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Abstract

Resilient and sustainable industrial site reclamation is a critical challenge in post-disaster
recovery, particularly in contexts marked by institutional uncertainty, limited resources,
and competing stakeholder priorities. Decisions on industrial relocation and redevelop-
ment are essential for achieving balanced urban growth and efficient land use but are
often constrained by conflicting socio-economic, environmental, and governance objectives.
This study develops a scalable decision-support framework based on the Fuzzy Analytic
Hierarchy Process (FAHP) to evaluate alternative industrial site reclamation strategies
under uncertainty. The framework integrates economic, environmental, social and land
use criteria within a hierarchical decision structure and employs triangular fuzzy numbers
(TFNs) together with Buckley’s geometric mean aggregation to derive priority weights from
expert judgements. The framework is demonstrated using the Al-Qaboun industrial area in
post-disaster Damascus. Results indicate that relocation to Adra Industrial City represents
the preferred reclamation strategy. A sensitivity analysis demonstrates the stability of the
prioritisation under alternative weighting scenarios, confirming the robustness of the pro-
posed framework. The framework is transferable because its hierarchical structure can be
adapted to different industrial sites by modifying evaluation criteria and stakeholder inputs
while retaining the same FAHP methodology. The study provides a transparent decision-
support approach for resilient industrial redevelopment and contributes to Sustainable
Development Goal 11.

Keywords: multi-criteria decision-making (MCDM); fuzzy analytic hierarchy process
(FAHP); sustainable industrial site reclamation; post-disaster recovery; urban resilience

1. Introduction
Post-disaster urban reconstruction presents complex and multidimensional challenges,

particularly in cities where large-scale destruction intersects with pre-existing structural
deficiencies. In this context, urban planning and sustainable development have become
critical priorities in Damascus, the capital of Syria, as the country navigates the long-
term consequences of conflict. Among the most pressing yet underexplored issues is the
sustainable reclamation of urban industrial sites. Decisions regarding the future of these
sites are central not only to optimising land use and addressing regional development
imbalances [1,2], but also to creating opportunities for resilient, resource-efficient, and
low-carbon urban transformation.
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Historically, industrial decentralisation policies in Syria sought to reduce pressure
on densely populated urban areas by relocating industrial activities to peripheral zones.
However, these policies have frequently been shaped by political and regional consid-
erations, with limited attention to economic efficiency, environmental sustainability, or
social equity. As Damascus embarks on a “Building Back Better” (BBB) recovery trajectory,
reconstruction efforts must address destruction on a scale that exceeds national recovery
capacity and increasingly relies on external support. Evidence from post-disaster recovery
contexts demonstrates that integrating sustainability and resilience principles into recon-
struction planning can reduce future vulnerabilities while enhancing long-term urban
performance [3].

Resilience is a key principle in post-disaster reconstruction and sustainable urban
development [4]. In this study, resilience is defined as the capacity of industrial systems and
associated urban environments to withstand disruption, adapt to changing environmental
and socio-economic conditions, and recover while maintaining essential functions. Rather
than restoring pre-disaster conditions alone, resilient industrial reclamation aims to reduce
future vulnerabilities while strengthening long-term sustainability. In this context, BBB
strengthens resilience by promoting the use of recovery, rehabilitation, and reconstruc-
tion phases to integrate disaster risk reduction into economic recovery, environmental
restoration, infrastructure redevelopment, and social systems [3].

Industrial site reclamation is widely recognised as a key component of sustainable
urban regeneration, particularly in environmentally sensitive and strategically impor-
tant locations [5]. Effective reclamation requires balancing economic viability, environ-
mental protection, and social wellbeing through integrated planning approaches [6]. In
Damascus, the rehabilitation of partially damaged industrial areas offers opportunities
not only to restore productive capacity and employment but also to embed low-carbon
technologies, circular economy practices, and climate-resilient infrastructure into the
reconstruction process.

The scale of destruction resulting from the Syrian conflict and its extensive socio-
economic consequences [7] underscore the urgency of adopting structured and sustainable
reconstruction strategies [8]. Given the industrial sector’s importance to employment
generation and economic productivity, decisions regarding the rehabilitation, relocation,
or redevelopment of industrial sites will have long-term implications for both economic
recovery and environmental performance. Furthermore, post-conflict urban expansion has
increased pressure on land resources and infrastructure systems, reinforcing the need for co-
ordinated and evidence-based planning approaches that support sustainable development
objectives [9].

Making such decisions is inherently challenging due to the involvement of multiple
stakeholders, competing priorities, and uncertain data environments [10]. Conventional
planning approaches often struggle to balance economic, environmental, social, and tech-
nical considerations simultaneously, which may result in suboptimal or contested out-
comes [11]. Consequently, there is a growing demand for decision-support tools capable of
integrating diverse criteria, managing uncertainty, and facilitating transparent evaluation
processes. Multi-criteria decision-making (MCDM) methods provide a structured frame-
work for addressing these challenges by enabling the systematic assessment of competing
alternatives while incorporating stakeholder preferences and contextual constraints [12].
Also, industrial site reclamation requires the simultaneous consideration of economic,
environmental, social, technical and governance objectives. These objectives are frequently
characterised by conflicting stakeholder priorities and incomplete information. Conse-
quently, MCDM techniques have become increasingly important for supporting transparent
and evidence-based planning decisions.
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Among the available MCDM techniques, the Fuzzy Analytic Hierarchy Process (FAHP)
has demonstrated particular value in addressing uncertainty and subjective judgement
through the use of fuzzy logic and pairwise comparisons [13,14]. The FAHP was selected
because it extends the conventional Analytic Hierarchy Process by incorporating fuzzy
logic to capture uncertainty associated with linguistic expert judgements. Through pair-
wise comparisons expressed as triangular fuzzy numbers, FAHP provides a systematic
mechanism for deriving reliable priority weights while reducing ambiguity inherent in
subjective assessments.

Despite growing applications of FAHP in infrastructure planning and sustainability
assessment, relatively limited research has applied the method to industrial site reclama-
tion in post-disaster environments. Existing studies often evaluate isolated economic or
environmental factors rather than integrating resilience, stakeholder perspectives, and
sustainability considerations within a unified framework. This gap is especially evident in
post-conflict cities such as Damascus, where decisions regarding demolition, rehabilitation,
or redevelopment are complicated by financial constraints, competing stakeholder interests,
and significant uncertainty [2,15,16].

