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Abstract

The selection of highway alignment without explicit consideration of the interests and
preferences of stakeholders is a major recipe for conflicts and opposition in highway
projects. Given the complex and dynamic nature of the highway alignment decision
atmosphere, a dynamic framework is imperative. This research evaluated three multi-
criteria decision methods (MCDMs), identified the optimal combination and proposed
a highway alignment decision support framework which embraces the preferences of
stakeholders. The proposed framework was validated using a controversial ongoing
mega highway project from the China Pakistan Economic Corridor (CPEC). Thus, the
study makes a useful contribution to the praxis and practice of the highway alignment
decision-making process.
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1. Introduction

The roads and highway sector within the construction industry is a driver of economic
growth and trade. However, highway projects are associated with a higher ecological
footprint and require optimal alignment to generate sustainability benefits (Cabot et al.
2009). Optimal highway alignment selection is a complex and challenging undertaking
which is susceptible to conflicts and controversies during the planning stages of a project
(Zhou, Cui, and Wang 2012). The process becomes increasingly complicated amid
political and public pressure and the increasing requirement to adopt sustainable practices,
especially stakeholder interest in highway alignment selection. These complex
requirements and challenges are quite evident in mega-highway projects, such as the
Western bypass route (Route 29, USA), Finland—Czech Republic International Corridor
(Europe), Moscow—Saint Petersburg Toll Road (Russia), Nelson Southern Link (New
Zealand), Villa Tunari-San Ignacio de Moxos highway (Bolivia), and China—Pakistan
Economic Corridor (CPEC). The opposition and dissatisfaction of stakeholders
significantly compromised the actual implementation of these projects (Doyle 2016; Jowit
2009; World Highways 2010; Bartlett 2017; Grupo 2013; CMPRU 2015), which resulted
in frequent realignment, delay in completion, and budget escalation.

Given the complex and dynamic environment associated with highway alignment
decisions, a comprehensive and sustainable decision support framework embracing the
unique objectives and value systems of the disparate stakeholders is imperative. However,
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the successful development of such decision support demands the use of non-traditional
assessment methods, owing to the need to consider non-quantifiable attributes (e.g., land
use, environmental, political, and social aspects) in arriving at sustainable highway
alignment decisions (Farkas 2014). Multi-criteria decision analysis (MCDA), synonymous
with the multi-criteria decision method (MCDM), can assist in logically identifying and
structuring objectives while allowing trade-offs and balancing risks. Muqing (2015)
believed that MCDA generates transparency in the decision-making process and provides
a framework for incorporating the disparate interests of multi-stakeholders. In particular,
for transport infrastructure projects, MCDA is reported as the most suitable and appropriate
tool to address the complexity of the decision problem, owing to its ability to assess several
alternatives on multiple and conflicting criteria to achieve an optimal and sustainable
solution (Aydin and Kahraman 2014; Farooq et al. 2018, 2019; Doyle 2016; Ivanovic et
al. 2013).

There are several established MCDA methods used in meeting diverse decisionmaking
requirements and environments. Primary differences emanate from the required
information, methodology, convenience, usability of sensitivity tool, and mathematical
evaluation (Zavadskas and Turskis 2011). However, each method has its own merits and
de-merits and may be appropriate for specific selection tasks (Dangana 2015). Thus,
existing studies have deployed MCDA methods to address the complexity of the optimal
highway route selection. Lisboa and Waisman (2006) used the analytic hierarchy process
(AHP) and geographic information system (GIS) for highway alignment selection. Ramani
et al. (2011) developed a performance-based approach using multiattribute utility theory
(MAUT); Ivanovic et al. (2013) adopted the analytic network process (ANP); C,alis kan
(2013) proposed a GIS-based MCDA (AHP) and RoadEng technique for optimal road
network planning in Turkey. Yakar and Celik (2014) used a three-stage MCDM by
integrating AHP and GIS; Mohd, Che Puan Othman, and Sajjad (2015) adopted GIS and
AHP; Ruiz et al. (2016) used Elimination et Choix traduisant la realite (ELECTRE) and
TOPSIS; C,alis kan (2017) integrated GIS with spatial MCDM techniques using TOPSIS
for the planning of an envoirnmentaly sound forest route alignment; and Farooq et al.
(2019) employed AHP amd Preference Ranking Organization Method for Enrichment
Evaluations (PROMETHEE 1), to determine optimal alignment. Some studies have also
approached the highway alignment selection process by integrating GIS with other
techniques, such as genetic algorithm, criteria map analysis, surface cost analysis, and least
cost path method (Kalamaras et al. 2000; Jha 2003; Maji and Jha 2009; Kang et al. 2012;
Bosurgi, Pellegrino, and Sollazzo 2013; Subramani and Pari 2015; Singh and Singh 2017).
Although these methods offer useful decision support in selecting highway routes, the
increasing waves of public dissatisfaction, conflicts, and frequent re-alignments raise some
relevant concerns about the highway alignment decision-making trajectory. Thus, it is
imperative to revisit and rethink a tenable and sustainable highway alignment decision
support framework embracing the variant preferences of stakeholders. This can be
achieved through the identification of a combination of MCDA methods which could meet
such complex decision requirements. Sarul and Eren (2016) argued that integrating MCDA
methods can support dynamic and efficacious highway alignment decision-making.
Consistent with this assertion, Supc,iller and C,apraz (2011) combined AHP and TOPSIS
in selecting a supplier for a company based on multiple criteria. Similarly, Freitas et al.
(2013) combined AHP and MAUT in selecting the best supplier for an industrial company,
and Boutkhoum et al. (2017) combined fuzzy AHP and TOPSIS framework to manage
large data projects. Alshamrani, Alshibani, and Alogaili (2018) combined AHP and MAUT
in selecting a lighting system in residential buildings. Recently, C, alis kan, Bediroglu, and
Yildirim (2019) proposed a decision support system FOROR (Forest Road Route) by



integrating GIS with several MCDM techniques, including AHP, Simple Additive
Weighting (SAW), Fuzzy Overlay, PROMETHEE and TOPSIS to determine an optimal
forest road. These highlight the promises and advantages of combining MCDA methods
over a single MCDA method in complex decision-making processes. However, it is unclear
which combinations of these MCDA methods could engender a sustainable solution to
highway alignment decision-making. To fix this relevant puzzle, the following research
questions demand critical consideration:

RQ1. Which highway alignment selection approach offers a comprehensive and sustainable
solution?

RQ2. What are the best MCDA methods (including their strengths and limitations) that can be
integrated for optimal highway alignment selection?

RQ3. Which MCDA combination can support sustainable highway alignment decisionmaking,
embracing the variant preferences of stakeholders?

