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Abstract: The competitiveness of urban landscapes is a subject of growing attention as cities strive to
become the best places to support enterprises, economic development, and high-quality living while
preserving environmental resources. In evaluations of urban competitiveness, financial factors are
frequently emphasized. In this systematic study for the future sustainable urban landscape (SUL),
we use the instance of Penang Island, Malaysia, to present an integrated methodology for finding,
evaluating, and validating good indicators for developing an urban landscape index that balances
economic, sociocultural, and environmental factors. First, we provide a framework for developing
such an index by developing a Delphi Analytical Hierarchy Process (DAHP) model that aids in
choosing the most important aspects and sub criteria affecting the sustainability of urban landscapes.
Then, under the Sustainable Development Goals (SDG), we demonstrate how to use these data to
assess the competitiveness of various zones on Penang Island, namely Bayan Lepas and George Town.
According to the quantitative results of the DAHP model, economic criteria, which were given a
weight of 0.595 and a corresponding inconsistency (CI) of 0.04, had a greater influence on Penang
Island’s urban landscape than environmental criteria, which were given a weight of 0.276 and a
CI of 0.02, and social and cultural criteria, which were given a weight of 0.128 and a CI of 0.08. In
terms of economic criteria, Zone 1 has a weight of 0.360, which indicates that it has less sway than
Zone 2, which has a weight of 0.636. In the discussion, we highlight the essential elements of the
methodology to assess the competitiveness of urban environments.

Keywords: DAHP; expert choice software; sustainable development; sensitivity analysis; urban
landscape; land use assessment

1. Introduction

In a world that is becoming increasingly globally interconnected, cities are important
economic entities that compete with one another. As a result, cities need to continuously
adapt and pursue sustainability [1]. Over the last 30 years, the scientific discussion of
competitiveness has progressed through several stages, which at first focused on enter-
prises within the economic disciplines and later on the productivity of nations and regions.
Finally, it expanded to include urban landscapes [2]. Since the 1990s, scholars have focused
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on competitiveness as the standard of cities while taking into account the effects of global-
ization, urbanization, and digitization [3]. This reflects how the significance of cities has
changed over time [4,5]. The efficiency of cities has proven essential to the success of global
economic systems [6]. The urban landscape economy is the modern driving force behind
global growth [7]. Promoting urban landscapes may thus result in creating new resources
and possibilities by attracting new investors, enterprises, activities, talents, and tourists [8].
The management of environmental and economic resources of urban landscapes needs to
form a part of the modern urban landscape development strategy [9]. To improve quality
of life, research on urban landscapes attempts to address challenges imposed on urban
landscapes by urbanization, such as traffic congestion, aging populations, unequal resource
distribution, and insufficient emergency response and management capabilities [10].

The majority of the new constructions are located at the perimeter of Malaysian cities,
where urban expansion has proceeded unabatedly [11]. The socioeconomic and cultural
features of Malaysian cities are affected by migratory trends and the rate of urbanization.
Enhancing the competitiveness of the city and its subsystems for environmental, social—-
cultural, and economic growth becomes a significant job in light of the fast urbanization
process [12]. We are developing an index system that incorporates economic, environmental,
and sociocultural elements to measure competitiveness [13].

Specifically, we aim to (1) investigate and identify the influencing factors of the urban
landscape to achieve sustainable urban landscape development assessment in Penang
Island, and (2) analyze Penang Island’s present level of the urban landscape, which strikes
a balance between the economic, environmental, and social wellbeing of city people.

The urban landscape has been the subject of in-depth investigation of competitive
dynamics, affecting variables, and urban landscape assessments since the 1990s [14]. The
ability of urban landscapes to attract, combine, and apply a variety of production aspects
to create wealth and value is referred to as the urban landscape. Agglomeration and
exploitation of production variables are used to accomplish this [10]. The urban landscape is
a holistic reflection of several pressures from various dimensions [15]. The competitiveness
of the urban environment was a representation of the ability of the urban economy, society,
science, and technology to completely develop [16]. Urban landscape production, quality
of life, social progress, and its effects on the outside world were all fully reflected in
urban landscape competition [17]. Finally, the urban landscape is defined in terms of its
resulting force, which typically satisfies the demands of urban landscape development at
the moment, ranging from basic to complicated [18]. Cities have aggressively promoted
themselves to attract significant investments in the process of economic globalization [19],
and rivalry among cities has increased [20]. At the same time, technology and skill have
become crucial factors in urban landscapes [21]. Therefore, the creative urban landscape is
a significant advancement in urban landscape research and offers a fresh viewpoint for its
investigation [22]. Later, researchers looked at ways to increase urban landscapes from the
standpoint of innovative urban landscape development [23].

An urban landscape’s endowment in terms of cultural assets, innovativeness, and
creativity should be taken into account to define an urban landscape from a holistic de-
velopment perspective [24]. An urban landscape’s endowment in terms of cultural assets,
creativity, and the invention should also be considered if one wants to describe it as having
experienced holistic growth [25].

To measure and evaluate the sustainability of an urban environment using urban
indicators, the department of urban and rural planning of the ministry of urban wellbeing,
housing, and local government developed a technique in 2007 [26]. The indicators used
to gauge the degree of sustainability may provide a component’s description in short and
further clarify an issue [27]. High-performing cities such as Sydney, New York, Tokyo, and
Shanghai promote public—private partnerships to draw in businesses and investment while
highlighting the role of public administration, existing economic sectors, and community
interests in creating competitive advantage [28].
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The Malaysian government has drastically adjusted its spatial policies throughout
the last ten years, during the 10th and 11th Malaysia Plan eras [29]. It has revised its
plans and goals to emphasize how important cities are for national economic and social
development as engines of progress [30]. This resulted from a significant shift in strategy
toward the national space economy around the conclusion of the 9th Malaysia Plan [31]. In
Peninsular Malaysia, the four major urban landscape complexes (Greater Kuala Lumpur,
Iskandar, Greater Penang, and Kuantan) have been the subject of actual policy decisions to
improve the urban landscape [32]. Some government organizations in Malaysia have tried
to create a competitiveness index based on specific organizational missions and goals [33].
Measurement of the general public’s quality of life, which is a sociological context related
to the idea of the liveability of society in an urban landscape, is the primary goal of these
efforts [34]. It is influenced by the physical, social, cultural, and environmental factors
present in an urban landscape’s surroundings and infrastructure [35]. Several elements
may improve or damage the quality of life in a coastal urban landscape such as Penang [36].
The interconnectedness of liveability, sustainability, competitiveness, and well-being in
towns or conditions may be used to define the quality of life [37]. The expansion of a
firm’s competitiveness is significantly influenced by the competitiveness of its metropolitan
regions, or in the case of Malaysia, the several states in Malaysia [38]. Due to Malaysia’s
high population growth, urban landscape development is becoming more significant.

