Effective use of infrastructure is measured by examining which network gives a more balance, work and non-work ratio; more balanced network scoring higher.

-
Efficient use of the investment is measured by examining network, which would be used as close as possible to its capacity during the whole period of operation. A proxy indicator for this is the ratio of non-work trips to the work trips.

[3]
Environmental Objective

The designed network should as less as possible disturb the environment. This can be materialized by i.e. reduction in energy consumption, low emission level, minimizes intrusion into environmental sensitive areas, reduction in noise impact to sensitive land use (such as hospital, residential and school). 

[4]
Institutional Objective

This objective is to look into the match between the networks and Spatial policies of the federal and state governments, e.g. to providing good facilities to link the city centres with those outside of the Klang valley; maximizes connectivity to existing public transport systems; maximizes linkages to strategic growth centres (as designated/proposed in structure and local plans); and minimizes land acquisition.

[5]
Social Objective

The network should increase social mobility by way of easy access to existing and future settlement. This is measured by forecasting passenger/km reduction for residential to employment area, and residential to educational institution. The local authority should have a good idea where immediate future settlements will be (including proposed employment and educational institution). Efficiency of land use objective should be achieved by maximizing the access of residential areas to shopping, service and recreational centres. Such system serves highly populated areas; and particularly disadvantage areas (low cost settlements); increase access to tourism attraction areas; minimizes disruption to neighbourhood communities; and maximizes linkages to major employment areas/centres.

7.3.3 
Criteria and Indicators:

To further support the design and evaluation of the rail-network, the objectives had to be further broken down into criteria and their corresponding indicators. The indicators are further used to measure the performance of each alternative rail network on each objective.  The whole criteria structure is presented in Fig. 7.1. (More detailed explanation of so-called value structure is given in Appendix B - Section 1, Fig. 1.1)
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Figure 7.1 - Hierarchical Structure of goals, objectives, criteria and indicators

7.4 Design of the alternative Rail networks
Considering the set goal, objectives, related criteria and indicators, 3 alternative competitive rail networks2 with three different design approaches. The network design was an iterative process, guided by the set criteria structure. It took some iteration to come up with three networks that are potentially good networks. However, each of which have their own pros and cones. The three networks as presented in Fig. 7.2 are:

· Branch network  “Branch-option”

· Radial network “Radial-option”

· Loop network “Loop-option”
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Figure 7.2 - Current and Proposed Alternative Networks

7.5 Evaluation of the Networks (The MCDM Process)

The multiple criteria evaluation of the networks was carried out based on the performances of each network on various defined indicators “objective data” and the relative importance of each indicator, criterion and objectives in relation to the other indicator, criteria and objectives “subjective data”.  The objective data was estimated using GIS, transportation modelling and were necessary through survey. The result of this process is given in “so called effect table” (Appendix B - Section 1, Table 1.1). This table which, presents the performance (efficiency, effectivity and impact indicators) of each network on each indicator in year 2020, “the objective information ”is derived through the following activities:

· Translation of the conceptual network designs into the actual GIS maps (Fig. 7.2)
· Assessment of the land use and environmental impacts of each network using GIS and surveys (the spatial components is presented in Appendix B – Section 6)
· Transportation modelling to assess the effectivity, efficiency and impacts of the designed networks at in 2020 using specific transportation model developed using Transcad software.

· Assessment of the land use and environmental impacts of each network using GIS analysis techniques.