The proposed sustainable highway alignment decision support framework is aimed to
integrate the strengths of the distinct MCDA methods, with the ability to accept diverse
input information, preferences of decision-makers and distinct criteria. This will generate
the most viable MCDA combination which could improve optimal highway alignment
selection. The remainder of this paper is organized as follows: Section 2 offers a brief
literature review of the study, and Section 3 explains the proposed framework and
methodology. Section 4 explains the results from the case study and discusses their
implications. Section 5 provides conclusions drawn from this study.

1.1. Point of departure

The literature analysis highlighted a considerable reliance on spatial tools (e.g. GIS) in
generating and selecting alternative highway alignment options drawing on geographic,
economic, environmental, and social criteria and constraints (Jha, McCall, and Schonfeld
2001; Singh and Singh 2017; Sadasivuni, Rodrigo, and Dumas 2009). Additionally, the
use of MCDA methods in existing treaties has been limited to the derivation of the relative
importance of the criteria and quantification of performance measures (Ramani et al.
2011). Thus, the resulting decision frameworks offered limited involvement of
stakeholders and little consideration of their preferences during the decision-making
process. Moreover, the choice of the selection criteria was generally limited to basic
definable parameters of geography, cost, environment, and social constraints (Eason et al.
2011; Effat and Hassan 2013; Kalamaras et al. 2000). These do not constitute sufficient
information for decision-makers in evaluating available highway alignment options. This
study seeks to address these deficiencies through the evaluation and identification of the
best combination of MCDA methods which could be leveraged to provide an improved
highway alignment decision-making process. Considering the limited application of
integrated MCDA methods in the construction industry, a mega-highway project
constitutes a real-life case used to validate the framework. The selected case study
(highway project) is situated within the China-Pakistan Economic Corridor (CPEC) and
has also experienced controversies on its alignment, thus offering greater opportunities for
investigating the applicability of the framework.



2. Research background
2.1. Highway alignment, selection approach and the significance of MCDA

A highway refers to any public or private road, or other public way on land, whereas a
highway alignment basically refers to the position of the centre line on the highway in the
ground. The selection of a highway route alignment within a corridor after finalizing a
candidate project during transportation planning is a daunting task (Hong-Zhi, Li-Pin, and
Jin-Liang 2011; Yakar and Celik 2014). Zhou, Cui, and Wang (2012) noted that errors in
highway alignment decision-making led to cost escalation, higher uncertainty, geological
hazards, environmental issues, and community disintegration. Similarly, Naderpajouh and
Hastak (2014) found that overlooking emergent dynamics in planning for an optimal route
triggers budget and schedule overruns, unexpected conflicts, project re-negotiations, and
even its failure. Existing studies have highlighted critical considerations in highway
alignment. For instance, Wideman (2004) recommends the explicit consideration of
cultural, organizational, and social environments of highway projects in the alignment
selection decision-making. URS (2012) endorses the consideration of environmental
sustainability, viable design, and community connectedness in optimal highway route
selection. Gardziejczyk and Zabicki (2014) emphasised the need to embrace variant
stakeholder preferences, community concerns and environmental protection in road
alignment decisions. The need to consider conflicting interests and manifold factors render
the highway alignment decision-making process complex and full of uncertainties, which
are recipes for dynamic changes and nonstructural problems (Zhou, Cui, and Wang 2012).
The complexity associated with highway alignment emanates from its direct influence on
public policy concerns, such as economic development, environmental resource
consumption, urban growth, land use, safety and social equity (FHWA 2007). This
signifies the need for an improved decision support framework during the planning stages
to facilitate optimal highway alignment selection (Wang 2002).

Due to the complexity associated with the selection of an optimal highway route, the
alignment selection process is often divided into distinct manageable stages. Belton and
Stewart (2002) proposed three stages involving goal setting, alternative and criteria
selection, and evaluation and final plan development. Similarly, Martin (2003) proposed a
five-stage planning process involving project goals and objective definition, criteria
selection, alternative generation and evaluation, and final selection from among the
preferred alternatives or groups of alternatives. Meyer (2016) proposed a selection
methodology based on the I-11 international corridor selection study which had two
distinct screening levels. Level 1 involves selecting evaluation criteria, generating and
screening a universe of alternatives into a manageable set of choices for final selection.
Level 2 involves screening of the alternatives to select the most optimal options.

The selection of an optimal variant is an arduous and complex task (Gardziejezyk and
Zabicki 2014). This involves multi-criteria decision-making analysis (MCDA). MCDA is
the most efficient, flexible, and utilitarian method which allows for the selection of an
optimal alignment option based on various alternatives, distinct assessment criteria and the
multiple value systems of involved stakeholders (Kalamaras et al. 2000; Luca, Dell’ Acqua,
and Lamberti 2012). They offer the foundation and procedures for achieving a conjoined
solution and have the peculiarity of placing the decision-maker at the heart of the process
(Triantaphyllou 2013). These methods are nonautomatable but can incorporate subjective
information that may offer distinct outcomes to diverse decision-makers (Gass and
Rapcsak 2004). However, MCDA methods may incorporate varied criteria that
occasionally contradict one another, which can complicate the decision-making process.
This often results from manifold possible competing alternatives, multiple and intangible



objectives, diversity of interest groups, uncertainties related to political influence on the
selection process, and lack of quantitative measures of criteria impact (Farkas 2009;
Eldrandaly, Eldin, and Sui 2003). Therefore, it is imperative to identify a combination of
the MCDA method(s), which can explicitly incorporate the preferences and attitudes of
stakeholders into the highway alignment selection process. The achievement of this
optimal selection method requires a comparative analysis of the MCDAs.

2.2. MCDA methods — fuzzy AHP, fuzzy TOPSIS and MAUT

Optimal highway alignment options are the closest to the ideal one based on multiple
criteria and represent the most feasible choice to follow and implement (Opricovic 1998).
MCDA methods can provide an optimal solution by integrating quantifiable measures
together with subjective and qualitative opinions and interests of involved stakeholders on
the alternatives and associated criteria during the evaluation process (Linkov et al. 2004;
Reynolds 2014). However, each MCDA comes with its unique merits and demerits. Thus,
the present study examined combinations of fuzzy AHP, fuzzy TOPSIS, and MAUT
MCDA methods, considering the profound utility and relevance to the highway planning
process.

AHP offers a hierarchical structure that defines the goal or given problem, alternatives,
criteria, and criterion at multilevel. It compares the alternatives based on the preferences
of decision-maker(s) drawing on the weight of each criterion (Saaty, T.L 1980; Linkov et
al. 2004). These weights are calculated using pair-wise comparison with a scale from one
to nine for quantifying subjective judgments (Contreras et al. 2008). It adopts a systematic
procedure to examine the consistency of judgment of evaluators in MCDA (Pohekar and
Ramachandran 2004). AHP is preferred to several available MCDA methods because it
can effectively accommodate the subjective judgement of decision-makers in pair-wise
comparison of distinct criteria and competing alternatives (Handfield et al. 2002; Huang,
Keisler, and Linkov 2011). AHP is highly recommended in a decision environment limited
to a fixed number of criteria or alternatives (Velasquez and Hester 2013). However, AHP
is associated with manifold computations and exceptional intricacies owing to expansion
or erasure of criteria and, thus, its applicability is limited in a complex decision-making
environment (Karthikeyan, Venkatesan, and Chandrasekar 2016; Frank et al. 2013).