The socioeconomic standing and physical environment of the neighborhood are signif-
icantly impacted by the increase in the urban population in Penang State, which causes
cities to spread into the countryside and the development of formerly undeveloped re-
gions [39]. Therefore, it is appropriate to look at how local communities are affected by
urban landscape growth in Penang State’s periurban regions [40]. One of the Malaysian
states, Penang, has seen increasing urbanization since the 1970s, mostly as a result of
industry [41]. Penang Island is a highly industrialized and urbanized island that is situated
in Malaysia’s northeast [42]. Additionally, Penang Island has a relatively high population
density of 2031.74 persons per km? [43]. Therefore, it is commonly acknowledged that
for the transportation system to support future expansion, we must utilize the available
road space and transit facilities more effectively and refrain from becoming too reliant on
individual automobiles [44].

To provide a set of thorough assessment indicators based on several elements impact-
ing the urban landscape, multicriteria decision analysis (MCDA) models have become a
popular method [45]. Additionally, MCDA models are now required to handle indications
using the proper mathematical models [46]. The authors of [47] evaluated the economic,
social, and cultural growth of Penang Island in Malaysia using the AHP technique. They
confirmed the viability of the AHP method and noted that in the event of a significant
deviation of multiple indexes, the expert scoring method could be used to correct it [48].
Various indicators were employed by [49] to perform a qualitative analysis of academic
research, and this approach was then progressively extended to the investigation of the
urban landscape and other topics. It is clear that academics develop distinct index systems,
focus on urban landscape research differs, and there are diverse mathematical approaches
to dealing with indicators [50].

Existing research on urban landscape focuses more on individual cities and groups
of cities of the same sort, such as resource-based cities and inventive cities, while urban
landscape competition is more on rivalry within a particular area [51]. However, rather
than focusing just on resource-based, low-carbon, creative, and liveable cities and on a
partial analysis of the urban landscape’s economics, tourism, culture, and environment, the
goal is to better comprehend the overall competitiveness of any urban landscape in any
location [52].

According to [53], competition includes rivalry between cities that is measured by other
cities. According to [54], urban landscape competitiveness is a relative value rather than an
absolute quantity. The entropy weight method is a straightforward way to determine the
relative weight in multiobjective decision weight allocation [55].
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The entropy weight approach is easier to use and more flexible when there are more
indicators to compute when compared to the principal component analysis and data
envelopment analysis, which are both objective assignment methods [56]. Additionally, the
entropy weight technique treats data fluctuation as a kind of information, allowing it to
use the information contained in the original data and shed light on the indicators” close
relationships [57]. The urban landscape is an organic structure wherein many economic,
social, and material elements congregate in a constrained space [58].

This research used Penang Island in Malaysia as an example to conduct an empirical
study to expose and analyse the strength and fluctuations of the regional urban landscape
as well as the drivers of the urban landscape. The four most popular MCDA procedures
are, in order: the analytic network process (ANP), the technique for order preference by
similarity to an ideal solution (TOPSIS), and simple additive weighting (SAW) [59].

However, AHP continues to be one of the most broadly applicable strategies in an
MCDA scenario, according to [60]. This point of view was supported by [61], who claimed
that AHP is the most widely used and quickly developing emergent decision-analytic
technique that spans various sectors, including resource and environmental planning,
coastal management, and more.

Numerous publications evidence the effectiveness of AHP applied to such varied
fields [56]. AHP seems to have been mentioned for the first time in 1972 [62]. Following
this, the approach was thoroughly explained in an article published in the Journal of
Mathematical Psychology [63]. Most applications continue to utilize AHP, as specified
in this first article, oblivious of subsequent changes [64]. This is likely because the most
popular AHP supporter program, expert choice software, still uses AHP precisely as
described in its original publication [65]. This essay examines some of the changes that
have taken place since then. The AHP method has several benefits, including being very
simple to apply, including qualitative and subjective aspects, and allowing replanning [66].
Additionally, it enables the use of several expert views to estimate a choice and evaluates
how consistently these assessments are made [67]. The decision-making issue’s ranking
makes it clear how each level of the hierarchy and each member of each level performs
their responsibilities to determine the final choice while considering the hierarchy of the
potential problem solutions [67]. ANP techniques are a generalized version of the AHP
that allows for feedback, interdependencies, and external dependencies between decision
components in hierarchical or other structures [68]. However, the work needed to prepare
the decision structure increases with the issue’s complexity.

Whether or not the weight elicitation process has a solid theoretical foundation, a
flawed ANP decision structure will still result in flawed results [69]. Four potential errors
might cause the results to differ from the actual values: overestimation, underestimation,
double-counting phenomena, and omitting [70]. The AHP does not have feedback loops
among the components as a particular instance of the ANP [71]. By comparing items in pairs
under the same circumstances, the ANP and the AHP provide ratio-scale priorities for each
component or element and a group of components or elements [72]. The ANP, in contrast
to the AHP, allows for the creation of complex networks of decision goals, alternatives,
scenarios, and criteria, as well as other aspects that impact one another’s priorities [73]. In
contrast to AHP models” unidirectional ranked correlations among decision levels, ANP
also permits complex interactions between attributes and decision-making levels [74].
According to several studies, the AHP approach serves as a group choice synthesis tool,
making it more appropriate for group decision-making.

The AHP approach is a reasonable way to create weights for criteria related to the
urban landscape since it relates to decision-making issues and uses criteria, subcriteria, and
alternatives [75]. The three particular objectives of this initiative are as follows:

To complete SUL on Penang Island, it is necessary to (1) investigates and discover
the characteristics that have an impact on the urban environment, (2) use the DAHP
model and expert choice software to evaluate the competitiveness of urban landscapes
in the island’s coastal regions, and (3) choose the model that most accurately depicts the
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relationship between the needs and potential solutions for long-term sustainable urban
landscape development.

2. Methodology
2.1. Study Area

This study was conducted on Penang Island with a total population of 1.6 million,
of whom 738,500 reside on the island and 872,600 on Seberang Perai’s mainland. The
state’s GDP per capita serves as another example of Penang’s higher level of development.
Penang’s GDP per capita in 2010 was USD 10,371, greatly above Malaysia’s overall GDP
per capita of USD 8373 [76]. (Figure 1). Penang Island is one of the main urban landscape
conglomerates of Malaysia. It has a much stronger industrial manufacturing base than
the rest of Malaysia and has turned into an economic powerhouse that attracts a mass
migration of people. Its capital, George Town, was declared a UNESCO World Heritage Site
in 2008. Bayan Lepas, home to many multinational firms, is a major manufacturing center
on Penang Island, while George Town is Malaysia’s leading urban landscape for medical
tourism. Moreover, George Town serves as the financial center of northern Malaysia and is
home to many international banks. The Penang International Airport, a ferry service, and a
port all provide excellent logistical connections to the island. The latter resulted in George
Town developing a booming cruise tourism sector [77].
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Figure 1. Penang Island study area, Malaysia.

