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A B S T R A C T

Artificial Intelligence (AI) can significantly enhance transportation governance, particularly by enabling more 
effective international cooperation in data-driven decision-making. In maritime transport, AI applications can 
support complex planning and policy processes, such as maritime spatial planning (MSP), which governs the use 
of maritime space across overlapping sectors and jurisdictions. Short sea shipping (SSS), a vital mode of regional 
and intra-regional transport, depends heavily on coordinated planning efforts due to its interactions with other 
marine uses, its socio-economic role, and the need to maintain connectivity for insular economies.

This study uses a national level case study of Greek SSS to identify structural, data-related, and governance 
limitations that impede evidence-based policy design. Key performance indicators (KPIs) and composite indices 
(CIs) are developed to assess connectivity, accessibility, and operational efficiency across the island and between 
the islands and the mainland. These empirical findings reveal fragmented data, heterogenous service patterns, 
and gaps in current governance frameworks, highlighting challenges that extend to regional and international 
coordination.

Building on these insights, the paper proposes a conceptual AI framework to address the identified limitations. 
Machine learning can forecast SSS performance trands, while natural language processing can harmonize policy 
documents across jurisdictions. By linking empirical limitations with this forward-looking conceptual approach, 
the study demonstrates how AI can transform fragmented maritime data into interoperable, collaborative 
governance mechanisms that enhance MSP implementation and cross-border cooperation.

1. Introduction

International maritime governance and Maritime Spatial Planning 
(MSP) are increasingly required to address complex, multi-sectoral, and 
multi-scalar challenges, including spatial competitions, sustainability 
objectives, and territorial cohesion. While MSP has been institutional
ized as a key governance instrument, its practical effectiveness is often 
constrained by persistent gaps in measurable indicators, limited data 
harmonization, and the lack of systematic and comparable monitoring 
frameworks across regions and countries.

Within this governance context, short sea shipping (SSS) plays a 
critical role in the transportation of passengers and goods and consti
tutes a fundamental mechanism for achieving territorial cohesion, 
particularly in island and coastal regions. In geographically fragmented 
countries such as Greece, SSS mitigates socio-economic disparities by 
ensuring connectivity and accessibility to socially and economically 

significant destinations and resources, thereby addressing structural 
constraints related to insularity, remoteness, and small population size 
(Bradley et al., 2017; Chlomoudis et al., 2011; Official Journal of the EU, 
2007). From a social perspective, reliable SSS services enhance the 
quality of life for island residents by facilitating access to essential ser
vices, employment, and education (Mitropoulos, 2011). Economically, 
SSS supports market openness and competitiveness and has been shown 
to strongly correlate with regional economic growth compared to other 
modes of transport (Park et al., 2019).

Beyond transport function, SSS is embedded within broader mari
time governance systems and interacts with multiple economic sectors 
as well as social and environmental dimensions. Its planning and regu
lation therefore require robust governance frameworks, with MSP 
playing a central role in balancing competing uses while promoting 
territorial cohesion at regional, national, and international scales 
(Mitropoulos, 2011). However, translating territorial cohesion 
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objectives into operational MSP outcomes remains challenging, partic
ularly in multi-level and cross-border contexts, where governance ar
rangements, data availability, and analytical practices differ 
substantially (Zaucha, 2019).

A persistent limitation in both MSP and SSS-related policies is the 
absence of concrete qualitative and quantitative standards for assessing 
territorial cohesion. This gap is particularly evident in the maritime 
domain, where cohesion considerations are often underrepresented, 
partly due to assumptions about limited human presence at sea (Zaucha, 
2019; CPMR, n.d.), despite the growing demand for marine space across 
multiple sectors (Sangiuliano, 2018). As emphasized by Zaucha and 
Böhme (2019), while territorial cohesion is measurable, its assessment 
should rely on clearly defined, transparent, and policy-relevant in
dicators that are applicable across different geographic scales. This un
derscores the need for structured and reproducible indicator frameworks 
capable of capturing key dimensions of connectivity and accessibility in 
maritime transport networks.

Responding to this gap, this paper focuses on passenger trans
portation within the Greek domestic SSS network and develops two 
composite indicators (CIs) that quantify island connectivity and acces
sibility through the aggregation of carefully selected key performance 
indicators (KPIs). The indicators are calculated for the baseline year 
2018, providing a stable pre-pandemic reference for benchmarking is
land performance, identifying spatial disparities, and supporting 
evidence-based policymaking. Although the empirical application is 
national, the proposed methodological framework is explicitly designed 
to be transferable to other SSS contexts, including cross-border SSS 
systems and different transport segments, thereby supporting broader 
MSP and maritime governance objectives.

At the same time, the increasing volume, heterogeneity, and tem
poral dynamics of maritime transport data pose growing challenges for 
traditional analytical approaches, particularly in international gover
nance settings where data integration, comparability, and continuous 
monitoring are critical. These challenges motivate the exploration of 
advanced data-driven tools, including Artificial Intelligence (AI), not as 
replacement of indicator-based analysis but as an enabling technology. 
AI can support the scaling, automation, and regular updating of CI 
frameworks, facilitate data harmonization across jurisdictions, and 
enhance adaptive monitoring within MSP processes. While AI methods 
are not applied empirically in this study, their conceptual integration is 
discussed to illustrate how the proposed framework could be oper
ationalized more efficiently in future multi-regional and cross-border 
applications.

The remainder of the paper is structured as follows. Section 2 reviews 
the relevant scientific background. Section 3 outlines the methodolog
ical approach and the case study context. Section 4 presents the results, 
followed by their discussion in Section 5. Section 6 concludes with 
policy implications and recommendations.

2. Scientific background

2.1. The concepts of territorial cohesion and insularity for island 
connectivity

Territorial cohesion in coastal and island contexts is closely linked to 
insularity, a concept that captures the structural disadvantages arising 
from geographic dispersion, remoteness, and physical separation from 
major economic and administrative centers (van den Bossche et al., 
2021; Garau et al., 2020; Mitropoulou & Spilanis, 2020; Theodora, 
2020; Cocco et al., 2019; Gløersen et al., 2019; Licio & Pinna, 2013; 
Briguglio, 1995). These characteristics manifest in fragmented transport 
networks, longer distances from the mainland and between islands, and 
reduced access to essential socio-economic functions such as health, 
employment, education, markets, resources, and public services (van 
den Bossche et al., 2021; Garau et al., 2020; Mitropoulou & Spilanis, 
2020; Gløersen et al., 2019; Licio & Pinna, 2013; Briguglio, 1995). 

Within this context, territorial cohesion is not merely a spatial policy 
goal but a functional condition that depends critically on the perfor
mance of transport connectivity.

Islands face higher transport costs and lower service efficiency, 
reflecting both physical constraints and structural market limitations 
(van den Bossche et al., 2021; Gløersen et al., 2019; Armstrong & Read, 
2004). Waterborne and air transport services are essential (van den 
Bossche et al., 2021; Gløersen et al., 2019; Deidda, 2016; Licio & Pinna, 
2013; Briguglio, 1995), yet they are constrained by small-scale opera
tions, limited demand, and the absence of economies of scale (van den 
Bossche et al., 2021; Deidda, 2016; Sufrauj, 2011; Briguglio, 1995). 
These conditions reduce service frequency and capacity, increase travel 
times, and often result in indirect routes, reinforcing accessibility defi
cits and affecting regional competitiveness, social inclusion, and eco
nomic resilience (Tsekeris, 2022; van den Bossche et al., 2021; Deidda, 
2016; Spilanis et al., 2013a; Armstrong & Read, 2004; Briguglio, 1995).

However, territorial cohesion extends beyond transport cost con
siderations. Travel behavior and perceived accessibility are influenced 
by multiple interrelated factors, including service frequency, reliability, 
travel time, and modal availability (Levy & Panou, 2010; Cross & Nut
ley, 1999). Moreover, additional vulnerabilities, like small population 
size, demographic decline, climate exposure, and external shocks, 
further amplify cohesion challenges in peripheral and remote islands. 
These dynamics underscore that connectivity and accessibility are 
multidimensional constructs that can be systematically measured rather 
than abstract policy ideals.

Recognizing these dimensions is crucial for designing structured in
dicator frameworks capable of translating complex transport and spatial 
interactions into comparable metrics. Such frameworks provide an 
operational basis for monitoring, evidence-based policymaking, and 
MSP. By identifying which aspects of SSS most effectively affect terri
torial cohesion, measurable indicators can inform both national and 
cross-border governance processes. This foundation also highlights the 
potential role of advanced analytical tools, including AI, in supporting 
data harmonization, monitoring, and evaluation, issues explored in 
Sections 2.3 and 2.4.

Overall, understanding insularity and connectivity challenges pro
vides a conceptual link between territorial cohesion, measurable KPIs, 
and the broader opportunities for harmonized, AI-supported monitoring 
and evaluation, forming the basis for the empirical and methodological 
contributions of this study.

2.2. Measuring territorial cohesion dimensions

Territorial cohesion in island and coastal regions is fundamentally 
mediated through connectivity and accessibility, which can be oper
ationalized and monitored using KPIs and CIs. Over the past decades, 
several indices have been developed to quantify these dimensions, 
reflecting different conceptualizations of connectivity and accessibility.