TOPSIS generates two artificial alternatives - the ideal best and the ideal worst
solutions. It seeks alternatives that offer the least distance from the ideal solution by
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Figure 1.  Utility curves showing preferences and risk attitudes of decision-makers.

maximizing the benefit criteria and farthest from the most disadvantageous option by
minimizing the cost criteria (Kabir, Sadiq, and Tesfamariam 2014; Lokare and Jadhav



2016; Madi, Garibaldi, and Wagner 2016). TOPSIS offers an objective and systematic
evaluation of the alternatives on multiple criteria. It requires limited subjective judgments
from decision-makers, which allows for quick selection of the best alternative (Sodhi and
Prabhakar 2012; Vinodh, Prasanna, and Prakash 2014). TOPSIS offers higher flexibility
over other methods because it is easier to programme and incorporate unlimited
alternatives and criteria into the decision-making process. However, it uses crisp
information, which may not always be practicable (Madi, Garibaldi, and Wagner 2016).
Furthermore, it disregards the correlation of the attribute and present difficulty in attribute
weightings and maintaining the consistency of the judgment (Velasquez and Hester 2013).

MAUT is an MCDA method that incorporates multiple perspectives and evaluations
into the decision-making process (Linkov et al. 2004). It deploys a utility function to
express the preferences of decision-makers. These preferences specify their attitudes (e.g.
risk attitude) toward the decision under consideration (Arif 2013). The utility function
defined by the risk attitude of decision makers presents their risk-seeking (convex), risk-
averse (concave), and risk-neutral (linear) behaviours in the decisions (Liu and Clemen
1992). These three possible risk attitudes are shown in Figure 1. Like AHP, MAUT also
breaks down the problem into appropriate hierarchies to facilitate understanding (Doczy
2014). MAUT offers a few advantages over other optimization approaches. MAUT is easy
to implement, offers flexibility to integrate with other MCDA methods and has the ability
to quantify and incorporate risk attitudes and uncertainties within the preferences of
decision-makers (Wu et al. 2012). However, MAUT also has some pitfalls, such as its
subjectivity, data intensiveness, need for considerable accuracy while recording the
preferences of decision-makers at each stage, and heavy reliance on the knowledge and
expertise of evaluators (Velasquez and Hester 2013).

Several realities render the sole reliance on each of the MCDA methods impractical.
Studies (e.g. Doczy and Abdel Razig 2017; Taylan et al. 2014; Vinodh, Prasanna, and
Prakash 2014) have justified that a combination of MCDA methods in a decisionmaking
process maximizes the advantages of each adopted technique and minimizes their
limitations. However, the vagueness and imprecision in human judgments may not reflect
their preferences accurately in numerical forms (Kahraman 2008) which may complicate
the use of the traditional MCDA methods such as AHP, TOPSIS and
Table 1. Integrated MCDA methods applied in distinct decision contexts.

MCDA method Decision context References

AHP . . . .

Fuzzy AHP Selecting the suitable bridge construction
method Pan (2008)

Fuzzy AHP Risk assessment of international Chen and Wang (2009)
construction projects

Fuzzy AHP Risk assessment for metropolitan Kuo and Lu (2013)
construction projects

Fuzzy AHP Stakeholder salience for corporate social Poplawska et al. (2015)
responsibility

Fuzzy AHP Prioritization of pavement Babashamsi et al. (2016)
maintenance activities

AHP-MAUT

AHP-MAUT Wireless technologies selection Ghanem (2007)

AHP-MAUT Selection of suppliers Freitas et al. (2013)

AHP-MAUT Gender inequality index development Sarul and Eren (2016)

AHP-MAUT Green-building alternatives Doczy and Abdel Razig (2017)



AHP-MAUT Selection of lighting system Alshamrani, Alshibani,

and Alogaili (2018)
AHP-TOPSIS
AHP-TOPSIS Supplier selection Supc,iller and C,apraz (2011)
AHP-TOPSIS Selecting team members Zolfani and
Antucheviciene (2012)
AHP-TOPSIS Best course selection after HSC Lokare and Jadhav (2016)
Fuzzy AHP-TOPSIS  Construction projects selection Taylan et al. (2014)
Fuzzy AHP-TOPSIS Selection of best plastic recycling Vinodh, Prasanna,
method and Prakash (2014)
Fuzzy AHP-TOPSIS = Human resource manager selection Kusumawardani and
Agintiara (2015)
Fuzzy AHP-TOPSIS Selection of contractors for the Roudini (2015)
gas company
Fuzzy AHP-TOPSIS = Managing big data projects Boutkhoum et al. (2017)

MAUT to arrive at the optimal solution. It is found that integrating distinct MCDA methods
into fuzzy set theory can proffer accurate, efficacious, and extensively acceptable decisions
(Soltani et al. 2015; Sarul and Eren 2016). Zadeh (1965) proposed a fuzzy set theory that
allows systematic reasoning with vague and uncertain values. These sets represent the
linguistic terms numerically to subdue vague subjective judgments (Kuo and Lu 2013;
Sadiq, Kleiner, and Rajani 2004; Carr and Tah 2001). The ability of fuzzy set theory to
make an objective assessment of the imprecise and subjective opinions of decision-makers,
provides a tenable justification for its increasing adoption in MCDAs (Madi, Garibaldi,
and Wagner 2016). However, the complexity associated with fuzzy set theory limits its use
(Velasquez and Hester 2013). Table 1 summarizes existing treaties which integrated
MCDA methods and fuzzy set theory in other research disciplines for decision-making.

Similarly, this study argues that the complexity and dynamic environment of the
highway route alignment selection process require adopting the optimal possible
combination of MCDA methods that can incorporate stakeholder preferences to determine
the optimal decision. However, comparative evaluation and identification of the optimal
combination of MCDA in highway alignment selection decision-making are not well-
established. Therefore, this research evaluates a combination of fuzzy AHP, MAUT, and
TOPSIS to propose the optimal combination which can accommodate the dynamic and
complex environment of the highway alignment decision-making process. The proposed
decision support framework is validated on the highway section of the CPEC; an ongoing
project which has suffered disputes and controversies on alignment selection during its
planning and execution stages. Thus, it is an ideal candidate project for implementing and
validating the proposed framework.

