
Academic Editor: Meng Guo

Received: 8 May 2026

Revised: 9 June 2026

Accepted: 15 June 2026

Published: 18 June 2026

Copyright: © 2026 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Article

Unlocking the Potential of Inland Waterway Transport:
An Expert-Approved Infrastructure Index Designed for
Regional Ports
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Abstract

Even though the literature extensively examines aspects of the efficiency, waterway infras-
tructure, and competitiveness of inland waterway transport (IWT), a systemic composite
index that integrates navigational, operational, and digital factors of IWT infrastructure
into a single comparable evaluation system at the level of port hinterlands has not been
identified. This study proposes a multi-criteria inland waterway transport infrastructure
index (IWTI) designed to assess complex infrastructure conditions. The IWTI measures
infrastructural readiness, physical navigational, operational, and digital prerequisites that
enable the realisation of IWT potential. The index is calculated using the multi-criteria
decision-making method TOPSIS, with criterion weights determined based on expert eval-
uation (n = 7) data. Rank stability was tested via Spearman’s rank correlation sensitivity
analysis under three alternative weighting scenarios. The methodology was applied to
assess seven ports in the Baltic Sea region using data from 2023. The IWTI ranges from 0.00
(Tallinn does not have an IWT connection) to 0.80 (Szczecin). The study revealed significant
regional differences: the hinterland of the HaminaKotka port is characterised by a mature
Saimaa canal and lake system; the hinterlands of Szczecin and Klaipėda demonstrate strong
potential for the Oder/Odra and Nemunas corridors; the port of Gdańsk was identified as
a medium-potential case with clearly defined priorities for infrastructure improvements.
The ports of Gdynia and Riga lack functional inland waterway connections, but the in-
frastructural potential scenario indicates significant IWTI growth opportunities upon the
implementation of planned investments. Sensitivity analysis confirmed high stability of
the rank (Spearman ρ ≥ 0.964 in all scenarios). The proposed index provides a structured
methodological basis for evaluating IWT potential and can serve as a decision-making tool
for infrastructure planning and transport policy development, contributing to sustainable
cargo carriage and the decarbonisation goals of the transport sector.

Keywords: inland waterway transport; sustainable transport; infrastructure assessment;
composite index; TOPSIS; Baltic Sea region ports

1. Introduction
The sustainable development of the transport sector remains one of the key priorities

of the European Union’s climate policy. The European Green Deal and the Sustainable
and Smart Mobility Strategy set the goal of reducing greenhouse gas emissions from the
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transport sector by 90% by 2050, a target achievable only by harnessing the potential of
all modes of transport [1]. The latest guidelines from the European Commission, the EU
Industrial Maritime Strategy (COM(2026) 111 final), further emphasise the need to in-
crease the role of low-carbon transport modes—particularly railways and inland waterway
transport—by enhancing their infrastructural preparedness, digitalisation, and integration
into the TEN-T network [2]. In this context, inland waterway transport (IWT) is considered
one of the most environmentally efficient cargo transport alternatives, characterised by
lower emissions and higher energy efficiency. Compared to road transport, IWT consumes
approximately 17% less fuel per tonne in cargo transport [3,4]. However, despite these
advantages, the modal share of IWT in the European Union remains very small, about
1.7% in tonne-kilometres, whereas road transport accounts for more than 70% of all cargo
carriage [5].

To enhance the significance of IWT within the transport system, the European Commis-
sion approved the NAIADES III action plan (2021–2027) in 2021 [1], which aims to increase
the volume of inland waterways and short sea shipping transport by 25% by 2030 and by
50% by 2050. These initiatives focus on infrastructure modernisation, sector digitalisation,
and the transition to a zero-emission fleet. Although political objectives are formulated at
the EU level, their implementation at the regional level faces challenges due to the lack of
methodological assessment tools, particularly in regions with specific geographical and
hydrological conditions.

In the Baltic Sea region, this gap between strategic objectives and practical implemen-
tation is particularly evident. Countries in the region, such as Lithuania, Latvia, Estonia,
Poland, and Finland, possess inland waterways potentially suitable for navigation (the
basins of the Nemunas, Vistula, and Daugava rivers, the Saimaa canal and lake system),
which could be integrated into port hinterland transport systems. However, the actual inte-
gration of IWT remains minimal: in many of these countries, the share of inland waterway
transport is insignificant or not statistically recorded [5,6]. The transport system is domi-
nated by road, rail, and maritime transport, while IWT remains structurally underutilised.

The scientific literature examines various aspects of IWT, including sustainability,
development barriers, competitiveness, and intermodal integration [3,7–10]. Composite
indices, such as the Liner Shipping Connectivity Index (LSCI), Container Port Performance
Index (CPPI), and Sustainable Inland Transport Connectivity Indicators (SITCIN), are
used to assess transport system efficiency and connectivity. However, these indices focus
on maritime transport, operational efficiency, or overall transport system connectivity
and do not address inland waterway infrastructure readiness as a separate evaluation
object. Furthermore, the literature does not provide for any composite index combining
infrastructural, operational, and digital factors into a unified assessment system for inland
waterway transport infrastructure at the port hinterland level.

Given this identified methodological gap, the aim of this study is to develop a multi-
criteria inland waterway transport infrastructure index (IWTI) for assessing infrastructural
conditions for IWT development in the hinterlands of Baltic Sea region ports. The index
consists of five sub-indicators that evaluate technical navigability (CEMT classification),
operational stability (depth reliability), time accessibility (seasonal restrictions), digital
infrastructure (RIS coverage), and inland terminal capacities.