Relevant approaches for measuring accessibility like Territorial 
Accessibility Index (TAI) (Teclean and Drăgan, 2020) and the Multi
modal Accessibility Index (MAI) (ESPON, 2006), focused on infra
structure density, travel times, interregional and multimodal 
connections, including waterborne and air transport (Spilanis et al., 
2012; CPMR, 2002). While valuable for cross-regional comparison, 
these indices often overlooked qualitative service characteristics, such 
as vessel speed and capacities, travel cost, and reliability, neglecting 
variations between island and mainland connectivity (Karampela et al., 
2014; Spilanis et al., 2012).

Other transport-specific measures for measuring among others con
nectivity, such as the Island Connectivity Index (ICI) and the Island 
Transport Equivalents for Passengers and Commodities (ITEP/ITEC) 
(Lekakou et al., 2021), extended relevant approaches incorporating 
travel cost, frequency, duration, service quality, and environmental and 
social considerations (Lekakou et al., 2021; Lekakou & Remoundos, 
2018). Other frameworks, including the Liner Shipping Connectivity 
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Index (LSCI/LSBCI) (Hoffmann et al., 2024; Niérat & Guerrero, 2019) 
and the Island Dependency Index (Castanho et al., 2024), addressed 
freight and trade dependencies, highlighting the economic implications 
of transport connectivity.

Beyond transport, territorial cohesion has also been evaluated 
through socio-economic and structural lenses. The ESPON Insularity 
Index (2010) and relevant frameworks proposed by Medeiros (2011)
and Garau et al. (2020) incorporated factors such as population ageing, 
governance capacity, and regional attractiveness, emphasizing that 
territorial cohesion, insularity and connectivity are only meaningful 
when embedded in broader socio-economic and functional contexts. 
Similarly, Tsekeris (2022) proposed a generalized transport cost-based 
index based on the indicator of Persyn et al. (2022, 2020, 2019)
capturing both distance- and time-related transport burdens of islands, 
linking them to population size and trade patterns.

Despite this rich body of research, several gaps remain. Existing 
indices are often developed for national or regional contexts (i.e., Licio 
and Pinna, 2021, 2013; Garau et al., 2020; Teclean and Drăgan, 2020) 
and rarely integrated into MSP frameworks, which limits their appli
cability for multi-level and cross-border governance. Many approaches 
prioritize ecological connectivity (Podda & Porporato, 2023; Virtanen 
et al., 2020; Ceccarelli et al., 2018), while socio-economic and territorial 
cohesion, especially port-to-island accessibility and SSS performance, 
remain unexplored. Data heterogeneity, methodological in
consistencies, and the lack of harmonized indicators further constrain 
their use in comparative or transboundary contexts.

These limitations highlight the need for a systematic and transparent 
framework for monitoring territorial cohesion in island regions through 
SSS networks. Building on the insights from prior indices, this study 
develops two CIs that aggregate relevant KPIs, capturing both connec
tivity and accessibility dimensions, reflecting key structural and socio- 
economic characteristics of the Greek island transport system. While 
the empirical application is limited to the Greek domestic context, the 
framework is designed using generic indicators, standardized aggrega
tion procedures, and widely available data types, allowing it to be 
conceptually transferable to other national and cross-border SSS set
tings. In this sense, it provides a methodological basis for improved 
harmonization, continuous monitoring, and integration into MSP 
processes.

Finally, the increasing complexity, volume, and heterogeneity of 
maritime transport and governance data motivate the conceptual inte
gration of AI. AI can facilitate data harmonization, automate the 
calculation and updating of indicators, and support predictive and 
adaptive decision-making across multiple jurisdictions. By embedding 
AI into the framework conceptually, this study demonstrates how 
advanced analytical tools can enhance the efficiency, comparability, and 
scalability of territorial cohesion assessment, particularly in interna
tional and multi-regional contexts.

2.3. International cooperation in the MSP framework

MSP is widely recognized as a central governance instrument for 
managing competing maritime uses and advancing sustainability and 
territorial cohesion objectives across multiple spatial scales. Its imple
mentation is guided by a set of core principles, among which evidence- 
and science-based decision-making is particularly critical for this study. 
This principle underpins the capacity of MSP to design effective mea
sures, evaluate outcomes, and adapt plans over time, and it relies 
fundamentally on access to reliable, comparable, and up-to-date data 
(Keijser et al., 2018; HELCOM-VASAB, 2010). Traditional analytical 
tools supporting this process include observations, integrated databases, 
geographic information systems (GIS) (Aliouris et al., 2023), which 
enable spatial analysis, visualization, and documentation of maritime 
activities.

Another central principle of MSP is cross-border and transboundary 
cooperation. Since maritime uses, transport networks, and 

environmental processes rarely align with administrative boundaries, 
effective MSP requires coordination across jurisdictions to ensure 
coherence in planning objectives, regulatory approaches, and imple
mentation practices (UNESCO-IOC & European Commission, 2021; 
Keijser et al., 2018). Cross-border cooperation supports the development 
of common standards, encourages knowledge transfer, and strengthens 
capacity building, particularly in shared sea basins (Aliouris et al., 2023; 
UNESCO-IOC & European Commission, 2021; Keijser et al., 2018; 
HELCOM-VASAB, 2010). Closely related is the principle of land-sea 
interaction and coherence, which underpins vertical coherence across 
governance levels and sectors (Enet, 2022; UNESCO-IOC & European 
Commission, 2021), and the need for MSP to remain an adaptive and 
iterative process informed by continuous monitoring and evaluation 
(UNESCO-IOC & European Commission, 2021; Collie et al., 2013; 
HELCOM-VASAB, 2010).

In practice, however, international and cross-border collaboration in 
MSP faces persistent operational challenges. These include differences in 
national planning systems, diverging policy priorities, heterogenous 
data sources, and inconsistencies in data collection methods and quality 
assurance procedures (Friess and Grémaud-Colombier, 2021; Nikkanen 
et al., 2018). Data exchange alone is therefore insufficient; effective 
cooperation depends on the harmonization, interoperability, and 
continuous updating of shared datasets and analytical outputs. Common 
data frameworks and agreed metadata standards are essential to ensure 
that information remains comparable and usable across borders and 
over time (Nikkanen et al., 2018).

Within this context, indicator-based approaches play a critical role. 
The use of common indicators enables comparison of territorial condi
tions, policy performance, and planning outcomes across regions and 
countries, thereby enhancing transparency and accountability in MSP 
(Varjopuro, 2019b; Schaefer and Barale, 2011; Backer, 2008). Indicators 
provide a structured means to translate complex spatial and 
socio-economic dynamics, such as connectivity and accessibility, into 
measurable metrics that can inform both national and transnational 
decision-making. Nevertheless, the implementation of shared indicators 
remains challenging, as differences persist in indicator definitions, 
reporting formats, metric systems, and temporal resolution (Varjopuro, 
2019b). These limitations constrain the ability of MSP to support sys
tematic cross-border monitoring and coordinated policy responses.

A number of studies have explicitly addressed these challenges by 
proposing frameworks for cross-border MSP monitoring and evaluation, 
particularly within the European context (e.g., Pastoors et al., 2012; 
TPEA, 2014; Carneiro, 2013; Alfaré et al., 2015; Kannen et al., 2016; 
Varjopuro, 2019a, 2017; Schultz-Zehden, 2021; Arndt et al., 2023). A 
notable example is the methodological framework developed for the 
Eastern Mediterranean Sea Region by Avgerinou-Kolonias et al. (2018), 
which links monitoring and evaluation steps to distinct MSP stages. The 
framework distinguishes between state indicators (baseline conditions), 
process indicators (planning and implementation steps), and perfor
mance indicators (outcomes and impacts), thereby a structured and 
transparent approach to assessing MSP effectiveness across jurisdictions 
(Avgerinou-Kolonias et al., 2018).

Despite these advances, existing frameworks remain heavily depen
dent on manual data processing and fragmented national reporting 
practices. As the number, volume, and heterogeneity of data sources 
increase, particularly in relation to transport systems such as SSS, these 
limitations become more pronounced. This creates a clear need for 
analytical approaches that can support scalable, harmonized, and 
continuously updated indicator-based monitoring across borders. This 
gap provides a conceptual bridge to the growing role of AI, which is 
discussed in Section 2.4 as an enabling technology capable of enhancing 
data harmonization, indicator alignment, and adaptive monitoring 
within international MSP processes.
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2.4. The conceptual role of Artificial Intelligence in monitoring and 
evaluation

AI is increasingly recognized as a critical enabling technology for 
addressing the analytical and governance challenges identified in 
indicator-based monitoring and international cooperation within MSP. 
As demonstrated in Sections 2.1 – 2.3, the measurement of territorial 
cohesion through composite indicators and the implementation of cross- 
border MSP both depend on the availability of large, heterogenous, and 
continuously evolving datasets, as well as on the harmonization of 
methods, definitions, and reporting practices across jurisdictions. AI 
does not replace indicator-based frameworks; rather, it provides the 
computational and analytical capacity required to operationalize them 
at scale, particularly in multi-regional and transboundary contexts.