3. Research methods and approach

This study proposes the highway alignment selection process in two phases, similar to the
approach used by Meyer (2016) on the I-11 international corridor selection. The first part
is the semi-autonomous phase named as Technical Evaluation, which generates an output
of the top 3—4 choices of alternatives among several available alternatives, subject to pre-
determined policy governed sets of criteria and constraints for any highway projects that
utilize selected tools, such as GIS and least cost path method. The second part is the most
critical and significant phase for decision-making, named Performance Evaluation. This



phase involves key stakeholders in the decision-making process (key stakeholders’
selection and engagement relationships have been elucidated in previous research). The
second phase is further divided into four stages to arrive at the project goal of selecting
optimal highway alignment. These stages include identification of the decision-makers and
their engagement in the decision-making process, selection of criteria/sub-criteria,
selection of the MCDM method, and evaluation of the alternatives from Phase-I (see Figure
2). This stage is similar to the first phase; however, the alternatives, criteria, MCDM
methods, and decision-makers are explicit and sensitive to the project in a dynamic
decision environment.
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Figure 2. Highway alignment selection approach (steps).
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Figure 3.  Research framework for the optimal highway.

3.1. Conceptual framework

The proposed research framework incorporates the five steps into a workable structure with
the flexibility to encompass three integrated MCDA methods as per the decisionmaking



requirements and environment. The framework demonstrated in Figure 3 is applied to the
case selected for the present study and, thus, structured accordingly. The Phase-I of the
selection process provides top-ranked alternatives for further evaluation and final selection
by the decision-makers. The evaluation criteria for Phase-II are selected to be relevant and
significant to the candidate project for decision-making by key stakeholders/experts. The
relative importance and weights of the criteria and subcriteria have been determined
through fuzzy AHP. These weights are further used with fuzzy AHP, MAUT, and fuzzy
TOPSIS for alternative evaluation and final selection.

3.2.  Criteria weight with fuzzy AHP

The fuzzy AHP is used to develop the preference weighting of the criteria. The relative
importance of each criterion has been determined after developing the functional hierarchy
of the problem (Saaty, R.W. 1980). The preferences are stated using natural language or
the numeric values followed by triangular fuzzy numbers (TFN) to operate the pairwise
numeric into a matrix (G€ung€or, Serhadlioglu, and Kesen 2009). The steps are
enumerated below:

Step-1: Build a functional hierarchy. The hierarchy is built with goals, criteria, subcriteria,
and alternatives in multi-layers.

Step-2: Construct a fuzzy pairwise comparison matrix. This study uses TFN to construct
the pairwise comparison, considering its simplicity and ability to overcome the subjective
and imprecise nature of an input (Vinodh, Prasanna, and Prakash 2014). TFN is signified
with three parameters (1, m, u), which represent the lowest, most promising, and largest
possible values, respectively (Roudini 2015). The membership function Iy xs p of the TFN
is defined through the TFN scale from one

Hm (x

0 l m u X

Figure 4. Membership functions of the triangular numbers.

Table 2. Linguistic variables and TFN scale (fuzzy AHP).

Linguistic Linguistic Triangular Triangular fuzzy
code variables fuzzy scale reciprocal scale
Ml - Equal (1,1,1) (1,1,1)

M2 - Moderate (2,3,4) (1/4,1/3,1/2)
M3 - Strong (4,5,6) (1/6,1/5,1/4)
M4 - Very strong (6,7,8) (1/8,1/7,1/6)

M5 - Extremely strong 9,9,9) (1/9,1/9,1/9)




(1) to nine (9) using three TFN parameters (I, m, u) and linguistic terms dM;P, as
presented in Figure 4 and Table 2 (the diagrammatic explanation is given at A2 in the

appendix [online supplementary material]).

1M x5 <8 3" xP=3ump, otherwisem x u (1) 8xlp=6mlp,

I x m,
:0

where 1 m u; LLu, m correspond to the lower, upper, and middle values of M;; these values

are governed by the two main operational laws for TFNs, namely, M; and M, as mentioned
by Bohlender, Kaufmann, and Gupta (1986).

1,
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Where a;; a;; 1 and aj; ffi wi=wj, 1, % 1,2,3,::1, n

Step-3: Define fuzzy geometric mean. The fuzzy geometric mean r;is calculated for each
criterion using Equation (2) (Buckley 1985; Pehlivan and Paksoy 2017).

Ti % dail ail i ainPl=n “)

Step-4: Calculate fuzzy weight dw;b for each criterion dib:

wikaridripr2p i pmbi (5)

where, 1y % 61y, my, wP and 8r b' % §1=uy, 1=my, 1=l p
Step-5: Defuzzify fuzzy weights. The fuzzy weights are defuzzified using the centre of
area (CoA) methods and are normalized to obtain the local and global weights, as follows:

wi % 8l p m; p uip=3 (6)

Step-6: Check judgmental inconsistency. The consistency index and consistency ratio (CR)
are determined using Equations (7) and (8) to ensure that the judgments made in pairwise
comparison are consistent and logical. For this purpose, the comparison matrix is
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defuzzified to obtain crisp matrices, which are then used for checking consistency
(Kwong and Bai 2003; Tzeng and Huang 2011).

kmaxn

Cl% ;U7n 1

cl
CRY%&P, (8) RIn

if CR < 0.1 ! Consistent and acceptable, otherwise repeat the pairwise comparison, where:

kmax : Highest eigenvalue in the comparison matrix n : Dimension
of the matrix (depends on the number of criteria) RInd b :
Random index that depends on n (given in Table 3)

3.3. Alternatives evaluation

3.3.1. Integrated MCDA-I: Fuzzy AHP-AHP

The fuzzy AHP is used to evaluate each alternative through pairwise comparison with
respect to each criteria/sub-criteria by following the procedure explained for criterion

weight determination. The relative weight of the criterion assessed using the Fuzzy AHP
is integrated to evaluate and rank the alternatives.

Table 3. Random index (RI).

n 3 4 5 6 7 8 9

RIngp 0.58 0.9 1.12 1.24 132 1.41 1.45

3.3.2. Integrated MCDA-II: Fuzzy AHP-TOPSIS

TOPSIS allows the selection of an alternative using a performance value that is closest to
the ideal best solution and farthest from the ideal worst solution, as shown in Figure 5. The
criteria/sub-criteria weights are derived using fuzzy AHP and integrated into fuzzy
TOPSIS to determine the performance value. In the present study, TFN is used in fuzzy
TOPSIS computations, as previously applied by Kusumawardani and Agintiara (2015) in
their research. The calculation steps are enumerated below.

Step-1: Use of Criteria weight through Fuzzy AHP. The criteria/sub-criteria weight
computed through Fuzzy AHP was used.

Step-2: Development of fuzzy comparison matrix. The comparison matrix has been
developed using the membership function of the selected linguistic scale obtained
through the judgments of the decision-makers for each alternative and the corresponding
criterion (Kusumawardani and Agintiara 2015; NAd Aban, Dzitac, and Dzitac 2016;
Vinodh, Prasanna, and Prakash 2014). The scale used is listed in Table 4.