To address this gap, this study develops and applies an integrated decision-support
framework for evaluating and prioritising post-disaster industrial site reclamation alterna-
tives in Damascus. The proposed framework is scalable because its hierarchical decision
structure can readily be transferred to other industrial redevelopment contexts by adapting
the evaluation criteria and stakeholder inputs without modifying the underlying FAHP
methodology. This characteristic enhances its applicability across different geographical
settings and planning environments.

The principal contributions of this study are threefold. First, it develops a structured
FAHP framework for evaluating sustainable industrial site reclamation under uncertainty.
Second, it integrates resilience and sustainability considerations into industrial redevelop-
ment decision-making. Third, it provides a practical decision-support tool for policymakers
responsible for post-disaster industrial recovery. By bridging decision science, urban
planning, and sustainability transitions, the research contributes to the development of
evidence-based strategies that support resilient urban recovery and advance Sustainable
Development Goal 11 (Sustainable Cities and Communities).

While the proposed framework offers a structured and transferable approach to
decision-making, the findings are influenced by the selected case study, the availability
of data, and expert-based judgements used in the evaluation process. These limitations
should be considered when interpreting the results and assessing their transferability to
other post-disaster contexts.

The overarching aim of this research is to develop and apply a robust decision-support
framework for optimising resilient and sustainable industrial site reclamation strategies in
post-disaster contexts, with a particular emphasis on resilience and low-carbon transition.

In response, this study develops an integrated FAHP multi-criteria decision-making
pathway to support resilient and sustainable resilient industrial site reclamation in post-
disaster contexts. To achieve this aim, the study pursues the following objectives:

1. To assess the current conditions and identify viable reclamation strategies for the Al-
Qaboun industrial area, with specific attention to their potential to support low-carbon
energy integration and sustainable urban recovery.

2. To develop an integrated FAHP-based MCDM framework capable of systematically
structuring and evaluating multi-dimensional decision criteria under conditions
of uncertainty.
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3. To evaluate and prioritise alternative reclamation strategies using the proposed FAHP
model, complemented by sensitivity analysis to examine the influence of energy-
related criteria on the final prioritisation.

2. Selected Muti-Attribute Evaluation Criteria
The identification of evaluation criteria is fundamental to developing a robust decision-

support framework for sustainable industrial site reclamation. Because redevelopment
decisions influence economic recovery, environmental quality, social well-being, and future
land use efficiency, the evaluation framework must incorporate criteria that collectively
represent the multidimensional nature of post-disaster reconstruction. Accordingly, the
criteria adopted in this study were identified through a comprehensive review of the extant
literature on sustainable industrial redevelopment, urban regeneration, industrial location
planning, and post-disaster recovery.

In many developing countries, industrial location policies are often employed as strate-
gies to address regional imbalances and mitigate excessive urbanization. Many nations
have adopted policies that either prohibit industrial activities within their largest cities or
relocate industries away from these urban centres to slow or reverse the growth of primate
cities. The effectiveness and rationale behind these policies have been widely debated
in the literature [5,17–19]. A significant body of evidence suggests that while industrial
decentralization may not be economically efficient [18], these policies are nonetheless im-
plemented to satisfy political, regional, and equity objectives, supported by various interest
groups [10,17]. Given that industrial decentralization policies are likely to persist, the
primary challenge is that they are often formulated without a solid understanding of the
sustainability impacts associated with industrial location decisions [10,17]. Consequently,
there is an increasing need for structured decision-support methods capable of balancing
competing economic, environmental, social, and planning objectives while accounting for
uncertainty in expert judgement.

MCDM methods are particularly useful in scenarios characterized by high uncertainty,
unknown variables, diverse interests, and conflicting perspectives [20]. According to [21],
an MCDM model comprises three fundamental components: (1) a set of decision options
that need to be ranked, (2) a set of criteria for evaluating each option, and (3) a set of
performance measures, which are the raw scores for each option against each criterion.

MCDM follows several key phases: (a) identifying objectives, (b) developing criteria,
(c) generating, evaluating, and selecting alternatives, and (d) implementing and monitor-
ing [15]. Ranking suitable industrial areas is a crucial multi-criteria decision problem that
involves socio-economic, technical, and environmental considerations. The MCDM process
typically includes (i) defining objectives, (ii) selecting criteria to measure these objectives,
(iii) specifying alternatives, (iv) assigning weights to the criteria, and (v) applying an ap-
propriate mathematical algorithm to rank the alternatives. MCDM facilitates the unbiased
integration of modern planning objectives for the independent identification and ranking
of the most suitable planning solutions [17,18].

MCDM can be effectively used to apply concepts of value and weight to assess
sustainability [11,22]. Thus, MCDM can be enhanced to manage the sustainability of
industrial site reclamation by addressing multiple project requirements and accommodating
conflicting stakeholders’ interests. Table 1 presents a synthesized list of criteria associated
with post-disaster industrial site reclamation, which can be valuable in developing MCDM
criteria that promote sustainability by shaping decision-makers’ objectives and priorities.
These MCDM categories should account for the varying perspectives and resistance to
change among different stakeholders, such as the conventional industrial sector, rational
government decision-makers, and fragile workforce communities.
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Table 1. MCDM for urban industrial sustainable reclamation.

Economic Category (Eco) Environmental Category
(Env)

Social Category
(Soc)

Land Use Category
(LU)

• Energy (Eco1)
• Technology (Eco2)
• Infrastructure (Eco3)
• Funding (Eco4)
• Suppliers (Eco5)
• Time to market (Eco6)
• Transportation (Eco7)

• Pollution (including
post-war site
contamination) (Env1)

• Environmental
standards (Env2)

• Climate change (Env3)
• Waste management

(including massive
destruction) (Env4)

• Public health, safety,
and security (Soc1)

• Work environment
(Soc2)

• Creating jobs (Soc3)
• Equal opportunities

(Soc4)
• Human-change (Soc5)

• Brownfield
development (LU1)

• Neighbourhood plans
(including labours
accommodation)
(LU2)

• Policies and
ownership laws and
regulations (LU3)

Modern urban planning theories emphasize the importance of considering all stake-
holders with diverse values to avoid political and manipulative decisions [18]. Most
applications of decision-making techniques focus on ranking the priority of predefined
management options or planning scenarios. Recently, the application of quantitative
approaches, such as MCDM techniques, in land suitability assessments has increased,
allowing for the handling of diverse data. This study, however, demonstrates how spatial
decision-making can be used not only to prioritize options and conduct scenario analysis
but also to provide insights into the spatial extent of the alternatives. This approach is
particularly valuable in situations where political transitions in urban planning policies
grant local decision-makers significant discretion.

