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Abstract. The study developed a spatial Decision Support System (DSS) to assess the impact of 
land freight logistics on regional development and create an evaluation map in a GIS environment. 
By designing a  tri-level conceptual framework and applying the Fuzzy Analytic Hierarchy Pro-
cess (FAHP), real stakeholders were involved at each evaluation level according to their roles. The 
system was integrated into GIS for final analysis and applied to the developmental Syrian axis of 
Tartous–Homs–Al-Farqulus using 2018 data. The results highlighted the importance of the relation-
ships between evaluation criteria in identifying the role of freight logistics in regional planning and 
achieving broader developmental outcomes.
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1. INTRODUCTION

Logistics is vital to the value chain, ensuring efficient goods and service flow. 
Trade facilitation modernises procedures, addressing non-tariff barriers and 
institutional constraints in transport, energy, and ICT. The quality of logistics 
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services, linked to transport infrastructure, directly affects cross-border ship-
ping. Inefficiencies increase costs and hinder trade, underscoring the need to 
evaluate logistics and trade facilitation reforms in enhancing goods movement 
and fostering economic and sustainable development (Gul et al., 2024; Ka-
reem, 2025).

Mobility is integral to economic and social development, enhancing accessi-
bility by overcoming spatial constraints. Transportation mitigates physical, hu-
man, and administrative barriers through four key elements: modes (vehicles), 
infrastructure (roads, railways, airports, ports), superstructure (shorter-lifespan 
components), and networks (spatially structured systems). Flows represent 
the movement of people, goods, and information across these networks. Land 
freight, involving goods transport via equipped roads, underpins economic activ-
ities (Rodrigue, 2020). Both Kinra and Ülengin (2021) and Halimi et al. (2025) 
highlight the need for policymakers to assess land transport and logistics per-
formance, considering long-term economic and developmental impacts. A com-
prehensive model is essential to integrate economic, social, and environmental 
assessments, ensuring equitable resource distribution, poverty alleviation, and 
sustainable development. Rooted in management, engineering, and operations 
research, this interdisciplinary framework draws upon social sciences, including 
economics, political science, and sociology, to foster sustainable and resilient 
transport systems.

Conversely, logistics planning aims to develop a logistics strategy for trans-
portation, storage, inventory management, and supply chain design, while con-
sidering legal, political, economic, social, technological, and resource factors to 
improve logistics performance (Waters, 2003). Therefore, we can define regional 
logistics planning as a set of studies related to logistics systems and their associ
ated activities, logistical and natural resources, the spatial distribution of manufac-
turing and marketing facilities, population, infrastructure, and the various factors 
influencing them within a region. The goal is to determine the region’s potential 
and exploit it optimally within an appropriate logistical strategy that meets supply 
objectives, improves performance, stimulates sustainable and balanced develop-
ment, and deals with the concerns of key stakeholders.

Logistics performance (LP) has been assessed on micro-scales using concepts 
derived from organisational performance, which cover a wide range of perfor-
mance factors. It aims to achieve the seven logistics principles. Many researchers 
have developed conceptual frameworks to evaluate LP. For instance, Mansidão 
and Coelho (2014) cited the Arayman Model (2007), which had been used to 
analyse supply chains in food agriculture companies. This model emphasises 
flexibility (the ability of the supply chain to adapt to environmental changes), 
quality (ensuring product safety), efficiency (the appropriate use of resources), 
and responsiveness (meeting customer needs promptly, which implies dependa-
bility) (Bakar et al., 2014). Drašković (2009) introduced two models: the first by 
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Moseng and Bredrup (1993), which focused on effectiveness (the ability to se-
cure resources and achieve goals) and efficiency, and the second by Ferreira et al. 
(2007), which included quality, cost, time, and flexibility. Both studies concluded 
that effectiveness and efficiency are essential factors in evaluating LP (Fugate 
et al., 2010) added differentiation, which refers to providing the best net value 
to customers and is considered the highest level of performance. Furthermore, 
recent trends in performance evaluation have shifted towards sustainable perfor-
mance, with strategies that cater to stakeholders and emphasize environmentally 
friendly logistics (Chardine-Baumann and Botta-Genoulaz, 2014). This shift has 
introduced new concepts in the field, such as “environment-friendlyˮ logistics 
(Fig. 1), summarise that.

Fig. 1. Methodology of derived concepts of LP from Organizational Performance
Source: own work based on Chardine-Baumann and Botta-Genoulaz (2014), and Fugate et al. (2010).

Therefore, at the macro level, evaluating logistics performance (LP) must 
consider all decisions and challenges related to land freight, which is described 
as multi-criteria (Żak et al., 2017). These challenges include determining the lo-
cation of infrastructure (terminals, hubs, depots), selecting routes and designing 
transportation corridors, fleet management (composition, routing, scheduling, as-
signment, replacement), planning and designing transportation solutions (road/
railway segments, elements of a  transportation network), traffic control/man-
agement, transportation portfolio design and adjustment, transportation process 



104 Kamal Aldahhak, Osama Darwish

management, and the assessment and implementation of transportation projects 
(Tavasszy and de Jong, 2014). All these must be addressed while considering lo-
cal specificities and their impact on sustainable development, as discussed in nu-
merous references such as Gudmundsson et al. (2016),  Arvis et al. (2016), and 
Ecorys et al. (2015), summarized in Fig. 2. This paper addresses this research gap 
by applying LP concepts, which are defined as Key Performance Areas (KPAs). 
These KPAs serve as strategic tools providing the basis for a more detailed anal-
ysis of logistics performance at multiple levels, and they are measured using Key 
Performance Indicators (KPIs). 

Fig. 2. Matrix of Spatial effects of land freight on sustainable local development
Source: own work based on Gudmundsson et al. (2016), Arvis et al. (2016),  

and Ecorys et al. (2015).

