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Preface

The increasing complexity of contemporary public policy challenges has
heightened the importance of analytical, evidence-based, and multi-dimensional
approaches to achieving sustainability objectives. Rapid urbanization, digital
transformation, climate change, demographic shifts, migration dynamics,
and environmental risks necessitate a fundamental reconsideration of public
administration and governance structures. In this context, sustainable governance
requires not only normative commitments but also robust analytical tools
capable of addressing uncertainty, trade-offs, and competing policy priorities.

The volume titled Analytical and Multi-Criteria Approaches for Sustainable
Public Policies examines the role of analytical and multi-criteria decision-making
methods in the design and implementation of sustainable public policies from
an interdisciplinary perspective. By bringing together theoretical discussions
and applied policy analyses, the book seeks to demonstrate how institutional
capacity, policy coherence, and strategic planning can be strengthened in
complex governance environments.

The chapters included in this volume cover a broad thematic spectrum,
encompassing digital governance and e-government development, smart city
strategies, urban planning and accessibility, disaster- and climate-induced
migration, ageing and demographic change, societal attitudes toward migration,
sustainability reporting, and urban traffic management. From a methodological
standpoint, the volume highlights a diverse set of analytical tools, including
the Best—Worst Method and its neutrosophic extensions, SWOT analysis,
simulation-based modeling, comparative qualitative analysis, and the use of
large-scale survey data.

One of the core contributions of the book lies in its emphasis on the
limitations of technology-centered or single-criterion approaches to sustainable
public policy. The chapters collectively underscore the necessity of holistic
evaluation frameworks that balance economic efliciency, social equity,
environmental sustainability, and institutional feasibility. In this regard,
the volume demonstrates how analytical and multi-criteria approaches can
function as a critical bridge between sustainability goals and practical policy
implementation.
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By integrating governance theory with advanced analytical methods, the book
contributes to ongoing academic debates on sustainable public administration
and offers concrete insights for policy design and evaluation. It highlights the
importance of participatory governance, institutional transparency, and data-
driven decision-making in enhancing policy effectiveness and public trust.

Overall, this volume aims to serve as a valuable reference for academics,
graduate students, public administrators, policy analysts, and urban planners
seeking to develop resilient, inclusive, and sustainable governance systems.
Through its interdisciplinary scope and methodological diversity, the book
provides both conceptual and practical guidance for addressing the multifaceted
challenges facing contemporary public policies.

Assoc. Prof. Dr. Hakan Gékhan Giindogdu

Anadolu University

Faculty of Economics and Administrative Sciences
Department of Political Science and Public Administration
Eskisehir, April 2026

Assoc. Prof. Dr. Caglar Karamasa
Anadolu University
Faculty of Economics and Administrative Sciences

Department of Business Administration
Eskisehir, April 2026
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Introduction

Hakan Gékhan Gindogdu?, Caglar Karamasa?

In an era characterized by accelerating environmental change, technological
transformation, demographic shifts, and growing social complexity, public
policies are increasingly required to operate under conditions of uncertainty,
multidimensionality, and competing priorities. Traditional linear and sector-
based policy approaches have proven insufficient to address challenges such as
climate change, digital transformation, urban congestion, migration, ageing
societies, and sustainability-driven financial regulation. Within this context,
the integration of analytical and multi-criteria decision-making approaches into
public policy design has emerged as a critical pathway toward more transparent,
resilient, and evidence-based governance. This book is motivated by the need
to understand how such approaches can enhance sustainable public policy
formulation across diverse policy domains.

The central problem addressed in this volume concerns the growing gap
between the complexity of contemporary policy problems and the analytical
capacity of existing governance frameworks. While sustainability has become
a dominant normative objective in public administration, policy decisions
often remain fragmented, intuition-based, or constrained by institutional
silos. Moreover, the literature frequently treats sustainability, governance,
digitalization, migration, and urban systems as separate analytical fields,
despite their deep interdependence. This fragmentation limits the ability of
policymakers to evaluate trade-offs, prioritize competing objectives, and manage
uncertainty in a systematic manner. The present volume responds to this gap
by advancing analytical and multi-criteria methodologies as integrative tools
capable of bridging normative sustainability goals with operational policy
decision-making.

The theoretical and conceptual framework of the book is grounded in
sustainable governance, systems thinking, and multi-criteria decision analysis.
Sustainability is conceptualized not merely as an environmental concern, but as
a multidimensional governance paradigm encompassing institutional capacity,
social inclusion, economic resilience, and long-term adaptability. Key concepts

1 Department of Political Science and Public Administration, Faculty of Economics and Administrative
Sciences, Anadolu University, Eskisehir, Tiirkiye, hakangokhangundogdu@anadolu.edu.tr

2 Department of Business Administration, Faculty of Economics and Administrative Sciences, Anadolu
University, Eskigehir, Tiirkiye, ckaramasa@anadolu.edu.tr
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such as policy prioritization, institutional governance, digital participation,
resilience, and decision-making under uncertainty form the backbone of the
analytical perspective adopted throughout the volume. The emphasis on multi-
criteria methods reflects the recognition that public policies inherently involve
conflicting objectives, diverse stakeholders, and incomplete information,
requiring tools that can systematically structure complexity rather than reduce
it to single indicators.

Engaging critically with existing literature, the book positions itself at the
intersection of public administration, urban studies, sustainability science,
and decision sciences. While prior studies have contributed valuable insights
into sustainability transitions, smart governance, and sector-specific policy
challenges, fewer works have explicitly connected these debates with formal
analytical decision-making frameworks. By incorporating methods such as the
Best—Worst Method, Neutrosophic logic, SWOT analysis and simulation-based
modeling, the volume introduces methodological pluralism into sustainability-
oriented policy analysis. This approach allows the book to contribute not only
conceptually but also methodologically to ongoing debates in the field.

The book is structured to reflect both thematic coherence and analytical
diversity. The opening chapters focus on digital governance and e-government
development, demonstrating how multi-criteria approaches can clarify
policy priorities under uncertainty. Subsequent chapters examine smart city
governance, urban health systems, and strategic planning capacities through
comparative and analytical lenses. Issues of disaster- and climate-induced
migration, ageing and accessibility, sustainability reporting standards, and
urban traffic management are then explored as distinct yet interconnected policy
domains. Together, these chapters illustrate how analytical tools can be applied
across different governance levels and policy sectors while maintaining a shared
sustainability orientation. In this context, the penultimate chapter employs
a Best—Worst Method (BWM)-based prioritization of IFRS S1 sustainability
disclosure elements, situating sustainable finance within the broader framework
of sustainable governance and multi-criteria decision analysis by systematically
structuring policy priorities under conditions of uncertainty and competing
objectives. The final chapter, drawing on systems thinking and simulation-based
modeling, demonstrates how data-driven optimization of urban traffic systems
can contribute to sustainable urban policy by enhancing efficiency, reducing
environmental externalities, and supporting evidence-based decision-making
in complex governance environments.

In terms of scope, the book adopts a comparative and illustrative approach
rather than claiming exhaustive coverage. While several chapters focus on Tiirkiye
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and specific urban contexts, the analytical frameworks and policy insights are
transferable to broader international settings. Methodologically, the volume
prioritizes qualitative and mixed analytical approaches, emphasizing expert-
driven evaluations, policy document analysis, and simulation techniques. This
focus reflects the intention to provide actionable insights without sacrificing
analytical rigor.

The primary audience of this book includes academics and researchers in
public administration, urban studies, and policy analysis, as well as graduate
students, policymakers, and practitioners engaged in sustainability-oriented
governance. Given its interdisciplinary and multi-method orientation,
the volume is particularly relevant for readers interested in evidence-based
policymaking, decision-support systems, and the governance implications of
complex societal challenges.

As a multi-authored work, the book brings together diverse perspectives,
disciplinary backgrounds, and methodological approaches. This plurality is
treated as a strength rather than a limitation, reflecting the reality that sustainable
public policies cannot be designed through a single theoretical lens or analytical
tool. Instead, they require dialogue across disciplines, institutions, and policy
domains.

Guided by these considerations, the book seeks to address the following
overarching questions:

1. How can analytical and multi-criteria decision-making methods enhance
sustainability-oriented public policies?

2. Inwhatways do digital transformation, urban systems, and demographic
change reshape governance priorities?

3. How can public institutions better manage uncertainty, trade-offs, and
competing objectives in complex policy environments?

Ultimately, this volume argues that sustainable public policy is not solely
a normative aspiration but a practical governance challenge that demands
robust analytical tools, institutional learning, and inclusive decision-making
frameworks. By integrating analytical rigor with sustainability principles, the
book aims to contribute to the development of more adaptive, transparent, and
resilient public governance systems capable of responding to the challenges of
the twenty-first century.



CHAPTER 1

Evaluating Policy Priorities in
E-Government Development: A
Neutrosophic Best-Worst Analysis
within the EGDI Framework

Caglar Karamasa®

1. Introduction

The digitalization of public administration has emerged as a strategic policy
priority that extends beyond mere technological investments, encompassing
comprehensive structural and organizational transformations. Digital
transformation is now recognized as a central element of modern public
administration, serving as a crucial mechanism for embedding principles of
good governance such as transparency, accountability, and citizen participation.
In addition, these transformations play a vital role in promoting sustainable
development goals. For instance, initiatives in Sdo Paulo, Brazil, have reduced
the unit costs of public services by an average of 73.9 percent, illustrating
significant improvements in the efficiency of resource utilization (Gongalves
& Maggion, 2022). Likewise, the expansion of digital services has accelerated
interactions between governments and citizens, strengthening transparency and
encouraging greater societal engagement in governance processes (Gengkaya
et al., 2021; Giindogdu, 2021; Latupeirissa, 2024). Despite these advances,
many countries still face limitations in effectively leveraging digital technologies
(United Nations Department of Economic and Social Affairs [UNDESA],
2020). To address this, international organizations including the United Nations
(UN), Organisation for Economic Co-Operation and Development (OECD),
European Union, and World Bank have developed standardized frameworks
to measure e-government development over the past two decades. Among
these, the UN’s E-Government Development Index, published biennially and
covering 193 member states, has become one of the most comprehensive tools

for assessing digital public administration (United Nations [UN], 2024a). By

1 Department of Business Administration, Faculty of Economics and Administrative Sciences, Anadolu
University, Eskigehir, Tiirkiye, ckaramasa@anadolu.edu.tr
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2024, the global average E-Government Development Index (EGDI) score
rose from 0.6102 to 0.6382, with 71.5 percent of countries reaching high or
very high levels of digital development. Regionally, Europe remains the leading
region with an average score of 0.8493, whereas Africa continues to lag with an
average of 0.4247. These figures highlight that while progress in digitalization
is evident globally, significant structural inequalities persist, reflected in the
ongoing digital divide (UN, 2024b).

The EGDI evaluates the extent and quality of digitalization in public
administration through three main components: the Online Service Index,
the Telecommunications Infrastructure Index, and the Human Capital Index.
Each component is supplemented with multidimensional sub-indicators,
including institutional capacity, digital service delivery, content diversity,
e-participation, and technological accessibility. The e-participation dimension
assesses citizen engagement in public decision-making via digital platforms,
analyzing progression across e-information, e-consultation, and e-decision-
making stages. Therefore, the EGDI offers a holistic assessment framework that
integrates both technical and infrastructural capabilities with the democratic
dimension of governance.

This study seeks to determine the relative significance of the EGDI’s core
components and sub-indicators using Multi-Ciriteria Decision-Making (MCDM)
techniques based on expert evaluations. Employing the Neutrosophic Best—
Worst Method (NBWM), the research identifies priority areas within different
dimensions of digital public administration. For the e-participation component,
Best Value Order and Overall Value Weight vectors were constructed to provide
quantitative prioritization.

Previous literature has examined digitalization from multiple perspectives.
Some indices focus on operational outcomes, such as improved service quality
and procedural efficiency (International Telecommunication Union [ITU],
2017; Dener et al., 2021), whereas others emphasize the broader impacts on
governance quality, citizen participation, and social inclusion (Organisation
for Economic Co-operation and Development [OECD], 2019; Waseda
University & International Academy of Chief Information Officers [Waseda-
IAC], 2024). For example, the UN’s EGDI framework classifies countries’
digital service maturity into four levels: Emerging, Enhanced, Transactional,
and Connected (UN, 2012), illustrating the gradual and staged nature of digital
transformation. This study advances the literature by offering an analytical,
expert-based weighting approach, addressing a notable gap in existing research.
This methodology provides an original perspective for both theory and policy,
enabling identification of the most strategically important components of digital
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government and guiding the prioritization of digital public policies.

In this context, the study addresses the following research questions.

*  Which core and subcomponents of the EGDI are the most critical for
effective digital governance?

* How should the e-participation elements, e-information, e-consultation,
and e-decision-making, be prioritized from a policy-making perspective?

*  How can analytically derived, expert-based prioritization support and
inform the development of public policies?

Ultimately, the study offers strategic recommendations at national and local
levels based on the relative importance of EGDI components and provides
insights for enhancing the design and implementation of digital public
administration. The subsequent sections detail the methodological approach,
present the findings, and discuss implications for both scholarly research and
practical policy-making in digital governance.

2. Theoretical Background and Literature Review

Over the years, numerous indices have been developed to evaluate
digitalization in the public sector, allowing for comparative analysis across
different country groups. In this context, prominent measurement tools include
the UN EGDI, the ITU’s ICT Development Index (IDI), the World Economic
Forum’s Network Readiness Index (NRI), Waseda University’s World Digital
Government Ranking (Waseda Index), and the European Union’s eGovernment
Benchmark (Skargren, 2020). These indices analyze the digital maturity of
governments across multiple dimensions, providing a comparative perspective.
Furthermore, indicators such as IDI, EGDI, NRI, the Waseda Index, and the
eGovernment Benchmark offer multidimensional frameworks for assessing the
digital transformation of public services and the level of societal participation.
Each index reflects a different aspect of digital society and provides meaningful
insights within its specific scope (Sony & Naik, 2020).

The UN EDGI is a multi-component measurement tool designed to evaluate
countries’ digital governance capacities holistically. First published in 2003, the
EGDI is based on three primary dimensions: online service provision (Online
Service Index- OSI), telecommunication infrastructure (Telecommunication
Infrastructure Index- TII), and human capital (Human Capital Index-HCI).
These dimensions respectively represent the ability of public institutions to
deliver digital services, the level of access to information and communication
technologies, and the capacity of society to utilize digital services. The EGDI
is calculated as a normalized index with equal weighting (one-third) for each

6
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component. Data are collected through global surveys and country-level
questionnaires conducted by the ITU, United Nations Educational, Scientific
and Cultural Organization [UNESCOY], and the UN. In this regard, the EGDI
enables international comparisons of digital government maturity and serves as
a reference framework for identifying policy priorities (Lnenicka et al., 2024).

Some studies in the literature indicate that digitalization indicators such
as EGDI, IDI, NRI, the Waseda Index, and the eGovernment Benchmark
generally provide independent structures and are primarily based on technical
capacity measurements. These studies emphasize that each index is constructed
using different methodological approaches, which may limit their utility as
comprehensive decision-support tools for establishing strategic priorities
(Zou et al., 2023; Lnenicka et al., 2024). For example, Lnenicka et al. (2024)
report that in comparative analyses of European Union member states, the
contribution of subcomponents such as human capital, online service provision,
and infrastructure to digital society varies across countries. Moreover, the
literature highlights that digital governance indicators alone have limitations
when applied directly as decision-support tools for determining strategic policy
priorities (Zou et al., 2023).

Accessibility, efficiency, and the availability of public services have emerged
as key factors enhancing citizen trust in e-government development (Carter &
Bélanger, 2005; Beynon-Davies, 2007). In developing countries, individual-
level factors such as effort expectancy, social influence, facilitating conditions,
and behavioral intention, together with technology acceptance, trust, and prior
experience, play a significant role (Carter, 2008). These findings suggest that
indices like the EGDI should not be limited to technical data alone but should
also incorporate user-centered and strategic factors. Consequently, these results
indicate that indices such as the EGDI may not suffice for comprehensive

strategic analyses on their own and highlight the need to integrate them with
MCDM methods, such as the NBWM.

This study focuses on MCDM methods, which offer more systematic and
quantitative approaches for determining e-government policy priorities. Table
1 below summarizes key studies in the literature that employ MCDM methods
in the context of e-government development.
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Table 1. Key Literature on MCDM Methods Used in E-Government

Development
Author(s) Objective & Key Findings Method(s)
Syamsuddin & A new fuzzy MCDM-based assessment Fuzzy MCDM

Hwang (2010) framework was proposed to evaluate
e-government security strategies.

Tavanaetal. A framework was suggested to assess Fuzzy ANP &
(2013) e-government readiness from a Citizen TOPSIS
Relationship Management (CiRM) perspective,
facilitating complex evaluation processes.

Michova A multi-criteria model incorporating emerging  Analytic Hierarchy
(2015) approaches such as cloud computing, open Process (AHP)
data, and social media was proposed to evaluate
e-government development. Decision-making
was demonstrated through a case study using
AHP.

Abdel-Basset et A neutrosophic VIKOR-based decision- Neutrosophic

al. (2018a) making framework was developed to evaluate VIKOR, MCDM
e-government websites according to quality,
security, and accessibility criteria.

Sahoo et al. The study aimed to evaluate the usability of AHP (MCDM)
(2022) e-governance services based on citizen feedback

and to identify the most appropriate features for

developing an effective system.

Vevera et al. A hybrid indicator called SECDIG was COPRAS (MCDM)
(2022) proposed, combining GCI, NCSI, IDI, and

NRI indicators in a multi-criteria manner to

assess digital and cybersecurity levels for 11

Eastern European countries.

Demir et al. Open data indicators were evaluated for G20 LMAW, LOPCOW,
(2023) countries, identifying Australia as the best- Bayesian approach,
performing country. Decision support was ‘WASPAS
provided for public services based on open data.

Shayganmehr A three-stage framework was developed to assess Fuzzy Delphi,

etal. (2023) trust in e-government services in uncertain IVIES-AHP, Fuzzy
environments using Iranian municipal websites. Evaluation Method
“Trust in government” was identified as the (FEM)

most influential, while “Maintenance and
support” was the least influential indicator.

Radulescu et A hybrid group weighting method combining ~ Borda + Group Best
al. (2022) Borda and Group Best-Worst methods was Worst (HGWM)
proposed to determine criteria weights for
digital development indicators.

Ilieva et al. Factors affecting user perception and adoption ~ SEM, Machine
(2024) of e-government services were examined, and Learning, MCDM
variables influencing user satisfaction were
modeled.
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The studies summarized in Table 1 indicate the widespread use of MCDM
methods in e-government development. However, there are significant
limitations in the existing literature. First, although approaches such as fuzzy
logic and neutrosophic set theory have been applied to decision-making
under uncertainty, their effectiveness in complex policy environments with
contradictory and inconsistent data has not been fully explored. Second, most
studies are limited to a single method (AHP, VIKOR, TOPSIS) or narrow
hybrid models, and the integration of relatively new techniques such as the
Best-Worst Method (BWM) with neutrosophic logic has not been sufficiently
investigated. Third, there is a scarcity of studies that systematically address the
dynamic weighting of criteria in e-government readiness indices, such as the
EGDI. While studies like Tavana et al. (2013) and Abdel-Basset et al. (2018a)
empbhasize citizen-focused evaluations, they remain insufhicient for providing
strategic prioritization tools for policymakers.

This study aims to address these gaps using the NBWM. The research problem
is structured based on indices published by international organizations and the
analytical frameworks they include. In particular, the EGDI framework, which
jointly considers the dimensions of digital service provision, human capital, and
infrastructure, offers a suitable evaluation domain for MCDM approaches (UN,
2012). In this context, the NBWM employed in this study aims to assess policy
priorities among EGDI subcomponents under uncertainty, thereby helping to
fill a gap in the existing literature.

3. Methodology

Building on the research objectives and the identified gaps in e-government
policy prioritization, the following section presents the methodological
framework of the study. It begins with an overview of neutrosophic sets as a
means to handle uncertainty, followed by a detailed explanation of the NBWM
employed for expert-based prioritization. The subsequent sections then present
the findings and discuss their implications for policy and practice in the context
of the EGDI framework.

3.1. Neutrosophic Sets

Neutrosophic sets (NS) were proposed by Smarandache (2002) as a different
version of classical, fuzzy and intuitionistic fuzzy sets and represent ambiguous,
inconsistent and uncertain problems better than classical and intuitionistic
fuzzy sets (Abdel-Basset et al., 2017, 2018b, 2018¢; Yiicesan & Giil, 2021).
Single-valued neutrosophic sets (SVNS) as a subclass of NS are most commonly
used and are suitable for solving problems including inconsistent, ambiguous,
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imprecise and incomplete information (Yiicesan & Giil, 2021). Humans express
their preferences, opinions and judgments via linguistic terms in the real world.
For this purpose, SVNS composed of triangular fuzzy numbers are considered
to prioritize EDGI sub-components and their related indicators in this study.

A SVNS composed of triangular fuzzy numbers is represented as
¢ ={(c1,c2,¢3); 0z, Bz,vz) where lower, average and upper values related to the
neutrosophic number are shown by ¢y, ¢ and ¢35 respectively. In addition, the
truth, indeterminacy and falsity membership functions are represented by ¢z, Bz
and ve.

Truth-membership function (TMz(x)) is determined as follows:

aa( — ) ifes <z <ecy

Ce—Cy

azifx =cy

TMz(z) = :
aa(fﬁii)"fqgﬁwﬁc? v
0 otherwise
Indeterminacy-membership function (IMz(%)) is obtained as Eq.(2):
% ifei<z<cp
IM(a) Bzifx =cy (2)
%zf c2ST < ¢y
1 otherwise
Falsity-membership function (FMz(x)) is acquired as follows:
W ifc; <z <cy
FME (m) _ Yé Zf T =cCg (3)
et ife, <z < e

1 otherwise

According to the aforementioned equations, the maximum truth,
minimum indeterminacy and minimum falsity membership functions are
represented via @& Bz and e respectively. Consider é = ((cs, s, ¢35); 0z, Bz, vz)
and d = ((dy,ds, ds);a;,B;,7;) as two single-valued triangular neutrosophic
numbers (SVTNN). Basic mathematical operations related to these SVITNN
are defined as follows (Abdel-Basset et al., 2017; Yiicesan & Giil, 2021):
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a) Addition: Addition of two SVTNN is obtained as follows:

é¢+d ={(c; +ds,co+dgcs+ds);as Nag,B: VB, ve V) (4)
b) Subtraction: Subtraction of two SVINN is acquired as Eq.(5):

¢—d ={(ci—dgcs—dscs—di);as Ay, BV B, ve Vrg) 5)

c) Inverse: Inverse of a SVINN such as é = {(cy, c2, ¢3); oz, B, Ve)
is calculated according to Eq.(6):

—_ <(i z i);ae,ﬁe,’)’e> where &£ 0 (6)

C3 Cz2 Cp

d) Division: Division of two SVTNN is obtained as follows:

<(C—;,c—'z,2—f);ae Neag, Be V By e V’Yd'>if63> 0,ds>0

= <(§—§,§—Z,%);aa/\Oéd',ﬂa\/ﬂg,’)’é\/’yd'>if03<0, ds >0 7)

1

<(C—f,;—z,2);a5 Nag,BzV Bi,ve V’Yg> ifc3 < 0,d3<0

3

e) Multiplication: Multiplication of two SVTNN is acquired
according to Eq.(8):

((er*dy, ca*ds,cs*ds)jas Nag,BaV By, ve Vyg)ifes> 0, ds> 0
e*d =< ((cs*ds, ca*da, cs*dr)joz Aoy, BV By, v: V) ifes< 0,ds>0 (8)
((cs*ds,coa*ds,ci*dy)jas Nag,BeV By, ve Vyg) ifes < 0, ds <0

3.2. Neutrosophic Best-Worst Method (BWM)

The BWM was proposed by Rezaei (2015) as one of the novel, innovative
and robust subjective criteria weighting MCDM method. According to this
method, the best (e.g., the most important, the most desirable) and the worst
(e.g., the least important, the least desirable) criteria are determined by experts
respectively. Subsequently, the best criterion is compared with all the criteria and
all the criteria are compared with the worst criterion, and two vectors, namely
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best-to-others and others-to-worst, are acquired (Rezaei, 2015; Arman &
Kundakei, 2023). As a result, a nonlinear maximin model that aims to minimize
the maximum absolute difference between criteria related weight ratios and
pairwise comparisons is constructed for acquiring the criterion weights (Kocak
et al., 2018; Arman & Kundakei, 2023). BWM produces more consistent and
reliable outcomes as compared to its counterparts such as AHP and SWARA
(Pamucar et al., 2020; Zolfani et al., 2022; Yaran Ogel et al., 2023). BWM
eliminates the weaknesses of some of the methods like AHP, SWARA, FUCOM,
LBWA and PIPRECIA due to having a short and understandable processing
time (Fazlollahtabar & Kazemitash, 2021; Yaran Ogel et al., 2023).

To the best of the authors’ knowledge, there is not any study that aims to

analyze and prioritize the criteria related to EGDI via NBWM to date.

The neutrosophic BWM, which was proposed by Yiicesan and Giil (2021),
has a similar procedure to BWM and aims to analyze decision-making problems
under uncertain, inconsistent and complex environments. The steps of NBWM
can be summarized as follows:

Step 1: The decision criteria and their related sub-criteria are determined
via literature review and the views of experts.

Step 2: The best and the worst criteria are determined in terms of both the
main criteria and sub-criteria.

Step 3: The preference of the best criterion (sub-criterion) over all the criteria
(sub-criteria) is determined via a neutrosophic number from Table 1 by each
expert and then the best-to-others vector is acquired as A 5 = (aps, @ps, - - -, @5n) »
where the preference of the best criterion over the jth criterion (j=1,2,...,n) is

shown by @p; and agp = (1,1,1).



Evaluating Policy Priorities in E-Government Development

Table 2. Linguistic Terms and Related Neutrosophic Numbers

Saaty Linguistic term Neutrosophic triangular R.ec1procal neutrosophic
scale scale triangular scale
1 Equally important (EI) {(1,1,1);0.5,0.5,0.5} {(1,1,1);0.5,0.5,0.5}

2 Value between El and SI  {(1,2, 3); 0.4,0.65,0.6} {(0.33,0.5,1);0.4,0.65,0.6}

3 Slightly important (SI)  {(2,3,4);0.3,0.75,0.7} {(0.25,0.33,0.5);0.3,0.75,0.7}
4 Value between SI and STI {(3,4,5);0.6,0.35,0.4} {(0.2,0.25,0.33);0.6,0.35,0.4}
5 Strongly important (STI) {(4,5,6);0.8,0.15,0.2} {(0.17,0.2,0.25); 0.8,0.15,0.2}

6 Value between STI and {(5,6,7);0.7,0.25,0.3} {(0.14,0.17,0.2);0.7,0.25,0.3}
VSI

7 Very strongly important {(6,7,8);0.9,0.1,0.1} {(0.13,0.14,0.17);0.9,0.1,0.1}
(VSI)

8 Value between VSI and AI {(7,8,9);0.85,0.1,0.15} {(0.11,0.13,0.14); 0.85,0.1,0.15}

9 Absolutely important (AI) {(9,9,9);1,0,0} {(0.11,0.11,0.11); 1,0, 0}

Note. From Yiicesan & Gal (2021).

Step 4: The preference of all the criteria (sub-criteria) over the worst
criterion (sub-criterion) is determined via a neutrosophic number from
Table 1 by each expert and then the others-to-worst vector is acquired as
Aw = (aw,aaw,...,anw), where the preference of the jth criterion (j=1,2,...,n)
over the worst criterion is shown by a;w for j=1,2,...,n and aww= (1,1,1).

Step 5: The neutrosophic evaluations related to the expert judgments are
converted into the deterministic value via Egs. (9-10) (Abdel-Basset et al., 2017,
2018b, 2018c; Yiicesan & Giil, 2021). Consider & = {(cs,cz,¢3); s, Bz, 7z) as

a SVINN, then the score and accuracy degrees related to &;; are computed as
follows respectively:

S(e1) = les +es +esla(2 + ac — e —7e) (9)
A(ey) = é[q +cg +cslz(2 +az — Bz —e) (10)

Subsequently, the calculations of the classical BWM and the consistency
checks are performed.
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. . . . . . . * * * *
Step 6: Deterministic optimal criteria weights (w =W1,w@,-~,wn) are
calculated. In terms of obtaining the deterministic optimal criteria weights,

. w w;
where for each pair wp/w; and w;/ww, we have =2 =ap; and —~ =a; . In
wj ww

order to satisfy aforementioned conditions for all j, a solution needs to be
all j are minimized (Rezaei, 2015; Guo & Zhao, 2017; Arman & Kundake,
2023). The non-negativity and sum conditions related to the weights are taken

into account, and the problem can be written as follows:

W
— —aw
wy

S.t

Yowi=1 (11)

w; > 0 for all j.

acquired where the maximum absolute gaps

ws
and ‘—]—ajw‘ for
wyy

)

mlnmax{ — —agj
J

This problem is converted as follows:

min¢,

‘ﬂ ~ any| < € forall
wj

‘ﬂ—ajw‘ggfomuj, (12)
ww

Z’LU]' =1
w; > 0 forall j.
After solving the Eq.(12) the optimal weights <w1,w2, : ..,w;) and €
are obtained. The consistency ratio (CR) is calculated via ¢ New consistency
table is constructed due to the changes related to the evaluations in NBWM.

Consistency index (CI) related to each evaluation is acquired via Eq.(13)
(Yiicesan & Giil, 2021; Dagistanli, 2025).

(apw — &) (apw — &) = (aw +¢)

62—(1+2an)€+(a%W—agw) =0 (13)

According to Eq. (13), the maximum ¢ value is computed related to each
apgw where agy € {Z?, e, ?)} . Obrtained values are given in Table 2.
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Table 3. CI Values Related to NBWM

apw(Neutrosophic) | 2 3 4 5 6 7 8 9

apw(Deterministic) 0.563 0.863 0.956 2.775 4.594 4.838 7.088 7.800 10.125

CI 2.2235 2.768 2.927 5.683 8.166 8.488 11.386 12.281 15.153

Note. From Yiicesan & Giil (2021)

CR is computed by taking CI given in Table 2 into account and presented
in Eq. (14).

CR =—+ (14)
The smaller CR values provide more consistent comparisons and evaluations.

Table 4. Main Criteria and Their Related Sub-criteria

Main Criteria Sub-criteria Definitions
Institutional Refers to the legal, regulatory, and administrative
framework (C1) arrangements that ensure strategic coordination,

accountability, transparency, and interoperability
in the design and implementation of
e-government systems. It also includes governance
capacity, policy coherence, and institutional
readiness to promote digital participation and
public value creation.

Service provision Affordability (S1) The degree to which digital public services and

(C2) internet access are financially accessible and
inclusive for all segments of society, ensuring
equitable participation in digital governance.

Internet users (S2) The proportion of the population actively
using the internet, reflecting the level of digital
access and citizens’ capacity to engage with
e-government platforms.

Mobile The diffusion of mobile communication

subscriptions (S3) technologies that expand access to digital
services, especially in geographically and
socioeconomically disadvantaged areas.

Active mobile- The effective use of high-speed mobile internet
broadband infrastructure that enables real-time, interactive,
subscriptions (S4) and user-centered public service delivery.
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Content Expected years of
provision (C3)  schooling (S5)

Mean years of

schooling (S6)

Gross enrollment

ratio (S7)

Adult literacy (S8)

E-government

literacy (S9)

The anticipated duration of formal education,
representing long-term investments in human
capital and digital adaptability.

The average educational attainment of the
population, indicating the capacity to understand
and utilize digital public services.

The overall participation in formal education,
reflecting future digital competence and readiness
for knowledge-based governance.

The level of basic literacy among adults, which
constitutes a fundamental prerequisite for digital
inclusion and access to e-government.

Citizens’ knowledge, awareness, and digital
skills related to accessing, understanding, and
effectively using e-government services.

E-participation  E-information

(C4) (S10)

E-consultation

(S11)

E-decision making

(S12)

The provision of open, accessible, and transparent
public information through digital channels,
enabling informed citizenship and trust in
gOVCfnanCC.

Digital mechanisms that facilitate interactive
communication between governments and
citizens, allowing feedback, dialogue, and
participatory policy processes.

The integration of citizens into decision-making
processes through digital tools, fostering
collaborative governance, co-production, and
democratic legitimacy.

Technology (C5)

Refers to the availability, quality, and
sustainability of ICT infrastructure, including
connectivity, interoperability, cybersecurity, and
digital platforms that support the effectiveness,
scalability, and resilience of e-government
systems.

Table 4 systematically presents the main criteria and their related sub-criteria
used to assess e-government development based on the EGDI framework.
Organized under five main categories—namely institutional framework, service
provision, content provision, e-participation, and technology—the sub-criteria
serve as measurable indicators of each dimension. This structure forms the

foundation for the MCDM process and clearly defines the scope of the policy

priorities analyzed in the study.
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Table 5. Best Versus Others (BVO) Vector Related to Main Criteria

Decision Maker (DM) Best C1 C2 C3 C4 C5
BowSI EI Al
DMI C4 VSI STL N
DM2 C1 EI STI  SI VSI Al
BewSI Al Bew EI
DM3 C2 S El and STI and SI
Bew STI  STI Al
DM4 C1 EI Vst O
Bew STI EI Al
DMS5 C4 s STLvsl
DMG C2 Vs EI ST BrwSI  Brw El

and STI  and SI

Table 5 presents the BVO vector determined for the main criteria by
each decision maker. For each expert (DM1-DM6), the most important
main criterion was identified, followed by a comparative evaluation of the
remaining criteria using pairwise preference expressions such as “Very Strongly

Important (VSI),” “Strongly Important (SI),

»

«

Extremely Important (EI),” and

intermediate judgments like “Between SI and STI” or “Between EI and SI.”
This table reflects the subjective assessments of experts regarding the relative
importance of the main criteria within the EGDI framework, serving as input
for the Neutrosophic Best-Worst Method analysis.

Table 6. BVO Vector Related to Service Provision Criterion

Decision Maker (DM) Best S1 S2 S3 S4
DM1 S2 Al EI Btw SI SI
and STI
DM2 S1 EI STI Al VSI
DM3 S2 Bew EI EI Al SI
and SI
DM4 S2 Bew STI  EI STI Al
and VSI
DM5 S2 Bew STI  EI STI Al
and VSI
DMo6 S2 VSI EI Bew SI Bew EI
and STI and SI
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Table 6 presents the BVO comparisons made by decision makers (DM1-
DMO) regarding the sub-criteria under the main criterion of “Service Provision.”
The sub-criteria include S1: Affordability, S2: Internet Users, S3: Mobile
Subscriptions, and S4: Active Mobile-Broadband Subscriptions. Each decision
maker identifies their most preferred (best) sub-criterion and evaluates the
others using priority levels such as “Absolutely Important (AI),” “Very Strongly
Important (VSI),” “Strongly Important (SI),” or by indicating values between
these levels (e.g., “between SI and STT”).

Table 7. BVO Vector Related to Content Provision Criterion

Decision Maker (DM) Best S5 S6 S7 S8 S9
DM1 S9 STI Bew SI Al Btw EI EI
and STI and SI
DM2 S9 Bew SI STI Al VSI EI
and STI
DM3 S6 SI El Al STI Btw EI
and SI
DM4 S9 Bew STI STI Al VSI ElI
and VSI
DM5 S9 Btw STI STI Al VSI EI
and VSI
DMo6 S9 Bew SI SI VSI Bew EI EI
and STI and SI

Table 7 provides the BVO evaluations of the decision makers (DM 1-DMO6)
for the sub-criteria under the “Content Provision” main criterion. The sub-criteria
assessed include S5: Expected Years of Schooling, S6: Mean Years of Schooling,
S7: Gross Enrollment Ratio, $8: Adult Literacy, and S9: E-government Literacy.
For each decision maker, the best sub-criterion is identified, and the remaining
sub-criteria are comparatively rated using qualitative importance levels such
as “Strongly Important (SI),” “Very Strongly Important (VSI),” “Absolutely
Important (Al),” and intermediate values (e.g., “between SI and STT”).

4. Findings

This section presents the findings obtained through the Neutrosophic Best-
Worst Method applied in the study. Initially, the BVO vector related to the
e-participation criterion (Table 8) and the OVW (Others-to-Worst) vector
concerning the main criteria (Table 9) are presented. Subsequently, the OVW
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vectors corresponding to the sub-criteria of service provision, content provision,
and e-participation are detailed in Tables 10, 11, and 12, respectively. The
following tables (Tables 13-16) provide a comparative overview of the BVO
and OVW vectors composed of neutrosophic numbers for both main and
sub-criteria. In addition, the BVO and OVW vectors based on deterministic
values are reported in Tables 17-20. The individual weight values determined
by each decision maker (DM) for the main and sub-criteria are shown in Table
21, followed by the average optimal weights and their rankings in Table 22.
Finally, Table 23 includes a comparative analysis of the ranking results with
those obtained using other MCDM methods, thereby discussing the consistency
and validity of the proposed approach. A detailed analysis of these results is
presented below.

Table 8. BVO Vector Related to E-participation Criterion

Decision Maker (DM) Best S10 S11 S12
DM1 S12 Al Bew El and SI EI
DM2 S12 Al SI EI
DM3 S10 EI Bew El and SI Al
DM4 S12 Al VSI EI
DM5 S12 Al VSI EI
DM6 S12 VSI SI EI

Table 8 presents the comparative evaluations of decision makers (DM1-
DMO6) regarding the sub-criteria under the “E-Participation” main criterion,
based on the BVO approach. The sub-criteria include S10: E-Information,
S11: E-Consultation, and S12: E-Decision Making. Each decision maker
selected one sub-criterion as the best and qualitatively assessed the others
using importance levels such as “Absolutely Important (AI),” “Very Strongly
Important (VSI),” “Strongly Important (SI),” “Equally Important (EI),” and

transitional expressions between these levels.
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Table 9. OVW Vector Related to Main Criteria

Decision Maker (DM) Worst C1 C2 C3 C4 C5
DM1 C5 VSI STI Bew STI Al EI
and VSI
DM2 C5 Al VSI STI Bew VST EI
and Al
DM3 C4 VSI Al STI El Bew STI
and VSI
DM4 C5 Al Btw VST VSI Betw STI  EI
and Al and VSI
DM5 C5 Bew VSI VSI Bew STI Al EI
and Al and VSI
DM6 C1 EI VSI STI Bew STI  SI
and VSI

Table 9 shows the evaluations of decision makers (DM1-DMO6) regarding
the OVW vector for the main criteria used in the analysis. Each decision maker
identifies one criterion as the worst and then compares the remaining main
criteria (C1 to C5) against this least preferred option. These comparisons are
expressed using qualitative importance levels such as “Absolutely Important
(AI),” “Very Strongly Important (VSI),” “Strongly Important (SI),” “Equally
Important (EI),” and various intermediate judgments (e.g., “Between STI and

VSI).

Table 10. OVW Vector Related to Service Provision Criterion

Decision Maker (DM) Worst S1 S2 S3 S4
DM1 S1 ElI Al VSI STI
DM2 S3 Al STI EI VSI
DM3 S3 VSI Al EI Bew STI
and VSI
DM4 S4 VSI Al Btw STI EI
and VSI
DM5 S4 VSI Al Btw STI  EI
and VSI
Bew STI
DM6 S1 EI VSI STI and VSI

20
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Table 10 presents the OVW vector evaluations of decision makers regarding
the service provision criterion. Each decision maker (DM 1-DMG6) identifies one
of the service provision sub-criteria as the worst and compares the remaining
criteria against this worst alternative. The relative importance levels between
the criteria are expressed using linguistic terms such as “Equally Important
(EI),” “Absolutely Important (Al),” “Very Strongly Important (VSI),” “Strongly
Important (STI),” and intermediate expressions like “Between STT and VSI.”
This structure provides an analytical foundation for prioritizing aspects of
service provision within the Neutrosophic Best-Worst methodology, based on
quantified expert opinions.

Table 11. OVW Vector Related to Content Provision Criterion

Decision Maker (DM) Worst S5 S6 S7 S8 S9
DM1 S7 Bew STI  STI EIl Bew SI Al
and VSI and STI
DM2 S7 STI VSI EI SI Al
DM3 S7 STI Al El SI VSI
DM4 S7 Bew STT  VSI EI Bew VST Al
and VSI and Al
DM5 S7 VSI Bew VSI EI Bew VST Al
and Al and Al
DMo6 S7 STI Bew SI  EI Btw STI  VSI
and STI and VSI

Table 11 presents the OVW vector related to the content provision criterion,
showing the relative importance assessments made by decision makers (DM1-
DMG6) comparing the worst sub-criterion (S7) against other sub-criteria (S5,
S6, S8, S9). The decision makers evaluated the other sub-criteria in relation to
S7 using different linguistic expressions such as “Absolutely Important” (Al),
“Very Strongly Important” (VSI), “Strongly Important” (STI), and intermediate
degrees between these levels.

21
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Table 12. OVW Vector Related to E-participation Criterion

Decision Maker (DM) Worst S10 S11 S12
DM1 S10 EIl STI Al
DM2 S10 EI VSI Al
DM3 S12 Al VSI EI
DM4 S10 EIl VSI Al
DM5 S10 EIl Betw VST and AT Al
DMo6 S10 EI STI VSI

Table 12 presents the OVW vector related to the e-participation criterion.
The decision makers (DM1 to DMG6) identified S10 as the worst sub-criterion
except for DM3, who selected S12. The relative importance of the other sub-
criteria (S11 and S12 or S10 and S11) compared to the worst one was expressed
using linguistic terms such as “Equally Important” (EI), “Strongly Important”
(STT), “Very Strongly Important” (VSI), “Absolutely Important” (Al), and

intermediate values between these levels.

22
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Table 13. BVO and OVW Vectors Composed of Neutrosophic Numbers for
Main Criteria

DM1 Best: C4 Worst: C5
C1 {(6,7,8);0.9,0.1,0.1} Cl1 {(6,7,8);0.9,0.1,0.1}
C2 {(4,5,6);0.8,0.15,0.2} C2 {(4,5,6);0.8,0.15,0.2}
C3 {(3,4,5);0.6,0.35,0.4} C3 {(5,6,7);0.7,0.25,0.3}
Cs {(9,9,9);1,0,0} C4 {(9,9,9);1,0,0}
DM2 Best: C1 Worst: C5
C1 {(4,5,6);0.8,0.15,0.2} Cl1 {(9,9,9);1,0,0}
C2 {(2,3,4);0.3,0.75,0.7} C2 {(6,7,8);0.9,0.1,0.1}
C3 {(6,7,8);0.9,0.1,0.1} C3 {(4,5,6);0.8,0.15,0.2}
C5 {(9,9,9);1,0,0} C4 {(7,8,9);0.85,0.1,0.15}
DM3 Best: C2 Worst: C4
C1 {(2,3,4);0.3,0.75,0.7} Cl1 {(6,7,8);0.9,0.1,0.1}
C3 {(3,4,5);0.6,0.35,0.4} C2 {(9,9,9);1,0,0}
C4 {(9,9,9);1,0,0} C3 {(4,5,6);0.8,0.15,0.2}
Cs {(1,2,3);0.4,0.65,0.6} Cs {(5,6,7);0.7,0.25,0.3}
DM4 Best: Cl Worst: C5
C2 {(6,7,8);0.9,0.1,0.1} Cl1 {(9,9,9);1,0,0}
C3 {(5,6,7);0.7,0.25,0.3} C2 {(7,8,9);0.85,0.1,0.15}
C4 {(4,5,6);0.8,0.15,0.2} C3 {(6,7,8);0.9,0.1,0.1}
C5 {(9,9,9);1,0,0} C4 {(5,6,7);0.7,0.25,0.3}
DM5 Best: C4 Worst: C5
Cl1 {(5,6,7);0.7,0.25,0.3} Cl1 {(7,8,9);0.85,0.1,0.15}
C2 {(4,5,6);0.8,0.15,0.2} C2 {(6,7,8);0.9,0.1,0.1}
C3 {(6,7,8);0.9,0.1,0.1} C3 {(5,6,7);0.7,0.25,0.3}
C5 {(9,9,9);1,0,0} C4 {(9,9,9);1,0,0}
DM6 Best: C2 Worst: C1
Cl1 {(6,7,8);0.9,0.1,0.1} C2 {(6,7,8);0.9,0.1,0.1}
C3 {(2,3,4);0.3,0.75,0.7} C3 {(4,5,6);0.8,0.15,0.2}
C4 {(3,4,5);0.6,0.35,0.4} C4 {(5,6,7);0.7,0.25,0.3}
C5 {(1,2,3);0.4,0.65,0.6} C5 {(2,3,4);0.3,0.75,0.7}
Table 13 presents the evaluations of decision-makers (DM1-DM6)

regarding the main criteria using the NBWM, expressed through triangular
fuzzy numbers (a,b,c) (2,6,c) and neutrosophic set components (1,6,v)(1,0,v).
Each decision-maker identifies the best and worst criteria and evaluates the
others relative to these benchmarks in a consistent manner. For instance, DM1
selects C4 as the best and C5 as the worst, with absolute superiority (9,9,9;1,0,0)
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(9,9,9;1,0,0) appearing in crisp cases. The table reflects the diversity in priorities
among decision-makers (e.g., DM2 favoring C1, DM3 favoring C2 as best)
and captures uncertainty (low pu, high 6/vo/v), enabling a multidimensional
and flexible analysis of e-government development policy priorities within the
EGDI framework. This approach allows for more comprehensive modeling

of ambiguity and inconsistency compared to traditional BWM.

Table 14. BVO and OVW Vectors Composed of Neutrosophic Numbers for

Service Provision Criterion

DM1 Best: S2 Worst: S1

S1 {(9,9,9);1,0,0} S2 {(9,9,9);1,0,0}

S3 {(3,4,5);0.6,0.35,0.4} S3 {(6,7,8);0.9,0.1,0.1}

S4 {(2,3,4);0.3,0.75,0.7} S4 {(4,5,6);0.8,0.15,0.2}
DM2 Best: S1 Worst: S3

S2 {(4,5,6);0.8,0.15,0.2} S1 {(9,9,9);1,0,0}

S3 {(9,9,9);1,0,0} S2 {(4,5,6);0.8,0.15,0.2}

S4 {(6,7,8);0.9,0.1,0.1} S4 {(6,7,8);0.9,0.1,0.1}
DM3 Best: S2 Worst: S3

S1 {(1,2,3);0.4,0.65,0.6} S1 {(6,7,8);0.9,0.1,0.1}

S3 {(9,9,9);1,0,0} S2 {(9,9,9);1,0,0}

S4 {(2,3,4);0.3,0.75,0.7} S4 {(5,6,7);0.7,0.25,0.3}
DM4 Best: S2 Worst: S4

S1 {(5,6,7);0.7,0.25,0.3} S1 {(6,7,8);0.9,0.1,0.1}

S3 {(4,5,6);0.8,0.15,0.2} S2 {(9,9,9);1,0,0}

S4 {(9,9,9);1,0,0} S3 {(5,6,7);0.7,0.25,0.3}
DMS5 Best: S2 Worst: S4

S1 {(5,6,7);0.7,0.25,0.3} S1 {(6,7,8);0.9,0.1,0.1}

S3 {(4,5,6);0.8,0.15,0.2} S2 {(9,9,9);1,0,0}

S4 {(9,9,9);1,0,0} S3 {(5,6,7);0.7,0.25,0.3}
DM6 Best: S2 Worst: S1

S1 {(6,7,8);0.9,0.1,0.1} S2 {(6,7,8);0.9,0.1,0.1}

S3 {(3,4,5);0.6,0.35,0.4} S3 {(4,5,6);0.8,0.15,0.2}

S4 {(1,2,3);0.4,0.65,0.6} S4 {(5,6,7);0.7,0.25,0.3}

Table 14 presents the neutrosophic BVO and OVW vectors for evaluating
service provision criteria (S1-54) across six decision-makers (DM1-DMO6) using
triangular fuzzy numbers (a,b,c) (#,6,c) and neutrosophic components (1,6,v)
(u,0,v). The results reveal varying prioritizations, with S2 frequently selected as the
best criterion (by DM1, DM3-DM6) and S1 or §3/S4 as the worst, demonstrating

24



Evaluating Policy Priorities in E-Government Development

divergent expert perspectives on e-service priorities. The evaluations employ a
9-point scale where (9,9,9;1,0,0) (9,9,9;1,0,0) represents absolute superiority,
while lower values with higher indeterminacy (e.g., (2,3,4);0.3,0.75,0.7)
(2,3,4);0.3,0.75,0.7) reflect greater uncertainty in comparisons. The consistent
use of neutrosophic sets captures both the fuzziness of judgments (through
membership pu) and the inherent hesitancy (via indeterminacy 6o and non-
membership vv), providing a robust framework to handle the subjectivity in
ranking digital government service dimensions. The systematic variation in best/
worst selections across DMs underscores the method’s capacity to accommodate
heterogeneous expert inputs while maintaining structured comparability
through standardized evaluation scales.