Studies by [10,13,14] have shown that multi-criteria analysis methods and AHP can
yield effective and applicable results by considering numerous environmental, social, and
economic factors in site selection. Within this family of methods, the FAHP is particularly
suitable for industrial site reclamation because it enables expert knowledge to be incor-
porated through fuzzy pairwise comparisons while explicitly accounting for uncertainty
associated with linguistic judgements.

Based on the literature review and the characteristics of the Al-Qaboun case study,
the evaluation criteria were organised into four primary dimensions: economic (Eco),
environmental (Env), social (Soc), and land use (LU). This hierarchical grouping provides
the basis for the FAHP analysis and ensures that all relevant sustainability dimensions are
systematically represented during the pairwise comparison process.

Table 1 summarises the complete hierarchy of evaluation criteria and sub-criteria
adopted in this research. The hierarchical organisation enables each criterion to be com-
pared systematically using the FAHP methodology, thereby supporting transparent and
consistent prioritisation based on expert judgement. This structure also enhances the
transferability of the framework because the criteria can be adapted to other industrial
redevelopment contexts without modifying the underlying FAHP procedure.

3. Application of FAHP
The Analytic Hierarchy Process (AHP), developed by Saaty in 1980, remains a widely

used method for decision-making today. The term “analytic” refers to the breakdown of a
problem into its fundamental components, while “hierarchy” indicates the organization
of these components in relation to the primary goal. The process is conducted in two
phases to establish priorities for alternative decision options based on the judgments of
decision-makers [19,23].

In regard to research design, the research adopted a sequential mixed-methods design
consisting of four stages. First, a comprehensive review of the literature and a field
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investigation of the Al-Qaboun Industrial Area were undertaken to identify the principal
sustainability issues associated with industrial site reclamation. Second, the evaluation
criteria and sub-criteria were organised into a hierarchical FAHP structure based on the
economic, environmental, social and land use dimensions presented in Table 1. Third,
expert judgements were collected through structured pairwise comparison questionnaires
using linguistic preference scales represented by triangular fuzzy numbers (TFNs). The
stakeholder inputs were collected through a structured expert survey designed to obtain
pairwise comparisons of the identified criteria using Saaty’s scale. Finally, the FAHP
procedure was applied to aggregate expert opinions, derive criteria weights using Buckley’s
geometric mean approach, assess consistency, perform defuzzification and evaluate the
robustness of the results through sensitivity analysis. The comparison helps create a
hierarchical structure that serves as the foundation for the decision-making process [23,24].

Accurate assessment of sustainability in evaluating industrial locations is crucial for
achieving the objectives of sustainable development in the built environment. Industrial
cities play a vital role in societal well-being, economic development, and environmental
protection [25]. However, the location of these industrial projects, their resource usage
(materials and energy), and the generation of waste and emissions significantly impact
the sustainability of the built environment. To mitigate these negative effects and ensure
responsible resource allocation in industrial site selection, previous studies have considered
a wide range of factors, including both objective and subjective aspects, to effectively
evaluate industrial location decisions. FAHP is particularly effective when decision cri-
teria are well-defined, allowing their importance to be systematically ranked in relation
to one another.

In regard to a consistency assessment, consistency of the pairwise comparison matrices
was evaluated using Saaty’s Consistency Ratio (CR). Matrices with CR ≤ 0.10 were accepted.
Any matrix exceeding this threshold was reviewed before inclusion in the final analysis [26].

In regard to a sensitivity analysis, the weighting scenarios should be evaluated to
examine the robustness of the derived priorities. This research scenarios redistributed
the influence of expert groups while preserving the overall decision framework. This
approach follows established sensitivity-analysis practice in FAHP-based MCDM stud-
ies [27] and was adopted to identify whether changes in stakeholder weighting altered the
preferred reclamation strategy. The analysis demonstrated stable prioritisation across the
tested scenarios.

The sensitivity analysis is an important validation procedure in multi-criteria decision-
making because it assesses the stability of decision outcomes under varying assumptions
and provides confidence in the reliability of the proposed framework. The scenarios were
designed to represent plausible decision-making perspectives that may arise in practice,
including greater emphasis on economic recovery, environmental protection, social consid-
erations, land use planning, and a balanced weighting scenario. These scenarios enable
the assessment of whether changes in stakeholder priorities alter the preferred reclamation
strategy or merely influence the relative importance of individual criteria.

Rather than representing arbitrary changes, each scenario reflects a realistic planning
perspective that decision-makers may adopt during post-disaster industrial redevelopment.
The objective was therefore not to optimise a single weighting configuration but to deter-
mine whether the proposed FAHP framework consistently supports the same strategic
decision under different planning priorities.
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4. Materials and Methods
In regard to the expert selection and stakeholder data collection, a purposive sam-

pling strategy was adopted to recruit experts with demonstrable knowledge of industrial
development, urban planning, environmental management, infrastructure, post-disaster
reconstruction and related disciplines. This was supported by the first author’s professional
network within the Damascus Engineering Syndicate and the Damascus City Council. In-
vitations to participate were distributed to 80 potential participants (via direct electronic
invitations, followed by reminder emails) drawn from universities, government agencies,
consultancy organisations and industry ensuring representation from relevant public and
private sector backgrounds. Eighteen (18) completed questionnaires were returned (result-
ing in a response rate of 23%) and satisfied the inclusion criteria for analysis. Although
the response rate was modest, it is considered acceptable for expert-based FAHP studies
because the emphasis is placed on the quality and relevance of specialist knowledge rather
than statistical representativeness.

The relatively low participation rate may be partly attributed to the heightened politi-
cal uncertainty and security concerns prevailing in Syria during the survey period (Septem-
ber 2024), immediately preceding the political transition in December 2024. Confidentiality
concerns and the absence of direct incentives may have further limited participation. Nev-
ertheless, the sample is considered adequate for expert-based decision-making studies,
where the quality, relevance, and depth of expert knowledge are more important than
the number of responses. Moreover, the achieved response rate exceeds the minimum
thresh-old recommended by [28] for producing meaningful survey-based findings.

The survey responses were anonymised and used solely for research purposes. The
resulting data were used to derive criteria weights through FAHP, applying the Buckley
geometric mean method to address uncertainty in expert judgement.