A Decision Support System (DSS) is a powerful tool that assists planners and 
decision-makers in analysing and visualising various scenarios to optimise deci-
sion-making. Users can import data via a graphical interface, conduct analyses, 
and compare outcomes through visual outputs. Spatial DSS, often integrated with 
Geographic Information Systems (GIS), addresses challenges in facility location, 
logistics, and transportation (Ryu et al., 2023). GIS provides a structured frame-
work for acquiring, storing, analysing, and presenting geographic data, establish-
ing a dynamic link between graphical and attribute data. This integration enhances 
efficiency in managing spatial and non-spatial data, facilitating informed deci-
sion-making (Quamar et al., 2023).
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Consequently, this paper raises the following questions:
1.  How can a spatial methodology be developed that considers the spatial and 

local specificity of land freight hubs?
2.  How can this methodology demonstrate the spatial contribution of land 

freight activities at a regional level to sustainable development goals?
3.  How can this methodology provide decision-makers with the appropriate 

tools to evaluate the role of land freight hub logistics performance in promoting 
a regional development vision?

This paper aims to:
1.  Develop logistics performance evaluation indicators based on a sustainable 

development framework, and;
2.  Develop an analytical tool to produce spatial outputs, including operational 

indicators, stakeholders, reflections, and potentials, and apply it to the develop-
mental Syrian axis of Tartous-Homs-AlFarqulus.

The importance of this paper stems from the Syrian Arab Republic’s low rank-
ing in the World Bank’s 2016 Logistics Performance Index, where it was placed 
last, and the government's efforts to promote the selected axis as a local develop-
mental hub in addition to its trading role.

2. LITERATURE REVIEW

This section reviews studies on logistics performance, analysing the criteria em-
ployed in decision support systems (DSS) to assess or enhance logistics efficiency, 
along with the methodologies used.

The study by Oguz (2023) examined the logistics performance indicators of 
customs, infrastructure, international shipping, logistics service quality and com-
petence, traceability and tracking, and on-time delivery for the top ten countries in 
the 2023 Logistics Performance Index (LPI). The goal was to rank these countries 
using Multi-Criteria Decision-Making (MCDM) methodologies and compare the 
results with the World Bank's LPI study. The criteria and weights from the World 
Bank’s LPI were incorporated into the analysis. Methods such as the Technique 
for Order Preference by Similarity to Ideal Solution (TOPSIS) and the Evalua-
tion Based on Distance from Average Solution (EDAS) were applied. The results 
showed that despite using identical criteria and weights, rankings varied across 
MCDM methods due to differences in computational strategies.

The study by Önden et al. (2023) proposed a  multi-criteria spatial deci-
sion-making model for selecting optimal locations for new logistics centres in 
metropolitan Istanbul. A survey method was employed to gather insights from 
experts across various sectors, including Organized Industry Zones, Small 



106 Kamal Aldahhak, Osama Darwish

Industry Sites, Major Gas Stations, Ports, Shipyards, Distribution Centres, 
Bonded Warehouses, Fresh Fruit and Vegetables Wholesale Market Halls, Road 
Transportation Distribution Warehouses, Container Warehouses, International 
Transportation Firms, Retail Distribution Centres, Manufacturing Distribution 
Centres, and Manufacturing Facilities. The study followed two main stages: 
first, defining and evaluating site selection criteria, which included access to 
supply and demand points, proximity to transportation networks (highways, 
railways, ports, and airports), expansion capabilities, geological suitability, in-
frastructure availability, land cost, and proximity to city centres. Second, alter-
native scenarios for site selection were analysed. Data were processed using the 
weighted average method through four scenarios: spatial suitability based solely 
on spatial criteria, overall suitability based on average expert ratings, and suita-
bility based on different professional perspectives. Finally, the intersection tool 
was used to integrate the results and produce the final suitability map. The find-
ings emphasize the importance of combining spatial and professional insights 
to determine optimal logistics centre locations, offering a replicable framework 
for large urban areas.

The study by Feng et al. (2023) developed a novel approach to emergency 
logistics centre (ELC) site selection by integrating Multi-Criteria Decision-Mak-
ing (MCDM) methods and Geographic Information Systems (GIS). It identified 
nine critical criteria affecting ELC site selection: population density, proximity to 
highways, proximity to railways, proximity to infrastructure location, proximity 
to colleges and universities, proximity to expressway, proximity to Intersection, 
stay away from traffic jams, and proximity to Hospital. Spatial data for these cri-
teria were collected, normalised, and analysed using GIS tools. The Entropy and 
CRITIC methods were employed to determine the weights of the criteria, combin-
ing information diversity and inter-criteria correlations. These weights informed 
the VIKOR method, which ranks potential ELC locations based on their proximi-
ty to the ideal solution. A case study in Xi’an, China, revealed population density 
as the most influential criterion (weight: 0.581). Among 13 alternatives, site A9, 
near the New City Plaza, ranked as the optimal location. Sensitivity analysis con-
firmed the stability of the results, while comparative analysis with the TOPSIS 
method validated the robustness of the proposed model. This study demonstrates 
the potential of combining GIS and advanced MCDM techniques to optimize 
emergency logistics planning in urban areas.

The study by Özceylan et al. (2016) evaluated logistics performance in Turkish 
provinces using three groups of criteria. Each group included secondary criteria: 
the first group, freight transaction factors, encompassed total freight transported 
by maritime, road, railway, and air; the second group, transportation capability 
factors, included the number of commercial motor vehicles, total length of high-
ways, and proximity to provincial centres (railways, ports, airports, and border 
gates); the third group, economic and infrastructure factors, included import and 
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export values, and proximity to provincial centres (free zones, freight villages, 
industrial zones). The study applied a multi-criteria decision-making methodol-
ogy using five scenarios: the analytic hierarchy process (AHP) to calculate the 
weights of criteria, the analytic network process (ANP) to consider relationships 
between criteria, and the Technique for Order Preference by Similarity to Ideal 
Solution (TOPSIS) to rank alternatives from worst to best. Variants of AHP-TOP-
SIS, ANP-TOPSIS, and TOPSIS with equal weights were also used.