Step-3: Development of fuzzy combined decision matrix. The combined fuzzy ratings

Xij % Oa;;, bij, cij P of the i alternative w.r.t j'" criterion were obtained as follows
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Step-3: Development of defuzzified weighted normalized combined decision matrix. The
combined decision matrix is defuzzified to a crisp value (y) matrix using the weighted
average defuzzification method applied by Ross (2010) and Poplawska

et al. (2015). The matrix is normalized (X;b, and the weighted normalized matrix (V; b

is obtained using criteria weights (W; P derived using fuzzy AHP.
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Figure 5. Ideal best and ideal worst solutions of alternatives using fuzzy TOPSIS (adapted from
Chamodrakas and Martakos 2012).
Table 4. Linguistic variables and TEN scale (fuzzy TOPSIS).

Linguistic Linguistic Triangular Triangular fuzzy
code variables fuzzy scale reciprocal scale
N1 - Very low (1,1,3) (1/3,1,1)
N2 - Low (1,3,5) (1/5,1/3,1)
N3 - Moderate (3,5,7) (1/7,1/5,1/3)
N4 - High (5,7,9) (1/9,1/7,1/5)
N5 - Very high (7,9,9) (1/9,1/9,1/7)

Step-4: Calculation of the ideal best (VPP and ideal worst (Vb values (governed by cost

and benefit criteria)

VP Py VP iz, VP where VP Y maxi fviig; (12)



V% vi, vy, vy ,where vi % mini fviig; (13)

Step-5: Calculation of Euclidean distance from the ideal best (S; P solutions P, b and

ideal worst (S

u
Sib% vut  ffiffiffiffiffiffitfiffirfitfiffitfifitfitfiefirfirfiffiitfiefitfiffirfiffififrifirfiefiefiffiX 1 6V

Vipp? ffi,where j % 1,23 ::::im (14)

u
Si% vut  fiffiffiffiffiffiffitfi ittt rfirfirrifirfiefitfitfitfirfiffi i i rirrirfirfirfirfieeix; 1 oV

Vib*ffi,where j % 1,23 :::::m (15)

Step-6: Calculation of performance score (P;p and ranking preference. The performance
score provides the relative proximity with the ideal best solution and ranking of the

candidate alternatives for final selection by the decision-makers.

Si

P%5_____ SppShm (16)

3.3.3. Integrated MCDA-III: Fuzzy AHP-MAUT

MAUT uses the utility function to determine the degree of liking or preference and captures
the risk attitude of the decision-makers for competing alternatives. This method entails
determining the least and the highest values of each criterion or attribute. The least
preferred value (LPV) and most preferred values (MPV) are assigned with the utility score
of U;% 0 and Uy % 1, respectively. Experts identify the preferred middle value between
LPV and MPV assigned with the utility value of Uy:;s % 0:5: Thereafter, they select the
preferred mid-value between U; Ug.s % Uyp.os and Ug.s Up % Ug.7s: The five values are used to
plot the utility value function duy;p graph using Microsoft Excel, as displayed in Figure 1.

The utility value of each criterion is determined using the performance value in the
utility value function equation. After calculating all utility values, the overall project utility,
also called overall project or alternative weighted utility performancedPA;p, can be
determined by combining the global weights of each criterion from fuzzy AHP and the
utility values from MAUT. Equation (17) defines the process.



PA; % X wgi udyib, where i % 1,2,3,:::5:m, (17)

%l

The alternative with the highest utility value is considered the most suitable option to
receive key stakeholders’ preferences.

4. Case study

To examine the applicability of the proposed framework, a core highway section of the
CPEC was selected as a candidate project for the case study. The selected part of the road
spans from Koliya to Besham City. The project provides significant value to the CPEC
belt because all three parallel highways that originate from Gwadar Port at the Arabian Sea
merge short of the starting point (Koliya) of the selected section (NHA 2014). From
Koliya, only one major highway will link China through several bridges and tunnels in the
rugged hilly terrain of the Karakorum Range. Our selected case study area commences at
Koliya and terminates at Besham City. According to NHA (2019), from Koliya to Burhan
is 41km; from Burhan to Havelian is 59km; from Havelian to Thakot is 120km; and from
Thakot to Besham City is 27km. Effectively, the existing road N35 known as Karakorum
Highway from Koliya to Besham City (endpoint of the selected section) is approximately
250km. The expected high volume of traffic due to its connectivity to other corridors of
the Belt and Road Initiative, a saturation of existing capacity, and rapidly increasing
urbanization require the construction of a separate highway in addition to the existing N35.
Three alignment alternatives (Al, A2, and A3) were selected for this study based on a
detailed discussion with experts. Among the selected alternatives, one has already been
finalized, and construction is underway. However, the comparison helps in examining the
efficacy of the already selected alignment. The data for the alternatives were collected from
the concerned department and project reports. Nevertheless, considering the sensitivity of
the project, certain data were not disclosed by the concerned authorities. Thus, these were
estimated by the experts involved in validating the proposed framework. The layout and
characteristics of the alignment alternatives and existing highway (N35) are displayed in
Figure 6 and Table 5

4.1. Criteria selection

This study proposed an alignment selection in two phases. The first phase already assumed
that a set of standard policies governed the constraints and criteria to sift various
alternatives generated using spatial tools. The second phase is considered critical because
it involved key stakeholders. This phase required selecting the criteria that are significant
to the overall transportation plan, supporting regional connectivity, and



il Alignment Alternatives Route Lengt
/ (approx.) Cost* (approx.)
4 Alternative-1 A265Kms (215 Kms) $1521M
fl Alternative-2 242 Kms $1708 M
| Alternative-3 210Kms $1482M

{| * 1USD =140 PKR; A50 Kms on the existing motorway (M3) thereforeconstruction
length 215Kms
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o 10 20 40 60 80 E ") o Existing Road

Figure 6.  Layout of the alignment alternatives and existing highway.

offering environmental friendliness. Moreover, it could furnish social and business benefits
to the community. Therefore, the criteria and their measurement selected at this stage were
determined by a detailed literature survey and experts’ opinion. These

Table 5. Characteristics of the selected alternatives.

Alignment Route Length Construction

Alternatives approx. Cost (approx.
Control Points (approx.) (approx.)