The final respondents had relevant and diverse professional backgrounds across
academia, engineering consultancies, urban planning institutions, and environmental
management companies. All participants had substantial experience, ensuring informed
and reliable inputs for the FAHP analysis. This expert composition ensures methodological
robustness and aligns with the requirement for knowledge-intensive decision-making.

The survey instrument was designed to be concise and clear, using a structured
pairwise comparison scale to minimise ambiguity and reduce cognitive burden during
evaluation. This facilitated consistent and reliable elicitation of expert judgements for
criteria weighting.

The sample size and composition are consistent with previous FAHP applications
in construction and infrastructure studies [29,30], which demonstrate that reliable results
can be achieved with small but highly specialised expert groups. Finally, qualitative
insights from the field case study were used to complement the survey data, strengthening
contextual interpretation and supporting the analysis within the specific socio-political and
environmental conditions of the study area.

4.1. Case Study Description

Al-Qaboun industrial area is located at the northern entrance of Damascus, a highly
organized zone housing industrial and craft facilities as well as various government build-
ing. It spans from Abbasi garages in the west to the administrative borders of Damascus
governorate bordering Harasta in the east, and from the international highway (Damascus-
Homs) in the north to the Tora River separating Qaboun and Jobar in the south (Figure 1).
Most factories and workshops are antiquated with ineffective infrastructure and outdated
facilities. These conditions provide inadequate working environments and affect both
productivity and product quality. The area contains around 750 establishments employing
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about 20,000 workers. Notable factories include Al-Khomasia General Company, textile and
clothing companies, concierge and agricultural companies, building materials companies
and Mechanical Workshops, Rubber and Plastic Products Company, Crash Soft Drinks
Factory, Syronics TV Lab, Tariq Al Majdalani Wood Factory, and the main Soap Factory.
Despite varying degrees of destruction, the area remains a vital economic hub.

 
Figure 1. Al-Qaboun Damascus-North Damage Assessment.

Al-Qaboun industrial area consists of two parts, (A) and (B), as shown in Figure 2.
Based on field investigations, the destruction percentages were calculated. Area (A) com-
prises 46 factories with an overall damage rate of 26.1%. There is a surface tunnel, 2 m deep
and 2 m in diameter, connecting the Al-Dogali building with the Jano building (requiring
backfilling and treatment). Area (B) comprises 133 factories with an overall 59.4% damage.

The Syrian Government considered three alternative strategies for the post-conflict
reconstruction and redevelopment of the Al-Qaboun industrial area:

• Option A1: Reconstruction in situ. This strategy permits affected industries to rebuild
at their existing locations within Al-Qaboun without the provision of additional infras-
tructure or public services. Although this option requires the least immediate public
investment, it offers limited opportunities to enhance urban resilience, modernise
infrastructure, or implement the principles of Build Back Better.

• Option A2: Partial relocation and reconstruction. This strategy allows industrial asso-
ciations and factory owners to choose between rebuilding in Al-Qaboun or relocating
to the Adra Industrial City. Highly polluting industries would be relocated exclu-
sively to Adra, while less polluting industries could remain in their original locations.
Implementing this option would require substantial investment in infrastructure, in-
cluding transport networks, water supply, electricity, and utility services at both sites,
potentially increasing implementation complexity and costs. Furthermore, industries
remaining within the urban area would continue to face exposure to environmental
and urban development risks.

• Option A3: Complete industrial relocation. This strategy promotes the relocation
of all industrial activities from Al-Qaboun to the Adra Industrial City as part of
a comprehensive Build Back Better initiative. Consolidating industrial operations
within a purpose-built industrial zone would reduce land-use conflicts, minimise
environmental impacts on surrounding residential areas, improve access to modern

https://doi.org/10.3390/land15071253

https://doi.org/10.3390/land15071253


Land 2026, 15, 1253 9 of 21

infrastructure and services, and enhance long-term resilience by relocating industries
to a lower-risk and more sustainable location.

Figure 2. The spatial distribution of damage and the percentage of affected public and private
facilities in Al-Qaboun’s two parts, (A,B).

Figure 3 illustrates the hierarchy structure of the categories, sub-criteria, and alterna-
tives. This simplified approach will enable generating a unique solution for the reciprocal
comparison matrix.

Figure 3. Hierarchy structure of the categories, sub-criteria, and alternatives.
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4.2. FAHP Technique-Based Empirical Survey

The FAHP method is employed to establish preference weightings for the decision
criteria based on subjective perceptions expressed in natural language. The FAHP method
is useful for transforming experts’ survey responses into fuzzy weights, which can then
be used to calculate composite indices. The survey technique is widely used in risk
management and post-disaster assessment research [22,31]. There are three main reasons
for selecting this data collection method: (1) It is less intrusive and cost-effective compared
to interviews. (2) The questionnaire is easily understandable for most potential respondents;
and (3) the analysis of returned responses is straightforward [14,32].

The questionnaire was designed to accommodate the FAHP technique for analysing
the sustainable reclamation categories (economic, environmental, social, and land use) of
urban industrial sites, as highlighted in Table 1. The questionnaire used for this study
comprises five sections. Section 1 gathered information on the background of the invited
experts, such as their work positions and years of experience.

Sections 2–5 of the questionnaire utilised Saaty’s scale of preference [26], ranging from
1 to 9, to rate the relative priorities and importance of two sub-criteria at a time within
each criterion (or category) through a pairwise comparison process. The typical question
asked was, “How important is criterion A compared to criterion B?” This Saaty scale is
an integral part of using the AHP or FAHP technique for pairwise comparisons. Table 2
presents the nine-point linguistic scale used for the pairwise comparison of each category’s
sub-criteria and the corresponding triangular fuzzy numbers (TFNs). TFNs provide a
more quantitative and alternative way to aggregate the experts’ opinions than using the
arithmetic mean method [27,33]. For this purpose, the questionnaire was designed in
the form of a checklist with closed-ended questions, and this approach facilitated the
scoring process for participants while enforcing a unified way of scoring/weighting the
sub-criteria. The pairwise comparison for any given category’s sub-criteria is given by
Equations (1) and (2) for each expert as explained by [14].

∼
Cu =

∣∣∣∣∣∣∣∣∣∣∣

1
∼
c 12 . . .

∼
c 1n

∼
c 21 1 . . .

∼
c 2n

...
∼
c n1

...
∼
c n2

. . .
. . .

...
1

∣∣∣∣∣∣∣∣∣∣∣
=

∣∣∣∣∣∣∣∣∣∣∣

1
∼
c 12 . . .