The study by Srisawat et al. (2017) developed a  Decision Support System 
to evaluate the spatial efficiency of regional transportation logistics. Five main 
criteria were used, each containing secondary and sub-criteria. The first criterion, 
location, included landscape (slope, elevation), connection to transportation hubs, 
and natural disasters. The second criterion, infrastructure, covered road, rail, ship, 
and air transportation, multimodal transport preparedness, cargo volumes, basic 
utilities (electricity, water supply), information technology infrastructure, and per-
sonnel knowledge. The third criterion, the economic system, included traditional 
products (Gross Provincial Product, number of factories), land use (urban, for-
est, agriculture), population, and economic units. The fourth criterion, logistics 
agencies, addressed the number of logistics agencies, while the fifth criterion, 
supportive policies and projects, included logistics projects, government and pri-
vate sector policies, and international cooperation projects. This study used the 
fuzzy analytic hierarchy process (FAHP) to account for uncertainty when assign-
ing weights to criteria.

As shown in Table 1, the following research gap can be identified from the 
previous literature:

1.  The conceptual frameworks of previous studies lacked the flexibility to 
encompass all aspects of logistics and sustainable development. This limitation 
restricted their ability to establish new spatial and local specificity criteria for 
emerging logistics studies. Furthermore, they overlooked critical dimensions nec-
essary for achieving sustainable performance.

2.  Even in studies that incorporated sustainable development criteria, there 
was no explicit linkage to the Sustainable Development Goals (SDGs), which 
constrained their ability to align with the global 2030 agenda for sustainable de-
velopment.

3.  Additionally, prior research did not present a  clear methodology for en-
gaging all relevant stakeholders or defining their roles in the evaluation and de-
cision-making processes. This omission, whether in conceptual frameworks or 
applied methodologies, represents a significant gap in regional logistics planning.

4.  Although various Multi-Criteria Decision-Making (MCDM) models have 
been employed, the primary challenge lies in selecting a model capable of ad-
dressing the existing limitations, offering a comprehensive understanding of the 
impacts of logistics performance on development, and ultimately revealing both 
opportunities and implications.
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Table 1. Analysis literature review

Study Oguz 
(2023)

Önden 
et al.  

(2023)

Feng 
et al., 
(2023)

Özceylan  
et al.  

(2016)

Srisawat 
et al. 

(2017)

C
on

ce
pt

ua
l F

ra
m

ew
or

k

Lo
gi

st
ic

s C
on

ce
pt

s

Changeability - - - - +

Reliability + - - - +

Quality + + + + +

Flexibility + + + + +

Effectiveness + + + + +

Efficiency + + + + +

Cost, Time, Speed + + + + +

Differentiation + - - - +

D
ev

el
op

m
en

ta
l 

C
on

ce
pt

s

Economic - + + + +

Social - - + - +

Environmental - - + - -

Connections  
with SDGs - - - - -

M
et

ho
do

lo
gy

Th
e 

M
C

D
M

 u
si

ng Weighting of criteria World 
Bank

Weighted 
Average

Entropy AHP
FAHP

CRITIC ANP

Preferences
EDAS

- VIKOR TOPSIS -
TOPSIS

Scenarios - + - + -

Participa-
tion 

of stake-
holders

Service providers + + - + -

Service beneficiaries - + - - -

Experts in Development - - + + +

Source: own work.

3. METHODOLOGY

This methodology adopts a  structured approach, integrating multi-criteria de-
cision-making with GIS-based spatial analysis in five steps (Fig. 3), ensuring 
a robust assessment of logistics performance and its impact on regional devel-
opment.
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Fig. 3. The research framework 
Source: own work.

3.1. First: Developing a conceptual framework for the performance evaluation 
of regional land freight logistics

The study of concepts at both the micro-level and macro-level aids in identify-
ing Key Performance Area (KPAs) and their corresponding secondary indicators, 
known as Key Performance Indicator (KPIs). The study by Bakar et al. (2014) 
evaluated LP on a national scale using effectiveness (quality, flexibility, dependa-
bility, connectivity) and efficiency (cost, speed, environmental impact). The study 
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by Sutomo and Soemardjito (2012) assessed port logistics on regional effective-
ness through spatial systems and transportation systems and regional efficiency 
through operational costs and logistics costs. Ecorys et al. (2015) evaluated na-
tional LP through efficiency, effectiveness, costs, environmental sustainability, 
employment, safety, and security. The World Bank study by Arvis et al. (2016) 
highlighted service quality and reliability as primary LP goals.

In comparison with micro-level concepts, it was observed that flexibility, de-
pendability, and connection relate to effectiveness, while cost, speed, and envi-
ronmental impact relate to efficiency. Differentiation, as defined by Fugate et al. 
(2010), represents the highest level of LP by providing innovation and added 
value. Environmental sustainability and employment development through logis-
tics education also support this approach. Therefore, LP on a macro-level can be 
evaluated using the framework proposed by Fugate et al. (2010), focusing on 
effectiveness, efficiency, and differentiation, which will serve as the foundation 
for developing a DSS for regional LP evaluation. This framework was developed 
in two stages:

1.  Logistics planning stage: In this stage, KPIs were selected based on KPAs 
that align with the seven logistics principles. Consequently, this phase is classified 
as the logistics planning stage, as shown in Table 2, with Fig. 4 summarising the 
results of this stage.

Table 2. KPAs and KPIs resulted for evaluation LP on regional scale

Criteria KPAs Definition of KPAs KPIs Code

Eff
ec

tiv
en

es
s

Reliability It is prediction and related to 
quality of shipments, hence it 
includes safety and security 
(Arvis et al., 2016)

Damages in infrastructure C12

Number of accidents C13

Service 
Quality

It refers to low evaluation for 
indicators of infrastructures, 
time, track and trace which 
often relates to congestion 
(Arvis et al., 2016)

Classifications of roads C2

Logistics projects in area C8

Dependability facilities for storage between 
production and transportation 
and consumption (Kondrat-
jev, 2015)

Number of warehouses C5

Flexibility the ability to deal with chang-
es in environment (Mansidão 
and Coelho, 2014)

Length of roads C1
Number of trucks C6
National transportation system C7
Number of logistics agencies C4
Number of workers C18
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Criteria KPAs Definition of KPAs KPIs Code
Eff

ec
tiv

en
es

s

Resources 
Distribution

It represents knowing the 
structure of logistical net-
works, whereby the capacities 
of production and warehouses 
are growing up in the high 
accessibility points of the 
highway network (Mckinnon, 
2015; Zhang et al., 2013)

Number of population C17
Number of factories C16
Income of manufacturing C14
Number of economic units C15
Volume of goods C3
Volume of goods ton/km C9
Import and export / 
transported by port C11