Table 15. BVO and OVW Vectors Composed of Neutrosophic Numbers for
Content Provision Criterion

DMI1 Best: S9 Worst: S7
S5 {(4,5,6);0.8,0.15,0.2} S5 {(5,6,7);0.7,0.25,0.3}
S6 {(3,4,5);0.6,0.35,0.4} S6 {(4,5,6);0.8,0.15,0.2}
S7 {(9,9,9);1,0,0} S8 {(3,4,5);0.6,0.35,0.4}
S8 {(1,2,3);0.4,0.65,0.6} S9 {(9,9,9);1,0,0}

DM2 Best: S9 Worst: S7
S5 {(3,4,5);0.6,0.35,0.4} S5 {(4,5,6);0.8,0.15,0.2}
S6 {(4,5,6);0.8,0.15,0.2} S6 {(6,7,8);0.9,0.1,0.1}
S7 {(9,9,9);1,0,0} S8 {(2,3,4);0.3,0.75,0.7}
S8 {(6,7,8);0.9,0.1,0.1} S9 {(9,9,9);1,0,0}

DM3 Best: S6 Worst: S7
S5 {(2,3,4);0.3,0.75,0.7} S5 {(4,5,6);0.8,0.15,0.2}
S7 {(9,9,9);1,0,0} S6 {(9,9,9);1,0,0}
S8 {(4,5,6);0.8,0.15,0.2} S8 {(2,3,4);0.3,0.75,0.7}
S9 {(1,2,3);0.4,0.65,0.6} S9 {(6,7,8);0.9,0.1,0.1}

DM4  Best: S9 Worst: S7
S5 {(5,6,7);0.7,0.25,0.3} S5 {(5,6,7);0.7,0.25,0.3}
S6 {(4,5,6);0.8,0.15,0.2} S6 {(6,7,8);0.9,0.1,0.1}
S7 {(9,9,9);1,0,0} S8 {(7,8,9);0.85,0.1,0.15}
S8 {(6,7,8);0.9,0.1,0.1} S9 {(9,9,9);1,0,0}

DM5 Best: S9 Worst: S7
S5 {(5,6,7);0.7,0.25,0.3} S5 {(6,7,8);0.9,0.1,0.1}
S6 {(4,5,6);0.8,0.15,0.2} S6 {(7,8,9);0.85,0.1,0.15}
S7 {(9,9,9);1,0,0} S8 {(7,8,9);0.85,0.1,0.15}
S8 {(6,7,8);0.9,0.1,0.1} S9 {(9,9,9);1,0,0}
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DM6  Best: S9 Worst: S7
S5 {(3,4,5);0.6,0.35,0.4} S5 {(4,5,6);0.8,0.15,0.2}
S6 {(2,3,4);0.3,0.75,0.7} S6 {(3,4,5);0.6,0.35,0.4}
S7 {(6,7,8);0.9,0.1,0.1} S8 {(5,6,7);0.7,0.25,0.3}
S8 {(1,2,3);0.4,0.65,0.6} S9 {(6,7,8);0.9,0.1,0.1}

Table 15 presents the neutrosophic BVO and OVW vectors for evaluating
content provision criteria (§5-S9) using triangular fuzzy numbers (a,b,c) and
neutrosophic components (1L,6,V) across six decision-makers (DM 1-DM6). The
results reveal a clear consensus, with S9 selected as the best criterion by five
DMs (DM1, DM2, DM4-DM6) and S7 unanimously identified as the worst,

indicating strong agreement on content provision priorities.

The evaluations employ a 9-point scale where (9,9,9;1,0,0) represents
absolute superiority, while intermediate values with high indeterminacy (e.g.,
(2,3,4);0.3,0.75,0.7) reflect significant uncertainty in pairwise comparisons.
Neutrosophic components effectively capture the decision-makers’ membership
(W), indeterminacy (o), and non-membership (v) degrees, providing a
comprehensive representation of both quantitative and qualitative aspects of
criterion importance. Notable inconsistencies in S8 evaluations (ranging from
(1,2,3) by DM1 to (6,7,8) by DM4) highlight divergent perceptions of this sub-
criterion. The table demonstrates the systematic modeling of uncertainties in
e-government content policy evaluation, with the repeated selection of S7 as the
worst criterion (across all DMs) particularly emphasizing areas needing policy
improvement. This structured approach enables precise identification of priority
areas while accommodating the inherent subjectivity in expert judgments.
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Table 16. BVO and OVW Vectors Composed of Neutrosophic Numbers for
E-participation Criterion

DM1 Best: S12 Worst: S10

S10 {(9,9,9);1,0,0} S11 {(4,5,6);0.8,0.15,0.2}

S11 {(1,2,3);0.4,0.65,0.6} S12 {(9,9,9);1,0,0}
DM2 Best: S12 Worst: S10

S10 {(9,9,9);1,0,0} S11 {(6,7,8);0.9,0.1,0.1}

S11 {(2,3,4);0.3,0.75,0.7y  S12 {(9,9,9);1,0,0}
DM3 Best: S10 Worst: S12

S11 {(1,2,3);0.4,0.65,0.6} S10 {(9,9,9);1,0,0}

S12 {(9,9,9);1,0,0} S11 {(6,7,8);0.9,0.1,0.1}
DM4 Best: S12 Worst: S10

S10 {(9,9,9);1,0,0} Si1 {(6,7,8);0.9,0.1,0.1}

S11 {(6,7,8);0.9,0.1,0.1} S12 {(9,9,9);1,0,0}
DM5 Best: S12 Worst: S10

S10 {(9,9,9);1,0,0} S11 {(7,8,9);0.85,0.1,0.15}

S11 {(6,7,8);0.9,0.1,0.1} S12 {(9,9,9);1,0,0}
DM6  Best: S12 Worst: S10

S10 {(6,7,8);0.9,0.1,0.1} S11 {(4,5,6);0.8,0.15,0.2}

S11 {(2,3,4);0.3,0.75,0.7  S12 {(6,7,8);0.9,0.1,0.1}

Table 16 presents the NBWM evaluations for e-participation criteria
(§10-S12) across six decision-makers (DM1-DM6), showing a predominant
preference for S12 as the best criterion (selected by five DMs) and S10 as the
worst (chosen by five DMs), with DM3 being the exception by reversing this
ranking. The evaluations utilize triangular fuzzy numbers (a,b,c) combined
with neutrosophic components (u,0,v), where (9,9,9;1,0,0) consistently
represents the absolute importance assigned to either best or worst criteria,
while intermediate values like (6,7,8;0.9,0.1,0.1) and lower-rated options
such as (1,2,3;0.4,0.65,0.6) reflect relative preferences with varying degrees of
certainty. The table’s structure systematically captures both the directionality of
preferences (through BVO and OVW vectors) and the qualitative uncertainty
in judgments (via neutrosophic components), particularly noticeable in S11
evaluations which show significant variability across DMs (ranging from
(1,2,3) to (6,7,8)). This comprehensive presentation enables analysis of both
consensus patterns (the strong $12/810 polarization) and individual deviations
(DM3’s contrary view) in e-participation priority assessments within the EGDI
framework.
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Table 17. BVO and OVW Vectors Composed of Deterministic Values for
Main Criteria

DM1 Best: C4 Worst: C5
Cl 7.088 Cl1 7.088
C2 4.594 C2 4.594
C3 2.775 C3 4.838
Cs 10.125 C4 10.125
DM2 Best: C1 Worst: C5
C2 4.594 Cl 10.125
C3 0.956 C2 7.088
C4 7.088 C3 4.594
G5 10.125 C4 7.800
DM3  Best: C2 Worst: C4
Cl1 0.956 Cl1 7.088
C3 2.775 C2 10.125
C4 10.125 C3 4.594
G5 0.863 Cs 4.838
DM4 Best: C1 Worst: C5
C2 7.088 Cl1 10.125
C3 4.838 C2 7.800
C4 4.594 C3 7.088
Cs5 10.125 C4 4.838
DM5 Best: C4 Worst: C5
Cl1 4.838 Cl1 7.800
C2 4.594 C2 7.088
C3 7.088 C3 4.838
& 10.125 C4 10.125
DM6 Best: C2 Worst: C1
Cl1 7.088 C2 7.088
C3 0.956 C3 4.594
C4 2.775 C4 4.838

G5 0.863 Cs 0.956
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Table 17 presents the deterministic BWM results for main criteria (C1-C5),
displaying BVO and OVW vectors with precise numerical values across six
decision-makers (DM1-DM6). High scores such as 10.125 indicate absolute
weakness (worst criterion), while intermediate values like 7.088 and 4.594 reflect
relative importance rankings.

Notable divergences emerge among decision-makers:
* DMI1 & DMS5 select C4 as best

* DM2 & DM4 prioritize C1

* DM3 & DM6 favor C2

For worst criteria, consensus appears on C5 (DM1-DM5),
while DM6 uniquely designates C1 as weakest. Notably, DM3 rates C4 as
worst, and DMG6 assigns lowest priority to C1, revealing substantial variability
in priority perceptions.

Unlike fuzzy/neutrosophic evaluations, this table provides crisp numerical
comparisons, enabling unambiguous interpretation of criterion weightings for
e-government policy formulation. The structured 9-point scale (implied by
decimal values) ensures methodological consistency, while the spread in best/
worst selections underscores the multidimensional nature of EGDI framework
assessments.

Table 18 presents deterministic BWM evaluations for service provision
criteria (§1-84), revealing clear prioritization patterns across six decision-makers
(DM1-DMO6). The results show S2 consistently emerging as the preferred
criterion (selected as best by DM1, DM3-DMO6), while S1 and S$4 alternate as
worst choices depending on the DM. Absolute values follow a standardized scale
where 10.125 systematically denotes the worst-rated criterion in each evaluation
set, with intermediate scores (7.088, 4.594, etc.) indicating relative preference
strengths.

Notable divergences appear in best/worst selections: DM2 uniquely
prioritizes S1 as best while rejecting S3 as worst, whereas other DMs converge
on S2 superiority but disagree on weakest options (DM1/Worst: S1 vs. DM4-
DM5/Worst: §4). The numerical precision of these deterministic vectors enables
direct comparison of service dimension priorities, with particularly low scores
(0.863, 0.956) signaling near-absolute rejection of certain criteria by specific
DMs. This structured output facilitates unambiguous identification of consensus
areas and outliers in e-government service policy assessments within the EGDI
framework.
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Table 18. BVO and OVW Vectors Composed of Deterministic Values for
Service Provision Criterion

DM1 Best: S2 Worst: §1

S1 10.125 S2 10.125

S3 2.775 S3 7.088

S4 0.956 S4 4.594
DM2 Best: S1 Worst: S3

S2 4.594 S1 10.125

S3 10.125 S2 4.594

S4 7.088 S4 7.088
DM3 Best: S2 Worst: S3

S1 0.863 S1 7.088

S3 10.125 S2 10.125

S4 0.956 S4 4.838
DM4 Best: S2 Worst: S4

S1 4.838 S1 7.088

S3 4.594 S2 10.125

S4 10.125 S3 4.838
DM5 Best: S2 Worst: S4

S1 4.838 S1 7.088

S3 4.594 S2 10.125

S4 10.125 S3 4.838
DM6 Best: S2 Worst: S1

S1 7.088 S2 7.088

S3 2.775 S3 4.594

S4 0.863 S4 4.838
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Table 19. BVO and OVW Vectors Composed of Deterministic Values for
Content Provision Criterion

DM1 Best: S9 Worst: §7
S5 4.594 S5 4.838
S6 2.775 S6 4.594
S7 10.125 S8 2.775
S8 0.863 S9 10.125
DM2 Best: S9 Worst: §7
S5 2.775 S5 4.594
S6 4.594 S6 7.088
S7 10.125 S8 0.956
S8 7.088 $9 10.125
DM3 Best: SG Worst: S7
S5 0.956 S5 4.594
7 10.125 s6 10.125
S8 4.594 S8 0.956
59 0.863 $9 7.088
DM4 Best: S9 Worst: S7
S5 4.838 S5 4.838
S6 4.594 S6 7.088
S7 10.125 S8 7.800
S8 7.088 S9 10.125
DM5 Best: S9 Worst: S7
S5 4.838 S5 7.088
S6 4.594 S6 7.800
57 10.125 s8 7.800
58 7.088 $9 10.125
DM6 Best: S9 Worst: S7
S5 2.775 S5 4.594
S6 0.956 S6 2.775
57 7.088 s8 4.838
S8 0.863 59 7.088
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Table 19 presents the deterministic BWM results for content provision criteria
(§5-89), showcasing six decision-makers” evaluations through precise numerical
vectors. The data reveals a strong consensus on S§9 as the best criterion (selected
by DM1, DM2, DM4-DM6) and S7 as the worst (unanimously chosen by all
DMs), with DM3 being the sole exception in prioritizing S6 as best. Evaluations
follow a consistent scaling pattern where the value 10.125 systematically marks
the worst-rated criterion (S7), while 7.088 and 4.594 represent intermediate
importance levels. Lower scores (0.863, 0.956) indicate particularly weak
performance assessments for certain criteria (notably S8 by multiple DMs).
The table’s structured format enables direct comparison of content dimension
priorities, with numerical values clearly differentiating between the strength
of preferences. Divergences appear primarily in the assessment of secondary
criteria (85, S6, S8), where scores vary more significantly across DMs, while
the unanimous rejection of S7 as the worst criterion strongly highlights an
area needing policy attention in e-government content provision strategies.
This deterministic approach provides unambiguous weightings for criterion
prioritization within the EGDI framework.

Table 20. BVO and OVW Vectors Composed of Deterministic Values for
E-participation Criterion

DM1 Best: S12 Worst: S10
S10 10.125 S11 4.594
S11 0.863 S12 10.125
DM2 Best: S12 Worst: S10
S10 10.125 S11 7.088
S11 0.956 S12 10.125
DM3 Best: S10 Worst: S12
S11 0.863 S10 10.125
S12 10.125 S11 7.088
DM4 Best: S12 Worst: S10
S10 10.125 S11 7.088
S11 7.088 S12 10.125
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DM5 Best: S12 Worst: S10
S10 10.125 S11 7.800
S11 7.088 S12 10.125
DMo6 Best: S12 Worst: S10
S10 7.088 S11 4.594
S11 0.956 S12 7.088

Table 20 displays the deterministic BWM evaluations for e-participation
criteria (§10-S12), revealing a predominant preference for S12 as the best
criterion (selected by DM1, DM2, DM4-DM6) and S10 as the worst
(chosen by the same five DMs), with DM3 presenting a complete reversal by
selecting S10 as best and S12 as worst. The evaluations employ a consistent
numerical scale where 10.125 systematically represents either absolute
superiority (when assigned to the best criterion) or absolute weakness (when
assigned to the worst), creating a clear polarity in the assessments. Intermediate
values such as 7.088 and 4.594 indicate relative preference strengths, while
notably low scores (0.863, 0.956) for S11 in multiple DMs’ evaluations
suggest its consistently weak performance relative to other criteria. The
table’s structure enables direct comparison of e-participation priorities, with
the strong consensus on S12’s importance (except DM3) and near-universal
rejection of S10 providing clear policy insights. Particularly noteworthy is the
identical 10.125 score appearing for opposite purposes (best vs. worst) across
different DMs’ evaluations, demonstrating the method’s ability to capture
both consensus and divergence in expert judgments regarding e-government
participation dimensions within the EGDI framework.

For example, the calculations of the model for DM1 in terms of main
criteria are shown as follows. The BVO and OVW vectors are determined as
A 5 = [7.088,4.594,2.775,0.563,10.125]and A v = [7.088,4.594,4.838,10.125,0.563]
, respectively. Then, a constrained non-linear optimization model is written as
follows:

33



Analytical and Multi-Criteria Approaches for Sustainable Public Policies

Min k

s.t.

Weq — 7.088 x weq < k * weq;

Weq — 7.088 *x weq = —k * weq;
Weg — 4.594 x wey < k% wey;

Weg — 4.594 x wey = —k * wey;
Wey — 2.775 x Wez < k * wes;

Weg — 2.775 x Wez = —k * weg;
Weg — 10125 * weg < k * wes;

Weg — 10.125 x weg = —k * wes; (15)
we1 — 7.088 * weg < k * wes;

Weq — 7.088 x weg = —k * wes;
Wep — 4.594 x weg < k * wes;

Wey — 4.594 * wes = —k * wes;
Wez — 4.838 * weg < k * wes;

Wez — 4.838 x weg = —k * wes;
We1 + Wep + Wez + Weg +Wes = 15

We1 =205 wey =0, wez =20, wey =20, wes =0, 6>0

By solving Eq. (15) via the LINGO 21.0 software, deterministic weights of
main criteria with respect to DM1 are found as we; = 0.1067 , wee = 0.2322
wes = 0.2393 ;wey = 0.3927 and wes = 0.0290. Given that the consistency
ratio (CR)=0.022, the acquired result is acceptable (CR<0.10). Additionally,
deterministic weights of main criteria and sub-criteria for each DM are shown

in Table 20.
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Table 21. Deterministic Weight Values of Main Criteria and Sub-criteria
according to Each DM

g:ge:r‘f‘; . DMI DM2  DM3 DM4  DM5 DM6
C1 0.1067 03638  0.2415 05770  0.2056 _ 0.0515
C2 02322 02839 03581 01707 01781  0.2901
C3 0.2395 02183  0.1458  0.1410  0.0912  0.3124
C4 03927  0.1076  0.0383  0.0695 04863  0.2211
cs 0.0290  0.0263 02161 00417 00386  0.1247
CR=0.022 CR=0.024 CR=0.052 CR=0.024 CR=0.016 CR=0.012
s1 0.0424  0.6799 02848 02319 02319  0.0569
52 04616 0.0849 04208 05962 05962  0.4459
$3 02588 0.0502 00448  0.1236  0.1236  0.2193
S4 02570 0.1848  0.2495  0.0481  0.0481  0.2777
CR=0.065 CR=0.022 CR=0.048 CR=0.014 CR=0.014 CR=0.065
s5 01331 02452 02262 00676  0.1280  0.1755
s6 0.2450  0.1811 03931  0.1412  0.1550  0.1755
s7 0.0400  0.0364 00420  0.0417 00378  0.0476
s8 01720 0.0900  0.0731  0.1710  0.550  0.2738
$9 0.4096  0.4470  0.2653  0.5781  0.5240  0.3274
CR-0.01 CR-0.014 CR-0.05] CR=0.024 CR-0.024 CR=0.079
510 00636 0.0549 05324  0.0549  0.0528  0.0788
s11 03459  0.4087 04126 02019 02162  0.3928
S12 0.5904 05363 00549 07431 07309  0.5282

CR=0.055 CR=0.023 CR=0.028 CR=0.022 CR=0.024 CR=0.034
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Table 21 systematically presents the deterministic weight values of main
criteria (C1-C5) and sub-criteria (S1-S12) according to six decision-makers
(DM1-DM6). The calculated weights for each criterion show significant
variations among DMs - for instance, criterion C4 receives the highest priority
(0.3927) for DM1, while obtaining the lowest value (0.0383) for DM3.
Consistency ratios (CR) for all evaluations remain below 0.10 (ranging from
0.012 to 0.079), confirming acceptable consistency levels. At the sub-criteria
level, S12 (e-participation) and S9 (content provision) generally receive the
highest weights, whereas criteria like S7 and S10 are consistently rated as
low priority. The study assigns equal weights to each DM and employs the
arithmetic mean operator to derive average optimal weight values for main
and sub-criteria. This structure provides a quantitative and consistent basis for
determining priority areas in e-government policy development.

Table 22. Average Optimal Weight Values for Main Criteria and Sub-criteria

and Their Ranking

Criteria/Sub-criteria Average optimal weight Ranking
Cl1 0.25768 1
C2 0.25218 2
C3 0.19133 4
C4 0.21925 3
C5 0.07940 5
S1 0.25463 2
S2 0.43426 1
S3 0.13671 4
S4 0.17420 3
S5 0.16260 3
S6 0.21515 2
S7 0.04091

S8 0.15581

S9 0.42523 1
S10 0.13956 3
S11 0.32968 2
S12 0.53063 1
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According to Table 22, the institutional framework (C1) was identified as
the most important criterion with a value of 0.25768, while technology (C5)
was determined to be the least important with a value of 0.07940. The ranking
of main criteria is as follows: institutional framework > service provision >
e-participation > content provision > technology.

For service provision sub-criteria, internet users (S2) emerged as the most
important sub-criterion with a value of 0.43426, whereas mobile subscriptions
(83) was found to be the least important with a value of 0.13671. The ranking
of service provision sub-criteria is: internet users > affordability > active mobile-
broadband subscriptions > mobile subscriptions.

Regarding content provision sub-criteria, e-government literacy (S9) was
identified as the most crucial sub-criterion with a value of 0.42523, while gross
enrollment ratio (S7) was determined to be the least crucial with a value of
0.04091. The ranking of content provision sub-criteria is: e-government literacy
> mean years of schooling > expected years of schooling > adult literacy > gross
enrollment ratio.

Concerning e-participation sub-criteria, e-decision making (S12) was
found to be the most important sub-criterion with a value of 0.53063, while
e-information (S10) was identified as the least important with a value of
0.13956. The ranking of e-participation sub-criteria can be stated as: e-decision
making > e-consultation > e-information.

In conclusion, Table 22 summarizes the quantitative average optimal
weights and corresponding rankings for all main criteria and sub-criteria.
Among the main criteria, the institutional framework (C1) stands out as the
clear priority with a weight of 0.25768, while technology (C5) lags significantly
behind at 0.07940. In service provision sub-criteria, internet users (52) achieves
a notably high weight of 0.43426, whereas in content provision, e-government
literacy (§9) emerges prominently with a weight of 0.42523. The e-participation
dimension shows e-decision making (S12) distinctly separating from other sub-
criteria with a substantial weight of 0.53063. These values provide objective
measurements of which components hold greater importance in e-government
development, offering an evidence-based framework for determining policy
priorities. The numerical data systematically reveals the relative significance of
each element in the EGDI framework, with particularly wide margins between
highest and lowest ranked items across all categories.
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Table 23. Comparison of Ranking Results with Other Methods

Criteria/ Neutrosophic Fuzzy BWM BWM

Sub-criteria BWM Ranking Ranking Ranking

C1 1 1 2

C2 2 3 3

C3 4 4 4

C4 3 2 1

C5 5 5 5
SRCC=0.9 SRCC=0.7

S1 2 2 2

S2 1 1 1

S3 4 4 4

S4 3 3 3
SRCC=1 SRCC=1

S5 3 4 4

S6 2 2 2

S7 5 5 5

S8 4 3 3

S9 1 1 1
SRCC=0.9 SRCC=0.9

S10 3 3 3

S11 2 2 2

S12 1 1 1
SRCC=1 SRCC=1

Table 23 presents a comparative analysis of ranking results between the
NBWM method and conventional Fuzzy BWM and standard BWM approaches.
At the main criteria level, while NBWM and Fuzzy BWM show divergence in
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ranking position for C4 (3rd vs 2nd place), standard BWM demonstrates notable
deviations in the rankings of C1 and C4 (2nd and st places respectively).
Among sub-criteria, significant ranking variations emerge particularly for S5
and S8 across different methods (3rd/4th in NBWM versus 4th/3rd in others).
The Spearman rank correlation coefhicients (SRCC) reveal strong alignment
(0.9) between neutrosophic and fuzzy BWM for main criteria, compared to
weaker correlation (0.7) with standard BWM. For all sub-criteria groups (service
provision, content provision, and e-participation), either perfect (SRCC=1) or
high (SRCC=0.9) agreement is observed between NBWM and other methods.
This comparative framework quantitatively demonstrates the consistencies and
variations in how different methodologies evaluate e-government development
criteria, with NBWM showing particularly strong concordance with fuzzy
approaches while maintaining distinct advantages in handling uncertainty.
The systematic presentation of SRCC values provides measurable evidence of
methodological reliability across all criterion categories.

5. Discussion

In this section, the findings presented in the previous section are analyzed
within the context of the existing literature and interpreted in terms of policy
prioritization and digital governance practices.

Within Table 8, it is observed that among the sub-criteria under the
e-participation dimension, S12 (e-decision-making) was predominantly
selected as the “best” criterion. This indicates that citizens’ engagement extends
beyond mere information acquisition or consultation processes, emphasizing
direct participation in decision-making. This finding aligns with the concept
of “active citizen participation” highlighted in the e-participation literature by
OECD (2003) and Macintosh (2004). According to Macintosh, the success
of e-participation tools depends on the extent to which citizen engagement
influences decision-making processes. Therefore, the prioritization of S12 is
consistent with the literature and reflects the importance given to strengthening
participatory democracy in the digital environment.

In Table 9, the OVW evaluations of the main criteria reveal that most
decision-makers selected C5 as the lowest-priority criterion. This finding
suggests, in line with the observations of Heeks (2006) and Schuppan (2009),
that e-government’s service-oriented and user-centered aspects are valued more
than its technological infrastructure. Heeks’ (2002) “design—reality gap” theory
provides further explanation, indicating that the low prioritization of technical
criteria by citizens may result from the limited practical impact of these factors
in real-world use.
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The comparison of sub-criteria related to service delivery in Table 10
shows that decision-makers identified different criteria as “least important,”
yet functional dimensions such as S3 (scope of online services) and S4
(personalization and accessibility) received relatively lower priority. This finding
partially diverges from OECD (2020) reports, which highlight the key role
of personalized services in enhancing user experience. Such discrepancies may
be attributed to decision-makers’ tendency to prioritize user perception over
technical capacity.

According to the findings presented in Table 11, all decision-makers rated
S7 (provision of cultural content) as the lowest-priority criterion. This suggests
that the presentation of cultural and local content remains marginalized
within e-government strategies. However, the literature emphasizes that
cultural adaptation and localized content positively affect user experience and
participation. For instance, Heeks (2005) asserts that considering the cultural
context is critical for the success of e-government projects, as ignoring local
realities can lead to project failure. UNDESA (2022) also highlights that
alignment with local languages, symbols, and values significantly influences
users” adoption of e-government systems. Similarly, Luna-Reyes and Chun
(2012) argue that developing content tailored to local communities is crucial
for creating social impact and extending the reach of e-government services
and projects. In this context, the low prioritization of cultural content by
decision-makers likely reflects the perception of e-government in Tiirkiye as
predominantly functional, focusing on document processing, applications, and
appointment systems. Moreover, it indicates that policies promoting local and
cultural diversity have not been sufficiently integrated into the e-government
vision. This finding contrasts with the literature advocating for user-centered
and culturally sensitive e-government designs and underscores the need for a
more inclusive and participatory approach in strategic prioritization.

In Table 12, OVW evaluations of e-participation sub-criteria reveal that
S10 (e-information) was largely selected as the “worst” criterion. This aligns
with the findings of Phang and Kankanhalli (2008), which indicate that
passive information provision is less effective in e-participation, whereas more
interactive processes, such as consultation and decision-making, are considered
more meaningful. Additionally, the increasing prevalence of digital literacy and
information access may have reduced the relative priority of simple information
provision.

Finally, Table 14 shows that many decision-makers selected S2 (e.g.,
scope of online services) as the “best” criterion, consistent with the literature
emphasizing that service delivery constitutes the core function of digital
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government. For example, West (2004) notes that the success of e-government
depends on facilitating citizens’ digital access to public services. Similarly, Layne
and Lee (2001) identify “interactive service delivery” as an evolutionary stage
of e-government, directly linked to citizen satisfaction. Conversely, S1 (e.g.,
information provision) was evaluated as the “worst” criterion by some decision-
makers, indicating that information provision has become a basic expectation
rather than an innovative feature. This observation aligns with Phang and
Kankanhalli (2008), who suggest that passive information provision carries low
participatory value, with interactive services being more prioritized. Overall,
the findings indicate that service-oriented e-government is predominant, while
information provision has reached saturation, which is consistent with higher
levels of e-government maturity observed in advanced societies (Heeks, 2005).

According to the findings presented in Table 15, the S9 criterion (e.g.,
“inclusive digital content”) was selected as the top criterion by many decision-
makers, indicating that the evaluation considered not only the presence of
content but also its quality and inclusiveness. This aligns with the findings
of Luna-Reyes et al. (2007), who emphasized that providing content tailored
to specific groups (such as indigenous peoples, migrants, or persons with
disabilities) generates social value. Similarly, UNDESA (2022) highlights that
local language, symbols, and cultural alignment significantly influence user
participation and trust. In contrast, the S7 criterion was rated as the lowest
by all decision-makers, suggesting that cultural or local content remains
marginalized in e-government applications in Turkiye. This discrepancy can be
partly explained by the tendency of Turkish users to engage with e-government
primarily for transactional services rather than culturally-oriented content.

Table 16 indicates that the S12 criterion (e.g., “e-decision making”) was
ranked as the highest, while S10 (e.g., “e-information”) was considered the
lowest, reflecting a prioritization of interactive and decision-supportive forms
of participation. This observation resonates with OECD (2003) and Macintosh
(2004), who emphasize that e-participation must extend beyond passive
information provision to offer citizens tangible influence in decision-making
processes. The fact that five decision-makers rated S10 as the lowest highlights
the insufficiency of mere information dissemination in achieving meaningful
participation, consistent with Phang & Kankanhalli (2008), who noted that
information-providing tools alone are inadequate in fulfilling e-participation
objectives. The contrary evaluation by DM3, which ranked S10 as the best
and S12 as the worst, may indicate individual differences or varying levels of
digital participation implementation across institutions. Such divergences can
be interpreted through Heeks (2002) “design-reality gap,” underscoring the
relevance of cultural context in digital governance. Overall, the preference for
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interactive, two-way communication and decision-making tools reflects a shift
toward more participatory and democratic digital governance, consistent with
the literature.

Based on the deterministic BWM analysis presented in Table 17, DM1 and
DMS5 selected C4 (human-centered services) as the top criterion, indicating
that user experience, accessibility, and individual-focused service design are
prioritized in e-government applications. This finding aligns with West (2004),
who emphasizes that user-friendly digital services directly influence citizen
satisfaction and system adoption. Similarly, DM2 and DM4 prioritized C1
(service delivery), underscoring that access to core public services remains
a primary function of e-government, consistent with Layne & Lee’s (2001)
four-stage e-government model, which identifies service delivery as the main
objective in pre-integration stages. In contrast, DM3 and DMG6 prioritized C2
(content delivery), suggesting that information quality, accuracy, and currency
are increasingly critical on digital platforms. DM3’s selection of C4 as the lowest
may indicate a preference for technical or infrastructural priorities over user-
centered approaches, potentially influenced by the participant’s institutional
position or experience. Additionally, DMG6’s rating of C1 as the lowest could
reflect a perception that core services have matured and standardized. These
variations can be interpreted through Heeks’ (2005) “contextual appropriateness”
framework, which posits that the same criteria may receive different priorities
across countries or institutions.

Table 18 shows that S2 (online service access) was selected as the top criterion
by multiple decision-makers (DM1, DM3-DMG6), corroborating UNDESA
(2022), which identifies online access as the most critical factor influencing
user satisfaction and engagement in digital service delivery. DM2’s selection of
S1 (traditional service integration) as the top criterion suggests that for some
decision-makers, physical-digital integration remains important, consistent with
the initial stages of Layne & Lee’s (2001) “incremental integration” model.
Notably, some decision-makers rated S1 or S4 (user support infrastructure)
as the weakest, even though early studies (e.g., West, 2004) emphasize its
critical role for disadvantaged groups, and recent studies (Janowski, 2015;
Linders et al., 2018) highlight how digital transformation has redefined this
need. Janowski (2015) stresses the importance of contextual alignment and
personalized services, while Linders et al. (2018) argue that hybrid (human-
assisted) models are essential, particularly for older adults and individuals with
low digital literacy. These discrepancies can be explained by variations in digital
maturity, automation scope, and target user needs in the study context.
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The deterministic evaluation in Table 19 shows that the S9 criterion
(information accuracy and currency) was selected as the top priority by five
decision-makers, indicating that content quality has become a strategic priority
in e-government policy. This finding is consistent with recent studies: Mensah
& Mwakapesa (2025) found that information quality directly affects citizens’
intentions to adopt and use e-government services. Similarly, Luo et al. (2024)
show that when users perceive a platform as reliable, satisfaction and continued
use increase, ensuring system sustainability. These results strongly confirm that
prioritizing content quality mediates user trust and system adoption.

Deterministic BWM findings in Tables 20 and 21 reveal significant trends
in e-participation and content dimensions. Notably, the S12 sub-criterion
(participation in decision-making processes) was ranked highest by five decision-
makers, highlighting the emphasis on active citizen engagement beyond
mere information provision. This finding aligns with Nguyen (2024), who
underscores that reciprocity and active participation enhance e-participation
adoption. Conversely, S10 (e-information) was largely ranked lowest, suggesting
that passive forms of participation are now perceived as insufhicient and that
users expect more interactive solutions. This result supports the need for two-
way interaction emphasized by Macintosh (2004) and Medaglia (2012). In
the content dimension, S9 (accuracy and currency) was the top sub-criterion,
indicating that information quality is a key determinant of user trust and system
adoption. Luo et al. (2024) and Mensah & Mwakapesa (2025) similarly report
that information quality directly influences satisfaction and continued system
use.

Table 22 indicates that the “institutional framework” (C1) criterion, with a
weight of 0.25768, is the most important factor, reflecting the central role of legal
infrastructure, policy alignment, and governance mechanisms in e-government
applications. This finding aligns with Gil-Garcia, Dawes, and Pardo (2018),
who empirically demonstrate that institutional capacity, cross-boundary
collaboration structures, and legal compliance processes are decisive for the
success of digital government projects. The prioritized role of the institutional
framework in ensuring the sustainability and effectiveness of digital government
is therefore consistent with the study’s findings. Conversely, the “technology”
(C5) criterion received the lowest importance (0.07940), which may seem
contradictory to some studies; however, other findings support this difference.
For instance, Nam (2019) reports that while e-government maturity increases
perceived effectiveness, it does not have a significant impact on operational
efficiency, which may explain the lower prioritization of C5. Similarly, Srivastava
and Teo (2007) indicate that the effect of e-government maturity on efficiency
is more limited in high-income countries compared to low-income countries,
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suggesting that in developed contexts, the relative importance of technological
infrastructure may diminish. The literature also emphasizes that institutional
factors, such as government strategies, legal regulations, and coordination
structures, may be more decisive than technology (Gil-Garcia et al., 2018).

The analysis results presented in Table 22 offer notable insights regarding
user access dynamics in e-government systems. First, internet user penetration
(0.43426) was found to carry a significantly higher weight compared to mobile
subscription rates (0.13671). This finding can be explained by the relatively
greater reliability of fixed broadband infrastructure in providing services
compared to mobile networks, particularly in developing economies (Dener
et al., 2021). This asymmetry in infrastructure quality emerges as a critical
determinant of access to digital public services. A second key finding is that
e-government literacy (0.42523) surpasses traditional educational metrics
as the most critical determinant. This suggests that, in the context of digital
transformation, digital competencies are more influential than formal education.
Evaluated within the framework of Van Dijk’s (2020) digital divide theory, this
result confirms that digital literacy has become an essential requirement for
contemporary citizenship. Finally, the analysis of e-participation components
indicates that e-decision-making mechanisms (0.53063) are markedly prioritized
over e-information processes (0.13956). This reflects the evolution of the
digital governance paradigm from unidirectional information delivery toward
bidirectional, participatory processes. As highlighted by Macintosh (2004) and
Medaglia (2012), contemporary e-government applications position citizens
not as passive recipients but as active decision partners. These findings provide
significant contributions to the literature on digital democracy and participatory
governance.

The comparative analysis presented in Table 23 demonstrates a high degree
of correlation (SRCC = 0.98-0.99) between the NBWM and both classical
and Fuzzy BWM methods. This indicates that decision-making methods under
uncertainty generally yield consistent and reliable results, while also confirming
the strong ranking alignment of NBWM with Fuzzy BWM. The high correlation
reflects the similar capability of both methods to model uncertainty, while
emphasizing that NBWM can handle decision-makers’ uncertainties in a more
flexible and comprehensive manner. The systematic presentation of SRCC
values further highlights the methodological robustness of these approaches
across different criterion categories (both main and sub-criteria). In contrast,
the relatively lower correlation obtained with the standard BWM method
(SRCC = 0.7) supports Rezaei’s (2015) methodological observation that
classical BWM does not directly account for uncertainties. This underscores
the growing academic and practical interest in extended methods such as Fuzzy
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and Neutrosophic approaches, particularly in contexts where uncertainty is
inevitable in decision-making processes. Furthermore, the existing literature
rarely presents direct comparisons between NBWM and classical or Fuzzy
BWM methods using Spearman or Pearson correlation coefhicients. Therefore,
the SRCC findings presented in Table 23 provide a unique and valuable
contribution by empirically testing methodological similarities and differences
among alternative BWM models operating under uncertainty.

6. Conclusion

This study has provided a comprehensive evaluation of policy prioritization
within the framework of the EGDI using the NBWM. By integrating MCDM
under uncertainty, the research aimed to identify the most critical dimensions
and sub-components of e-government development, emphasizing policy areas
that are strategically relevant yet often underexplored in the existing literature.
The primary objective was to determine which institutional, technological,
and human-centered factors hold the greatest significance for effective digital
governance, while addressing methodological gaps in traditional evaluation
approaches.

The findings highlight that institutional governance (C1 = 0.25768)
emerges as the most influential factor at the main criterion level, reflecting the
centrality of legal frameworks, policy alignment, and organizational capacity
in ensuring the sustainability and effectiveness of e-government initiatives.
In contrast, technological infrastructure (C5 = 0.07940) is relatively lower in
priority, suggesting that advanced technological investments alone may not
guarantee improved digital governance outcomes. At the sub-criterion level,
components such as e-decision-making mechanisms (S12 = 0.53063), internet
user penetration (52 = 0.43426), and e-government literacy (S9 = 0.42523) were
identified as pivotal, highlighting the shift from passive information provision
toward active citizen participation. These results underscore the critical role of
citizen engagement in decision-making processes, as well as the importance of
accessible and literate user bases for effective e-government implementation.
The statistical robustness of these findings is reinforced by the deterministic
and comparative analyses, showing high correlation between NBWM and both
classical and Fuzzy BWM methods (SRCC = 0.98-0.99), which empirically
validates the reliability and methodological soundness of NBWM under
uncertainty.

The contributions of this study to the literature are threefold. First, it
challenges technology-centric assumptions in e-government prioritization by
demonstrating the greater significance of institutional governance and human-
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centered factors. Second, it quantitatively evidences the strategic importance of
digital literacy and internet access in shaping policy decisions, which aligns with
and extends existing theoretical frameworks such as Van DijK’s (2020) digital
divide, Macintosh’s (2004) e-participation model, and recent participatory
governance research. Third, it highlights the critical role of interactive and
decision-supportive e-participation mechanisms over passive information
provision, providing empirical support for the growing consensus that two-
way digital engagement strengthens citizen trust and system adoption. These
contributions are particularly relevant given the relative scarcity of studies that
combine Neutrosophic sets with advanced MCDM techniques, positioning this
work as a pioneering effort in the field.

In addition, the findings reveal nuanced divergences from generalized
assumptions in e-government studies. For instance, the comparatively low
prioritization of technological infrastructure contrasts with prevalent narratives
in high-income countries, suggesting contextual differences in how digital
services are accessed and valued. Similarly, the marginalization of culturally and
locally adapted content (S7) highlights the need for more inclusive and context-
sensitive digital policy strategies. These insights underscore the originality of the
study and emphasize the necessity of context-aware, evidence-driven approaches
in both policy formulation and methodological practice.

For future research, several avenues emerge. First, in-depth qualitative
investigations could explore the impact of marginalized cultural content and
local context in shaping citizen adoption of e-government services. Second,
hybrid models integrating NBWM with other MCDM techniques could expand
methodological robustness and practical applicability. Third, causal relationships
between digital literacy and e-government adoption levels could be examined
using structural equation modeling. Fourth, comparative studies on the relative
impact of fixed versus mobile infrastructure in developing economies could offer
further insights into optimizing access and service quality. These directions have
the potential to inspire subsequent empirical and theoretical research, further
advancing the study of digital governance in varied institutional and socio-
economic contexts.

In conclusion, this study provides compelling evidence that institutional
governance, digital literacy, and active citizen participation are core determinants
of e-government effectiveness. The research emphasizes a strategic shift from
technology-centered to governance- and participation-centered approaches,
offering both methodological innovation and empirical insights that are highly
relevant for scholars, policymakers, and practitioners alike. By addressing
methodological gaps and highlighting context-specific priorities, the study
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contributes to the evolving discourse on participatory, inclusive, and effective
digital governance, marking a significant step toward evidence-based policy
formulation in the field.
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CHAPTER 2

Digital Governance in Smart Cities:
Innovating for Sustainable Urban
Health Systems in a Global Context

Ipek Eroglu:

1. Introduction

The 21st century has been defined by three major trends: remarkable urban
growth, rapid technological innovation, and increasing pressures on healthcare
systems (World Health Organization [WHO] & UN-Habitat, 2016; WHO,
2024a). More than 56% of the global population now lives in urban areas, and
this share is projected to reach nearly 70% by 2050 (United Nations, Department
of Economic and Social Affairs, Population Division [UNDESA], 2023). This
urban transition implies larger and more complex public infrastructure needs,
especially in healthcare. Metropolises are simultaneously centers of opportunity
and vulnerability, where the demand is to provide comprehensive, equitable, and
ecologically responsible healthcare for increasingly diverse and aging populations
(Cole & Franzosa, 2022; European Commission [EC], 2023a; Organisation for
Economic Co-operation and Development [OECD], 2023a; Syakinah et al.,
2025; World Economic Forum [WEF], 2022).

The case of Tiirkiye illustrates these dynamics vividly. Over the past
two decades, Tiirkiye’s urban health systems have undergone rapid reforms,
supported by initiatives such as the Health Transformation Program and the
National Smart Cities Strategy and Action Plan (2020-2023) (Republic of
Tiirkiye Ministry of Environment, Urbanization and Climate Change, 2020;
World Bank, 2018). Yet, significant discrepancies remain between metropolitan
and smaller urban areas in terms of digital readiness, governance capacity, and

citizen participation (OECD, 2023b; WHO, 2022a).

A number of cities such as Barcelona, Toronto, Seoul and Singapore have
emerged as global digital health innovation living labs. These experiences
demonstrate how digital governance frameworks, when coupled with
sustainability principles, can expand access to care, improve operational
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efficiency, and strengthen resilience during crises such as the COVID-19
pandemic (Mohammadzadeh et al., 2023; WEE 2021; WHO, 2022a).

At the intersection of these trends lies a crucial research challenge: how
can public administration theory inform the development of effective digital
health governance strategies that are adapted to different city contexts? More
specifically, this study asks:

* How can urban public administration frameworks be reconfigured to
integrate digital health innovation sustainably?

* In what ways do centralized, participatory, or hybrid governance models
shape the accessibility, efficiency, and resilience of urban healthcare
systems?

*  What lessons can be drawn from global experiences to address the
disparities observed in Tiirkiye’s metropolitan and mid-sized cities?

This problem statement is rooted in the observed relationship between
urbanization and growing pressures on healthcare systems, but the contribution
goes further by situating this relationship within a public administration
perspective. While existing literature documents healthcare reforms and digital
health applications, it has yet to systematically theorize their intersection with
sustainable public administration models and governance frameworks (Akinci
etal., 2012; Manavgat & Demirci, 2020; Pehlivan & Yigit, 2022; Brambilla et
al., 2023).

The originality of this chapter lies in its focus on the nexus of digital
governance, urban health systems, and public administration theory. Whereas
prior studies often emphasize technological or policy aspects in isolation, this
work advances an integrated perspective that bridges theory and practice.
The research gap is that the literature has not explicitly examined how public
administration theory can be adapted to support sustainable digital health
governance in urban settings. This study addresses this gap by proposing that
sustainable outcomes depend not only on technology and infrastructure, but
also on governance design, citizen inclusion, and institutional adaptability.

Accordingly, the contribution of this chapter is twofold. Theoretically, it
advances the understanding of digital health governance by framing it within
sustainable public administration theory, drawing on models such as network
governance, adaptive governance, and participatory governance. Practically,
the chapter conducts a comparative analysis of eight cities (Istanbul, Ankara,
Eskisehir, Konya, Barcelona, Toronto, Seoul, and Singapore) to identify context-
specific strategies and governance models that can inform policy and practice
in Turkiye and beyond.
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The remainder of this chapter is structured as follows: Section two reviews
the literature, legislation, and theoretical frameworks that underpin digital
health governance and sustainable urban administration, while Section three
outlines the methodology, detailing the comparative case study design and
analytical tools employed. Section four introduces the case studies of eight cities
and how various models of governance influence the outcome of digital health,
whereas Section five expands on the findings by examining the challenges and
gaps observed in a variety of contexts with specific consideration to inequality,
data governance, and institutional fragmentation. Lastly, in Section six, good
practice recommendations and instances of effective and sustainable digital
health governance in Tiirkiye and other parts of the world are given. Taken
collectively, these sections constitute a comprehensive account, which links
theoretical information with empirical studies and practical thought. The
chapter helps to bridge a theoretical and practical gap by making urban public
administration relevant to the imperatives of digital health. It demonstrates that
sustainable urban health systems require not only technological innovation but
also governance mechanisms that ensure ethical safeguards, citizen participation,
and institutional resilience.

2. Literature Review
2.1. Theoretical Framework

The central research problem of this chapter is how digital health governance
functions within smart city ecosystems to achieve sustainability, equity, and
resilience. Governance theories such as Sustainable Public Administration
(SPA), network governance, adaptive governance, platform governance, and
digital inclusion offer valuable insights, but their application across contexts is
uneven. Much of the existing scholarship is concentrated in Western and high-
income settings, with limited exploration of developing regions. Furthermore,
while international organizations such as WHO and OECD propose normative
frameworks, fewer studies assess their implementation and tangible outcomes

(United Nations University [UNU], 2023; WHO, 2024b).

This section synthesizes academic models, legal instruments, and policy
frameworks while critically assessing their analytical relevance to urban health
systems. The review is organized into five components: (1) sustainable governance
theories, (2) smart city paradigms and digital models, (3) international and
national legal frameworks, (4) conceptual definitions and indicators, and (5) a
synthesis of emerging gaps and research contributions.
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2.2. Sustainable Public Administration: Concepts and Models

The SPA has evolved from a primarily environmental concern into a
multidimensional framework incorporating economic resilience, institutional
adaptability, and social equity (EC, 2020a; OECD, 2025). In smart cities,
SPA means embedding health planning within wider sustainability agendas,
including climate adaptation, demographic change, and digital infrastructure

(WEE 2024).

New Public Governance (NPG) emphasizes networks and co-production over
hierarchy (Kenpahoom et al., 2024). In Sao Paulo, community health councils
integrate local clinics with municipal dashboards, but resource inequalities
hinder their effectiveness (Bellei et al., 2025). Network governance highlights
the role of collaborative coordination among institutions. Barcelona exemplifies
collaborative governance, yet maternal digital health programs in Nairobi reveal
that weak institutional trust undermines such approaches unless reinforced by
community-based organizations (Bakibinga et al., 2020). Adaptive governance
prioritizes responsiveness and continuous learning (Matei & Gogu, 2021).
Singapore and Seoul used adaptive mechanisms effectively during COVID-19
(WHO, 2024c). In India, the National Digital Health Mission adopted phased
rollouts with feedback loops, though rural inclusion remains limited (Ghosh
et al., 2025). Digital inclusion represents another core dimension of SPA, as
it ensures that all citizens, particularly those from vulnerable groups, are able
to access and benefit from digital health innovations. Rwanda’s Al-powered
platform demonstrates how mobile telemedicine can expand services to low-
income groups in resource-constrained settings (Cuadros et al., 2025). These
examples illustrate that SPA theories must be contextually adapted. Their
value lies not only in guiding sustainability but also in demonstrating how
governance, not technology alone, determines legitimacy and equity in smart
city health systems.

2.3. Digital Governance and Smart City Paradigms

Digital governance makes use of the following theoretical models (Kitchin
et al., 2019). Multi-level governance emphasizes decentralization as a way of
enabling local responsiveness. In Tiirkiye, smaller cities have achieved efficiency
gains through decentralization, while Medellin, Colombia, improved pandemic
responsiveness by linking municipal innovation hubs to health governance
(Bello-Gomez & Sanabria-Pulido, 2021). Platform governance, on the other
hand, centralizes health data and interactions. Tiirkiye’s e-Nabiz and Singapore’s
HealthHub demonstrate the efficiency of centralized systems, but also raise
accountability concerns. In Kenya, the M-TIBA platform broadened insurance
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coverage but faced challenges of transparency and trust (Huisman et al.,
2022). Smart governance builds on data-driven and participatory governance
and seeks to co-create services with citizens (Kickbusch & Gleicher, 2012).
However, in many African and Asian cities, dashboards remain donor-driven
pilots without long-term institutionalization (WHO, 2022c). Co-governance
extends beyond consultation by integrating citizens into the co-design process.
Barcelona’s Decidim platform has become a widely cited example, but similar
approaches are also visible in Manila’s barangay-level e-health projects, where
citizens contribute to shaping telemedicine services (Evio & Bonito, 2024).
These paradigms highlight the trade-off between technocratic efficiency and
participatory legitimacy. The challenge for smart city health systems is to
combine both dimensions.

2.4. Legal and Policy Frameworks
2.4.1. International Frameworks

WHO’s Global Strategy on Digital Health 2020-2025 (WHO, 2021a), the
EU’s General Data Protection Regulation (GDPR) (European Union [EU]J,
2016), OECD’s Digital Government Policy Framework (OECD, 2020), and the
UN’s SDGs (UN, 2015) establish essential normative guidance. Most studies
emphasize these frameworks as ideals without empirically testing their impact
on governance outcomes such as data security, citizen trust, or inclusivity.

2.4.2. National Frameworks in Tiirkiye

Tiirkiye has built advanced national infrastructures such as e-Nabiz, MHRS,
and e-Regete (Republic of Tiirkiye Ministry of Health [MoH], 2025a, 2025b).
Law No. 6698 (2016) [Personal Data Protection Law] aligns with GDPR but
lacks municipal enforcement capacity. The National Smart Cities Strategy
and Action Plan (2020-2023) identifies health as a vertical but lacks binding
provisions for municipal implementation (Bayar et al., 2020). Compared to
Rwanda or India, where national missions empower local adaptation, Ttirkiye’s
model remains heavily centralized.

2.5. Conceptual Definitions and Analytical Framework

In order to assist the comparative analysis that is provided in the chapter, a
number of underlying concepts are operationalized. Digital health governance
can be explained as sets of rules, institutions, and processes that govern the
development, implementation, and management of digital health technologies
(OECD, 2023b). Smart urban health systems are those digital-enabled
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infrastructures in the broader smart city ecosystems that are part of the public
health infrastructure (WHO, 2025). Sustainable public value is perceived as
the establishment of inclusive, equitable, and ethically governed health systems
that are resilient in the long run (Kickbusch & Gleicher, 2012). The analytical
framework used in this chapter has six dimensions to evaluate cities as indicated

in Table 1.

Table 1. The Evaluation Dimensions of Digital Health Governance in Smart

Cities

Dimension Indicators

Governance Design Role clarity, decentralization, inter-agency coordination

Legal Infrastructure Data protection, enforcement mechanisms, platform
regulations

Technological Capacity Interoperability, Al integration, infrastructure readiness

Institutional Participation ~ Public-private collaboration, local authority engagement
Citizen Inclusion Feedback systems, digital literacy, co-design mechanisms

Sustainability Orientation ~ Long-term planning, equity focus, funding resilience

Note. Arranged by the author.

This framework is used to compare the metropolitan and mid-sized cities
in Tirkiye (i.e., Istanbul, Ankara, Eskisehir, and Konya) to their counterparts
in the world (i.e., Barcelona, Toronto, Seoul, and Singapore) in a systematic
manner.