The study focuses on the eastern Baltic Sea region because inland waterway transport
in this area differs substantially from the mature systems of Western Europe. Belgium,
the Netherlands, Germany, France and the Danube basin countries have long-established
inland waterway networks, higher navigational parameters and stable cargo flows. These
conditions are not directly comparable with the eastern Baltic ports, where inland waterway
transport remains less developed and only partly integrated into port hinterland systems.
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In the analysed region, higher cargo flows are mainly observed in Finland, partly due to
coastal and inter-island navigation, and along the Oder/Odra corridor. Therefore, the IWTI
is developed as a tool for assessing regions where inland waterway potential exists, but
infrastructure and operational readiness remain uneven.

Sub-indicator weights are determined based on expert evaluation, while aggregation
is performed using the TOPSIS method. The methodology is empirically applied to seven
Baltic Sea region ports using data from 2023.

The proposed IWTI focuses on potential rather than actual transport flows. It assesses
the technical, hydrographic, and operational conditions that enable IWT development,
given appropriate investments and policy measures. The choice to evaluate from the supply
side is grounded in the fact that actual IWT flows in the Baltic Sea region are low and do not
allow differentiation of ports based on their structural potential. The proposed IWTI can
clearly distinguish ports where IWT development is structurally constrained from those
with real development opportunities.

The scientific contribution of this study can be assessed in three directions. First, a
new empirically based and reproducible assessment index for inland waterway transport
infrastructure is created. Second, by applying the TOPSIS method with expert-defined
weights, the transparency and methodological soundness of the evaluation process are
ensured. Third, the empirical results enable the identification of regional infrastructure
development priorities and provide a foundation for decision-making related to investment
planning and the development of the TEN-T network.

The article consists of several parts: Section 2 provides a literature review; Section 3 de-
scribes the structure of the IWTI, the specification of dimensions, and the expert evaluation
methodology, also listing the TOPSIS aggregation procedure; Section 4 presents the results
of the empirical application and sensitivity analysis; Section 5 discusses opportunities for
further research, while Section 6 provides conclusions.

2. Literature Review
2.1. Connectivity of Maritime Port Hinterlands and Limitations to Inland Waterway
Transport Development

The interaction between port competitiveness and hinterland transport systems is
conceptualised in the scientific literature through the prism of port regionalisation [11,12].
This concept emphasises that the competitiveness of a modern regional maritime port
depends not only on the parameters of the port’s water gateway access but also on the
level of integration of IWTC in the hinterland zone. A port operates as a node within a
broader regional logistics network, while its hinterland is not a statically defined geograph-
ical area but a dynamically changing cargo flow field shaped by market conditions, the
competitiveness of transport modes, and infrastructural readiness [13,14]. The quality of
transport connections—both maritime and inland—directly determines the spatial extent
of a port’s hinterland and its ability to serve a broader economic zone [15]. Research shows
that intermodal connections (railways and inland waterways) significantly reduce the
distance barrier for cargo owners when choosing a port [14]. In this context, intermodal
hinterland connections determine port accessibility and its role in the regional logistics
chain [12,16,17].

The sustainability of hinterland transport is an increasingly relevant topic in policy
and scientific research. Hinterland transport associated with ports significantly contributes
to negative external impacts across the logistics chain, such as greenhouse gas emissions,
congestion, and traffic safety issues [18,19]. Research indicates that modal shift policy
measures—pricing, increasing rail capacity, and subsidies—can significantly reduce trans-
port external costs, although their effectiveness depends on a comprehensive combination
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of measures rather than isolated solutions [19]. Research based on simulation scenarios
confirms that infrastructure development and improvements in operational efficiency, com-
bined with modal shift measures, can significantly reduce CO2 emissions in port hinterland
transport systems [20].

IWTCs are theoretically considered one of the most efficient and sustainable compo-
nents of hinterland connectivity due to lower emissions and high cargo capacity compared
to road and rail transport [21–23]. However, despite these advantages, IWTC development
faces significant structural, technical, and operational constraints that limit its integration
into hinterland logistics chains. Studies indicate that the main limiting factors include
insufficient navigational channel depth, limited lock capacity, infrastructure degradation,
and insufficient integration into intermodal transport chains [6,24,25].

Hydrological and climatic factors, such as water level fluctuations, speed of the current,
and seasonal ice phenomena, are becoming increasingly more important due to climate
change, directly affecting shipping reliability and cargo delivery planning [26,27].

In this context, the Baltic Sea region stands out as one of the least developed IWTC
application regions in Europe. Although rivers such as the Nemunas, Vistula, and Daugava
have the potential to be integrated into port hinterland transport systems, their practical
utilisation remains limited [3,28]. Scientific research highlights a lack of both infrastructural
solutions and systematic planning to effectively exploit the potential of inland waterways
in this region.

This underutilisation of infrastructural capacity is conceptualised as a structural modal
reserve—a physically existing but untapped connectivity potential due to institutional,
technical, and infrastructural barriers [23,28,29]. Therefore, assessing IWTC infrastructure
potential at the port hinterland level is not only a technical task but also a strategic one that
is directly linked to the decarbonisation opportunities of the region’s transport system.

2.2. IWT Infrastructure Factors and Their Significance for Port Hinterland Connectivity

Infrastructure and technology are among the critical barriers to IWTC develop-
ment [30]. This group of factors includes physical navigational constraints of inland
waterways and structural delays in the implementation of technological innovations.

Physical infrastructure constraints create so-called “bottlenecks” that limit navigation
and waterway capacity, affecting the economic efficiency of IWTC utilisation. Critical
technical parameters include the physical characteristics of waterways and infrastruc-
ture, such as river depth, channel width, bridge clearance, lock dimensions, and quay
infrastructure (Table 1).