2.2. Data Collection Overview

For the DAHP technique to evaluate competitiveness criteria based on problems and
potential fixes, primary and secondary data were collected for this study. Secondary data
were given by the Department of Statistics Malaysia, the Department of the Environment,
the Labor Department, and the Economic Planning Unit at the national level. Twenty
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experts from a range of government agencies on Penang Island, including JUPEM, the
Economic Planning Unit (EPU), the Penang Development Corporation (PDC), the Penang
Institute (PI), the City Council of Penang (MBPP), the Penang Green Council (PGC), the
Penang Skills Department Center (PSDC), and Think City, were invited to take part in a
series of surveys to collect primary data. When compared to the previous study [78], this
research’s demographic segmentation of the respondents was improved from three to two
rounds (Table 1).

Table 1. Background of the expert panel participating in the DAHP model in terms of sociodemo-

graphics.
Data on the Demography Initial Survey (n = 20) Second Survey (n = 15)
Male 14 11
Gender Female 6 4
<5 2 1
Professional experience (years) 5-10 4 3
>10 14 11
Bachelor 1 3
. . Master 10 7
Highest education Doctorate 6 3
Professor 3 2
o Government agency 13 10
Categorization by experts Online experts 7 5

This sample of 14 male and 6 female participants held an average tenure of 10 years
in academic or government institutions, with 14 of them having more than 10 years of
professional experience. In the second round of the data collection, 15 of the 20 original
participants were engaged, while in the third round, 10 of them participated in the DAHP.
The first round involved Expert Choice score testing, while the second round involved an
Expert Choice matrix design. The first round occurred between 15 March and 15 May and
the second round occurred between 20 May and 20 July 2018. To develop a hierarchical
design, qualitative data were collected at this data collection step.

2.3. The Original DAHP Model for the SUL

The framework applied in this study consists of three main steps:

In the first step, urban landscape criteria and subcriteria are identified for the SUL
based on qualitative data. In the second step, a hierarchy design is created based on
the information gathered from a literature review and different government experts, and
weights are calculated for each criterion and subcriterion using a DAHP model and Expert
Choice score. In the last step, the weights for the qualitative data are examined using
the DAHP model and Expert Choice score and conducting a sensitivity analysis for every
criterion, subcriterion, and alternative. The DAHP model produces the weights for the
urban landscape criteria, subcriteria, and alternatives.

Weights of significance have to be assigned to criteria and subcriteria. This method is
proposed for the intelligent modeling of an SUL. The qualitative data used in the DAHP
model improve the consistency of a system and help with the weight computation for
criteria and subcriteria. Every hierarchy design has criteria and subcriteria relating to the
overall urban landscape index. Criteria that are optimal (have the greatest weight) are
found by soliciting expert opinions and analyzed with an Expert Choice matrix in the
Expert Choice score.

This problem becomes spatial because it calls for the decision maker to pick a key
geographic locale in the region of interest from a very large number of alternatives. This
problem demands the decision maker to choose one specific option among a variety of
known alternatives. Figure 2 shows the conceptual framework, including the levels and
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constituents of the DAHP model phases used in this study as described above. Specifically,
it shows (1) the problem modeling, (2) the weight evaluation, (3) the weight aggregation,
and (4) the sensitivity analysis. Each of these steps includes some phases so that there is a
total of eight phases in the DAHP model structure. We will review these four steps and
eight phases in the next sections.

( SUL Framework W

N ~
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— Make AHP Design for urban landscape )
Z + ¥ !
<
=
&~ Economic
Social criteria Environmental criteria .
criteria
. J
e N
e Qualitative hierarchy Method
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(<53
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N
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Figure 2. DAHP model framework, showing the eight computational phases.

2.4. DAHP Model and Structure for the SUL

A qualitative approach to the competitiveness of the urban landscape was evaluated
using Figure 3 The DAHP model is divided into three categories:social-cultural, economic,
and environmental. Every hierarchy structure has some criteria and subcriteria, of which
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the optimum criteria are selected following a literature review and the development of an
Expert Choice matrix in the DAHP model via the Expert Choice score.
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Figure 3. Hierarchy design and levels in the expert choice software environment for the DAHP
model.

Penang’s substate map was divided into two areas, each of which was given its layer
and had its sociocultural, economic, and environmental evaluated. George Town and Bayan
Lepas were the study zones.

2.5. Problem Modelling

The DAHP model structure is constructed hierarchically in phase 1. First, the problem
was organized by decision-makers using economic, environmental, and social-cultural
(education and training, quality of life, and urban landscape development index) crite-
ria. Economic criteria included performance, structure, and growth of urban landscape
economic capacity. Environmental criteria included pollution, pollution treatment, and
environmental protection and quality. Then, 28 economic sub-criteria, 20 sociocultural
criteria, 13 environmental criteria, and 2 alternatives were determined (Penang Island
Zones 1 and 2).

Phase 2 includes an empirical investigation inside an expert choice matrix to improve
the selection of the crucial criteria while taking findings from literature analysis and
professional opinion into consideration. Finally, by comparing the criteria pairwise at
one hierarchical level with the aim at the following level, the DAHP model specifies the
significant weights of the variables.

2.6. Weight Aggregation
2.6.1. Pairwise Comparisons

In the following Phase 3, relative comparisons are used to determine the relative
relevance of the criteria and subcriteria for the urban landscape index, along with scoring
criteria and subcriteria using a 9-point Saaty rating scale (Table 2). The scale indicates how
much one item outperforms another in terms of a certain attribute. This scale converts
qualitative evaluations into numerical statistics with a range of 1 to 9 (Table 1), which are
then utilized to finish the pairwise comparison matrix [79].
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Table 2. The fundamental scale of absolute numbers. Source: [75].