Volume of goods ton/person C10

Effi
ci

en
cy

Reducing 
time, effort 
and cost

Because of the inability to 
measure costs spatially, it is 
searched in what reduce time, 
effort and cost by investment 
the spaces and infrastructure 
and improving livelihood 
environment for population 
(Srisawat et al., 2017)

Proximity to airports C19
Proximity to ports C20
Proximity to road axis C21
Proximity to railway C22
Proximity to freight villages C23
Proximity to free zones C24
Proximity to industrial zones C25
Proximity to border gates C26
Land price C29
Speeds on roads C27

Capacity 
utilisation

It is the utilisation of capac-
ities of factors related to the 
volume of goods, spaces, in-
frastructure and vehicles and 
its reflections on productivity 
(Ecorys et al., 2015)

Use of vehicles C36
Average vehicle size C37

Land 
use

Urban C30
 Forest C31
Agriculture C32

Gross Provincial Product (GPP) C38
Productivity C39
Road density C40
Warehouses density C41
Elevation C33
Slope C34
Natural disaster C35
Average area of warehouses C28

D
iff

er
en

tia
tio

n

Employment 
development

It is one of the more impor-
tant aspects of enhancing the 
attractiveness of the logistics 
profession, which relates to 
available education, training, 
enhancement of qualifica-
tions and lifelong learning 
(Ecorys et al., 2015)

Number of school and 
colleges for logistics 
management programs

C48

Average wages C47

Number of skilled workers C49
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Criteria KPAs Definition of KPAs KPIs Code

D
iff

er
en

tia
tio

n

Added value It is creativity in benefit 
by focusing on satisfaction 
of the community through 
achieving earnings and max-
imizing them (Ecorys et al., 
2015)

Advantage from borderland C44
Transportation performance 
(tkm) per GPP C50

International cooperation 
projects of logistics within 
the area

C43

Value added of the logistics 
sector C46

Innovation It is known as the modern 
logistics and contributes to 
minimising the cost of pro-
duction through strategic 
and effective administration, 
which paints future visions 
(Ecorys et al., 2015; Arvis 
et al., 2016)

Basic structure of Information 
and communication 
technology (ICT(

C42

Supportive policies C45

Environmental 
sustainable

It focuses on limiting exter-
nal negative factors caused 
by transportation goods 
(Mckinnon, 2015)

Emissions C52
Distance to population 
density C51

Fuel consumption C53
Average vehicle age C54

Source: own work.

Fig. 4. Results of KPIs for evaluation LP on regional scale
Source: own work.

2.  Regional logistics planning stage: Based on the impacts of goods transpor-
tation on sustainable development, as illustrated in Fig. 2, the first-level indicators 
were identified and further divided into developmental reflections for effective-

Table 2 (cont.)
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ness, efficiency, and differentiation at the second level. These were then classified 
as the developmental reflections for logistics performance (LP) at the third level, 
as shown in Fig. 5. Since these developmental reflections are connected to the 
sustainable development goals that regional planning aims to achieve, this stage is 
categorised as the regional logistics planning stage.

Additionally, the first-level indicators were aligned with the targets and goals 
of the Sustainable Development Goals (SDGs), thereby linking the second and 
third levels to these objectives, as demonstrated in Fig. 6.

Fig. 5. The developed model to evaluation LP of land freight on regional scale
Source: own work.

Fig. 6.  The connection between the developed model to evaluation LP and SDGs
Source: own work.
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3.2. Second: Choosing and developing the FAHP multi-criteria decision-making 
(MCDM)

Based on the methodology developed by Wątróbski (2016) for selecting a suitable 
MCDM approach in the logistics sector, the following can be concluded:

1.  Alternatives (the study area) can be compared.
2.  The criteria will have varying weights.
3.  The criteria weights will be expressed quantitatively.
4.  Criteria comparisons will be made using a pairwise comparison matrix.
5.  Each alternative is connected to all criteria and will be ranked on a quanti-

tative scale.
Thus, the Fuzzy Analytical Hierarchy Process (FAHP) was chosen as the 

MCDM method for this paper. The Analytical Hierarchy Process (AHP) is 
a  method used to determine the importance of goals/criteria through pairwise 
comparisons, while fuzzy logic is applied to address decision-making in situations 
of uncertainty. To implement FAHP, the following steps, as outlined by Awad 
et al. (2014), were followed:

1.  Structuring the decision problem in a  hierarchical form (analysing goals 
and their components). A key aspect of this method is ensuring that the number 
of criteria in each comparison matrix ranges between 2 and 7, with a maximum 
of 9. In special cases, the number of criteria may extend to 10−11, but this is not 
recommended. If the number of criteria is too large, it is advisable to aggregate 
some criteria, redefine their scope, or use alternative formulas (Żak et al., 2017). 
Consequently, criteria for the first level were aggregated, as shown in Fig. 7.

Fig. 7. Hierarchy structure for criteria of study according to FAHP
Source: own work.
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2.  Conducting pairwise comparisons between criteria by experts based on the 
Saaty scale. To enhance this step, Carvalho et al. (2015) noted that effectiveness 
reflects the interests of those who benefit from the freight service, while efficien-
cy reflects the interests of those providing the service. Therefore, the first-level 
survey for effectiveness was conducted with experts from the Chamber of Com-
merce, Industry, and Agriculture in the study area, and efficiency was evaluated 
by experts from the goods freight office. Differentiation, being the highest degree 
of logistics performance (LP), was surveyed with all the mentioned stakeholders.

3.  The survey results were checked using the Consistency Index (C.I.) and 
Consistency Ratio (C.R.). The pairwise comparison matrix was then converted to 
a fuzzy format using Fuzzy Triple Numbers according to the Saaty scale for each 
expert. Afterward, the fuzzy decision matrices for each group of experts were 
aggregated, and the final weights were calculated using the FAHP algorithm, as 
described by Chang (1996).