Koliya-Ambar-Swabi-Kernal Sher $1,521 M

Alzir?f )t ive-1 inj[ercl}ange - Mingora - Khuazakela — (226 15 SI;H;?S)
alipuri- Serai- Besham
Alternative-2 ~ Koliya — Hassan Abdal — Shahyya — 242 Kms $1,708 M
(A-2) Kag — Soha — Darband — Bihar — Gul
Dheri — Thakot -Besham
Alternative-3  Koliya — Havelian —Keralala — Dheangri — 210 Kms $1,482M
(A-3) Hathimera — Bajna — Icherrian —
Bhogarmang — Khabanda — Kandar —
Thakot — Besham
Notes: 1 USD % 140 PKR (2016); 50 Kms on the existing motorway (M3) therefore construction
length 215Kms.

criteria are deemed significant to the critical stage of decision-making, considering the
project environment and requirements. A total of 21 criteria clustered under 5 criteria
groups, namely, engineering, economics, environment, social, and risks, were selected.
The existing literature has offered limited use of risk as a criterion in decision-making. The
major reason might be to avoid duplication given the overall project risk management plan
and use of a single stage alignment selection process. However, the efficacy of the project
risk management plan was assumed to depend primarily on the final selected alignment;
thus, its early integration into the decision-making during the planning stage can be
beneficial (Yakar and Celik 2014; Zafar et al. 2019; Zafar, Yousaf, and Ahmed 2016).
Therefore, after necessary consultation with experts, the risk was selected as one of the
criteria and used in the performance evaluation phase. Table 6 is a brief description of the
key decision criteria and sub-criteria for the candidate project.

4.2. Data collection, analysis, and evaluation
4.2.1. Data collection

The primary data were collected using a stratified sampling technique through a
questionnaire survey. The stratified sampling technique was used because several different
groups of stakeholders are involved in the highway alignment decision problem and there
was also the need to allow for equal chances of selection. The stratified random sampling
technique provides a framework and legitimacy meeting these two requirements. The
survey was conducted through a briefing seminar to key stakeholders and professional
experts from the industry. The questionnaire was tested through a pilot study before
conducting seminars to ascertain its research efficacy. The pilot study involved four
experts comprising two senior project managers, one consultant, and a senior professor
from academia. The final version of the questionnaire was improved as per the suggestions
of the experts. The scope of the present study involved an executive decision-making team
that includes, but is not limited to, the existing routine highway alignment selection group.
Fourteen key stakeholders with more than fifteen years of professional experience,
including two project directors, three senior project managers, three consultants, one
environmentalist, one political representative, two experts from regulatory departments
and two senior professors from academia
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participated

this study, the proposed framework, and the case study project. The data were collected in

two long briefing and evaluation sessions with these experts. The preliminary data analysis



was conducted during the session. The results, including any inconsistency in judgments,
were shared with the participants and revised.

4.2.2. Analysis and evaluation

The hierarchical layout of the decision-making process was articulated before a detailed
data analysis. The local and global weights and relative ranking for criteria and sub-criteria
were computed through pairwise comparison using fuzzy AHP. To ensure the subjective
consistency of the pairwise comparison, the CR for each criterion/sub-criterion was
computed using the methodology applied by Kwong and Bai (2003) in their research. Any
inconsistency was referred back to the respondents for review and re-submission. As an
example, the value of consistency check for engineering criteria (C1) is given below. The
detail of the calculation for all fourteen decisionmakers is given in the appendix [online
supplementary material] to give readers a better understanding.

CI. 0:.014
Y% % 0:027 0:10; 60kb

Consistency Ratio dCRP %
R:I:  0:52

The CR value that is less than 0.10 confirmed that the consistency of the decision
makers is satisfactory. Therefore, no further re-evaluation was required. However, if the
CR value exceeds 0.10, a revision of judgment may be necessary (Farooq et al. 2018).
Similarly, all criteria were checked for inconsistency. The local and global criteria weights
and their relative ranking are summarized in Table 6. These weights were further used with
fuzzy AHP, fuzzy TOPSIS, and MAUT to conduct an integrated MCDA analysis.

Among the criteria groups, engineering (C1) ranked highest with a criteria weight value
of 0.332, followed by economics (C2 - 0.207), environment (C3 - 0.175), social (C4 -
0.166), and risks (C5 - 0.119). The strategic importance of the highway (CPEC), enormous
expected traffic, and rugged mountainous topography signified the importance of these
criteria in the alignment selection by the respondents. Although the performance evaluation
has its primary focus on the socio-economic benefits, the extremely difficult project route
through Karakorum Ranges shifted the priority towards engineering and economic criteria.
This further elaborates an equal concern among the distinct stakeholders, some even
without an engineering background, during the decision-making process.

Within each criteria group, the top ranked sub-criteria include traffic volume
(C120.162), transport connectivity (C13 - 0.099), and landslide hazard (C11 - 0.072).
These leading criteria in each criteria group define the alignment selection. In economics
(C2), the right of way (ROW, C22 - 0.061) ranked highest among sibling criteria. Aultman
and Lari (2009), Caldas (2006) and Sohn et al. (2014) believed that ROW acquisition is
the most expensive, significantly complex, time-consuming, and socially sensitive part of
the highway projects; thus, it requires considerable attention during the decision-making
process.

Agricultural land (C34 - 0.070) ranked highest in the environmental group (C3). The
exceptional fertility and limited agricultural land due to hilly terrain signified that these
criteria are important for the locals in the project area. Although Kockelman et al. (2004)
found, after examining various case studies, that the adverse effect on agriculture
productivity is only short-term and improves after a few years, the local community tends
to negate this fact. In the social group (C4), community displacement (C43 - 0.036) attained
the highest preference given the lack of transportation connectivity in the area, thereby
upsetting the cultural bonds and local businesses. Political interference (C51 - 0.037) was
found the top-ranked risk in its group (C5). Priemus and Zonneveld (2003) believed that


https://doi.org/10.1080/09640568.2019.1672524
https://doi.org/10.1080/09640568.2019.1672524

C51 as a significant risk for corridor planning, which remained unearthed, but has a
significant impact on steering the alignment selection. In brief, these criteria and their
relative weights assist in defining the optimal alignment alternatives for a highway project.
The same criteria and relative weights were used in the subsequent part of this study.

4.3. Alternative prioritization
4.3.1. Integrated MCDA-I: Fuzzy AHP-AHP

The fuzzy AHP pairwise comparison of the group of available alternatives was conducted
with respect to each criterion by the experts. The consistency in judgment was also
checked, and global weights derived in the previous stage were used in the analysis. Table
7 shows the results of the integrated fuzzy AHP-AHP.

4.3.2. Integrated MCDA-II: Fuzzy AHP-TOPSIS

The Euclidean distance from the ideal best value and the ideal worst distance allowed
calculation of the performance score dP;p for each alternative. The cumula-

tive defuzzified crisp matrix dX ;P was developed by combining the responses from all

experts and then normalizing after defuzzification. The criteria weights derived

from fuzzy AHP were integrated with X j; to obtain a weighted normalized matrix

0V ijp: Thereafter, the ideal best dVipp and ideal worst values 8Vibp were calculated. The
performance score &8Pip that provides relative closeness for each alternative was

determined by calculating the values of Euclidean distance 8S;"P and 8S;P as listed in Table

8

4.3.3. Integrated MCDA-III: Fuzzy AHP-MAUT

The preference utility values for each selection criteria were determined using MAUT. The
experts selected the utility values for each criterion. They initially selected the U;and Uy
values against each given criterion as per the performance measurement scale.