Intensity of Importance

Definition

Explanation

[y

O 00 N N U ok N

Equal Importance
Weak or slight

Moderate importance
Moderate plus
Strong importance
Strong plus
Very strong or demonstrated importance
Very, very strong

Extreme importance

Two activities contribute equally to the objective

Experience and judgment slightly favour one
activity over another

Experience and judgment strongly favour one
activity over another

An activity is favoured very strongly over
another; its dominance demonstrated in practice

The evidence favouring one activity over another
is of the highest possible order of affirmation

Reciprocals of above

If activity i has one of the above nonzero
numbers assigned to it when compared with
activity j, then j has the reciprocal value
when compared with i

A logical assumption

When activities are very close, a decimal is

It may be difficult to assign the best value, but
when compared with other contrasting activities

1.1-1.9 added to 1 to indicate that their differenceis  the size of the small numbers would not be too
appropriate noticeable, yet they can still indicate the relative
importance of the activities.
When it is desired to use such numbers in
Measurements physical applications. Alternatively, often one

from ratio scales

estimates the ratios of such magnitudes by using
judgment

Pairwise comparisons of the components at every level of a DAHP model are per-
formed based on the significance when equating criteria regarding their relative impor-
tance [76]. At each node of the hierarchy, a matrix will collect the pairwise comparisons of
the decision-makers. Psychologists argue that it is easier and more accurate to express one’s
opinion about only two alternatives than to do so simultaneously for all the alternatives. It
also allows consistency and cross-checking between the different pairwise comparisons.
Contrary to techniques that use interval scales [80], the DAHP model employs a ratio
scale, which does not call for units for comparison. The judgment is a quotient a/b of two
quantities, a, and b, of the same unit that has a relative value. The decision maker need
not offer a numerical assessment; rather, the equation may be used as a more relatable
verbal evaluation (1) that we are more accustomed to in our daily lives (1). The transitivity
criterion applies to all comparisons a;; if the matrix is consistent.

ajj = Ak X Ag; 1

The subsequent judgments may be impacted by the order in which the comparisons
are inserted in the matrix.

2.6.2. Derivation of Judgment Scores and Priorities

Phase 4 deals with how priorities are determined. Priorities can be determined when
the comparison matrices have been completed. The eigenvalue method is used with the
conventional DAHP model. The study began by giving an example of a consistent matrix
with known priorities to describe the procedure (P;). In this instance, the comparison of
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=
the alternatives (i) and (j) is denoted as (E—;) , which multiplied by the priority vector (P)
gives:
- -
A p="p @

o
where (P) represents a vector of the priorities, n signifies the dimension of the matrix, and

A displays the comparison matrix. (2) presents the formulation of an eigenvector problem.
The computed priorities are precise for a consistent matrix, but when small inconsistencies
or discrepancies are introduced, the priorities should differ only marginally based on the
perturbation theory. Once the comparison matrices are filled, priorities can be calculated.
The traditional DAHP model uses the eigenvalue method. For some users, this method
seems quite obscure.

2.6.3. Consistency

Phase 5 is concerned with evaluating the weight consistency of the comparisons. It
offers an index for the measurement of inconsistency for every matrix of comparisons and
the whole hierarchy in every set of judgments. It is necessary to perform a consistency
check since priorities are meaningful only if obtained from consistent or proximate stable
matrices. This step was conducted to calculate the maximum eigenvalue, the consistency
index (CI), the consistency ratio (CR), and the normalized values for every alternative and
criterion (Vaidya and Kumar 2006). The DAHP model determines the general consistency
of judgments through a CR (3). As noted in some studies [81], the consistency of the
judgment matrix can be accomplished through the examination of the total consistency
ratio (CR); the ratio of CI and RI is denoted as follows:

e

CR_ﬁ

®)

Rl signifies the random consistency index of a reciprocal matrix randomly created from
the 9-point scale, with reciprocals, forced [82] (the average CI of 500 randomly filled matri-
ces). A CR below 10% suggests that the matrix possesses an acceptable consistency [83].
Thus, ref. [84] computed the random indices, as indicated in Table 3.

Table 3. Random indices.

3 4 5 6 7 8 9 10 11 12

0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.58

The scores that attained a certain level of consistency were accepted as demonstrated
by a CI calculated by (Equation 4). He proposed a CI that is denoted as follows:

CI = (Mmax— n)/(n—1)
where : (4)
Amax = maximal eigenvalue

The CR allows for the determination of the number of errors that were generated
when inputting the expert judgments. The calculated CI can be compared with the created
pairwise comparison matrix’s RI to examine CR (Table 2). The CR indicates whether the
judgment weights of the decision maker were accepted. A value of CR below 0.1 reveals that
the errors are relatively small and considered acceptable. This is because human judgments
do not always need to be consistent since some inconsistencies may be introduced due to
the nature of the scale used.

For the estimate of the weights of the criteria linked to the aim and for each com-
putation of the weights of the alternatives regarding each of the criteria and subcriteria,
some judgmental matrices require input from decision-makers. To calculate an index for



Land 2023, 12, 104

11 of 27

determining judgment consistency, various judgments are needed. The DAHP model’s
capacity to determine consistent judgments by computing the consistency ratio is one of its
strong characteristics.

Phase 6 concerns local weights and the consistency of comparisons using the Expert
Choice score for calculating the DAHP model weight. This step calculates the local weights
of the components by utilizing an Expert Choice score.

2.6.4. Weight Aggregation

In phase 7, weights are combined at various stages to arrive at the final weight of
alternatives. The ultimate weights of the choice possibilities are captured by combining
or averaging the local weights of components drawn from multiple levels, as was noted
in the phase before. The “local priorities” or “weights” of the criteria and the scores of
the alternatives are therefore viewed as decision-making factors in the second stage of the
resolution process. Through pairwise comparisons of the weights and scores, the decision-
makers express their preferences or priorities. The weight (wj) and score (S;) values are
then derived from these comparisons and denoted in a decision table (5). The final step
of the DAHP model combines or aggregates all preferences from the decision table with a
weighted summation [85] and creates the local priorities through all criteria to determine
the global preference or priority.

The ultimate criteria and alternative (zones) weights were calculated using the formula
given as follows:

Zi = ZW]* Sij (5)

)

where Z; represents the global priority of the alternative, S; signifies the local priority, while
wj denotes the weight of criterion j. Thus, the global priorities (Z;) attained in this research
are ultimately utilized to normalize the data by dividing the score of every alternative by
the score of the other alternatives to select the optimum alternative for each criterion. The
historical DAHP model approach (later distributive mode) adopts an additive aggregation
by normalizing the sum of the local priorities to unity. The ideal mode uses normalization
by dividing each alternative’s score only by the best alternative’s score under each criterion.

2.6.5. Visualization and Sensitivity Analysis

Lastly, phase 8 deals with the DAHP model visualization and sensitivity analysis. In
the sensitivity analysis, the input data are slightly modified to determine the effect on the
results. The results are considered robust if there is no change in the rankings. The major
goal of the sensitivity analysis is to determine how sensitive the choices are to the weight
changes of the different criteria [86].