A key contribution of AI lies in its ability to automate and optimize 
processes that are traditionally time-consuming, labor- and resource- 
intensive, and prone to subjectivity when conducted manually 
(Manikandan et al., 2025). In this context of MSP monitoring and 
evaluation, this includes data ingestion, preprocessing, integration, and 
quality control across diverse sources such as transport schedules, port 
statistics, spatial datasets, and socio-economic indicators. AI-enabled 
marine spatial data infrastructures (MSDI), including digital ocean 
platforms and intelligent data services, can enhance interoperability and 
support systematic updates of monitoring datasets, addressing one of the 
main barriers to cross-border cooperation identified in the literature (Al 
Subhi and Al Suqri, 2025; Brunel et al., 2023).

Beyond data management, AI techniques offer targeted solutions to 
the cooperation and harmonization challenges discussed in Section 2.3. 
Natural Language Processing (NLP), for example, can support the 
alignment of national MSP documents, transport policies, and planning 
objectives by extracting, classifying, and comparing terminology, pri
orities, and regulatory provisions across countries. This capability is 
particularly relevant for regions where policy frameworks and reporting 
formats differ, yet comparability is required for joint monitoring and 
evaluations. Similarly, machine learning methods can be applied to 
detect patterns, inconsistencies, and gaps in indicator datasets, sup
porting the harmonization of divergent data-reporting standards and 
improving the robustness of composite indicators used to assess con
nectivity and accessibility.

AI also contributes to the analytical depth and adaptive capacity of 
the MSP monitoring systems (Manikandan et al., 2025; Guevara et al., 
2025; eMSP NSBR, 2024). Predictive and forecasting models enable the 
assessment of future scenarios, such as changes in SSS demand, fuel 
consumption, or network performance, thereby supporting proactive 
and evidence-based planning (Al Subhi and Al Suqri, 2025; Vu et al., 
2024). In parallel, computer vision and remote sensing techniques 
facilitate continuous environmental and activity monitoring, including 
the detection of maritime traffic patterns, port operations, and envi
ronmental pressures, which are essential inputs for performance evalu
ation within MSP cycles (Manikandan et al., 2025; eMSP NSBR, 2024).

Through these capabilities, AI offers a conceptual pathway through 
which indicator-based approaches to territorial cohesion, such as the CIs 
developed in this study, can be scaled, harmonized, and continuously 
updated. While AI methods are not empirically implemented in the 
present case study, their conceptual integration clarifies how the pro
posed framework could be operationalized more efficiently in future 
cross-border and multi-regional applications. In this sense, AI functions 
as a transversal enabling layer that links measurement (Sections 
2.1–2.2), international cooperation (Section 2.3), and adaptive MSP 
implementation, thereby strengthening the relevance of national case 
studies as building blocks for broader international cooperation in 
maritime governance.

2.5. Synthesis of research gaps within the context of the case study

Despite the extensive research on island territorial cohesion, SSS 

connectivity, and MSP practices, the literature reveals persistent frag
mentation and limitations in integrating these domains into a coherent 
framework. Existing approaches to measuring cohesion and accessibility 
provide valuable insights but remain largely nationally bounded, static, 
or limited to specific transport modes. Similarly, MSP research high
lights the importance of cross-border cooperation and standardized in
dicators, yet practical harmonization across jurisdictions is rarely 
achieved. While AI has been increasingly proposed to support data 
management, monitoring, and policy analysis, its potential to align 
disparate national data, harmonize indicators, and operationalize cross- 
border monitoring frameworks has not been systematically explored.

From this synthesis, four key gaps emerge. First, cohesion and con
nectivity indices are rarely embedded within the MSP cycle, limiting 
their utility for policy evaluation and cross-border planning. Secondly, 
existing indices are predominantly tailored to specific national and 
regional contexts and lack methodological flexibility for local, 
geographically based (i.e., island level) applications, thereby demon
strating a transferability gap of these indices. Additionally, the contin
uous, indicator-based monitoring of SSS connectivity and accessibility is 
insufficient, constraining evidence-based decision-making. Finally, 
while AI can facilitate data harmonization, predictive analytics, and 
evidence-based decision support, its conceptual and practical integra
tion into cross-border MSP frameworks remains underdeveloped.

This study addresses these gaps by developing two CIs that aggregate 
relevant KPIs to capture connectivity and accessibility dimensions while 
accounting for the structural and socio-economic characteristics of the 
Greek islands. While the proposed indicators do not resolve all limita
tions of previous approaches, they provide a robust, transferable 
framework that supports systematic assessment, evidence-based MSP, 
and the conceptual groundwork for future cross-border applications.

3. Methodological approach

3.1. Case study context

The Greek SSS system is a complex network serving both coastal and 
island ports through domestic and international connections. Domestic 
lines primarily link island ports with each other and the mainland, while 
international lines mainly connect Greece with Italy and other areas 
within the Adriatic Sea (Latsis, 2020). Approximately 180 island ports 
are served by the domestic network, which is categorized into main and 
local lines. Main lines provide connectivity between ports located in 
different administrative units (NUTS III), while local lines cover the 
remaining connections. Between 2017 and 2026 (planned), the total 
number of lines ranged from 592 in 2018 to 493 in 2026, with a sharp 
decline of about 19 % in 2019, after which numbers remained relatively 
stable (Ministerial Decision No. 2253.1-1/74032/2024; Ministerial De
cision No. 2253.1-1/75342/2023; Ministerial Decision No. 2253.1-1/ 
76240/2022; Ministerial Decision No. 2253.1-1/75649/2021; Ministe
rial Decision No. 2253.1-1/70759/20; Ministerial Decision No. 2253.1- 
1/79080/19; Ministerial Decision No. 2253.1-1/79189/18; Ministerial 
Decision No. 2253.1-1/77149/17; Ministerial Decision No. 2253.1-1/ 
82937/16). This decline may be linked to revisions in the criteria or 
framework of the indicative SSS network by the Hellenic Ministry of 
Maritime Affairs and Insular Policy (MoMAIP), reflecting adjustments in 
national network planning.

The sector operates under a complex institutional framework 
designed to safeguard passenger interests by ensuring adequate safety, 
stability, reliability, and service quality, while simultaneously fostering 
economic growth and promoting cohesion across Greek island regions. 
SSS plays a critical role in maintaining accessibility and connectivity, 
thereby contributing to socio-economic and territorial cohesion among 
the islands and between the islands and the mainland (CERTH, 2021b). 
This is particularly significant given Greece’s geographic and de
mographic profile, which includes an extensive coastline, numerous 
islands, and small, dispersed island populations. Economically, SSS 

V.-M. Perra and M. Boile                                                                                                                                                                                                                     Transportation Research Interdisciplinary Perspectives 36 (2026) 101819 

4 



contributes 8.9 % to the national Gross Domestic Product (GDP) and 3.1 
% to Gross Value Added (GVA) (IOBE, 2023). It also supports key sectors 
such as agriculture, manufacturing, and tourism (IOBE, 2021; XRTC 
Business Consultants, 2020; EESYM et al., 2014), thereby indirectly 
reinforcing the national economy (IOBE, 2023).

In 2024, SSS transported approximately 40 million passengers and 
143 million tonnes of goods, both domestically and internationally 
(ELSTAT, n.d.). Passenger traffic is highly seasonal, affecting network 
characteristics such as weekly frequency of itineraries and vessel size, 
and posing challenges to territorial cohesion, connectivity, and acces
sibility. According to industry data (XRTC Business Consultants, 2024), 
the Greek fleet comprised 155 vessels operated by 33 shipping com
panies in 2023, with a combined capacity exceeding 133,000 passengers 
and 32,000 vehicles. However, the fleet remains relatively old. In 2019, 
the average age was 28 years, and 35 % of the fleet was over 30 years old 
(PwC Business Solutions, 2019). This ageing profile negatively impacts 
both service quality and environmental performance, especially given 
EU and national environmental targets that call for near-total carbon 
neutrality.

Rising costs further challenge the sector. In the first half of 2024, 
ferry ticket prices increased by 40 % − 60 % compared with 2019 (XRTC 
Business Consultants, 2024), primarily due to inflation and rising ex
penses for fuel (9 %), spare parts (14 %), wages (24 %) and other 
operational needs (XRTC Business Consultants, 2024). To mitigate the 
burden of high ticket prices, the Transport Equivalent (TE) scheme was 
introduced in 2019, aiming to equalize travel costs between mainland- 
to-island and inter-island journeys with those for comparable dis
tances on the mainland (Transport Equivalent, n.d.). Additionally, many 
SSS routes operate under Public Service Obligations (PSOs), which set 
minimum service frequencies and vessel standards according to the ca
pabilities of local port infrastructures, especially in small island ports 
with limited facilities.

This case study focuses specifically on passenger transportation via 
domestic SSS lines. While the present analysis is limited to the Greek 
domestic context, the methodological framework is designed to be 
transferable to other settings, including cross-border connections. As 
such, it supports efforts towards data harmonization, which is a critical 
prerequisite for fostering international cooperation within the frame
works of MSP and related governance processes. Additionally, the 
comprehensive dataset of the Greek SSS system provides a basis for 
potential AI-supported analyses, including automated KPI calculation, 
predictive modelling, and scenario-based assessment of connectivity and 
accessibility.