Table 1. Technical IWTC infrastructure parameters.

Parameter Description Authors

Vessel dimensions Length, width, draught, and turning radius [24,31–35]

Vessel capacity (DWT) The amount of cargo carried, the required reserves, and the scope
of the necessary reserves [9,36–38]

River channel depths Average and minimum depth during critical seasons (e.g.,
droughts) [9,24,27,33,35,37]

Waterway width Capacity and ability for two-way shipping traffic [31,33,36,37,39]

Bridge clearance Height limitations for cargo vessels [9,33,34,37]

Lock size and location Restrictive factor for traffic flow and permissible vessel dimensions [33,37,40,41]

Quay infrastructure and
maintenance level

Handling points, limitations on navigable rivers, and regular
dredging and assurance of technical waterway maintenance [9,23,25,42]

Source: Compiled by the authors based on the data provided in the specified sources.
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The main parameters of the IWT infrastructure, summarised in Table 1, determine
whether certain classes of vessels can be safely and efficiently operated on waterways.
One critical parameter is the depth of the river fairway, which determines the permissible
draught of the vessel and, consequently, its cargo capacity [24,35]. Insufficient depth re-
duces the efficiency of voyages and increases per-unit transportation costs [43]. Another
limiting factor is the height of bridges, which restricts the number of container tiers trans-
ported by barges and reduces the competitiveness of IWT, especially compared to road and
rail transport. Narrow canals or navigation segments with limited width reduce capacity
and increase the risk of delays in IWT.

The technical parameters of IWT infrastructure in Europe are standardised based
on the classification established by CEMT (Conférence Européenne des Ministres des
Transports). This classification defines European waterway classes (I–VII), specifying
permissible vessel sizes and minimum infrastructure standards, including fairway depth,
lock dimensions, and bridge clearance [33,37]. The CEMT classification serves as the
primary technical reference for assessing inland waterway infrastructure in Europe.

CEMT classification parameters do not have the same practical meaning across all
European regions. In Germany, France and the Netherlands, many inland waterways
belong to higher CEMT classes, often Class Va–VII, and operate within more developed
lock systems and more stable navigability conditions. This supports regular use of large
push convoys and container barges.

The eastern Baltic Sea region has a different profile. Its waterways are mainly Class
II–IV and are more exposed to seasonal water-level changes, ice conditions and limited
lock infrastructure. Therefore, depth reliability, seasonal restrictions and lock availability
are not merely operational parameters. In this regional context, they are core infrastructure
constraints for IWT development.

In addition to physical infrastructure parameters, the reliability of IWT is influenced by
navigational factors such as water level fluctuations, current speed, and seasonal restrictions.
These factors directly impact navigation times and the reliability of cargo deliveries. The
Baltic region is particularly characterised by significant hydrological variability and specific
ice conditions, which limit the duration of the navigation season [26,27]. Infrastructure
measures can partially mitigate these limitations. For example, the case of Finland’s Saimaa
Canal system demonstrates that the use of icebreakers extends the navigation season and
enhances operational reliability [44].

Another group of factors consists of technological factors such as energy transfor-
mation, digitalisation, and automation processes. These processes are identified as essen-
tial elements that enhance the efficiency and competitiveness of inland water transport
(IWT) [30,45,46]. Their development is directly linked to the sector’s ability to adapt to
decarbonisation targets and implement digital logistics solutions.

Energy transformation in the IWT sector is manifested through the technological
development of vessels and ports, covering vessel engine types, fuel consumption, and
their energy efficiency. This group includes solutions that can significantly reduce emissions
during cargo handling operations in ports serving IWT. Higher energy efficiency and lower
total emissions increase the appeal of logistics chains based on IWT [14,21].

Special attention is given to digital technologies. The river information services (RIS)
directive (2005/44/EC) established the legal framework for the implementation of digital
navigation management systems on European waterways of Class IV and above, integrating
vessel tracking, lock planning, and water level monitoring functions into a unified digital
platform [47–53]. The development of these systems is considered an important indicator
of the modernisation and competitiveness of the inland waterway transport system [54,55].
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Alongside the implementation of RIS systems, the operational systems of port termi-
nals are being integrated into shared digital platforms. Integrated digital systems create
the conditions for real-time shipment tracking and the utilisation of synchro-modal op-
portunities in combined maritime, inland waterway, and road transport chains [52,56,57].
Recent studies on digital information in maritime supply chains also emphasise the im-
portance of information sharing for supply chain management. Cloud-based platforms
and blockchain-enabled solutions can increase transparency, improve information-sharing
capabilities and support coordination in complex maritime logistics networks. These digital
enablers are also relevant for integrated maritime, inland waterway and road transport
chains, where real-time information exchange is required for synchro-modal operations [58].
This development is complemented by the European Commission’s NAIADES III initiative.
One of its two main objectives is the comprehensive digitalisation of the sector, including
the expansion of RIS network management at the EU level, the creation of a unified data
space, and the establishment of regulatory frameworks for autonomous navigation [59].

Table 2 lists the most frequently discussed technological parameters.

Table 2. Technological IWT infrastructure parameters.