3. Results
3.1. Urban Landscape Assessment for Penang Island

MCDA landscape models for cities are effective tools for competitiveness because
they can be used to identify the best design, criteria, subcriteria, and alternatives as well as
compute the weights allocated to each. The numerical values that represent the weights of
the relative urban landscape of Penang Island are displayed as the analytical findings of
the DAHP model Expert Choice matrix. The weights are represented by numbers from 0
to 1. The probability of the competitiveness index is not determined by the DAHP model
weights, but rather by comparison criteria, subcriteria, and alternatives. Penang Island’s
Zones 1 and 2 were graded according to how competitive their metropolitan environments
were. Future management efforts for Penang Island should concentrate on the areas with
the greatest and greatest degree of sensitivity. The following are the predicted final weights
for every criterion, subcriterion, and the alternative: Zone 1 has a lower alternative weight
of 0.448 than Zone 2, which is more responsive to the economic criteria (W: 0.595, CR: 0.05,
and a high alternative weight of 0.553). The economic structure criteria have the highest
weight, W: 0.637; and the lowest weight, CR: 0.04. The economic capacity criteria for
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urban landscape expansion have the lowest weight (W: 0.105; CR: 0.04). Urban landscape
development index criteria have the maximum weight of W: 0.760 with CR: 0.08 in terms of
sociocultural. Zone 1 is less sensitive to these criteria, with an alternative weight of W: 0.272
and CR: 0.08, whereas Zone 2 is more sensitive to the urban landscape development index,
with an alternative weight of W: 0.728 and CR: 0.08. The pollution treatment scale, which
has a W of 0.671 and a CR of 0.02, has a somewhat larger weight than the environmental
pollution and environmental quality criteria in terms of the environmental. In terms of
the environmental criterion, Zone 1 has the greatest alternative weight of W: 0.707, while
Zone 2 has the lowest weight of W: 293. This is in contrast to the economic and sociocultural
criteria (Table 4). The analysis of the results of the urban landscape of Penang Island is
presented on four levels. The first and second levels compare each criterion’s overall
efficiency and establish a benchmark as a weight (Score) for the comparison target.

Table 4. Final weights for Penang Island’s urban landscape criterion.

Priorities Concerning the

Synthesis Concerning the

Goal: SUL Score Goal: SUL Score
Economic 0.595 Zon 1: Barat Daya 0.447
Sociocultural 0.128 Zone 2: Timor Laut 0.553
Environmental 0.276
There is inconsistency with 0 0.05 Inconsistent overall 0.05

missing judgments

The third level presents the competitiveness output weight of each criterion for the
nine criteria of the DAHP model. A comparison is drawn with the weight for each criterion
(Tables 5-7). At this level, a cumulative weight is produced for the sub criteria performance
of the nine criteria of the hierarchical model, which includes: economic performance,
economic structure, growth of urban landscape economic capacity, education and training,
quality of life, urban landscape development index, environmental pollution, pollution
treatment, and environmental quality (Table 5). The three weighting criteria (environmental,
economic, and social-cultural) show differences in their competitiveness performance
weight. The economic criterion has the highest weight (0.595), while the sociocultural
criterion has the lowest weight (0.128) on Penang Island. Economic structure (part of the
economy) shows the highest performance weight (0.637) out of the eight criteria (Table 6).
The performance weights for urban landscape development (0.760) and pollution treatment
(0.671) are close to the results of the economic structure, indicating the potential of Zone 2 as
an upcoming urban landscape hotspot. In contrast, environmental quality (0.73) performs
relatively poorly, not only lagging behind the economic structure but also behind the
quality of life (0.96) and the growth of urban landscape economic capacity (105). Zone 1
and the sociocultural criteria of Penang Island received the lowest scores, namely 0.447 and
0.128, respectively, correlating with Zone 1’s position in the published hierarchies about
competitiveness (Table 7). The highest possible value of the weighting of each criterion
indicates the weight for each component (Figure 4).
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Table 5. Final weights for economic, sociocultural, and environmental criteria for the urban landscape.

Priorities Concerning Goal: SUL Synthesis Concerning Goal:

Economic Score SUL Score
Economic performance 0.258 Zone 1: Barat Daya 0.364
Economic structure 0.637
Growth of urban economic capacity 0.105 Zone 2: Timor Laut 0.636
There is inconsistency with 0 missing judgments 0.04 Inconsistent overall 0.08
Priorities conceriung goal: SUL Synthesis concerning goal: SUL
Sociocultural
Education and training 0.144 Zone 1: Barat Daya 0.272
Quality of life 0.096
Urban landscape development index 0.760 Zone 2: Timor Laut 0.728
There is inconsistency with 0 missing judgments 0.08 Inconsistent overall 0.07
Priorities concerning goal: SUL Synthesis concerning goal: SUL
Environmental
Environmental pollution 0.256 Zone 1: Barat Daya 0.707
Pollution treatment 0.671
Environmental quality 0.073 Zone 2: Timor Laut 0.293
There is inconsistency with 0 missing judgments 0.02 Inconsistent overall 0.05

Table 6. Final weights for the economic criteria, sub criteria, and alternatives (zones) of the urban
landscape.

Priorities Concerning Goal: SUL Synthesis Concerning Goal:

Economic Performance Score SUL Score
Rate of GDP growth 0.023
International tourism’s contribution to GDP 0.027
Asset value-added tax rate per person 0.039 Zone 1: Barat Daya 0.256
Per capita local government financial income 0.292
Fixed asset spending per capita 0.091 Zone 2: Timor Laut 0.744
Total retail and wholesale sales, divided by population 0.052
Average employee and staff salaries 0.159
Residents’ disposable income per person 0.149
The outstanding sum of savings deposits at institutions of 0.087
finance ’
The total outstanding balance on loans at banking institutions 0.082
There is inconsistency with 0 missing judgments 0.09 Inconsistent overall 0.09
Priorities congerning goal: SUL Score Synthesis concerning goal: Score
Economic structure SUL
The industrial sector’s proportion of GDP as a percentage 0.126
The agriculture sector’s GDP share as a percentage 0.068
Proportion of city labour force employment in construction 0.140
% Of city labour force employed in manufacturing 0.162
The service sector’s GDP share as a percentage 0.052 Zone 1: Barat Daya 0.423
% Of the city’s labour force employed in wholesale and retail 0.047
Proportion of city labour. force employment in finance and 0.116 Zone 2: Timor Laut 0.577
insurance
Proportion of city labour force employed in real estate and 0.195
property '
Proportion of city labour force employed in the fields of 0.064
education, culture, and broadcasting ’
Proportion of city labour force employed in research and 0.030

development
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Table 6. Cont.