Subsequently, they further determined the values for Ug:s, Uqos, and Upss in a given
sequence using a scale of 0—100. For example, the U value for criterion landslide hazard
(C11), which is a cost criterion selected by an expert, was moderate (3), and U, was very
low (1). Next, the same expert selected preferred mid valuedUy.sb between U; Uy on a scale
from 0-100, that is, 40 (selected value), which was translated as 2.2 {(31%42 0.4%0.8),
3.00.8%2.2}. Similarly, Ug.»s was selected as 20, which is valued as 2.84, and Ug.;s as 65,
which is valued as 1.42. These five utility values for each criterion are assessed by all
respondents. The average of all values for each criterion gives the final values. For
landslide hazard (C11) the final values are
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Figure 7. Landslide hazard (C11) single-attribute utility functions (SAUF).

Ui 3, Ugas 2:61, Ugp.so 2:26, Ug:7s 1:86 and Uy 1:25: These values were further used to plot
utility curves using Microsoft Excel to derive the utility equation for each criterion, as
illustrated in Figure 7 for landslide hazard (C11).

A single-attribute utility function (SAUF, uy;p was further developed using utility

equations and utility values for each criterion. SAUF for C11 is given below.

0 P%8<0,ylan 3 b 0 p
Unyn yii 0:1141x>  0:0976x 1:3073, 3>y >1:25
21y 1:25

The performance value for each alignment option against the respective criterion was
assessed by the experts. Then, their average was used in calculating the SAUF for each
alternative UijyidAxP: The weighted alternative utility performance PdAxP was obtained
using the product of criterion weights that were determined in the earlier stage using fuzzy
AHP with UiyidAxP: The resultant values were added together to obtain multiple-attribute
utility function value or project utility, as listed in Table 9. The alternative with the highest
utility value was the most preferred option selected by the respondents.

4.4. Sensitivity analysis

This section presents the sensitivity analysis for each MCDA integrated method to
ascertain the sensitivity of the decision metrics under different scenarios. Han (2005)
explains sensitivity analysis as an important tool to identify: possible project outcomes;
prominent criteria that impact these outcomes; critical factors that may need further
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analysis; and to compare the alternatives in different scenarios that may change its ranking.

In this study, the sensitivity analysis is conducted to verify the vulnerability
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of the final result by employing various main criteria weight scenarios. Seven scenarios
were considered.

The first scenario named as scenario main (SM), in which the actual determined criteria
weights are used and corresponding alternatives ranking obtained. Similarly, in scenario
equal (SE), all weights were kept equal. Alternatively, from scenario 1 to 5 (S-1 to S-5),
one criteria weight is zero and the others have equal weights. The global weights for each
case scenario are presented in Table 10, where each scenario was used for respective
integrated MCDA methodology (i.e. Fuzzy AHP-AHP, Fuzzy AHP-TOPSIS, Fuzzy AHP-
MAUT). The results are demonstrated in the web diagram in Figure 8.

The Fuzzy AHP-AHP presents a narrow web signifying the proximate values of the
three alternatives for all seven scenarios. However, these are significantly improved in
TOPSIS and MAUT. Among three integrated MCDA methods AHP and MAUT are highly
affected by the engineering and economics criteria given by S1 and S2, wherecas TOPSIS
reports minor sensitivities for all seven scenarios. Although the analysis revealed that the
decision model is affected by change in criteria weight, the two-stage assessment restricts
them from affecting the overall ranking of the top alternative. That further verifies the
efficacy and robustness of the proposed model.

5. Discussion

The results obtained from the three integrated MCDA methods are summarized and
normalized for comparative analysis (see Table 11). The normalized values for each
alternative are also presented graphically in Figure 9 for improved understanding and
comparison.

The comparative analysis of the results from the three methods showed that Alternative
2 (A2) is the most preferred alignment, followed by Alternatives 3 (A3) and 1 (Al).
Although the three methods reported the same result, a significant difference in assessed
values could be observed. In the case of integrated fuzzy AHP-AHP, the difference in the
preference values for the three alternatives is marginal, i.e., 0.055, 0.034, and 0.021 (see
Figure 9). The insignificant difference between the three alternatives may lead to an
assumption that all three alignments are equally acceptable and selecting any of them may
not affect the overall decision. This might be due to the fragility of using AHP given the
interdependence between criteria and alternatives, besides frequent inconsistencies in
judgments during the pairwise comparison (Velasquez and Hester 2013).

The results from fuzzy AHP-TOPSIS highlighted a notable difference between the
most and least preferred alternatives (A2 and Al, respectively). The variance observed
between the preference values was 0.204, which is rather higher than the former integrated
MCDA method. By contrast, the preference values among ranked alternatives were
relatively insignificant, that is, 0.110 (A2-A3) and 0.094 (A3-Al). This finding might
present perplexity in decision-making. Ic, (2012) opined that the lack of attribute
correlation in Euclidean distance while using TOPSIS might elicit this discordance.
However, the capability to indicate the probable option expeditiously signifies its efficacy
and usability in decision making under time constraints.

The alternative preference values based on the project utility using fuzzy AHP-MAUT
prominently substantiated between the optimal and the two subsequent alternatives. The
top-ranked alignment A2 was distant from the least preferred
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Figure 8.  Sensitivity analysis of three alternatives for each integrated MCDA method.

Table 11. Summary: Ranking of alignment alternatives using integrated MCDM.

Normalized Values

Fuzzy Fuzzy Fuzzy Fuzzy Fuzzy Fuzzy
AHP- AHP - AHP - AHP- AHP - AHP -
Alternatives AHP TOPSIS MAUT AHP TOPSIS MAUT Rank

A1 0.308 0.315 0.210 0.308 0.234 0.193 3" A2 0.363 0.589 0.566 0.363 0.438 0.518 1% A3 0.328
0.442 0.316 0.329 0.328 0.289 2

mAl mA2 mA3

0.325

___________ 0055 ..

FUZZY AHP-AHP FUZZY AHP-TOPSIS FUZZY AHP-MAUT

Figure 9.  Alternatives comparison for each integrated MCDA method.

alternative (A1) and second-most preferred alternative (A3) with values of 0.325 and
0.229, respectively. The visible difference in values might be ascribed to the ability and
efficacy of MAUT to consider the uncertainty, risk attitude and preferences of decision-
makers in the selection process (Konidari and Mavrakis 2007; Velasquez and Hester 2013).
However, alternatives A3 and Al were observed with a nearly similar preference status,
as reflected in the fuzzy AHP-TOPSIS. Therefore, fuzzy AHP-MAUT and fuzzy AHP-
TOPSIS can provide meaningful results in the highway alignment decision-making
process. However, the former offers a detailed, meticulous but time-consuming selection
process that effectively captures the preferences and risk attitudes of decision-makers. By
contrast, the latter provides significant and rapid results that are useful for indicating the
possible optimal option in a nimble decision environment. The fuzzy AHP-AHP might be



unsuitable for decision-making in terms of complex and arduous projects given its
marginally differentiating results. In this study, alternative A2 emerged as the optimal
option for the candidate project; alternative A3 was already selected for this project section,
and work is in progress.