3.2. Theoretical framework of the composite indicators, key performance 
indicators selection and data sources

Territorial cohesion is influenced by multiple socio-economic and 
geographic factors linked to competitiveness, connectivity, accessibility, 
and attractiveness. This case study, however, narrows its scope to the 
interrelationship between territorial cohesion and SSS. It forms part of a 
broader research effort aimed at measuring territorial cohesion across 
several dimensions, namely connectivity, accessibility, environmental 
performance, socio-economic and technological factors, and gover
nance, through the integration of these dimensions into a composite 
indicator. For the purpose of this case study, the KPI framework con
centrates specifically on the dimensions of connectivity and 
accessibility.

The connectivity dimension captures the structure and efficiency of 
the SSS network in linking islands with each other and with the main
land. Its conceptual foundation draws on UNCTAD’s Liner Shipping 
Connectivity Index (LSCI) (Hoffmann et al., 2024; Niérat & Guerrero, 
2019), adapted here to the context of passenger transport via SSS. The 
accessibility dimension, while closely linked to connectivity and there
fore challenging to disentangle, reflects how easily and effectively pas
sengers can travel from and to Greek islands, as well as the extent to 

which transportation needs are met by the services provided. In this 
study, accessibility is approached primarily as a measure of service 
quality in terms of distance, time, and ticket cost.

The KPIs were selected following a review of relevant literature on 
CIs for connectivity and accessibility, ensuring alignment with estab
lished practices while tailoring them to the SSS context. This selection 
was further guided by data-related considerations. The availability and 
reliability of data, the analytical soundness of the indicators, and their 
timeliness, in accordance with selection criteria outlined by OECD, EU, 
and JRC (2008). The chosen geographic reference unit was island, 
defined as ‘a naturally formed area of land surrounded by water, which is 
above water at high tide’ (UNCLOS - United Nations, 1994).

The primary data source was the Integrated Database of the Short Sea 
Shipping Network (EVDAD), developed by the Centre for Research and 
Technology Hellas (CERTH) with funding from the MoMAIP. This 
database consolidates information from multiple sources, including the 
System for Booking Seats and Issuing Passenger Tickets and Vehicle 
Transport Receipts (for shipping businesses) (HSKTHEEA), the Hellenic 
Statistical Authority (ELSTAT), MoMAIP, geodata.gov, and Open
StreetMap (OSM). It provides detailed data on scheduled itineraries, 
departure and arrival times and ports, issued tickets, passenger and 
vehicle traffic per port, operating vessels and their characteristics, the 
overall network structure, travel distances, and ticket prices. Certain 
variables, such as travel distances and tickets prices, contain missing 
values that required appropriate handling. The database includes his
torical records for 2018 – 2024 and is updated annually through auto
mated data-entry processes to incorporate the latest information. 
Certain fields contain missing values, which are addressed through data 
imputation methods detailed in Section 3.3.

For this case study, KPIs were calculated for the year 2018, selected 
as a baseline reference. This year was selected deliberately to precede 
the disruptions caused by the Covid-19 pandemic, thus providing a 
stable benchmark against which subsequent development can be 
compared. Thus, the proposed methodological framework is designed to 
be transferable to other years and settings, including cross-border con
nections, supporting harmonization and comparability while maintain
ing a focus on connectivity and accessibility.

3.3. Composite indicators development

The dimensions of connectivity and accessibility were synthesized 
into CIs following the methodological guidelines of OECD, EU, and JRC 
(2008). The purpose of these indicators is to enable meaningful com
parison among the Greek islands and to support evidence-based, data- 
driven policymaking, ensuring that interventions can be prioritized 
effectively.

At the outset, several candidate KPIs were identified for potential 
integration into the measurement framework of both dimensions. These 
KPIs were first explored through descriptive statistics to better under
stand the dataset, identify patterns, and determine the appropriate 
treatment of issues such as missing values.

The finalized CI and KPI framework, including the definitions and 
calculation formulas, are presented in Table 1, while the underlying data 
structure of the EVDAD database used for the calculation is summarized 
in Table 2.

Following the initial data exploration, several KPIs (i.e., SI4, SI5, SI6, 
SI7) contained missing values requiring data imputation. A combination 
of deterministic reconstruction, rule-based imputation, and single-value 
imputation was applied depending on the nature of each indicator and 
data availability, ensuring completeness while maintaining trans
parency and reproducibility.

For passenger capacity (SI4), missing values were first enriched using 
alternative data sources, and the remaining gaps were filled using single- 
value mean imputation based on the average Greek ferry fleet capacity 
(766 passengers). This pragmatic approach was necessary due to the 
lack of detailed vessel characteristics (i.e., length, breadth, type, etc.) 

V.-M. Perra and M. Boile                                                                                                                                                                                                                     Transportation Research Interdisciplinary Perspectives 36 (2026) 101819 

5 

http://geodata.gov


that would allow for more sophisticated imputation techniques. While 
this method may introduce systematic bias and reduce variance, it en
sures dataset completeness and consistent treatment across the islands.

For estimated travelled distance (SI5), partial data provided by the 
MoMAIP were complemented through GIS-based calculations to create a 
port-to-port distance index reflecting realized itineraries, including 
transit legs. Estimated travel time (SI6) was derived from the scheduled 
departure times of the realized itineraries, generating a frequency- 
weighted port-to-port travel time index. For estimated ticket price 
(SI7), the missing entries were imputed using a rule-based approach, 
applying an average cost per nautical mile (0.31€) multiplied by the 
corresponding travelled distance. This method reflects prevailing pric
ing structures in the Greek SSS system but may underrepresent fare 

heterogeneity related to service type, seasonality, and vessel 
characteristics.

Overall, this imputation strategy prioritizes transparency, repro
ducibility, and consistency across islands, while acknowledging the 
increased uncertainty and potential bias in SI4 and SI7. These limita
tions are considered in the interpretation of results and policy 
implications.

Following data imputation, descriptive statistics were recalculated, 
and the KPIs were aggregated at the island level. A Pearson correlation 
analysis was applied to raw KPI values to assess statistical dependencies, 
supporting the KPI selection, and informing subsequent methodological 
steps, particularly normalization and weighting. The results indicated 
predominantly weak to moderate associations among most KPIs, with 
strong correlations appearing only among accessibility KPIs (distance, 
time, price), which belong to the same conceptual dimension and 
therefore do not justify differential weighting across dimensions.

The KPIs were then normalized using the Min-Max method, rescaling 
each KPI to range between 0 and 1. While this method facilitates com
parison, ranking, benchmarking, and aggregation of KPIs, it is sensitive 
to extreme values and outliers (OECD, EU & JRC, 2008). Given the 
presence of outliers and skewed distributions, additional normalization 
methods were applied as robustness checks, including (a) Z-score stan
dardization, which is less sensitive to extreme values than Min-Max; and 
(b) robust scaling normalization that is based on the median and inter
quartile range, highly robust to outliers and skewed distributions.

The formulas used for each normalization method were according to 
Eqs. (1)–(6). Min-max normalization is given by Equation (1), where x is 
the original value of the KPI, x́  the normalized value of the KPI, min(x)
the minimum observed value, and max(x) the maximum observed value. 
For KPIs with a negative impact on the CIs, values were reversed using 
Equation (2). 

x́ =
x − min(x)

max(x) − min(x)
(1) 

xʹ = 1 −
x − min(x)

max(x) − min(x)
(2) 

The Z-score standardization is calculated using Equation (3), where x 
is the raw score, μ is the mean of the population, and σ the standard 
deviation of the population. For KPIs with negative impact on the CIs, 
values were reversed using Equation (4). 

z =
x − μ

σ (3) 

ź = − z (4) 

The robust scaling normalization is based on Equation (5), where x is 
the original value, Median(x) is the median quartile, and IQR is the 
interquartile range, thus the difference between the 75th percentile (Q3) 
and the 25th percentile (Q1) of the dataset. KPIs with negative impact on 
the CIs were reversed using Equation (6). 

x́ =
x − Median(x)

IQR
(5) 

xʹ = −
x − Median(x)

IQR
(6) 

The normalized values were compared through robustness checks, 
implemented through pairwise Spearman rank correlations analyses to 
identify the degree to which the results are differentiated across the 
alternative normalization methods.

For weighting, an equal-weighting approach was chosen, as the 
correlation analysis indicated no statistical dependencies requiring 
different weighting (Nardo et al., 2005; Gan et al., 2017; Greco et al., 
2019; Pereira Libório et al., 2023), and all parameters represent equally 
important dimensions of connectivity and accessibility. Moreover, 

Table 1 
Key performance indicator framework with definitions.

ID Indicator Definition

CI1 Connectivity
SI1 Direct connections SI1i =

∑

j
xijwhere xij represents the number of direct 

connections from island i to island j. Higher values 
indicate better connectivity.

SI2 Port calls SI2i =
∑

xiwhere xi is the total number of port calls 
for island i. Higher values indicate stronger 
connectivity.

SI3 Unique vessels SI3i =
∑

xiwhere xi represents the total number of 
unique vessels serving island i. Higher values indicate 
better connectivity.

SI4 Passenger capacity SI4j =
1
nj

(∑n
i=1

xi,j
)
where xi,j is the average passenger 

capacity per itinerary of vessel i operating itineraries 
from or to island j; and nj is the number of itineraries 
serving island j. Higher values indicate better 
connectivity.

CI2 Accessibility
SI5 Estimated travelled 

distance
SI5i =

1
ni

(∑ni

j=1
xi,j

)
where xi,j is the nautical miles of 

realized itineraries from port i to port j, including 
transit legs; and n is the number of itineraries. Lower 
values indicate better accessibility.