Priorities Concerning Goal: SUL

Synthesis Concerning Goal:

Economic Performance Score SUL Score
There is inconsistency with 0 missing judgments 0.09 Inconsistent overall 0.09
Priorities concerning ggal: SUL. Score Synthesis concerning goal: Score
Growth of urban economic capacity SUL
Per-capita foreign direct investment 0.116
Number of businesses with foreign investment 0.096
Per-capita domestic investment 0.079
The percentage of top 100 listed companies with headquarters 0.200 Zone 1: Barat Daya 0.277
Number of pupils attending tertiary institutions 0.031
How many tertiary institutions are 0.278 Zone 2: Timor Laut 0.723
Budgetary investments made by the local government in
0.045
research and technology
State government’s budgetary income 0.156
There is inconsistency with 0 missing judgments 0.09 Inconsistent overall 0.09

Table 7. Final weights for the urban landscape’s sociocultural criterion, sub-criteria, and alternatives.

Priorities Concerning Goal: SUL

Synthesis Concerning Goal:

Education and Training Score SUL Score
Aggregate populations 0.168
Urban labour force 0.193
Per million people, the number of colleges and institutions 0.058 Zone 1: Barat Daya 0.391
Per 50,000 people, the number of instructors at colleges and 0119
universities '
A primary school’s student-to-teacher ratio 0.040 Zone 2: Timor Laut 0.609
Per-capita spending by the local government on research and 0.422
education )
There is inconsistency with 0 missing judgments 0.08 Inconsistent overall 0.08
Priorities concerning goal: SUL Synthesis concerning goal:
Quality of life Score SUL Score
Saving per person 0.041
Road density 0.042
Per-person living expenses 0.069
Habitation area per person 0.017
Percentage of homes having home Internet connections 0.107 Zone 1: Barat Daya 0.516
The ratio of public vehicles to 1000 persons 0.014
Per million inhabitants, the number of post offices 0.222 Zone 2: Timor Laut 0.484
Number of beds in hospitals per 1000 people 0.101
Number of physicians per 1000 persons 0.072
Percentage of workers who work in social services 0.136
Rate of unemployment 0.180
There is inconsistency with 0 missing judgments 0.09 Inconsistent overall 0.09
Priorities concerning goal: SUL Synthesis concerning goal:
Urban Development Index Score SUL Score
Urbanization level 0.333 Zone 1: Barat Daya 0.219
Percentage of built-up areas per capita 0.528
Percentage of green spaces per capita 0.140 Zone 2: Timor Laut 0.781
There is inconsistency with 0 missing judgments 0.05 Inconsistent overall 0.05
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Figure 4. The essential criteria and sub criteria for the urban landscape of Penang Island.

The third level of analysis evaluates the performance of each zone across the nine
operational components (Table 5). For the sociocultural criterion, the growth of the urban
landscape development sub-criterion achieved the greatest performance weight (0.760).
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Among the environmental criteria, pollution treatment achieved the highest weight (0.671).
Among economic criteria, economic structure achieved the highest weight (0.637). Finally,
the environmental quality achieved the lowest weight (0.73) of all nine components.

The fourth level of the analysis presents the performance of each zone concerning
61 identified sub-criteria for urban landscapes grouped under nine criteria. The compet-
itiveness of Penang Island is evaluated using the values obtained from the experts for
Zone 1 and 2. Table 6 shows the comparative performance of Penang Island relating to
economic criteria. As for economics, Zone 2 has the highest value in economic performance,
which outperforms other criteria with a weight of 0.744. In contrast, Zone 1 did not achieve
the highest value on any factor and received the lowest economic performance values for
ten sub-criteria. Nevertheless, economic performance still assumes the top position in
Zone 1 even though this zone received a lower weight (0.256) for this compared to Zone 2
and for the growth of urban landscape economic capacity (0.277).

As for the comparative performance of the sociocultural criterion in Zone 2, education
and training (0.609) and the urban landscape development index (0.781) have the highest
values. In Zone 1, quality of life has the highest value of 0.516, but the difference between
Zone 1 (0.516) and Zone 2 (484) is slight for quality-of-life criteria. Zone 2 had the largest
budgeted expenditures for research and education per person and the highest percentage
of populated regions in areas intended for regeneration. Zone 1, on the other hand, had
lower values for living space per person and the number of public vehicles per thousand
people, but the highest value for the number of post offices per million people. Zone 2
obtained the lowest rating for the number of colleges and universities per million residents,
on the other hand.

The number of public cars per thousand people obtained the lowest (0.014) rating for
the quality of life out of the 20 sub-criteria of the sociocultural criterion. In parallel, the
urban landscape development index for the targeted regeneration regions recorded the
highest value (0.528) for the proportion of built-up areas per population. The comparative
performance on quality of life (Table 7) indicates that the two sub-criteria of savings per
capita (0.041) and road density (0.042) are close to each other in value. On the other hand,
education and training achieved the highest values for one out of the six sub-criteria,
namely budgetary expenditure of local government on science and education per capita
(0.422). Two sub-criteria, namely the number of post offices per million inhabitants (0.222)
and the unemployment rate, gave the greatest scores to quality of life (0.180). On the other
side, it earned the lowest scores for two sub-criteria: the ratio of public transportation to
population (0.014) and the number of living spaces per capita (0.017).

Regarding environmental criteria, competitiveness reflects the outperformance of
environmental pollution and environmental treatment in Zone 1, followed by pollution
quality for Zone 2. Industrial wastewater discharge and the percentage of domestic sewage
disposed of achieved the highest value. The lowest value was found for CO; emissions from
industry and the percentage of domestic waste disposal in environmental pollution and
pollution treatment in Zone 1. In contrast, the percentage of air quality up to good levels
achieved the highest value on environmental quality and the lowest value on the amount of
CO; per unit of area in Zone 2. Industrial wastewater discharge for environmental pollution
(Table 8) outperformed all 61 subcriteria with the highest score (0.528) in environmental
pollution. This is significantly above that of the percentage of domestic waste disposal in
pollution treatment (0.410), which is in the second position and followed by the percentage
of air quality up to reasonable levels (0.361) among the pollution quality criteria.
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Table 8. Final weights for environmental criteria, sub-criteria, and alternatives to the urban landscape.