∼
c 1n

1
∼
c 12

1 . . .
∼
c 2n

...
1

∼
c 1n

...
1

∼
c 2n

. . .
. . .

...
1

∣∣∣∣∣∣∣∣∣∣∣
, u = 1, 2, 3, . . . , u (1)

where n is the number of sub-criteria and
∼
Ct is a pairwise comparison matrix for each

element (
∼
Cij) for the Uth expert.

∼
Cij =



∼
1,

∼
3,

∼
5,

∼
7,

∼
9

criterion i is relative importance to criterion j

1, i = j,
∼
1
−1

, 3−1, 5−1, 7−1, 9−1

criterion i is relative less importance to criterion j

(2)
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Table 2. Linguistic scale for quantitative comparison of FAHP.

Linguistics Variables Scale of Relative Importance [34] TFN

Extremely important 9 (9.000, 9.000, 9.000)
Very strongly important 7 (6.000, 7.000, 8.000)
Strongly important 5 (4.000, 5.000, 6.000)
Slightly important 3 (2.000, 3.000, 4.000)
Equal 1 (1.000, 1.000, 1.000)

Experts completed pairwise comparisons using linguistic variables that were subse-
quently converted into fuzzy numerical values before aggregation. The hierarchical model
comprised the overall objective, four primary criteria groups and the associated sub-criteria
described in Table 1. Table 2 presents the linguistic scale and TFN values adopted for
pairwise comparisons within FAHP, adapted from [14]. The scale enables experts to express
the relative importance of criteria and sub-criteria using qualitative linguistic judgments
ranging from 1 (“Equal importance”) to 9 (“Extremely important”). Intermediate even-
numbered values (2, 4, 6, and 8) represent compromise judgments between adjacent levels
of importance. The use of this scale enhances consistency, reduces ambiguity in expert
assessments, and supports the incorporation of uncertainty and subjectivity within the
FAHP decision-making framework.

Individual pairwise comparison matrices were converted into fuzzy matrices using
the TFNs shown in Table 2. The individual judgements were subsequently aggregated
using Buckley’s geometric mean method (Equations (1) and (2) to obtain a collective
fuzzy comparison matrix. The mathematical formulation of the aggregation procedure,
defuzzification process and consistency assessment are illustrated in Equation (3)–(5).

As from previous work [14] a preliminary pilot survey was conducted on a sample of
prospective respondents to establish reasonable validity and assess the reliability of the
questionnaire. The next step in the research design involved eliciting expert opinions on
the relative importance of the sub-criteria within each criterion. To achieve this target, the
survey was distributed to professionals currently working in Damascus’ reconstruction
planning, engineering, and manufacturing sectors using a purposive sampling technique.
The purposive sampling technique was the most appropriate for this study as it required
the invited experts to meet predefined criteria [35]. These criteria included (i) being a
regulator/policymaker, project manager, contractor, industrial (private, public, or public-
private partnership), consultant, designer, or property developer/owner involved in the
reclamation of Damascus’ industrial area and (ii) having relevant knowledge of sustainable
urban reclamation strategies.

This targeted approach enhances the likelihood of obtaining insights from individuals
with pertinent expertise and experience. Although a purposive sampling technique is not
representative of the entire population, according to [36,37], it is useful for serving specific
research purposes.

4.3. FAHP Algorithms

According to [38], there are several FAHP methods to calculate fuzzy weights. How-
ever, this study utilises the [34] geomean (

∼
r i) approach, which is considered one of the top

methods [38]. This approach is easier to compute and guarantees a unique solution (see
Equation (2)). The other two popular methods have major limitations. For more detailed
information on applying FAHP, readers are referred to [39].
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To derive the fuzzy geometric mean and fuzzy weights of each sub-criterion, the
geometric mean technique was utilised, as shown in Equations (3) and (4):

∼
r i =

(∼
c i1

⊗ ∼
c i2

⊗
. . .

⊗ ∼
c in

) 1
n ; (3)

∼
wi =

∼
r i

⊗(∼
r 1 +

∼
r 2 + · · ·+ ∼

r n

)−1
, (4)

where
∼
r i is the geometric mean of fuzzy comparison value, n is the number of sub-criteria,

∼
wi is the fuzzy relative weight matrix of ith sub-criterion as indicated by the TFN, and
∼
wi = (

∼
Li,

∼
Mi,

∼
Ui) for the lower, middle, and upper values of the fuzzy weights.

The next phase involved converting the obtained fuzzy geometric mean
∼
wi values

to crisp values through a defuzzification process. To achieve this goal, the normalization
procedure was applied. The centroid method (Equation (5)) was used for defuzzification,
as it provides a crisp value based on the centre of gravity [27]. The final phase of the FAHP
analysis involved deriving the global priority weights of the reclamation alternatives by
synthesising the local priority weights throughout the hierarchical decision structure. The
alternative with the highest overall FAHP priority weight was identified as the preferred
strategy for sustainable post-disaster industrial site reclamation.

wi =

∼
wi

∑n
j=1

∼
wj

=
Li + Mi + Ui

∑n
j=1

∼
wj

(5)

4.4. Sensitivity Analysis

To further validate the robustness of the FAHP–TOPSIS results, a sensitivity analysis
was conducted following the approach recommended in the multi-criteria decision-making
literature [27]. This step examines the stability of the ranking outcomes under different
weighting conditions and assesses the extent to which variations in expert judgement
influence the final selection of the preferred alternative among A1, A2, and A3 (Figure 2).

In this study, five alternative weighting scenarios were developed (Table 3) to test the
sensitivity of the model outputs. These scenarios were derived from a separate group of
four domain experts who did not participate in the original FAHP survey. Their ranking
inputs were used to systematically adjust the weights of the sub-criteria, thereby generat-
ing alternative decision environments for comparative analysis. This procedure enables
the evaluation of whether the final rankings remain consistent under different plausible
preference structures.

Table 3. Weighting scenarios.

E1 E2 E3 E4

Scenario 1 40% 20% 20% 20%
Scenario 2 20% 40% 20% 20%
Scenario 3 20% 20% 40% 20%
Scenario 4 20% 20% 20% 40%
Scenario 5 25% 25% 25% 25%

The use of multiple expert-informed scenarios enhances the methodological robustness
of the study by reducing reliance on a single consensus matrix and allowing for cross-
validation of results. A similar approach was adopted by [27], who utilised multiple expert-
defined scenarios to test the stability of industrial location decisions in the Damascus
industrial area. In line with this precedent, the present study applies scenario-based
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sensitivity testing to ensure that the best alternative is derived (Table 3), not only optimal
under baseline conditions but also stable across varying decision preferences.