SI6 Estimated travel 
time SI6j =

∑nj
i=1

(
xi,j*yi,j

)

∑nj
i=1yi,j

where xi,j is the travel time from 

port i to port j, considering transit legs, and given in 
minutes; yi,j is the frequency of route ij for the specific 
time interval; and n is the total number of unique 
routes ij. Lower values indicate better accessibility.

SI7 Estimated ticket 
price

SI7i =
1
ni

(∑ni

j=1
xi,j

)
where xi,j is the estimated ticket 

price for travelling from port i to port j, considering 
transit legs, and given in euros (€); and n is the total 
number of unique routes ij. Lower values indicate 
better accessibility.

Source: authors’ own elaboration

Table 2 
EVDAD database fields used in the case study.

Table Field Description

Tickets Date/Time Scheduled departure date and time of the ticket.
Route Full route to which the line leg, for which the 

ticket was issued, is attributed.
Port of departure Departure port.
Port of arrival Arrival port.
Operating vessel Vessel assigned to the itinerary.

Vessel Vessel identifier Vessel identifiers (IMO, MMSI).
Winter passenger 
capacity

Winter passenger capacity of the operating 
vessel.

Summer passenger 
capacity

Summer passenger capacity of the operating 
vessel.

Network Line leg travel 
distance

Travelled distance of the ticket calculated via 
GIS.

Source: authors’ own elaboration on data from EVDAD.
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literature provides no empirical evidence supporting the prioritization 
of any specific dimension over the others (Shi and Land, 2021). Addi
tionally, equal weighting minimizes subjective bias and enhances 
transparency and replicability (Beaverstock et al., 1999; Jiang and Shen, 
2013; Becker et al., 2017; Gan et al., 2017; Talukder et al., 2017; Greco 
et al., 2019; Terzi et al., 2021; Pereira Libório et al., 2023; D’Adamo 
et al., 2025; UNECE, 2025), which is particularly valuable when inter
preting CI results for policy-making purposes. The sum of the weights for 
the KPIs within each CI equals 1. Aggregation was conducted by 
calculating the weighted arithmetic mean, consistent with the equal- 
weighting assumption (OECD, EU & JRC, 2008). To confirm the 
robustness of the CI results to the choice of normalization method, 
Spearman rank correlations were calculated for the KPIs across Min- 
Max, Z-score, and robust scaling normalization. The correlations were 
equal to 1 for all KPIs, indicating that the relative rankings of islands are 
identical regardless of the normalization method. Therefore, the CI 
values are robust, and the final presentation uses the Min-Max normal
ized KPIs. The resulting CI values were again normalized using the Min- 
Max method.

Within this methodological framework, AI is conceptually integrated 
as an enabling layer supporting data preparation, consistency checks, 
scalability, and reproducibility of the CI framework. AI-based tools, such 
as machine learning for anomaly detection and pattern recognition, can 
assist in identifying irregularities in large transport datasets and in 
automating data imputation processes. NLP can aid the harmonization 
of data, metadata, and indicator definitions across jurisdictions. AI- 
assisted clustering may support the identification of connectivity and 
accessibility patterns, enhancing policy formulation for islands with 
similar characteristics. While AI is not directly used to compute the CIs 
in this case study, its integration improves the transferability and future 
applicability of the framework in cross-border MSP contexts.

Finally, the two CIs are ultimately expressed as coordinates, with CI1 
plotted on the X-axis and CI2 on the Y-axis. This visualization allows for 
the identification of island clusters and outliers, supporting data-driven 
prioritization of interventions, whether connectivity- or accessibility- 
oriented, and at the level of individual islands or groups. The 
approach highlights relative strengths and weaknesses without imposing 
normative thresholds, which are further examined in the results and 
robustness analysis.

4. Insights from the Greek short sea shipping case study

4.1. Data exploration

The EVDAD database includes 88 islands, of which only 72 recorded 
passenger traffic in 2018. This suggests that the remaining 16 islands 

(Agios Georgios, Ammouliani, Antiparos, Elafonisos, Ereikoussa, Kala
mos, Kastos, Kinaros, Levitha, Mathraki, Marathi, Meganisi, Othonoi, 
Salamina, Trizonia, and Farmakonisi) may have been connected through 
SSS services without tickets being issued during that year.

Descriptive statistics were applied twice, as some KPIs contained 
missing values that required imputation, applied as described in Section 
3.3. Following the imputation of missing values, a second round of 
descriptive statistics was conducted. The results are summarized in 
Table 3.

Almost all KPIs exhibited outliers, prompting a closer inspection of 
the dataset to determine whether corrections or adjustments were 
required.

To address the presence of outliers, the data were systematically 
examined to distinguish between genuine extreme values that reflect 
real-world conditions (i.e., usual high seasonal passenger flows) and 
potential data anomalies or errors. Outliers confirmed as accurate rep
resentation of actual conditions were retained to preserve the variability 
of the dataset, while those identified as likely errors were cross-checked 
against original sources.

To examine statistical dependencies among KPIs, a Pearson corre
lation analysis was conducted (Table 4). Connectivity-related KPIs (SI1 – 
SI4) display moderate correlations, suggesting partial co-variation but 
no complete redundancy. Among accessibility KPIs (SI5 – SI7), very 
strong correlations exist between estimated travelled distance (SI5), 
estimated travel time (SI6), and ticket price (SI7), reflecting their 
inherent interdependence.

Overall, the correlation analysis suggests that while some indicators 
are highly interdependent, these relationships reflect conceptually 
related aspects rather than redundancy across dimensions. This justifies 
the use of an equal-weighting scheme for the aggregation of connectivity 
and accessibility KPIs.

The imputation strategies for SI4 and SI7 introduce a potential risk of 

Table 3 
Descriptive statistics of KPIs (after imputation).

Statistical measure Value
SI1 SI2 SI3 SI4 SI5 SI6 SI7

Mean 6.11 1,881.69 10.67 798.80 49.28 196.90 16.19
Standard Error 0.61 254.44 0.91 32.90 3.77 14.79 1.06
Median 4.50 1,148.00 9.00 738.17 41.78 167.10 14.45
Mode 3.00 #N/A 9.00 #N/A #N/A #N/A #N/A
Standard Deviation 5.75 2,158.99 7.70 279.16 32.03 125.54 9.04
Sample Variance 33.11 4,661,240.00 59.27 77,930.57 1,025.67 15,760.02 81.65
Kurtosis 0.84 6.70 1.73 0.64 5.29 4.37 4.93
Skewness 1.13 2.43 1.37 0.73 1.86 1.83 1.65
Range 26.00 10,854.00 35.00 1,425.24 185.27 681.88 54.02
Minimum 0.00 29.00 1.00 180.00 6.64 32.38 2.85
Maximum 26.00 10,883.00 36.00 1,605.24 191.91 714.26 56.87
Sum 538.00 135,482.00 768.00 57,513.48 3,548.21 14,176.75 1,165.64
Count 88.00 72.00 72.00 72.00 72.00 72.00 72.00
Confidence Level (95.0 %) 1.22 507.34 1.81 65.60 7.53 29.50 2.12
Lower Outlier − 11.15 − 4,595.28 − 12.43 − 38.68 − 46.80 − 179.72 − 10.92
Upper Outlier 23.38 8,358.67 33.76 1,636.28 145.36 573.52 43.30

Source: author’s own elaboration.

Table 4 
Pearson correlation coefficients among the KPIs of the Greek islands (values 
before normalization and after imputation of missing values).

SI1 SI2 SI3 SI4 SI5 SI6 SI7

SI1 1.000 ​ ​ ​ ​ ​ ​
SI2 0.363 1.000 ​ ​ ​ ​ ​
SI3 0.673 0.575 1.000 ​ ​ ​ ​
SI4 0.309 0.039 0.450 1.000 ​ ​ ​
SI5 0.114 − 0.288 0.063 0.638 1.000 ​ ​
SI6 0.039 − 0.328 − 0.044 0.563 0.968 1.000 ​
SI7 0.103 − 0.318 0.070 0.617 0.986 0.958 1.000

Source: authors’ own elaboration.
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systematic bias, which should be considered when interpreting the re
sults and deriving policy recommendations. Additionally, the presence 
of outliers and skewed distributions warranted the application of 
robustness checks.

4.2. KPIs calculations and ranking of the islands

Following the data exploration process, the KPIs were calculated, 
normalized, weighted, and aggregated into the CIs using the equations 
presented in Section 3. The CIs were also normalized and the results for 
equal weighting of both KPIs and CIs are summarized in Table 5. The 16 

islands identified as not connected in 2018 are excluded from the 
analysis.

For direct connections (SI1), Crete ranks first with 23 connections, 
largely due to its size, economic significance, and its 11 operational 
ports, many of which are interconnected. Crete’s role as a strong 
regional economy attracts not only tourists but also passengers traveling 
for business and trade purposes. Similarly, other economically signifi
cant or strategically located islands demonstrate high connectivity (i.e., 
Samos 3rd, Kos and Chios 4th rank, Naxos and Patmos 8th rank, etc.). 
Geographic positioning is also decisive. Islands located along main 
shipping corridors or surrounded by smaller islands are more easily 

Table 5 
Results of normalized KPIs and CIs for each Greek island according to the equal weighting method.