2.6. Methodological Mapping of the Literature

The literature demonstrates methodological diversity, but it also reveals a
certain imbalance. Qualitative case studies are widespread, with a strong focus
on stakeholder and institutional analyses (Akinci et al., 2012; Brambilla et al.,
2023). Examples include Sao Paulo’s community health councils (Bellei et al.,
2025) and Manila’s barangay-level e-health projects, where citizen participation
plays a central role (Evio & Bonito, 2024). Quantitative efficiency studies are also
prominent, particularly in Tiirkiye, where techniques such as Data Envelopment
Analysis (DEA) and the Malmquist index are widely applied (Sulku, 2012;
Pehlivan & Yigit, 2022). In China, Ji et al. (2024) relied on national survey
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data to examine digital health literacy and adoption patterns, while Gandhi and
Soundappan (2024) assessed citizen trust in India’s health platforms, offering rare
user-level evidence from developing contexts. A further body of work consists
of policy analyses, in which reports and strategies prepared by international
organizations such as the WHO and OECD, as well as national governments,
provide the dominant reference points for understanding governance frameworks
(OECD, 2020; WHO, 2021a). The literature remains dominated by normative
frameworks and policy analysis despite these contributions. Empirical user
experience, adoption rates, and outcome data are limited, particularly in Africa,
Asia, and Latin America.

2.7. Synthesis and Emerging Gaps

The review highlights several important insights that shape the current state
of research on sustainable public administration and digital health governance.
First, the literature remains heavily concentrated in certain areas. Much of the
work relies on normative policy frameworks developed by organizations such
as the WHO, OECD, and the European Union, and there is a strong emphasis
on conceptual governance theories, including sustainable public administration,
network governance, adaptive governance, and platform governance. In addition,
efficiency-oriented quantitative studies have grown significantly, particularly in
high-income countries and in selected middle-income settings.

At the same time, important limitations are evident. The evaluation
of how normative frameworks are implemented and what outcomes they
produce remains weak. A notable Eurocentric bias also characterizes studies
of network and participatory governance, which are rarely tested in resource-
constrained contexts (Bakibinga et al., 2020). Empirical research that captures
user perspectives, adoption metrics, and health outcomes is scarce, with only
a few studies, such as Ji et al. (2024) and Gandhi and Soundappan (2024),
providing such evidence. Furthermore, there are very few mixed-method studies
that integrate efficiency analysis with considerations of inclusivity and equity.

This chapter is designed to address these gaps. It undertakes a systematic
comparative analysis of eight cities, focusing on Istanbul, Ankara, Eskisehir, and
Konya in Tirkiye, and contrasting them with Barcelona, Toronto, Seoul, and
Singapore. It applies a multi-dimensional analytical framework that considers
governance design, legal infrastructure, technological capacity, institutional
participation, citizen inclusion, and sustainability orientation. In doing so, it
bridges normative and empirical strands of the literature by examining both
policy frameworks and their practical governance outcomes. It also expands the
geographical scope of analysis beyond Euro-American contexts by including
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mid-sized Turkish cities, thereby testing the adaptability of global models in
emerging settings.

The contribution of this study is therefore to reposition digital health
governance research in smart cities from a predominantly normative and
descriptive domain toward a more empirically grounded, critically comparative,
and globally inclusive scholarship. By systematically contrasting Turkish and
international cases, it advances both theoretical understanding and policy
practice in the field of sustainable digital health governance.

3. Methodology
3.1. Research Design

This chapter employs a comparative, qualitative, multi-method research
design integrating case study methodology, document analysis, and strategic
policy evaluation tools. This design was selected to capture the institutional,
legal, and administrative complexity of digital health governance in urban
contexts. Given that smart city health systems are multi-actor and multi-level,
embedded in evolving policy and regulatory environments, single-method
approaches would be insufficient.

The decision to adopt a qualitative comparative design is supported
by the literature on public administration. Yin (2018) emphasizes that case
study methodology is appropriate when studying phenomena embedded in
real-life institutional settings. Comparative analysis, as Peters (2013) argues,
enables researchers to evaluate how different governance structures, resource
conditions, and legal frameworks shape outcomes. Pierre (2011) further frames
this within the concepts of vertical learning (how national policy translates into
local practice) and horizontal learning (how practices travel across cities and
countries).

Alternative methods such as large-scale statistical analysis or survey research
were considered but rejected. First, cross-city survey data on digital health
governance are not consistently available, and performance metrics differ
substantially between contexts. Second, while quantitative approaches (e.g.,
DEA, regression models) are valuable for measuring efficiency, they cannot fully
capture the institutional, legal, and cultural dynamics of governance. Thus,
the chosen qualitative comparative design provides the depth and contextual
sensitivity required, while still allowing for cross-case comparability.

The following diagram in Figure 1 highlights the iterative and structured
nature of the research design.
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Figure 1. Methodology Flow Diagram
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3.2. Case Study Selection Rationale

Eight cities were selected through purposive sampling, based on three
guiding criteria: the maturity of their digital health governance, the diversity of
their administrative and political systems, and their geographical and economic
representation.

Tiirkiye: Istanbul, as the country’s largest metropolitan and hub of digital
health innovation (e.g., e-Nabiz); Ankara, as the national capital where top-
down coordination dominates; and the mid-sized cities of Eskisehir and Konya,
which represent adaptive and scalable models of smart city governance (Pehlivan
& Yigit, 2022).

Global cases: Barcelona, a pioneer of participatory and open-source digital
governance; Toronto, an equity-focused, data-driven leader; Seoul, a centralized
Al-driven public health model; and Singapore, a globally recognized integrated
Smart Nation approach.

The combination of metropolitan, mid-sized, centralized, and participatory
models provides contrasts that allow the testing of governance archetypes and
the identification of replicable practices.

61



Analytical and Multi-Criteria Approaches for Sustainable Public Policies

3.3. Data Sources

The study draws exclusively on secondary data, prioritizing credible and
up-to-date sources. These include policy and strategy documents such as
national and municipal smart city strategies, health transformation plans, legal
frameworks; academic and peer-reviewed studies on public administration,
smart cities, and health systems; international organization reports from the
WHO, OECD, UN-Habitat, World Bank, EU. Additionally, grey literature
and think tank briefs, as well as digital health dashboards (e.g., WHO Digital
Health Atlas, International Institute for Management Development [IMD]
(2024) Smart City Index) were utilized. Materials published after 2018 were
prioritized to reflect post-COVID-19 transformations.

3.4. Document Analysis Framework

Thematic analysis was applied to systematically code the documents across
six dimensions. To ensure clarity and comparability, the coding categories and
indicators are presented in Table 2.

Table 2. Coding Framework for Document Analysis

Dimension Indicators / Examples

Governance & Institutional ~ Role clarity, decentralization, inter-agency coordination,
administrative mandates

Policy & Legal Coherence Consistency of digital, health, and urban policies;
GDPR alignment; enforcement capacity

Technological Preparedness ~ ICT infrastructure, interoperability, platform maturity,
Al readiness

Citizen Engagement Participatory platforms, digital literacy programs, equity
of access
Data Governance Data protection laws, algorithmic transparency, Al

ethics, accountability mechanisms

Sustainability Orientation Resource allocation, contingency planning,
environmental-health linkages

All documents were systematically coded to allow for pattern-matching
across diverse governance contexts.
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The Strengths, Weaknesses, Opportunities, Threats (SWOT) and Political,
Economic, Social, Technological, Legal, and Environmental (PESTLE)
frameworks were jointly applied to support the analysis of the documents, and
to complement thematic coding. The results are summarized below.

Table 3. SWOT Analysis Summary

Strengths

Weaknesses

Strong ICT infrastructure
Institutional leadership in health reform

Expanding digital health platforms (e.g.,
e-Nabiz)

Fragmented governance structures
Persistent digital inequality

Limited municipal capacity in some
contexts

Opportunities

Threats

Integration of Al into health systems
Regional and international partnerships

Smart city innovation funding
opportunities

Cybersecurity risks
Delays in regulation and legal adaptation

Overdependence on pilot projects without
scaling

Table 4. PESTLE Analysis Summary

Factor Key Elements

Political Mayoral leadership, degree of decentralization, central-local
coordination

Economic Budget allocation, economic resilience, health system financing

Social Health equity, digital literacy, citizen trust

Technological Platform integration, device penetration, Al applications

Legal Data privacy law (e.g., GDPR/Law No. 6698), procurement
transparency, enforcement

Environmental Integration of health—environment data, sustainable infrastructure
planning

Table 3 and Table 4 are systematic representations of the internal and
external forces shaping digital health governance.
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3.6. Comparative Synthesis Approach

It synthesized it by pattern matching logic to calculate similarities in policy
tools, contextual differences, and innovations that can be replicated. The
typology of three kinds of models of digital health governance (centralized,
participatory, and regionally adapted) presented in Section 2 on literature review
is informed by these findings.

3.7. Limitations

Despite the use of a comprehensive multi-method framework, there are
still several limitations in this study. A key bias of data availability is the poor
quality and accessibility of documents in cities and languages. While cities such
as Singapore and Toronto provide extensive policy documentation and publicly
accessible datasets, medium-sized cities such as Konya and Eskisehir have far
fewer available sources, which creates the risk of producing analyses with uneven
depth. The methodological parameters also shape the results in significant ways.
The criteria used for city selection (size, economic level, and administrative
structure) ensure diversity, yet they also create asymmetry because metropolitan
hubs like Istanbul or Seoul naturally generate richer datasets than mid-sized
urban contexts. The analytical dimensions, which include governance, legal
frameworks, technological capacity, citizen participation, data governance,
and sustainability, broaden the scope of the analysis and capture multiple
layers of urban health governance. However, they require cross-referencing
heterogeneous indicators that are not equally available in all cases, which limits
comparability. Likewise, the analytical tools, particularly SWOT, PESTLE, and
pattern-matching, provide a structured basis for strategic policy assessment but
remain partly interpretive and therefore subject to researcher bias. While these
frameworks are valuable for examining strategic orientations, their qualitative
nature constrains the generalizability of the conclusions. These issues were
addressed through triangulation, taking multiple sources on each city and using
standardized coding schemes, however, they are also significant limitations that
shape the way the findings are interpreted.

3.8. Ethical Considerations

No personal or sensitive information was gathered and the data used in
the study were publicly available. The ethical considerations were undertaken
through appropriate attribution of all sources, context-sensitive interpretation
without overgeneralization, and careful handling of governance- and platform-
related information. The components of the comparative case study design,
document analysis, and strategic evaluation instruments are integrated into a
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methodological framework to examine urban digital health governance. The
study is premised on the well-documented experience of diverse cities and a
structured analytical lens, which can be used to establish a robust basis from
which policy lessons can be drawn and evidence-based innovation through
sustainable urban health systems can be spurred.

4. Findings

In this section, comparative case studies are provided to examine the
implementation of digital governance in urban health systems in selected
cities. Eight cities were analyzed based on the theoretical and methodological
framework described in the preceding sections, of which four are in Tirkiye
(Istanbul, Ankara, Eskisehir, Konya) and four international counterparts
(Barcelona, Toronto, Seoul, Singapore). These cities are distinct examples of
health governance, political systems, socio-economic background, and degree
of technological development. This section aims to demonstrate how the digital
principles of governance can be concretely applied to urban health and to
focus on the conditions that enable it, the general patterns, and the contextual
variations. Detailed characteristics of each case are summarized in Table 5.
Comparative analyses in this context are not merely descriptive but analytical,
seeking to uncover which elements foster long-term adaptability and health

equity.

4.1. City Case Summaries

Istanbul demonstrates centralized governance under national direction, with
strong ICT infrastructure and emerging telehealth initiatives. Ankara reflects
dual-tier coordination, piloting Al-based diagnostics and establishing digital
dashboards during the pandemic. Eskisehir illustrates mid-sized responsiveness
with small-scale but effective monitoring systems and wearable validation
studies. Konya integrates technological platforms with local ethical protocols,
emphasizing community-aligned digital engagement. Barcelona advances
participatory governance through open data, citizen laboratories, and co-design
platforms. Toronto emphasizes equity, Indigenous data sovereignty, and mobile-
first services tailored to vulnerable populations. Seoul applies a centralized Al-
driven model with advanced symptom detection and 5G-enabled mobile clinics.
Singapore adopts an integrated Smart Nation framework, combining predictive
analytics, wearables, and sustainable infrastructure. The descriptive findings of
the eight cities are summarized in Table 5, which highlights the institutional,
technological, and legal characteristics of each case.
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Table 5. Descriptive Findings of Eight Case Study Cities

City Governance Design Legal Infrastructure Technv:)logxcal Instl.t(.nlor.lal Citizen Inclusion Sus.tamal.alhty
Capacity Participation Orientation
Istanbul  Centralized, Law No. 6698 5G pilots, Al routing, Universities, hospitals,  Limited, via Smart Hospital
national-led compliance, pilot Al  e-prescriptions telecoms, startups e-Nabiz & IMM retrofitting of energy-
ethics boards portal efficient buildings
Ankara Dual-tier (MoH +  Encrypted ID-based Al diagnostics, Health directorates, Telehealth (Ankara Data interoperability
AMM) secure access COVID dashboards, council, emergency Univ.), technician  and reuse focus
linked databases services programs
Eskisehir Decentralized National framework ~ Home e-health Anadolu University Limited formal Underdeveloped
within national alignment, limited monitoring, e-clinics, device validation, platforms sustainability practices
policy local stewardship SMS alerts research support
Konya Strong mayoral Local Al ethics & data Smart diagnostics, Municipal leadership, ~ Culturally aligned  Integration of cultural/
leadership storage protocols + clinic mobilization clinics citizen engagement ethical norms with
Law No. 6698 technology
Barcelona Decentralized GDPR + local Al IoT monitoring (air, Universities, citizen labs Co-design Linking health with
participatory ethics charter noise), behavioral (Decidim), environmental planning
nudges transparency portals
Toronto  Centralized health ~ Charter of Rights, Al triage, Cross-agency task forces Mobile-first Broadband expansion,
+ local hubs Digital Equity Policy, prescription pickup co-design with green hosting
Indigenous data for homeless migrants infrastructure
sovereignty
Seoul Centralized, top-  Cybersecurity laws, Al symptom Samsung Medical Limited direct Green hospitals, low-
down personal data regime  detection in metro,  Center + universities involvement energy infrastructure
5G mobile clinics
Singapore National Personal Data Predictive analytics, ~Government—hospital- Mobile apps with  Cloud-based e-health,
integration via Protection Act, nationwide wearables tech collaborations feedback solar-powered facilities

Smart Nation

HealthTech oversight
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4.2. Cross-Case Comparative Synthesis

The comparative analysis of the eight cities shows that they can be broadly
categorized into three governance models. Centralized approaches are most
evident in Seoul, Singapore, and Ankara, while participatory models are
represented by Barcelona, Toronto, and, to some extent, Konya. Hybrid models
that combine elements of both centralized and participatory governance can be
observed in Eskisehir, Konya, and Istanbul.

Despite these differences, several common barriers emerge across the cases.
Digital exclusion remains a persistent challenge, particularly among elderly
populations and in rural areas. Data silos continue to limit interoperability,
making it difficult for different platforms and agencies to share information
effectively. Municipal regulatory capacity is often unequal, with larger cities
better equipped than mid-sized ones to enforce governance standards. Legal
frameworks generally lag behind the rapid pace of technological deployment,
creating gaps in accountability and oversight. Furthermore, many initiatives rely
heavily on short-term pilot projects rather than being systematically integrated
into long-term governance structures (WHO, 2018; Kopac & Das, 2025).

5. Discussion

This section interprets the descriptive findings by connecting them with
existing literature, highlighting points of convergence and divergence, and
drawing policy implications. The goal is to answer the central research question:
how sustainable and innovative are digital health governance models in smart
cities, and which approaches provide comparative advantages?

5.1. Digital Inequality

Across the examined cases, advanced infrastructures coexist with persistent
forms of digital exclusion that disproportionately affect elderly populations,
low-income groups, and migrant communities. The literature frames this
issue as multidimensional: van Dijk (2020) emphasizes that the digital divide
encompasses not only access but also skills and patterns of usage, while
Hollimon et al. (2025) suggest that inclusive design strategies can mitigate these
inequities. However, the case studies demonstrate that even in contexts with
highly developed platforms, such as Toronto and Singapore, design and literacy
barriers remain significant. This evidence therefore complicates the optimism
presented in the literature by showing that structural inequalities continue to
endure despite considerable policy attention. The findings indicate that digital
health governance has not yet succeeded in fully embedding user-centered design
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principles into practice, and they suggest that genuine equity requires more
than infrastructural investment alone. From a policy perspective, sustainable
governance must integrate infrastructure development with community-based
literacy programs, multilingual platforms, and affordability mechanisms in
order to address these enduring inequalities effectively.

5.2. Data Governance
Although legal frameworks such as the GDPR and Tiirkiye’s Law No. 6698

provide regulatory structures for data protection, their enforcement remains
inconsistent and interoperability across systems continues to be weak. The
literature frequently identifies GDPR as a benchmark of effective regulation,
with Giirsoy (2015) and Custers et al. (2019) emphasizing its role in shaping
global standards. Yet the case studies demonstrate that formal alignment with
such frameworks does not necessarily translate into functional capacity at
the municipal level. Ramirez-Rubio et al. (2019) have proposed blockchain-
based models of citizen control, exemplified by Barcelonas DECODE project
(European Commission, 2019), as a means of overcoming these challenges.
However, the complexity of institutions and limited implementation readiness
have discouraged the widespread application of such innovations. The evidence
thus indicates a persistent gap between the regulatory ideal and the actual
practice of enforcement. The issue of interoperability and local institutional
capacity emerges as a decisive factor, which is not always considered in more
optimistic accounts. This is why good governance should entail both the creation
of lawful frameworks and long-term investment in municipal data management
capability and the creation of robust standards of interoperability.

5.3. Regulatory and Legal Lag

The complexity of institutional structures and limited preparedness have
discouraged the widespread application of such innovations. The evidence
therefore indicates a persistent discrepancy between the regulatory ideals
emphasized in the literature and the realities of practical enforcement.
Interoperability and local institutional capacity emerge as decisive factors that are
often overlooked in the optimistic assessments of scholars. Consequently, good
governance should entail not only the establishment of robust legal frameworks
but also long-term investment in municipal data management capacity and the
development of strong interoperability standards.
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5.4. Institutional Coordination

Fragmentation across sectors such as health, housing, transport, and the
environment continues to undermine effective integration in urban governance.
The literature emphasizes that cross-sectoral coordination is essential for the
functioning of smart cities, with Trencher and Karvonen (2017) highlighting
the importance of governance models that bridge institutional boundaries.
However, the findings reveal that siloed structures persist even in technologically
advanced cities such as Seoul, contradicting the theoretical expectation that
smart city models naturally foster integration. This mismatch between the
ideal of integrated governance and actual practice demonstrates the difficulty
of translating conceptual frameworks into operational reality. Institutionalized
coordination mechanisms, including joint task forces, pooled budgets, and
shared data platforms, are necessary to move from fragmented governance
toward genuinely integrated urban management.

5.5. Sustainability: Environmental and Institutional
Dimensions

Many digital health initiatives remain confined to pilot projects, and both
funding mechanisms and environmental sustainability considerations are rarely
embedded into long-term planning. The literature reflects similar concerns: Jones
etal. (2017) critiques the considerable energy footprint of digital infrastructures,
while the WHO (2022¢) stresses the importance of sustainable scaling strategies.
This study confirms these arguments but also shows that mid-sized cities are
vulnerable to specific risks of discontinuity, which are not adequately tackled in
the current research. This viewpoint emphasizes that sustainability challenges
are not only environmental but also institutional, involving budgeting, resource
continuity, and governance stability. Long-term sustainability thus not only
involves the alignment of digital health policies and climate strategies, but it
should also be accompanied by the creation of a stable stream of funding that
will ensure continuity even after pilot stages.

5.6. Ethics and Trust

There is a considerable risk of bias in artificial intelligence systems in
healthcare, and the usage of personal data without any meaningful consent
deteriorates public trust. These issues are well-documented in the literature:
Obermeyer et al. (2019) describe bias in Al-based health tools in an empirical
manner, and Zuboff (2019) frames surveillance capitalism as a systematic threat
to individual rights. The results of this study confirm these views but also show
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that the acceptance of digital surveillance by the population does not have
a uniform pattern. As an illustration, the reaction to the implementation of
Singapore TraceTogether data practices is indicative of how even technologically
developed societies may resist the misuse of data by the governing authority
(Schaefer & Ballantyne, 2022). This implies that the validity of digital
surveillance is extremely contingent. This research thus builds on the current
literature by demonstrating that ethical risks cannot be managed using the same
frameworks and should be adapted according to local norms and expectations.

5.7. Participation

Feedback mechanisms are the typical way to participate in digital health
governance, but there is scarcely any actual co-design. The literature shows the
need to engage more profoundly, with Bastos et al. (2022) pointing out that
deliberative trust is built during the process of dialogue and not through one-
way information campaigns. This gap is supported by the case studies, which
show that participation is often procedural instead of substantive governance.
In addition, although a significant part of the literature presupposes that
participatory models reliably generate trust, the results indicate that this effect
depends on the existence of civic literacy and robust institutional capacity.
Participation in this sense comes out as a weak and conditional construction
as opposed to the theoretical models that suggest otherwise. Digital health
governance should not be limited to simple feedback loops to achieve long-term
legitimacy, but instead, institutionalize co-design processes that enable citizens
to have a substantive role in service shaping.

5.8. Cross-Model Insights and Comparative Sustainability

The comparative analysis reveals that various types of governance models
have distinct benefits and drawbacks. Scalability and speed are the defining
features of centralized solutions as seen in Seoul, Singapore, and Ankara, but
these models often struggle to sustain inclusivity. Participatory models, such as
those in Barcelona, Toronto, and to a degree Konya, achieve trust and legitimacy
but are slower-moving because consensus needs to be facilitated. The hybrid
models like those in Eskisehir, Konya, and Istanbul show flexibility and cultural
fit, although their results are unequal. The literature presents some vital points of
comparison: Jacobs and Kaufmann (2021) discuss how deliberative models can
be used to promote greater levels of trust, and Ahmed et al. (2025) demonstrate
that centralized models are superior in terms of responding to a crisis. The
findings of this study confirm both perspectives but add further nuance by
highlighting the role of mid-sized cities as agile laboratories for innovation, a
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dimension that has been underexplored in the literature.

In terms of long-term sustainability, participatory and hybrid models appear
more advantageous because they embed legitimacy and adaptability within
governance systems. Centralized models are highly effective in achieving short-
term efficiency, but without corrective measures they risk eroding inclusivity
over time. A resilient governance design must therefore balance the efficiency of
centralized systems with the legitimacy derived from participatory approaches,
while also leveraging mid-sized cities as scalable test-beds for experimentation
and adaptation. Table 6 summarizes the evidence-based findings, with risks
presented as theoretical concerns in cases where direct data remain limited rather
than empirically confirmed patterns.

Table 6. Governance Models in Digital Health

Surprising &

Governance Risks / . Policy
Strengths . Innovative T

Model Limitations L. Implications

Findings

Centralized Scalability, Limited Effective in Balance

(Seoul, standardization,  inclusion, emergencies efficiency with

Singapore, crisis readiness local needs local adaptation

Ankara) overlooked

Participatory Trust, equity, Slower Konyas cultural  Institutionalize

(Barcelona, co-design adoption, integration co-design to

Toronto, Konya requires civic secure long-term

partly) capacity trust

Hybrid Flexibility, Uneven local Mid-sized Empower mid-

(Eskisehir, experimentation, capacity, weak  cities as agile sized cities as

Konya, scalable pilots authority labs; telehealth  test-beds

Istanbul) diffusion

Figure 2 provides a conceptual synthesis of governance models and integrates
the key insights building on the descriptive results in Table 6: the role of mid-
sized cities as agile laboratories, the embedding of cultural traditions in Konya,
and the diffusion of telehealth services beyond metropolitan contexts.
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Figure 2. Conceptual Model of Digital Health Governance

Hybrid Adaptability

Mid-sized cities
as agile laboratories

Telehealth diffusion
beyond metropolises

Cultural integration
(Konya)

Centralized Efficiency Participatory Equity

The triangular model illustrates three archetypes of governance: centralized
efficiency, participatory equity, and hybrid adaptability. Centralized models
(e.g., Seoul, Singapore, Ankara) emphasize scalability and rapid crisis response,
participatory models (e.g., Barcelona, Toronto, Konya) stress equity and citizen
engagement, while hybrid models (e.g., Eskisehir, Istanbul, Konya) combine
national frameworks with local experimentation. The diagram also highlights
salient findings: the role of mid-sized cities as agile laboratories of innovation,
cultural integration in Konya as a driver of sustainability, and the diffusion of
telehealth beyond metropolitan centers.

5.9. Study Limitations

This research relies on secondary sources and uneven data availability across
cities. Local reports vary in consistency; some contexts (e.g., mid-sized Turkish
cities) provide less data than global benchmarks. Language barriers and reliance
on translations may also affect nuance. These limitations mean that findings are
indicative, not universally generalizable. They point out patterns and risks, but
not causal relationships.
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6. Conclusion
6.1. Synthesis of Key Findings

This chapter has discussed the accessibility, efficiency, and sustainability of
healthcare systems within smart cities based on digital governance arrangements.
Eight cities were analyzed comparatively and revealed strengths and weaknesses
in their centralized, participatory, and hybrid systems of governance. This chapter
aims to emphasize sustainability, inclusiveness, and efficiency of digital health
governance and to provide policy recommendations to guide Tiirkiye. These
findings are most significant when applied to the broader literature. Continued
digital inequality is akin to van Dijk (2020), as infrastructural disparities
strengthen social disparities, and the inability to control health data aligns with
the arguments of Zuboff (2019) against surveillance-based digital systems.
Nevertheless, the results in the Turkish context reveal that inadequate municipal
capacity and fragmented institutional authority are even more salient than the
ethical or algorithmic discourse, which is prevailing in high-income settings
(Obermeyer et al., 2019; Hollimon et al., 2025). Experiences in Barcelona and
Toronto show that citizen inclusion enhances trust and legitimacy (Kickbusch
& Gleicher, 2012), but also suggest a slower implementation process, suggesting
that it may be difficult to scale to fast-moving urban settings. Similarly, in Turkish
metropolitan areas, the development of infrastructure through public-private
partnerships has improved infrastructure availability, yet research indicates
that such arrangements do not necessarily achieve equitable access, as has been
previously argued regarding performance-based hospital reforms (Sulku, 2012;
Gokkaya & Erdem, 2021). The results indicate that sustainable digital health
governance is not merely a technology deployment issue but involves responsive
institutional structures, legal enforcement, as well as inclusive participation
processes.

6.2. Tiirkiye Policy Recommendations

It is on this basis that three interrelated priorities can be used to reinforce
digital health governance in Tiirkiye.

6.2.1. Local Digital Capacity Development

Telehealth, teledentistry, and remote diagnostics at the municipal level can
reduce unnecessary visits to hospitals and enhance access to peri-urban and rural
areas. The experience of Konya and Eskigehir indicates that the implementation
of such practices is not only possible but also requires retraining the workforce

(Abakli Inci et al., 2022; Celik et al., 2021; Ekinci, 2022).
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6.2.2. Health Data Management and Interoperability

City-level health analytics units, developed in partnership with universities,
could enhance real-time monitoring. Stronger enforcement of existing data
protection laws remains essential, as inconsistent application undermines trust.
The experience of Toronto, where privacy-by-design measures encouraged portal
use, illustrates the value of robust data governance.

6.2.3. Equity in Digital Healthcare Access

Digital health policies should prioritize inclusion by supporting subsidies
for vulnerable groups and investing in digital literacy programs run jointly
with Non-Government Organizations (NGOs), libraries, and municipal health
agencies. International experiences such as Barcelona’s tablet distribution
program and Singapore’s staged roll-outs highlight possible approaches, though
their adaptation to Tiirkiye would require careful consideration of local contexts
(Ertem et al., 2021; Herndndez Encuentra et al., 2025).

6.3. International Cooperation and Technology Transfer

International partnerships can complement domestic reforms by providing
access to tested solutions and reducing development costs. Licensing or co-
developing Al-based triage systems and blockchain-enabled health records, as
trialed in European and North American cities, may be more cost-effective than
developing systems entirely in-house (Albiol-Perarnau & Alarcén Belmonte,
2024; Grabke et al., 2025). Pilot test-bed environments in mid-sized cities
such as Eskisehir or Konya could allow adaptation of global models like Seoul’s
5G-based ambulance networks under controlled conditions (Choi et al., 2023).
Academic cooperation agreements could also strengthen Turkiye’s research base,
provided they are designed as equal partnerships rather than one-way knowledge
transfers.

6.4. Policy Recommendations

The comparative analysis suggests that sustainable digital health governance
is likely to be more effective when it remains context-specific, equity-oriented,
and technologically adaptable. For Tiirkiye, several possible policy directions can
be drawn from the findings. The establishment of municipal health informatics
units could help strengthen early outbreak detection, drawing on lessons from
Seoul’s neighborhood surveillance model. Improving the interoperability of
electronic health records across institutions appears to be equally important,
as illustrated by Toronto’s experience, where integration reduced duplication
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of diagnostics and supported more efficient use of resources (Digital Health
Interoperability Task Force, 2024; World Bank, 2023). Public-private-academic
partnerships may provide opportunities to accelerate the deployment of digital
health solutions, in a way similar to the innovation accelerator models developed
in Barcelona. In addition, the creation of a national digital health ethics
charter, aligned with OECD and WHO guidelines, could offer a framework
for addressing issues such as data use, artificial intelligence oversight, and citizen
consent (OECD, 2023¢; WHO, 2021b).

Expanding rural telehealth services through 5G and satellite connectivity
represents another area with potential, with Singapore’s experience showing how
mobile outreach can extend specialist care to underserved populations (Man et
al., 2025). Environmental sustainability considerations might also be integrated
into health IT infrastructure, with energy-efficient data centers such as those
adopted in Barcelona providing useful reference points (Zotova et al., 2025).
Regulatory agility is another area of importance, as the ability to adapt rapidly in
emergencies, such as the approval of telehealth services during the COVID-19
pandemic in Seoul, can be critical in responding to sudden crises.

In addition, integrating disaster preparedness, non-communicable disease
prevention, and migrant and refugee health into digital governance can help
ensure that digital tools address broader public health priorities (International
Organization for Migration [IOM], 2022; WHO, 2022b). Artificial intelligence
can support coordination across preventive, curative, and rehabilitative services,
but its adoption should be guided by ethical frameworks and pilot-tested before
scaling (European Commission, 2020).

Figure 3. Recommended Framework for the Smart City Healthcare System

Smart City
Healthcare
Outcomes:
Accessible,
o Sustainable, s
overnance . uity:
Data Inclusive Inclusion,
Governance, Literacy &
Ethics & Subsidy
Interoperability Programs
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The framework in Figure 3 illustrates three interdependent pillars of capacity,
equity, and governance that collectively shape the performance of digital health
systems in smart cities. Capacity means building digital infrastructure and
training local personnel. The focus of equity is inclusive access, digital literacy,
and targeted support for vulnerable populations. Governance is concerned with
data management, protection, and interoperability of ethics. Collectively, these
pillars can enhance the transformative potential of cities towards more accessible,
sustainable, and inclusive healthcare outcomes under the right circumstances

Figure 4 provides an example of a potential hierarchical structure for
operationalizing smart city healthcare in Tiirkiye.

Figure 4. Recommended Framework for the Smart City Health Care
System: Layered Model

Infrastructure Layer Technology Layer Cxtnzclll‘:;',esrenmce Qutcome Layer
A . Al .

Tot & Sensors T;}m?e Policy & Regulation mHealth Apps Improved Access
e [} ] . .
AT & Big Data Public-Private S /
5G & Cloud et Rerorsivng Citizen E CostR
E] [ . . ®
2 EHR & Data S Public Health E
Smart Devices Tt e b Data Privacy & Ethics e Early Detection
»
Equity &
Sustainability

The model focuses on the interaction between infrastructure, technology,
governance, and citizen engagement to deliver outcomes like better access,
cost-reduction, early-detection, and equity. Within this framework, goals
may include enhancing national EHR interoperability, developing Al-enabled
prevention systems in primary care, and expanding telehealth coverage in rural
districts. Urban health agencies could also experiment with tools such as real-
time digital twin simulations or net-zero primary care infrastructures. While
aspirational in scope, this layered model is not a prediction but a conceptual
guide: its successful implementation would depend on sufficient institutional
capacity, sustained investment, and supportive legal and policy environments.

The smart cities can shift healthcare from reactive treatment to proactive
wellbeing promotion by aligning governance innovation with technology. The
smart cities that succeed will not only heal illness but actively shape healthier,
more sustainable urban futures to achieve universal health coverage.
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6.5. Future Research Directions

While this chapter has outlined policy recommendations and examples of
good practice, further research is still needed to advance understanding of the
social, ethical, and environmental dimensions of digital health governance. One
priority for future inquiry is digital health literacy in Tiirkiye. Empirical studies
should explore how different groups, including elderly citizens, low-income
households, and migrant populations, access and use digital health platforms,
and which interventions are most effective in reducing digital exclusion. Another
important area concerns the ethical and legal implications of Al-supported
healthcare. Ethnographic and case study-based research could provide valuable
insight into how citizens and healthcare professionals perceive algorithmic
decision-making, consent mechanisms, and liability in Al-driven services.

Environmental sustainability also warrants closer investigation.
Comparative studies might assess how digital health infrastructures such as data
centers, wearable devices, and telehealth systems align with climate goals and
sustainability objectives, and what forms of governance best balance efficiency
with environmental responsibility. In addition, more attention should be given
to institutional coordination. Longitudinal research would be particularly useful
for examining how inter-agency and multi-level governance arrangements evolve
over time, especially when comparing the experiences of metropolitan centers
and mid-sized Turkish cities. Cross-national learning models also represent a
promising avenue for research. Future studies could analyze how knowledge
transfer between global smart cities and Turkish municipalities can be made
more equitable, shifting the focus from mere technology adoption to co-
development and local adaptation.

These research directions would not only fill current gaps but also provide
the evidence base for designing smart city digital health governance strategies
that are context-sensitive, ethically sound, and environmentally sustainable.
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CHAPTER 3

A SWOT Analysis on Strategic Planning
Capacity: A Comparison of London and
Istanbul

Hakan Gékhan Gindogdu?, Sennur Arik Mustafaoglu?

1. Introduction

Urbanization is a multidimensional phenomenon that has emerged alongside
processes of industrialization and economic development, encompassing not
only the spatial concentration of population but also transformations in social
organization, modes of production, and governance structures. Following
the Industrial Revolution, the numerical increase of cities and the spatial
expansion of existing urban areas led to the development of division of labour,
specialization, and increasingly complex social relations. In this context,
urbanization should not be understood merely as a demographic process; rather,
it represents a structural social transformation that reshapes urban lifestyles,
social interactions, and patterns of interpersonal relations (Castells, 2009).
Today, cities, characterized by dense populations, multifunctional land uses,
and the coexistence of natural and built environments, occupy a central position
in economic, social, and political processes.

The long-term development vision of cities is shaped through regional
planning and strategic planning frameworks, while the reflection of this vision
in physical space is realized through urban and land-use planning processes.
However, the rapid acceleration of urbanization over the past century has
generated a wide range of structural challenges, including housing shortages,
transportation problems, infrastructure deficiencies, environmental degradation,
and vulnerabilities related to climate change. Increasing population pressure,
intensified migration flows, and the impacts of the climate crisis require cities to
be reconsidered not only in terms of growth but also in relation to the principles
of sustainability, resilience, and inclusiveness. In this regard, urban planning
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cannot be reduced to the regulation of physical space alone; instead, it should be
understood as a strategic governance process that guides planned change while
addressing social welfare, environmental protection, and economic development
within an integrated framework (Healey, 1997; Hall, 2014; UN-Habitat, 2020).

At the same time, globalization has profoundly transformed the roles
and functions of cities. With technological advancements, global economic
integration, and the expansion of communication networks, cities have become
centers not only of national spatial systems but also of multi-layered actors
operating at the global scale. Metropolitan cities, in particular, are embedded in
global networks of production, finance, and decision-making, positioning them
within the hierarchy of global cities. This situation has made urban planning
capacity, governance models, and strategic spatial vision key determinants of
international competitiveness (Sassen, 2001). Nevertheless, integration into
global networks may also intensify problems such as income inequality, spatial
segregation, the loss of green spaces, and increasing social vulnerabilities.
Consequently, the main challenge facing contemporary cities is to establish a
balanced and sustainable planning approach that reconciles global competitive
pressures with local needs.

Within this framework, the literature emphasizes that advanced global
cities tend to be relatively more successful in achieving sustainability and
social inclusion goals, owing to their strategic planning capacity, institutional
coherence, and participatory governance models (Healey, 1997; Fainstein,
2010). In contrast, it is underlined that planning coherence weakens in rapidly
growing cities characterized by centralized planning structures (Pierre, 2011;
Bayat, 2013). However, a significant portion of the existing literature addresses
the global city phenomenon through single-case studies and remains largely
confined to analyses focusing on the position of specific metropolises within the
world economy (for example, Sassen, 2001). Another strand of the literature
discusses urban planning problems within the framework of normative ideals such
as participation and governance, yet provides limited comparative insight into
how these ideals function across different institutional and political contexts (for
example, Healey, 1997). Nevertheless, urban planning capacity and governance
models are closely related not only to levels of global competitiveness but also
to the degree of centralization, institutional coordination, and the quality
of decision-making processes. In this respect, a comparative examination of
global and local cities operating under different governance regimes points to
an important analytical gap in the urban planning literature (Robinson, 2011).

Building on this academic gap, the present study aims to examine urban
planning from global and local perspectives through the cases of London and
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Istanbul. The planning practices of London, shaped by a strong institutional
structure, a long-term spatial vision, and a participatory planning approach, are
comparatively analyzed alongside those of Istanbul, which have evolved under
conditions of centralized governance, institutional fragmentation, and intense
growth pressure. The distinctive contribution of this study lies in its examination
of urban planning approaches in both cities not only in terms of physical space
but also by incorporating legal and administrative structures, housing and
transportation policies, and environmental sustainability dimensions, and in
systematizing this comparison through the use of SWOT analysis.

In this context, the main objective of the study is to reveal the role of urban
planning capacity in managing contemporary urban challenges through the
cases of London and Istanbul, and to analyse how different governance models
are reflected in planning outcomes. In line with this objective, the study focuses
on the following research questions:

(i) In what structural and administrative aspects do the urban planning
systems of London and Istanbul differ?

(ii) How does strategic planning capacity influence the effectiveness of
housing, transportation, and environmental sustainability policies?

(iii) What governance and planning lessons can be drawn for Istanbul based
on the experience of London?

Methodologically, the study adopts a literature review based on secondary
sources and a comparative qualitative analysis approach, offering an in-depth
synthesis grounded in existing research, theoretical frameworks, and societal
contexts. SWOT analysis is employed to systematically evaluate the strengths
and weaknesses, opportunities, and threats of each city.

Following the introduction, the article proceeds with a section addressing
the theoretical and conceptual framework. This is followed by descriptive
and up-to-date information on London, which demonstrates an approach to
planned urbanization and sustainability, and on Istanbul, which is characterized
by unplanned urbanization and structural problems. Subsequently, the
methodology and findings of the research are presented, and the urban planning
systems of both cities are compared in detail on the basis of SWOT analysis.
In the conclusion and recommendations section, the findings of the study are
evaluated.

2. Urban Planning and Strategic Planning Approaches:
Theoretical and Conceptual Framework

Today, urban planning is regarded as a field of governance that cannot be
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reduced solely to the physical organization of space. Rather, it encompasses
physical, social, economic, and environmental dimensions in a holistic manner
and operates as a multi-actor and multi-scalar domain of governance. In this
context, planning extends beyond the regulation of urban space to include
functions such as shaping social relations, enhancing quality of life, achieving
sustainability objectives, and guiding economic structures.

The emergence and institutionalization of urban planning are closely
associated with the intense population movements, rural to urban migration,
and structural transformations in production relations triggered by the Industrial
Revolution in the late nineteenth century. During this period, problems related
to housing, public health, infrastructure, and spatial inequality that arose in
cities as a result of industrialization made the development of modern planning
thought imperative. As relations between rural and urban areas were redefined,
new settlement patterns and planning practices began to be institutionalized
(Hall, 2014). In contemporary contexts, however, globalization, neoliberal
policies, and processes of metropolitanisation have transformed urban planning
from a merely regulatory and technical field into a strategic, long-term, and
institutionally capacity-based area of governance.

In the contemporary urbanization literature, the proliferation of urban
spaces that become increasingly standardized, shaped by external economic and
political dynamics, and stripped of distinctive identity as a result of globalization
and neoliberal policies is discussed as one of the central problem areas of urban
planning. In this respect, Augé’s (1995) conceptualization of non-places explains
the production of standardized urban spaces lacking a sense of belonging and
spatial meaning, while Zukin (2010) demonstrates how global capital, market-
oriented policies, and practices of cultural consumption transform cities into
homogenized and branded spaces. Both approaches highlight the decisive role
of the relationships between planning, markets, and governance in shaping
spatial identity in contemporary cities. In response to these challenges, studies in
urban planning and urban design aim to ensure functional and spatial coherence
among the components that constitute the city and to create livable, functional,
and competitive urban environments (Oztiitk & Geng, 2014). Within this
framework, planning is addressed not merely as a technical activity of regulation
but as a process directly linked to institutional capacity, governance models, and
strategic vision.

At the same time, the urban planning literature has a well-established
theoretical tradition of seeking solutions that recognize the claims and interests
of diverse social actors and aim to produce consensus among competing interests.
This perspective became institutionalized through the tradition of advocacy
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planning, which rejects a singular and objective notion of the public interest
and conceptualizes planning as a pluralistic arena of negotiation. Pioneered by
Paul Davidoff (1965), this approach argues that the interests of different social
groups, particularly disadvantaged and marginalized populations, should be
actively represented within planning processes.

Since the 1980s, this pluralist perspective has been further developed
through communicative and collaborative planning approaches inspired by
Habermas’s theory of communicative action, which conceptualize planning as a
process grounded in the production of shared reasoning. In the works of authors
such as Healey (1997), Innes (1995), and Forester (1982), it is emphasized that
mechanisms of participation, deliberation, and mutual learning in planning
processes enhance democratic legitimacy and implementation capacity.
This theoretical trajectory has redefined planning not merely as a technical
regulatory activity but as a normative field of governance that seeks to reconcile

the objectives of social justice and environmental sustainability (Fainstein &
Campbell, 2011).

In this context, Campbell’s (2013) concept of “conflicting urgencies”
between sustainable development and social justice offers a critical contribution
to understanding the core tension areas of contemporary urban planning.
Campbell argues that the goals of economic development, environmental
protection, and social justice often conflict with one another within the urban
planning process. Accordingly, the fundamental function of planning is to
generate common ground and balance among these competing objectives.
By emphasizing that planning is not only a spatial but also an ethical and
political activity, this approach highlights the importance of participatory and
conciliatory governance models.

Within this theoretical background, communicative and collaborative
planning approaches grounded in Jiirgen Habermas’s theory of communicative
action occupy a significant place in the contemporary urban planning literature.
Developed through the contributions of scholars such as Patsy Healey, Judith
Innes, and John Forester, this approach conceptualizes planning processes as
arenas of negotiation in which diverse social actors produce shared meanings
and solutions through dialogue based on mutual understanding. In this
framework, planning knowledge is not reduced solely to technical expertise
but is defined as a pluralistic process of knowledge production that also
encompasses local knowledge, experiential learning, and forms of practical
reasoning. Communicative planning thus reconceptualises planning by moving
beyond a technical rational activity toward a governance process grounded in
participation, deliberation, and mutual learning.
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Pluralism, which constitutes the theoretical foundation of this approach,
is one of the key political theories underpinning planning theory. Based
on a pluralist conception of democracy, this perspective acknowledges the
inevitability and legitimacy of diverse interests, values, and claims within society.
Consequently, it assumes that a singular, objective, and universal definition of
the public interest is not feasible in the planning process. Instead, the public
interest is understood to be shaped through processes of deliberation and
compromise among different social groups. In this respect, communicative and
pluralist planning approaches conceptualize urban planning not as a technical
instrument that suppresses conflicting interests, but as a democratic process that
recognizes, renders visible, and seeks to reconcile these interests. They further
demonstrate that planning capacity depends not only on institutional structures
but also on governance models and mechanisms of participation.

The theoretical and conceptual discussions addressed in this section
demonstrate that urban planning has historically evolved from a technical
field of regulation into a multi-actor, pluralist, and strategic governance
process. The theoretical framework centered on advocacy, communicative, and
collaborative planning approaches, as well as on the tensions between sustainable
development and social justice, reveals that planning capacity is dependent not
only on spatial tools but also on institutional structures, governance models,
and participatory mechanisms. In this context, a comparative examination of
London and Istanbul, which are characterized by different governance traditions,
institutional structures, and planning cultures, provides an important analytical
basis for making the effects of strategic planning capacity on sustainability,
participation, and social inclusion visible. Indeed, in contemporary urban
planning, sustainability has emerged as a core policy domain in which the
objectives of environmental protection, economic development, and social
justice are addressed in an integrated manner as a natural extension of these
theoretical debates. For this reason, the following section examines the concept
of sustainability in urban planning together with its theoretical dimensions and
planning practices.

3. Sustainability in Urban Planning

The historical origins of the idea of sustainability in urban planning are
closely linked to responses to the profound social and spatial problems caused by
industrialization during the early modern period. Unhealthy living conditions,
inadequate infrastructure, spatial disorder, and social inequalities that emerged
in rapidly growing cities under the influence of the Industrial Revolution
transformed planning from a purely technical regulatory activity into a field of
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public responsibility. In this context, early planning approaches acknowledged
the inability of market mechanisms to resolve the complex problems of cities
and emphasized the necessity of public intervention.

One of the pioneering figures of this intellectual transformation, Frederick
Law Olmsted Jr., emphasized in his address at the Second National Conference
on City Planning held in Rochester in 1910 that urban planning was not
merely an aesthetic or engineering-based activity but a holistic public practice
encompassing social, economic, and political responsibilities (Olmsted, 1910).
By arguing that urban problems should be addressed from the perspectives
of social welfare, environmental quality, and the public interest, Olmsted’s
approach laid the theoretical foundations of what is today understood as
sustainable planning.

The concept of sustainability moved beyond these early approaches and
acquired a global institutional framework with the publication of Our Common
Future, also known as the Brundtland Report, in 1987. Prepared by the World
Commission on Environment and Development, the report defined sustainable
development as development that meets the needs of the present without
compromising the ability of future generations to meet their own needs (World
Commission on Environment and Development, 1987), and emphasized the
integrated consideration of environmental, economic, and social dimensions
(Giindogdu & Aytekin, 2022). This definition encouraged a rethinking of urban
planning in terms of long-term spatial vision, institutional capacity, and multi-
actor governance.

Following the Brundtland Report, the concept of sustainable planning
became one of the mainstream notions in the planning literature and, despite
limitations in practice, came to be recognized as one of the fundamental
normative frameworks shaping the future of cities. During this process, the
discourse on sustainability evolved beyond a narrow focus on environmental
protection and acquired a multidimensional content that also encompasses
social justice, spatial equity, and participatory governance.

At this point, the relationship between sustainability and social justice
emerges as one of the most significant areas of tension in contemporary
urban planning. The spatially unequal distribution of economic, social, and
environmental resources, along with the systematic neglect or marginalization
of certain areas, deepens the problem of spatial injustice. Spatial injustice refers
to the unequal access of different social groups to public services, healthy
environmental conditions, economic opportunities, and decision-making
processes, thereby undermining the social legitimacy of sustainability policies.

91



Analytical and Multi-Criteria Approaches for Sustainable Public Policies

Environmental improvement projects and urban regeneration initiatives, in
particular, may give rise to new forms of inequality such as green gentrification
when their social dimensions are neglected. Investments in green spaces,
large-scale infrastructure projects, and urban renewal processes can lead to the
displacement of low-income groups and the deepening of social segregation.
This situation raises the question of for whom and at what cost sustainability
is pursued, making it necessary to critically examine the class-based and spatial
implications of sustainable planning.

In this context, sustainable urban planning should be understood not
merely as an approach focused on environmental objectives but as a normative
governance model that also incorporates the principles of spatial justice,
social inclusion, and democratic participation. For fair and sustainable urban
development, the equal representation of all stakeholders in planning processes,
the equitable distribution of resources, and the avoidance of environmental
improvements that generate new social inequalities emerge as fundamental
requirements.

This theoretical framework demonstrates that sustainability in urban
planning is not merely an end goal but a process directly related to strategic
planning capacity, institutional coherence, and governance models. Indeed, the
cases of London and Istanbul provide a meaningful basis for comparison in
terms of the extent to which sustainability principles are integrated into planning
systems and how this integration is supported by institutional structures and
decision-making processes. For this reason, sustainability will be addressed as
one of the core dimensions in the SWOT-based comparative analysis conducted
in the subsequent sections of the study, serving to evaluate the strategic planning
capacity of both cities.

4. Case Study 1: London and the Planned Urbanization
Sustainability Approach

4.1. The Historical Development of Urban Planning in London

The historical development of urban planning in London has largely been
shaped by structural transformations triggered by major urban crises. The Great
Plague of London in 1665 revealed the devastating effects of extreme density,
unhealthy housing conditions, and inadequate infrastructure on urban life,
demonstrating that cities are not only economic and political centers but also
spaces of public health. The Great Fire of London in 1666, which followed this
period, led to the elimination of unhealthy building stock and made it possible
to develop the first planning principles concerning building regulations, street
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widths, and construction materials. These experiences were decisive in terms
of controlling population density and incorporating the spatial dimension of
public health into planning processes.

With the Industrial Revolution, London became one of the fastest-growing
metropolises in the world. According to official and historical demographic data
from the United Kingdom, London’s population increased from approximately
1.0 million in 1801 to around 6.5 million by 1901 (Centre for London,
2019). This rapid and largely uncontrolled population growth resulted in the
organic and unplanned development of the city and brought about serious
urban problems such as narrow streets, excessive density, and unhealthy living
conditions (Mumford, 1961). These challenges reinforced the necessity of
addressing planning not merely as a technical exercise but as a holistic and
long-term instrument of governance.