Parameter Description Authors

River vessel engines and
energy

The impact of engine type, power, and energy efficiency indices
(EEDI, EEOI) on cargo transportation costs and environmental
impact

[21,22,60]

Fuel consumption and
alternative fuels

Fuel consumption per tonne transported; the potential of
alternative fuels (LNG, hydrogen, electric engines) to reduce
emissions

[4,22,60,61]

Digital navigation
management

infrastructure (RIS/AIS)

River information services (RIS) as integrated shore
infrastructure—vessel tracking (AIS), lock planning, water level
monitoring, and traffic management; radar equipment as a
component of vessel-level digital integration

[33,47,48,50,53,54]

Cargo terminal handling
performance

Intensity of cargo handling operations (tonnes/hour); the level of
terminal mechanisation and automation as a factor of IWT
competitiveness

[15,23,25,62]

Compatibility with other
transport modes during

cargo handling

Technological and infrastructural compatibility between river ports
and road and rail terminals—standardisation of cargo units
(containers, storage units, RO-RO) as a prerequisite for forming
intermodal and synchro-modal transport chains

[16,23,30,42,46,56,
62]

River port capacity
Annual handling capacity (million tonnes/year); port
infrastructure compliance with AGN minimum standards
(0.5 million tonnes/year)

[25,45,46,63]

Source: Compiled by the authors based on the data provided in the specified sources.

The technological parameters (Table 2) encompass both the efficiency dimensions
of the river fleet and the characteristics of digital infrastructure and terminal operational
capacity, which together determine the level of modernisation of the IWT system and its
ability to integrate into intermodal cargo transport chains.

Although the energy efficiency and fuel consumption parameters of the river fleet
(Table 2) are important in the context of IWT decarbonisation, they are not included in
the calculation of the IWTI in this study. Energy indicators characterise the technological
maturity of the fleet [22] rather than infrastructural readiness; that is, they reflect the current
operational situation rather than the structural prerequisites that determine whether IWT is
feasible in a specific corridor. On the other hand, these parameters measure how efficiently
the existing vehicles are utilised rather than the infrastructural conditions that create the
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prerequisites for transport development. The IWTI is based on a supply-side perspective,
focusing on physical, navigational, and digital infrastructure prerequisites, which are
necessary, though insufficient, conditions for modal shifts [9,12,14].

The analysis of the technical and technological parameters of IWT infrastructure forms
an important theoretical basis for the evaluation of IWT. Most studies are limited to the
analysis of individual factors and do not provide an integrated evaluation model that
allows for a comprehensive assessment of infrastructural potential. In light of this, there
is a need to apply systemic evaluation methods that enable the integration of various
infrastructural and technological factors into a unified analytical framework. From this
perspective, composite indices become an appropriate methodological tool, allowing for
the aggregation of different indicators, the assessment of their interrelations, and the
comparison of readiness levels across different regions or transport corridors.

2.3. Methodological Principles for Creating Composite Indices and Their Application to
IWT Evaluation

Composite indices are widely used in the evaluation of transport and logistics systems
to summarise multidimensional characteristics into a single integrated indicator, enabling
comparative analysis between different objects, regions, or periods.

The Liner Shipping Connectivity Index (LSCI) evaluates the integration of countries
into global maritime transport networks based on the number of shipping lines, vessel
capacity, and service frequency. It operates at the national level but does not include the
hinterland level of the port [64]. The Container Port Performance Index (CPPI) focuses
on port operational efficiency and time consumption analysis [65]. It relies on actual ship
servicing data but does not encompass physical infrastructure parameters. Both indices are
oriented towards maritime transport indicators and do not account for the infrastructural
readiness of inland waterways.

The United Nations Economic Commission for Europe (UNECE) developed the Sus-
tainable Inland Transport Connectivity Indicators (SITCIN), which is the most comprehen-
sive existing evaluation tool for inland transport systems, covering 215 indicators for assess-
ing road, rail, inland waterway, and intermodal transport systems [66]. SITCIN is structured
around the three pillars of sustainability—economic, social, and environmental—and is
oriented towards monitoring countries’ progress in achieving transport-related sustainable
development goals [67]. SITCIN’s inland water transport indicators include infrastructure
compliance with international standards, RIS coverage, the quality of terminal connec-
tivity with road and rail networks, and the actual share of cargo transported via inland
waterways [66].

However, the application of SITCIN in this context has significant limitations. SITCIN
is a national-level instrument primarily designed for developing and landlocked coun-
tries [67]. It focuses on legal compliance and actual operational indicators, i.e., the current
state of the system, rather than infrastructural potential. Such an approach is not suitable for
the context of the Baltic Sea basin rivers, where actual IWT flows are uniformly low across
almost all ports with potentially suitable waterways. SITCIN does not include indicators for
navigational depth reliability or seasonal accessibility, which directly limit the duration of
the navigation season and vessel utilisation opportunities in the Baltic basin. Furthermore,
SITCIN’s unit of analysis is a country rather than a port or hinterland transport corridor,
thus it does not provide the necessary differentiation to determine investment priorities at
the port level.

The methodological principles for creating composite indices are extensively dis-
cussed both in the academic literature and in the methodological guidelines prepared by
international organisations. One of the main sources is the Handbook on Constructing
Composite Indicators, which defines the creation of composite indices as a sequential multi-
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step process involving conceptual model justification, indicator selection, data processing,
normalisation, weighting, and aggregation [68].

Ayadi et al. (2024) conducted a comprehensive systematic review of 47 transport sus-
tainability assessment indices, which highlights that the choice of normalisation, weighting,
and aggregation methods significantly affects the final index result [69].

Other composite indices, such as the Water Poverty Index (WPI) or Human Devel-
opment Index (HDI), are methodologically important as they demonstrate how different
dimensions can be integrated into a single aggregated indicator [69–71]. The principles of
creating these indices, namely, indicator normalisation, weighting, and aggregation [68],
are widely applied in developing transport infrastructure assessment models.