3.3. Third: Integration of the FAHP method into the GIS environment

The axis study region, which includes the Syrian governorates of Hama, Homs, 
and Tartous, was selected as shown in Fig. 8 due to the availability of relevant data 
on this scale. Spatial and statistical data for the study's indicators were collected 
from various sectors, including the Central Office of Statistics, Ministry of Trans-
portation, Ministry of Industry, Ministry of Agriculture, Ministry of Trade, and 
the Ministry of Communication and Technology. Additionally, open data sources 
such as the International Energy Agency (IEA), Shuttle Radar Topography Mis-
sion (SRTM), OpenStreetMap (OSM), Global Map Data Archives, and Global 
Surface Water Explorer were utilized. The necessary indicators were then calcu-
lated as shown in Table 3.

Table 3. Methods of calculate indicators of study

First Level Indicators Method of calculating Meaning of symbol

National  
Transportation System
(Sreelekha et al., 2016, 
p. 133)

Needed Spatial Network Analysis
α = (e – v + p) ⁄ (2v – 5)  (1)
p = e – v + 1;
β = e ⁄ v (2)
γ = e ⁄ (3(v – 2)) (3)
η = L(G) ⁄ e (4)

e: number of edges 
in the network
v: number of vertices 
in the network
L(G): total network 
length in km 
p: number of 
subgraphs

Speeds on roads
(Nagne et al., 2013)  
and (Kofi, 2010, p. 16)

η = L(G) ⁄ e	 (5)

e: number of edges 
in the network
L(G): total network 
length in km
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First Level Indicators Method of calculating Meaning of symbol
Productivity Volume of goods Tkm / number of trucks –

Use of vehicles Used volume of trucks / All volume 
Available –

Transportation 
performance (Tkm)  
per GPP

Volume of goods Tkm / GPP –

Source: own work.

Fig. 8. Axis study region
Source: own work based on Syrian Ministry of Local Administration Data 2018.

1.  A spatial database was created (Point – Polygon – Polyline – Raster) and 
was connected with collected data and indicators calculated according to its scale 
available.

2.  By using Model Builder in Arc Map 10.2.2, it was built the same first 
level of hierarchy structure in FAHP with suitable spatial analysis tools in Table 4. 
Therefore, there were six models in Model Builder (Logistics Effectiveness – De-
velopmental Reflections of Logistics Effectiveness – Logistics Efficien-

Table 3 (cont.)
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cy – Developmental Reflections of Logistics Efficiency – Logistics Differentia-
tion –  Developmental Reflections of Differentiation Logistics), then there were:

a.  Indicators Maps for First Level
b.  Reclassified them on a scale from 1 to 10

Table 4. Spatial analysis tools used for criteria of study

First Level criteria Available data Spatial analysis 
used

Volume of Goods, Volume of Goods Ton/Km, Volume 
of Goods Ton/person, Number of accidents, Number 
of trucks, Number of Logistics agencies, Number of 
workers, Use of vehicles, Average vehicle size, Gross 
Provincial Product (GPP), Productivity, Number of 
school and colleges for logistics management pro-
grams, Average wages, Number of skilled workers, 
Transportation performance (tkm) per GPP, Emis-
sions, Fuel consumption, Average vehicle age, Import 
and Export / Transported by port, Supportive policies

Governorate Feature to Raster

Number of warehouses, Number of population, Num-
ber of factories, Income of manufacturing, Number 
of economic units, Warehouses density, Average area 
of warehouses, Basic structure of Information and 
communication technology (ICT)

Cities Kernel Density

Classifications of Roads, Length of Roads, Road 
density, National Transportation System, Speeds on 
roads

Provinces Feature to Raster

Damages in Infrastructure Roads Kernel Density
Logistics Projects in Area, International cooperation 
projects of logistics within the area, Supportive pol-
icies

Roads, railways 
and Points Kernel Density

Proximity to airports, Proximity to ports, Proxim-
ity to road axis, Proximity to railway, Proximity to 
freight villages, Proximity to free zones, Proximity 
to industrial zones, Proximity to border gates

Each indicator is 
in a different point 

layer.
Euclidean Distance

Distance to population density Cities Point Density
Land use (Urban – Forest – Agriculture), Land price Polygon Layer Feature to Raster
Logistics Projects in Area, International cooperation 
projects of logistics within the area, Supportive pol-
icies

Point Layer 
according to its 

Locations
Kernel Density

Elevation and Slope and Natural disaster Raster Reclassify
Advantage from borderland Free Zones Kernel Density

Source: own work.
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The Weighted Sum tool overlays classified maps with their weights, which 
depends on the (Eq 6) (Srisawat et al., 2017):

	 	
(6)

Where: Score is the overall Indicators score, wi is the additive weight of criteri-
on i and the total of weight value is equal to 1, Ei is the Indicators score (1 to 10) of 
criterion i, and n is the number of criteria considered in the decision-making process.

As a result of that, we will have criteria for the second level.

3.4. Fourth: The weights of the second level criteria (main) using the developed FAHP

By using FAHP, the weights were calculated, and to develop this step, because this 
step represents the stage of regional logistics planning, the survey was done with 
experts in regional planning.

3.5. Fifth: Classification of second level (main) maps

The results of seventh Model Builder was formed where were reclassified the 
resulting criteria from overlying second and third level as a spatial analysis in this 
model on scale 1 to 10.

Fig. 9. Model Builder for level 2 of criteria
Source: own work.
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As a final step, the weights in the fourth step were overlaid with reclassified 
maps in the fifth step using Weighted Sum tools, with consideration that the sum 
of Effectiveness, Efficiency and Differentiation were equalled Logistics Perfor-
mance index, while the sum of Developmental Reflections of Effectiveness, De-
velopmental Reflections of Efficiency and Developmental Reflections of Differ-
entiation were equalled developmental reflections of Logistics Performance index 
what consistent with the base hierarchy structure in Fig. 9.

For discussion purposes, the results of the second and third levels were reclas-
sified as shown in Table 5 by taking advantage of study a by Srisawat et al. (2017).

Table 5. Reclassified degree of level 2 and level 3 for interpretation purposes

Criteria Degree Reclassified Degree Colour
< 5 Low Red
57 Medium Orange
78 High Light Green
> 8 Very High Dark Green

Source: own work based on Srisawat et al. (2017).