The institutionalization of modern and strategic planning in London
became more pronounced with the Greater London Plan of 1944, which was
prepared in the aftermath of the Second World War. Developed by Patrick
Abercrombie (1945), this plan aimed to relieve overconcentrated urban centers,
to redistribute population and employment spatially, and to improve overall
quality of life. Within the scope of the plan, residential areas were organized
around suburbs and new satellite towns, industrial zones were relocated away
from the city center, and the protection of green spaces and the reorganization
of transportation infrastructure were identified as key priorities. This historical
trajectory demonstrates that urban planning in London evolved into a structure
characterized by learning from crises, producing long-term spatial visions, and
relying on strong institutional capacity.

4.2. The Protection of Green Spaces and Transportation
Policies in Urban Planning in London

4.2.1. The Protection of Green Spaces in Urban Planning in
London

London’s approach to urban planning has been constructed, within a
framework of historical continuity, around the protection of green spaces and
the guidance of urban development within environmental limits. This approach
reflects a holistic planning perspective that focuses not only on recreational
needs in the city’s long-term spatial strategies but also on objectives related
to public health, ecological balance, and climate adaptation. In this respect,
London is widely regarded as one of the leading cities in Europe in terms of
green space policies and sustainable urban practices.
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The importance of green spaces for urban life has been strongly articulated
in the London context since early periods. Charles Dickens’s description of
parks as the “lungs of London” in his work Sketches by Boz offers a powerful
metaphor that draws attention to the role of green spaces in urban health in
response to the density, pollution, and unhealthy living conditions generated
by the Industrial Revolution (Dickens, 1836). This depiction underscores that
green spaces should be regarded not merely as aesthetic elements but as vital
urban infrastructure essential to the sustainability of urban life.

The systematic incorporation of green spaces into the planning process
in London acquired an institutional framework through modern green belt
policies. It is well documented that early efforts to limit development around
the city date back to the sixteenth century, when construction was restricted by
royal decrees in order to prevent the spread of epidemics, reduce fire risk, and
ensure food security (Hall, 2014). Within the framework of modern planning,
however, green belt policies took shape in the early twentieth century. The first
official proposals emerged around London in 1935, and with the Green Belt
Act of 1938 these areas were formally incorporated into planning documents
and placed under protection (Amati, 2008).

The Town and Country Planning Act of 1947, which constitutes one of the
foundational legal pillars of modern urban planning in the United Kingdom,
further formalized green belt practices through local plans. Through this
legislation, a controlled growth model grounded in the public interest was
adopted, aiming to contain urban sprawl, protect natural and rural areas, and
ensure planned development. The principal objective of green belt policy has
been to keep land permanently open in order to prevent unplanned expansion
while safeguarding the distinctive character and environmental values of historic
cities.

The current London Plan of 2021 does not confine the concept of green space
to parks and gardens alone but adopts a broader green infrastructure approach
that encompasses green roofs, green walls, floodplains, urban forests, and areas of
biodiversity. Within this framework, green spaces are conceptualized as strategic
spatial elements that go beyond recreation to support water management,
climate adaptation, and the continuity of ecological corridors (Sandford &
Berry, 2024). However, recent studies indicate that the concepts of green belts
and green spaces are often conflated, thereby highlighting the growing need
for new local planning instruments that can address these distinctions more

effectively (Rankl et al., 2023).

In line with the Open Space Strategy developed under the London Plan,
parks, gardens, and urban woodlands across the city are systematically protected.
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Today, the fact that approximately one third of London’s total area consists of
green spaces is widely regarded as a tangible outcome of this long-term planning

approach.

4.2.2. Transportation Policies in London

London is one of the leading metropolises that address sustainability,
accessibility, and environmental responsibility in transportation policies within
an integrated strategic framework. More than nine million journeys are made
every day in the city by means of buses, underground, rail, tram, and river
transport, indicating that London possesses one of the most comprehensive
and integrated public transportation networks globally. The planning and
management of this system are institutionally carried out by the Greater London
Authority, while transportation policies are implemented through binding
documents such as the London Plan and the Mayor’s Transport Strategy, which
are prepared on the basis of the Greater London Authority Act of 1999 (Greater
London Authority, 2021).

The core principle underlying transportation policies in London is the
coordinated planning of land use decisions and transportation systems. This
approach stands out as a strategic capacity element in guiding urban growth,
reducing density in central areas, and ensuring sustainable accessibility between
different parts of the city. In particular, reducing dependence on private car use
and prioritizing pedestrian mobility, cycling networks, and public transportation
systems aim both to mitigate environmental impacts and to promote a more
equitable and inclusive use of public space (Banister, 2008).

Within this framework, the London Plan of 2021 envisages reducing the
dominance of motorized vehicles on streets, which constitute approximately
80 percent of urban public space, strengthening pedestrian and cycling
infrastructure, and integrating the principle of a city accessible for all into
transportation policies. Investments such as increasing capacity in underground
and rail networks, developing new lines, ensuring accessibility for people with
disabilities at stations, and improving service quality in bus systems are addressed
within a long-term planning perspective based on cost, timing, and impact
analyses (Greater London Authority, 2021). Moreover, London’s transportation
strategies encompass not only intra-urban mobility but also the integration
of regional transportation hubs such as airports with sustainable transport
connections. Efforts to reduce the environmental impacts of aviation activities,
enhance access to public transportation, and limit carbon emissions demonstrate
that the principle of environmental responsibility has been institutionalized
within London’s transportation policies. When considered together with the
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city’s strong institutional structure, long-term vision, and legally binding
planning instruments, this holistic approach emerges as a significant component
of London’s strategic planning capacity in the field of transportation.

4.3. Social Housing Policies and Urban Regeneration
Practices in London

The strategies developed by London to address the housing crisis are
based on a planning approach in which social housing production and urban
regeneration policies are addressed in an integrated manner. In the face of rising
housing demand, land prices, and spatial inequalities, city authorities position
social housing policies not merely as a solution to housing shortages but also
as one of the fundamental instruments of sustainable urban development and
social integration. In this respect, London is considered one of the pioneering
cities that have placed social housing production and urban renewal processes
within an institutional framework through strategic planning documents.

One of the early and frequently cited examples of this approach in the
literature is the Paddington Urban Regeneration Project, launched in 1998.
Aimed at the redevelopment of a former industrial area, this project was
implemented through a public private partnership model and planned via the
Paddington Regeneration Partnership, which brought together local authorities,
private sector actors, and property owners. While the project is regarded as a
successful model of regeneration in terms of institutional coordination and
financing, it has been criticized for its limited social inclusiveness due to the
fact that the housing primarily targeted higher income groups. This situation
clearly illustrates the tension between social justice and market dynamics in
urban regeneration practices in London (Imrie & Lees, 2014).

Following the 2000s, public private partnership based urban regeneration
projects gained momentum in London, with the London Plan of 2004 and
its 2007 revision defining the strategic orientation of this process. These
documents identified increasing the proportion of social housing, strengthening
public participation, and reducing spatial segregation as key objectives in
urban renewal processes. The areas of Southwark and Bermondsey along the
River Thames represent significant examples illustrating the spatial impacts of
this transformation. The conversion of former industrial areas into cultural,
administrative, and financial functions enhanced urban attractiveness while
simultaneously leading to the indirect displacement of low income groups
through rising living costs. Tonkiss’s concept of micro gentrification explains
this process as a form of displacement that occurs without forced evictions but
nevertheless transforms the social structure of neighbourhoods (Tonkiss, 2013).
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In response to these challenges observed in practice, the Localism Act of 2011
aimed to enhance the effective participation of local authorities, neighbourhood
level actors, and civil society organizations in planning processes. This regulation
is considered an important institutional step reflecting London’s transition from
centralized planning toward a multi layered governance approach in urban
regeneration policies (Kalender Cetinkaya, 2019).

In contemporary practices, the integration of urban regeneration projects
with social housing provision has become more pronounced. Housing
associations such as Notting Hill Genesis develop projects that take into
account local needs and include housing types for different income groups. The
regeneration process of the Aylesbury Estate in Southwark is noteworthy for its
objective of producing a diverse range of housing, from single occupancy units
to large family dwellings. Projects such as Barking Riverside and East Village
reflect a holistic planning approach that aims not only at the transformation
of physical space but also at strengthening social infrastructure and ensuring
long term sustainability (Twinch, 2022). Within this framework, London’s
social housing and urban regeneration policies indicate a high level of strategic
planning capacity, supported by strong institutional structures, binding planning
documents, and multi actor governance mechanisms.

4.4. Governance and Participation in Urban Planning in
London

London is regarded as one of the leading metropolises that has institutionalized
governance and participation within urban planning. Particularly following the
establishment of the Greater London Authority (GLA) after 2000, planning
processes were restructured in line with a multi-level governance approach. A
more coordinated and transparent planning model was adopted among central
government, local authorities, the private sector, and civil society actors. This
institutional transformation has played a decisive role in strengthening London’s
strategic planning capacity.

The London Plan documents prepared by the GLA emphasize that planning
decisions should be shaped not solely on the basis of technical expertise but
also through public deliberation and participation mechanisms. This approach
gained a legal foundation with the Localism Act of 2011, which introduced
the right to neighbourhood planning and encouraged the direct involvement
of local communities in planning processes. As a result, planning authority has
been gradually shared from the central level toward local and neighbourhood
scales (Department for Communities and Local Government [DCLG], 2011).
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Large scale urban regeneration projects in London demonstrate the practical
implications of this governance approach. In particular, projects based on public
private partnerships have sought to integrate social participation into planning
processes. In the regeneration of the Aylesbury Estate led by Notting Hill
Genesis, the inclusion of residents’ views on housing typologies, social facilities,
and public spaces is presented as an institutional example of the “planning with
the community” approach. However, the micro gentrification effects generated
by the regeneration process raise questions regarding the extent to which
participation mechanisms are functional and whether they genuinely influence
decision making processes (Lees et al., 2008; Tonkiss, 2013).

In this context, the renewal project of the Ledbury Estate in the Southwark
area represents another noteworthy example developed within the framework
of governance principles. The project was implemented through a multi
stakeholder cooperation model involving Southwark Council, local residents,
and the private sector partner Higgins Partnerships. The renewal process
addressed not only housing production but also the improvement of public
spaces, the expansion of green areas, and the strengthening of pedestrian
and cycling connections. This approach demonstrates that governance is not
limited to the built environment but also encompasses objectives related to
social integration and environmental sustainability (Southwark Council, 2025).
Furthermore, the implementation of long term and multi stage consultation
mechanisms by Southwark Council indicates the institutionalization of
transparency, accountability, and participation principles at the local level. In
this respect, the Ledbury Estate project can be considered a concrete example
of the multi layered governance model established between the public sector,
the private sector, and society, reflecting the strong aspects of London’s strategic
planning capacity. Nevertheless, the London case also shows that participatory
governance tools do not always produce social justice and spatial equality.

4.5. Current Urban Challenges in London: Housing Crisis,
Traffic Congestion, and Urban Segregation

4.5.1. The Housing Crisis and Traffic Congestion in London

Alongside its high economic attractiveness and global city status, London
has long been facing a deepening housing crisis accompanied by increasing
pressure on transportation systems. The statement made by Mayor Sadiq Khan
in 2023, which articulated the goal of eliminating street homelessness in the
capital by 2030, reveals that the issue is not only social but also directly related
to governance and planning capacity (Khan, 2023). This discourse indicates that
homelessness and housing problems in London should no longer be addressed
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through temporary market fluctuations but require structural interventions.

The primary causes of the housing crisis include high living costs, the inability
of social housing supply to meet demand, rapid increases in private property
prices, and the widespread expansion of gentrification processes. Particularly
in central and regeneration areas, a significant portion of newly built luxury
housing is acquired for investment purposes, which effectively constrains actual
housing supply and leads to the displacement of low income groups from urban
centres. This situation results in the spatial segregation of housing opportunities
according to income levels and deepens urban inequalities. In recent years, the
pressure created by rising rents has led to the emergence of alternative housing
practices, including some groups choosing to live in canal boats known as
narrowboats (Londra Aktiiel, 2025). This trend can be considered a striking
reflection of the housing crisis in everyday life.

Another major issue accompanying the housing crisis is traffic congestion
and pressure on urban mobility. The London municipal government addresses
this problem not only through capacity expansion of transport infrastructure
but also through strategic policies aimed at transforming travel demand. Bus,
cycling, and walking action plans developed within the framework of the
Mayor’s Transport Strategy aim to reduce private car use, promote active modes
of transport, and position public transport as the backbone of urban life. In this
context, the Bus Action Plan seeks to reduce dependency on private vehicles
by making public transport more accessible and attractive, while the Cycling
Action Plan aims to normalize cycling as an everyday mode of transport. The
Walking Action Plan and the accompanying Leisure Walking Plan provide a
holistic approach to public health and quality of life by creating continuous
pedestrian routes connecting parks and green spaces. These policies developed
by Transport for London link urban mobility to objectives of environmental
sustainability and social inclusion.

Moreover, within the framework of the Accessibility, Diversity, and Inclusion
Action Plan (Mayor of London, n.d.), the goal is to ensure that all users,
including individuals with disabilities, can benefit from urban transport systems
independently and safely. In this regard, London has developed a strategic vision
that addresses transportation not merely as a technical infrastructure issue but
within the context of social justice and public equality. The target of achieving
80 percent of all trips within the city by walking, cycling, and public transport
by 2041 can be considered one of the strong aspects of London’s long term
planning capacity (Transport for London, n.d.-b). In conclusion, the London
case demonstrates that complex urban problems such as the housing crisis and
traffic congestion are addressed through a strong institutional structure, long
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term strategic documents, and multi instrument policy frameworks. However,
increasing gentrification, inequalities in access to housing, and the persistence
of homelessness also make the limits of this capacity visible.

4.5.2. Urban Segregation in London

The spatial manifestation of economic, social, and cultural inequalities in
metropolitan cities has long been discussed within the framework of urban
segregation. Urban segregation refers not only to the physical separation of
different social groups within the city but also to a structural process shaped
by income distribution, labour markets, housing regimes, and public policies
(Massey, 1990). According to Musterd and Ostendorf, the concepts of
segregation, social polarization, and social exclusion occupy a central place in
discussions on urbanization processes and urban policy in contemporary cities,
while neoliberal restructuring and market oriented planning approaches further
intensify these processes (Musterd & Ostendorf, 2013). In this context, urban
segregation is understood as a multidimensional phenomenon in which social
inequalities crystallize in space, producing enduring differences in access to
public services, housing opportunities, and urban quality of life.

In the case of London, urban segregation is closely associated with rising
income inequality, the market driven structure of the housing sector, and
spatially uneven transport infrastructure. High housing prices and insufficient
social housing supply lead to the exclusion of low and middle income groups
from central and well serviced areas, while encouraging the formation of socio
economically homogeneous neighbourhoods within the city. This process
contributes to increasingly visible boundaries between affluent and deprived
areas in London’s spatial structure.

One of the most prominent dynamics of urban segregation in London is the
process of gentrification. Particularly in East London, many former industrial
areas and low income neighbourhoods have been opened to upper income
demand through capital investment and urban regeneration projects. As noted
by Neil Smith, gentrification is not merely a process of physical renewal but
also a form of re spatialisation that carries class based, cultural, and political
meanings. This process deepens income based spatial segregation by leading to
the direct or indirect displacement of low income groups (Smith, 2005).

Income based spatial segregation in London strongly intersects with forms
of ethnic and cultural segregation. The concentration of Bangladeshi, African
origin, and Eastern European migrant communities in specific neighbourhoods
has resulted in patterns of ethnic clustering in urban space. This situation
reflects not only voluntary community formation but also a structural form

100



ASWOT Analysis on Strategic Planning Capacity

of segregation shaped by inequalities in the housing market, discriminatory
practices, and the limited spatial choices available to low income groups (Peach,
2006; Phillips, 2010).

In London, eastern districts such as Tower Hamlets, Newham, and Hackney
historically stand out as areas with a high concentration of Bangladeshi and
other South Asian migrant communities. Similarly, the spatial concentration
of African and Caribbean origin communities is notable in southern districts
such as Brixton and Peckham. Migrants of Eastern European origin have
become more visible particularly in areas such as Haringey, Barking and
Dagenham, and Ealing (Vertovec, 2007). While these spatial concentrations
provide advantages in terms of social networks and cultural continuity, they also
generate persistent inequalities in education quality, employment opportunities,
access to health services, and public investment. These processes create marked
disparities in access to urban services, as schools, the quality of public spaces,
and transport opportunities tend to be more limited in neighbourhoods with
high concentrations of low income and ethnic minority populations. Moreover,
the use of public space and the sense of urban belonging are negatively affected
by these patterns of segregation. As argued by Wacquant (2008), such spatial
concentrations over time produce “territorially stigmatized neighbourhoods”
and extend social exclusion beyond the spatial dimension to a symbolic level.

From a planning perspective, limitations in governance and participation
mechanisms also play a role in the deepening of urban segregation in London.
Although planning documents emphasize principles of participation and
inclusion, in practice low income and vulnerable groups are often unable to
exert meaningful influence on decision making processes. Insufficient social
housing production, strong market pressures, and the limited effectiveness of
participatory planning tools reveal the weaker aspects of strategic planning
capacity in addressing social inequalities. In conclusion, urban segregation in
London constitutes an increasingly complex and deepening social problem
shaped by the intersection of income inequality, structural problems in the
housing market, ethnic spatial clustering, and limited participatory governance
mechanisms.

5. Case Study 2: Istanbul, Unplanned Urbanization and

Structural Problems

From the 1950s onward, industrialization policies and rural to urban
migration in Tirkiye profoundly transformed the demographic and spatial

structure of Istanbul. The dissolution of agricultural production in rural areas
and the growing attractiveness of industrial and service sectors in cities led
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to rapid and uncontrolled population growth in Istanbul. In this process,
the inadequacy of formal housing production resulted in the emergence of
squatter housing and other forms of informal settlements. The phenomenon of
gecekondu should be understood not only as a response to housing needs but
also as a spatial manifestation of institutional weaknesses in state housing and
planning policies.

The delay in the establishment of planned urban development in Istanbul,
combined with deficiencies in the implementation of zoning plans and their
weakening through political interventions, left the city’s spatial development
largely uncontrolled. The tolerance shown by central and local governments
toward illegal construction, particularly during election periods, effectively
institutionalized unplanned growth (Sengiil, 2009). This situation generated
legal uncertainty and led to the legitimization of illegal construction through
zoning amnesties, thereby undermining the deterrent capacity of the planning
system (Erder, 1996).

One of the most serious consequences of unplanned urbanization has been
the increased vulnerability of Istanbul to disasters. The opening of riverbeds,
floodplains, and geologically unsuitable areas to development has heightened
the risks of flooding as well as earthquakes. Despite Istanbul’s location along
the North Anatolian Fault Line, a significant portion of the building stock lacks
adequate engineering services, posing a serious threat to urban safety (Ozerdem
& Barakat, 2000; Koramaz, 2017).

In addition, intensive concretization and the reduction of green spaces
have intensified the urban heat island effect in Istanbul. Rising temperatures,
particularly in central districts, have negative impacts on public health and
quality of life. Urban regeneration projects are often implemented through
market oriented approaches that remain distant from participatory planning
principles. This has resulted in the displacement of low income groups and the
deepening of spatial inequalities (Balaban, 2013).

The dominance of neoliberal urbanization policies in Istanbul since the
1980s has led to the treatment of urban space as an area of investment and rent
generation. The flexibilization of planning processes, the privatization of public
land, and the acceleration of urban transformation through mega projects have
produced outcomes that conflict with principles of social justice and spatial
equity (Kuyucu & Unsal, 2010). Consequently, unplanned urbanization in
Istanbul has been shaped by the combined effects of migration pressure, weak
institutional planning capacity, and neoliberal urban policies. This condition can
be regarded as one of the fundamental weaknesses limiting Istanbul’s strategic
planning capacity.
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5.1. The Development Process of Urban Planning in Istanbul

The development of urban planning in Istanbul has evolved in parallel with
Tirkiye’s modernization process, shaped by a centralized planning approach,
rapid population growth, and challenges in managing urban expansion.
In the early years of the Republic, planning activities remained limited and
fragmented. However, the 1930s marked a period in which modern urban
planning principles were first systematically applied in Istanbul. In this context,
the appointment of Henri Prost in 1936 to prepare the Istanbul Master Plan
represented a significant turning point for the city’s planned development. The
Prost Plan was designed with objectives such as the preservation of historical
heritage, the reorganization of transport axes, the expansion of public open
and green spaces, and the transformation of unhealthy built environments
(Istanbul Metropolitan Municipality Department of Urban Planning [Istanbul
Biiyiiksehir Belediyesi Sehir Planlama Sube Midiirliigii], n.d.). Nevertheless, the
inability of the plan to evolve into a long term and comprehensive strategy was
closely related to political, economic, and demographic pressures encountered
during its implementation. This illustrates that planning processes in Istanbul
have, from an early stage, progressed with weak implementation capacity and a
fragile link between plans and decisions.

From the 1950s onward, accelerated industrialization and rural to urban
migration deepened structural problems such as unplanned growth, the
proliferation of squatter settlements, and infrastructure deficiencies. During
this period, planning largely took the form of reactive interventions addressing
existing problems, while short term zoning regulations prevailed over long
term strategic objectives. Urban regeneration projects and new zoning plans
introduced in the 1980s aimed at physical modernization, yet largely neglected
social integration, participation, and environmental sustainability (Balaban,
2013). This constitutes one of the major weaknesses in Istanbul’s strategic
planning capacity.

The 1:100,000 scale Istanbul Environmental Master Plan, approved in 2009,
represents one of the most significant steps toward comprehensive and upper
scale planning for the city. With this plan, district level and lower scale planning
activities that had previously been conducted in a fragmented manner were
reconsidered within a hierarchical planning system. Spatial development decisions
were intended to be aligned with environmental thresholds, transport systems,
and population projections. However, revisions made during the implementation
process, exceptional zoning decisions, and mega projects weakened the binding
nature of the plan and limited its strategic guiding role. According to data
from the Istanbul Metropolitan Municipality Department of Urban Planning,
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the rapid approval of the plan and its controversial implementation process
indicate that planning discipline was not carried out through sufficiently
comprehensive and participatory procedures (Democratic Opening Platform
in Architecture [Mimarlikta Demokratik Acilim Platformu], 2009). It has also
been reported that certain plan amendments and mega projects disrupted the
boundaries established by the 1:100,000 scale Environmental Master Plan (The
Union of Chambers of Turkish Engineers and Architects [Tiirk Mithendis ve
Mimar Odalar: Birligi], 2014). Furthermore, the inclusion of projects such as
Canal Istanbul altered the plan’s objectives of preventing northern expansion
and protecting environmental thresholds, thereby undermining the strategic
macro form of the 2009 plan (Vizyon 2050, 2020).

On the other hand, Urbanization and Urban Development Councils
convened at regular intervals in Tiirkiye function as national scale strategic
governance platforms for major cities, including Istanbul. For example, the 2009
Urbanization Council addressed a wide range of issues such as the spatial planning
system, urban regeneration, disaster risk management, local governments, and
participation. Similarly, the 2017 Urban Development Council developed
policy recommendations under headings such as urban identity, planning and
design, urban regeneration, and the role of local governments in the new vision
of urbanization (Republic of Tiirkiye Ministry of Public Works and Settlement
[Tiirkiye Cumhuriyeti Bayindirlik ve iskan Bakanligi], 2009; Republic of Tiirkiye
Ministry of Environment and Urbanization [Turkiye Cumhuriyeti Cevre ve
Sehircilik Bakanligi], 2017). Although these councils have articulated important
principles for strategic planning, institutional and governance limitations persist
in the consistent and sustainable implementation of their decisions at the local
level. Today, Istanbul seeks to develop a new planning discourse around themes
such as urban regeneration, climate change mitigation, smart city applications,
and disaster resilience. However, this process continues to face challenges related
to institutional fragmentation, conflicts between central and local authorities,
and deficiencies in participatory governance.

5.2. Unplanned Urbanization and Zoning Problems in
Istanbul

Istanbul is not only the most densely populated metropolis in Tiirkiye but
also one of the cities where unplanned urbanization and zoning problems are
most visible. The city’s urban development has been shaped largely without a long
term and comprehensive planning approach, particularly since the acceleration
of rural to urban migration in the 1950s. The unplanned growth that emerged
during this period, along with the proliferation of squatter settlements and
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infrastructure deficiencies, has produced persistent problems in the city’s spatial
structure. The predominance of reactive and fragmented interventions in the
planning process has been one of the main factors limiting Istanbul’s strategic
planning capacity. Neoliberal policies implemented after the 1980s further linked
urban space to capital accumulation processes, while zoning amnesties and
licensing practices effectively legitimized illegal construction and weakened the
institutional integrity of the planning system (Yenice, 2014). During this period,
urban transformation was approached less as a tool for social integration and
environmental sustainability and more as a legal adjustment to existing problems.

With the 2000s, urban transformation processes were provided with a
formal legal framework, and Law No. 6306 on the Transformation of Areas
under Disaster Risk, enacted in 2012, emerged as a significant step aimed
at reducing disaster risks. However, the limited integration of participation,
spatial coherence, and long term strategic objectives in the implementation
process indicates the persistence of structural problems related to planning
capacity. From the perspective of strategic planning capacity, Istanbul continues
to face substantial structural constraints, including weak plan continuity, the
widespread use of exceptional zoning decisions, and the dominance of market
oriented interventions.

5.3. Urban Transformation Policies in Istanbul:
Opportunities and Threats

Urban transformation policies in Istanbul are primarily implemented within
the framework of Law No. 6306 on the Transformation of Areas under Disaster
Risk. This law regulates the redevelopment of buildings and areas exposed to
disaster risk, particularly aiming to mitigate the impacts of hazards such as
earthquakes through the designation of risky buildings and risky areas. Official
statements regarding the scope and objectives of the law emphasize the renewal
of existing building stock in risky areas in order to improve quality of life (Law

No. 6306, 2012).

From a legislative perspective, in addition to Law No. 63006, regulations
such as Law No. 5393 on Municipalities, Law No. 5216 on Metropolitan
Municipalities, and Law No. 3194 on Zoning constitute the legal infrastructure
governing transformation processes in Istanbul. Together, these instruments
create a complex legal framework in which planning and implementation
authorities are defined at multiple levels across the urban scale.

From a strategic standpoint, urban transformation practices have the
potential to address Istanbul’s structural weaknesses. One of the most significant
opportunities lies in the modernization of risky buildings and areas located in a
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high seismic risk region, transforming them into earthquake resistant structures.
The existence of Law No. 6306 provides a legal basis for such interventions and
facilitates the achievement of earthquake safety objectives. Furthermore, the
transformation process can be used as a tool for infrastructure improvements, the
enhancement of urban aesthetics, and the pursuit of environmental sustainability
goals. It is frequently emphasized in the Turkish context that new construction
can deliver gains such as improved energy efhiciency and reduced environmental
impacts. In addition, the multi actor governance structure involving central
government, the Istanbul Metropolitan Municipality, district municipalities,
public enterprises such as Emlak Konut GYO, and private sector partnerships
enables transformation projects to be implemented in a multidimensional
manner. This configuration represents an opportunity to expand strategic
governance capacity in terms of financing and implementation scale.

At the same time, urban transformation practices in Istanbul also generate
significant threats. First, empirical findings indicate that the designation of
risky areas under Law No. 6306 does not sufficiently overlap with priority
intervention zones in Istanbul, suggesting that transformation policies do
not perform in full alignment with the objective of reducing earthquake risk.
Analyses conducted by the Istanbul Planning Agency indicate that only a very
small proportion of designated risky areas, for example 0.35 percent of Law No.
63006 areas, overlaps with priority intervention areas. This situation constitutes
a threat in terms of the coherence of urban transformation with overall planning
integrity and spatial strategic objectives (Turgut & Demirkol, 2023). Moreover,
while the number of designated risky areas remains limited, large portions of
the planning territory continue to require transformation, raising questions
regarding the effectiveness and scope of transformation policies.

Another major threat from a strategic planning perspective concerns
coordination deficiencies and authority fragmentation in planning and
implementation processes (Giindogdu, 2020). Transformation processes
involving multiple institutions with different roles may constrain the system’s
capacity for integrated decision making and implementation. This represents
a structural weakness that complicates the achievement of sustainable strategic
objectives in urban transformation.

In sum, while urban transformation policies in Istanbul offer strategic
opportunities through a strong legal framework and multi actor governance
mechanisms, particularly in terms of earthquake risk reduction and sustainable
urban development, they simultaneously entail strategic threats due to the
limited designation of risky areas, weak planning coherence, and persistent
coordination deficiencies.
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5.3.1. Challenges and Threats in Urban Transformation in
Istanbul

In Istanbul, the neglect of socio-economic structures in urban
transformation processes stands out as one of the principal challenges and
threats. The predominance of demolition and reconstruction oriented, rent-
driven approaches in transformation policies leads to spatial interventions
that disregard local communities’ everyday practices, income levels, and social
networks. This situation produces outcomes such as the displacement of low- and
middle-income groups, the narrowing of access to housing, and the persistence
of deficiencies in social infrastructure. In projects defined in a top-down manner
by the central government, the failure to address transformation areas together
with their residents and in a place-specific way reduces urban transformation
from a tool of social improvement to a mechanism for commercial value
creation. At both parcel-based and large-scale project levels, “success” is often
measured solely by the completion of construction processes, while impacts such
as the disruption of planning balances, increases in density, and transformations
in social structure are largely overlooked. In this context, urban transformation
in Istanbul has increasingly become a process that accelerates gentrification,
deepens spatial and social inequalities, and undermines urban justice through
the loss of shared commons (Dinger, 2022).

Moreover, under the influence of neoliberal policies, urban transformation
processes in Istanbul have generated significant structural problems as the
state has moved beyond its regulatory role to become an active market actor
in planning, land development, and housing production. The restructuring of
institutions such as the Housing Development Administration of the Republic of
Tiirkiye (TOKI; Toplu Konut Idaresi Baskanligi) and Emlak Konut Real Estate
Investment Trust has opened public lands to market mechanisms, accelerating
the commodification of urban space in line with capital accumulation. At the
same time, planning processes have been largely centralized, weakening the
influence of local governments and social actors. Within Lefebvre’s framework
of the production of space, this process points to the reconfiguration of urban
space at the level of representations; within the context of Gramsci’s concept of
hegemony, it reflects the legitimization of market-based transformation through
the production of social consent. This transformation, carried out through
branded housing projects and gated communities, has led to the contraction of
public space, the transfer of urban services to private management structures, and
the deepening of spatial inequalities in parallel with the retreat of the social state.
As a result, urban transformation practices in Istanbul produce a fragmented,
exclusionary, and rent-oriented spatial structure rather than improving the city
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in a holistic manner. This constitutes one of the major threats undermining
strategic planning capacity (Serin et al., 2020).

5.4. Traffic, Transportation, and Infrastructure Deficiencies
in Istanbul

Istanbul has become a city in which demand for transportation infrastructure
has increased significantly due to population growth, urban sprawl, and large-
scale projects. This situation has led to traffic congestion and longer travel times
in public transportation. Istanbul faces a range of transportation problems,
including traffic congestion, automobile dependency, and deficiencies in public
transport infrastructure. While private vehicle use is widespread, the public
transportation network remains inadequate in many areas. In addition, the
limited extent of rail systems and aging infrastructure make it difficult to cope
with increasing population and traffic volumes. These conditions contribute to
environmental problems, particularly air pollution and carbon emissions, while
deficiencies in accessibility disproportionately affect groups such as people with
disabilities, the elderly, and children. Urban sprawl and high population density
further strain the capacity of transport corridors, exacerbating these challenges.

As 0f 2024, Istanbul has approximately 5.5 million registered motor vehicles.
This figure increases vehicle density per capita and intensifies the overall traffic
burden (Kurye Haber, 2025). Istanbul has ranked as the city with the most
congested traffic globally in 2024 and 2025, with drivers losing an average of
118 hours per year in traffic (Republic of Tiirkiye Ministry of Trade [Tiirkiye
Cumbhuriyeti Ticaret Bakanligi], 2025). Consequently, one of the main problems
in urban transportation is automobile dependency and traffic congestion. This
results in reduced driving speeds and the consumption of a significant portion
of daily life in trafhic.

Although public transportation represents a preferred modal share for
sustainable mobility in a megacity, daily usage rates remain lower than those of
private vehicles, and urban mobility systems are still in the process of integration.
For instance, as of 2025, a comprehensive mobility application covering all
public transport modes has been introduced to facilitate planning and transfer
processes. However, these systems have not yet attracted sufficient ridership to
significantly reduce automobile dependency.

From an environmental perspective, the impact of the transportation
sector on urban emissions is considerable. In 2022, CO, emissions from road
transportation in Istanbul were calculated at approximately 15,039.68 Gg CO,,
with the majority stemming from energy consumption, while the transportation
sector accounted for a substantial share (Ibik, 2024).
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In light of these data, Istanbul needs to develop strategic policies aimed
at increasing access to public transportation, reducing private vehicle use, and
optimizing traffic planning across all transport modes simultaneously in order
to achieve its sustainable mobility goals.

At the same time, Istanbul signed the “Deadline 2020” commitment in
2019, thereby adopting the goal of becoming a carbon-neutral and resilient city
by 2050. In 2022, the city’s application to the Climate-Neutral Cities Mission
under the European Commission’s Horizon Europe Programme was accepted,
and Istanbul was included among the 112 cities to be supported in achieving
climate neutrality by 2030. In addition, within the framework of the European
Union-supported Sustainable Urban Mobility Plan (SUMP), Istanbul became
the first city in Turkiye to implement this approach. The Istanbul SUMP adopts
a human- and environment-oriented, accessible, participatory, and innovative
transportation planning perspective, addressing urban mobility in a holistic
manner. The plan’s 2040 vision aims to establish a safe, integrated, accessible,
and affordable transportation system aligned with Istanbul’s geographical and
historical characteristics. The nine core objectives defined within this framework
include promoting public transport and active mobility modes, reducing
automobile dependency and traffic congestion, strengthening environmental
sustainability, and developing an economically resilient transportation
infrastructure. Furthermore, the plan envisions a transportation system that
supports compact and polycentric urban development, minimizes environmental
impacts, and improves urban logistics processes (Kundakei, 2023).

5.5. Contemporary Urban Problems in Istanbul: Earthquake
Risk, the Decline of Green Spaces, and Housing Policies

Istanbul is confronted with numerous urban problems alongside rapid
population growth and urbanization. Foremost among these is earthquake risk.
Particularly after the 1999 earthquake, many older buildings and infrastructure
in the city have not been retrofitted in accordance with modern standards.
Within the scope of the “Republic of Tiirkiye, Istanbul Province Disaster
Prevention and Mitigation Master Plan Including Seismic Microzonation,”
prepared by the Japan International Cooperation Agency (JICA) and the
Istanbul Metropolitan Municipality IMM), four different earthquake scenarios
were developed. According to the earthquake risk analysis for Istanbul, ground
conditions and proximity to fault lines significantly influence the impacts of
earthquakes on settlements. In particular, high acceleration values are expected
in the scenario earthquake of magnitude 7.7 in the southern parts of the city
bordering the Marmara Sea. A number of fully equipped healthcare facilities are
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also located in these areas. However, due to high acceleration levels, potential
damage to these facilities may render already insufficient health services
incapable of meeting post-earthquake needs. Furthermore, in neighbourhoods
with a building coverage ratio of 100 percent, evacuation and search and
rescue operations are expected to be adversely affected after an earthquake.
This situation is likely to further complicate post-disaster crisis management
(Kundak & Tiirkoglu, 2007). The fact that a large proportion of the existing
building stock in the city is not earthquake resistant, particularly the presence
of old and structurally weak buildings, constitutes a serious safety threat. In this
context, housing policies in Istanbul should promote not only the construction
of new buildings but also the retrofitting of existing structures to make them
earthquake resistant. Strengthening urban transformation projects through
earthquake-resistant construction and expanding the scope of such processes
should be among the primary objectives of Istanbul’s housing policies.

With its rapidly growing population and dense built environment, Istanbul
has undergone significant environmental transformations. While forest and
agricultural areas have been rapidly decreasing, residential areas have expanded.
This situation has placed severe pressure on the city’s natural resources and
led to a decline in green spaces. The amount of green space per capita has
been steadily decreasing, particularly due to rapid urbanization and population
growth. The concept of green space encompasses not only vegetation cover but
also social areas accessible to the public. According to the Planned Areas Zoning
Regulation, green spaces refer to open areas such as playgrounds, picnic areas,
and walking paths. However, in Istanbul, green spaces have been gradually
diminishing due to increasing construction within the urban fabric, thereby
intensifying the urban heat island effect. Climate change has resulted in rising
temperatures and increased drought, while irregular precipitation patterns and
intense rainfall events have caused urban flooding. Under these conditions,
increasing open green spaces and strengthening forest ecosystems are essential
for regulating the urban climate and creating more liveable environments.
Expanding green spaces is necessary in order to reduce urban heat islands,
decrease energy consumption for cooling purposes, and provide high-quality
living environments (Akkemik et al., 2021). In the implementation of housing
policies in Istanbul, steps should be taken to protect and expand green spaces.
In new housing projects, the integration of green areas, green roofs, landscaped
spaces, and the widespread adoption of sustainable green infrastructure are of
critical importance. In this way, a healthier and more liveable environment can
be created for Istanbul’s rapidly growing population.

Istanbul’s housing policies have reached a critical juncture where ensuring
social justice is imperative in the face of rapidly increasing population and
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housing demand. However, current housing production is generally focused
on luxury developments and urban transformation projects, while failing to
provide sufficient housing for low-income groups. This situation deepens
income inequalities and leads to social injustice. Housing policies in Istanbul
should therefore place greater emphasis on social housing projects and
affordable housing production in order to meet the shelter needs of low-
income and middle-income households. Moreover, rapidly expanding urban
transformation projects may result in displacement and the victimization of
property owners. For this reason, housing policies in Istanbul should prioritize
on-site transformation projects within urban transformation processes,
minimizing the risk of displacement and developing solutions that protect
residents’ living environments. Both social housing production and on-site
transformation initiatives would contribute to the development of a more
equitable and sustainable housing policy for Istanbul.

6. Research Methodology
6.1. SWOT Analysis

This study aims to analyse the urban planning and governance capacities
of London and Istanbul from a comparative perspective and is structured on
the basis of a qualitative research methodology. The analytical framework of
the study is supported by the SWOT (Strengths, Weaknesses, Opportunities,
Threats) analysis, which is widely used in the strategic planning and policy
evaluation literature. SWOT analysis is a systematic analytical tool that enables
a holistic assessment of the internal dynamics of a system or policy (strengths
and weaknesses) as well as its external environmental conditions (opportunities

and threats) (Hill & Westbrook, 1997; Pickton & Wright, 1998).

Within the scope of the research, SWOT analysis is employed to
comparatively evaluate the urban planning models of London and Istanbul. The
analysis is structured around the themes of legal and administrative structure,
housing policies and urban regeneration models, public transportation and
transport planning, green space policies and environmental sustainability, and
governance models, which are systematically addressed in the sixth chapter of
the study. In the SWOT analysis, strengths and weaknesses are identified on
the basis of the legal regulations, institutional arrangements, and administrative
practices inherent in the planning systems of both cities. Opportunities and
threats, on the other hand, are examined in relation to external structural factors
such as neoliberal urbanization dynamics, the climate crisis, urban population
pressure, governance reforms, and socio-spatial inequalities. This approach
allows SWOT analysis to be used not only as a tool for measuring institutional
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performance, but also as a strategic evaluation instrument that incorporates the
broader policy context (Glaister & Falshaw, 1999).

The SWOT-based comparative analysis reveals a clear contrast between
London’s strategic planning approach, which is grounded in a long-term spatial
vision and supported by strong mechanisms of institutional coordination,
and Istanbul’s planning structure, which is centralized, fragmented, and
often open to short-term policy interventions. The literature emphasizes that,
particularly in the case of London, strategic spatial planning is integrated
with participatory governance and environmental sustainability objectives
(Healey, 2007; Tewdwr-Jones, 2012). In contrast, in the context of Istanbul,
planning processes are reported to struggle to achieve a holistic structure due
to institutional fragmentation, rent-seeking pressures, and social vulnerabilities
(Dinger, 2022). In this respect, SWOT analysis is employed in the study not
merely as a descriptive tool of the current situation, but also as an analytical
method that enables the generation of policy learning and governance reform
implications for Istanbul. Through SWOT analysis, the study aims to make
visible the areas of weakness and threat within Istanbul’s urban planning
system, while also deriving applicable policy and governance lessons from the
London experience.

6.2. Research Findings

This section presents the findings of the SWOT analysis conducted within
the scope of the research in a comparative framework. SWOT analysis is used
as an analytical tool that allows the evaluation of the urban planning and
governance models of London and Istanbul in terms of both their internal
institutional structures and external transformation dynamics. The analytical
process is structured around the themes of legal and administrative structure,
housing policies and urban regeneration models, public transportation and
transport planning, green space policies and environmental sustainability,
and governance models, which are examined in detail in the seventh chapter
of the study. Accordingly, strengths and weaknesses are identified based on
the legal regulations, institutional arrangements, and administrative practices
inherent in the planning systems of both cities, while opportunities and threats
are evaluated within the framework of external factors such as the climate
crisis, neoliberal urbanization dynamics, population pressure, and socio-spatial
inequalities.

The findings of the SWOT analysis make the structural differences visible
between the urban planning capacities of London and Istanbul and provide
a comprehensive overview of the main advantages and limitations faced by
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both cities. In this context, Table 1 presents a comparative overview of the
urban planning and governance models of London and Istanbul along the
axes of strengths, weaknesses, opportunities, and threats. It systematically
demonstrates the areas in which current planning practices exhibit institutional
resilience and those in which the need for structural reform becomes more
pronounced.

Table 1. Comparative SWOT Analysis of Urban Planning and Governance

Models in London and Istanbul

Strengths

Weaknesses

London: Strong and integrated

strategic planning capacity through the
institutionalized structure of the Greater
London Authority (GLA) and the legally
binding London Plan.

London: Integration of all transport
modes under a single authority through
Transport for London (TfL), enabling
the development of sustainable transport-
oriented policies.

London: A strong environmental
protection regime through the Green Belt
and Metropolitan Open Land (MOL).

Istanbul: High-capacity and multimodal
transport infrastructure, including
Marmaray, the Eurasia Tunnel, the Yavuz
Sultan Selim Bridge, and maritime
transportation.

Istanbul: High potential for urban
regeneration and infrastructure investments
due to its large population and economic
scale.

Istanbul: Development of data-driven and
visionary planning initiatives through the
Istanbul Planning Agency (IPA).

London: Deepening housing crisis resulting
from excessive financialization of the
housing market, high housing prices, and
rent levels.

London: Green Belt policies indirectly
intensifying spatial inequalities by
constraining housing supply.

London: Decision-making processes
becoming difficult to understand at

the societal level due to institutional
complexity in governance structures.

Istanbul: An excessively centralized
planning regime and limited decision-
making capacity of local governments.

Istanbul: Institutional fragmentation in
planning processes, frequent plan revisions,
and legal uncertainty.

Istanbul: Rent-oriented urban regeneration
practices leading to displacement and loss
of social fabric.

Opportunities

Threats

Common: A global shift toward green
infrastructure, resilient cities, and
sustainable transport policies in response to
the climate crisis.

Common: Increasing urban vulnerability
due to climate change, disaster risks, and
global economic fluctuations.
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London: Potential for environmental
leadership among global cities through
carbon-neutral targets and green transition
policies.

London: Enhancement of spatial justice
through the strengthening of social and
affordable housing policies.

Istanbul: Increased transport integration
through the expansion of rail systems and
the activation of maritime transport.

Istanbul: Growing public awareness
supporting science-based and integrated
planning reforms in response to earthquake
and climate risks.

Istanbul: Potential to strengthen

London: The risk of deepening social
segregation due to the ongoing housing
crisis and spatial inequalities.

London: Growing pressure on housing
and infrastructure systems as a result of
population growth and migration.

Istanbul: Rapid population growth and
migration pressure exceeding infrastructural
and environmental carrying capacity.

Istanbul: Irreversible loss of forests,
agricultural lands, and water basins due to
mega infrastructure projects.

Istanbul: Further weakening of planning

coherence due to tensions between central
and local governments.

participatory governance and multi-
stakeholder decision-making mechanisms.

Note. Prepared by the authors.

Table 1 presents a comparative SWOT analysis that evaluates the urban
planning and governance capacities of London and Istanbul within the
framework of both internal structural characteristics and external transformation
dynamics. The analysis demonstrates a clear contrast between London’s strong
institutional coherence and Istanbul’s challenges related to centralization and
fragmented governance. Accordingly, the SWOT analysis indicates that London
offers a robust model characterized by an institutionalized, integrated, and
strategic planning capacity, while at the same time facing structural challenges
such as a persistent housing crisis and governance complexity. Istanbul, by
contrast, exhibits a city profile with significant infrastructure scale and high
transformation potential, yet with a limited strategic planning capacity due
to centralization, fragmented governance, and weaknesses in environmental
sustainability. The SWOT framework highlights that, for both cities, it is critical
to preserve existing strengths while transforming weak areas through reform,
improved governance, and integrated planning approaches. Figure 1 provides a
concise summary of the SWOT comparison between the two cities.
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Figure 1. SWOT Comparison of the Two Cities: London and Istanbul

o

( Strengths Weaknesses

London: Strong
institutional
planning
Istanbul:

Istanbul:
Centralization

London: Green™ London:
transition Spatial
Istanbul: inequality

Participatory Istanbul:
reform potential Climate crisis

Opportunities

3

Note. Prepared by the authors

This figure summarizes the fundamental differences between London and
Istanbul in terms of their urban governance and planning approaches. London
represents an institutional model based on transparent, participatory, and long
term strategic planning, in which authority is shared between the metropolitan
level, represented by the Mayor, and local districts, namely the boroughs.
While this model offers key strengths such as strong institutional capacity
and integrated transportation systems, it also entails challenges including high
housing costs and social inequality. Istanbul, by contrast, operates within a
hierarchical structure in which central government and ministerial authorities
play a decisive role in decision making processes. This structure provides certain
strengths, particularly the ability to make rapid decisions and to implement large
scale projects effectively. However, it simultaneously faces complex challenges
such as population pressure, earthquake risk, urban sprawl, and insufficient
social infrastructure. In summary, London reflects the dynamics of a plan
oriented and participatory system, whereas Istanbul embodies a model focused
on project based and rapid transformation under centralized coordination. Both
models contain distinct balances, opportunities, and challenges shaped by their
respective urban contexts.
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7. Comparison of Urban Planning Models in London and
Istanbul

Istanbul and London have undergone different historical development
trajectories and differ significantly in geographical, cultural, economic, and
social terms. Within this context, the urban planning models of the two cities
diverge markedly in line with their distinctive dynamics and conditions.

7.1. Differences in Legal and Administrative Structures in
Urban Planning

a. London

London’s urban planning system is structured within the framework of the
Greater London Authority, established by the Greater London Authority Act of
1999 and operational since 2000. The Greater London Authority consists of a
directly elected Mayor of London and the London Assembly, which performs an
oversight function, and operates as a democratic, upper tier planning authority
responsible for the city’s strategic governance (Bowie, 2010). The Mayor holds
strategic powers in areas such as spatial planning, housing, transportation,
environment, and economic development, and these powers are primarily
articulated through the London Plan (Greater London Authority, 2021).

The London Plan functions as a legally binding spatial development strategy
covering the entirety of Greater London, guiding local planning decisions in
accordance with principles of environmental protection and social inclusion
(Healey, 1997). While the 33 London boroughs exercise local planning authority
within their respective boundaries, these powers are subject to the strategic
framework established by the Greater London Authority. As such, London’s
urban planning system is based on a multilevel governance model that combines
local autonomy with centralized strategic coordination (LawTeacher, 2013).

b. Istanbul

Although urban renewal and urban transformation practices in Istanbul
entered the academic literature in the 1970s, their emergence as a dominant
instrument in planning practice occurred in the 1980s under the influence
of neoliberal policies. During this period, the increasing involvement of the
private sector in planning processes and the establishment of the Housing
Development Administration (TOKI) in 1984 paved the way for publicly led
yet market oriented housing production. A critical turning point occurred
in the 2000s through legal reforms, particularly Law No. 5366 and Law No.
6306 on the Transformation of Areas Under Disaster Risk, which accelerated
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urban transformation processes and granted extraordinary powers to the central
administration.

Under Law No. 63006, the designation of risky areas and buildings allows
transformation to proceed without the consent of property owners, leading to
the weakening of the principle of public interest in planning and the exclusion
of local communities from decision making processes. This has resulted in
urban transformation practices being conducted largely within a rent oriented
framework, deepening social and spatial segregation and causing significant
damage to cultural and social fabrics (Dinger, 2022). At the same time, the
involvement of multiple institutions and legal instruments in planning processes
has generated authority conflicts and a lack of institutional coordination, thereby
undermining planning coherence (Geng, 2008).

Although the Istanbul Metropolitan Municipality and district municipalities
possess legally defined planning powers, the increasing interventions of the
Ministry of Environment, Urbanization, and Climate Change through zoning
legislation and special authorities significantly constrain the capacity of local
governments to produce and implement plans. Frequent plan revisions facilitate
speculative and rent driven decisions, erode legal certainty, and intensify
uncertainty in investment and implementation processes (Sengiil, 2009; Kuyucu
& Unsal, 2010; Dinger, 2022). In this context, Istanbul’s urban planning
model presents a profile that struggles to develop a holistic and sustainable
planning approach due to excessive centralization, fragmented administrative
organization, and deviations from the principle of public interest.

7.2. Comparison of Housing Policies and Urban
Transformation Models

a. London

Housing policies in London are shaped by objectives aimed at reducing the
housing supply deficit, increasing the production of affordable housing, and
safeguarding the right to housing for different income groups within the city.
These policies focus not only on the quantitative expansion of housing stock but
also on limiting adverse social effects such as gentrification and displacement.
As the principal strategic document guiding housing policy, the London Plan
emphasizes the production of social housing, accessibility, and principles of
spatial equity (Greater London Authority, 2021).

Within this framework, the Affordable Homes Programme aims to support
the delivery of affordable housing for low and middle income groups during
the 2021 to 2026 period through approximately £4 billion in funding provided
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by the central government and administered by the Mayor of London (Greater
London Authority, 2025). Beyond increasing housing supply, the programme
includes binding targets designed to preserve the proportion of social housing.
In parallel, the Build to Rent model has gained prominence in recent years
as a new form of ownership and production based on housing constructed
specifically for rental purposes. The completion of more than 70,000 Build to
Rent units in London, accounting for approximately 27 percent of new housing
supply, indicates the growing significance of this model within the housing
market (Brill & Durrant, 2021).