The key methodological dilemma in creating composite indices is the choice of the
aggregation method for the indicators constituting the index. Simple weighted summation
allows for compensation between criteria [71], but this may be problematic when assessing
infrastructure dimensions that are structurally non-substitutable. For example, a high score
for RIS coverage cannot physically compensate for insufficient navigational depth when
evaluating IWT potential. In this context, the TOPSIS (Technique for Order Preference
by Similarity to Ideal Solution) method is considered a more suitable choice because it
assesses the proximity of each alternative to both the positive ideal and negative ideal
solution based on multiple criteria simultaneously [72]. TOPSIS was therefore selected not
as a non-compensatory method, but as a distance-based MCDM approach that enables the
ranking of composite infrastructure profiles while keeping the positive ideal and negative
ideal reference points explicit.

The application of the TOPSIS method in the inland waterway transport sector is not
new. Liu et al. (2016) applied this method to evaluate inland waterway navigational safety
and demonstrated that TOPSIS is suitable for analysing systems with diverse evaluation
criteria [73]. This is particularly important when assessing IWT infrastructure, which
consists of various parameters that are non-substitutable and cannot partially compensate
for one another, requiring a comprehensive evaluation. TOPSIS is widely used in transport
infrastructure and port evaluation studies. Mardani et al. (2016) highlighted its application
in more than 300 multi-criteria decision-making (MCDM) studies in the transport sector,
including its suitability when making complex infrastructure decisions [74].

Indices evaluating the potential of the infrastructure conceptually differ from opera-
tional efficiency indicators in terms of their evaluation perspective. Supply-side indices
measure infrastructural prerequisites that enable transport development regardless of the
current level of flows, while demand-side indices assess the actual utilisation of the sys-
tem [12,43]. Supply-side indices, particularly relevant in regions where actual transport
flows are low, are not due to a lack of physical infrastructure but because of structural bar-
riers. This is precisely the situation of IWT in the Baltic Sea region identified in this study.

In summary, the analysis of the literature suggests that the potential of IWT infras-
tructure is most often evaluated in a fragmented manner, focusing on individual tech-
nical, navigational, or technological factors. Although these factors are well-identified
(Section 2.2), they are not integrated into a single evaluation system that would allow for a
comparative analysis of different ports. The existing transport indices, such as LSCI, CPPI,
or SITCIN, are oriented towards maritime transport, operational efficiency, or national-level
connectivity, but do not address the infrastructural prerequisites that determine IWT devel-
opment opportunities at the hinterland level of ports. A clear methodological gap remains:
the absence of a composite, multi-criteria index based on a supply-side perspective and
expert-validated weights, designed to evaluate the level of IWT infrastructural readiness
in the hinterlands of regional seaports. In view of this, the study proposes the inland
waterway transport infrastructure index (IWTI), which integrates technical, navigational,
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and digital factors into a unified evaluation system, enabling a comparative assessment of
regional ports’ IWT infrastructure and helping to identify development priorities.

3. Data and Methods
3.1. Study Sample

The study focuses on ports located along the eastern Baltic Sea coast (Gdańsk, Gdynia,
Szczecin, Klaipėda, Riga, HaminaKotka, Tallinn). Unlike Western Europe (Rotterdam,
Antwerp, Amsterdam), where 15–35% of cargo flows are redistributed via IWT [5], barge
carriage in the eastern Baltic region can be considered a latent opportunity. The study
adopts a potential evaluation approach rather than assessing actual flows, measuring
infrastructural capacity as an initial condition for modal shift.

The seven ports were selected to ensure cross-national comparability within a struc-
turally coherent regional setting. The group of Baltic Sea coastal ports was selected as an
analytically homogeneous sample based on three key criteria:

• Hydroclimatic Coherence: Limited navigation distance (<300 km from the seaport),
similar seasonality (210–330 days), and identical river hydrological variability (ice
regime, water level fluctuations).

• Hinterland Market Structure: The ports serve transit corridors in Central and Eastern
Europe, characterised by similar cargo generation dynamics.

• Legal and Political Regulation: A common EU TEN-T network strategy and unified
EU directives related to the decarbonisation of the transport sector.

Such a sample allows for the identification of structural conditions under which IWT
could become a significant part of the regional logistics system, shifting cargo flows from
road transport and reducing the emission intensity of transport chains.

Three analytically distinct port categories are identified within the sample: (1) ports
with functioning or historically documented IWT corridors, namely, Gdańsk (E40/E70,
Visla basin), Klaipėda (E41, Nemunas), Szczecin (E30, Odra), AND HaminaKotka (via
the Saimaa lakes and canal system, connected by the Saimaa Canal); (2) ports without
IWT connections due to geographical constraints; AND (3) the case of Riga port, with the
Dauguva river crossing it. The Daugava has documented AGN classification-compliant
potential but remains blocked by three hydroelectric dams that do not have navigation locks.
The Riga case was selected to evaluate an intermediate category where IWT development is
restricted by infrastructural barriers rather than geographical limitations and is accordingly
assessed in sensitivity analysis.

Based on the presented characteristics of the hinterlands of the studied ports, the
structure of the IWTI and the calculation methodology for each dimension, grounded in a
specific set of sub-indicators, is further elaborated.

3.2. Composite IWT Index: Structure and Sub-Indicators

The inland waterway transport infrastructure index (IWTI) is a composite supply-
side indicator designed to evaluate the infrastructural conditions for integrating inland
waterway transport (IWT) into port hinterland logistics. The index combines five sub-
indicators (I1–I5) that cover the physical, operational, digital, and logistical dimensions of
inland waterway infrastructure (Figure 1).