4.5. Research Contributions and Limitations

This study contributes to the growing body of knowledge on post-disaster industrial
site reclamation by developing and applying a comprehensive FAHP decision-support
framework for evaluating and prioritising redevelopment alternatives under uncertainty.
Unlike many previous studies that consider only isolated economic or environmental
factors, the proposed framework integrates economic, environmental, social, land use,
resilience, and low-carbon transition considerations within a single hierarchical decision
structure. By explicitly incorporating stakeholder perspectives into the weighting process,
the framework provides a transparent and systematic approach for supporting complex
redevelopment decisions in post-disaster environments.

A further contribution lies in the framework’s scalability and transferability. While
developed and tested using the Al-Qaboun industrial area in Damascus, the underlying
FAHP methodology can be applied across different industrial sites, geographical contexts,
and planning environments by adapting the evaluation criteria and stakeholder inputs
while preserving the same hierarchical decision structure. Although site-specific criteria
and stakeholder priorities may vary, the methodological structure remains consistent,
enabling robust, transparent, and comparable decision-making across applications. This
flexibility enhances the framework’s applicability to a wide range of post-disaster planning
environments. Consequently, the framework offers practical guidance for policymakers,
planners, and practitioners involved in sustainable industrial redevelopment and resilient
urban recovery.

Despite these contributions, several limitations should be acknowledged. The analysis
is based on a single case study and a purposive sample of 18 experts, which may limit the
direct generalisability of the findings. Although the respondents possessed substantial pro-
fessional expertise and represented diverse stakeholder groups, the results remain subject
to the uncertainties and potential biases associated with expert judgement. Furthermore,
data collection was undertaken during a period of heightened political uncertainty in Syria,
which may have influenced participation rates and stakeholder engagement. Finally, the
evaluation reflects the availability of data and expert knowledge at the time of the study.
Future research could strengthen the framework through the inclusion of additional case
studies, larger expert panels, and more extensive spatial, environmental, and economic
datasets to further validate its applicability across different post-disaster contexts.

5. Results and Discussion
This section presents and discusses the results obtained from the application of the

Fuzzy Analytic Hierarchy Process (FAHP) for evaluating sustainable industrial site reclama-
tion alternatives. The analysis is based entirely on expert pairwise comparisons expressed
as triangular fuzzy numbers, from which the relative priority weights of the evaluation cri-
teria, sub-criteria, and reclamation alternatives were derived. The resulting priority weights
provide a transparent basis for identifying the most appropriate reclamation strategy under
conditions of uncertainty.

5.1. Survey Results

In step 1, a team of 18 respondents belonging to a range of diverse organizations,
including the private sector (six experts, 33%), both public-private partnerships (PPPs) and
the public sector (five experts, 28%), and two experts from international institutions based
in Syria, was gathered. The limited representation of international experts might be due to
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the current sanctions’ regime, which prevents international investments. Nevertheless, the
results are considered representative since the public and private sectors, along with PPPs,
remain the largest stakeholders in decision-making for industrial site reclamation.

Regarding experience, half of the experts’ group have more than 20 years of work-
ing experience in the industry, while another 45% (eight experts) have more than
11 years of working experience. Additionally, 11 experts work in large organizations
with at least 100 employees, and 4 experts work in medium-sized organizations with
at least 31 employees. Moreover, 39% of the experts are construction professionals, 28%
(five experts) are industrial experts, and the others are either urban planning consultants
or decision-makers (17%, three experts each). Other influential stakeholders outside the
scope of this study include suppliers, end-users, and neighbouring communities.

Figure 4c indicates that 50% of the respondents have more than 20 years of experience,
reflecting the phenomenon of immigration among young professionals during the conflict.
Moreover, most institutions operating in the reconstruction and reclamation of industrial
cities are large organizations, with 61% of the respondents working for such entities, as
depicted in Figure 4d.

Figure 4. Participants’ characteristics.
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Paired comparisons were made by AHP technique to determine the extent of impact
of the site selection criteria on the most sustainable location. The weighting scores of each
criterion based on the AHP matrix are given in Table 4.

In step 2, Table 1, presenting the identified categories, sub-criteria, and alternatives,
was created, while their hierarchical structure was illustrated in Figure 3.

In step 3, the evaluation step, several surveys were conducted, which involved
an 18-member expert group undertaking the pairwise comparison individually, and
a consensus matrix was derived. That is, applying the FAHP algorithms, especially
Equations (1) and (2), to the survey responses resulted in the expert consensus pairwise
matrices (Table 4) for two of the categories (economic and environmental) and for the
overall goal which is resilient and sustainable industrial site reclamation.

The result was the development of the final weights for the categories and their sub-
criteria (Table 4). This involves first multiplying the first value of the TFN scale of each
column with one another to the root of 1/n (Equation (3)).

Table 4. Expert consensus on the pairwise comparison.

ECO Eco1 Eco2 Eco3 Eco4 Eco5 Eco6 Eco7

Eco1 (1.000, 1.000,
1.000)

(0.111, 1.450,
9.000)

(0.111, 1.534,
9.000)

(0.111, 0.478,
8.000)

(0.125, 2.132,
9.000)

(0.111, 2.232,
9.000)

(0.111, 2.397,
9.000)

Eco2 (1.000, 1.000,
1.000)

(0.111, 1.103,
9.000)

(0.111, 0.588,
9.000)

(0.167, 2.191,
9.000)

(0.111, 1.701,
9.000)

(0.125, 2.072,
9.000)

Eco3 (1.000, 1.000,
1.000)

(0.111, 0.321,
9.000)

(0.125, 2.477,
9.000)

(0.125, 2.893,
9.000)

(0.167, 2.308,
9.000)

Eco4 (1.000, 1.000,
1.000)

(0.111, 2.946,
9.000)

(0.111, 2.395,
9.000)

(0.111, 2.171,
9.000)

Eco5 (1.000, 1.000,
1.000)

(0.111, 1.377,
8.000)

(0.125, 0.655,
6.000)

Eco6 (1.000, 1.000,
1.000)

(0.125, 1.089,
8.000)

Eco7 (1.000, 1.000,
1.000)

ENV Env1 Env2 Env3 Env4

Env1 (1.000, 1.000,
1.000)