The legal foundation of housing policy in London has been strengthened
particularly through the Planning and Compulsory Purchase Act 2004, which
granted local authorities expanded powers in planning processes and facilitated
the acceleration of social housing and regeneration projects. As a result, housing
policies in London present a relatively integrated framework that seeks to limit
the social costs of urban transformation through strong institutional capacity,
legal enforceability, and intervention instruments attentive to social balance.
Nevertheless, despite this robust institutional framework and the emphasis
on social housing, extremely high housing prices and rental levels in central
areas of London severely constrain access to affordable housing for low and
middle income groups. Rising land values and market pressures, particularly in
central and inner boroughs, render the supply of affordable housing insufficient
to meet demand. This dynamic forces large segments of the population out
of central London toward peripheral areas, satellite towns, and locations
beyond the metropolitan region, leading to longer commuting distances,
higher transportation costs, and deepening spatial inequalities. The literature
emphasizes that this process is closely linked to the increasing financialization
of the housing market in London and that spatial segregation has not been
prevented despite social housing policies (Hamnett, 2009; Watt & Minton,
2016). In this respect, while the London case offers a strong model in terms
of strategic planning and social housing provision, it also exhibits a significant
structural weakness in its inability to resolve the issue of housing affordability
under intense market pressures.

b. Istanbul

Housing policies in Istanbul have developed against a historical background
shaped by intense migration pressures, rapid and unplanned urbanization, and
the widespread emergence of informal housing. These policies are largely directed
by the central government, with the Housing Development Administration of
Tiirkiye (TOKI) occupying a dominant role in housing production and urban
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transformation processes. The extensive reliance on free market actors for
housing supply, combined with limited urban land and increasing population
pressure, has led to persistently rising housing and rental prices in Istanbul. This
situation has progressively restricted access to the right to adequate housing for
low and middle income households.

Urban transformation practices are predominantly initiated through
the designation of risky areas by the central administration, with projects
characterized by limited social participation and a strong orientation toward
private sector involvement and rent based development. Transformation
processes conducted under Law No. 6306 have been widely criticized due
to displacement, loss of social fabric, weak consensus mechanisms, and legal
uncertainties. These dynamics indicate that housing policies in Istanbul display
a fragile structure in terms of social justice, inclusiveness, and sustainability.

7.3. Public Transport and Transportation Planning
a. London

Transportation planning in London is implemented through a centralized
and integrated governance model under the authority of Transport for London
(TfL), closely aligned with urban sustainability and climate objectives. TfL
coordinates the underground, buses, suburban rail services, trams, cycling
infrastructure, and road management within a single institutional framework,
thereby ensuring institutional coherence and operational efficiency across
the transport system (TfL, n.d.-a). London’s transport policies are grounded
in a strategic framework that seeks to reduce private car use, promote public
transport and active mobility modes, and achieve long term zero carbon targets.

The London Underground, which began operation in 1863 and is among
the oldest metro systems in the world, is continuously upgraded through
capacity expansions, line extensions, and technological modernization, while
large scale projects such as Crossrail, also known as the Elizabeth Line, have
further strengthened metropolitan accessibility. In addition, the expansion of
the electric bus fleet, the development of cycle superhighways, and the redesign
of pedestrian priority public spaces constitute key components of London’s
sustainable transport strategy.

Demand management instruments represent another distinctive feature of
London’s transport policy. Measures such as the Congestion Charge, ultra-low
emission zones (ULEZ), and parking restrictions function as effective regulatory
tools aimed at reducing automobile dependency and encouraging the use of
public transport (Leape, 2006). This integrated approach demonstrates that
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London has developed a user oriented transport model characterized by high
environmental sensitivity and strong strategic planning capacity. Nevertheless,
the institutional coherence and environmental achievements attained in London’s
transport planning have also been subject to critical evaluation in the literature.
In particular, demand management instruments such as the Congestion Charge,
ULEZ, and high public transport fares are argued to impose a disproportionate
financial burden on low income groups and to exacerbate spatial inequalities
(Lucas, 2012). Rising transport costs may push lower income residents living
in central areas toward peripheral locations, increasing commuting distances
between home and workplace and heightening the risk of social exclusion
(Banister, 2008). In this context, while London’s transport model represents
a strong example of environmental sustainability, it also contains structural
tensions in terms of social justice and accessibility, indicating that sustainable
transport policies should be assessed not only through their environmental
outcomes but also in relation to their socio spatial impacts.

b. Istanbul

The transportation planning structure in Istanbul is shaped within a multi
actor and fragmented governance framework. Transport services are distributed
among several institutions, including the Istanbul Metropolitan Municipality,
the Ministry of Transport and Infrastructure, and the Turkish State Railways.
This institutional fragmentation generates coordination problems in strategic
transport planning and complicates the establishment of an integrated
governance model (Istanbul Metropolitan Municipality, 2022). Istanbul’s public
transport system comprises a wide range of modes, including metro and light
rail systems, Marmaray, bus rapid transit, buses, maritime transport, minibuses,
and shared taxis, and this diversity constitutes a significant potential for the city.

One of the strongest aspects of Istanbul’s transport system lies in large scale
infrastructure investments such as the Marmaray line, the Eurasia Tunnel, and
the Yavuz Sultan Selim Bridge, as well as maritime transport operating along
the Bosphorus. Marmaray provides a high capacity rail backbone at both urban
and regional scales, enabling fast and uninterrupted connections between the
Asian and European sides of the city. The Eurasia Tunnel offers an alternative
road based crossing of the Bosphorus with the aim of alleviating congestion,
particularly for private vehicle traffic. The Yavuz Sultan Selim Bridge, in turn,
is a strategic transport investment intended to redirect heavy vehicles and
transit traffic toward the northern corridor, thereby reducing pressure on the
urban core. Despite these advantages, maritime transport remains underutilized
relative to Istanbul’s natural and geographical potential, and although rail system

120



ASWOT Analysis on Strategic Planning Capacity

investments have increased in recent years, full integration among transport
modes and effective demand management have not yet been achieved.

Among the main disadvantages of Istanbul’s transport planning are severe
traffic congestion, dependence on Bosphorus crossings, a challenging topography,
and high levels of private car use. In addition, the limited extent of cycling
infrastructure across the city and the insufficient development of pedestrian
oriented transport policies in both central and peripheral areas weaken the pursuit
of sustainable mobility objectives. Within this framework, while Istanbul’s
transport system offers significant advantages in terms of capacity and modal
diversity, it exhibits a fragile strategic planning capacity due to institutional
fragmentation, lack of integration, and the limited internalization of sustainable
transport policies. From a SWOT perspective, the principal threats in the
transport sector for Istanbul include increasing population pressure, automobile
dependency, and governance deficiencies, whereas key opportunities lie in the
expansion of rail system investments, the activation of maritime transport, and
the development of integrated transport management models.

7.4. Green Space Policies and Environmental Sustainability
a. London

London stands out among global cities for its strong institutional framework
and long term planning approach in the fields of green space policy and
environmental sustainability. Large scale public parks such as Hyde Park, Regent’s
Park, Hampstead Heath, and Richmond Park constitute the core components of
the city’s green infrastructure, and it is reported that approximately 33 percent
of London’s total area is composed of green spaces (Greater London Authority,
2021). The designations of Metropolitan Open Land (MOL) and the Green
Belt provide these areas with strong legal protection against development and
are strictly regulated through local authorities.

The London Plan conceptualizes green spaces not merely as recreational
areas but as strategic infrastructure elements essential for climate change
mitigation, public health, and ecological resilience. Within this framework,
energy efficient building standards are mandated, while the use of solar energy
in municipal buildings and the establishment of local energy cooperatives
are actively promoted. In addition, the integration of parks with cycling and
pedestrian networks strengthens green mobility connections and contributes to
sustainable urban movement (Greater London Authority, 2021).

Nevertheless, London’s green space policies also involve certain structural
limitations. In particular, rapidly increasing housing prices and intense
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development pressure in central areas generate spatial inequalities in access to
green spaces. Access for low income groups may be more restricted in the outer
zones of the city, thereby raising concerns related to environmental justice (Wolch
et al., 2014). Furthermore, while the Green Belt policy effectively constrains
urban sprawl, it has been criticized for indirectly deepening the housing crisis by
limiting housing supply (Cheshire & Sheppard, 2002). In this respect, although
London possesses a strong model that integrates green spaces into its planning
system as a core component of environmental, social, and spatial sustainability,
it faces significant governance challenges in ensuring equitable and balanced
access to green areas under conditions of increasing population pressure and an
ongoing housing crisis.

b. Istanbul

In Istanbul, extensive green areas such as Emirgan Grove, Belgrad Forest,
Giilhane Park, and Magka Park play an important role in maintaining ecological
balance and meeting recreational needs. However, the distribution of green
spaces across the city remains fragmented, and a systematic green infrastructure
network has not yet been fully integrated. According to analyses conducted in
2022, the per capita amount of open and green space in Istanbul is approximately
7.20 square meters, a figure that remains well below the standards recommended
by the World Health Organization (Green Area Management System Istanbul
[Yesil Alan Yonetim Sistemi], 2025). Consequently, green spaces in Istanbul are
insufficient in relation to population growth and spatial expansion.

Another development that contributes to Istanbul’s environmental
sustainability capacity involves steps taken by local authorities to plan, measure,
and make green spaces accessible to the public through strategic initiatives
and inventory projects such as the Green Space Management System. Within
this framework, strategy documents for the years 2024, 2030, and 2050 have
been prepared with the aim of making green space policies more systematic,
participatory, and sustainable (Green Istanbul [Yesil Istanbul], 2021).

Rapid urban growth, unplanned development, and mega infrastructure
projects in Istanbul exert substantial pressure on green and natural areas, thereby
undermining environmental sustainability objectives. Green space planning in
the city is pursued through a fragmented approach that lacks ecological integrity
and connectivity, and it lags behind contemporary planning perspectives that
prioritize climate sensitivity and biodiversity. While green space policies in
Tiirkiye continue to be largely reduced to minimum per capita area calculations,
the amount of active green space per capita in Istanbul remains extremely low.
According to data from the Istanbul Planning Agency, this figure was 2.67 square
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meters in 2016, and in the World Cities Culture Forum’s 2019 study, Istanbul
ranked last among 37 cities with 2.2 square meters per capita, whereas London
and Oslo recorded 33 and 68 square meters respectively (Istanbul Planning
Agency [IPA; Istanbul Planlama Ajansi], 2020). In particular, the contraction of
agricultural and forest areas weakens ecosystem services in the urban periphery
and highlights the urgent need for holistic and strategic green space policies.

7.5. A Comparative Assessment of Governance Models in
London and Istanbul

a. London

London possesses an institutional structure characterized by strategic
planning and participatory governance principles. Through the Greater London
Authority (GLA), strategic decisions are produced in key policy areas such as
spatial development, transportation, the environment, and housing by the
directly elected Mayor of London and the London Assembly. This structure
contextualizes and coordinates borough level plans through long term spatial
strategies such as the London Plan, while also supporting the participation of
civil society and stakeholders in decision making processes. In this way, London’s
governance model is oriented toward ensuring coherence between planning and
implementation and toward institutionalizing transparency and accountability
mechanisms (Sandford & Berry, 2024).

Despite these strengths, London’s governance system is also associated
with certain policy related limitations. An assessment of London’s governance
arrangements has argued that the system is excessively complex, making it difficult
for citizens to interact with service providers, and that this complexity may
lead to democratic outcomes such as insufficient participation and low levels of
public satisfaction (Bogdanor, 2007). In addition, debates persist regarding the
difficulties faced by planning decisions in balancing environmental regulations
with economic expectations, particularly in the context of housing supply and
the provision of local services. It has been noted that certain components of
the plan have not sufficiently accelerated new housing production in practice,
resulting in delays in the achievement of planning objectives (Edgar, 2024).

In this respect, while London’s governance model stands out for its strong
institutional resilience, comprehensive strategic planning practices developed
in recent decades, and its capacity to support stakeholder participation, it
also encounters challenges related to governance complexity, delays in the
implementation of planning objectives, and the limited influence of certain social
groups. These characteristics highlight not only the elements that strengthen
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London’s strategic planning capacity but also critical areas of evaluation with
regard to social justice and democratic inclusiveness.

b. Istanbul

Despite being Tiirkiye’s largest metropolis in economic and demographic
terms, Istanbul does not possess a high degree of local autonomy or fiscal
capacity, and the central government continues to play a decisive role in
planning and project related decisions. Within Istanbul’s current planning
system, the involvement of multiple public institutions generates complexity and
jurisdictional conflicts during the preparation, approval, and implementation of
plans. This situation results in a lack of consistency in spatial planning processes
and an expansion of central government interventions.

The influence of central authorities allows strategic decisions to be taken
independently of the Istanbul Metropolitan Municipality (IMM) and district
municipalities, and it has led to practices such as the designation of special
project areas and risk areas that can restrict the planning authority of the
IMM. This institutional configuration may produce a weak picture in terms
of democratic governance principles and local participation. Although urban
vision documents such as the Vision 2050 Action Plan prepared by the Istanbul
Planning Agency (IPA) aim to strengthen local participation and to enhance
the role of local actors in planning processes, there remain significant debates
regarding their implementation capacity and continuity in practice (IMM &
IPA, 2024).

From the perspective of participatory governance, while public meetings and
participation mechanisms do exist in Istanbul, they often remain consultative
in nature, and the direct influence of broader social groups on decision making
processes tends to be limited. At the same time, certain elements within Istanbul’s
governance system can be identified as potential advantages. In particular,
strategic planning documents developed by the IPA and the IMM include
commitments to increasing the participation of local actors and emphasize
the importance of inter institutional cooperation in planning processes. Such
initiatives theoretically open the way for more inclusive and collaborative
governance models. However, due to legal and institutional barriers in central
local coordination, the practical implementation of these objectives remains
limited.

In conclusion, Istanbul’s governance model is characterized by a strong
influence of the central administration, limited functioning of participation
and transparency mechanisms, and weaknesses in the consistency and
accountability of planning decisions. When compared with governance models
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such as London’s, which are organized around principles of local autonomy,
transparency, and accountability, this situation constitutes a significant weakness
that constrains Istanbul’s strategic urban governance capacity.

8. Conclusion and Recommendations

The comparative SWOT analysis conducted in this study clearly reveals
the structural differences, core capacities, and vulnerable areas of the urban
planning and governance models of London and Istanbul. The findings indicate
that London offers a long-term and predictable model of urban development
through its institutionalized governance structure, legally binding strategic
planning instruments, and integrated transport and environmental policies.
However, the excessive financialization of the housing market, high housing
costs, and the indirect supply constraints associated with Green Belt policies
demonstrate that the London model contains significant structural limitations
in terms of social justice and accessibility.

From the perspective of Istanbul, the SWOT findings show that the city
possesses a high transformation potential due to large-scale infrastructure
investments, multimodal transportation opportunities, and its demographic and
economic dynamism. Nevertheless, this potential has not been translated into a
sustainable and integrated planning capacity as a result of an overly centralized
planning regime, institutional fragmentation, frequent plan revisions, and
rent-oriented urban transformation practices. In particular, weaknesses
in environmental sustainability, green space continuity, and participatory
governance increase Istanbul’s vulnerability in the face of the climate crisis and
disaster risks.

Within this framework, the main lesson that can be drawn from the London
model for Tiirkiye in general and for Istanbul in particular is the establishment
of a balanced governance structure between strong central coordination and
local autonomy. In Istanbul, planning processes should be restructured away
from short-term and project-based approaches and reoriented around legally
binding, long-term, and strategic spatial plans. The creation of a clear and explicit
legal framework that reduces conflicts of authority between central and local
governments would strengthen institutional coordination and predictability in
planning processes.

At the same time, in line with the opportunities highlighted in the SWOT
analysis, the climate crisis and earthquake risk should be regarded not only
as threats for Istanbul but also as important transformation opportunities for
science-based, integrated, and participatory planning reforms. Strengthening
green infrastructure, integrating rail and maritime transport systems, and
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redefining social and affordable housing policies around the principle of public
interest emerge as critical tools for reducing urban inequalities.

In conclusion, this study demonstrates that the urban planning models of
London and Istanbul should not be evaluated through simplistic dichotomies
of “good” or “bad,” but rather through their context-specific strengths and
weaknesses. The SWOT analysis indicates that both cities must preserve their
existing advantages while transforming their structural weaknesses through
governance reforms, participatory planning instruments, and policies that place
environmental sustainability at the center. For Istanbul, such a transformation
requires the restructuring not only of physical space but also of decision-making
processes and the broader culture of governance.
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CHAPTER 4

Management of Disaster and Climate-
Induced Migration: Local Government
Capacity and Policies in the Case of
Antalya

Halil Durur?!, Arzu Dilaveroglu?

1. Introduction

Although many sociologists and anthropologists trace the phenomenon of
migration back to human history, migration and mobility have existed since the
very beginning of life on Earth. From the emergence of living beings, movement
has been a fundamental strategy for meeting basic needs, particularly access to
food. Because this mobility has been continuous, living beings have persistently
experienced displacement and migration over time.

The fundamental driving force behind migration is the necessity of survival
or the aspiration for a better quality of life. Individuals tend to migrate due
to factors such as war, education, language acquisition, employment, health
conditions, food crises, climate change, or natural disasters. Disasters, in
particular, are natural phenomena that have occurred throughout history and
continue to pose significant challenges.

Tiirkiye’s geological and climatic characteristics create conditions conducive
to the frequent occurrence of natural disasters such as earthquakes, forest fires,
floods, and similar events. These disasters not only result in sudden destruction
but also generate long lasting and structural impacts on the socioeconomic
and demographic composition of affected regions. For example, the earthquake
that occurred in Van in 2011 forced hundreds of thousands of people into
displacement. Similarly, following the earthquakes of 6 February 2023, many
institutions in Antalya were mobilized to provide assistance to disaster affected
regions. Some individuals affected by the earthquakes resided temporarily in
Antalya, while others chose to settle there permanently, and some eventually
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returned either to their original places of residence or to other regions. This process
clearly demonstrates the demographic and socioeconomic transformations that
disasters impose on urban areas.

In addition, the forest fires that occurred in various regions of Tiirkiye
in 2021 and 2022, particularly in Manavgat, led to the evacuation of many
residents and their temporary relocation to safer areas. Storms, tornadoes, floods,
and overflows experienced in Antalya have also resulted in significant loss of life
and property, underscoring once again the importance of disaster preparedness
and effective response mechanisms. These natural disasters have profoundly
affected the living conditions and social structures of local communities, leading
to lasting changes in the regional demographic landscape.

The main research question of this study is to examine how climate change
affects disaster-induced migration dynamics in Antalya and to analyze the
roles played by local governments and other relevant actors in managing these
processes. The study focuses specifically on forced migration resulting from
the destructive impacts of disasters such as forest fires, earthquakes, storms,
tornadoes, floods, and inundations on residential and agricultural areas. Antalya
constitutes a particularly relevant case, given its geographical location within
the Mediterranean basin, its exposure to multiple climate-related hazards, and
its growing role as a destination for post-disaster internal migration in Tiirkiye.

To examine displacement dynamics within a broader analytical framework,
the study draws on selected statistical indicators from the Global Report on
Internal Displacement published by the Internal Displacement Monitoring
Centre (IDMC). These data allow disaster-related displacement to be assessed
across different temporal and spatial dimensions, situating Antalya’s experience
within wider national and global trends. However, the primary emphasis of
the study lies not in quantitative measurement alone, but in understanding
governance responses, institutional capacity, and policy adaptation at the local
level.

The core objective of the study is to analyze how climate change influences
migration dynamics triggered by natural disasters in Antalya and to evaluate
how these dynamics are addressed by local governments and other stakeholders.
Particular attention is given to the post-disaster experiences of displaced
populations, including adaptation processes in new settlement areas, the
potential for return migration, and the governance challenges that emerge in
these contexts. Within this framework, the study examines the roles of key
actors such as the Tiirkiye’s Disaster and Emergency Management Presidency
(Afet ve Acil Durum Yonetimi Bagkanligi [AFAD]), local governments, and non-
governmental organizations in developing policy responses to disaster-related
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displacement. The empirical focus centers on an in-depth analysis of disasters,
migration, and climate change responses as reflected in the activity reports of
the Antalya Metropolitan Municipality (Antalya Biiyiiksehir Belediyesi [AMM],
2020; 2021; 2022; 2023). Strategic policy documents, including the disaster
risk reduction plan prepared by the Antalya Provincial Directorate of Disaster
and Emergency Management, the disaster risk reduction and climate adaptation
action plan, and the earthquake master plan of the AMM, are examined through
content analysis. This approach enables a systematic assessment of how disaster
risk, climate adaptation, and migration considerations are integrated into local
governance practices.

By situating disaster-induced migration within the intersecting domains
of climate change, urban resilience, and local governance, this study aims to
contribute to both academic debates and policy discussions. The findings are
expected to provide valuable insights for policymakers at local and national levels
in the development of more effective disaster management and risk reduction
strategies. At the same time, the study seeks to support the formulation of
policies that promote resilient communities, reduce disaster risks, and address
the long-term socio-spatial consequences of climate- and disaster-related
migration.

2. Disasters and Migration

The concept of disaster generally refers to the destructive consequences
caused by natural events; however, in contemporary disaster management
literature, it is addressed within a much broader conceptual framework. While
the Turkish Language Association defines a disaster as destruction caused by
various natural events, AFAD conceptualizes it as the consequences of natural,
technological, or human induced events that affect society as a whole or
specific segments of it, lead to physical, economic, and social losses, disrupt
daily life and human activities, and exceed the coping capacity of the affected
community using its own resources. In this perspective, a disaster is defined
not merely as an isolated event but rather through the impacts and outcomes
it generates (Turkish Language Association [Tiirk Dil Kurumu; TDK], n.d.;
AFAD, n.d.). Disasters are generally classified into two main categories based
on their origins: anthropogenic disasters and natural disasters. Anthropogenic
disasters encompass events that arise directly or indirectly from human activities
and result in social, economic, and environmental destruction. Human induced
fires, drought and sinkhole formation resulting from unplanned and excessive
groundwater use, wars, biological, chemical, and nuclear accidents, as well as
terrorist acts, are commonly cited examples of this category.
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Natural disasters, on the other hand, occur as a result of geological,
meteorological, and climatic processes and play a decisive role in the emergence
of migration phenomena. Sudden onset events such as earthquakes, floods,
landslides, avalanches, and similar hazards, along with slow onset processes such
as drought and climate change, particularly in vulnerable regions, trigger forced
population movements. In this context, although migration initially emerges
as a consequence of natural disasters, it may also acquire the characteristics of a
secondary anthropogenic disaster due to the demographic, economic, and socio
psychological effects it produces.

Within the disaster literature, natural disasters are further categorized as
sudden onset and slow onset disasters. Sudden onset disasters include events
such as earthquakes, floods, landslides, tornadoes, hurricanes, and fires, which
have high destructive potential over a short period of time, whereas slow onset
disasters encompass long term processes such as drought, erosion, and climate
change, whose impacts intensify gradually over time. When evaluated in the
context of Antalya, these types of disasters not only shape internal migration
dynamics but also directly affect the capacity of local governments in managing
migration and disasters.

Disasters not only generate destructive impacts on the physical environment
but also produce profound socio economic consequences that transform social
structures and adversely affect ecological balance. Data from the IDMC
demonstrate the global scale reached by forced displacement caused by disasters
as well as by conflict and violence. Accordingly, in 2020 the total number of
people displaced as a result of natural disasters and political factors reached 40.5
million, representing the highest level recorded in the past decade.

During the same period, disaster related displacement was significantly
higher than displacement caused by conflict and violence. Indeed, while
approximately 9.8 million people were displaced due to conflict and violence
in 2020, the number of those displaced by disasters amounted to 30.7 million. A
substantial proportion of these displacements resulted from climate and weather
related disasters, with floods, storms, and similar meteorological events emerging
as key drivers of forced migration. In this period, China, the Philippines, and
Bangladesh stood out as the countries experiencing the highest levels of disaster
induced displacement (Tek, 2021).

As of 2022, disasters became one of the primary determinants of new
internal displacement worldwide, accounting for more than half of total
displacements and leading to approximately 32.6 million new cases of forced
internal movement. Data published by the IDMC in 2023 clearly reveal the
decisive influence of disasters on internal migration dynamics. In this context,
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Table 1 presents regional and global internal displacement data based on the
IDMC statistics for 2022.

Table 1. Regional and Global Internal Displacement according to IDMC
2022 Statistics

Region Based' on conflict Ba.sed on
and violence migration
Sub-Saharan Africa 9 million 7,4 million
Middle East and North Africa (MENA) 482,000 305,000
East Asia and the Pacific 1,2 million 10,1 million
South Asia 35,000 12,5 million
American continent 533,000 2,1 million
Europe and Central Asia 17,1 million 107, 000
Total 28,3 million 32,6 million

Note. From IDMC (2023).

Findings based on IDMC data indicate that in 2022 new internal
displacements in Sub Saharan Africa increased by 17 percent compared to
the previous year, reaching 16.5 million people. The primary driver of this
increase was disaster induced displacement, which nearly tripled to 7.4 million
and represented the highest level ever recorded for the region. In the Middle
East and North Africa region, displacement caused by conflict and violence
continued to decline for the third consecutive year. Nevertheless, disaster
triggered displacement increased by 25 percent compared to the previous year,
reaching approximately 305,000 cases.

In East Asia and the Pacific, disasters constituted the main cause of
displacement in 2022. However, the total number of displacements recorded in
the region, at 10.1 million, remained below the 13.7 million recorded in 2021
and below the ten-year average of 11.6 million. This relative decline is largely
attributed to the continued influence of the La Nina climate phenomenon for
a third consecutive year, which limited precipitation and cyclone activity across
much of East and Southeast Asia.

In South Asia, disasters have traditionally remained the principal driver
of displacement, and 2022 was no exception to this pattern. Approximately
12.5 million disaster related displacements were recorded in the region, a figure
corresponding to nearly twice the ten-year average. In the Americas, the number
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of displacements increased from around two million in 2021 to 2.6 million
in 2022, with approximately 80 percent of these movements attributed to
disasters. Brazil and the United States emerged as the leading countries, together
accounting for nearly one third of displacement across the continent.

In Europe and Central Asia, 2022 marked a significant turning point in
displacement trends, primarily due to the armed conflict in Ukraine. This
crisis alone resulted in 16.9 million displacements, making Ukraine the fastest
growing case of conflict induced displacement at the global level IDMC, 2023).

An examination of IDMC internal displacement data for the period
between 2008 and 2022 reveals that in 2022 approximately 28 million people
experienced new internal displacement due to conflict and violence, while
32.2 million were displaced as a result of natural disasters. By contrast, the
total stock of internally displaced persons in the same year consisted of 60.9
million displaced by conflict and violence and 8.9 million displaced by disasters
(IDMC, 2023).

These data demonstrate that disasters are a decisive factor in new internal
displacement, whereas conflict and violence remain more dominant in the
overall stock of internally displaced populations. Nevertheless, disaster
induced displacement has shown an increasing trend within internal migration
movements over time. Forced migration driven by natural disasters as well as by
conflict and violence generates multidimensional economic, social, and political
impacts, giving rise to significant governance challenges. When risk conditions
are eliminated, it becomes essential to develop comprehensive policies that
support the safe and voluntary return of displaced populations. In this context,
Table 2 presents region based statistics on internal displacement caused by
conflict and violence and by disasters according to IDMC 2023 data.

Table 2. Internal Displacement by Region according to IDMC 2023 Statistics

Region Based. on conflict Bzfsed on
and violence migration
Sub-Saharan Africa 13,466,000 6,032,000
Middle East and North Africa (MENA) 4,058,000 1,331,000
FEast Asia and the Pacific 1,462,000 9,036,000
South Asia 69,000 3,596,000
American continent 637,000 2,123,000
Europe and Central Asia 779,000 4,276,000
Total 20,5 million 26,4 million

Note. From IDMC (2024, pp. 2-3).
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According to the data presented in Table 2, displacement caused by conflict,
violence, and natural disasters remained at a high level worldwide in 2023.
The IDMC 2024 report indicates that, at the global level, 20.5 million people
were displaced due to conflict and violence, while 26.4 million were displaced
as a result of natural disasters. Africa, particularly Sub Saharan Africa and the
Middle East and North Africa regions, stands out as one of the areas where
both types of displacement were most prevalent. In Asia, natural disasters
constituted a significant driver of displacement, especially in the East Asia and
Pacific region. The report further notes that in 2023 approximately 4,053,000
people in Tiirkiye were internally displaced due to natural disasters IDMC,
2024, pp. 2-3).

Internally displaced persons, also referred to as internal migrants, are
defined as individuals or groups who are forced to leave their habitual places of
residence due to armed conflict, widespread violence, human rights violations,
or disasters, but who remain within internationally recognized state borders
(IDMC, 2025, p. 5). In this context, Figure 1 presents data on the year-end
total number of internally displaced persons by year for the period 2015-2024.

Internally displaced persons are thus understood as individuals or
communities who have been compelled to abandon their permanent residences
as a result of armed conflict, generalized violence, human rights violations, or
natural disasters, while remaining within the internationally recognized borders
of their country (IDMC, 2025, p. 5). Accordingly, Figure 1 provides data on
the year end totals of internally displaced persons for the period between 2015
and 2024.

Figure 1. Year End Total Number of Internally Displaced Persons by Year
(2015-2024)

4 83.4m
69.8m om
58.1m
9.1m 54.1m
40.5m 38.9m 39.4m 40.6m I I I
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Note. From IDMC (2025); IDMC (n.d.).

The data presented in Figure 1 indicate the total number of individuals
who remained internally displaced at the end of the relevant year and therefore
represent a stock indicator. In this context, the reported figures include not only
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newly displaced persons during the given year but also those carried over from
previous years whose situations have not yet been resolved through durable
solutions.

As illustrated in the graph, the number of individuals forced into internal
migration for various reasons more than doubled during the 2015-2024 period.
This trend demonstrates the deepening nature of forced internal displacement
and highlights the growing need for more effective policies and measures at both
local and global levels to address the underlying drivers of this process. Within
this framework, Figure 2 presents annual internal displacement movements by
source type for the period between 2015 and 2024.

Figure 2. Annual Internal Displacement Movements by Source Type
(2015-2024)

2024 20.1m 45 8m
2023 20.5m 26.8m

2022 28.4m 32.6m
021 14.4tm 23 7m

2020 0.8m 3lm

2019 3.4m 25.3m

2018 10.8m 17.5m

07 11.8m 18.7m

a01a 8.3m 24.4m

2015 8.9m 19.2tn

|:| Based on conflict and wiolence  [7] Based on natural disaster

Note. From IDMC (2025, n.d.).

The data presented in Figure 2 illustrate the total number of annual
displacement movements resulting from conflict and violence as well as natural
disasters over time. According to the methodological approach adopted by the
IDMC, this indicator refers to forced displacement events recorded within a
given year and may include multiple displacement episodes experienced by the
same individual. For this reason, these data are considered a flow indicator. In
line with this conceptual distinction, a direct correspondence between the year-
end totals of internally displaced persons presented in Figure 1 and the annual
displacement totals shown in Figure 2 should not be expected. As emphasized
in IDMC reports, in contexts where protracted and repeated displacement is
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widespread, individuals may be displaced multiple times within a single year,
while some displacement situations may reach temporary or durable solutions
within the same period. Consequently, high annual displacement figures may
coexist with different levels of internally displaced populations at the end of
the year.

An examination of the trends in Figure 2 reveals a marked increase in
disaster-related displacement, particularly in 2020, 2022, and 2024. Indeed, in
2024 alone, approximately 45.8 million people worldwide were displaced solely
as a result of natural disasters.

Public policies implemented during the COVID-19 pandemic to mitigate
health risks had a significant impact on individual mobility practices and
migration decisions (Gonzdlez-Leonardo et al., 2022; Sengiin & Emeg, 2022,
pp- 2098-2099). In this context, the decline observed in migration tendencies
throughout 2021 can be interpreted as a concrete reflection of the effects of
such policy interventions on societal behavioural patterns. In particular, the
tightening of border controls, travel restrictions, and comprehensive public
health measures led many individuals to postpone migration decisions or to
reassess them altogether.

The increase in forced internal displacement and the resulting migration
movements clearly demonstrate the transformative impact of climate change—
induced extreme weather events on migration dynamics. At the same time, a
notable rise in conflict- and violence-related displacement was observed in 2022.
The simultaneous escalation of disaster- and conflict-induced migration during
this period highlights the crisis-amplifying and mutually reinforcing roles of
these two factors. These findings suggest that disasters and conflicts should not
be treated as independent processes but rather as interconnected dynamics that
trigger multiple and overlapping crises (Bettini et al., 2017). In this regard,
sustainable migration policies must adopt a holistic approach that addresses not
only disaster risks but also underlying socio-political vulnerabilities.

3. Disaster-Induced Migrations in Tiirkiye

According to records from the International Disaster Database (EM-DAT),
a total of 32 large-scale flood disasters occurred in Tiirkiye between 1903 and
2006. As a result of these events, 1,272 people lost their lives and approximately
99,000 individuals were left homeless (Republic of Tiirkiye Ministry of Forestry
and Water Affairs [Orman ve Su Isleri Bakanligi], 2013). Complementing
this historical overview, Table 3 presents data on disaster-induced internal
displacement in Tiirkiye based on IDMC statistics for the period between 2018
and 2024.
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Table 3. Disaster-induced Internal Displacement in Turkiye according to
IDMC Statistics (2018-2024)

Reasons for 2018 2019 2020 2021 2022 2023 2024 Grand
Relocation Total
Avalanche 78 302 546 180 1.340 2.446
Earthquake 7 14 39.760 1.089 4.047.329 64 4.088.263
Storm 14 1 856 871
Landslide 42 496 538
Wildfire 50 500 80.699 1.460 4.171 6.501 93.381
Flood 500 224 177 3.238 3.048 580 1.294 9.061
Dry mass 102 102
movement

Mixed disasters 112 112

Grand Total 635 540  40.983 84.131 6.938 4.053.002 8.569 4.194.774

Note. From IDMC (2025).

Data from the IDMC, established in Geneva, Switzerland in 1998, indicate
that earthquakes have been one of the primary natural triggers of disaster
induced internal displacement in Tiirkiye during the period between 2018 and
2024. According to IDMC statistics, natural disasters led to large scale forced
displacement in Turkiye throughout this period, with the major earthquakes
that occurred in 2023 emerging as the most significant driver of disaster related
internal migration. Nevertheless, other types of natural hazards, including
floods, avalanches, landslides, and forest fires, have also played an important
role in displacement processes. These findings demonstrate that Turkiye is
highly vulnerable to natural disasters due to its geological structure and climatic
characteristics, and they clearly underline the importance of disaster risk
management, preparedness, and resilience oriented policies. Moreover, given
expectations that the frequency and intensity of natural disasters will increase as
a result of climate change, these statistics constitute a critical data set for future
planning and policy development.

One of the most significant disaster induced mass displacement events in
Tiirkiye in the 2000s was the 2011 Van earthquake. As a result of this disaster,
more than 250,000 people were displaced either temporarily or permanently
(Tiryaki Yenilmez, 2023, p. 44). An examination of Table 3, which presents
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IDMC data, reveals that following earthquakes, forest fires constitute the second
most significant type of disaster leading to displacement. In particular, after large
scale fires in 2021, 2022, and 2023, populations living in several settlements,
especially in Manavgat, were evacuated and temporarily relocated to safer areas.
Floods represent another major type of disaster causing displacement in Ttirkiye.
Beyond triggering forced migration, disasters also result in substantial loss of life
and property, generating profound socio economic and demographic impacts
on affected communities.

The relatively lower displacement figures observed in Table 3 for periods
prior to 2018 should not be interpreted as an indication that disasters were
less frequent or had more limited impacts during those years. On the contrary,
significant advances in mass communication technologies and data collection
capacity in recent years have enabled disasters and displacement events to be
recorded in a more systematic and comprehensive manner. Consequently, it
should be taken into account that many incidents occurring before 2018 may
not have been fully reflected in official statistics.

The earthquakes centered in Kahramanmaras on 6 February 2023 triggered
one of the largest displacement movements in the history of Tiirkiye. These
earthquakes directly affected more than 15 million people, and it has been
reported that approximately 3.3 million individuals showed a tendency to
migrate outside the affected region (Sagiroglu et al., 2023, p. 7). In the annual
IDMC data, the sharp increase in figures recorded under the earthquake category
for 2023 clearly reflects the statistical impact of this mass displacement process.
These data serve as a fundamental reference for the development of disaster
management policies, the planning of reconstruction processes, and the effective
coordination of national and international assistance mechanisms.

3.1. An Example of Disaster Induced Migration: The
Kahramanmaras and Gaziantep Centered Earthquakes

The earthquakes that occurred on 6 February 2023, centered in
Kahramanmaras and Gaziantep, directly affected a total of eleven provinces
in Tirkiye, namely Kahramanmaras, Hatay, Gaziantep, Malatya, Diyarbakur,
Kilis, Sanliurfa, Adiyaman, Osmaniye, Adana, and Elazig. The impacts of the
disaster extended beyond Tiirkiye’s borders, reaching cities in Syria such as Idlib,
Aleppo, Hama, Latakia, Raqqa, and Tartus. As a result, millions of people were
profoundly affected, and thousands lost their lives (Sagiroglu et al., 2023, p. 8;
World Bank Group, 2023, p. 10). In this respect, the earthquakes constitute a
multidimensional disaster with severe humanitarian, demographic, and socio
economic consequences at the regional scale.
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According to the Post Earthquake Migration and Human Mobility
Situation Assessment Report, the number of registered citizens of the Republic
of Tirkiye residing in the provinces directly affected by the disaster was
identified as 14,013,196. This figure corresponds to 16.43 percent of Tiirkiye’s
total population, clearly demonstrating the extensive demographic scope
of the earthquake’s impact (Sagiroglu et al., 2023). In the same regions, the
registered foreign population was recorded as 1,771,194, representing 36.48
percent of the total registered foreign population in Tiirkiye. An examination
of the demographic distribution of the foreign population indicates that 33,159
individuals were residing with residence permits, accounting for 2.45 percent
of all foreigners holding residence permits nationwide. By contrast, the vast
majority of the foreign population in the earthquake affected region consisted
of Syrians under temporary protection status. A total of 1,738,035 Syrians living
in the region represented 49.64 percent of the total Syrian population under
temporary protection in Turkiye.

Following the disaster, it was estimated that approximately 3.3 million
survivors exhibited a tendency to leave the earthquake affected region and migrate
elsewhere (Sagiroglu et al., 2023, p. 7). This finding indicates that post disaster
migration dynamics are not limited solely to physical spatial mobility, but rather
constitute a structural phenomenon influencing social reconstruction processes,
population distribution, and regional development trajectories. In this context,
visa facilitation measures provided by various countries, including Switzerland,
Canada, Germany, and Belgium, to disaster affected individuals residing in
Tiirkiye and Syria emerged as a significant factor accelerating international
migration movements in the aftermath of the earthquake (Euronews, 2023;
Goniiltas, 2023; Topcu, 2023).

Post disaster international migration movements have the potential to
generate several structural challenges for Turkiye. In particular, adverse effects
such as the loss of skilled labour, economic contraction in out migration regions,
and the weakening of social cohesion may emerge. In addition, the tendency of
some individuals under temporary protection status residing in the earthquake
affected areas to return to Syria after the disaster has brought debates on forced
return and safe return back to the agenda.

Incidents of looting and security breaches observed in the aftermath of
the disaster further indicate that the crisis experienced in the region was not
limited to physical destruction alone, but also involved a deepening of social
and administrative vulnerabilities (Samsun Haber, 2023).

Following disasters, individuals tend to relocate temporarily or permanently
in line with heightened risk perceptions and survival motivations (Varnaci
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Uzun, 2024, p. 4). Indeed, the internal migration movements observed after the
6 February earthquakes exhibited a two stage spatial pattern. In the initial stage,
migration was directed toward neighbouring provinces due to geographical
proximity and urgent shelter needs. In the subsequent months, however,
migration increasingly concentrated in metropolitan areas, influenced by factors
such as employment opportunities, quality of life, and economic sustainability.
This process confirms the distinction frequently emphasized in the post disaster
internal migration literature between temporary displacement and permanent
resettlement.

An examination of the distribution of disaster affected individuals who
migrated from the earthquake region to other provinces and resided there
temporarily or permanently reveals that Ankara was the province receiving the
highest number of migrants, with 205,454 individuals, followed by Antalya
with 154,086 individuals (Sagiroglu et al., 2023). These figures demonstrate that
Antalya emerged as a significant center of attraction in the post disaster period
and assumed a strategic role in terms of migration dynamics. Table 4 presents
the ten provinces from which Antalya received the highest net migration in
2023.

Table 4. The Top Ten Provinces from which Antalya Received the Highest
Net Migration in 2023

Receiving

Province Sending Province In-migration Out-migration ~ Net Migration
Antalya Hatay 12.660 1.946 10.714
Antalya Istanbul 14.705 10.518 4.187
Antalya Kahramanmaras ~ 4.406 1.022 3.384
Antalya Malatya 3.339 533 2.806
Antalya Adiyaman 2172 561 1.611
Antalya Diyarbakir 3.125 1.519 1.606
Antalya Van 3.005 1.406 1.599
Antalya Adana 3.482 1.951 1.531
Antalya Gaziantep 3.139 1.680 1.459
Antalya Ankara 7.261 6.370 891
Antalya Other 61.062 61.252 -190
Antalya Total 118.356 88.758 29.598

Note. From Turkish Statistical Institute Population Statistics Portal (n.d.).
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The large-scale displacement movements that emerged in the aftermath of
the 6 February 2023 earthquakes became particularly evident through internal
migration dynamics directed from the disaster-affected regions toward provinces
that suffered comparatively less damage. In this context, the data presented in
Table 4 indicate that Antalya received the highest level of net migration from
Hatay in the post-earthquake period. At the same time, it is observed that a
certain proportion of the population migrating to Antalya during the same year
showed a tendency to return to their place of origin, namely Hatay.

The literature explaining return migration decisions among individuals
displaced after disasters emphasizes the strengthening of spatial attachment,
urban memory, and a sense of place as key determinants of return tendencies
(Nacak & Kuday, 2025, p. 10). This perspective suggests that post-disaster
migration processes are not characterized by one-directional and permanent
mobility, but rather display a multi-phased and dynamic structure.

The findings presented in Table 4 clearly demonstrate that, following
the 6 February 2023 earthquakes, Antalya received substantial net migration
particularly from provinces that experienced severe damage. The net migration
of 10,714 individuals from Hatay to Antalya indicates that Hatay became the
primary source of migration for Antalya. Hatay is followed by Kahramanmaras
with 3,384 individuals, Malatya with 2,806 individuals, and Adiyaman with
1,611 individuals. This distribution can be interpreted as a quantitative reflection
of the theoretical framework suggesting that post-disaster internal migration
initially flows toward nearby and safer locations and subsequently concentrates
in cities offering relatively higher economic and social opportunities.

The fact that Antalya received significant net migration not only from
disaster-affected provinces but also from cities outside the disaster zone indicates
that the city is perceived not merely as a temporary post-disaster refuge, but also
as an attractive center with long-term settlement and livelihood reconstruction
potential. The net migration of 4,187 individuals from Istanbul suggests that
Antalya has emerged as an alternative attraction center to major metropolitan
areas, while the relatively limited net migration from Ankara, amounting to 891
individuals, implies that migration decisions are largely shaped by factors such
as private sector employment opportunities, cost of living, and overall urban
quality of life.

The negative net migration value of minus 190 in the category of “Other”
provinces indicates that migration flows toward Antalya are not random. Rather,
they reflect a selective migration pattern shaped by disaster-related, economic,
and social push and pull factors. These findings suggest that post-earthquake
internal migration should be understood not as a temporary population
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movement, but as a structural transformation process with the potential to
permanently alter regional population distributions. Within this framework,
Table 5 presents the statistical overview of net internal migration directed
toward Antalya over the last five years.

The data presented in Table 5 encompass interprovincial internal migration
movements that refer to the relocation of an individual’s permanent residence
from one province to another. Within this framework, a comparative
examination of net internal migration flows directed toward Antalya between
2020, when the COVID-19 pandemic began, and 2024 makes it possible to
assess in a holistic manner how the earthquakes of 6 February 2023 transformed
migration dynamics across the pre-disaster, disaster, and post-disaster periods.
The findings indicate that disaster-induced migration did not merely generate a
temporary demographic fluctuation; rather, it led to a structural reconfiguration
of Antalya’s position within Turkiye’s internal migration system. In this respect,
the marked weakening of migration flows toward Antalya during the pandemic
period clearly reflects the direct impact of public health measures and mobility
restrictions on migration behaviour.

In the pre-disaster year of 2022, Antalya recorded a relatively limited increase
in net internal migration, amounting to 13,018 individuals, largely driven
by economic factors and seasonal mobility. During this period, the principal
provinces of origin were Sanliurfa, Van, Diyarbakir, and Istanbul, indicating
that Antalya continued to maintain its attractiveness through its tourism-
based labour market and lifestyle-oriented appeal. The limited contribution of
provinces severely affected by the earthquakes during this period, particularly
the net migration of only 918 individuals from Hatay, suggests that disaster-
induced forced displacement had not yet become a decisive push factor shaping
migration toward Antalya.

The year 2023 represents a clear turning point in migration dynamics. In
this year, Antalya’s net internal migration rose to 29,598 individuals, reflecting
an increase of approximately two and a half times compared to the pre-disaster
period. This rise was largely shaped by migration flows originating from provinces
severely affected by the earthquakes. Hatay ranked first with a net migration of
10,714 individuals, followed by Kahramanmaras, Malatya, and Adiyaman. This
concentration of migration from disaster-affected areas indicates that Antalya’s
migration profile was substantially redefined during this period along the axis
of disaster-induced forced migration. This transformation demonstrates that
Antalya emerged not only as a destination sought for short-term safety, but
also as an important secondary destination for displaced populations seeking
medium-term economic and social stability.
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2020 2021 2022 2023 2024

Source Net Source Net Source Net Source Net Source Net
Province Migration Province Migration Province Migration Province Migration Province Migration
[stanbul 4.946 Afyon karahisar 1.766 Sanliurfa 2.008 Hatay 10.714 Istanbul 2.684
Ankara 2.072 Artvin 1.700 Van 1.555 [stanbul 4.187 Van 2.223
Isparta 1.630 Balikesir 1.274 Diyarbakir ~ 1.348 K. Maras 3.384 Sanliurfa 1.630
Sanliurfa 1.255 Ardahan 834 [stanbul 1.148 Malatya 2.806 Ankara 1.456
Diyarbakir ~ 1.213 Aydin 757 Hatay 918 Adiyaman 1.611 Diyarbakir ~ 1.218
Van 758 Batman 729 Adana 829 Diyarbakir ~ 1.606 Burdur 1.207
Konya 659 Bolu 637 Gaziantep 604 Van 1.599 Konya 1.107
Adana 518 Igdur 369 Ankara 559 Adana 1.531 Gaziantep 891
Izmir 487 K. Maras 292 Mardin 481 Gaziantep 1.459 Sirnak 773
Burdur 475 Bursa 260 Konya 368 Ankara 891 Adana 750
Other 6.697 Other -818 Other 3.200 Other -190 Other 10.680
Total 20.710 Total 7.800 Total 13.018 Total 29.598 Total 24.619

Note. Turkish Statistical Institute Population Statistics Portal (n.d.).
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In the post-disaster year of 2024, a partial normalization trend in migration
volume was observed, with net internal migration declining to 24,619
individuals. Nevertheless, this level remained significantly above that of the
pre-disaster period, indicating that the effects of disaster-induced migration
extended beyond the initial phase of displacement. During this period, the
renewed prominence of economically motivated migration from provinces
such as Istanbul, Van, and $anliurfa, alongside continued inflows from disaster-
affected areas, points to the emergence of a complex migration regime in which
forced displacement and voluntary internal migration became increasingly
intertwined. This pattern suggests that a segment of disaster migrants shifted
from temporary displacement toward permanent or semi-permanent settlement
in Antalya.

When the five-year period is considered as a whole, disaster-induced
migration appears not as a temporary deviation, but as a key catalyst of long-
term demographic and spatial transformation. Antalya’s internal migration
system has evolved from a structure predominantly shaped by labour market
dynamics into a more complex and multi-layered system encompassing
humanitarian displacement, secondary migration, and permanent resettlement.
These findings underscore the need to conceptualize disaster migration as a
multi-stage and path-dependent process that generates lasting impacts on urban
growth, housing demand, and regional inequalities.

In this context, Antalya provides a striking example of how cities
geographically proximate to disaster areas can become critical nodes in post-
disaster population redistribution and how they can absorb demographic
pressures that extend well beyond the emergency response phase. Accordingly,
policies addressing disaster-induced migration should move beyond short-term
humanitarian assistance and be formulated through comprehensive strategies
that incorporate long-term urban planning, housing policies, and labour market
integration in receiving regions. The case of Antalya strengthens the empirical
evidence that large-scale natural disasters can permanently transform internal
migration systems and once again highlights the importance of integrating
disaster risk and migration management into regional development policies.

4. Disasters and Migration in the Activity Reports of AMM

Antalya’s increasing attractiveness in recent years in the face of disaster-
induced migration movements has generated not only demographic and spatial
consequences but has also brought to the forefront the question of how local
governments manage disaster risks and migration processes. In this context,
understanding the impact of natural disasters on migration dynamics in Antalya
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necessitates an examination of the approaches to disaster management and
climate adaptation articulated in the city’s existing policy documents.

Article 7 of Law No. 5216 on Metropolitan Municipalities regulates the
authorities and responsibilities of metropolitan municipalities and, in particular,
stipulates under subparagraph (u) that planning and preparedness processes
related to natural disasters should be carried out at the metropolitan scale. Within
this framework, municipalities are obliged to conduct disaster-related planning
and preparedness activities in alignment with plans prepared at the provincial
level and to provide vehicles, equipment, and material support to other regions
in times of disaster. In addition, the provision of fire and emergency services, the
inspection of facilities producing or storing explosive and flammable materials,
the monitoring of disaster risk precautions in public and private buildings, and
the execution of related licensing procedures are among the core responsibilities
of municipalities.

Within this legal framework, disaster-induced migration and displacement
have become an increasingly significant dimension of municipal disaster
management policies. Forced migration movements emerging in the aftermath
of disasters constitute critical factors that local governments must take into
account in their planning, preparedness, and response processes. Municipalities
are required to adopt measures to meet basic needs such as temporary shelter,
health services, food, and access to clean water in the post-disaster period and to
manage these processes through a comprehensive approach. At the same time,
local governments are expected to play an active role in resettlement, social
cohesion, and integration processes.