(continued on next page)
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integrated into routes (i.e., Thira 2nd rank, Kalymnos and Skopelos 4th 
rank, Ikaria and Skiathos 11th rank, etc.). Tourism adds another layer of 
importance, with Thira, Naxos, and Mykonos ranking high due to strong 
seasonal demand. In contrast, smaller or sparsely located islands, as well 
as those very close to the mainland, show fewer connections (i.e., Paxos, 
Halki, Oinousses, Megisti, Karpathos, Kasos).

Results for port calls (SI2) show significant heterogeneity. Islands 
close to the mainland record extremely high values, such as Evia (1st 
with 10,889 calls), Corfu (2nd with 9,793 calls), and Aegina (3rd with 
9,022 calls). Larger islands acting as regional hubs and popular tourist 
destinations also rank high (i.e., Crete 4th, Naxos 6th, Mykonos 7th, 
etc.). Conversely, distant or smaller islands register low figures such as 
Gavdos (67th, 212 calls), and Thirasia (72nd, 29 calls). Lefkada (71st, 
102 calls) is a notable case, explained by its bridge connection to the 
mainland and limited ferry operations. Islands ranking below 45th 
(<730 port calls) are served by fewer than one itinerary per day, 
including return trips.

Unique vessels (SI3) and thus the number of vessels serving each 
island also varies considerably. Mykonos leads with 36 vessels, followed 
by other popular Cycladic destinations (i.e., Thira 2nd with 33 vessels, 
Naxos 3rd with 28 vessels, Tinos 4th with 27 vessels, etc.) and large 
economic hubs such as Crete and Corfu. Smaller islands with limited 
services rank lower with Lefkada and Skyros being served by only one 
vessel each.

Passenger capacity (SI4) displays relatively normal distribution but 
with significant differences among islands. Lesvos ranks first, with an 
average per itinerary capacity of 1,605 passengers, despite scoring lower 
on other connectivity KPIs (SI1, SI2, SI3). This reflects the deployment of 
large capacity vessels covering fewer routes. Similarly, Megisti ranks 
2nd (1,560), as it is served by routes designed for higher-demand des
tinations. Popular Cycladic islands such as Syros, Paros, and Naxos also 
rank highly. At the lower end, islands like Hydra, Gavdos, Skyros, and 
Lefkada are served mainly by smaller vessels with capacities below 450 
passengers.

Fig. 1 illustrates the normalized results of SI1 – SI4, ranging from 
0 (low connectivity, white color) to 1 (high connectivity, dark red color). 
Ports are represented by small points and the SSS network of 2018 with 
lines. They are included to enable the interpretation of the results.

For estimated travelled distance (SI5), most islands score above the 
midpoint (0.5), although extreme long-distance routes drag down 
rankings for some (i.e., Karpathos 69th, Lemnos 70th, Lesvos 71st, 
Megisti 72nd) with values exceeding 100 nm. By contrast, Pserimos 
ranks first (6 nm), reflecting its limited but short-range connections. 
Similarly, Thymaina ranks 3rd (8 nm).

Results of estimated travel time (SI6) broadly mirror SI5, though 
some anomalies emerge. Megisti, for example, ranks 72nd with an 
extreme average travel time of 714 min. Pserimos and Thymaina again 
show usually high scores, explained by their few but short itineraries.

Table 5 (continued )

Source: authors’ own elaboration.
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Estimated ticket price (SI7) patterns align closely with SI5 and SI6. 
Pserimos ranks first (2.85€), reflecting short, low-cost trips, while 
Megisti ranks last (56.87€), owing to long distances and limited service.

Fig. 2 illustrates the normalized results of SI5 – SI7, ranging from 
0 (low accessibility, white color) to 1 (high accessibility, dark red color). 
The rest of the symbology aspects are the same of Fig. 1.

The raw values were normalized applying alternative methods, Z- 
score standardization and Robust scaling normalization, with the 
detailed results summarized in Table S1 of the Supplementary Materials. 
Across all methods, the patterns of island performance are largely 
consistent, indicating that the relative ranking of islands is robust to the 
choice of normalization.

For connectivity KPIs (SI1 – SI4), larger islands and major tourist 
destinations, such as Crete, Thira, and Mykonos, consistently achieve 
the highest scores, while smaller and more remote islands, such as 

Megisti, Karpathos, and Lemnos, score lowest. Similarly, accessibility 
KPIs (SI5 – SI7) follow comparable trends, with islands near hubs 
generally performing better, despite some exceptions caused by double 
or triple insularity.

Robustness to normalization was assessed by computing Spearman 
rank correlations for each KPI across the different normalization 
methods (Min-Max, Z-score, Robust scaling). The detailed results are 
available in Table S2 of the Supplementary Materials. The results among 
the three normalization methods for each KPI exceed 0.95 in all cases, 
further confirming that the relative ranking of islands is largely depen
dent of the normalization method applied. This indicates that the 
observed patterns are robust and that Min-Max normalization, used in 
the main analysis, provides results consistent with other common stan
dardization approaches.

Fig. 1. Cartographic representation of normalized results of SI1 (a), SI2 (b), SI3 (c), and SI4 (d) (Source: authors’ own elaboration on data).
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4.3. Aggregation in CIs and policy information

The overall connectivity index (CI1) shows Crete ranking first, with 
consistently high scores across all connectivity KPIs (SI1 – SI4). In total, 
23 islands scored above the midpoint threshold (0.5). These include (a) 
popular tourist destinations, especially in the Cyclades (i.e., Thira, 
Mykonos, Naxos, Paros, Syros, Tinos, Ios, Andros and Amorgos in 
descending order); (b) large islands with strong regional economies and 
relatively high populations (i.e., Samos, Chios, Corfu, Kos and Rhodes in 
descending order); and (c) islands functioning as service hubs or stra
tegically located along shipping routes (i.e., Ikaria, Kalymnos, Skopelos, 
Patmos, Skiathos and Fournoi in descending order).

The remaining 49 islands scored below the average, most of them 
small and suffering from double or triple insularity. According to the 
current institutional framework (Ministerial Decision No. 2253.1-1/ 
74032/2024), NUTS III island ports that serve as administrative seats 
should be connected to the mainland via at least one shipping line 
operating three times per week. Other island ports should ensure con
nections to the NUTS III seat at least three times weekly (directly or 
through transit) and at least once weekly to the NUTS III seat of the 
region. Fig. 3 illustrates the normalized results of CI1, ranging from 

0 (low overall connectivity, white color) to 1 (high overall connectivity, 
dark red color). Symbology aspects follow those of Figs. 1 and 2.

The accessibility index (CI2) indicates that 68 of the 72 islands 
perform above average. Accessibility largely mirrors the patterns 
observed in the underlying KPIs. The few lower-ranking islands are 
mainly affected by double and triple insularity, which increase travel 
distances and times, and passenger transport costs. Fig. 4 illustrates the 
normalized results of CI1, ranging from 0 (low overall connectivity, 
white color) to 1 (high overall connectivity, dark red color), following 
all symbology formats of previous maps of this study.

The combined results for CI1 and CI2 are illustrated in Fig. 5, which 
supports policy-oriented decision-making through a quadrant analysis. 
Policy quadrant assignments use a 0.5 threshold for CI1 and CI2, chosen 
for interpretative clarity; results are consistent across normalization 
methods, and alternative thresholds would not affect the main conclu
sions. Quadrant A (QA, lower left) includes the islands that require in
terventions to improve both connectivity and accessibility. Quadrant B 
(QB, lower right) contains the islands that need to primarily improve 
their accessibility. Quadrant C (QC, upper right) summarizes the islands 
with above-average performance in both dimensions, where no imme
diate interventions are necessary. Quadrant D (QD, upper left) 

Fig. 2. Cartographic representation of normalized results of SI5 (a), SI6 (b), and SI7 (c) (Source: authors’ own elaboration on data).
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Fig. 3. Cartographic representation of normalized results of CI1 (Source: authors’ own elaboration on data).

Fig. 4. Cartographic representation of normalized results of CI2 (Source: authors’ own elaboration on data).
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concentrates the islands with strong accessibility but weaker connec
tivity, suggesting targeted interventions to enhance connectivity.

Twenty three islands fall within QC, including most of the Cyclades 
(i.e., Naxos, Mykonos, Thira, Paros, Syros, Tinos, Andros, Ios, Amorgos), 
large islands with significant populations and markets (i.e., Crete, 
Samos, Corfu, Kos, Chios, Kalymnos, Rhodes), and smaller islands that 
benefit from proximity to hubs or the mainland (i.e., Evia, Aegina, 
Skopelos, Ikaria, Patmos, Skiathos, Fournoi).

Most islands fall in QD. These islands enjoy reasonable accessibility 
but lag in connectivity. Tailored interventions should be guided by KPI- 
level analysis. For example, Gavdos, which depends heavily on Crete, 
may not feasibly increase its direct port connections but could improve 
connectivity by increasing the frequency of itineraries (from 212 port 
calls in 2018) to ensure daily service. Similarly, Lesvos, which in 2018 
had only three direct connections with neighboring islands, could 
enhance connectivity by expanding both island and mainland links.