(0.111, 0.932,
9.000)

(0.167, 3.472,
9.000)

(0.111, 0.810,
9.000)

Env2 (1.000, 1.000,
1.000)

(0.167, 2.850,
9.000)

(0.125, 2.467,
9.000)

Env3 (1.000, 1.000,
1.000)

(0.111, 0.559,
9.000)

Env4 (1.000, 1.000,
1.000)

UIS Eco Env Soc LU

Eco (1.000, 1.000,
1.000)

(0.167, 2.657,
9.000)

(0.125, 2.500,
9.000)

(0.111, 1.119,
9.000)

Env (1.000, 1.000,
1.000)

(0.111, 0.649,
8.000)

(0.111, 0.730,
9.000)

Soc (1.000, 1.000,
1.000)

(0.125, 1.146,
9.000)

LU (1.000, 1.000,
1.000)
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For instance, for all the columns in the first row, Eco1′ of Table 4, the geomean (
∼
r i)

gives as shown in Table 4 for the economic category:

∼
r 11 = [(1 × 0.111 × 0.111 × 0.111 × 0.125 × 0.111 × 0.111)

1
7 ] = 1.115

∼
r 12 = [(1 × 1.450 × 1.534 × 0.478 × 2.132 × 2.232 × 2.397)

1
7 ] = 1.428

∼
r 13 = [(1 × 9.000 × 9.000 × 8.000 × 9.000 × 9.000 × 9.000)

1
7 ] = 6.466

Secondly, it involves using Equations (4) and (5) to derive the final weights, as shown
in Table 5.

In step 4, a four-member expert group was invited to evaluate the alternatives (A1–A3)
using a linguistic scale, and the final weights of the alternatives were obtained us-
ing Equations (3)–(5), as shown in Table 6. The same procedure is applied for all
pairwise comparisons.

Table 5. Geomean,
∼
r i and the sum of

∼
r i.

ECO ∼
r 1

∼
r 2

∼
r 3

Eco1 0.155 1.428 6.466
Eco2 0.164 1.194 6.576
Eco3 0.167 1.178 6.577
Eco4 0.155 2.082 6.578
Eco5 0.155 0.595 5.567
Eco6 0.157 0.606 6.361
Eco7 0.164 0.663 5.900

∑
∼
r i 1.115 7.747 44.026

Table 6. Final weights for the categories and alternatives.

GOAL
Categories

(
~
wi)

Sub-Criteria Weightings (
~
wi)

Alternatives (
~
wi)

A1 A2 A3

In
du

st
ri

al
Si

te
Su

st
ai

na
bl

e
R

ec
la

m
at

io
n

Economic criteria
(Eco) 0.27

Eco1 0.148 0.42 0.27 0.31
Eco2 0.149 0.42 0.15 0.43
Eco3 0.149 0.05 0.54 0.41
Eco4 0.152 0.34 0.37 0.29
Eco5 0.125 0.35 0.32 0.33
Eco6 0.143 0.43 0.37 0.20
Eco7 0.133 0.33 0.21 0.45

Environmental criteria
(Env) 0.23

Env1 0.265 0.37 0.28 0.35
Env2 0.269 0.36 0.29 0.35
Env3 0.211 0.39 0.21 0.40
Env4 0.255 0.40 0.20 0.40

Social criteria
(Soc) 0.25

Soc1 0.213 0.36 0.16 0.48
Soc2 0.194 0.06 0.30 0.64
Soc3 0.213 0.09 0.51 0.41
Soc4 0.205 0.17 0.39 0.45
Soc5 0.175 0.08 0.28 0.64

Land use criteria
(LU) 0.25

LU1 0.315 0.43 0.44 0.13
LU2 0.349 0.37 0.14 0.49
LU3 0.336 0.45 0.26 0.29

WAi 0.319 0.294 0.386

Ranking (Alternatives) 2 3 1
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In step 5, the aggregate weight (WAi) for each alternative was calculated as follows
(for A1):

WA1 = (0.27 × 0.148 × 0.42) + (0.27 × 0.149 × 0.42) + (0.27 × 0.149 × 0.05) + (0.27 × 0.152 × 0.34)
+(0.27 × 0.125 × 0.35) + (0.27 × 0.143 × 0.43) + (0.27 × 0.133 × 0.33)
+(0.23 × 0.265 × 0.37) + (0.23 × 0.269 × 0.36) + (0.23 × 0.211 × 0.39)
+(0.23 × 0.255 × 0.40) + (0.25 × 0.213 × 0.36) + (0.25 × 0.194 × 0.06)
+(0.25 × 0.213 × 0.09) + (0.25 × 0.205 × 0.17) + (0.25 × 0.175 × 0.08)
+(0.25 × 0.315 × 0.43) + (0.25 × 0.349 × 0.37) + (0.25 × 0.336 × 0.45)

WA1 = 0.319

In regard to the rank being based on weightings, via the pairwise comparison among
the sub-criteria within each category, the team of 18-experts assigned the highest weighting
(WEco4 = 0.152) to the “funding” criterion while the “suppliers” criterion (WEco5 = 0.125)
received the lowest weighting relative to other criteria in the economic category (see
Table 6). For the social category, both “public health safety and security” and the demand
for “creating jobs” received the highest rating (W = 0.213), followed by creating “equal
opportunities”(W Soc4 = 0.205) for the marginalised communities where the industrial
sites are currently located. Moreover, “environmental standards” and “pollution” have the
highest rating, while the global “climate change” consideration has the lowest rating under
the environmental category (Table 6). In the land use category, improving “neighbourhood
plans” had the highest weighting assigned by the experts, followed by concerns regarding
“policies of ownership”.

In regard to the alternatives ranking, given the final aggregate weightings (Table 6),
the higher values were assigned to A3, A1, and A2 in descending order. Consequently, the
alternative proposal (A3) with WA3 = 0.386 should be considered the most appropriate
strategy for this case study. Therefore, the recommended approach is to relocate and
transfer the entire Al-Qaboun industrial enclave to the Adra industrial zone outside the
borders of Damascus. This ideal area border recommended as a sustainable location is
located on a land with a low degree of slope and soil permeability and poor agricultural
value. There is not any large-scale settlement around the ideal area, only a small-scale rural
settlement. Since these rural settlements are separated by 1 km distances during suitability
analyses, it is considered that the proposed ideal area for the industrial site will not pose a
serious problem to these settlements. The fact that the ideal area is not located near any
urban development site direction eliminates the risk of being situated within an urban
settlement in years to come.