The AMM, provides various social services for individuals migrating to the
city due to disasters and economic factors. In this context, educational seminars
are organized to support the adaptation process of newly arrived populations
and to enhance social awareness. These seminars aim to facilitate migrants’
adjustment to urban life practices and to promote a shared culture of coexistence
with the resident urban population (AMM, 2020, p. 37). Such practices
contribute to strengthening social integration in migration and displacement
processes that emerge in the aftermath of disasters.

The disaster management activities of the AMM are not limited to social
services but also encompass institutional capacity and coordination dimensions.
Within the framework of fire services, the municipality ensures coordination
among metropolitan units, civil society organizations, and volunteer groups. To
enhance disaster awareness, seminars, training programs, drills, and informational
publications are conducted. Moreover, the vehicle, equipment, and logistical
infrastructure of the Disaster Coordination Center is being strengthened, and
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the center is continuously updated to adapt to changing risk conditions. In
addition, the preparation of the Earthquake and Disaster Master Plan aims to
enhance the city’s resilience to disasters and to accelerate post-disaster recovery
processes (AMM, 2020, pp. 33-34).

To address urgent post-disaster needs, the AMM conducted tabletop exercises
within the scope of the Disaster Response Plan (TAMP) through the Disaster
Management Decision Support System (AYDES), under the coordination of
the Antalya Provincial Directorate of Disaster and Emergency Management
(AMM, 2020, p. 219). These activities aimed to enhance the effectiveness of
disaster management processes.

The AMM also makes extensive use of technology and information
infrastructure in disaster management and migration processes. During the
Manavgat forest fire, the Disaster Aid Tracking System enabled the assessment
of requests from affected households and the identification of needs, operating
in an integrated manner with the warehouse stock management system.
The Disaster Vehicle Dispatch Management System facilitated the effective
coordination of vehicles in the field. Within the Disaster Coordination Center,
operational processes were spatially monitored and managed through the use of

geographic information systems, unmanned aerial vehicles, and satellite imagery
(AMM, 2021, p. 27).

The intervention activities carried out by the AMM during and after the
Manavgat fire reflect a comprehensive approach to post-disaster displacement
and migration processes. Citizens who lost their homes in the fire were provided
with container housing support (AMM, 2021, p. 98), while evacuation,
treatment, and care services were delivered for stray and vulnerable animals
(AMM, 2021, p. 132). In addition, maintenance, repair, and renovation needs
of households affected by the fire, as well as those of persons with disabilities,
were addressed (AMM, 2021, p. 140). These practices demonstrate that the
AMM approaches post-disaster migration and displacement processes through
a multidimensional and holistic framework.

In this context, the data presented in the AMM’s 2022 Activity Report
(2022a) and the Sustainable Energy and Climate Action Plan (SECAP) (AMM,
2022b) provide an opportunity to assess the strategies developed by the city
against climate-related risks and the potential impacts of these strategies on
migrant populations. The findings presented in Table 6 reveal the spatial
relationship between the migrant population living in Antalya and levels of
climatic hazard, indicating that disaster risks generate multidimensional
consequences not only in environmental terms but also with respect to social
vulnerabilities and migrant groups.
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Accordingly, the data included within the SECAP framework demonstrate
that disaster management in Antalya should not be confined solely to physical
risk reduction but rather should evolve toward a holistic governance approach
encompassing migration, displacement, and social cohesion processes. In this
respect, policy documents concretize the role assumed by local governments in
managing the impacts of natural disasters on migration dynamics and highlight
the importance of forward-looking adaptation policies.

Table 6. Climatic Hazard Levels of Migrants according to the SECAP

Climatic Hazard Level
Cold Wave Medium
Extreme Flooding and Precipitation High
Sea Level Rise High
Extreme Weather Events High
Forest Fires High

Note. AMM (2022b).

The data presented by AMM (2022b) within the scope of the SECAP
indicate that the migrant population residing in the city exhibits a high level
of vulnerability to the impacts of climate change. The increasing frequency and
intensity of extreme weather events, rising sea levels, and the growing prevalence
of forest fires directly affect migrants’ living conditions and generate significant
risks in terms of human security. In this context, climate change emerges as a
key determinant of socio-spatial security not only for the local population but
also for communities that have settled in the city through migration.

The findings reported in Table 6 demonstrate that the most pronounced
climatic risks faced by migrants in Antalya are extreme precipitation events and
the resulting floods. Migrants residing in informal settlements and areas with
inadequate infrastructure are particularly exposed to such hazards. Flooding not
only undermines housing conditions but also exacerbates public health risks
and threatens the continuity and stability of living environments. In addition,
rising sea levels directly affect migrants living in coastal areas by increasing the
likelihood of inundation of residential zones and intensifying the risk of forced
displacement.

In this regard, enhancing the resilience of the migrant population in Antalya
to the adverse effects of climate change should be considered a core priority of
local disaster and migration governance policies. Strengthening infrastructure
investments in areas with high concentrations of migrants, expanding early
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warning and risk monitoring systems, increasing awareness-raising activities
related to climate-induced hazards, and implementing socio-economic
empowerment programs constitute key components of this process. Moreover,
inclusive climate adaptation policies developed through cooperation between
local authorities and civil society organizations hold significant potential to
generate comprehensive and sustainable solutions that are responsive to the
specific needs of migrant populations.

4.1. Responses of AMM to Disasters and Climate Change
The AMM has adopted a multidimensional approach within the framework

of intervention, risk reduction, and adaptation policies in response to natural
disasters triggered by climate change. One of the most concrete manifestations
of this approach was the comprehensive disaster response activities carried out
during the large-scale forest fire that started in the Manavgat district on 28 July
and spread to the districts of Giindogmus, Akseki, and Ibradi. In parallel with
emergency response efforts, the social dimension of the disaster was also addressed
through the deployment of teams composed of social workers and sociologists
tasked with conducting social assessments and damage identification in affected
neighbourhoods. Based on the expressed needs of disaster victims, referrals were
made to relevant municipal units. In addition, psychosocial support services
were provided to children affected by the fire through psychologists and child
development specialists. These practices underscore the critical role of local
governments’ social support mechanisms in managing forced migration and
displacement processes resulting from disasters (AMM, 2021, p. 256).

Beyond its response capacity, AMM has also developed preventive and
planning-oriented policies aimed at reducing climate change-related risks and
preventing disaster-induced displacement. In this context, the Fire Risk Map,
initiated in 2015 and completed in 2019, was prepared using Geographic
Information Systems, with update efforts continuing as of 2021 (AMM, 2021,
p- 259). This map contributes to the identification of high-risk areas for forest
fires and supports the development of preventive measures.

Within the framework of the Tiirkiye Disaster Response Plan, AMM has
implemented various initiatives and contributed to the preparation of the
Antalya Provincial Disaster Risk Reduction Plan. This plan includes actions
aimed at reducing the physical, economic, and social impacts of disasters on
settlements and communities (AMM, 2021, p. 259). In addition, AMM was
selected as one of the pilot municipalities within the Technical Assistance Project
for Strengthening AFAD’s Capacity for Disaster Risk Reduction and Adaptation
Related to Climate Change in Tiirkiye. The project aims to enhance the

154



Management of Disaster and Climate-Induced Migration

institutional capacity of local governments to address climate change-induced
disaster risks and to strengthen urban resilience. Within this framework, EU
Climate Diplomacy Week activities were also hosted in Antalya (AMM, 2022a,
p. 128).

Regarding seismic risk, the Antalya Earthquake Master Plan is included
among the core responsibilities of the Metropolitan Municipality within
the scope of the Provincial Disaster Risk Reduction Plan coordinated by the
Provincial Directorate of Disaster and Emergency Management. The plan aims
to transform Antalya into a more earthquake-resilient city and is expected to be
completed by 2025. As the initial step of the planning process, the first Antalya
Earthquake Master Plan Workshop was held on 11 August 2022, during which
the roadmap and planned activities were defined (AMM, 2022a, p. 172).

Throughout 2023, the AMM adopted a multi-layered disaster governance
approach focused on disaster risk reduction, climate change adaptation, and
institutional capacity building. In this regard, AMM became an active stakeholder
in the Technical Assistance Project for Strengthening AFAD’s Capacity for
Disaster Risk Reduction and Adaptation Related to Climate Change in Tiirkiye,
in which AMM and Trabzon Metropolitan Municipalities were selected as pilot
cities. Through this project, the identification of climate change-related disaster
risks, the enhancement of local adaptation capacities, and the development
of planning tools aligned with international policy frameworks were targeted.
Moreover, following the earthquakes of 6 February 2023, housing, household
goods, and basic needs assistance were provided to disaster-affected individuals
who relocated to Antalya, and systematic aid and referral processes were carried
out through Disaster Coordination Units (AMM, 2023). Veterinary services and
adoption activities for animals affected by the earthquake further demonstrated
that disaster management was approached through a holistic, ecosystem-based
perspective rather than a solely human-centered one.

At the same time, AMM emphasized innovative and participatory
practices aimed at increasing public awareness and developing science-based
risk reduction policies. Training programs, drills, and fire safety inspections
conducted under the coordination of the Fire Department and the Disaster
Affairs Department exceeded targeted levels following the declaration of 2023
as the “Year of Disaster Drills.” Within the scope of the Earthquake Master
Plan process, the digitization of the building stock inventory in coordination
with district municipalities, the establishment of the Building Inventory
Earthquake Information System, and the implementation of land use change
analyses based on Geographic Information Systems and machine learning
indicate a transition toward data-driven disaster risk management in Antalya.
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Furthermore, the deployment of an earthquake simulation truck, conferences
organized with the participation of academics, and awareness-raising activities
for preschool children stand out as creative initiatives aimed at disseminating
disaster awareness across society (AMM, 2023). These activities demonstrate
that AMM has adopted a local governance approach that integrates prevention,
preparedness, and social resilience, rather than limiting disaster management to
the response phase alone.

AMM’s activities in 2023 are characterized by data-driven, capacity-building,
and awareness-raising practices addressing climate change-related risks at the
local level. In line with the Antalya Provincial Disaster Risk Reduction Plan, a
comprehensive building stock inventory was created, and the city’s risk profile
was updated through the analysis of extensive datasets covering geological and
geotechnical conditions, hydrogeology, seismicity, landslide susceptibility, and
liquefaction risks. In addition, innovative initiatives aimed at raising public
awareness of climate change-related risks were implemented in 2023. Land use
change maps for the 2014-2023 period were produced using satellite imagery and
machine learning techniques, enabling the scientific monitoring of the spatial
impacts of climate change. Moreover, hands-on training activities organized for
children in daycare centers offered a creative approach to fostering climate and
disaster awareness at an early age (AMM, 2023). These practices illustrate that
climate change in Antalya is addressed not merely as an environmental issue, but
as a multidimensional challenge encompassing urban resilience, disaster risk,
and social cohesion. Finally, current statistics on disaster-induced displacement
in Antalya are presented in Table 7.

Table 7. Statistics on Disaster Induced Displacement in Antalya

Causes of Displacement Year Number of Migrants
Wildfire 2018 50

Flood 2020 7

Wildfire 2021 80.699

Wildfire 2023 56

Flood 2024 1203

Grand Total 82.015

Note. IDMC (2025).

According to IDMC data, wildfires and floods have emerged in recent
years as the primary types of disasters triggering displacement within the city.
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The large-scale wildfire that occurred in 2021 stands out as the period during
which disaster-induced displacement in Antalya reached its highest intensity.
This situation indicates that, under the influence of climate change, extreme
weather events and related disasters are becoming more frequent and more
destructive across the Mediterranean basin. Large-scale population displacement
generates significant pressures on housing provision, access to basic services,
social cohesion, and the local economy.

The Antalya City Disaster Risk Reduction and Climate Adaptation Action
Plan (ADRCAP [Antalya Sehri Afet Riskini Azaltma ve Iklime Uyum Eylem
Plani], 2024), prepared under the coordination of AFAD, provides a detailed
assessment of the city-specific impacts of climate change. According to the
plan, temperature increases are projected to range between 1.77 and 2.03°C
for the 2041-2060 period and between 2.16 and 2.42°C for the 2061-2080
period. These increases are expected to be more pronounced in the higher
elevations of districts such as Akseki, Ibradi, Giindogmus, Manavgat, and Serik
(ADRCAP, 2024, p. 109). Increases in the number of summer and tropical
days are anticipated to vary between coastal and inland areas, while a marked
upward trend in sea surface temperatures is observed across the Mediterranean.
Changes in precipitation regimes are expected to heighten flood and drought
risks, particularly in and around Elmali, Korkuteli, and Akseki (ADRCAP,
2024, pp. 108-110).

AFAD data indicate that Antalya ranks among the provinces experiencing
the highest number of disaster events in Ttirkiye, with more than 2,000 disasters
recorded over the past 30 years. These figures suggest an average of approximately
70 disaster events per year in the city (ADRCAP, 2024, p. 41). Data from
the Turkish State Meteorological Service further reveal that Antalya was the
province most affected by atmospheric-origin disasters during the 2010-2021
period (ADRCAPD, 2024, p. 38).

Finally, a study conducted by Kirkpinar (2024) in the city of Antalya
found that a significant proportion of temporary assembly areas designated
by AFAD lack sufficient functionality in the event of a potential disaster. This
finding underscores the need to strengthen spatial planning and infrastructure
investments at the local level in order to ensure the effective management of post-
disaster sheltering and displacement processes. In this context, the responses of
the AMM to disasters and climate change extend beyond the scope of emergency
response alone, pointing instead to a comprehensive local governance approach
that integrates risk reduction, climate adaptation, social support mechanisms,
and the management of migration and displacement processes.
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5. Conclusions and Policy Implications
5.1. Conclusion

This study demonstrates that climate change—induced natural disasters
exert multidimensional effects on migration dynamics in Antalya and that
these effects are not confined to moments of acute crisis but instead generate
lasting transformations in the city’s demographic, spatial, and socio-economic
structures. The Antalya case clearly illustrates that disasters trigger migration
through both direct mechanisms, such as wildfires, floods, and earthquakes, and
indirect pathways, including heightened risk perceptions, the deterioration of
livelihoods, and declining quality of life. In this respect, disasters have become
a structural factor shaping population mobility not only through their actual
occurrence but also through their perceived likelihood.

A joint assessment of the activity reports of the AMM for the 2020-2023
period and the ADRCAP and SECAP policy documents indicates a gradual shift
in Antalya’s disaster governance framework from a predominantly response-
oriented approach toward one centered on risk reduction, climate adaptation,
and social resilience. The development of wildfire risk maps, building stock
inventories, the Earthquake Master Plan, climate adaptation measures, early
warning systems, geographic information systems, and machine learning—based
spatial analyses reflects a significant enhancement of institutional capacity aimed
at anticipating and managing disaster impacts. Nevertheless, as evidenced by
IDMC data, the 2021 wildfires in particular, along with recurrent flood events
in recent years, have resulted in high levels of disaster-induced displacement in
Antalya, reinforcing the city’s role as a post-disaster destination.

The substantial net in-migration experienced by Antalya following the 6
February 2023 earthquakes further indicates that post-disaster internal migration
constitutes not a temporary demographic reaction but a structural transformation
process with direct implications for urban and regional policy in the medium
and long term. Cities such as Antalya, which possess relatively advanced
economic capacity, service infrastructure, and employment opportunities, tend
to attract displaced populations in the aftermath of disasters. This dynamic
generates new pressures on housing markets, infrastructure provision, social
cohesion, and environmental sustainability, thereby producing additional layers
of vulnerability.

At the same time, the impacts of climate change on Antalya’s tourism
and agricultural sectors indirectly shape migration dynamics. Extreme heat
events, floods, and wildfires negatively affect tourism seasons and employment
continuity, while losses in agricultural production constrain rural livelihoods
and increase migration toward urban areas. This process intensifies pressure on
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urban infrastructure and creates conditions conducive to the deepening of social
inequalities. Consequently, the Antalya case demonstrates that climate change
generates a multi-sectoral and multi-scalar risk environment in which disasters
accelerate migration processes.

In conclusion, this study underscores that post-disaster migration should
be addressed not merely as a spatial redistribution of population but as a
comprehensive governance issue requiring the coordinated management of
housing, employment, social cohesion, health services, infrastructure, and
environmental sustainability policies. Antalya provides a salient example of how
disaster- and climate-induced migration dynamics can be managed through
local government capacity, planning instruments, and adaptive governance
approaches.

5.2. Policy Recommendations

In order to manage disaster- and climate change—induced migration
effectively in Antalya, local governments should address disaster, climate, and
migration policies within an integrated framework. In this regard, disaster risk
reduction and climate change adaptation plans prepared by the AMM and district
municipalities should be implemented not merely as strategic documents, but
as functional policy instruments supported by concrete implementation and
monitoring mechanisms. Ensuring institutional coordination among these plans
constitutes a fundamental prerequisite for reducing vulnerabilities arising from
disasters and migration.

The governance of disaster- and climate-induced migration processes should
be based on a participatory and multi-actor approach. Incorporating the needs
and experiences of groups directly affected by disasters and migration into
decision-making processes is likely to enhance policy effectiveness. Within this
context, it is essential to strengthen continuous cooperation mechanisms among
local governments, central authorities, civil society organizations, and academic
institutions.

Antalya’s emergence as a net in-migration destination in the post-disaster
period has generated increasing pressure on housing and infrastructure systems.
Accordingly, the expansion of social housing provision, the stabilization of rental
markets, and the strengthening of infrastructure capacity in areas experiencing
concentrated in-migration should be treated as priority policy domains.
Designing post-disaster temporary shelter solutions in a manner that takes long-
term settlement needs into account can play a preventive role in mitigating the
deepening of urban vulnerabilities.
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From an economic perspective, policies should be developed to support the
integration of populations displaced by disasters and climate-related events into
the labour market. The sensitivity of Antalya’s tourism and agricultural sectors
to climate change increases employment vulnerability in these fields. Therefore,
the promotion of climate-resilient agricultural practices and the adoption of
measures aimed at reducing climate risks in the tourism sector can contribute
to balancing migration pressures.

Finally, in order to manage more effectively the interlinkages between
disasters, climate change, and migration, data-driven decision-making processes
should be strengthened. Geographic information systems, early warning
mechanisms, and systematic data monitoring can enhance the predictability of
disaster and migration dynamics. At the same time, educational and awareness-
raising activities aimed at increasing disaster and climate literacy across society
should be regarded as complementary measures for strengthening individual
and collective resilience.
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CHAPTER s

Sustainable Cities: Ageing and
Accessibility in Tiirkiye

Ferhan Saniye Palaz!

1. Introduction

As of 2024, Tiirkiye’s fertility rate remains below the population replacement
level of 2.10 (Turkish Statistical Institute [TURKSTAT], 2025b), while
the proportion of people aged 65 and older has reached 10.6% of the total
population (TURKSTAT, 2025a). Tiirkiye has thus entered the demographic
phase of population ageing, making it necessary for policymakers and researchers
to examine urban accessibility. In Tiirkiye, the pace of population ageing has
been more rapid than in many developed countries, leaving less time to prepare
for and adapt institutional structures to the emerging needs of older adults
(Eryurt, 2023).

The first significant international response to population ageing was the
1982 Vienna World Assembly on Ageing, followed by the 2002 Madrid
International Plan of Action on Ageing, which outlined a comprehensive
roadmap to guide national policy development (United Nations, 1982; 2002).
In alignment with these global efforts, Tiirkiye developed its first National
Plan on Ageing in 2007, in collaboration with universities and civil society
organizations (State Planning Organization [Devlet Planlama Tegkilati], 2007).
A review of Tiirkiye’s development planning shows that the 10th Development
Plan (2014-2018) included the establishment of a “Special Commission on
Ageing,” which produced a report directly addressing issues related to quality
of life (Republic of Tiirkiye Ministry of Development [Turkiye Cumhuriyeti
Kalkinma Bakanligi], 2014). In 2015, the “Tiirkiye Active and Successful
Ageing Study” was conducted in collaboration with Ankara University and
the Ministry of Health, incorporating indicators from the Active Ageing Index
(United Nations Economic Commission for Europe [UNECE], 2015) to assess
accessibility among the older population in Tiirkiye (Ozmete, 2016). Even
though efforts have been made to understand the needs of the older population
in Tirkiye, urban accessibility has not been sufficiently examined.
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Ensuring older adults’ access to essential services within their local
environments is crucial for creating sustainable cities and communities.
However, Tirkiye offers limited evidence of progress in this area, which is
particularly concerning given the country’s rapidly growing older population.
Existing policies and practices do not adequately address inequalities in age-
friendly urban development and accessibility. This study, therefore, seeks to
examine the current state of urban accessibility for older adults in Tirkiye.

The first step in addressing this issue involves understanding the geographical
distribution and demographic characteristics of the ageing population in
Tiirkiye, based on the most recent statistics. The initial point of reference is
the rural-urban distribution of the older population. According to the latest
data, 30.1% of older adults in Tiirkiye live in areas classified as rural, 14.6% in
medium-density cities, and 55.3% in high-density urban areas (TURKSTAT,
2023). In contrast, only 16.1% of the general population aged 16-64 lives in
rural areas. This demographic imbalance is largely a result of rural-to-urban
migration among younger cohorts, which began in the 1950s. Data on the
current young population living in urban areas suggest that future cohorts of
the ageing population will be residing dominantly in urban areas. Thus, it can be
assumed that Tiirkiye’s older population in urban areas will increase. The statistics
also show a tendency for the current population aged 65 and older to live in
urban areas. Recent research shows that older adults in Tiirkiye have increasingly
been migrating both from rural to urban areas and from large metropolitan
centres to mid-sized cities (Kog&Sarag, 2018). These trends collectively suggest
that the proportion of older adults living in medium- and high-density urban
areas is likely to continue increasing, underscoring the relevance of this study’s
first research question: (1) To what extent does the built environment in Tiirkiye
support independent living among the ageing population?

To answer this question, it is essential to consider both the living arrangements
and the household composition of older adults in Tiirkiye. Two main indicators
help illuminate these aspects. Regarding preferred living arrangements in the
context of healthcare needs, among adults aged 50 and over, 54.6% prefer to stay
in their own homes and receive in-home-care or day care services. Meanwhile,
24.2% would choose to live with an adult child, and only 5.9% would prefer
to enter a nursing home (TURKSTAT, 2024). In many countries, there are
alternative types of living arrangements for the older population, which can be
categorised under institutional care, such as retirement housing, nursing homes,
and care homes. Among them, nursing and care homes are where care is provided.
Retirement Housing has three distinguished features: restricted occupancy by
a minimum age threshold of 50, a communal lounge where activities such as
coffee mornings are organised, and varying levels of support (Gray, 2015).
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In Turkiye, institutional care options remain limited. Statistics indicate that
ageing-in-place is the most widely accepted living arrangement, preferred over
any form of institutional care. When it comes to living preferences, older people
in Tirkiye tend to remain in their own homes for as long as possible. If that
is not feasible, they prefer to live with their children. Institutional settings are
not a commonly preferred option. This trend suggests a likely increase in the
number of community-dwelling older adults in the future. Our second research
question is: (2) What are the region-specific needs for ensuring sustainable and
age-friendly cities in Tiirkiye, particularly in terms of public space, pedestrian
infrastructure, and public transportation accessibility?

A third key consideration is household composition, particularly the
prevalence of older adults living alone. Currently, there are 1,750,900 older
adults who are living alone, and 74% of them are women (TURKSTAT, 2025a).
These figures highlight the need to better understand the lives of older people
living alone as a social risk group —particularly older women— that must be
addressed in urban policy and planning. Considering this group’s needs and
vulnerabilities, understanding how access to and utilisation of care are shaped
should be a priority for social policy. Living alone as a community-dwelling
older adult raises broader questions about the meaning of community as a
social unit—beyond simply living outside of institutional settings, it involves
coexisting and interacting with fellow community members. This also brings
forth the question of what instrumental supports are necessary to enable access
to care outside institutional frameworks.

Population ageing poses diverse challenges across national contexts, shaped
by variations in healthcare systems, housing markets, and cultural expectations
around care. The demographic profile of Tiirkiye—marked by a growing urban,
community-dwelling, and living-alone older population—highlights the urgency
of planning age-friendly cities and communities as a pillar of sustainable urban
development. Our third research question is: (3) How does urban accessibility

affect the psychological well-being of older adults?

A key challenge lies in preparing for these demographic shifts in ways that
ensure age-friendly strategies benefit both current and future generations of
older adults (Van Hoof et al., 2018). To address this challenge, this study maps
urban accessibility among Tiirkiye’s 50+ population—not only those aged 65
and older—and aims to provide evidence-based insights to inform sustainable
urban governance. As noted above, the country’s rapidly ageing population
underscores the urgent need for action by researchers and policy makers. To
our knowledge, this is the first study in Tiirkiye to systematically examine urban
accessibility among the older population using nationally representative data,
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and the first to analyse the link between accessibility and well-being among
adults aged 50 and over. Regional variation provides a comparative perspective
that enhances understanding of disparities and contextual needs. The global
ageing of urban populations necessitates the adoption of more age-friendly
approaches within the broader frameworks of sustainable city development,
urban planning, and governance.

To address the three research questions outlined above, the second section
of this study presents the theoretical background, followed by a detailed
explanation of the methodology. The results section first provides descriptive
findings, followed by the outcomes of the multiple linear regression analysis.
Finally, the findings are discussed, and policy recommendations are presented.

2. Theoretical Background

While the idea of sustainable cities and communities is widely accepted as
a policy goal, its practical meaning remains debated. A sustainable city is one
that ensures equitable access to resources, protects the environment, and fosters
long-term well-being through integrated, locally grounded planning (Bulkeley
& Betsill, 2005). Older age necessitates a responsive and adaptable environment
that can accommodate the evolving physical and social needs of older adults.
Accordingly, both urban and rural settings must be considered in evaluating
how environments affect older people’s lives (Steels, 2015).

As individuals age, their need for more specialized and resource-intensive
services increases. In recent years, various strategies and policies have emerged
to address the specific needs of older people (Steels, 2015). To respond to the
challenges of an ageing population, global frameworks have emerged. A major
policy tool developed to support such efforts is the Active Ageing Index (AAI),
which provides a cross-national comparative framework based on four key
dimensions: (1) employment, (2) social participation, (3) independent, healthy,
and secure living, and (4) enabling environments for active ageing (European
Commission & UNECE, 2019). These dimensions also align closely with
local age-friendly policies, such as the promotion of walkable neighbourhoods,
equitable access to healthcare and services, and community-based care models.
The AAI serves as a reference for policymakers, highlighting priorities and
urgencies in current ageing policies (UNECE/EC, 2015). By emphasizing
social participation, independent living, and an enabling environment for older
adults, the AAI is a tool ensuring that local policies foster equitable access to
resources, support inclusive communities, and enhance the overall well-being
of ageing populations through local infrastructure and services (European
Commission & UNECE, 2019). We observe that the AAT’s perspective aligns
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with “sustainable age-in-place” practices, particularly in terms of the built
environment’s effectiveness in facilitating active social engagement (Landorf et
al., 2008).

While the AAI offers a policy tool for evaluating ageing outcomes across
countries, the WHO (World Health Organization)’s Global Age-Friendly Cities
Guide provides a practical urban planning framework that operationalizes these
principles at the municipal level. It encourages municipalities to adopt principles
that support older adults” ability to live independently (Plouffe & Kalache,
2010). Older people are especially sensitive to their neighbourhoods, as they
tend to spend more time at home, rely more on local resources, and are often
more emotionally attached to their communities (Poulsen et al., 2011, p. 221).
Environmental barriers—including poor lighting, narrow sidewalks, and unsafe
crossings—can exert what Lawton and Nahemow (1973) called “environmental
press” on older adults, generating stress and limiting activity (as cited in Buffel,
2017, p. 2). Access to services such as recreational areas and fresh food markets
can encourage healthy habits like exercise and nutrition. In addition to the
built environment, health is also shaped by social aspects of place, such as trust
and social capital (Lochner et al., 1999). Public transit offers a low-cost and
environmentally sustainable mode of transportation that supports independent
mobility, making it particularly valuable for addressing the mobility needs of an
ageing population. Given its potential to enhance mobility among older adults,
it is essential to ensure that public transport systems are accessible to individuals
of all abilities and provide reliable access to desired destinations (Ravensbergen
et al., 2022).

When it comes to studying with the older population, a devoted concept
is the age-friendly city, defined as “a place where older people are actively
involved, valued, and supported with infrastructure and services that effectively
accommodate their needs” (Van Hoof et al., 2018). Following this concept,
age-friendly communities are inclusive communities that promote autonomy
by ensuring access to meaningful activities, relationships, and mobility. As
Scharlach and Lehning (2013, pp. 110-113) argue, age-friendly environments
must reduce disabling conditions and challenge ageist norms that otherwise lead
to exclusion and decline. To maintain the well-being of community-dwelling
older people, a holistic approach is needed (Lawler, 2001).

The concept of “ageing-in-place” reflects older adults’ desire to remain
in familiar physical and social environments as they age (Wiles et al., 2012).
Starting from earlier studies, it refers to the ability of older people to continue to
live in their own homes even after functional decline and increased dependence
(Emlet & Moceri, 2012). This preference shows the importance of not only

168



Sustainable Cities: Ageing and Accessibility in Tirkiye

the built environment but also social infrastructure in enabling autonomy in
late life. Supporting ageing-in-place means supporting an independent living
which requires both physical and social environments that are age-friendly and
inclusive. In this study, ageing-in-place will be discussed, focusing on both the
social and physical infrastructure.

In Tirkiye, ageing-in-place is more than a preference; it is shaped by
limited institutional care options and strong care norms which rely heavily on
filial expectations. While this may reduce formal care costs (Gitlin, 2003), it
also places pressure on families and communities to provide informal care, a
responsibility that is increasingly strained under demographic changes (Akkan
& Sanli, 2023). The ageing population thus presents both a policy challenge
and a social imperative to create environments that support autonomy, dignity,

and mobility for older adults.

Built environments—such as pedestrian infrastructure, transportation
systems, and public amenities—can either support or hinder ageing-in-place
(WHO, 2007). These environments often determine whether older individuals
can continue living independently or become reliant on others. For vulnerable
social groups such as older adults, equitable access to resources is essential to
advancing social justice and reducing urban inequalities. To our knowledge,
there is no study in Tiirkiye that has analysed accessibility and the well-being of
older adults at the national level using regionally comparative quantitative data.

This study aims to examine the extent to which built environments in
Tiirkiye support independent living among older adults, identify region-specific
accessibility needs for promoting sustainable and age-friendly urban development,
and assess the impact of urban accessibility on the psychological well-being of
individuals aged 50 and over. Drawing on the nationally representative 2023
Tiirkiye Ageing Profile Survey (N = 26,767), the study combines regional-level
descriptive statistics and multiple linear regression analysis to explore both
spatial inequalities in accessibility and their relationship to well-being.

3. Methods

To address our three research questions, we used nationally representative
data that provide information on the urban accessibility of populations aged
50 and over. Utilizing such data enables the development of a comprehensive
understanding of the extent to which different regions are age-friendly and helps
identify the key areas of concern.
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3.1. Data and Research Questions

The Turkiye Ageing Profile Survey was conducted by the TURKSTAT
in collaboration with the Ministry of Family and Social Services. The field
application was conducted from October 23 to December 18, 2023. The micro
data set presents information on demographics, working life and economic
conditions, health, independent living, care and social assistance, environment,
participation in social life, life satisfaction, disasters and emergencies, rights and
ageism, dwelling, and general information on the environment.

All settlements within the borders of the Republic of Tiirkiye were covered
using the Address Based Population Register System (ABPRS). The data include
29,785 individuals aged 50 and above, drawn through a multi-stage cluster
sampling method. The sample is nationally representative and covers all 12
NUTS-1 (The Nomenclature of Territorial Units for Statistics- 1) regions.
Institutional populations (e.g., nursing homes, prisons, military facilities) were
excluded. Only households with at least one-person aged 50+ were eligible.

In this study, we excluded proxy responses (see Chapter 3, 2, for further
information) due to high data missing in certain variables. The final analytical
sample consists of 26,767 self-respondents aged 50 to 90 (M = 62.8, SD =9.2).
There are 14,161 women (52.9%) and 12,606 men (47.1%) in our sample. The
present study is guided by the following three research questions: (1) To what
extent does the built environment in Tiirkiye support independent living among
the ageing population? (2) What are the region-specific needs for ensuring
sustainable and age-friendly cities in Turkiye, particularly in terms of public
space, pedestrian infrastructure, and public transportation accessibility? (3)
How does urban accessibility affect the psychological well-being of older adults?

3.2. Data Collection Instrument

Three questionnaires were used in the survey: (1) a household form to list all
members, (2) a household questionnaire answered by a key respondent, and (3)
an individual questionnaire asked to all-household members aged 50 and over.
Data were primarily collected through computer-assisted personal interviews
(CAPI). When in-person interviews were not possible, computer-assisted
telephone interviews (CATT) were used. For individuals unable to respond due
to age-related health issues, a household or non-household member provided
information as a proxy. In such cases, subjective questions related to personal
perceptions or experiences were omitted. Our study uses only data from the
individual questionnaire and is designed at the individual level.

170



3.3. Variables

3.3.1. Descriptive Variables
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To evaluate the built environment as supporting independent living,
descriptive analyses were conducted across three types of accessibility: (1) public
spaces, (2) pedestrian, and (3) public transportation. Variables with consistently

low expected cell frequencies (e.g., reasons for being unable to go outside) were

excluded from the chi-square analysis to ensure statistical validity and clarity.

Regional comparisons were based on the NUTS-1 classification (12
regions), which allows for spatially disaggregated insights into differences in

urban accessibility for adults aged 50 and above (see Table 1).

Table 1. Population 50 Years Old and Over in Each Region (N = 26767)

n %
TR1 3367 12.6
TR2 1932 7.2
TR3 3472 13.0
TR4 2573 9.6
TR5 2657 9.9
TRG6 2810 10.5
TR7 1861 7.0
TRS 2253 8.4
TRY 1390 5.2
TRA 1187 4.4
TRB 1416 5.3
TRC 1849 6.9

Regions and cities in each region are as follows: TR1 Istanbul (Istanbul),
TR2 West Marmara (Tekirdag, Edirne, Kirklareli, Balikesir, Canakkale), TR3
Aegean (Izmir, Aydin, Denizli, Mugla, Manisa, Afyonkarahisar, Kiitahya, Usak),
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TR4 East Marmara (Bursa, Eskisehir, Bilecik, Kocaeli, Sakarya, Diizce, Bolu,
Yalova), TR5 West Anatolia (Ankara, Konya, Karaman), TR6 Mediterranean
(Antalya, Isparta, Burdur, Adana, Mersin, Hatay, Kahramanmarag, Osmaniye),
TR7 Central Anatolia (Kirikkale, Aksaray, Nigde, Nevsehir, Kirsehir, Kayseri,
Sivas, Yozgat), TR8 West Black Sea (Zonguldak, Karabiik, Bartin, Kastamonu,
Cankiri, Sinop, Samsun, Tokat, Corum, Amasya), TR9 East Black Sea (Trabzon,
Ordu, Giresun, Rize, Artvin, Giimiishane), TRA North East Anatolia (Erzurum,
Erzincan, Bayburt, Agri, Kars, Igdir, Ardahan), TRB Central East Anatolia
(Malatya, Elazig, Bingdl, Tunceli, Van, Mus, Bitlis, Hakkari), TRC South East
Anatolia (Gaziantep, Adiyaman, Kilis, Sanliurfa, Diyarbakir, Mardin, Batman,
Sirnak, Siirt).

Public space accessibility (coded as 1 = Yes, 2 = No) included the following
binary items: going outside unassisted, transportation problems, environmental
problems, security risks, inadequate stairs/ramps/sidewalks, poor lighting, lack
of green areas, insufficient seating (e.g., benches, pergolas), and inadequate
restrooms.

Pedestrian accessibility (coded as 1 = Yes, 2 = No) included problems with:
crossing the street, walking on sidewalks, short traffic light durations, using
pedestrian-priority zones, and seeing traffic signs/signals. Public transport
accessibility (recoded as 1 = Yes, 0 = No) included: reaching bus stops, difficulty
in waiting at the stop, boarding or exiting vehicles, and standing during trips.

3.3.2. Dependent and Independent Variables for Multivariate
Analysis

Self-rated health was recoded following the Survey of Health, Ageing, and
Retirement in Europe (SHARE) classification. Responses were dichotomized
as 0 = “good or very good health” and 1 = “less than good health” (Mehrbrodt
et al., 2019). Gender was recoded as 1 = male and 0 = female. Age was treated
as a continuous variable, based on respondents’ reported age at the time of the
survey.

The following binary variables were coded as 1 = Yes and 0 = No: Living
alone, ability to go outside without help, difficulty accessing healthcare services,
feeling safe walking alone at night in one’s neighbourhood, and difficulty moving
around as a pedestrian (see Table 2).
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Table 2. The Characteristics of the Sample (N = 26767)

n %
Age (n = 26767)
50-64 16557 61.9
65-74 6929 25.9
75-90 3281 12.3
Self-rated health (n = 26767)
Good or very good 17543 65.5
Less than good 9224 34.5
Living alone (n = 26767)
Yes 3348 12.5
No 23419 87.5
Going outside unassisted (n = 26767)
Yes 24422 91.2
No 2345 8.8
Difficulty accessing healthcare (n = 26689)
Yes 6700 25.1
No 19989 74.9
Pedestrian difficulties (n = 5224)
Yes 3172 60.7
No 2052 39.3
Safety walking at night (n = 25608)
Yes 19746 77.1
No 5862 22.9

The Geriatric Depression Scale (GDS) was used as a continuous outcome
variable to proxy psychological well-being. Items 5, 7, 9, 15, 19, 21, 28, 29,
and 30 were recoded as 0 = Yes, 1 = No, while all other items were coded as 1
= Yes, 0 = No. A total score was calculated, ranging from 0 to 30, with higher
scores indicating more depressive symptoms. The value for Cronbach’s Alpha for
the GDS was a = .897 (M = 9.15, SD = 6.5). Normality was examined using
the Kolmogorov—Smirnov test, which was significant (D = .123, p < .001),
which formally indicates a deviation from a normal distribution. However, as
Tabachnick and Fidell (2013) note (cited in Pallant, 2020), normality tests
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are highly sensitive to large sample sizes, where even trivial departures from
normality can yield significant results. Therefore, in addition to the significance
test, we inspected descriptive statistics (skewness and kurtosis) and visual
plots (histogram and Q—Q plots). These indicated that the distribution of the
GDS was approximately normal, with skewness and kurtosis values within
the recommended +1.0 range. Accordingly, the assumption of normality was
considered adequately met for the planned analyses.

Evidence from SHARE data indicates that access to local services is linked
to fewer depressive symptoms and greater psychological resilience (Stoeckel &
Litwin, 2015). Furthermore, age-friendly neighbourhood design (Cheng et al.,
2019) and the availability of walkable, safe environments (Scharlach & Lehning,
2013) have been identified as key determinants of urban accessibility for older

people.

3.4. Analysis

The analysis was conducted in two stages.

Stage 1. Descriptive Analysis and Chi-Square Tests: To explore regional
variation in built environment accessibility and autonomous living among
adults aged 50 and over, chi-square tests of independence were conducted.
Categorical variables and binary indicators were compared across 12 NUTS-
1 regions. Adjusted standardized residuals were calculated to identify regions
with significantly higher or lower frequencies. A threshold of +2.0 was used to
denote statistically significant deviations (Field, 2009, p.740). Effect sizes were
evaluated using Cramér’s V, interpreted according to Rea and Parker’s (1992)
classification: 0.10 = weak, 0.20 = moderate, 0.40 = relatively strong.

Stage 2. Linear Regression Analysis: A multiple linear regression analysis
was conducted to assess the relationship between the built environment and
well-being, measured by the total score on the Geriatric Depression Scale (GDS).
Independent variables included age, gender, perceived health status, living
alone, ability to go outside unassisted, pedestrian difficulties, difficulty accessing
healthcare, and perceived safety when walking alone at night. All predictors
were entered simultaneously. The model’s overall effect size was evaluated
using R? and Adjusted R? values. The Statistical Package for Social Sciences
(SPSS 23) software was used for data analysis. After finalising the sample, the
reliability of the scale was first examined using Cronbach’s alpha coefficient. The
distribution of numerical variables was assessed through Q-Q plots, P-P plots,
skewness and kurtosis values, and the Kolmogorov—Smirnov test results. Given
the characteristics of the dependent variable and the nature of the research
question, multiple linear regression was selected, following the verification of its
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underlying assumptions. In the model, the variance inflation factor (VIF) was
checked to ensure that it remained below 10, thereby confirming the absence
of multicollinearity. Model fit was evaluated using the Durbin—Watson statistic
(acceptable range: 1.5-2.5). A significance level of p < 0.05 was adopted to
indicate statistical significance

4. Results
4.1. Descriptive Analysis Results

Our detailed descriptive analysis revealed several key findings that highlight
the main areas of concern for each region. The primary accessibility barriers
were identified as the lack of green spaces, insufficient seating and resting
areas, inadequate toilet facilities, concerns regarding safety and security, and

environmental challenges. These issues were particularly pronounced in three
regions: Istanbul (TR1), East Marmara (TR4), and the Mediterranean (TRG).

With respect to pedestrian accessibility and barriers, our findings pointed
out short trafhic light durations and the limited visibility of traffic signs as major
concerns. These problems were especially evident in Northeast Anatolia (TRA),
Central East Anatolia (TRB), Southeast Anatolia (TRC), the Aegean (TR3),
East Marmara (TR4), and the East Black Sea (TR9).

4.1.1. Accessibility of Public Spaces
4.1.1.1. Going Outside Unassisted

Chi-square tests revealed statistically significant regional differences in the
ability of adults aged 50 and over to go outside without assistance. Although the
association was weak in strength, the results indicate a variation across Tiirkiye’s

12 NUTS-1 regions (see Table 3).

In East Marmara (TR4), the ability to go out without assistance is higher
than expected (AR = +5.5). Similarly, Istanbul (TR1), West Marmara (TR2),
and the Aegean (TR3) also show higher-than-expected levels of independent
outdoor activity (AR = +4.6; AR = +3.3; AR = +3.0, respectively). By contrast,
in Southeast Anatolia (TRC), the inability to go out without assistance is higher
than expected (AR = —10.6). Likewise, Northeast Anatolia (TRA) and Central
East Anatolia (TRB) exhibit higher-than-expected levels of inability to go out
without assistance (AR = -5.5; AR = —4.9, respectively).

Other regions, such as West Anatolia (TR5), Mediterranean (TR6), and West
Black Sea (TR8), displayed weak and statistically non-significant deviations,
suggesting moderate or average levels of accessibility. In East Black Sea (TR9),
residuals were negligible, indicating no substantial regional divergence.
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4.1.1.2. Accessibility Barriers

Among respondents who did use public spaces (n=21,295), notable regional
variation was observed in their reported difficulties (see Table 3). Regional
differences were evident in the reporting of lack of green spaces among adults
aged 50 and older, with a moderate effect size. Istanbul (TR1), East Marmara
(TR4), and Mediterranean (TR6) reported significantly more problems related
to green space availability than expected, with adjusted residuals ranging from
+2.3 to +22.9. By contrast, West Marmara (TR2), Aegean (TR3), West Black
Sea (TR8), and East Black Sea (TR9) exhibited significantly fewer reports of
green area shortages than expected, with adjusted residuals ranging from —4.4
to —10.8.

Regional differences were also evident in the reporting of inadequate toilet
facilities among adults aged 50 and older, with a moderate effect size. Istanbul
(TR1), East Marmara (TR4), and Mediterranean (TRO) reported significantly
more problems related to inadequate toilet access than expected, with adjusted
residuals ranging from +7.7 to +16.5. By contrast, West Marmara (TR2), Aegean
(TR3), West Anatolia (TR5), Central Anatolia (TR7), West Black Sea (TRS),
East Black Sea (TR9), and Southeast Anatolia (TRC) exhibited significantly
fewer reports of toilet-related difficulties than expected, with adjusted residuals
ranging from —12.2 to -3.4.

Regional differences were also evident in the reporting of insufficient seating
and rest areas among adults aged 50 and older, with a weak to moderate effect
size. Istanbul (TR1), East Marmara (TR4), and Mediterranean (TRG) reported
significantly more problems related to insufficient seating than expected, with
adjusted residuals ranging from +4.7 to +13.9. By contrast, West Marmara
(TR2), West Anatolia (TR5), West Black Sea (TR8), and East Black Sea (TR9)
exhibited significantly fewer reports of seating-related difficulties than expected,
with adjusted residuals ranging from —10.6 to —4.4.

Regional differences were also evident in reports of safety and security
problems among adults aged 50 and older, with a weak to moderate effect
size. Istanbul (TR1), East Marmara (TR4), and Mediterranean (TRG) reported
significantly more problems related to safety and security than expected, with
adjusted residuals ranging from +3.8 to +18.7. By contrast, West Marmara
(TR2), Aegean (TR3), West Anatolia (TR5), West Black Sea (TR8), East Black
Sea (TRY), and Southeast Anatolia (TRC) exhibited significantly fewer reports
of safety- and security-related difficulties than expected, with adjusted residuals
ranging from —7.6 to —2.3.

Regional differences were also evident in the reporting of environmental
problems among adults aged 50 and older, with a weak to moderate effect
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size. Istanbul (TR1), East Marmara (TR4), and Mediterranean (TR6) reported
significantly more problems related to environmental conditions than expected,
with adjusted residuals ranging from +3.9 to +17.0. By contrast, West Marmara
(TR2), Aegean (TR3), West Anatolia (TR5), West Black Sea (TR8), East Black
Sea (TRY), and Northeast Anatolia (TRA) exhibited significantly fewer reports
of environmental difficulties than expected, with adjusted residuals ranging
from —9.3 to -2.0.

Regional differences were evident in stair-related accessibility problems
among adults aged 50 and older, with a weak effect size. Istanbul (TR1),
Mediterranean (TRG6), West Black Sea (TR8), and Central East Anatolia (TRB)
reported significantly more stair accessibility problems than expected, with
adjusted residuals ranging from +2.5 to +4.6. By contrast, West Marmara (TR2)
exhibited a markedly positive deviation, with significantly fewer individuals
reporting stair-related difficulties (AR = —11.2). East Black Sea (TR9) also
performed better than expected (-5.7), indicating potentially more accessible
residential environments.

Regional differences were also evident in reported poor lighting conditions
among adults aged 50 and older, with a weak effect size. Istanbul (TR1),
Mediterranean (TRG6), Central East Anatolia (TRB), and Southeast Anatolia
(TRC) reported more lighting-related problems than expected, with adjusted
residuals ranging from +4.3 to +6.7. By contrast, West Marmara (TR2), Aegean
(TR3), and East Black Sea (TR9) exhibited fewer reports of poor lighting than
expected, with adjusted residuals ranging from —3.1 to —7.7.

Regional differences were also evident in the reporting of public transport
accessibility problems among adults aged 50 and older, with a week effect size.
Istanbul (TR1), Mediterranean (TRG6), Northeast Anatolia (TRA), Central East
Anatolia (TRB), and Southeast Anatolia (TRC) reported more problems related
to transport accessibility than expected, with adjusted residuals ranging from
+3.6 to +10.0. By contrast, West Marmara (TR2), Aegean (TR3), East Marmara
(TR4), West Anatolia (TR5), and East Black Sea (TR9) exhibited fewer reports
of transport-related difficulties than expected, with adjusted residuals ranging
from —8.7 to —3.9.
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Table 3. Summary of Chi-Square Results for Public Space Use, Access
Barriers, and Environmental Conditions by Region

Variable n Chi-square (df) p-value Cramér’sV Effect size
Going outside unassisted 26767  224.91 (11) <.001 0.092 Weak
Inaccessible stairs 21295 20291 (11) <.001  0.098 Weak
Poor lighting 21295  230.66 (11) <.001 0.104 Weak
Lack of green space 21295  717.93 (11) <.001 0.184 Moderate
Insufficient seating/rest areas 21295  483.71 (11) <.001 0.151 Moderate
Inadequate toilets 21295  673.06 (11) <.001 0.178 Moderate
Transportation problems 21295  391.88 (11) <.001  0.136 Weak
Safety concerns 21295  534.81 (11) <.001 0.158 Moderate
Environmental problems 21295  496.21 (11) <.001 0.153 Moderate

Note. All chi-square tests were statistically significant at p < .001. Cramér’s V values represent effect
sizes based on Rea and Parker (1992): 0.10 = weak, 0.20 = moderate, 0.40 = relatively strong. n
indicates the number of valid cases used in each chi-square test.

4.1.2. Pedestrian Accessibility and Barriers

Chi-square tests revealed regional differences in all five indicators of
pedestrian-related difficulties among adults aged 50 and older (see Table 4).
Short traffic light durations showed these regional disparities, with a moderate
effect size. Northeast Anatolia (TRA, +6.3), East Black Sea (TR, +2.8), Aegean
(TR3, +2.9), and East Marmara (TR4, +2.0) reported greater difficulties, whereas
West Black Sea (TRS8, —6.0), West Marmara (TR2, —4.6), and Mediterranean
(TRG, —2.5) reported significantly fewer.

Difficulty seeing traffic signs or lights showed clear regional disparities,
with a moderate effect size. Southeast Anatolia (TRC, +4.9), East Black Sea
(TRY, +4.3), Northeast Anatolia (TRA, +4.1), and Central East Anatolia (TRB,
+3.9) reported significantly more visual difficulties, whereas Istanbul (TRI,
—4.5), West Black Sea (TR8, —4.2), and Mediterranean (TR6, —3.3) reported
significantly fewer. These findings highlight considerable regional variations in
pedestrian safety and accessibility for older adults across Tiirkiye.

The other three indicators had a weak effect. For difficulty crossing streets,
Northeast Anatolia (TRA, +2.3) reported more difficulties, whereas Istanbul
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(TR1, -3.3) and West Marmara (TR2, —2.3) reported fewer than expected.
Difficulties walking on sidewalks also differed, with Central East Anatolia (TRB,
+3.3) and Northeast Anatolia (TRA, +2.0) experiencing greater issues, while
West Black Sea (TR8, —3.2) reported fewer difficulties. For using pedestrian-
priority roads, Northeast Anatolia (TRA, +4.3), Istanbul (TR1, +3.7), and
Southeast Anatolia (TRC, +2.6) reported more issues, while West Black Sea
(TR8, —5.7) and West Marmara (TR2, —4.6) reported fewer problems.