Among the three integrated methods, the combination of Fuzzy AHP with MAUT
proved to be the most suitable for complex and mega highway projects. This is primarily
due to the ability of MAUT to effectively capture the preferences and attitudes of the
decision-makers in the analysis. The same is particularly true for the present study, in
which the evaluation process is divided into technical and performance assessments to
incorporate these significant attributes into the decision process; notably, when the
assessment for highway alignment selection is performed by distinct technical and non-
technical decision-makers and stakeholders.

Furthermore, the assessed preference values were found in the lower half of the
normalized preference range, i.e. between 0 and 0.55, as shown in Table 10. It is expected
that these lower bound results are mainly due to the introduction of the two distinct
evaluation phases in the decision-making process. For instance, in this proposed
methodology, the best possible alternatives were generated and screened technically by the
concerned specialists only during the first stage. Consequently, the alternatives finally
available for the second stage were highly competitive and significant, thus necessitating
exceptional attention from decision-makers. As in contrast to the previous evaluation
process, the decision-makers now have to re-evaluate the top alternatives by themselves
(Belton and Stewart 2002; Martin 2003). This scenario placed the decision-makers in a
position in which they considered their preferences with utmost diligence and deliberation,
thereby possibly resulting in conservative, but relatively accurate, values. The analysis
revealed similar alignment preferences by the decision-makers while using the three
integrated MCDA methods, thus confirming the adopted process to be logical and reliable.

Apart from applying an exclusive selection process which is designed for an executive
decision environment, the participation of the diverse stakeholders in the decision-making
process ensured an all-encompassing, logical, coherent, and transparent decision-making.
The same was advocated by Bryson et al. (2011), Dangana (2015), Meyer (2016), Neste
and Karjalainen (2013) and Unsworth (1994) in their research. Moreover, the criteria
selected for the second phase were representative of the community’s social and
environmental concerns and benefits while addressing the technical and financial aspects
of the project. Risk criteria were also introduced in the entire selection process, consistent
with Yakar and Celik (2014), to make decisionmakers aware of the critical risks that
surround the planning and execution of the project, thereby offering improved
comprehension in the dynamic decision-making environment. The same was found useful
while comparing the results with the challenges and concerns being experienced by the
ongoing case study project.

To further probe the deduced results of this study, a comparison was also made with
the alignment A3, the selected alignment for the same ongoing project. For this purpose,
various national and regional newspapers and reports that highlighted several issues
resulting in conflicts and controversies on the already selected alignment (A3) were
explored. These issues include (1) ROW disputes that resulted in a loss of US$0.83 million
daily (Dawn 2018); (2) political interference that led to corruption and lack of transparency
in decisions which triggered litigation and mistrust from financers (Ali 2017; Raza 2017);
(3) security threats, such as the three terrorist attacks on the CPEC project in 2017, thereby
resulting in four casualties (Pakpips 2018); and (4) extraordinary landslide hazards (Naqvi
2017). Accordingly, these highlighted problems have caused significant schedule delay



and cost escalation of the project (Haider 2016; Dawn 2018). These reported issues are
expected to less likely transpire in A2, given its geographical location and minimal adverse
effect on the community. However, A2 is equally vulnerable to political interference,
which restricts transparency in the decision-making process. The stated circumstances
proved that the selected route A3 may not be the only best solution available and that
further deliberation was necessary for the final selection. Moreover, the traditional
alignment selection methods required a revisit to avoid disputes and controversies over the
project and thus achieve transparent, sustainable, and extensively acceptable decisions.

In brief, the proposed framework and comparison of the suggested distinct integrated
MCDA methods provided the evidence and means to achieve sustainability in decision-
making. As such, a comprehensive decision-making support framework which engages
and incorporates the requirements, risk attitude and preferences of stakeholders is a critical
success factor for an acceptable, workable, and sustainable highway alignment selection
process.

6. Conclusions, limitations and future research

Highway alignment decision-making is a complex and challenging process. The increasing
controversies and dissatisfaction of stakeholders have become a major concern for
highway project managers. The conventional decision-making methods and models are
falling short of the ability to accommodate the challenging and competing decision
environment. Therefore, development of a comprehensive, dynamic, and sustainable
decision-making support framework is imperative. The present study proposed a decision
support framework that has the flexibility to integrate distinct selection methods while
maximizing their evaluation strengths. The distribution of the overall selection process into
two major phases has added unique value to the overall decision-making process. The
proposed framework was validated using a controversial ongoing mega-highway project
within the CPEC and proved useful. The top three ranked alternatives from Phase-I were
used for final selection in the second phase and the proposed framework. A total of 21
criteria clustered into 5 criteria groups were selected and weighted using fuzzy AHP. These
weighted criteria were integrated with fuzzy AHP, fuzzy TOPSIS, and MAUT. The
comparative analysis of the three methods revealed that fuzzy AHP-MAUT and fuzzy
AHP-TOPSIS offered promising results, whereas fuzzy AHP-AHP was unsuitable for
decision-making in a complex environment. This study contributes to the body of
knowledge by offering a flexible, dynamic, and comprehensive decision framework that
can be used in a distinct decision environment and research areas.

As a result, the research makes the following contribution to the theory, practice and
praxis of highway alignment decision making. First, the evaluation model breaks the
conventional sheath of a semi-autonomous highway alignment selection process and
transforms it into a comprehensive two-stage appraisal procedure. The model can
effectively accommodate the technical and performance evaluation of the alignment
alternatives leading to a more representative and sustainable selection process. Second, the
comparative assessment revealed the efficacy of the decision methods that can be deployed
to effectively accommodate the complex highway alignment decision environment.
Indeed, it has established and confirmed the two dynamic MCDM which can reflect the
nature of highway alignment decision-making. Finally, the research has proposed a
comprehensive decision-support framework that attempts to cover all important selection
dimensions.



However, the results of the study should be interpreted against the following
limitations. First, there was difficulty in accessing some vital information about the case
study project due to its controversial and geopolitical nature. Thus, the assumptions and
subjective assessment of the values may have affected the study results. Additionally, an
exhaustive sensitivity analysis for each proposed integrated method would have improved
the results and offers useful insight into certain project sensitivities to decision-makers, but
this was constrained by the absence of the relevant data. Therefore, future work would
improve the criteria, test other MCDA methods, and attract additional stakeholders to
participate in the decision-making process. Finally, although useful, the 5 criteria and 21
sub-criteria may be considered too much and hence, future studies may use smaller but
representative clusters of criteria.
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