4. RESULTS

This study makes a significant contribution by introducing an innovative approach 
to evaluating regional logistics performance. By integrating FAHP with GIS, it 
provides a spatial analysis of logistics indicators. The findings show that logistics 
is crucial for spatial development, with generated maps revealing spatial variations 
that impact economic, social, and environmental patterns. The results show that 
regions with high logistics efficiency benefit from equitable resource distribution, 
lower costs, and improved service quality, fostering sustainable development. In 
contrast, areas with poor logistics performance face market access limitations, 
high transportation costs, and weak infrastructure integration, hindering progress.

The study confirms that logistics indicators are essential tools for regional plan-
ning. By integrating FAHP with spatial mapping, it links logistics performance to 
Sustainable Development Goals (SDGs 1, 2, 3, 4, 8, 9, 11, and 12). Enhancing 
logistics in urban and rural areas boosts economic competitiveness, trade efficien-
cy, industrial balance, and resource optimisation.

Logistics is not just operational but a key element in spatial development. In-
frastructure distribution, trade corridor connectivity, and transport facility density 
shape balanced development. Investing in integrated logistics services enhances 
economic efficiency, social equity, and environmental sustainability.
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This study provides a spatial framework to assess logistics’ impact on sustaina-
ble development, helping policymakers identify infrastructure needs to strengthen 
economic competitiveness and resource sustainability.

This section outlines the sequence of extracting and interpreting the results 
based on the methodological steps.

4.1. Results of applying FAHP for first and second criteria level

For effectiveness and its developmental reflections, the FAHP was applied to the 
first-level criteria with the input of three experts from each of the Chambers of Ag-
riculture, Industry, and Trade in the study area, which includes the governorates of 
Tartous, Homs, and Hama. This involved a total of nine experts.

For efficiency and its developmental reflections, the FAHP was applied to the 
first-level criteria with three experts from the Goods Freight Office in each of the 
governorates of Tartous, Homs, and Hama, involving a total of nine experts as well.

For differentiation and its developmental reflections, the FAHP was applied 
to the first-level criteria with three experts from each Chamber of Agriculture, 
Industry, and Trade, as well as from the Goods Freight Office in each of the gover-
norates of Tartous, Homs, and Hama, making a total of twelve experts.

At the second level of criteria, a survey was conducted to obtain the weights 
from five experts in regional planning.

As shown in Table 6, the majority of experts prefer effectiveness over efficiency 
and differentiation, followed by efficiency over differentiation, which is consistent 
with their developmental reflections. In other words, experts prioritise effectiveness 
first, followed by efficiency and then differentiation. They also prioritise the devel-
opmental reflections of effectiveness, then efficiency, and finally differentiation.

Table 6. Qualitative analysis of experts’ opinions according to their response rates

Saaty Scale 1 2 3 4 5 6 7 8 9

Logistics 
Performance

Effectiveness 
with Efficiency 20% 20% 40% 20%

Effectiveness  
with Differentiation 40% 40% 20%

Efficiency  
with Differentiation 20% 40% 20% 20%

Developmental 
Reflections Of

Effectiveness 
with Efficiency

60%
20% 20%

Effectiveness  
with Differentiation 20% 20% 20% 20%

20%
Efficiency  
with Differentiation 20% 40%

20% 20%

Black shows experts preferring first 
over second Red shows experts preferring second over first

Source: own work.
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On the other hand, it is observed that the majority of experts assigned higher  
scores to the developmental reflections of effectiveness on Saaty’s scale com-
pared to the developmental reflections of efficiency. In other words, they pre-
fer the developmental reflections of effectiveness over effectiveness itself. 
Similarly, when comparing other indicators, it is observed that experts prefer 
efficiency over its developmental reflections, while they favour the develop-
mental reflections of differentiation over differentiation itself. This gives the 
initial vision about stakeholders’ opinions, which is finally reflected in Fig. 10, 
showing the results for both the first and second criteria levels after applying 
the fuzzy method.

Fig. 10. Resulted weights of level 1 and level 2 for criteria
Source: own work.

4.2. Results of integration FAHP in a GIS environment

Using Model Builder, after performing spatial analysis, Criteria Maps for the 
First Level were generated. These maps were then reclassified on a scale from 
1 to 10. The reclassified maps were overlaid with their respective weights for 
the six models, resulting in Indicator Maps for the Second Level, as shown 
in Fig. 11.

The second-level criteria maps, as shown in Fig. 12 were reclassified on a scale 
from 1 to 10. A value of 0 indicates no spatial value for the indicators. The adopted 
colour scheme for the values is as follows: grey for 0, red for 1, purple for 2, blue 
for 3, light blue for 4, black for 5, yellow for 6, light green for 7, orange for 8, dark 
yellow for 9, and fir green for 10.
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Fig. 11. Second Level Criteria for Logistics Performance and its developmental reflections
Source: own work based on the results of the analysis of first-level indicators based on 2018 data.

Fig. 12. Second Level reclassified Criteria for Logistics Performance and its developmental reflections
Source: own work based on the reclassification of the maps in Fig. 11 on a scale from 1 to 10.

Finally, the maps were overlaid with their respective weights for the six mod-
els, resulting in the third-level Indicators Maps, as shown in Fig. 13 which were 
reclassified on a scale from 1 to 10 as well.
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Fig. 13. Third Level Criteria and Third Level reclassified Criteria for Logistics Performance  
and its developmental reflections

Source: own work based on the analysis results of second-level indicators, then reclassified on 
a scale from 1 to 10.

4.3. Final results and interpretation

The maps from the second and third levels, shown in Fig. 12 and Fig. 13 were 
reclassified based on Table 5 for interpretation purposes, leading to the production 
of Fig. 14 and Fig. 15. Thus, from Fig. 14:

For Effectiveness and its developmental reflections: there is a spatial correla-
tion and agreement between the locations with high levels of effectiveness and 
their corresponding developmental reflections. Notably, in larger areas with a high 
degree of effectiveness, there are pockets displaying medium to high levels of de-
velopment. In contrast, smaller areas with high effectiveness are associated with 
pockets exhibiting a range of low to medium to high levels of development. This 
highlights the dynamic impact that the availability of logistics resources has on 
operational factors and regional development plans. Conversely, the effectiveness 
contribute in SDGs 1, 2, 3, 8, 9, and 11 by low to medium to high levels.