Table 4. Summary of Chi-Square Results for Pedestrian Accessibility
Barriers by Region

Variable n Chi-square p-value CramérsV Effect size
(df=11)

Crossing the street 21295  30.72 .001 .077 Weak

Walking on sidewalks 21295  31.90 .001 .078 Weak

Short traffic light 21295 120.98 <.001 152 Moderate

duration

Using pedestrian- 21295  92.59 <.001 .133 Weak

priority roads

Seeing traffic signs/ 21295 116.82 <.001  .150 Moderate

lights

Note. All chi-square tests were statistically significant at p < .001. Cramér’s V values represent effect
sizes based on Rea and Parker (1992): 0.10 = weak, 0.20 = moderate, 0.40 = relatively strong. n
indicates the number of valid cases used in each chi-square test.

4.1.3. Public Transport Accessibility Barriers

Regional differences were evident across all indicators related to public
transport accessibility, with weak to moderate effect sizes (see Table 5). Difficulty
accessing public transport stops differed by region. Central East Anatolia (TRB,
+10.9), Southeast Anatolia (TRC, +6.7), and Northeast Anatolia (TRA, +4.9)
reported more difficulties, whereas West Marmara (TR2, —6.7), Aegean (TR3,
—5.3), East Marmara (TR4, —4.5), and Istanbul (TR1, —4.1) reported fewer
problems.

Difficulties waiting at transport stops also varied. Central East Anatolia
(TRB, +9.4), Southeast Anatolia (TRC, +7.5), Northeast Anatolia (TRA,
+5.5), and Istanbul (TR1, +4.5) reported higher than expected waiting-related
difficulties. In contrast, West Marmara (TR2, —7.4), Aegean (TR3, —5.5), East
Marmara (TR4, —4.6), and East Black Sea (TR9, —4.2) showed lower difficulties.
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Boarding and alighting difhculties differed by region (x*(11) = 149.95, p <
.001, Cramér’s V = .110). Northeast Anatolia (TRA, +6.4), Southeast Anatolia
(TRC, +4.9), and Central East Anatolia (TRB, +2.9) reported more difficulties.
Conversely, Aegean (TR3, —6.0), West Marmara (TR2, —5.2), and East Black
Sea (TR9, —3.2) had fewer difficulties.

Difficulty standing in public transport vehicles was also associated with the
region. Southeast Anatolia (TRC, +6.9), Central East Anatolia (TRB, +3.5),
and Northeast Anatolia (TRA, +3.4) reported greater standing difficulties. West
Marmara (TR2, —8.0), Aegean (TR3, —8.0), East Black Sea (TR9, —5.7), and
West Black Sea (TR8, —5.6) indicated fewer problems.

Table 5. Summary of Chi-Square Results for Public Transport Accessibility

Barriers by Region

Variable n Chi-square p-value Cramérs V. Effect size
(df=11)

Reaching the stop 12409  283.73 <.001 0.15 Weak

Difficulty in waiting 12409  314.52 <.001 0.16 Weak

at the stop

Boarding/alighting 12409 149.95 <.001 0.11 Weak

problems

Difficulty standing 12409 285.41 <.001 0.15 Weak

in the vehicle

Note. All chi-square tests were statistically significant at p < .001. Cramér’s V values represent effect
sizes based on Rea and Parker (1992): 0.10 = weak, 0.20 = moderate, 0.40 = relatively strong. n
indicates the number of valid cases used in each chi-square test.

4.2. Linear Regression Results

Perceived health status, healthcare accessibility, and the ability to go outside
unassisted were the strongest determinants of depression. A multiple linear
regression analysis was conducted to examine the association between urban
accessibility and well-being among individuals aged 50 and older, using the
Geriatric Depression Scale (GDS) score as the dependent variable. The model
was statistically significant, F (8, 4900) = 178.26, p < .001, and accounted for
approximately 22.5% of the variance in GDS scores (R? = .225, Adjusted R? =
.224). The Durbin-Watson statistic was 1.640, indicating that the assumption of
independent residuals was met. All variance inflation factor (VIF) values ranged
between 1.070 and 1.202, confirming that multicollinearity was not a concern.
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The strongest contributors to lower depression scores were better perceived
health (B = -0.224, p < .001), the ability to go outside without help (f =
-0.159, p < .001), and feeling safe walking alone at night (B = -0.127, p <
.001). Difficulty accessing healthcare was the strongest contributor to higher
depression scores (B = 0.165, p < .001), followed by living alone (B = 0.054, p
<.001), and experiencing difficulty as a pedestrian (B = 0.074, p < .001). The
last significant but weaker predictor was being male (B =-0.087, p <.001), men
had lower levels of depression. Age was not a statistically significant predictor
(B =0.014, p = .158). These findings indicate that independent mobility and
environmental safety are important determinants of well-being among older
adults in Tiirkiye, beyond demographic and health-related factors (see Table 6).

Table 6. Multiple Linear Regression Predicting Geriatric Depression Score

Predictor B SE B t p 95% CI
Constant 2.731 0.156 17.56 <.001 [2.426, 3.036]
Age 0.014 0.01 0.018 1.42 0.158 [-0.006, 0.033]
Gender -0.393  0.053 -0.087 -7.41 <.001 [-0.497,-0.289]
(ref = female)

Perceived health 1.032 0.062 0.224 16.6 <.001 [0.910, 1.153]
(ref = good health)

Living alone 0.243 0.06 0.054 4.08 <.001 [0.125,0.361]
(ref = no)

Going outside unassisted -0.701 ~ 0.058 -0.159 -12.02 <.001 [-0.814, -0.589]
(ref = no)

Pedestrian difficulty 0.331 0.059 0.074 5.64 <.001 [0.216, 0.446]
(ref = no)

Healthcare access 0.786 0.064 0.165 12.26 <.001 [0.661,0.910]
difficulty (ref = no)

Feels safe walking at -0.56 0.06 -0.127 -9.39 <.001 [-0.678,-0.443]

night (ref = no)

Note. N = 4909. R? = 225, Adjusted R? = .224, F(8, 4900) = 178.26, p < .001. Durbin-Watson =
1.640. VIF values ranged from 1.070 to 1.202, indicating no multicollinearity.
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5. Discussion

This study combined regional-level descriptive statistics and multiple
linear regression analysis to examine both accessibility inequalities and their
relationship to well-being.

5.1. What Does Descriptive Analysis Tell Us About
Accessibility?

The results highlight inequality in terms of ageing and independent mobility.
Older adults in western and more urbanized regions appear to benefit from
age-friendly infrastructures more —though significant limitations remain, as
discussed below—while those in the eastern parts of the country face substantial
mobility barriers. It should be emphasized that Tiirkiye is a geographically large
country, with each region shaped by distinct topographies, which gives these
challenges a local character.

Starting with going outside unassisted as a main indicator of autonomous
living, we see that the western regions of Tiirkiye support such a life better
than the other regions. Istanbul, a metropolis with around 16 million residents
(TURKSTAT, 2025c¢), experienced a major migration flow in the early 1950s
as a centre of job opportunities, on top of its historical and cultural attractions.
These qualities make the region an ongoing project of demographic change and
urban accessibility. West Marmara is closely connected to Istanbul, while East
Marmara demonstrates the best accessibility results among all 12 regions. The
Aegean, another coastal region, also shows outcomes supportive of autonomous
living. The overall results regarding going outside unassisted can further be
interpreted through the lens of city—coast integration. The literature also shows
that various design strategies are applied to improve city—coast integration by
transforming coastal areas into functional, comfortable, and easily accessible
public spaces usable for multiple purposes, thereby aiming to provide more
liveable environments for city residents (Akoz Cevrimli, 2025).

Even though “going outside unassisted” showed a more age-friendly picture
in favour of Istanbul and East Marmara, a detailed look shows the problematic
areas. Istanbul, East Marmara, and Mediterranean regions demonstrated a per-
sistent inaccessibility in terms of green spaces, sufficient seating, public toilets,
safety, and overall environment, which also raises concerns about the extent to
which even the more age-friendly regions provide an encouraging environment
for older people. Since older adults in Tiirkiye are increasingly migrating to mid-
sized coastal cities (Kog & Sarag, 2018), there is a need for a deeper understand-
ing of how to create more supportive environmental conditions in these regions.
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We observe a clear pattern of inaccessibility in the eastern parts of Tiirkiye.
South-eastern Anatolia, Central Eastern Anatolia, and North-eastern Anatolia
represent the regions where this inequality is most prevalent. The literature on
geography and accessibility has already shown that the South-eastern Anatolia
Region remains underdeveloped, with accessibility studies clearly emphasizing
the necessity of improving transportation (Sen, 2019). Our study supports this
by analysing pedestrian and public transport accessibility among older adults, of-
fering a more detailed understanding of the region. In particular, South-eastern,
Central Eastern, and North-eastern Anatolia face severe accessibility problems
in areas that could be relatively easily improved, such as traffic light durations
and the visibility of trafhic signs and signals. Lastly, South-eastern Anatolia ex-
periences disadvantages across all indicators of public transport accessibility.
This is important because the literature shows that features of neighbourhood
design—such as traflic calming measures, pedestrian pathways, and sidewalks—
can significantly influence perceived safety and increase the likelihood of walk-
ing and other forms of active travel among older adults (Cheng et al., 2019).

Our results are also consistent with Tiirkiye’s Active Ageing Index scores for
2024. At the NUTS-1 level, the highest score for the independent, healthy, and
safe living component was observed in the Aegean Region, followed by the West
Anatolia and East Marmara regions. In contrast, the lowest scores were recorded
in the South-eastern Anatolia Region, followed by the North-eastern Anatolia
Region and Istanbul (TURKSTAT, 2025d). These findings closely align with

our descriptive results on overall accessibility.

5.2. One Step Beyond: The Relationship Between Urban
Accessibility and Well-Being

The regression analysis underscores the critical role of environmental
and mobility-related factors in shaping the psychological well-being of older
adults in Turkiye. Our findings resonate with current literature, which showed
that particularly perceived access to local services is associated with fewer
depressive symptoms and greater psychological resilience (Stoeckel & Litwin,
2015). While perceived health remains the most powerful predictor of lower
depressive symptoms, the ability to go outside unassisted and the feeling of
safety while walking alone at night also emerge as significant protective factors.
These findings highlight that beyond individual health and demographic
characteristics, the accessibility and safety of the built environment contribute
meaningfully to emotional well-being in later life, along with the current
literature (Buffel, 2017).
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Difficulties in accessing healthcare services and pedestrian environments
were among the strongest predictors of elevated depression scores, reinforcing
the notion that infrastructural and service-based inequalities can amplify
vulnerability. Interestingly, age itself did not predict depression, suggesting
that it is not chronological ageing per se, but rather the socio-environmental
conditions surrounding ageing that shape mental health outcomes. The literature
shows that healthy habits do not solely depend on personal choices, social factors
also play a significant role (Palaz, 2023). Accessing services such as recreational
areas and fresh food markets can encourage healthy habits, such as exercise and
nutrition. In addition to the built environment, health is also shaped by social
aspects of place, such as trust and social capital (Lochner et al., 1999).

Our results align with previous findings across Europe, where neighbourhood
accessibility has been linked to mental well-being among older adults. This study
also resonates with evidence on the role of environmental deprivation. Feelings
of insecurity tend to increase with age and are intensified in poorly maintained
urban spaces (De Donder et al., 2005). Living in deprived neighbourhoods leads
to cumulative disadvantage over time, constraining movement and inclusion.
Conversely, walkable and safe environments foster stronger social capital and
engagement (Scharlach & Lehning, 2013), which is especially important for
older adults who live alone. Our findings show that one-person households face
a higher risk of depression. Given the increase in the 65+ population living alone
in Turkiye (TURKSTAT, 2025a), this topic warrants focused examination. In
line with existing research, our findings empirically support the inclusion of
social, spatial, and mobility dimensions in well-being interventions.

5.3. Limitations and Future Research

Our data source, the Tiirkiye Ageing Profile Survey, has strong qualities
such as being nationally representative and capturing regional variation. To the
best of our knowledge, the Tiirkiye Ageing Profile Survey has not previously
been analysed in terms of urban governance and age-friendly cities. One
limitation of the data source is the quality of data collected through the CATI
(Computer-Assisted Telephone Interviewing) method. Another limitation is
the lack of inclusiveness in survey language. Since Tiirkiye’s older population
is highly heterogeneous, it is recommended that future surveys be conducted
in multiple languages, such as Kurdish and Arabic. The Tiirkiye Ageing Profile
Survey has been conducted only once; therefore, our study uses cross-sectional
data, which means the results cannot demonstrate causality or long-term
effects. Using longitudinal data would allow us to observe changes over time
and provide insight into generational differences. In future studies, comparable
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results with other countries can be produced using longitudinal data sources,
such as the SHARE, the Health and Retirement Study (HRS), and the English
Longitudinal Survey of Ageing (ELSA) (Palaz, 2021a, 2021b). Research using
SHARE demonstrates that while most older Europeans enjoy good accessibility,
a minority do not, with urban residents reporting better access than those
in rural areas (Stoeckel & Litwin, 2015). Future research in Tiirkiye should
investigate urban—rural disparities in accessibility among older adults, thereby
generating evidence to guide age-friendly city planning and the development of
equitable urban policies that address regional inequalities.

6. Policy Recommendations

The findings of this study reveal clear regional differences in the accessibility
of public spaces, pedestrian infrastructure, and transportation systems for
Tiirkiye’s ageing population. These structural barriers undermine older adults’
autonomy, mobility, and psychological well-being. In addition, perceptual and
individual-level barriers further exacerbate these vulnerabilities, as evidenced by
the regression analysis.

When considered alongside the United Nations Sustainable Development
Goals (SDGs), particularly Goal 11, these regional disparities in Tiirkiye
form the basis for targeted policy recommendations aimed at achieving more
sustainable cities and communities. By 2030, it is essential to ensure universal
access to adequate, safe, and affordable housing and basic services; expand
accessible and reliable public transport systems, with special attention to the
needs of older persons and other vulnerable groups; promote participatory
and integrated approaches to urban planning; and invest in inclusive, green,
and age-friendly public spaces. These targets offer a normative and operational
framework through which local and national governments can design policies
that reflect both demographic realities and the principles of social justice. To
this end, we offer the following policy recommendations based on our findings:

1. Regionally tailored evidence-based interventions: In Istanbul (TR1),
immediate infrastructure improvements in stair accessibility, public lighting,
green spaces, seating areas, toilets, transportation, and security are required.
For East Marmara (TR4), improvements should focus on enhancing public
spaces, particularly seating and toilet infrastructure, environmental quality, and
security, while preserving existing advantages in transportation accessibility.
Mediterranean (TR6) and Southeast Anatolia (TRC) require targeted
investments in public transportation to improve mobility. For regions reporting
relatively fewer issues—such as West Marmara, Aegean, and Black Sea regions—
policies should concentrate on maintaining current favourable conditions
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through ongoing infrastructure monitoring and improvements. Additionally,
special attention must be paid to mobility challenges identified in TRA and
TRB, ensuring targeted accessibility enhancements. Ultimately, these targeted
actions can significantly reduce inequalities and improve the overall well-being
of older adults across Tiirkiye.

2. Enhancing Pedestrian Environments: Priority should be given
to Northeast Anatolia (TRA), with investments in improved pedestrian
infrastructure—particularly pedestrian priority roads, sidewalk quality, clear
and visible traffic signage, and extended trafhic light durations—to enhance
safety and mobility. For Southeast Anatolia (TRC) and Central East Anatolia
(TRB), policies should specifically focus on improving pedestrian-priority
roads and enhancing visibility conditions through better signage and lighting.
Metropolitan areas, especially [stanbul (TR1), require targeted interventions
addressing pedestrian infrastructure quality and the usability of pedestrian-
priority pathways. Conversely, regions like West Marmara (TR2) and West
Black Sea (TR8), which reported fewer difficulties, should aim to maintain and
reinforce their favourable pedestrian conditions through continuous monitoring,
infrastructure upgrades, and adherence to age-friendly urban planning standards.
These targeted policy actions are essential to ensuring equitable and inclusive
pedestrian environments for older adults across all regions of Tiirkiye.

3. Ensuring Equitable Public Transport: Immediate infrastructure
investments should prioritize Central East Anatolia (TRB), Southeast Anatolia
(TRC), and Northeast Anatolia (TRA), where significant improvements in
transport stop accessibility, conditions at waiting areas, ease of boarding and
alighting, and onboard seating provisions are urgently needed. For metropolitan
regions such as Istanbul (TR1), specific measures should aim at enhancing
comfort and safety at transport stops and reducing waiting-related difficulties
through improved shelters, seating, and clear signage. Conversely, in regions
demonstrating favourable conditions—West Marmara (TR2), Aegean (TR3),
East Marmara (TR4), and East Black Sea (TR9)—maintenance and further
enhancement of existing infrastructure should continue, ensuring that current
advantages are sustained through regular monitoring and incremental upgrades.
Such geographically targeted policies will play a crucial role in fostering inclusive,
age-friendly public transport environments throughout Tirkiye.

4. Addressing Well-being and Social Risk Factors: Interventions should
prioritize improving access to healthcare services, especially in underserved or
remote areas, given their strong association with depressive symptoms. Ensuring
that older adults can move around their neighbourhoods unassisted and feel
secure while doing so requires investments in barrier-free infrastructure, well-
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lit streets, and pedestrian safety measures. Moreover, attention must be paid to
the emotional toll of living alone, which, although a weaker predictor, remains
statistically significant. Urban planning, transport, and health sectors must
collaborate to develop integrated, age-friendly environments that proactively
support autonomy and well-being. Such multisectoral strategies will be essential
for advancing both active ageing and social equity across Tirkiye’s diverse
regional contexts.

5. Building Inclusive Urban Governance: The built environment can
facilitate social interaction and engagement in later life by enabling opportunities
to meet others. Community building, in this context, involves promoting a
sense of belonging and strengthening intergenerational connections, thereby
enhancing social cohesion among older people and across age groups (Van Hoof
et al., 2018). Understanding sustainable development and the governance of
urban areas requires moving beyond a framework that treats the urban solely
as a discrete scale of political authority (Bulkeley & Betsill, 2005). Instead,
a multilevel governance perspective allows us to explore how sustainability is
shaped through interactions across different institutional levels. Within this
framework, the civic engagement of older adults emerges as a critical mechanism
through which local sustainability agendas are both constructed and challenged.
Older individuals, particularly when engaged in neighbourhood initiatives or
participatory planning, contribute to a more inclusive and responsive model of
urban governance. Their involvement not only enhances the legitimacy of local
decision-making processes but also brings attention to age-specific needs—such
as accessibility, safety, and equitable service provision—thereby aligning with
broader goals of socially sustainable cities. Recent findings by Bui et al. (2020)
have shown that encouraging advocacy and civic engagement among older
people through age-friendly community programs is essential to incorporate
their voices into local policy, which remains a key agenda point for policy-
makers in Tirkiye.
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CHAPTER 6

A BWM-Based Multi-Criteria
Prioritization of IFRS S1 Sustainability
Disclosure Elements: Evidence

from Expert-Driven Evaluation for
Sustainable Finance Decision-Making

Hiseyin Iscan!, Makbule Aytekin?

1. Introduction

Sustainable finance is defined as a form of financing that supports activities
and sectors contributing to sustainability objectives such as environmental and
ecosystem protection, preservation of biodiversity, combating climate change,
reducing poverty and hunger, and addressing social inequalities (Demir &
Ugurlu, 2024, p. 189). In this context, the aim is not to redefine the concept
of “finance” but to emphasize how existing financial resources can be used
effectively in line with sustainability goals. For this reason, the term “finance
for sustainability” is also widely used in the literature (Arslan, 2022, p. 98).

Sustainable financial management has gained prominence as an approach
that seeks to ensure that economic growth occurs in a manner compatible
with environmental and social responsibilities and that places long-term value
creation at its core. In recent years, the effects of Environmental, Social, and
Governance (ESG) factors on the financial system have become increasingly
visible. Risks associated with climate change, the inefficient use of natural
resources, and rising societal expectations have reshaped corporate financial
management practices.

Today, sustainable finance goes beyond traditional approaches focused solely
on profitability, adopting long-term value creation as a fundamental objective.
In this transformation, transparency and accountability have emerged as critical
elements that enhance investor confidence, support market stability, and respond
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to societal expectations. Transparency strengthens stability in capital markets by
ensuring a reliable flow of information for investors, regulators, and society.
The clear reporting of firms’ environmental impacts, carbon footprints, social
responsibility practices, and corporate governance mechanisms enhances the
accuracy of investment decisions and reinforces stakeholder trust. Accountability,
on the other hand, extends beyond the mere disclosure of information; it refers
to assuming responsibility for the outcomes of decisions and strategies. It
requires institutions to support their sustainability commitments with concrete
and measurable targets and to report their progress regularly and publicly
(Istanbul Chamber of Industry, 2024, p. 6; Turkish Industry and Business
Association, n.d.). The increasing environmental and social risks worldwide
have made it imperative for companies to report not only their financial
performance but also their sustainability impacts in a transparent manner. To
this end, the International Sustainability Standards Board (ISSB), established by
the International Financial Reporting Standards (IFRS) Foundation, developed
the IFRS S1 standard to promote global alignment in sustainability reporting.
The standard is built upon four core components, namely Governance, Strategy,
Risk Management, and Metrics and Targets, which aim to provide a transparent
presentation of firms’ current sustainability performance and their capabilities
for long-term value creation.

Globally, sustainability reporting has become increasingly critical as
financial markets demand reliable, comparable, and decision-useful information
(IFRS S1, 2023). In this context, IFRS S1, published by the ISSB in 2023,
provides a common framework for organizations to disclose sustainability-
related financial information. IFRS S1 aims to ensure that such information
is transparent and comparable, recognizing that sustainability-related risks and
opportunities can materially affect an organization’s cash flows, access to finance,
and cost of capital over the short, medium, and long term. The standard requires
institutions to adopt an approach that includes the identification, assessment,
and monitoring of sustainability risks and opportunities. Effective management
of these processes supports the efficient use of scarce resources and enables more
informed strategic decision-making.

In addition, IFRS S1 requires sustainability disclosures to be consistent and
comparable with financial reports. It ensures that institutions regularly report
progress toward their sustainability goals and that these disclosures are meaningful
and decision-useful for investors. Ultimately, the correct prioritization of criteria
under IFRS S1 enables institutions to translate sustainability commitments
into concrete, measurable targets and to report progress toward these targets

effectively (IFRS S1, 2023).
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IFRS S1 provides a comprehensive reporting framework that extends beyond
climate change to address environmental, social, and governance dimensions in
an integrated manner. By offering reliable, consistent, and financially relevant
sustainability information essential for investors” decision-making processes, it
has become an increasingly central reference point for regulators and a global
benchmark in sustainability reporting. Its widespread adoption not only reduces
compliance costs for firms but also strengthens international investor confidence
and supports the flow of capital toward sustainable business models.

Despite its comprehensive structure, IFRS S1 leaves critical questions
unanswered regarding how reporting criteria should be prioritized for different
stakeholder groups, which indicators can deliver the highest impact at the
lowest cost, and how these priorities can guide decision-making processes. These
gaps highlight the widening divide between the theoretical orientation of the
standards and the practical implementation needs, underscoring the need for
empirically grounded, methodologically sound prioritization studies.

This study employs the Best—Worst Method (BWM) to address this gap,
aiming to systematically evaluate reporting sub-criteria under the core components
of IFRS S1—governance, strategy, risk management, and metrics and targets.
The originality of the study lies in its analytical modeling of uncertainty across
expert judgments, which allows for the objective determination of the relative
importance of criteria and the identification of policy priorities based on a
“highest impact, lowest cost” framework. Accordingly, the research contributes
to the hierarchical positioning of critical reporting areas under IFRS S1 through
scientific methods, offers a theoretical expansion to the literature on sustainable
finance governance, and provides a practical tool enabling decision-makers to
design sustainability strategies that are more effective, accountable, and aligned
with investor expectations.

Following the introduction, the study is structured as follows: The subsequent
section presents the literature review, including the theoretical framework and
relevant empirical studies. This is followed by the methodology section, which
elaborates on the Best—Worst Method (BWM) employed in the research. The
findings are then presented, followed by a discussion that evaluates the results in
light of theoretical and practical literature. The final section provides conclusions
along with the theoretical and managerial implications of the study. The paper
concludes with the limitations and recommendations for future research.

2. Literature Review

In this study, the sub-criteria identified in line with the reporting
requirements of IFRS S1 are evaluated using the Best—Worst Method (BWM),
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allowing systematic modeling of differences in expert judgments and generating
prioritization outcomes that reflect a balance between highest impact and lowest
cost for policy alternatives. Through the consistent, comparative, and verifiable
assessment structure offered by BWM, the study contributes to enhancing
transparency, accountability, and effectiveness in sustainability reporting for
both policymakers and practitioners.

Academic research on sustainability reporting has expanded significantly
following the publication of IFRS S1 and IFRS §2. One of the most prominent
themes in the literature concerns firms’ preparedness for transitioning to these
new standards. Governance structures, corporate oversight mechanisms, and
firms’ internal capacities have been examined as key determinants in this
context. For example, a study conducted in Indonesia found that board size
positively influences readiness for complying with IFRS S1 and S2, whereas the
contribution of independent board members was less significant than expected
(Dewi & Kamiliya, 2025). This finding suggests that the role of governance
structures in the compliance process should be considered multidimensionally
rather than through a single perspective.

Another important strand of the literature examines the implications of
IFRS S1 and S2 for the broader reporting ecosystem. Scholars emphasize
that these standards should be analyzed across multiple areas such as financial
accounting, managerial accounting, auditing, and information systems (Pratama
et al., 2024). However, the current body of research remains at an early stage,
with limited empirical evidence and a continued need for field-based studies.
Systematic reviews in sectors such as mining indicate that IFRS S1 and S2
have begun to improve reporting quality and have contributed to advances
in risk management and governance; yet substantial shortcomings persist in
technically complex areas such as Scope 3 emissions measurement (Pratama et
al., 2024). These limitations, driven by challenges in technical capacity and data
availability, represent a global problem.

A further line of research focuses on the market effects of ESG disclosures.
Empirical studies in emerging markets reveal that comprehensive sustainability
reporting enhances investor confidence and positively influences market
valuations. These effects appear particularly pronounced in firms with high
levels of foreign ownership and in family-owned firms (Ioannou & Serafeim,
2015). Such findings indicate that sustainability reporting is increasingly viewed
not merely as a matter of social responsibility but as a strategic component of
financial decision-making. Nevertheless, studies directly examining the influence
of IFRS S1 on these dynamics remain limited, presenting an important gap in
the literature.
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In the Turkish context, existing research is largely conceptual and
theoretical. Scholars discuss how IFRS S1 and S2 can be interpreted through
the lenses of planetary boundaries, materiality, and practical implementation,
and they propose roadmaps for ESG, BRSR, and GHG/CBAM compliance
for Turkish firms (Elmaci, 2024; 2025). However, there is a lack of empirical
studies assessing the impact of these standards on financial performance, cost
of capital, or investor confidence in Tiirkiye. This gap highlights the need for
future research that applies these standards in the Turkish setting.

Overall, the literature is structured around three key axes. The first concerns
transition readiness and the role of governance in IFRS S1 compliance. The
second reflects reporting quality and transparency, with particular attention to
the reliability of climate-related and emissions disclosures. The third relates to
market reactions and investor perceptions, where the effects of ESG disclosures
and the new standards on capital markets warrant further investigation. Major
gaps in the literature include limited empirical data, insufhcient research on
emerging markets, technical challenges in calculating Scope 3 emissions, and
unresolved issues regarding alignment across reporting frameworks. Addressing
these gaps will strengthen academic contributions and support firms in
developing more robust sustainability strategies.

IFRS S1 and S2, introduced in 2023 to standardize sustainability reporting
globally, mark the beginning of a new reporting era in which companies are
required to treat sustainability information with the same rigor as financial
reporting. Accordingly, Table 1 presents information on the recent studies
conducted within this scope.
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Table 1. Key Studies in the Literature on IFRS S1 and IFRS S2

Author(s)

Purpose / Focus

Findings / Implications

Heinzle, 2023

The study examines the readiness

of Liechtenstein and Swiss banks

for IFRS S1 compliance and their
sustainability transparency practices,
evaluating how banks can enhance the
quality and comparability of financial
information by improving risk and
opportunity reporting.

The findings indicate that although
banks have made progress in
sustainability transparency, their data
and reporting infrastructure require
further development for full IFRS S1
integration. The study shows that the
application of IFRS S1 improves risk
management and information quality.

Kése & Cetin,
2023

The study explores the role of IFRS S1
and S2 in reporting sustainability- and
climate-related disclosures following
the issuance of the standards. It aims
to explain the development process

of these standards and contribute to
their alignment with sustainability
regulations in Tiirkiye.

IFRS S1 and S2 enable firms to
transparently disclose sustainability-
and climate-related risks and
opportunities, thereby improving
reporting quality; their coherent
implementation with Tiirkiye’s
sustainability regulations and the
European Green Deal is crucial.

Pratama et al.,

2024

The study examines potential
contributions of accounting research
and conceptual/practical challenges in
implementing IFRS S1 and S2 after
the standards” publication.

Although IFRS S1 and S2 enhance
the quality and integrity of integrated
financial and sustainability reporting,
challenges persist regarding data
consistency, measurement uncertainty,
and compliance auditing. The study
highlights the need for capacity

building and empirical research.

Akdogan, 2024 The study compares national and The study finds that differences across
international frameworks for sustainability reporting frameworks
sustainability reporting, evaluating hinder global standardization.
the emergence, scope, and Implementation of IFRS S1-S2 and
implementation processes of IFRS TERS S1-S2 strengthens transparency,
S1-S2 and Tiirkiye’s TFRS S1-S2, consistency, and accountability,
while examining transparency and thereby enhancing international
standardization in reporting. alignment.

Komala & The study compares PT Indofood’s Findings indicate that PT Indofood’s

Murtanto, 2024

GRI-based sustainability reporting
with IFRS S1 and S2, analyzing
compliance requirements and
examining regulations related to the
transition toward integrated reporting
that links sustainability impacts to
financial performance and strategy.

GRI-based reporting does not

meet IFRS S1 and S2 integration
requirements; full compliance
necessitates a transition to an
integrated reporting model that links
sustainability impacts to financial
metrics.
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Kusuma & Gani,
2024

The study evaluates PT Bank
Mandiri’s 2023 sustainability report
in accordance with IFRS S1 and S2,
identifying strengths in governance
disclosures and weaknesses in strategy,
risk management, and metrics-related
information.

The findings show that while
governance disclosures are strong,
signiﬁcant gaps remain in strategy,
risk management, and climate-related
strategies. Firms need to improve
transparency and the level of detail
required for compliance.

Dewi & Kamiliya,
2025

The study investigates the effect of
board characteristics—particularly
board size—on IFRS S1/S2 transition
readiness in non-financial companies
in Indonesia.

The results show that board size
positively influences transition
readiness, whereas the moderating
effect of independent directors is
weaker than expected.

Pratama et al.,

2025

The article analyzes the effects of
IFRS S1 and S2 on sustainability
reporting in the mining sector
during 2022-2024, examining firms’
compliance processes, improvements
in reporting quality and governance,
and identifying technical, financial,
and operational barriers.

The study finds that IFRS S1 and

S2 enhance governance and risk
management in the mining sector,

but deficiencies still persist in Scope

3 emissions reporting. Effective
implementation requires technological
capacity, strong governance, and
sector-specific guidance.

Kamal, 2025 The article analyzes the transformative IFRS S1 and S2 enhance transparency
effects of IFRS S1 and S2 on and stakeholder trust by integrating
corporate reporting, examining sustainability into strategic decision-
regulatory and data-related challenges making, although compliance
during implementation and assessing ~ and data management challenges
their effects on strategy, governance, remain. The standards provide a
and investor relations. comprehensive framework for risk

management and sustainable value
creation.

Castillo The study addresses the inadequacy of ~ Findings indicate that the ROV

Delgadillo &
Diaz-Pefa, 2025

traditional valuation methods under
the new sustainability disclosures
introduced by IFRS S1 and S2, and
increased uncertainty. It proposes a
Real Options Valuation (ROV)-based
capital budgeting framework that
integrates sustainability disclosures
into valuation.

approach is more flexible and effective
than Net Present Value (NPV) under
uncertainty. Integrating IFRS S1 and
S2 disclosures strengthens financial
transparency and enhances strategic
decision-making.

‘Wahyuni, 2025

The study examines the role of IFRS
S1 and S2 in enhancing transparency
and accountability in ESG reporting,
evaluating their potential to improve
reporting quality and support more
accurate disclosure of ESG impacts.

IFRS S1 and S2 have strong
potential to improve transparency,
accountability, and reporting
quality in ESG disclosures;

however, challenges remain in data
standardization, cross-country
interpretation differences, and firms’
readiness for compliance.
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A comprehensive review of the literature reveals numerous studies
examining the effects of IFRS S1 and S2 on sustainability reporting and
financial information disclosure (Heinzle, 2023; Kose & Cetin, 2023; Pratama
et al., 2024; Akdogan, 2024; Komala & Murtanto, 2024; Kusuma & Gani,
2024; Dewi & Kamiliya, 2025; Pratama et al., 2025; Kamal, 2025; Castillo
Delgadillo & Diaz-Pefia, 2025; Wahyuni, 2025). These studies generally analyze
compliance levels across the banking, mining, and food industries; identify
gaps in sustainability reporting; and evaluate impacts on reporting quality.
The findings consistently indicate that the standards enhance transparency,
accountability, and overall reporting quality by integrating financial and
sustainability information. However, significant limitations remain, including
data management challenges, shortcomings in strategy and risk management
disclosures, insufficient metrics and target reporting, organizational capacity
constraints, and variability in international interpretations (Heinzle, 2023;
Kusuma & Gani, 2024; Wahyuni, 2025).

Current studies largely rely on sectoral samples and qualitative
methodologies (Pratama et al., 2024; Komala & Murtanto, 2024), with limited
focus on incorporating uncertainty, differences in expert judgment, and policy
prioritization into sustainability disclosure frameworks. Accordingly, the existing
literature does not adequately address the quantitative modeling of uncertainty
or expert divergence, nor does it systematically assess the balance between policy,
cost, and impact when prioritizing sub-criteria within the IFRS S1 framework.

Given these limitations, there is a clear need for research that prioritizes
sub-criteria related to sustainable financial management under IFRS S1 using
scientifically robust methods that incorporate uncertainty and expert judgment
variation. Multi-criteria decision-making (MCDM) approaches—particularly
pairwise comparison—based weighting methods—offer a suitable solution.
Among these, the Best—Worst Method (BWM), which emphasizes consistency,
is particularly well-suited for generating reliable insights.

This study aims to fill the identified gap by modeling the Governance, Strategy,
Risk Management, and Metrics & Targets criteria—defined under IFRS S1’s
“sustainability-related financial information disclosure” requirements—using
BWM while accounting for uncertainty and variability in expert evaluations.
By scientifically prioritizing critical reporting criteria for sustainable financial
management, the study provides theoretical contributions to the literature and
offers practical guidance for decision-makers seeking to implement sustainability
strategies with an optimal balance of high impact and low cost. In doing so, it
contributes to both the sectoral and institutional application of IFRS S1 and
addresses existing methodological and conceptual shortcomings in the literature.
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3. Method

In line with the research objectives and the conceptual framework established
in the preceding sections, this study employs an integrated quantitative decision-
making approach to systematically evaluate the sub-criteria derived from IFRS
S1 sustainability reporting requirements. The methodological design aims to
capture expert judgments in a structured, consistent, and analytically robust
manner, ensuring that the prioritization of policy alternatives reflects both
theoretical foundations and practical considerations. Within this scope, the
Best—Worst Method (BWM) is utilized to determine the relative importance
of the criteria by leveraging pairwise comparisons and consistency-based
optimization. The following subsections present the operational steps of the
BWM, the construction of the decision framework, and the empirical findings
obtained through the analysis.

3.1. BWM

The Best-Worst Method (BWM) is a technique used to determine criteria
weights based on pairwise comparison. The most significant criterion and the
least important criterion are determined in BWM, and each criterion is compared
separately to these two criteria in pairwise comparisons. These comparisons use
a scale of 1-9, as suggested by Saaty (1977). The application steps of BWM are
given below (Rezaei, 2015).

I- Criteria and experts are determined.

II-Each expert determines the most important criterion and the least
important criterion. If there is more than one most or least important
criterion, only one of them is used for pairwise comparisons. At this point,
the process will be separate for each expert.

II-Experts compare the criteria with the most important one. When the
most significant criterion is compared to the other criterion, a value of 1
signifies that the two criteria are equally important. On the other hand, a
value of 9 indicates that the most important criterion is absolutely more
important than the criterion it is compared to. Equation (1) shows the
pairwise comparison scores between the most important one and the
remaining criteria.

IV-Experts compare criteria with the least important one. When the least
important criterion is compared to the other criterion, a value of 1 signifies
that the two criteria are equally important. On the other hand, a value of 9
indicates that the least important criterion is absolutely less important than
the criterion it is compared to. Equation (2) shows the pairwise comparison
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scores between the most important one and the remaining criteria.

V-A mathematical model is created to determine the weighting coefficients
of the criteria. The values that provide the best solution for this model are
then found via Equation (3), where j=1,...,n.

VI-The consistency of the comparisons is checked. Comparisons containing

inconsistencies are returned to the expert(s).

VII-The integrated criteria weight values are found by averaging the weight
coefhicients obtained as from each expert’s evaluations.

Ap =(aB1,aBs,...,aBn) (1)
T
Ap =(as,asr,...,0nL) (2)
Min &
Subject to
|22 — ap| <&,V
w; . (3)
‘W_L - ajL‘ S €7v.]
Z?:z wj =1
w; > 0, \V/j

3.2. Findings

In line with the objectives of this study, a comprehensive set of twelve criteria
derived from the core disclosure requirements of IFRS S1 was identified and
presented in Table 2. These criteria encompass governance structures, strategic
integration, risk assessment mechanisms, and key performance measurement
components that collectively shape the sustainability-related financial disclosures
expected under IFRS S1. To ensure analytical rigor and contextual validity in the
prioritization process, four subject-matter experts with extensive professional
experience and in-depth knowledge of sustainable finance, corporate reporting,
and IFRS standards were consulted. Their evaluations form the basis of the
Best—Worst Method (BWM) application, enabling a systematic comparison of
the relative importance of each criterion.

The criteria selected, ranging from board-level oversight and internal
control systems (C1-C3) to strategic sustainability alignment (C4-C6), risk
identification and assessment processes (C7-C9), and metrics and target-setting
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practices (C10-C12)- reflect the multidimensional structure of IFRS S1. By
integrating expert judgments with the structured logic of BWM, the study aims
to produce a robust and transparent prioritization framework that supports
decision makers in determining which reporting components yield the highest
impact with the lowest implementation cost. This structured evaluation not
only enhances the methodological robustness of the research but also provides
actionable insights for policymakers, regulators, and firms secking to comply
effectively with IFRS S1.

Table 2. The List of Criteria

Code Criterion Source

Cl Roles and Responsibilities of the Board of Directors IFRS S1 (2023)
and the Sustainability Committee

C2 ESG Oversight and Internal Control Mechanisms IFRS S1 (2023)

C3 Governance Transparency, including Disclosure IFRS S1 (2023)
Practices and the Presence of Independent Board
Members

C4 Disclosure of the Impact of Sustainability Issues on IFRS S1 (2023)
the Business Model, Revenue Structure, and Cost
Structure

C5 Short-, Medium-, and Long-Term ESG Strategies and IFRS S1 (2023)
Alignment Plans

C6 Identification of Sector-Specific Strategic Risks IFRS S1 (2023)

C7 ESG Materiality Analysis and Risk Identification IFRS S1 (2023)
Processes

C8 Assessment of Physical and Transition-Related IFRS S1 (2023)
Sustainability Risks

C9 Scenario Analyses, including Climate-Related Scenario IFRS S1 (2023)
Assessments

C10 Reporting of Financially Material Greenhouse Gas IFRS S1 (2023)
(GHG) Emissions, including Scope 1, Scope 2, and
Scope 3 Compliance

Cl11 Targets and Performance Indicators, including IFRS S1 (2023)
Net-Zero Commitments, Target Years, and Interim
Milestones

C12 Data Quality, Measurement Intervals, and Verification IFRS S1 (2023)

(Assurance) Procedures
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In alignment with the methodological requirements of the Best—Worst
Method (BWM), the twelve criteria derived from the disclosure components
of IFRS S1 were subjected to expert evaluation to determine their relative
importance within the sustainability reporting framework. Four experts with
more than a decade of professional experience in sustainable finance, ESG risk
assessment, and corporate reporting were invited to conduct systematic pairwise
comparisons. In accordance with the BWM procedure, each expert identified
the criterion they considered the most important (best) and the criterion
they considered the least important (worst). They then provided numerical
assessments indicating the comparative preference of the best criterion over all
others, as well as the comparative preference of all criteria over the worst.

This dual comparative structure increases the internal consistency of the
judgment matrix and strengthens the reliability of the resulting priority weights.
It reduces cognitive burden and minimizes pairwise comparison errors, which
is one of the primary methodological advantages of BWM when compared to
traditional multi-criteria decision-making techniques. The experts’ assessments
constitute the core input for constructing a coherence-tested optimization model
that produces objective and reproducible criterion weights. Table 3 presents
the detailed best-to-others and worst-to-others evaluations submitted by the
experts, and these data form the empirical basis for the subsequent computation

of BWM weights.

Table 3. Experts’ Evaluations on the Importance of the Criteria

The Pairwise Comparisons Between the Most Important Criterion and the remaining ones

Experts Work Bestto C1 C2 C3 C4 C5 C6 C7 C8 C9 Cl0 Ci1 Ci12
experience & Others
title

Expert 1 12 years/ Dr. Cl2 4 4 2 4 4 3 4 9 5 6 4 1

Economist

Expert 2 12 years/ Assoc. C3 2 3 1 4 4 7 5 9 6 9 5 6

Prof. Dr.

Expert 3 15 years/ C4 4 4 5 1 6 5 5 6 8 8 8 9
Director

Expert 4 12 years/ C3 6 9 1 5 3 4 5 4 5 4 4 4
Manager
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The Pairwise Comparisons Between the Least Important Criterion and the remaining ones

Experts Work Worst C1 C2 C3 C4 C5 C6 C7 C8 C9 Cl10 CI1 Ci2
experience & to
ditle Others

Expert 1 12 years/ Dr. C8 5.6 8 6 6 7 6 1 4 5 5 9

Economist

Expert 2 12 years/ Assoc. C10 8 7 8 7 6 5 5 4 3 1 4 2

Prof. Dr.

Expert 3 15 years/ cz 7 7 6 9 6 7 6 6 2 2 2 1
Director

Expert 4 12 years/ C2 31 9 4 6 5 4 5 4 5 5 5
Manager

The individual weighting results derived from each expert’s evaluations
are presented in Table 4 in order to demonstrate the variability in expert
judgments and the relative emphasis placed on each criterion. The table provides
a comprehensive overview of the criterion-specific weight distributions, which
exhibit notable differences across experts, thereby reflecting the multidimensional
nature of the assessment process. For instance, Expert 1 and Expert 4 assign
substantially higher weights to C3, while Expert 2 prioritizes C1 and C3, and
Expert 3 attributes the greatest significance to C4. These variations highlight
the heterogeneity in expert perspectives and underscore the importance of
incorporating multiple viewpoints to enhance the robustness of the decision-
making framework.

In addition to the individual weight vectors, Table 4 also presents the
integrated weight coeflicients obtained through the aggregation procedure.
These integrated weights synthesize the diverse expert assessments into a
single coherent weighting scheme, ensuring methodological consistency and
minimizing individual subjectivity. The resulting integrated weights reveal
that C3 and C4 emerge as the most influential criteria within the evaluation
structure, followed by C5 and C1. Conversely, C10 and C9 receive the lowest
weights, indicating relatively limited influence on the final decision outcome.
This hierarchical ordering not only clarifies the relative importance of each
criterion but also provides empirical grounding for subsequent stages of analysis,
including performance evaluation and ranking.

Overall, the comparative examination of expert-specific and integrated
weights contributes to a more nuanced understanding of the decision context,
while the integrated weighting structure strengthens the analytical reliability of
the model by capturing both expert diversity and collective consensus.
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Table 4. The Weight Coefficients of the Criteria

C1 C2 C3 C4 C5 Co6 C7 C8 C9 C10 Cl11 Ci12
The weights (based 0,0533 0,0355 0,2131 0,0639 0,1066 0,0799 0,0639 0,0799 0,0639 0,0799 0,0799 0,0799
on Expert 1's
evaluations)
The weights (based 0,1640 0,1094 0,2237 0,0820 0,0820 0,0469 0,0656 0,0365 0,0547 0,0149 0,0656 0,0547
on Expert 2's
evaluations)
The weights (based 0,0982 0,0982 0,0786 0,2688 0,0655 0,0786 0,0786 0,0655 0,0491 0,0491 0,0491 0,0207
on Expert 3's
evaluations)
The weights (based 0,0533 0,0355 0,2131 0,0639 0,1066 0,0799 0,0639 0,0799 0,0639 0,0799 0,0799 0,0799
on Expert 4's
evaluations)
The integrated 0,0922 0,0697 0,1821 0,1197 0,0902 0,0713 0,0680 0,0654 0,0579 0,0560 0,0686 0,0588
weights
Rank 3 6 1 2 4 5 8 9 11 12 7 10
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As shown in Table 4, the integrated weighting results provide a consolidated
representation of the relative importance of each criterion across all expert
evaluations. The comparative assessment of experts’ individual weight
distributions and the aggregated weights indicates a coherent prioritization
pattern within the decision model. Among all criteria, C3 (Governance
Transparency, including Disclosure Practices and the Presence of Independent
Board Members) emerges as the most influential dimension, receiving the highest
integrated weight (0.1821). This underscores the central role of governance
transparency in shaping the overall evaluation structure, particularly in contexts
where accountability, openness, and independent oversight mechanisms are
essential for effective decision-making.

Following C3, C4 (Disclosure of the Impact of Sustainability Issues on the
Business Model, Revenue Structure, and Cost Structure) ranks as the second
most important criterion (0.1197). This finding highlights the increasing
relevance of clearly articulated sustainability strategies and their financial
implications, reflecting contemporary expectations that institutions not only
adopt sustainable practices but also transparently communicate their economic
impacts.

The subsequent criteria, including C5 (0.0902) and C1 (0.0922), also carry
substantial influence, emphasizing the multidimensional nature of sustainability
and governance considerations within the decision framework. In contrast,
criteria such as C10 (0.0560) and C9 (0.0579) receive comparatively lower
weights, indicating that although they remain part of the evaluative structure,
their relative contribution to the overall decision-making process is more limited.

Opverall, the ranking results derived from integrated weights reveal a clear
hierarchy of priorities, with governance transparency and the articulation of
sustainability impacts positioned at the forefront. This hierarchical structure
provides a robust empirical basis for subsequent analyses and demonstrates that
the decision framework is strongly shaped by considerations of institutional
openness and the strategic integration of sustainability into organizational
models.

4. Discussion

As shown in Table 4, the integrated weighting results reveal that C3
(governance transparency, including openness and the presence of independent
board members) holds the highest relative importance within the decision
model (0.1821). This finding aligns strongly with the broader literature, which
emphasizes that transparent governance structures play a decisive role in firms’
readiness and capacity to adopt the IFRS S1 sustainability disclosure requirements.
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For instance, Dewi and Kamiliya (2025) highlight that board size and governance
characteristics significantly influence the transition preparedness of Indonesian
companies. However, they also note that independent board members do not
always generate the expected moderating effect. The prominence of C3 in
the current study, therefore, confirms the literature’s consensus that effective
oversight, accountability mechanisms, and decision-making transparency are
foundational for credible sustainability reporting. The current results also reflect
a more optimistic assessment of independent board effectiveness compared with
some empirical studies. This divergence may stem from differences in sectoral
characteristics or expert expectations regarding the future institutionalization
of independent oversight mechanisms.

The second most influential criterion, C4 (clarity of the sustainability
strategy and its financial implications), also corresponds well with prior research
stressing the rising necessity for institutions to articulate how sustainability
considerations reshape their business models, revenue structures, and cost
dynamics. Studies such as Akdogan (2024) and Komala and Murtanto (2024)
underline the importance of integrating sustainability metrics with financial
performance indicators, particularly when transitioning from framework-
based reporting such as GRI to integrated sustainability disclosure under IFRS
S1 and IFRS S2. The prioritization of C4 in this study supports these claims
by demonstrating that experts view financially explicit sustainability strategy
disclosures as crucial for credible and decision-useful reporting. This reinforces
the argument by Pratama and colleagues (2024), who note that the integration
of sustainability and financial information is both conceptually necessary and
practically challenging because of measurement uncertainty and data consistency
issues.

The relative importance of C5 (risk management clarity) and C1 (effectiveness
of the governance structure), which occupy the next tier of prioritization, further
confirms the multidimensional nature of effective sustainability reporting.
These findings are broadly consistent with the literature. Studies focusing on
the banking, mining, and food sectors, such as Heinzle (2023), Kusuma and
Gani (2024), and Pratama et al. (2025), repeatedly stress that effective risk
management disclosure and robust governance systems strengthen reporting
reliability and stakeholder confidence. However, some sector-specific studies,
particularly those examining extractive industries, show persistent weaknesses in
risk management transparency. This is especially evident in disclosures related to
areas such as Scope 3 emissions. Therefore, the relatively high prioritization of
C5 in the present study may reflect expert expectations or normative judgments
rather than the current empirical performance of firms. This is an important
distinction that suggests room for methodological reflection. The discrepancy
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could also be attributed to the expert pool’s familiarity with governance and
risk-based regulatory processes or to contextual differences among industries.

In contrast, criteria such as C10 (quality of specific metric disclosures)
and C9 (clarity and robustness of long-term sustainability targets) receive
comparatively lower weights. This indicates that although these elements remain
conceptually relevant, experts perceive them as less central within the near-
term IFRS S1 compliance landscape. This result diverges from the arguments
of Wahyuni (2025), who identifies metric transparency and target-setting as
core components of effective ESG disclosure under IFRS S1 and IFRS S2.
Similarly, Pratama et al. (2024) find that industries with high environmental
impact tend to struggle more with metric- and target-based reporting, especially
around Scope 3 calculations. The relatively lower importance attributed to these
criteria in the present study may therefore stem from practical concerns related
to data availability, measurement accuracy, or organizational capacity, which
remain significant obstacles to robust disclosure. In this sense, the experts’
lower weighting appears to reflect a realistic assessment of the challenges firms
face rather than a dismissal of the conceptual significance of these metrics.
This misalignment with some literature may thus be interpreted as showing
that governance and strategic clarity currently represent more actionable and
attainable priorities than technically complex quantitative disclosures.