Figure 1 presents the five-dimensional structure of the IWTI. I1 and I2 capture the core
navigability conditions of the corridor, while I3, I4 and I5 reflect seasonal accessibility, digi-
tal navigation support and terminal handling capacity. Together, these sub-indicators form
the composite infrastructure profile used for the TOPSIS-based ranking. Each sub-indicator
is defined to reflect a structurally distinct and non-substitutable dimension. Before TOPSIS
aggregation, all indicators are normalised to a common [0; 1] scale.
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Figure 1. Structure of the composite IWTI. Source: Compiled by the authors.

Sub-indicator I1 (CEMT class) measures the structural technical capacity of the inland
waterway corridor, considering characteristics such as width, depth, number of locks,
etc. As these characteristics may vary across different segments of the inland waterway
corridor, a weighted average of the CEMT classes for all segments is calculated according
to Formula (1):

I1 =
∑N

i=1 CEMTi × Li

∑N
i Li

, (1)

where i is an individual segment of the waterway, N is the total number of waterway
segments, CEMTi is the numerical value of the international inland waterway class for the
segment (Class I represents 1 point, etc.), and Li is the length of the segment in kilometres.

The basis for the CEMT classification is the UNECE Blue Book (4th edition, 2024 and
the data of Annex I to the AGN agreement (Table 3).

Table 3. Maximum vessel dimensions according to CEMT (1992).

CEMT
Class

Type of Motor
Vessel and Barges

Maximum Characteristics (Length (L),
Beam (B), Draught (D)) Tonnage, (t) Minimum Height

Under Bridges, (m)

I Spits, barges L: 38.5 m, B: 5.05 m, D: 1.8 m 250–400 4.00
II Kempenaar class L: 50–55 m, B: 6.6 m, D: 1.8 m 400–650 4.00
III Gustav Koenigs L: 67–80 m, B: 8.2 m, D: 1.8 m 650–1000 4.00
IV Johann Welker L: 80–85 m, B: 9.5 m, D: 2.5 m 1000–1500 5.25
Va Large Rhine vessel L: 95–110 m, B: 11.4 m, D: 2.8 m 1500–3000 5.25
Vb Pushed convoy 2× L: 172–185 m, B: 11.4 m, D: 2.8 m 3200–6000 5.25
VIa Pushed convoy 2 × 2 L: 95–110 m, B: 22.8 m, D: 2.8 m 3200–6000 7.00
VIb Rhine-class 2 × 4 L: 110–195 m, B: 22.8–33 m, D: 2.8–4.5 m 6400–12,000 9.10

Source: Compiled by the authors based on the data provided in the specified sources [37,38].

The technical parameters of Class I–III waterways are determined by national legis-
lation, as these waterways are classified as regionally significant inland waterways. The
specified minimum bridge height includes a safety clearance of approximately 0.30 m
between the highest point of the vessel’s structure or cargo and the bridge structure to
ensure safe navigation. Empirical estimates indicate that container transportation by barges
requires a minimum height of 5.25 m for a two-tier carriage, approximately 7.0 m for
three-tier transportation, and approximately 9.10 m for a four-tier carriage [38].

The permissible vessel draught for a specific inland waterway is determined based
on local hydrological and morphological conditions and may vary significantly between
different sections. In some sections of Class VII waterways, convoys consisting of a larger
number of barges are permitted. In such cases, the horizontal dimensions of the convoys
may exceed the upper limits specified in standard classifications [75]. In other sections, locks
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are in operation, which again restrict navigation [40]. All such cases must be considered
when planning infrastructure capacity and organising navigation.

CEMT classification data are obtained from the official UNECE E-waterway web-
site. Each segment is assigned a specific CEMT class, which is factored into the overall
corridor evaluation.

The reliability of waterway depth (I2) is defined as the number of months during
which the minimum fairway depth is guaranteed. Although the AGN Agreement [38]
provides for a minimum depth of 2.50 m for international E-class inland waterways, specific
regional infrastructure parameters are applied based on their strategic importance. In this
study, a depth of 1.80 m is used as the minimum operational threshold to assess whether a
waterway can be considered potentially suitable for regular cargo transport under Baltic Sea
region conditions. A depth of 1.80 m corresponds to the minimum transit depth for CEMT
Class III according to Poland’s inland waterway classification regulations (Rozporządzenie
Rady Ministrów z dnia 7 maja 2002 r.) and aligns with the guaranteed draught for the E30
corridor downstream from Widuchowa to the Warta River mouth section [37] as follows:

I2 =
Number o f months per year with su f f icient depth(≥ 1.80 m)

12
, (2)

Sub-indicator I2 measures the reliability of navigational depth, defined as the portion
of the year during which a minimum depth of 1.8 m is maintained. Data on the navigation
season and depths are provided in national statistics (Table 4).

Table 4. Depth parameters of inland waterways in the Baltic region.

Port
Operational
Navigational

Depth (m)

Navigation
Season (Months)

Months with
Depth of ≥1.8 m Data Source

Klaipėda 1.8 8 8 AB Vidaus vandens kelių
direkcija [76]

Gdańsk 2.5 10 9 Instytut Meteorologii i Gospodarki
Wodnej, IMGW-PIB [77]

Gdynia - - - No IWT connection at the port,
geographical constraint

Tallinn - - - No IWT connection at the port,
geographical constraint

Riga 1.8 0 0
Latvijas vides, geologijas un

meteorologijas centrs, Pluduriska
information system [78]

HaminaKotka * 4.35 9.7 9–10 Saimaa Canal, Finland [79]

Szczecin 2.50 11.0 10–11 Regionalny Zarząd Gospodarki
Wodnej w Szczecinie [80]

* The hinterland of the port of HaminaKotka is connected to the Saimaa Canal, which is a fully regulated canal
with a lock system that ensures stable navigational depth. This significantly differs from natural rivers (such as
Nemunas, Oder/Odra or Daugava), the navigational parameters of which depend on hydrological conditions
and are subject to high variability. Source: Compiled by the authors based on the specified sources.