For efficiency and its developmental reflections: the spatial effects were ob-
served in both proximate and distant locations. For instance, in the eastern part 
of Palmyra, the limitations of efficiency in that area have reduced the influence 



124 Kamal Aldahhak, Osama Darwish

of high-degrees for developmental reflections, resulting in small, medium-to-high 
pockets on its periphery. Similarly, in the Hama governorate, the retreat of 
high-efficiency degrees led to lower levels of development in the western and 
southern areas, with no high-development pockets appearing at all. Conversely, the 
stability of medium-efficiency degrees in the governorates of Tartous and Homs 
contributed to the formation of medium-to-high development pockets. This suggests 
that the good spatial organisation of logistics resources, such as infrastructure and 
facilities, plays a significant role in fostering positive developmental outcomes. also 
efficiency contribute in SDGs 1, 2, 8, and 9 reached low to medium to high levels.

For differentiation and its developmental reflections: the effects of spatial dis-
parity in differentiation degrees are evident in both their local and distant devel-
opmental reflections. In the Hama governorate, the smallest area with medium 
differentiation degrees resulted in low developmental reflections. In contrast, 
the Homs governorate displayed high to very high developmental reflection de-
grees due to the greater prevalence of medium differentiation degrees compared 
to Hama. Conversely, the Tartous governorate exhibited the best developmental 
reflection degrees, owing to its highest differentiation degrees. This indicates the 
dynamic and significant impact that factors like added value and innovation have 
on achieving sustainability, aligning with the idea that differentiation represents 
the highest level of effectiveness and efficiency, also for differentiation SDGs 3, 4, 
8, and 12 reached low to high to very high levels.

Fig. 14. Second Level reclassified Criteria for discussion purpose for Logistics Performance  
and its developmental reflections

Source: own work based on the reclassification of the maps in Fig. 11 on a scale from Low 
to Very High.
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For the results of Logistics performance and its developmental reflections: as 
most studies agree that it is primarily linked to effectiveness and efficiency. While 
these two concepts share mutual interests, they often involve conflicting or mutually 
exclusive factors, which is why they were assigned the highest weights. As shown in 
Fig. 14, the locations of high effectiveness and high efficiency did not coincide, re-
flecting their inherent opposing features. Meanwhile, spatial differentiation reflects 
characteristics related to the superiority of activities over competitors.

Since the indicators of developmental reflections are derived from perfor-
mance indicators, these conflicting features were also observed spatially in the 
developmental reflections of effectiveness, efficiency, and differentiation. In areas 
with high degrees of effectiveness, resources tend to be wasted, resulting in oper-
ational goals being achieved without reducing costs, efforts, or time. In contrast, 
locations with high efficiency strive to achieve optimal results but may fall short. 
As for differentiation, the results indicate a lack of resources for innovation and 
added value, leading to issues with the spatial variation of sustainability.

As shown in Fig. 15, the study axis passes through the areas with the best 
logistics performance, concentrated in logistics nodes in the Tartous and Homs 
governorates. This axis demonstrated high to very high degrees of developmental 
reflections along its length, with the Tartous governorate showing consistently 
high to very high degrees transversely. In contrast, the Homs governorate exhib-
ited high to very high degrees, gradually decreasing to medium levels towards 
Hama, where the developmental reflections were only low to medium due to the 
reduced logistics performance compared to Homs and Tartous.

Thus, the spatial contribution of the developmental reflections of Logistics 
Performance in SDGs 1, 2, 3, 4, 8, 9, 11, and 12 reached degrees ranging from 
low to medium to high to very high.

Fig. 15. Third Level reclassified criteria for discussion purpose for Logistics Performance 
and its developmental reflections

Source: own work based on the reclassification of the maps in Fig. 13 on a scale from Low 
to Very High.
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5. SENSITIVITY ANALYSIS

Following the methodology from Özceylan et al. (2015), two sensitivity analyses 
were conducted: one using equal weights and the other by exchanging weights, as 
described below:

5.1. Sensitivity analysis with equal weights

When equal weights (i.e., no weights applied) were assigned to the second-level 
criteria, as shown in Fig. 16 and compared with the results in Fig. 14, the follow-
ing observations were made:

Fig. 16. Sensitivity analysis with equal weights runs for Third Level Criteria for Logistics  
Performance and its developmental reflections

Source: own work based on the analysis results of second-level indicators without weights,  
then reclassified on a scale from Low to Very High.

As shown in Fig. 17, the opinions of regional planning experts led to the max-
imisation of spatial values for approximately 67% of the upper limits of logistics 
performance indicators and about 33% of the upper limits of the developmental 
reflections of logistics performance indicators.

As shown in Fig. 16, when applying equal weights, there was an increase in 
low degrees of logistics performance (LP) and a decrease in high and very high 
degrees. This indicates that local experts are largely satisfied with the current sit-
uation in these locations.

Regarding the developmental reflections of LP, the results closely matched the 
initial findings, suggesting that the experts’ opinions align well with the actual 
situation in the region.
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Fig. 17. Comparison of the results of the limits for Third Level Criteria for Logistics Performance 
and its developmental reflections in the two cases of weights (local experts – equal)

Source: own work.

5.2. Sensitivity analysis by exchanging weights

In this analysis, the weights of the criteria were adjusted to evaluate the impact on 
logistics performance. Run 1 represents the base run, which reflects the evaluation 
of logistics performance according to the perspectives of local stakeholders.

By exchanging the weight of the first criterion with the second criterion, we 
obtained Run 2. Similarly, by exchanging the weight of the first criterion with the 
third criterion, we obtained Run 3, as illustrated in Table 7.

Table 7. Weights of for Third Level Criteria for Logistics Performance and its developmental 
reflections according to sensitivity analysis runs

Sensitivity Runs for LP Sensitivity Runs for developmental reflections 
of LP

Criteria Run 1 Run 2 Run 3 Criteria Run 1 Run 2 Run 3

Effectiveness 34% 34% 32%
Developmental 
reflections of 
effectiveness

34% 33% 33%

Efficiency 34% 34% 34% Developmental 
reflections of efficiency 33% 34% 33%

Differentiations 32% 32% 34%
Developmental 
reflections of 
differentiations

33% 33% 34%

Sum 100% 100% 100% Sum 100% 100% 100%

Source: own work.
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Fig. 18. Sensitivity analysis runs for Third Level Criteria for Logistics Performance
Source: own work based on the analysis results of second-level indicators (Logistics Performance) 

using exchange weights, then reclassified on a scale from Low to Very High.