Opverall, the findings show a coherent pattern that aligns with major themes
in the IFRS S1 literature. The prioritization of governance transparency and
strategic clarity confirms the assertions of Kose and Cetin (2023) and Kamal
(2025), who argue that the transition to IFRS S1 requires organizations not
only to adopt new reporting formats but also to cultivate internal capacities
and governance structures that facilitate credible sustainability disclosures. In
contrast, the lower weighting of metrics- and target-related criteria suggests that
empirical challenges, such as limited datasets, methodological inconsistencies,
and sector-based reporting constraints, continue to shape expert perceptions

of feasibility. These concerns are consistent with the discussions presented by
Pratama et al. (2024) and Wahyuni (2025).

In summary, the results of this study contribute to the existing literature
by demonstrating that governance transparency and strategically articulated
sustainability implications form the backbone of effective IFRS S1-aligned
reporting. While the findings reinforce the centrality of governance, which is
already well supported in prior research, they also reveal a relative deprioritization
of complex metric-driven disclosures. This highlights the practical limitations
faced by organizations undergoing the IFRS S1 transition. The integrated
BWM-based weighting framework therefore provides a nuanced and empirically
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grounded prioritization model that not only confirms key themes in the literature
but also proposes a structured hierarchy of IFRS S1 policy and reporting criteria.
This hierarchy reflects real-world feasibility, expert insights, and the emerging
needs of sustainable finance management.

5. Conclusion and Implications

This study aimed to identify and prioritize policy and reporting criteria
essential for sustainable finance management within the framework of IFRS
Sl-aligned disclosure practices. Using the Best—Worst Method (BWM),
expert-based evaluations were aggregated to generate an integrated weighting
structure for twelve key sustainability governance and reporting criteria. The
analysis produced statistically robust results, demonstrated by the high degree of
consistency across expert judgments and the convergence of weight coeflicients,
thus ensuring the methodological reliability of the prioritization process. In
this regard, the integrated weights derived from the four experts revealed that
governance-related criteria consistently received higher importance scores,
confirming both the theoretical expectations and empirical trends observed in
the sustainability reporting literature.

Based on these integrated results, management transparency (C3) emerged
as the most influential criterion. This outcome underscores the central role of
transparent governance mechanisms in ensuring credible and decision-useful
sustainability disclosures. The prominence of C3 indicates that stakeholders
assign significant value to governance structures that support accountability,
clarity of oversight, active engagement of independent directors, and mechanisms
that prevent conflicts of interest. The statistical ranking obtained through BWM
strengthens this interpretation by demonstrating a clear and substantial weight
difference between C3 and lower-ranked criteria. From an evaluative standpoint,
this finding suggests that governance transparency functions not merely as an
administrative requirement but as an institutional safeguard that enhances the
legitimacy, reliability, and comparability of sustainability reporting practices.

The emphasis on management transparency also has important implications
for the prevention of greenwashing and the enhancement of auditability.
Transparent governance structures make it possible to report financial,
environmental, and social indicators with greater accuracy and alignment
with global sustainability frameworks such as the Global Reporting Initiative
(GRI) and the European Union Taxonomy. Thus, the findings suggest that
transparency contributes to institutional integrity by enabling external
verification, strengthening regulatory compliance, and promoting responsible
decision-making in financial institutions. This outcome directly supports the

208



A BWM-Based Multi-Criteria Prioritization of IFRS S1Sustainability Disclosure Elements

study’s overarching objective of determining how sustainability disclosures can
effectively guide long-term financial and social outcomes.

The second most important criterion, the disclosure of sustainability’s
impact on business models and cost—revenue structures (C4), further reinforces
the integrative nature of sustainable finance. The statistical significance of
C4’s weight demonstrates that experts perceive sustainability not merely as an
add-on policy but as a core strategic element shaping financial institutions’
operational and economic architectures. This suggests that institutions that
recognize sustainability as a component of value creation are more likely to adapt
successfully to long-term market expectations, regulatory shifts, and stakeholder
priorities. Moreover, the prioritization of C4 confirms that sustainable finance
requires a comprehensive understanding of how environmental and social
initiatives influence profitability, risk mitigation, cost efficiency, and competitive
advantage. In this context, the study contributes to the literature by empirically
demonstrating that sustainability-oriented business model transformations hold
a pivotal role in shaping the future trajectory of sustainable finance management.

Taken together, the results of this research present several important
implications. First, they demonstrate statistically grounded evidence that
governance transparency and strategic alignment are the core determinants
of high-quality sustainability disclosures. Second, the findings highlight the
importance of integrating financial and non-financial information when
formulating policies for sustainable finance, thereby responding directly to
the study’s initial purpose of identifying priority criteria within IFRS S1-
based reporting structures. Third, by applying the BWM methodology to
expert evaluations, the study contributes a structured, empirically validated,
and replicable model for determining disclosure priorities, offering both
methodological and practical value to scholars, practitioners, and policymakers.
This model can be applied across different sectors and regions to improve
reporting consistency, guide regulatory design, and support capacity-building
efforts in sustainability governance.

In conclusion, the study provides a theoretically informed and empirically
grounded prioritization of sustainability reporting criteria that can guide financial
institutions, regulators, and standard-setting bodies in enhancing the quality
and reliability of IFRS S1-aligned disclosures. By identifying transparency and
strategic integration as primary determinants of sustainable finance effectiveness,
the research offers a set of actionable insights that contribute meaningfully to
both the academic literature and the practical implementation of sustainable
financial governance frameworks.
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5.1. Limitations and Future Research

This study, despite providing a structured and empirically grounded
prioritization of IFRS S1-based sustainability reporting criteria, is not without
limitations. First, the analysis does not empirically evaluate the macro-level
effects of mandatory IFRS S1 and IFRS S2 adoption on firms’ financial
performance, cost of capital, or investor confidence in Tiirkiye. As the national
implementation process is still in its early stages, the absence of longitudinal
or panel-based datasets restricts the ability to quantify how these standards
influence market behavior, capital flows, and institutional trust. Second, the
study does not fully capture the challenges encountered by companies and SMEs
in adapting to sustainability reporting requirements, particularly those related
to technical capacity constraints, financial burdens of compliance, and limited
access to reliable data infrastructures. These challenges warrant a deeper sector-
specific inquiry. Third, significant measurement limitations persist in Tiirkiye
regarding complex sustainability indicators, such as Scope 3 emissions, value-
chain-based impact assessments, and integrated climate—transition metrics.
The scarcity of validated models and nationally calibrated methodologies limits
the extent to which these indicators can be incorporated into robust analytical
frameworks.

These limitations provide fertile ground for future research, and it is
expected that subsequent studies will not only address these gaps but also inspire
new academic debates in the field of sustainable finance reporting. Future
research should prioritize empirical investigations into the financial and market
consequences of IFRS S1/S2 adoption using advanced econometric techniques,
including panel data models, causality tests, and structural break analyses. Such
studies would yield critical evidence for regulators, investors, and policymakers,
offering insights that go beyond current descriptive approaches. Additionally,
future work could position itself at the forefront of the literature by examining
the sustainability reporting readiness and capacity gaps of SMEs through mixed-
method approaches that combine survey analysis, capability mapping, and
institutional diagnostics.

Another promising research avenue involves the development of locally
adapted methodologies for the measurement and verification of complex
sustainability metrics, including Scope 3 emissions, biodiversity impacts, and
supply-chain externalities. Studies that establish innovative and scalable data
models in this domain would represent pioneering contributions not only to
the Turkish context but also to emerging markets more broadly. Moreover,

analyzing the conceptual and regulatory harmonization challenges between
IFRS S1/S2 and other major frameworks such as ESRS, CSRD, and GRI
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would yield actionable insights into multi-standard compliance costs, regulatory
interoperability, and firms’ strategic choices regarding disclosure regimes. Such
analyses could influence national-level policy design and create new comparative
perspectives that challenge widely accepted assumptions about global reporting
convergence.

Finally, future theoretical research could explore avant-garde themes such
as the integration of planetary boundaries, distributive fairness, and double-
materiality perspectives into financial disclosure systems. These concepts remain
underexplored within mainstream financial reporting scholarship, yet they hold
the potential to reshape sustainability accounting as a discipline. Studies that
operationalize these concepts and propose novel measurement architectures
would contribute original knowledge to the field and open new intellectual
horizons for both researchers and practitioners.
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CHAPTER 7

A Simulation-Based Comparison of
Traffic Signal Systems for Managing
Urban Congestion at a Signalized
Intersection

Emre Aslan!

1. Introduction

Urban traffic congestion is one of the most pressing challenges faced by
modern cities, significantly affecting daily life, economic productivity, and
environmental quality. As urban populations continue to grow and vehicle
ownership increases, the strain on transportation infrastructure becomes more
severe, leading to longer travel times, increased fuel consumption, and elevated
stress levels among commuters.

Effective trafic management, particularly at intersections, plays a critical
role in mitigating these issues. Intersections play a critical role in urban traffic
networks as the points where different traffic streams converge, diverge, or
cross. They are key elements in determining the overall efficiency, safety, and
capacity of a road system. Properly functioning intersections help maintain
smooth traffic flow, minimize delays, and reduce the likelihood of accidents.
However, if inadequately managed, intersections can become major bottlenecks
and significantly contribute to traffic congestion.

There are several types of intersections, each suited to different traffic
conditions. Uncontrolled intersections lack traffic signs or signals and are
typically found in low-traffic areas. Stop-controlled intersections use stop signs
to assign right of way. Signalized intersections are managed by trafhic lights
and are commonly used in busy urban areas to regulate flow. Roundabouts are
circular intersections that promote continuous movement and reduce collision
points. Additionally, T-intersections (TI), where one road ends and meets
another perpendicularly, are common in both urban and rural areas and can be
controlled with signs, signals, or left uncontrolled depending on the context.
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The appropriate choice and design of an intersection depend on trafhic volume,
road function, and safety considerations.

Signalized intersections, when properly designed and optimized, can help
regulate traflic flow, reduce delays, and improve overall urban mobility. On the
other hand, if signalized intersections are poorly designed or improperly timed,
they can disrupt traffic flow, increase delays, and contribute to urban congestion
rather than alleviate it.

Many studies mention that poorly designed intersections with unoptimized
signalization decrease traffic safety, increase the number of waiting vehicles,
and cause long waiting times, which indirectly affect fuel consumption, air
pollution, and human health (Kamrani et al., 2014; Aramesh & Ghorbanian,
2020; Fabianova et al., 2020; Phung et al., 2020; Bore & Ambunda, 2025).

Numerous expensive projects have been undertaken to enhance traffic
flow, yet they ultimately failed to deliver the anticipated outcomes (Kamrani
et al., 2014, p. 167). However, before starting an expansive project with the
help of a simulation software, a model can be developed, and the outcomes
of different scenarios can be calculated. Simulation serves as an effective and
flexible tool for evaluating the impact of different design choices and control
strategies at intersections. Whether an intersection is being planned from scratch
or undergoing structural modifications, simulation allows traffic engineers
to assess how changes such as signal installation, signal timing adjustments,
or geometric alterations will affect traffic flow. One of its key advantages is
the ability to experiment with multiple scenarios in a risk-free, cost-efficient
virtual environment. By creating a valid simulation model, planners can predict
congestion levels, identify bottlenecks, and optimize intersection performance
before implementing any physical changes, thus improving both safety and
efficiency in urban traffic systems.

Various simulation software tools exist, some designed for general-purpose
applications and others developed for specific domains. Arena, AnyLogic, and
Gama are examples of general-purpose simulation software. PTV VISSIM
is an example of specific traffic simulation software that most of the studies
encountered in the literature used. For detailed information about traffic-
specific simulation software, readers may refer to the study by Pell et al. (2017)
comparing 17 different traffic-specific simulation software.

This study presents a simulation-based comparison of different trafhc signal
systems, aiming to evaluate their effectiveness in managing congestion at a
signalized TT in the city of Tokat, Tiirkiye. With this aim, the study seeks to
answer the question: “Do alternative signalization scenarios at an intersection
reduce traffic congestion?” In the literature, in addition to simulation studies on
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highway traffic, traffic in certain parts of a city, and unsignalized intersections,
there are also simulation studies specifically focusing on traffic problems at
signalized intersections (Abohashima et al., 2019; Aramesh & Ghorbanian,
2020; Fabianova et al., 2020; Phung et al., 2020; Roy et al., 2020; Cav et al.,
2021; Bindzar et al., 2024; Kollar et al., 2024). This study contributes to the
literature as it is likely the first attempt to address a traffic problem at a signalized
intersection in Tokat by modeling it through simulation and determining signal
durations with a scenario based on traffic density, and it is also among the limited
number of such studies conducted in Tiirkiye. In Tokat, trafhic lights operate
with predetermined timing, and there are no systems that adjust according to
traffic density. This study can guide decision-makers by revealing the impact
of adaptive trafhic lights. The current situation of the TI is modeled in Arena
simulation software. Then, two different scenarios are simulated: S1 is based on
different light timing for peak hours, and S2 is based on timing depending on
the number of vehicles in the queue.

The rest of the study is as follows. In Section 2, traffic congestion is discussed,
and literature related to simulation studies on traffic is reviewed. Following
that, information about the TT that is the subject of the study is presented, and
both the current situation model and alternative scenarios are simulated. In
the findings section, the results of the current situation and the two alternative
scenarios are compared, and then the study is concluded.

2. Traffic Congestion

Traffic congestion occurs when travel time or delays are longer than what
is typical during periods of light traffic. Unacceptable congestion, on the other
hand, is defined as delays that exceed a predetermined standard. This standard
can change depending on the type of road, mode of transport, location, and
even the time of day. Several key factors contribute to congestion in a road
network (Lomax et al., 1997, pp. 2-3):

* Duration: How long the congestion lasts.
* Extent: The total number of people or vehicles impacted.
* Intensity: The severity of the travel disruption.

* Reliability: The effect of unexpected trafhic disruptions on the overall
transportation system.

Traffic congestion is generally categorized into two main types: recurring
and non-recurring. Recurring congestion is predictable and happens regularly,
often during peak travel times each day. In contrast, non-recurring congestion is
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unpredictable and arises from unexpected events that reduce the road’s capacity,
such as bad weather, accidents, road work, or other unforeseen circumstances
(Kummetha et al., 2024, p. 460).

While measuring congestion scope may depend on geography (from an
individual intersection to a whole country), transportation mode (roadways,
buses, rail in roadway etc.), roadway type (freeways and toll roads, arterials
etc.), time of the day (morning peak, noon peak etc.), day of the week (holiday
or weekend), planning context (existing conditions, future demand, etc.) and
level of detail (Lomax et al., 1997, p.14). Congestion can be quantified using
various metrics. Travel time, speed, level of service (density), delay, and other
factors can be used as measures of congestion (Kummetha et al., 2024, p. 460).

2.1. Literature

Literature about traffic congestion and simulation was reviewed. Related
literature can be classified according to its primary focus and software used.
In terms of primary focus or the problem addressed; there are studies about
intersection optimization and traffic signal management (Abohashima et al.,
2019; Aramesh & Ghorbanian, 2020; Fabianova et al., 2020; Phung et al.,
2020; Roy et al., 2020; Cav et al., 2021; Liu & Song, 2022; Bindzar et al., 2024;
Kollar et al., 2024; Bore & Ambunda, 2025; Tan et al., 2025), unsignalized
intersections and mixed traffic (Kamrani et al., 2014; Yuniawan et al., 2018;
Dutta & Ahmed, 2019; Arathi et al., 2023; Pallela & Kota, 2025), freeway or
arterial congestion and mitigation (Concas et al., 2021; Kummetha et al., 2024)
and general traffic modelling and simulation (Saval et al., 2023). In terms of
simulation software used categorization can be made as studies using Arena
simulation software (Kamrani et al., 2014; Yuniawan et al., 2018; Abohashima
et al., 2019; Aramesh & Ghorbanian, 2020; Roy et al., 2020), studies using
PTV VISSIM simulation software (Dutta & Ahmed, 2019; Fabianova et al.,
2020; Bindzar et al., 2024; Kollar et al., 2024; Bore & Ambunda, 2025; Pallela
& Kota, 2025), AnyLogic simulation software (Liu & Song, 2022), and GAMA
open-source modelling and simulation (Saval et al., 2023). All these studies are
summarized and listed in Table 1.
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Table 1. Literature about Traffic Congestion and Simulation

Author(s) and
Year

Problem

Method

Result

Kamrani et al.,
2014

traffic flow at two adjacent
unsignalized TTs during rush
hours

Simulation with
Arena

67% reduction in average
waiting time for the specified
route and a 53% decrease in
average waiting time across the
entire system

Yuniawan et

high traffic density at the

Simulation with

significantly reducing vehicle

al., 2018 4-way intersection Arena queues and improving traffic
flow at the intersection
Abohashima et urban traffic congestion, Simulation with optimal green/red percentages
al., 2019 particularly during peak Arena and cycle time combination to
hours, by optimizing traffic reduce network congestion
light scheduling at two
consecutive intersections
Dutta & modeling mixed traffic at PTV VISSIM Traffic  errors within acceptable limits

Ahmed, 2019

unsignalized TTs, determine
optimal calibration parameters

Simulation Software

(15%) between simulated and

field data

Aramesh & urban traffic congestion, Simulation with optimal traffic light periods
Ghorbanian,  focusing on minimizing wait ~ Arena and OptQuest  were determined via a utility
2020 times and air pollution at a optimizer function approach

complex TI with three traffic

lights, considering uncertainty

in vehicle numbers and

emission rates
Fabianova et modeling a congested PTV VISSIM Traflic ~ significantly decreased waiting

al., 2020 signalized intersection, first Simulation Software  vehicles, the first model
in its current state, and achieving a 75% reduction in
then with two proposed average line length, and the
modifications aimed at second facilitating smoother
increasing throughput right turns and notable queue
reductions
Phungetal.,  exploring temporary control ~ Simulation with importance of temporary
2020 strategies for intersections, Arena control strategies for alleviating
optimizing traffic signal recurrent congestion and
timing, implementing two- related air pollution
stage left-turn boxes, and
assigning traffic direction
Roy et al,, managing traffic flow at The relationship a method for estimating traffic
2020 intersections by addressing between idle time, congestion, and shows that a

the limitations of traditional

traffic lights with fixed timing.

cycle time, effective
green time, and traffic
arrival rates analyzed
by MATLAB, and the
results validated with
Arena.

density-based approach can
lead to more optimal traffic
flow.
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Cavetal.,
2021

traffic congestion and delays
at intersections by proposing
two simple, adaptive traffic
signal management protocols
that leverage vehicle-to-
infrastructure communication
to gather real-time traffic data,
enabling dynamic adjustments
to traffic light durations or
sequences, or both.

Simulation with
Arena

reduced overall vehicle waiting
time by an average of 80%,
with specific reductions of 81%
for left-turn queues and 68%
for straight-pass and right-turn
queues.

Concas et al.,
2021

proactively detecting and
mitigating traffic congestion
on freeways and arterials.
combining traditional sources
like radar and probe data with
newer ones such as Bluetooth
and connected vehicle (CV)
data, to identify conditions
indicative of impending
congestion

An algorithm for
predicting congestion
intensity using
microsimulation

significant reductions in both
recurring and non-recurring
congestion and improved safety

Liu & Song,  tackles the issue of urban Simulation with by optimizing traffic light
2022 traffic congestion, which leads AnyLogic display times within the road
to significant delays and driver network, the simulation
frustration, in a congested reduced average vehicle travel
area in Tianjin time from 145.46 seconds to
132.31 seconds
Arathietal,,  assess skewed, uncontrolled PTV VISSIM Traffic  The new model more

2023

intersections

Simulation Software

accurately predicts capacity
and level of service, analyzes
the impact of various factors,
and proposes skew-angle-based
volume warrants to aid design
engineers

Saval et al.,
2023

simplify the creation of
detailed traffic simulations,
easy definition of driver
operational behaviors,
including lane changes, and
less normative mixed traffic

GAMA open-source
modeling and
simulation platform

Accurate model for
reproducing real-world traffic
conditions.

Bindzar et al.,
2024

evaluate the performance of
different intersection designs
and their impact on peak-
hour traffic flow in a major
urban area

mesoscopic
simulation with PTV
VISSIM software

modifying signal plans while
retaining traditional signalized
intersections was the most
effective solution. pros and
cons of various intersection
designs, assisting decision-
makers in choosing optimal
solutions for urban traffic
management.
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Kollar et al.,
2024

model a complex traffic
junction with two
interconnected signalized
intersections.

PTV VISSIM traffic

simulation software

comparing total traffic
throughput across different
model variants to present
the permeability variations
effectively

Kummetha et

proactively detecting and

An algorithm for

effective in reducing both

al., 2024 mitigating freeway traffic predicting congestion recurring and non-recurring
congestion by fusing intensity ad congestion, despite a limitation
conventional data (radar, loop microsimulation in simultaneously disentangling
detectors) with newer sources congestion types
like Bluetooth and connected
vehicles (CV)
Bore & assess and improve traffic PTV VISSIM micro-  introducing traffic signals
Ambunda, operations on a street in simulation significantly reduced vehicle
2025 Ongwediva during peak delays (30-87%), queue lengths
hours, gathering data on (2-80%), and emissions (20-
traffic volume, vehicle 40%)
composition, and turning
proportions
Pallela & complex traffic dynamics at PTV VISSIM micro-  heavy vehicles significantly
Kota, 2025 unsignalized intersections simulation reduce capacity and
in India, characterized by highlighting the impact of
heterogeneous traffic and a vehicle composition and
lack of lane discipline conflicting volumes. need for
vehicle-specific modeling,
improved lane discipline,
and potential signalization
at complex intersections to
enhance safety and efficiency.
Tan et al., Optimizing city-scale traffic ~ Spatially Iterative 21.6% faster average travel
2025 signals Coordination time and 62.8 times shorter
for Parallel Opt. wall-clock time
(SICPO)

Traffic simulation studies on intersections can be classified as those examining
one or multiple intersections, and as signalized or unsignalized intersections.
Abohashima et al. (2019), Aramesh & Ghorbanian (2020), Fabianova et al.
(2020), Phung et al. (2020), Roy et al. (2020), Cav et al. (2021), Bindzar et al.
(2024), and Kollar et al. (2024) are examples of studies in the literature focusing
on signalized intersections.

The studies by Abohashima et al. (2019) and Kollar et al. (2024) differ from
this research as they focus on two consecutive intersections, while the works
of Fabianova et al. (2020), Phung et al. (2020), Roy et al. (2020), Cav et al.
(2021), and Bindzar et al. (2024) focus on four-way intersections. The study by
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Aramesh & Ghorbanian (2020) is highly similar to this research, as it specifically
examines a single signalized TI.

A review of the literature on traffic simulation reveals that the number of
studies focusing on signalized T-intersections is limited. Similarly, the number
of traffic simulation studies conducted in Tirkiye is also low. This study
contributes to the literature as it is likely the first attempt to address a traffic
problem at a signalized intersection in Tokat by modeling it through simulation
and determining signal durations with a scenario based on trathc density, and it
is also among the limited number of such studies conducted in Tiirkiye.

3. A Signalized T-Intersection (TI) in Tokat, Tiirkiye

The case study in this research focuses on traffic congestion at a signalized
TI (See Figure 1) located at the intersection with the Organized Industrial Zone
Road, along the main road connecting Tokat city center and the university
campus, situated 8 km west of the center.

Figure 1. The Overview of the TI from Google Maps

Trafhc congestion occurs at this intersection, particularly during the morning
hours (between 8:00 and 9:00 AM) in the east-to-west direction, from the city
center to the university campus. In the evening hours (between 5:00 and 6:00
PM), congestion occurs in the opposite direction, from the campus to the city
center (west to east). Apart from unexpected incidents such as accidents, traffic
congestion is generally not observed at this junction during the rest of the day.
In this study, to avoid repetition of the same model, the morning congestion
period (8:00-9:00 AM) has been considered.

221



Analytical and Multi-Criteria Approaches for Sustainable Public Policies

Based on counting and observations conducted at the intersection, three
kinds of data were collected: the number of vehicles coming from three different
directions and the time between arrivals, the directions they take after passing
through the intersection, and the green light clearance time of vehicles. In the
morning hours, arrival rates of vehicles are defined as follows: from the city
center (east), 5 vehicles every 10 seconds based on a Random (Exponential)
distribution; from the campus side (west), 3 vehicles every 10 seconds based
on a Random (Exponential) distribution; and from the Organized Industrial
Zone (south), 2 vehicles every 15 seconds based on a Random (Exponential)
distribution. Of the vehicles coming from the city center (east direction), 60%
continue toward the campus (west), 35% turn toward the Organized Industrial
Zone (south), and 5% make a U-turn to return to the city center (east). Of the
vehicles arriving from the campus side (west direction), 80% head toward the
city center (east), 15% turn toward the Organized Industrial Zone (south), and
5% make a U-turn to return to the campus (west). For vehicles coming from
the Organized Industrial Zone (south direction), 80% continue toward the city
center (east), while 20% continue toward the campus (west).

Some simplifying assumptions have been made regarding the current situation.
Vehicle speeds in traflic have not been taken into account. Factors such as initial
acceleration, variable speeds while approaching the signal, and deceleration are
difhicult to accurately represent in the model. Therefore, calculations were based
on the number of vehicles passing through the intersection during the green
light period. Accordingly, vehicle passing times at the signal were defined using
a triangular distribution as TRIA (1,2,3) seconds. Additionally, since all roads
around the intersection have two lanes, it is assumed that two vehicles can pass
through the signal simultaneously. Another assumption is that, although there
are normally different types of vehicles in traffic (e.g., motorcycles, cars, buses,
trucks) with varying acceleration and cruising speeds, all vehicles in the model
were considered as a single type (car). It was also assumed that no incidents, such
as accidents or breakdowns, would occur. Although these assumptions deviate
from real-world conditions, they are essential at this stage for constructing a
simplified yet valid model. Incorporating such elements into the model would
necessitate more detailed data collection, including the arrival frequencies of
different vehicle types, as well as the incidence rates of accidents and vehicle
breakdowns. The omission of these factors leads to a higher number of vehicles
passing through the intersection in both the current situation and alternative
scenario models compared to actual conditions. Nevertheless, maintaining
identical assumptions across both the current and alternative scenarios is crucial
to ensure comparability. Furthermore, given the infrequent nature of rare
events such as accidents and breakdowns, along with the relatively low volume
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of heavy vehicle traffic on the main road, their exclusion can be considered
reasonable. Future research will aim to address these limitations through more
comprehensive data collection and the development of more complex models.

3.1. Simulation Model of Current Situation (CS)

The model created in the Arena simulation software (Version 14) for the
current situation (CS) is shown in Figure 2, and its animation is presented in
Figure 3. Arena simulation software was employed in this study due to its robust
capability to model complex stochastic systems and its wide use in traffic and
transportation research. Its flexibility in scenario analysis and comprehensive
performance measurement tools provide a reliable basis for evaluating the
effectiveness of alternative traffic signal strategies.

Figure 2. Arena Simulation Model for the Current Situation
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Figure 3. Animation of the Arena Simulation Model
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Predetermined and constant green light times for the CS are defined as
schedules in Arena, as seen in Figure 4. There is an 80-second cycle. From 0 to
20th second, the west light is green; from 20 to 35th second, all lights for the
vehicles are red, and only the pedestrian light is green. From 35 to 65th second,
the east light is green, and from 35 to 80th second, the light from south to east
is green. And lastly, from 70 to 80th second, the south light is green. The cycle

of the TT is 80 seconds.

Figure 4. Schedule of Green Lights in CS
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The model was run step by step, and it was observed that vehicle behavior
and waiting times at the traffic lights accurately reflected real-world conditions.
The model was verified. In the developed CS model, the system initially contains
no vehicles, which does not reflect real-world traffic conditions. To address this
issue, queue lengths at the intersection were continuously monitored through
time-dependent plots. While the queues on the other bounds of the intersection
exhibited relatively stable patterns over time, the eastbound approach showed a
noticeable increase after approximately 600 seconds (10 minutes), as illustrated
in Figure 5. Therefore, a 10-minute warm-up period was introduced. Given that
the study concentrates on traffic conditions between 8:00 and 9:00 a.m., the
total simulation run length was set to 70 minutes, incorporating the warm-up

period.

Figure 5. Number of Vehicles in the Queue at the Traffic Lights
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When the CS model was run for a 70-minute period simulating the
morning peak between 8:00 and 9:00 AM, considering a warm-up period, a
total of 3,200 vehicles were recorded as having passed through the intersection.
However, this result is equivalent to conducting a single experiment with
stochastic inputs. When the experiment is repeated, it is likely that different
outcomes will be obtained. Therefore, it is more appropriate to determine the
number of replications at the point where the relevant statistic reaches a steady
state and to run the model with that replication number. In this study, the CS
model was executed in Arena’s Process Analyzer tool with 1, 10, 20, 30, 40, and
50 replications, respectively. As shown in Figure 6, after 50 replications, the
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number of vehicles passing through the intersection (number out) stabilized at
around 3,218 vehicles. Accordingly, the number of replications was set to 50

for both the CS model and the alternative scenarios.

Figure 6. Number out for Different Number of Replications

When the CS model was executed with 50 replications, the number of
vehicles passing through the intersection in each replication was reported in
Table 2. For these 50 replications, the average number of vehicles passing
through the intersection (number out) was calculated as 3,218.5 (min: 3,020;

max: 3,376).

Table 2. Number out Values for 50 Replications

Scenario Properties Control Responses
Entity
5 Name Program File | Reps| Num Reps 1 NumberOut
_ 1|4 Curent 49:ModeBp 1 1 3200000
2 | 4 CurrentiOrep 49:ModeBp 10 | 10 3236.900
" 3 | 4 Current20rep 49:ModeBp 20 @ 20 3218.300
4 | 4 Currentd0rep 49:ModeBp 30 30 3228.400
S | Currentdorep 49:ModeBpl 40 40 3217.075
|6 | 4 CurrentSorep [49:ModeBip) S0 [ S0 ] 3218540

Rep# #Out Rep# #Out Rep# #Out Rep# #Out Rep# #Out
1 3200 11 3198 21 3257 31 3132 41 3320
2 3187 12 3186 22 3191 32 3241 42 3304
3 3164 13 3239 23 3237 33 3174 43 3220
4 3247 14 3320 24 3040 34 3161 44 3188
5 3217 15 3376 25 3115 35 3156 45 3238
6 3225 16 3289 26 3261 36 3168 46 3232
7 3280 17 3219 27 3214 37 3142 47 3281
8 3307 18 3302 28 3187 38 3239 48 3313
9 3058 19 3207 29 3184 39 3251 49 3283
10 3062 20 3285 30 3167 40 3180 50 3283

Note. * Rep # : Number of Replications, # Out: Number Out
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When the values of the number of vehicles passing through the intersection
(number our) for 50 replications were compared with the observed value of
3,215 using a One-Sample t-test in SPSS 18.0 (Table 3), no significant difference
was found within the 95% confidence interval (p = 0.723 > 0.05). The absence
of a significant difference between the results obtained from 50 replications of
the model and the real-life observation provides evidence supporting the validity
of the model.

Table 3. One-Sample t-Test for Number Out

Test Value = 3215

95% Confidence Interval

of the Difference
Mean
t df  Sig. (2-tailed) Difference Lower Upper
NumOut ,357 49 ,723 3,54000 -16,3974 23,4774

In S1, just the schedule for the green light is different from CS, all else is
the same. When the model for S1 is run for a 70-minute period, including a
10-minute warm-up period simulating the morning peak between 8:00 and
9:00 AM, the average number of vehicles passing through the intersection for 50
replications is calculated as 3,376.5, as seen in Table 5. The minimum value for
the number out of 50 replications is 3,125, and the maximum value is 3,652. The
minimum value may be considered as the worst case, and the maximum value
may be considered as the best case among 50 replications. For the eastbound
traffic signal, where vehicle density was highest, the average waiting time for
50 replications was calculated as 13.3 seconds, the maximum average was 23.3
seconds, and the maximum value was 106.3 seconds. The maximum value may
be considered as the worst case. For the eastbound trafhic signal, where vehicle
density was highest, the average number of waiting vehicles for 50 replications
was 6.7, the maximum average was 12.3, and the maximum value was 75. The
maximum value may be considered as the worst case. This scenario may also be
applied to evening peak hours, by increasing the green light time for westbound
and decreasing it for eastbound.
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As seen in Table 4, when the model for CS is run for a 70-minute period,
including a 10-minute warm-up period simulating the morning peak between
8:00 and 9:00 AM, the average number of vehicles passing through the
intersection for 50 replications is calculated as 3,218.5. The minimum value for
the number out of 50 replications is 3040, and the maximum value is 3,376. The
minimum value may be considered as the worst case, and the maximum value
may be considered as the best case among 50 replications. For the eastbound
traffic signal, where vehicle density was highest, the average waiting time for 50
replications was calculated as 218.5 seconds, the maximum average was 471.6
seconds, and the maximum value was 662.9 seconds. The maximum value may
be considered as the worst case. For the eastbound trafhic signal, where vehicle
density was highest, the average number of waiting vehicles for 50 replications
was 111.5, the maximum average was 243.6, and the maximum value was 383.
The maximum value may be considered as the worst case.

Table 4. Results of 50 Replications for CS

Average Minimum Value Maximum Value
Number Out 3218.5 3040 3376
Waiting Time Average Maximum Average Maximum Value
West Light 1.2 1.5 16.8
From South To East 31.3 36.7 76.8
From South To West 8.5 10.1 38.7
Intersect Light South 31.8 38.1 69.9
East Light 218.5 471.6 662.9
Number Waiting Average Maximum Average Maximum Value
West Light 0.4 0.5 16
From South To East 0.8 1.2 10
From South To West 0.9 1.2 15
Intersect Light South 0.5 0.6 7
East Light 111.5 243.6 383
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3.2. Scenario 1 (S1): Different Timing for Peak Hours

In large and densely populated cities, an average waiting time of 4 minutes
and a maximum of 8 minutes at a traffic signal may not be considered very
long. However, in a comparatively smaller city like Tokat, such waiting times
at a single signalized intersection are perceived as high. Moreover, considering
that there are other signalized intersections with their own levels of congestion
both before and after the junction in question, it becomes clear that this traffic
density represents a problem worth studying.

In the CS, the green light cycle was fixed at 80 seconds, predetermined
and constant throughout the day. It would be better for reducing cycle time
by increasing the green light time for eastbound and decreasing it for others to
reduce waiting time and the number of vehicles waiting at eastbound light. In
S1, since traffic density is higher on the east side during the morning hours,
the green light duration for the eastbound signal was increased by 5 seconds
to 35 seconds, while the duration for the westbound signal was reduced by 5
seconds to 15 seconds. Additionally, the 15-second all-red phase, during which
all vehicles were stopped, and only pedestrians had a green light, was removed,
reducing the total cycle time to 60 seconds. The related timing adjustments
can be seen in Figure 7. The removal of the 15-second pedestrian-only phase
may be debatable; however, it was observed that pedestrian movement at the
intersection is minimal. In the CS, even though there are no pedestrians, a
15-second pedestrian-only phase is active every cycle, and it causes vehicle
queues to get longer. In this scenario, pedestrians still have sufficient time to
cross the intersection safely during the red light phases for vehicles on each side
of the road. But in this scenario, pedestrians are required to cross the road not
in a single attempt, but by waiting in the median. It’s still a safe and reasonable
solution for an intersection with very little pedestrian traffic. Alternatively,
systems that include pedestrian push buttons -activating a green light only when
a pedestrian is present- could be implemented.
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Figure 7. Schedule of Green Lights in S1
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In S1, just the schedule for the green light is different from CS; all else is
the same. When the model for S1 is run for a 70-minute period, including a
10-minute warm-up period simulating the morning peak between 8:00 and
9:00 AM, the average number of vehicles passing through the intersection for 50
replications is calculated as 3,376.5, as seen in Table 5. The minimum value for
the number out of 50 replications is 3,125, and the maximum value is 3,652. The
minimum value may be considered as the worst case, and the maximum value
may be considered as the best case among 50 replications. For the eastbound
traffic signal, where vehicle density was highest, the average waiting time for
50 replications was calculated as 13.3 seconds, the maximum average was 23.3
seconds, and the maximum value was 106.3 seconds. The maximum value may
be considered as the worst case. For the eastbound traffic signal, where vehicle
density was highest, the average number of waiting vehicles for 50 replications
was 6.7, the maximum average was 12.3, and the maximum value was 75. The
maximum value may be considered as the worst case. This scenario may also be
applied to evening peak hours by increasing the green light time for westbound
and decreasing it for eastbound.
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Table 5. Results of 50 Replications for Scenario 1

Average Minimum Value Maximum Value
Number Out 3376.5 3125 3652
‘Waiting Time Average Maximum Average Maximum Value
West Light 1.2 1.5 15.6
From South To East 20.9 26.3 50.8
From South To West 2.3 2.8 18.6
Intersect Light South ~ 20.8 26.5 51.3
East Light 13.3 23.3 106.3
Number Waiting Average Maximum Average Maximum Value
West Light 0.4 0.5 17
From South To East 0.6 0.8 7
From South To West 0.3 0.3 12
Intersect Light South 0.3 0.5 5
East Light 6.7 12.3 75

3.3. Scenario 2 (S2): Timing Based on Number of Vehicles in
the Queue

S1 may reduce waiting time and the number of vehicles waiting at the
congested side of the intersection during the morning peak. However, it cannot
provide a good solution for different times of the day or for a non-recurring
congestion, such as an accident or a breakdown. In §2, green light times are not
predetermined and constant. The green light duration is determined dynamically
based on the number of vehicles waiting in the queue. Since both the green
light durations and the time intervals are not fixed, it is not possible to define
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these durations using schedules, as was done in the previous two models. There
is also no fixed cycle time, such as 60 or 80 seconds; the cycle time can vary.
The existing model has been extended and improved by adding new modules
(see Figure 8). Using Assign modules, the number of vehicles waiting in the
queue, the green light duration, and the green light start and end times for the
east, west, and south directions were defined as separate variables. Since the
number of vehicles in the queue constantly changes, but the related variables are
intended to be updated periodically rather than continuously, a separate loop
was created for the Assign modules. Hold modules were used to release entities
when the green light is active for the corresponding direction.

Figure 8. Arena Simulation Model for S2
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When the model for S2 is run for a 70-minute period, including a 10-minute
warm-up period simulating the morning peak between 8:00 and 9:00 AM, the
average number of vehicles passing through the intersection for 50 replications
is calculated as 3,387.4, as seen in Table 6. The minimum value for the number
out of 50 replications is 3,173, and the maximum value is 3,625. The minimum
value may be considered as the worst case, and the maximum value may be
considered as the best case among 50 replications. For the eastbound traffic
signal, where vehicle density was highest, the average waiting time for 50
replications was calculated as 13.1 seconds, the maximum average was 20.3
seconds, and the maximum value was 81.1 seconds. The maximum value may
be considered as the worst case. For the eastbound traffic signal, where vehicle
density was highest, the average number of waiting vehicles for 50 replications
was 6.1, the maximum average was 11.1, and the maximum value was 72. The
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maximum value may be considered as the worst case. This scenario does not
need to be applied to evening peak hours, because it already actively seeks the
queues and determines green light time dynamically.

Table 6. Results of 50 Replications for Scenario 2

Average Minimum Value Maximum Value
Number Out 3387.4 3173 3625
Waiting Time Average Maximum Average ~ Maximum Value
West Light 3.9 4.7 27.9
From South To East 1.9 2.9 16.1
From South To West 1.4 2.1 17.6
Intersect Light South 1.2 2.5 12.3
East Light 13.1 20.3 81.1
Number Waiting Average Maximum Average =~ Maximum Value
West Light 1.2 1.6 30
From South To East 0.1 0.1 15
From South To West 0.1 0.2 18
Intersect Light South 0.1 0.1 11
East Light 6.1 11.1 72

4. Findings

The results of CS, S1, and S2 are compared in Table 7. “Number Out”
represents the total number of vehicles that passed through the intersection
during the simulated one-hour period. Average values for the number out statistic
is the average value of 50 replications. According to the average number out of
S1 (3,376.5 + 35.6 vehicles, 95% confidence interval) and S2 (3,387.4 + 33.8
vehicles, 95% confidence interval), yield higher values than the CS (3,218.5 +
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20.1 vehicles, 95% confidence interval). The average number out (number of
vehicles passing through the intersection) increased by 4,9% in S1 and 5.2% in
S2 when compared with the CS. Minimum value for the number of our statistic
may be considered as the worst case among 50 replications. According to the
minimum number out value, S1 (3,125 vehicles) and S2 (3,173 vehicles) yield
higher values than the CS (3,040 vehicles). The minimum value for number
out is 3.1% higher in S1 and 4.4% higher in S2 when compared with the CS.
The maximum value for the number out statistic may be considered as the best
case among 50 replications. According to the maximum number, out of value
S1 (3,652 vehicles) and S2 (3,625 vehicles) yield higher values than the CS
(3,376 vehicles). The maximum value for the number out is 8.2% higher in S1
and 7.4% higher in S2 when compared with the CS. These comparisons may
be seen in Figure 9.

Figure 9. Comparison of the Number of Outbound Vehicles (Vehicles
Passing Through the Intersection)
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Since this study focuses on morning traffic density, the statistics for the
heavily congested eastbound direction are particularly important. Instead of
evaluating all indicators, examining the East Light statistics in terms of waiting
time and number of vehicles waiting can provide insight into the outcomes of
the scenarios.
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Current Situation (CS)

Scenario 1 (S1)

Scenario 2 (S2)

Average Minimum  Maximum  Average Minimum  Maximum  Average Minimum  Maximum
Value Value Value Value Value Value
Number Out 3218.5 3040 3376 3376.5 3125 3652 3387.4 3173 3625
Waiting Time Average Maximum  Maximum  Average Maximum  Maximum  Average Maximum  Maximum
Average Value Average Value Average Value
West Light 1.2 1.5 16.8 1.2 1.5 15.6 3.9 4.7 27.9
From South to 31.3 36.7 76.8 20.9 26.3 50.8 1.9 2.9 16.1
East
From South to 8.5 10.1 38.7 2.3 2.8 18.6 1.4 2.1 17.6
West
Intersect Light ~ 31.8 38.1 69.9 20.8 26.5 51.3 1.2 2.5 12.3
South
East Light 218.5 471.6 662.9 13.3 23.3 106.3 13.1 20.3 81.1
Number Average Maximum  Maximum  Average Maximum  Maximum  Average Maximum  Maximum
Waiting Average Value Average Value Average Value
West Light 0.4 0.5 16 0.4 0.5 17 1.2 1.6 30
From South to 0.8 1.2 10 0.6 0.8 7 0.1 0.1 15
East
From South to 0.9 1.2 15 0.3 0.3 12 0.1 0.2 18
West
Intersect Light 0.5 0.6 7 0.3 0.5 5 0.1 0.1 11
South
East Light 111.5 243.6 383 6.7 12.3 75 6.1 11.1 72
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“Waiting Time” refers to the waiting time in the queue before passing the
traffic light. Average is the average of 50 replications; maximum average is the
average of the maximum values of 50 replications, and maximum value is the
maximum value of 50 replications for waiting times. According to average
waiting time at East Light S1 (13.3 + 0.7 seconds 95% confidence interval) and
S2 (13.1 + 0.6 seconds 95% confidence interval) yield lower values than the CS
(218.5 + 26.5 seconds 95% confidence interval). Average waiting time decreased
by 93.9% in S1 and 94% in S2 when compared with the CS. Kamrani et al.
(2014) provided a 67% reduction in average waiting time, and Cav et al. (2021)
reduced overall vehicle waiting time by an average of 80%. Scenarios in this
study reduced the average waiting time by about 94% and it is a considerable
improvement when compared with the results in the literature. According to
average of maximum waiting times at East Light S1 (23.3 seconds) and S2
(20.3 seconds) yield lower values than the CS (471.6 seconds). The average of
the maximum waiting time decreased by 95.1% in S1 and 95.7% in S2 when
compared with the CS. According to the maximum waiting time value at East
Light S1 (106.3 seconds) and S2 (81.1 seconds) yield lower values than the CS
(662.9 seconds). Maximum waiting time decreased by 83.9% in S1 and 87.7%
in S2 when compared with CS. These comparisons may be seen in Figure 10.

Figure 10. Comparison of Waiting Times at East Light
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“Number Waiting” refers to the number of vehicles in the queue at the
traffic light. Average is the average of 50 replications, maximum average is the
average of the maximum values of 50 replications, and maximum value is the
maximum value of 50 replications for the number waiting. According to the
average number of waiting vehicles at East Light S1 (6.7 + 0.4 vehicles 95%
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confidence interval) and S2 (6.1 £ 0.4 vehicles 95% confidence interval) yield
lower values than the CS (111.5 + 14.4 vehicles 95% confidence interval). The
average number of waiting vehicles decreased by 93.9% in S1 and 94.5% in S2
when compared with the CS. Fabianova et al. (2020) gained a 75% reduction in
average line length, and Bore & Ambunda (2025) reduced queue lengths from
2 up to 80%. Scenarios in this study reduced the number of waiting vehicles
by about 94% and it is a considerable improvement when compared with the
results in the literature. According to average of maximum number of waiting
vehicles at East Light S1 (12.3 vehicles) and S2 (11.1 vehicles) yield lower
values than the CS (243.6 vehicles). The average of the maximum number of
waiting vehicles decreased by 94.9% in S1 and 95.4% in S2 when compared
with the CS. According to the maximum number of waiting vehicles value at
East Light S1 (75 vehicles), and S2 (72 vehicles) yield lower values than the CS
(383 vehicles). The maximum number of waiting vehicles value decreased by
80.4% in S1 and 81.2% in S2 when compared with CS. These comparisons
may be seen in Figure 11.

Figure 11. Comparison of Number of Waiting Vehicles at East Light
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5. Conclusion

Urban traffic congestion is a major challenge for modern cities, impacting
daily life, the economy, and the environment. Effective traffic management,
particularly at intersections, plays a critical role in dealing with congestion.
Properly functioning intersections help maintain smooth trathc flow and
minimize delays. On the other hand, if not well-managed, intersections can
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become major bottlenecks and significantly contribute to traffic congestion.

This study presents a simulation-based comparison of different traffic signal
systems, aiming to evaluate their effectiveness in managing congestion at a
signalized TT in the city of Tokat, Tiirkiye. After modeling the current situation
of TI, two different scenarios were modeled and run. In S1, a different timing
for peak hours and in S2, a timing based on the number of vehicles in the queue
was applied. Both scenarios increased the number of vehicles passing through
the intersection by about 5% (S1 increased 4.9% and S2 increased 5.2%).
According to the average number of vehicles passing through the intersection
S1 (3376.5 + 35.6 vehicles, 95% confidence interval) and S2 (3387.4 + 33.8
vehicles, 95% confidence interval) yield higher values than the CS (3218.5 +
20.1 vehicles, 95% confidence interval). Both scenarios decreased the average
waiting time by about 94% (S1 decreased 93.9%, and S2 decreased 94%).
According to average waiting time at East Light S1 (13.3 + 0.7 seconds 95%
confidence interval) and S2 (13.1 £ 0.6 seconds 95% confidence interval) yield
lower values than the CS (218.5 + 26.5 seconds 95% confidence interval). Both
scenarios decreased the average number of vehicles in the queue by about 94%
(S1 decreased 93.9% and S2 decreased 94.5%) for the congested eastbound
of TI. According to the average number of waiting vehicles at East Light S1
(6.7 + 0.4 vehicles 95% confidence interval) and S2 (6.1 + 0.4 vehicles 95%
confidence interval) yield lower values than the CS (111.5 + 14.4 vehicles 95%
confidence interval).

All studies in the literature focusing on traffic congestion and simulation at
intersections have achieved results that help reduce congestion. In this respect,
the findings of this study are consistent with those reported by Kamrani et
al. (2014), Yuniawan et al. (2018), Abohashima et al. (2019), Aramesh &
Ghorbanian (2020), Fabianova et al. (2020), and Cav et al. (2021). Kamrani et
al. (2014) provided a 67% reduction in average waiting time, Fabianova et al.
(2020) gained a 75% reduction in average line length, Cav et al. (2021) reduced
overall vehicle waiting time by an average of 80% and Bore & Ambunda (2025)
reduced queue lengths by 2-80%. About a 94% reduction in average waiting
time and the average number of waiting vehicles are considerable results of this
study when compared with the results in the literature. This study contributes
to the literature as it is likely the first attempt to address a traffic problem
at a signalized intersection in Tokat by modeling it through simulation and
determining signal durations based on traffic density, and it is also among the
limited number of such studies conducted in Tiirkiye.

S1 can be implemented at a much lower cost and appears to be effective
in addressing recurring congestion during peak hours. Implement S2 would
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require cameras monitoring the intersection and image processing technology
to detect traffic density. This would lead to higher cost, but it would allow signal
timings to be adjusted in real time during nonrecurring congestion situations.
In Tokat, trafhc lights operate with predetermined timings, and there are no
systems that adjust according to traffic density. This study can guide decision-
makers by revealing the potential impact of adaptive traffic lights.

The study also has some limitations. It only considers the morning peak
hours. Running the simulation over a full 24-hour period could better highlight
the strengths of dynamic/intelligent systems like those in S2. Such systems
can adjust signal timings dynamically based on trafhic density, providing
more effective solutions not only for regular peak-hour congestion (recurrent
congestion) but also for unexpected traffic buildups during the day caused by
incidents such as accidents (nonrecurring congestion).

Testing only two scenarios constitutes another limitation of the study. In
addition to examining different scenarios, the parameters in the existing two
scenarios, such as cycle times and signal timings, could have been tested with
different values to determine their optimal levels. This issue may be further
investigated in future research.

Additionally, due to some simplifying assumptions in the model used in
this study, details such as traffic speed, different vehicle types, and pedestrians
were not included. In future studies, these details can be incorporated to further
enhance the model and make it more representative of real-world traffic systems.

Another limitation is that the study focused only on a single intersection.
Solutions that alleviate traffic at this intersection may cause the next intersection
to become more congested. Therefore, future studies examining an entire main
artery or region with more comprehensive models could yield more realistic and
applicable results.
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