Priorities Concerning Goal: SUL

Synthesis Concerning goal:

Environmental Pollution Score SUL Score
Emissions of CO, from industry 0.140
Discharge of industrial wastewater 0.528 Zone 1: Barat Daya 0.767
Industrial emissions of soot 0.333 Zone 2: Timor Laut 0.233
There is inconsistency with 0 missing judgments 0.05 Inconsistent overall 0.05
Priorities concerning goal: SUL Synthesis concerning goal:
Pollution Treatment Score SUL Score
% of industrial CO, abatement 0.120
% of industrial wastewater meeting discharge criteria 0.158 Zone 1: Barat Daya 0.729
% of eliminated industrial soot 0.239
Amount of residential sewage that was disposed of 0.410 Zone 2: Timor Laut 0.271
% of home garbage disposed of 0.073
There is inconsistency with 0 missing judgments 0.07 Inconsistent overall 0.07
Priorities concerning goal: SUL Synthesis concerning goal:
Environmental Quality Score SUL Score
CO; content per unit of land 0.068
Percentage of the area that complies with the national noise 0132 Zone 1: Barat Daya 0.295
standard
% of green space in the urbanized area 0.244
Per-capita park and green space area 0.195 Zone 2: Timor Laut 0.705
Proportion of clean air sources 0.361
There is inconsistency with 0 missing judgments 0.06 Inconsistent overall 0.06

The results from the case studies examined in this paper indicate the requirement
for Zone 1 (industrial area) in Penang Island to adopt focused strategies for sustainable
development and maintain good performance management over a more extended period.

3.2. Sensitivity Analysis of the DAHP Model

The choices for each of the several criteria and sub-criteria used in the model to choose
the crucial urban landscape criteria for Penang Island are sensitively analyzed. Because
experts assess and weigh the qualitative data, we performed sensitivity analysis on those
data. As a result, the experts’ pairwise comparisons were used to determine the current
rankings of the qualitative criteria of the DAHP model. A dynamic graph is one of the
well-liked sensitivity graphs for a DAHP model in expert decision scoring. As shown in
Figures 5-8 the sensitivity analysis is the outcome of employing dynamic graphs and the
DAHP model. Every dynamic graph has a different set of menu options, and you may
compare the sensitivity of each criterion and alternative. The term “dynamic graph” refers
to one of the widely used sensitivity graphs for a DAHP model in expert decision scoring.
Using dynamic graphs and the DAHP model, the sensitivity analysis yields the results
shown in Figure 9 for this analysis. Each dynamic graph has its own set of menu options,
and the sensitivity of each criterion to each alternative may be contrasted. In the Expert
Choice score, a decision-maker may drag the goal’s bar to the right or left to increase or
decrease the priority of the goal and view the consequences for the alternatives if they
consider a criterion that may be more essential than previously indicated Figures 5-8.
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and alternatives in the Expert Choice score.
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Figure 9. Sensitivity study and alternate percentages of the urban landscape on a radar graph (Zone 1:
Barat Daya, Zone 2: Timor Laut).

Since raising the sensitivity of the economic criterion has a substantially bigger impact
than that of the other criteria, the outcome seems plausible. Environmental considerations
will thus be more sensitive than other factors in the area when economic sensitivity in
Penang Island increases. As for economic criteria, an increase in the sensitivity of economic
performance criterion to a high weight of 0.258 with a corresponding inconsistency of
0.09 to 10%, 50%, and a value of 90% of the main goal in the dynamic chart, the DAHP
model still favours the education and training criterion with scores of 25.1%, 14%, and 2.7%,
respectively. As for the economic structure, the scores of 21.6%, 11.2%, and 2.3% are more
sensitive than the growth of the urban landscape’s economic capacity. As above, the result
appears reasonable. With an increase in the sensitivity of the economic performance of
Penang Island, economic structure criteria will be more sensitive than other criteria (Table 9).
Economics is a sensitive and essential criterion, as the DAHP model results revealed that
economics has a high weight compared to the sociocultural and environmental criteria.

Radar graphs and sensitivity analysis results were presented in a selection software
for experts in two parts. One radar graph represents the criteria, while the doughnut graph
represents the zones as an alternative. The sensitivity analysis for economic criteria is
presented in Figure 9.

Zone 2 remains the most sensitive and important area with scores of 64.70%, 61.70%,
and 58.50% for economic structure, 61.80%, 67.40%, and 73.1% for economic performance,
and 64.2%, 67.7%, and 71.4% for the growth of urban landscape economic capacity. Zone 1
has scores of 35.30%, 38.30%, and 41.50% for economic structure, 38.2%, 32.6%, and 26.9%
for economic performance, and 35.8%, 32.3%, and 28.6% for the growth of urban land-
scape economic capacity. It remains the less sensitive and important zone for the urban
landscape’s economy. With an increase in the sensitivity of economic criteria for the area,
the growth of the urban landscape economic capacity criterion becomes more sensitive
relative to the other criteria. The findings of the sensitivity analysis shown in this section
show how stable the choice is. Even with large changes in the criterion weights brought on
by consistent assessments and pairwise comparisons, Zone 2 is still the preferred option.
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Zone 2 (Timor Laut) is always in the lead, followed by Zone 1, and is the best alternative
for Penang Island.

Table 9. Sensitivity analysis between economic, environmental, and sociocultural criteria and alterna-
tives for Penang Island.

Growth of Urban Landscape

Urban Landscape Economic Structure Economic Performance . .
Economic Capacity
Criteria 10% 50% 90% 10% 50% 90% 10% 50% 90%
Education and 216 11.2 23 25.1 14 2.7 20.2 11.3 2.3
training
Sociocultural Quality of life 3.8 2.2 0.4 4.4 2.4 0.5 3.5 2 0.4
Urban landscape 6 34 0.7 7 39 0.8 56 3.1 0.6
development index
Economic 29.7 16.9 34 - - - 27.7 15.4 31
performance
Economic Economic structure - - - 10.2 11.2 2.2 16.2 9 1.8
Growth of urban
landscape economic 11.1 6.3 1.3 129 7.2 1.4 - - -
capacity
Environmental 44 2.5 05 5.1 2.8 0.6 41 23 05
pollution
Pollution treatment 3 1.7 0.3 3.5 2 0.4 2.8 1.6 0.3
Envi tal i
nvironmenta Environmental 102 58 12 11.8 6.6 13 95 53 11
quality
Zone 1 35.30 38.30 41.50 38.2 32.6 26.9 35.8 323 28.6
Zone 2 64.70 61.70 58.50 61.8 67.4 73.1 64.2 67.7 71.4

4. Discussion

In what follows, we present a discussion of the essential elements of the methodology
used in this study, so it can be applied in other contexts. To inform decisions on optimizing
city competitiveness based on scientific knowledge, we developed a DAHP model soliciting
expert opinions. The DAHP model was built from a postal or email questionnaire incorpo-
rating an Expert Choice matrix. The DAHP approach for decision making was efficient for
reaching an agreement on the scores among multiple stakeholders in a paired comparison
of choices. A 9-point rank was employed in rounds 1 and 2 of the Expert Choice assessment
to choose the pertinent and sensitive standards for pairwise comparisons. In the initial
phase, experts were tasked with assessing the applicability of prospective management
criteria for coastal cities. In the second round, scale components were re-evaluated by
selecting those criteria that had scored at least a median value. The most critical in these
two stages of the DAHP model development is to assemble an appropriate team of experts
and delegate forecasting and problem-solving responsibilities (Figure 10). Usually, a group
of 20 specialists is selected. After then, experts gather data and revise their predictions in
response to feedback. Before putting the prediction tasks in a DAHP model environment, a
preliminary round of information gathering from the experts may be helpful (Figure 10).
Alternatively, the facilitator may share critical information with all participants after experts
have presented their initial ideas and arguments. Also important is to choose a strong
facilitator who can balance the various viewpoints of decision makers so they converge
toward a common target.