Fig. 19. Sensitivity analysis runs for Third Level Criteria for developmental reflections  
of Logistics Performance

Source: own work based on the analysis results of second-level indicators (Developmental 
Reflections of Logistics Performance) using exchange weights, then reclassified on a scale  

from Low to Very High.

As illustrated in Fig. 18, the results of the sensitivity analysis for Logistics Per-
formance (LP) reveal that the high and very high degrees of LP around the centres 
of Tartous, Hama, and Homs decreased in Run 3 compared with Run 2 and Run 1. 
This reduction indicates that the lower degrees of differentiation (which had the 
highest weight) negatively impacted LP more than effectiveness and efficiency. 
This outcome aligns with the results shown in Fig. 12.

Similarly, as shown in Fig. 19, the sensitivity analysis for developmental re-
flections of logistics performance demonstrates that the low degrees of develop-
mental reflections in the Hama governorate disappeared in Run 2 compared with 
Run  1 and Run  3. This suggests that the better degrees of efficiency in Hama 
(when weighted with the highest importance) had a more significant positive impact 
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compared to effectiveness and differentiation. This also corresponds with the re-
sults in Fig. 12.

This analysis provides a valuable tool for the decision-maker in the model, facil-
itating the feedback process and supporting decision-making by enabling the iden-
tification of spatial weaknesses and potentials without the need to review sub-maps.

6. DISCUSSION

The final results derived from Fig. 14 align with the qualitative analysis of expert 
opinions in Table 6. Experts identify resource provision, represented by effective-
ness, as the most critical logistical factor lacking corresponding developmental 
outcomes. They emphasise the necessity of well-structured spatial organisation 
of infrastructure, denoted by efficiency, which ranks second. When achieved, it 
fosters appropriate development. In contrast, achieving developmental excellence 
ranks third due to Syrian war-related constraints, underscoring the validity of ex-
pert opinions within the model.

The proposed conceptual framework offers adaptability for integrating addi
tional indicators, provided their data is available. It applies to various developmen-
tal logistical studies while maintaining consistency with planning levels (national, 
regional, structural, or local), contingent on measurable indicators at each level.

The FAHP method enabled the decomposition of complex decision problems into 
hierarchical sub-criteria, effectively integrating both quantitative and qualitative data 
through expert-weighted maps. However, a  key limitation is the required sample 
size of 5–12 indicators per group and the limited number of experts, necessitating 
the use of fuzzy theory to address ambiguity in expert opinions during weighting 
(Żak et al., 2017; Srisawat et al., 2017). Sensitivity analysis provided critical insights 
for decision-making: equal-weight sensitivity analysis identifies results independent 
of expert-assigned weights, serving as a benchmark for expert satisfaction, while 
weight-exchange sensitivity analysis highlights strengths and weaknesses across 
sub-indicators without requiring model reassessment (Özceylan et al., 2015).

The land freight logistics decision support system plays a crucial role in imple-
menting the regional plan by identifying areas for improvement, needs, and avail-
able capacities. The 2018 data timeframe is linked to the completion and approval 
of the regional study for the designated area in Syria, covering a 10–15-year pe-
riod and six phases: policy formulation, diagnosis and data analysis, planning 
(designing the plan), resource mobilisation, programming and implementation, 
and plan evaluation. Data and expert surveys must be updated during the diag-
nosis and evaluation phases, where the proposed decision support system should 
actively contribute (Syrian Regional Planning Commission, 2021).
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7. CONCLUSIONS AND RECOMMENDATIONS

The developed methodology, based on Key Performance Areas (KPAs) for select-
ing secondary indicators, offers a comprehensive approach for evaluating logistics 
performance. The application of Fuzzy Analytical Hierarchy Process (FAHP) en-
abled the analysis of both quantitative and qualitative data, while organising the 
decision-making process hierarchically. Additionally, the inclusion of stakehold-
ers’ preferences, derived from understanding the roles of effectiveness, efficiency, 
and differentiation, enriched the evaluation process.

Using GIS techniques, this study identified the strengths, weaknesses, opportu-
nities, and needs of each spatial location, which can enhance logistics operations 
and foster economic revitalisation through balanced resource distribution and in-
novation. The analytical tool developed here provides insights into the dynamic, 
dramatic, or mixed effects of logistics resource allocation and innovation factors 
on sustainable logistics operations. Furthermore, it revealed the longitudinal and 
transverse developmental impacts of the freight axis in the region and the spa-
tial contributions of Logistics Performance (LP) to the Sustainable Development 
Goals (SDGs).

Sensitivity analysis with equal weights contributes to showing the local priva-
cy of the axis study region, while Sensitivity analysis by exchanging weights con-
tributes to supporting the view of the decision maker and in the feedback process.

Future studies should explore integrating real-time tracking and Internet of 
Things (IoT) technologies into logistics evaluation frameworks. Such advance-
ments can provide policymakers with dynamic insights into supply chain efficien-
cies, enabling more proactive infrastructure development strategies. Additionally, 
further interdisciplinary collaborations between urban planners, economists, and 
logistics experts could lead to more comprehensive decision-making models that 
align logistics performance with long-term sustainability goals.

New secondary indicators can be developed based on the proposed concep
tual framework and the availability of related data. It is also important to con-
sider integrating the proposed decision support system (DSS) into the stages 
of regional study preparation – specifically in the analysis of capabilities and 
needs, as well as in the evaluation phases, by identifying priorities and projects 
within the regional plan.

As a  potential area for future research, the DSS could be further enhanced 
by using other methods from the multi-criteria analysis literature, such as En-
tropy, CRITIC, Fuzzy-TOPSIS and Fuzzy-ANP. These methods would enable 
policymakers to explore various “what ifˮ scenarios. Additionally, establishing 
a regional logistics observatory to collect data at the regional level and regularly 
update the defined database would be beneficial for sustaining an informed deci-
sion-making process.
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