Table 4 combines different types of data (guaranteed, typical, and hydrologically
variable depth parameters). To ensure comparability, a unified threshold criterion is
additionally applied—the number of months per year during which the navigational depth
is no less than 1.8 m. This approach allows for the evaluation of not only infrastructure
parameters but also the actual operational accessibility of inland waterways.
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The 1.8 m depth threshold is the only officially documented minimum operation
draught standard identified for the Baltic region sample. It is established under Polish
national inland waterway classification regulations and applied in practice as a reference
minimum for E-class corridor compliance. For regulated canals such as the Saimaa Canal,
navigational depth is structurally guaranteed by a lock system and treated accordingly
in Table 4. A formal sensitivity test was not conducted. The directional ranking is not
expected to change, as zero-group ports (Tallinn, Gdynia) have no navigable waterway
regardless of the threshold.

Sub-indicator I3 evaluates the accessibility of inland waterways, i.e., the period during
which navigation is possible without seasonal restrictions. It is defined as the ratio of
unrestricted navigation days to the total calendar days in a year, thereby integrating
various seasonal and hydrological factors into a single normalised indicator.

Sub-indicator I3 is calculated according to Formula (3):

I3 = 1 − Drestr

T
, (3)

where Drestr is the duration of navigation restrictions, in days; T is the total number of days
in a year.

In the model, the time period is approximated as 365 days, disregarding leap years,
since variations in a single day do not significantly affect the results of transport systems
and infrastructure evaluations. The number of navigation restrictions Drestr includes days
when navigation is technically impossible or economically unviable due to the following:

• Ice cover, when navigation is seasonally suspended;
• Low water levels, when the depth falls below operational limits (e.g., approximately

1.50 m for lower-class waterways), allowing navigation only for vessels (barges) with
very limited tonnage;

• High discharge (flooding), when the current speed exceeds safe navigation limits
(often around 2 m/s in practice);

• Lock maintenance or repair work, when locks are temporarily closed.

Considering that inland waterways in the Baltic Sea basin are predominantly up to
Class IV according to UNECE classification, the thresholds applied in this study reflect the
operational conditions of these waterways (Table 5). The specified values are indicative, as
precise limits depend on hydrological conditions, the waterway class, and the technical
parameters of the vessels used. These thresholds are based on PIANC recommendations
applied in international practice.

The value of sub-indicator I3 approaches 1 when navigation restrictions are minimal
and decreases as the duration of restrictions increases.

Seasonal restrictions are a multidimensional phenomenon, data of which are presented
to varying degrees in national statistics. The 2 m/s current velocity threshold is used as an
indicative operational restriction threshold rather than a universal legal standard [81]. Since
international inland waterway guidance indicates that lower current velocities, around
1.5 m/s depending on vessel type and channel geometry, may already limit navigation,
2 m/s is treated here as a severe hydrological condition under which upstream cargo
navigation may become restricted or economically impractical. Initial data suggest that the
winter period (approximately December–March) is practically excluded from operational
planning in the Baltic region, except for the port of Szczecin, which is located furthest
south. In the Saimaa Canal, the situation is mitigated through the use of icebreakers. The
primary risk factor is not ice but summer droughts (particularly in July–August), which
can unexpectedly disrupt navigation.
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Table 5. Restrictions on navigation conditions for inland waterways in the Baltic regions in 2023.

Port
Hinterland

Ice Days
(d/m.)

Low Water
(d/m.)

Floods
(d/m.)

Current > 2 m/s
(d/m.) Source

Klaipėda 30 70 0 0 Hydrological data of the Lithuanian
Hydrometeorological Service [76]

Gdańsk 20 40 10 10 Instytut Meteorologii i Gospodarki
Wodnej, IMGW-PIB [77]

Gdynia - - - - Geographical constraint

Tallinn - - - - Geographical constraint

Riga - - - -
Latvijas vides, geologijas un

meteorologijas centrs, Pluduriska
information system [78]

HaminaKotka 55 0 0 0 Saimaa Canal, Finland [79]

Szczecin 20 0 5 5 Regionalny Zarząd Gospodarki Wodnej
w Szczecinie [80]

Source: Compiled by the authors based on the data provided in the specified sources.

Sub-indicator I4 measures the level of integration of river information services (RIS),
evaluating how widely digital navigation and traffic management solutions are integrated
into physical inland waterway infrastructure. In this study, RIS coverage is interpreted
through the typology of functionality levels (Table 6).

Table 6. Classification of maturity levels of river information services (RIS) and evaluation scale.

RIS Level Description Score

Level 0 No RIS 0

Level 1 (basic) Static fairway information (navigation charts, depth maps) 25

Level 2 (intermediate Real-time information system (water level monitoring and basic vessel
automatic identification system (AIS)) 50

Level 3 (advanced)
Barge traffic management, lock automation, electronic reporting, incl.
vessel traffic services (VTS), AIS, inland waterways Electronic Chart
Display and Information System (ECDIS)

75

Level 4 (integrated) Cross-border RIS integration, integration with Port Community
Systems (PCS) 100

Source: Compiled by the authors according to [53,59,82].

The scale (Table 6) aligns with the implementation requirements of the directive and
the digitalisation vision under NAIADES III. Data are collected based on information
provided by national inland waterway administrations and port sources. The resulting
sub-indicator value is normalised within the range [0; 1], where higher values indicate a
higher level of digital navigation and vessel traffic management integration in IWT.