Analysis of the performances of different networks on different criterion shows that there is no option that absolutely dominants the others.  In fact that was expected, as the designed networks should be compatible and comparable.  Therefore each of the alternatives have got their own positives and negatives, e.g. Loop-option is performing better than the others on construction costs, on linking centre with outer Klang valley, disturbing the neighbourhoods, noise disturbance to residents, schools and hospitals and passing through problematic areas. In the same way Radial-option is performing best in intrusion to historical, forest and conservation areas, access to disadvantaged areas, energy consumption, and speed, and for all the other indicators the Branch-option performs best. The related performance of the option on each indicator is graphically presented in the Appendix B, Section 2.  If only the technical relative importance of the criteria and indicators (relative importance of the criteria and indicators in contributing to the objectives of the study) are considered, meaning if all objectives have the same importance, then the Branch-option as shown in Fig. 7.3 will perform best. 
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Figure 7.3 - Overall Performance of Each Alternative For The Different Objectives

7.5.1 
Priority Assessment (subjective data)
The subjective information relates to the view and perception of various stakeholders on the related issues. This includes the relative importance of various objectives criteria and indicators presented in the criteria structure (Fig. 7.1, and Appendix B, Section 1), as seen by different stakeholders. To achieve these two groups of stakeholders were identified as follows:
· Those involved in planning, decision-making and political side of the process. These stakeholders were asked to make a judgments on the relative importance of the main objectives, e.g., economic, engineering, environmental, institutional and social objectives. This included: Several stakeholders, i.e. the Department of Town and Country Planning of the State of Selangor and the municipalities of Shah Alam, Selayang, Petaling Jaya, Ampang Jaya, Subang Jaya, Klang, and other members of technical and steering committees.

· Those involved in the technical side of process. These are mainly expert in various fields, which are able to make expert judgment on the relative importance of the technical indicators. e.g., the relative damages of various emission to the environment. This included the relative importance of all indicators (lowest level of the criteria structure), and the relative importance of the criteria (second level of the criteria structure).

The subjective information, which relates to the relative importance of objectives, criteria and indicators were then elucidated in a series of meeting of consultant with each stakeholder group using the structured pairwise comparison method3. In this process, relevant stakeholders were asked to make a judgments on the relative importance of the main objectives, e.g., economic, engineering, environmental, institutional and social objectives. In almost all cases appointed and government officials of the local authorities were involved in preference assessment exercises. The detailed process of weight elicitation is presented in Appendix B, Section 3. 

After completing the objective and subjective information the three networks were evaluated using an additive utility function.  As it can be seen in the effect table (Appendix B, Section 1, Table 1.1), the indicators used to measure the performance of each alternative have different units of measurement with varying magnitudes. Before any further processing they need to be put on the same scale (standardise), reflecting the partial attractiveness of each alternative networks. At the next step the standardised criteria scores “utilities” of the alternatives were aggregated into a composite index representing the overall attractiveness of each alternative network. 

7.5.2 Ranking of Alternative Options:
For each stakeholder, the objective and subjective information related to all three options were aggregated using a weighed linear utility function in the process of a Multi criteria evaluation. In this process the utility performance of each option on each indicator is combined with its relative priority (Appendix B, Section 3) and aggregated to derive the overall utility of each option. The 3 options were then evaluated from the perspectives of each stakeholder. The detailed results of evaluation from perspective each stakeholder is graphically presented in Appendix B, Section 4. However Fig. 7.4, graphically presents the comparison of all evaluation results as seen by different member of technical committee. 
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Figure 7.4 - Evaluation and Comparison of Results of the Various Groups 
involved in the Study

Comparisons of the overall performance of all alternatives from different perspectives:-

(In the graph MCA 1: Evaluation based on equal weight for the main objectives; MCA 2 Evaluation based on the perspective of DTCP Selangor; MCA 3 Evaluation based on the perspective of Shah Alam; MCA 4 Evaluation based on the perspective of Selayang; MCA 5  Evaluation based on the perspective of Petaling Jaya ; MCA 6, Evaluation based on the perspective of Ampang Jaya; MCA 7 Evaluation based on the perspective of Subang Jaya; MCA 8 Evaluation based on the perspective of Klang A; MCA 9, Evaluation based on the perspective of Klang B, Evaluation based on the perspectiv of Kuala Lumpur City Hall )


For Klang municipality two slightly different assessments were made due to different priorities expressed in the Klang assessment group. Consultants’ score assumes equal priority of the five main groups of objectives.