Only four islands are included in QA. Megisti stands out as the lowest 
performer in accessibility. Potential solutions could include deploying 
faster vessels to reduce travel time or restructuring the service network 
to shorten traveled distances, thereby improving both accessibility and 
connectivity simultaneously. No islands fall in QB.

5. Policy impact and future research

The proposed methodological approach for measuring connectivity 
and accessibility through SSS for passengers in Greece establishes a 
quantitative baseline that enables comparisons between pre- and post- 
Covid-19 conditions and identifying islands requiring prioritized pol
icy interventions. Based on reliable and accessible data, and following 
multivariate analysis of potential KPIs, the selected indicators include 
the number of direct connections, port calls, operating vessels, average 
passenger capacity per itinerary, average travelled distances, average 
travel time, and average ticket price at the island level. These indicators 
reflect operational realities and are derived from data collected pri
marily at the port level.

The results of the CIs and KPIs reflect real operational conditions. 
Their cartographic representation, facilitated by the database’s 
compatibility with GIS, enhances interpretation by integrating each 

island’s geographic attributes (i.e., location, size, proximity to hubs, 
etc.). This approach allows policymakers to identify islands with weaker 
connectivity and accessibility and to tailor interventions based on KPI- 
specific insights.

While the current framework provides actionable insights, several 
limitations affect the validity of the results and policy relevance of the 
results. These limitations provide a clear rationale for integrating AI- 
driven methods into the framework for adaptive maritime governance.

‘Direct connections’ (SI1) quantify the number of the ports each is
land is connected to, including intra-island connections. However, this 
indicator does not account for functional dependencies between islands 
and between islands and the mainland. Integrating data on access to 
essential services (i.e., administrative, health, education, research, rec
reation, welfare) would identify connections essential for territorial 
cohesion. Classifying islands and ports based on their position within the 
settlement hierarchy would especially benefit smaller islands lacking 
essential services and dependent on higher-order centers. AI applica
tions could automate dependency analysis, detect critical nodes, and 
dynamically update connectivity assessments.

‘Port calls’ (SI2) are currently derived from tickets issued by ship 
operators and submitted to HSKTHEEA, excluding itineraries without 
passenger traffic. This creates a gap in network assessment. AIS-derived 
data could capture all port movements, while timetable data could 
quantify discrepancies between scheduled and realized itineraries, 
including cancellations due to seasonal or severe winter weather. AI 
algorithms can process large-scale AIS datasets to enrich SI2, detect 
anomalies, and provide real-time updates to policymakers.

‘Fleet size’ (SI3), when combined with other network characteristics, 
assesses whether the number of operating vessels ensures reliable and 
frequent connectivity. The inclusion of substitute vessels for mainte
nance or repair enhances resilience but artificially increases SI3 per
formance. AI could model vessel deployment scenarios, optimizing fleet 
usage to balance service reliability and operational efficiency.

Data gaps currently undermine the reliability of ‘average passenger 
capacity per itinerary’ (SI4), limiting the evaluation of both capacity 
sufficiency and utilization rates. AI-driven imputation or predictive 
models could estimate missing capacity data using vessel characteristics 
and historical traffic patterns, enhancing KPI reliability.

Fig. 5. Quadrant analysis and distribution of islands according to normalized CI1 and CI2 values (Source: authors’ own elaboration).
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‘Average travelled distance’ (SI5) accuracy is limited by the use of 
theoretical routes; actual AIS-derived trajectories would provide precise 
measurements. AI-based route processing and GIS integration could 
calculate realistic distance metrics and identify critical travel corridors.

‘Average travel time’ (SI6), presently calculated from scheduled 
departure times, does not reflect real conditions. AIS timestamps and 
vessel characteristics (i.e., speed categories, high-speed vs conventional) 
can provide more accurate travel time estimates. AI could automate 
integration of vessel attributes with route data to dynamically update 
travel time predictions.

‘Average ticket price’ (SI7) is estimated linearly based on distance, 
disregarding complex pricing dynamics influenced by service type, 
seasonality, or subsidy schemes. Enriching the database with real ticket 
prices and pricing criteria will strengthen SI7′s policy relevance. AI- 
driven pricing analysis could detect patterns, forecast fares, and model 
the impact of subsidy adjustments on accessibility.

These limitations are not simply avenues for future research; they are 
current constraints affecting the validity of this paper’s findings. By 
framing KPI gaps as evidence for methodological improvement, the need 
for an AI-driven framework is explicitly justified. AI integration allows 
for dynamic, adaptive assessment of connectivity and accessibility, 
improving data quality, policy relevance, and resilience of maritime 
governance.

The methodological approach is not limited to passenger trans
portation. It can be expanded to freight SSS and international connec
tions, enabling broader analysis of island connectivity. Moreover, the 
approach is part of a larger initiative to construct a composite territorial 
cohesion index, integrating dimensions such as (a) socio-economic fac
tors like employment, education, health, demographics, tourism ca
pacity and so on; (b) governance measuring impact of SSS policy 
measures and PSO routes; (c) spatial conflicts and synergies directly 
linked to MSP; and (d) environmental and technological performance 
considering emissions and vessel technology.

This integrated framework can benchmark island performance in 
relation to territorial cohesion, aligning SSS planning with broader 
policy domains such as MSP, sustainable transport, and regional 
development.

Currently, the framework sets a baseline using 2018 annual data. 
However, it is also applicable at shorter time intervals (quarterly or 
monthly), allowing the integration of seasonality, a key factor in SSS due 
to the sharp summer increase in tourism flows. Future research should 
apply the framework to subsequent years, enabling (a) tracking post- 
pandemic recovery and long-term shifts in connectivity and accessi
bility; (b) sensitivity analysis to examine KPI and CI response to changes 
in traffic, vessel deployment, and pricing policies; and (c) performance 
assessments where values exceeding 1 indicate significant improve
ments compared to baseline.

The framework is transferable beyond Greece to other coastal and 
island nations, at both national and cross-border scales. Its strength lies 
in the simplicity and harmonization of KPIs, many of which can be 
derived from internationally standardized data such as AIS. While some 
vessel-related data are only available through proprietary sources (i.e., 
Clarksons database), most KPIs remain broadly applicable. Challenges 
remain in collecting data on local passenger vessels without IMO iden
tifiers and ticket prices, where national pricing mechanisms vary and are 
not always transparent. Despite these challenges, the framework’s in
ternational adaptability makes it a valuable tool for advancing cooper
ation in SSS, MSP and territorial cohesion policy.

International cooperation is particularly crucial for enhancing the 
effectiveness of the proposed methodological framework, given that SSS 
networks often extend beyond national borders. Many Greek islands are 
linked to international ferry routes in the Adriatic, the Eastern Medi
terranean, and the Aegean, making coordinated planning essential. 
Shared databases and harmonized KPIs, especially through the use of 
AIS data, can facilitate the monitoring and evaluation of cross-border 
maritime services. Cooperation through EU instruments such as the 

Trans-European Transport Network (TEN-T), Interreg programmes, and 
the European Green Deal can further ensure that island connectivity 
policies are consistent, sustainable, and supportive of territorial cohe
sion at both national and international levels. This would not only 
improve service efficiency but also promote resilience and inclusiveness 
in the wider European maritime transport system.

Future research can significantly enhance the framework through AI 
applications, addressing several key areas such as (a) data entry and 
transformation, including converting AIS into geospatial formats; (b) 
data imputation, filling missing vessel characteristics (i.e., length, 
width, passenger capacity) or estimating capacity from comparable 
vessels; (c) automated KPI and CI calculations, incorporating additional 
parameters (i.e., settlement network structure); (d) visualization, espe
cially advanced cartographic outputs for policymakers; and (e) fore
casting, where AI models use historical AIS and operational data to 
predict future SSS patterns, set performance targets and test scenarios. 
This would expand the framework from a monitoring and evaluation 
tool to a forward-looking planning instrument, supporting policy de
cisions under various projected scenarios.

Beyond technical automation, the integration of AI applications and 
tools can provide significant policy-level benefits. AI-driven analyses 
can generate real-time insights into the reliability and sustainability of 
island connections, optimize the allocation of subsidies for PSO routes, 
and assess the potential impacts of different network scenarios on pas
senger flows and emissions. In the context of climate change and the 
green transition, AI can model how alternative vessel technologies or 
changes in service frequency influence both environmental outcomes 
and accessibility. Moreover, AI-enabled forecasting can support con
tingency planning during crises, such as pandemics or extreme weather 
events, by simulating demand shifts and capacity needs. To ensure 
transparency and trust, future research should also consider the gover
nance of AI applications, including data ethics, privacy, and account
ability in decision-making processes.

6. Conclusions

Short sea shipping is a critical sector for achieving territorial cohe
sion among islands and between islands and the mainland, while also 
intersecting with broader governance, economic, and MSP objectives. 
This case study proposes a methodological approach for measuring 
connectivity and accessibility in the Greek passenger SSS network, using 
a set of carefully selected KPIs. These included the number of direct 
connections, port calls, fleet size, average passenger capacity per itin
erary, average travelled distance, average travel time and average ticket 
price. A dedicated database (EVDAD) integrating historical data on the 
Greek SSS, with partial automation for data entry, was employed. KPIs 
were normalized using the Min-Max method and aggregated through a 
weighted arithmetic mean into CIs designed to conceptually reflect, 
quantify, and measure connectivity and accessibility. These CIs enabled 
benchmarking and ranking of islands and were visualized to support 
decision- and policy-making processes in SSS planning as well as 
governance-related policies such as MSP and territorial cohesion 
strategies.