While in the initial development phase of the DAHP, survey data are directly collected
from experts; in the next phase, urban landscape criteria are gleaned from a literature
review to complement the list of criteria developed from expert opinion. This new list
is then evaluated again by experts. Iterative expert judgment is the key component for
developing a comprehensive final list of criteria and indexing based on expert consensus.
Until consensus is reached, the process needs to be repeated. The good agreement does
not necessarily imply complete convergence of prediction values; rather, it shows that
the variation in response has been sufficiently reduced. Nonetheless, two or three rounds
are usually required to reach this stage. At the same time, too many rounds should be
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avoided, as expert numbers tend to dwindle with increasing numbers of rounds. Pairwise
comparisons of the decision-making elements are conducted in the third stage of the DAHP
model construction, and judgment scales are generated. The next step is to assess the
relative relevance of the criteria and sub-criteria concerning the main aim after organizing
the problem using a hierarchical method. Using a scale of unconditional assessments
known as Saaty’s 1-9 scale, the pairwise comparisons of criteria for the quantification
process in AHP determine the degree to which one item predominates over the other,
concerning the particular feature. Priorities are determined by examining the consistency
of weights used in comparisons. Therefore, the AHP theory does not need perfect moral
purity. After the comparison matrices have been filled, stresses may be estimated. The
traditional DAHP employs the eigenvalue approach. To explain the process, the study
starts with an illustration of a consistent matrix with established priorities. For each matrix
of comparisons and each set in the whole hierarchy of judgments, it offers a measure of
inconsistency. A consistency check must be used since priorities can only be helpful if they
are generated from matrices that are consistent or substantially consistent. Some judgment
matrices require input from decision-makers, such as the one for estimating the local
weights of criteria in connection to the aim and the one for computing the local weights
of alternatives concerning each criterion and sub-criterion. Several judgments need to be
taken into account when calculating an index to gauge the consistency of conclusions. One
of the DAHP model’s most notable advantages is its ability to provide consistent judgments
through the computation of a consistency ratio. The local weights of the various group
components that were emphasized in the earlier phases are combined or aggregated to
generate the final weights of the option alternatives [78]. The scores of the alternatives and
the weights of the criteria—often referred to as local priorities—are regarded as decision-
making elements. The decision maker must use pairwise weight and score comparisons to
communicate their preferences or priorities. The weight and score values are then written
in a decision table using these comparisons as the starting point. The DAHP determines
the overall importance or priority by aggregating or combining all preferences from the
decision table using a weighted summation after establishing the local priorities through
all criteria. Expert predictions can be condensed using summaries of numerical data and
graphical representations similar to those from a previous study [78]. the research improved
the participation of the expert panel and also computed a sensitivity analysis as a crucial
component of the DAHP model for each of the criteria, sub-criteria, and alternatives. The
results of the sensitivity analysis might then serve as the foundation for expert judgment.
The total result of the construction of the DAHP model is a set of numerical values that
range from 0 to 1 and reflect the weights of the relative urban landscape index.

The research’s methodology placed a significant emphasis on expert rankings and
advice. The DAHP approach is challenging since it takes a lot of time, The panel can lose
interest and get disorganized if it takes too long. In contrast, if opinions are solicited in a
group setting, personal interactions might result in quicker and more complete explanations
of qualitative arguments. Moreover, the administration and design of the DAHP model
process are largely under the facilitator’s control. To effectively perform this role, the
facilitator must be able to convey areas that demand more attention from the experts. The
facilitator needs to effectively communicate that considering that the experts do not interact
face-to-face and therefore cannot draw their conclusions on where to direct their attention.
The facilitator’s role is therefore crucial for increasing the probability that the DAHP model
will be useful.
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5. Conclusions

Our study shows that it is efficient to weight criteria and sub-criteria to decide the
urban landscape of Penang Island using a DAHP model and expert choice software. To take
into account the numerous crucial components of sustainable urban and regional landscape
development that contribute to the urban landscape, several criteria and sub-criteria sets
were utilized. Our model captures this complexity rather than having a singular focus on
economic development, as was the case in previous studies. In our study, both economic
and environmental criteria showed a more significant effect on the overall urban landscape
than sociocultural ones. We distinguished different zones of Penang Island and noted
that Zone 2 (Barat Daya) was performing greatly from an economic and environmental
perspective. Its performance indicates maximum potential for all of the nine criteria of
competitiveness that we evaluated. The sensitivity analysis demonstrates how stable the
choice is. Despite large changes in the weights of the criteria, Zone 2 is still the preferred
option, which is supported by pairwise comparisons and consistent assessments. Thus, for
the coastal region of Penang Island, Zone 2 is the best option for coastal development to
maximize competitiveness. At the same time, the potential trade-off between economic
development, environmental conservation, and relatedly, quality of life as it depends
on environmental conditions, needs to be considered. Furthermore, while the economic
criteria are performing well, the difference in the competitiveness performance weight
of the sustainable development criteria is substantial. This needs to be addressed: The
ranks and scores of the criteria, sub-criteria, and alternatives show that fostering effective
partnerships between the public departments and private companies in Penang Island can
augment the urban landscape.
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When using an integrated DAHP model to assess urban landscapes, the data sources
need to be considered carefully to ensure that the results are accurate. In addition, because
many factors might be essential to determine urban landscape, the same factors may not
be significant for other regions. Although the DAHP model can show the possibility of
applying these integration approaches and delivering beneficial outcomes in our study
area, additional research and applications of this methodology are needed to validate the
model’s transferability. Despite these drawbacks, our research has yielded useful findings
that will help coastal managers, planners, and developers identify vulnerable zones and
places using a DAHP model. The future urban landscape considering the sustainability
criteria of the coastal urban landscape system can then be projected using quantitative and
qualitative data for the identified indicators. This type of information will be critical in the
future for urban landscape planners who need to choose appropriate locations for future
sustainable urban landscape development.
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