From Fig. 7.4 it can be concluded that the preferred option is the Branch-option. As this option in the opinion of all stakeholder in all objectives except environmental objective dominates the other one’s. In the same way the Radial-option is dominating the other 2 in the environmental objective.  The Radial-option performs close to the Branch-option, and in the opinion of all stakeholders it ranks number 2 with rather high overall utility, and the Loop-option although performs quite well on economic and engineering objectives it ranks last. 

7.5.3 Uncertainty and sensitivity Analysis:-
“Probability of Making the ‘Wrong’ Decision”
In order to study the stability and robustness of the ranking uncertainty and sensitivity analysis was carried out. This analysis was carried out to see the effect of the potential error which may exist in the estimation of the networks performances (objective information as presented in the effete table), and the subjective information representing the relative importance of the criteria and indicators as derived from experts and the relative importance of the objectives as derived from different stakeholders (decision makers; members of the technical committee). This included the following analysis:

· Uncertainty analysis, which assumes certain percentages of random error in estimation of the objective and subjective data, and then study the robustness of the ranking. In another words, assuming so much errors in the objective and subjective data do we still get the same ranking or not? 

· Sensitivity analysis, which tries to study the stability of the ranking with respect to the most important elements in the objective and subjective data. In another words, how much some elements in the subjective and objective information should change in order to change the ranking of the networks.

For uncertainty analysis of the “objective information” consultants have assessed an error margin, between 15-30% for different indicators as presented in (Appendix B, Section 3, Table 3.6). These error margins were used to perform Monte Carlo analysis for each stakeholder, whereby data scores were randomly varied within the error margins.  The results showed that even with those error margins still branch-option strongly dominates the other two options. More detailed results of uncertainty analysis is presented in Appendix B, Section 5, Fig. 5.1. Uncertainty analysis of the subjective data (priority of the main objectives) was carried out that also showed no change on the ranking. 

For sensitivity analysis the relative importance of the objectives as seen by each stakeholder were analysed. In this process for each stakeholder group, the most important objectives were selected and sensitivity of the ranking with respect to change in that priority “weight” was studied. The result showed robust ranking and no rank reversal in almost all the cases. This confirmed the superiority of the Branch-option to the other two options. The detailed analysis is presented in Appendix B, Section 5, Fig. 5.2.

7.6 
Conclusion and Recommendation

7.6.1 The value focused approach inherent in the Multiple Criteria Decision Analysis, was applied in this study. It helped in the design, evaluation, and improvement of the three alternative networks to meet the overall development trends and pattern of people movement in the Klang Valley region to Year 2020. 
7.6.2 Most importantly, MCDM served as a forum for discussion, negotiation and exchange of knowledge in the final selection of the rail-network option. The final selected network was seen to be the closest, to achieving the stated economic, engineering, environmental, institutional and social objectives as ranked by the relevant municipalities, town planning authorities and related experts (major stakeholders). 
7.6.3 The key result of this process was that the Branch Option was judged to be the most effective and efficient option in meeting the future needs and requirements of the region with least negative impacts on the environment.

7.6.4 It was therefore, recommended that the Branch Option be further developed in terms of detailed analysis and adjustment. The adjustments to be undertaken were to be based on further feedback from the Local Councils and other stakeholders. 
7.6.5 The refinement of the Branch Option was to be developed in a manner that local and regional concerns were addressed, and for the stated objectives to be maximised.
1 The value-focuses approach, considers the values as the fundamental element in the decision analysis. It first focuses on the specification of values (value structure), then considering the values feasible options are developed and evaluated based on the predefined value structure. This implies that decision alternatives should be generated in such a way that values specified for a decision situation are best achieved. 


2 The specification of these networks are presented  in Chapter 6.


3 This was especially devised and applied in this study
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