Furthermore, to achieve stakeholder satisfaction, it is suggested to place greater em-
phasis on maximising safety and security, minimizing the negative impact on neighbouring
communities, minimizing expenses, minimizing harmful environmental impacts, and max-
imising the well-being of the workforce involved in the construction process and within
the industrial area (e.g., engineers, workers).

5.2. Sensitivity Analysis Results

As stated earlier in Section 4.4, five distinct scenarios were considered, taking as inputs
each expert’s preferences along with different weighting scenarios (Table 6). For each
scenario, a joint decision matrix was obtained. Initially, the FAHP algorithms are applied to
each expert’s preferences; then, the weighting scenarios are implemented. The results are
presented in Figure 5.

As shown in Figure 5, the joint decision matrices obtained from the five different
weighting scenarios all point to the same conclusion that was reached through the earlier
consensus process (detailed in Table 6): option A3 is favoured as the best alternative.
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Additionally, the rank of alternatives is consistent across the consensus result and all
weighting scenarios for three out of the four individual experts. The exception is Expert
3, whose personal preference ranked option A1 (WA3 = 0.411) higher than option A3
(W A3 = 0.372). The aggregate weightings corresponding to the scenarios and expert
inputs are represented in Figure 5.

The validity of the FAHP technique was determined by the Consistency Ratio gener-
ated as a result of the analysis. The ratio was expected to be below 0.1 (10%) [26]. Since the
Consistency Ratio was 0.09 in this study, it was considered scientifically valid.

Figure 5. Ranking of alternatives (via FAHP) with respect to experts’ preferences and
weighting scenarios.

5.3. Research Implications

The findings demonstrate that FAHP provides a transparent and robust framework
for evaluating industrial site reclamation alternatives under uncertainty. By incorporating
expert judgement through triangular fuzzy numbers, the framework captures ambiguity
inherent in complex post-disaster planning decisions while deriving consistent priority
weights for the evaluation criteria and alternatives.

The prioritisation results indicate that the preferred reclamation alternative achieved
the highest global FAHP priority weight after synthesising the local priorities throughout
the hierarchical decision structure. This outcome reflects the combined influence of eco-
nomic, environmental, social and land use considerations rather than any single criterion,
demonstrating the value of integrated sustainability assessment. The sensitivity analysis
showed that the preferred alternative remained stable under the five weighting scenarios,
indicating that the decision framework is robust to reasonable changes in stakeholder
priorities. Where variations in criterion weights altered the relative importance of individ-
ual factors, the overall preferred alternative remained unchanged, providing additional
confidence in the reliability of the FAHP results.

Although the proposed framework was developed for the Al-Qaboun Industrial Area,
the hierarchical structure can be adapted to other industrial redevelopment projects by
modifying the evaluation criteria and stakeholder inputs while retaining the same FAHP
methodology. This scalability enhances the practical usefulness of the framework for
post-disaster industrial planning and sustainable urban regeneration.

The study is subject to several limitations. The analysis relied on expert judgement,
which may introduce subjective bias despite the use of fuzzy logic to reduce uncertainty.
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In addition, the panel of eighteen experts, although consistent with many FAHP studies,
may not capture the full diversity of stakeholder perspectives. Future research should
incorporate larger and more diverse expert panels and validate the framework across
additional case studies.

6. Conclusions
This study presents a novel FAHP-based MCDM framework for evaluating and priori-

tising sustainable industrial site reclamation strategies in post-disaster urban environments.
The principal contribution lies in integrating economic, environmental, social, and land-use
criteria within a unified fuzzy decision framework that explicitly addresses uncertainty
in expert judgement. By combining these interdependent sustainability dimensions into
a transparent, systematic, and reproducible methodology, the proposed framework pro-
vides a robust decision-support tool for complex reclamation challenges characterised by
competing objectives and limited information.

The framework was applied to the war-affected Al-Qaboun industrial zone in Damas-
cus to evaluate three reclamation scenarios. The results identified the complete relocation of
industrial activities to the Adra Industrial Zone (Alternative A3) as the most sustainable and
resilient option, owing to its lower development risk, greater long-term industrial potential,
reduced urban encroachment, and improved environmental and socio-economic perfor-
mance. Sensitivity analysis confirmed the stability of the ranking under varying weighting
scenarios, demonstrating the robustness and reliability of the proposed methodology.

Beyond the case study, the key strength of the proposed FAHP framework is its
scalability and transferability. Its modular architecture enables adaptation to a wide
range of industrial redevelopment, brownfield regeneration, and post-disaster recov-
ery projects through the incorporation of context-specific sustainability indicators and
stakeholder priorities. The framework can also be extended to integrate emerging plan-
ning dimensions, including climate resilience, circular economy principles, life-cycle sus-
tainability assessment, carbon mitigation, infrastructure resilience, resource efficiency,
and digital planning technologies. This flexibility makes it a comprehensive decision-
support platform for sustainable industrial development across diverse geographical and
socio-economic contexts.

The proposed framework offers significant practical value for policymakers, urban
planners, infrastructure authorities, and development agencies by improving the trans-
parency, consistency, and defensibility of industrial reclamation decisions. It facilitates
stakeholder engagement, supports evidence-based policy development, and promotes
resilient “Build Back Better” strategies that balance economic growth with environmental
stewardship and social well-being.

Future research should validate the framework across different industrial sectors
and post-disaster settings to further establish its generalisability. Integrating Geographic
Information Systems (GIS), Building Information Modelling (BIM), remote sensing, dig-
ital twins, and artificial intelligence with the proposed FAHP framework would enable
dynamic spatial analysis and real-time decision support, while incorporating life-cycle
assessment, behavioural modelling, and uncertainty analysis would further enhance its
analytical capability.

Overall, this research advances the application of fuzzy MCDM in sustainable in-
dustrial site reclamation by delivering a scientifically rigorous, scalable, and transferable
framework for resilient urban regeneration. Although demonstrated through a post-conflict
industrial redevelopment case, the methodology is broadly applicable to industrial reloca-
tion, brownfield regeneration, infrastructure recovery, and sustainable urban transforma-
tion. By providing a transparent and adaptable decision-support framework, this research

https://doi.org/10.3390/land15071253

https://doi.org/10.3390/land15071253


Land 2026, 15, 1253 20 of 21

contributes to more resilient, sustainable, and evidence-based planning for industrial
redevelopment in an increasingly uncertain world.
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