The KPI-based case study revealed critical limitations of traditional 
methods, including incomplete coverage, reliance on estimated values, 
and simplified assumptions that may distort real operational conditions. 
These limitations demonstrate that standard KPI frameworks, while 
useful for descriptive benchmarking, are insufficient to fully capture the 
complexity and dynamic nature of SSS networks. Explicit acknowledg
ment of these methodological constraints ensures transparency and 
scientific rigor and provides the rationale for the development of more 
adaptive, intelligent approaches.

To address these challenges, the study proposes a conceptual AI- 
driven framework as its primary intellectual contribution. Integrating 
AI tools enable dynamic data imputation, automated KPI and CI calcu
lation, advanced visualization, anomaly detection, and scenario-based 
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forecasting. This approach transforms the framework from a descriptive 
benchmarking tool into a forward-looking instrument for adaptive 
maritime governance, supporting evidence-based policy interventions 
under variable operational, environmental, and socio-economic 
conditions.

The proposed methodological approach is transferable to other di
mensions of SSS, including freight and vehicle transportation and in
ternational connections. Given the simplicity and international 
harmonizations of the KPIs and CIs framework, this methodology is 
applicable beyond Greece at both national and international scales, 
especially in coastal and insular contexts served by SSS. It can also foster 
international cooperation by providing a harmonized, data-driven 
framework for prioritizing policy interventions. By combining empir
ical insights from the KPI case study with AI-enhanced methods, the 
framework bridges the gap between traditional performance measure
ment and adaptive, policy-relevant governance.

This study demonstrates that while KPI-based analysis provides 
valuable baseline, their limitations necessitate the conceptual AI 
framework proposed in this paper. Integrating AI not only improves data 
quality and policy relevance but also enhances the resilience, adapt
ability, and sustainability of SSS planning. Future research should focus 
on operationalizing this AI-driven framework, expanding its scope, and 
incorporating additional socio-economic, governance, environmental, 
and technological indicators to support comprehensive MSP and terri
torial cohesion strategies.
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Schultz-Zehden, A., 2016. A catalogue of approaches and tools for MSP. Deliverable 
3.2. under the BONUS BALTSPACE project. Available at https://www.baltspace.eu/ 
images/publishedreports/BONUS_BALTSPACE_D3-2.pdf.

Karampela, S., Kizos, T., Spilanis, I., 2014. Accessibility of islands: towards a new 
geography based on transportation modes and choices. Available at Island Stud. J. 9 
(2), 293–306 https://doi.org/10.24043/isj.307.

Keijser, X., Ripken, M., Mayer, I., Warmelink, H., Abspoel, L., Fairgrieve, R., Paris, C., 
2018. Stakeholder engagement in Maritime Spatial Planning: The efficacy of a 
serious game approach. Water, 10(6), pp. 724. Available at https://doi.org/ 
10.3390/w10060724.

Latsis, E., 2020. Feasibility study for the development of the Aegean Shipping Network 
with radial design (Hub and Spoke). Diploma thesis, National Technical University 
of Athens, School of Naval Engineering, Department of Ship Design and Maritime 
Transport, Athens. [translated].

Lekakou, M., Remoundos, G., Stefanidaki, E., 2021. Applying the Island Transport 
Equivalent to the Greek islands. International Transport Forum Discussion Papers, 
No. 2021/02, OECD Publishing, Paris. Available at https://www.oecd.org/content/ 
dam/oecd/en/publications/reports/2021/01/applying-the-island-transport- 
equivalent-to-the-greek-islands_2fbcc970/d6f3db6b-en.pdf.

Lekakou, M.B., Remoundos, G.D., 2018. Building islands’ passenger transport 
connectivity indices using a multi criteria analysis method. IAME Conference 2018, 
Mombasa, Kenya. Available at https://www.researchgate.net/publication/ 
370761829_Building_islands'_passenger_transport_connectivity_indices_using_a_ 
multi_criteria_analysis_method.

Levy, S., Panou, C., 2010. To travel or not to travel: a study of islanders’ trips to the 
mainland. 12th WCTR, July 11 – 15, 2010, Lisbon, Portugal. Available at https:// 
d1wqtxts1xzle7.cloudfront.net/29207830/01579-libre.pdf? 
1390896865=&response-content-disposition=inline%3B+filename%3DTO_ 
TRAVEL_OR_NOT_TO_TRAVEL_A_STUDY_OF_IS.pdf&Expires=17310 
74796&Signature=ANhKmL1swdKA0arUiTN4cWw~u0BOw8a55 
VpEduYjEUYTCa67AcCFovJqdQiYoZowCOWoB2yzX46k3QxyImjlUczhJDsgkn3dv 
165Yo7iC4jjDK2Ig99hzsVRHF7EXbAi1n5IA~r-D~-94qT~Brelju6~2m5l~nFX9u 
ou6ddg7wJvXd3QelLSI51TzufucJLzyS6X8F4M9sQZarujvO1Vut- 
QE~WswjBDM1Lgw85izY4buCYOAXF2-uG4kOyer2F3b~FGb4yt8- 
syjs9G1~2sFJ4e-gNcse8wH- 
Eghen1SAjYVFMnEqyJ91h0hT0kEZsod6DatoGUyapR0UcnCXkeBw__&Key-Pair- 
Id=APKAJLOHF5GGSLRBV4ZA.

Licio, V., Pinna, A.M., 2021. Measuring insularity as a state of nature. Papers in Regional 
Science, 100(4), pp. 979 – 1004. Available at https://doi.org/10.1111/pirs.12598.

Licio, V.M., Pinna, A.M., 2013. Measuring insularity as a state of nature. Is there a case of 
bad geography? ERS conference papers. Available at Eur. Regional Sci. Assoc. https 
://crenos.unica.it/crenos/sites/default/files/WP13-22_0.pdf.

Manikandan, D.L., Arun, G., Pushpamalar, P., Dash, S.K., Usha, T., Mallavarapu, V.R., 
2025. Artificial intelligence—based detection and tracking of reef fish in coral 
habitats: an approach for Lakshadweep’s marine spatial planning. Mar. Geophys. 
Res. 46, 10. https://doi.org/10.1007/s11001-025-09572-9.

Medeiros, E., 2011. Territorial cohesion: a conceptual analysis. Lisbon: Institute of 
Geography and Spatial Planning (IGOT) Alameda da Universidade. Available at 
https://www.regionalstudies.org/wp-content/uploads/2018/07/medeiros.pdf.

Ministerial Decision No. 2253.1-1/70759/20 “Determination of the indicative general 
network of ferry services and distinction of regular routes in categories” 
(Government Gazette 4775/B/29.10.2020).

Ministerial Decision No. 2253.1-1/74032/2024 “Determination of the indicative general 
network of ferry services and distinction of regular routes in categories, for the 
period from 01.11.2025 to 31.10.2026” (Government Gazette 5993/B/30.10.2024).

Ministerial Decision No. 2253.1-1/75342/2023 “Determination of the indicative general 
network of ferry services and distinction of regular routes in categories, for the 
period from 01.11.2024 to 31.10.2025” (Government Gazette 6202/B/27.10.2023).

Ministerial Decision No. 2253.1-1/75649/2021 “Determination of the indicative general 
network of ferry services and distinction of regular routes in categories, for the 
period from 01.11.2022 to 31.10.2023” (Government Gazette 4833/B/19.10.2021).

Ministerial Decision No. 2253.1-1/76240/2022 “Determination of the indicative general 
network of ferry services and distinction of regular routes in categories, for the 
period from 01.11.2023 to 31.10.2024” (Government Gazette 5542/B/27.10.2022).

Ministerial Decision No. 2253.1-1/77149/17 “Determination of the indicative general 
network of ferry services and distinction of regular routes in categories” 
(Government Gazette 3879/B/3.11.2017).

Ministerial Decision No. 2253.1-1/79080/19 “Determination of the indicative general 
network of ferry services and distinction of regular routes in categories” 
(Government Gazette 4047/B/5.11.2019).

Ministerial Decision No. 2253.1-1/79189/18 “Determination of the indicative general 
network of ferry services and distinction of regular routes in categories” 
(Government Gazette 5062/B/13.11.2018).

Ministerial Decision No. 2253.1-1/82937/16 “Determination of the indicative general 
network of ferry services and distinction of regular routes in categories” 
(Government Gazette 3275/B/12.10.2016).

Mitropoulos, E.E., 2011. Safe and clean shipping – a regional contribution to a global 
issue. European Maritime Safety Agency, Maritime Conference “Looking forward: 
the evolution of EMSA’s tasks”, 11 November 2011. Available at https://www.imo. 
org/en/MediaCentre/SecretaryGeneral/Pages/EMSA.aspx.

Mitropoulou, A., Spilanis, I., 2020. From insularity to islandness: the use of place 
branding to achieve sustainable island tourism. Available at Int. J. Islands Res. 1 (1), 
31–41 https://arrow.tudublin.ie/ijir/vol1/iss1/5.

Nardo, M., Saisana, M., Saltelli, A., Tarantola, S., 2005. Tools for composite indicators 
building. European Commission, Joint Research Centre.
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