Sub-indicator I5 measures the practical IWT handling capacity in port hinterlands. It
is calculated as the ratio between terminal capacity and the actual flow of cargo transported
via inland waterways (Formula (4)). This indicator is not interpreted as a measure of
terminal efficiency or demand performance. Instead, it reflects the latent capacity, i.e., the
margin between declared throughput capability and current utilisation. It indicates whether
sufficient terminal infrastructure exists to support cargo transfer between inland waterway
transport and other land transport modes. Adequate terminal capacity established ahead
of demand is a prerequisite for corridor attractiveness, as terminal saturation may become
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a bottleneck that suppresses IWT utilisation regardless of upstream waterway quality.
In this sense, I5 measures infrastructural positioning relative to current and potential
demand, consistent with the supply-side focus of IWTI. Since I5 uses actual cargo flow in
the denominator, it is acknowledged as a hybrid supply-side indicator and is interpreted
together with the remaining infrastructure-based sub-indicators rather than as a standalone
measure of market demand.

I5 =
∑M

i=1 CTER,i

FIWT
, (4)

where M is the number of intermodal terminals along inland waterways in the port hinter-
land; CTER,I is the design or actual annual capacity of the i-th terminal, in million tonnes;
and FIWT is the actual flow of cargo transported via inland waterways, in million tonnes.

Data about terminals operating in port hinterlands, their handling capacities, and
cargo flows (Table 7) are collected from the Eurostat database (iww_go_atygo) and national
statistical authorities (GUS, Statistics Finland, VVKD). For Lithuania and Finland, data
on cargo flows are sourced from Eurostat, as the statistical accounting practice applied
records inland waterways cargo flows based on the country of vessel registration (flag-based
reporting principle). Therefore, Eurostat data ensure a consistent and comparable reflection
of cargo flows, regardless of specific national accounting practices.

Table 7. Inland waterways terminal capacity and cargo flows in port hinterlands of the Baltic region
in 2023.

Port Inland Port
Terminals

Terminal
Capacity

CTER (t/m.)

IWT Cargo Flow
F_IWT (t/m.) Sources

Klaipėda Ports of Kaunas
and Jurbarkas 500,000 162,000 VVKD strategic plan

(2022–2025) [83], cargo flow [84]

Gdańsk Bydgoszcz terminal 2,000,000 414,000 Statistics Poland (GUS), Gdańsk
[85,86]

Gdynia - - - Geographical situation

Tallinn - - - Geographical situation

Riga - - - No commercial navigation on the
Daugava River

HaminaKotka

Saimaa system
ports:

Lappeenranta,
Imatra, Joensuu,
Varkaus, Kuopio

1,220,000 826,000 Statistics Finland [84,87]

Szczecin Odra inland
terminals 3,000,000 1,275,000 Statistics Poland, Szczecin [88]

Source: Compiled by the authors based on the specified sources.

For HaminaKotka, I5 is calculated using 2022 cargo flow data, as commercial naviga-
tion on the Saimaa Canal was suspended in 2023 following the sanctions imposed after
Russia’s invasion of Ukraine. This represents a justified exception to the 2023 reference
year and is noted in Table A3.

The sub-indicator is normalised on a [0; 1] interval, which makes it possible to compare
the practical trans-shipment infrastructure of different ports. I5 assesses the infrastructure
component in the supply chain and complements the inland waterway transport constraints
described by I2 (depth reliability) and I3 (seasonal constraints).
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The five IWTI sub-indicators cover different and mutually non-substitutable dimen-
sions of infrastructural readiness, ranging from physical capacity and hydrological reliabil-
ity to seasonal accessibility, digital infrastructure and the logistical capacity of terminals.
Each sub-indicator is calculated using a separate formula, based on information from
national statistical institutions and international inland waterways registers. The relative
importance of the sub-indicators is determined by weights based on expert information,
the determination procedure for which is described in the following section.

3.3. Expert Evaluation Procedure and Determination of Weights

The sub-indicator weights were determined using a direct normalisation method
based on data from a structured expert survey (n = 7). Experts were selected based on two
criteria: professional experience in IWT infrastructure, maritime logistics and transport
planning, and direct familiarity with Baltic Sea region IWW networks. The aggregate profile
of the expert panel is presented in Table 8.

Table 8. Aggregate profile of the expert panel.

Competence Area Type of Institution Professional
Experience

Number of
Experts

1. Inland waterway transport logistics and operation Shipping/IWT operators >10 years 3
2. Transport infrastructure planning and engineering Research institutions >8 years 2
3. Seaport management and hinterland logistics Port and logistics companies >12 years 2

Source: Compiled by authors.

The experts took part in the study voluntarily, which they declared verbally and
anonymously; their personal information is not used in the study. According to Lithuanian
national legislation regulating non-interventional professional research, the study did not
require formal ethics approval.

The survey was conducted as a series of individual expert interviews over a three-
month period. Each participant was presented with 14 inland waterways infrastructure
parameters divided into three categories (technical, technological, navigational) and was
asked to assess the importance of each parameter using a 5-point Likert scale (1—not
important at all, 5—very important) and to assign a rank within each category.

The sub-indicator weights were derived in two stages as follows:

1. Thematically related parameters were assigned to each sub-indicator I1–I5 (Table 8);
2. The weight base for each sub-indicator was calculated as the arithmetic mean of the

average scores of the assigned parameters, and the resulting vector was normalised to
a [0; 1] scale (Σwi = 1).

The sub-indicator I1 covers physical infrastructure parameters and reflects naviga-
tional capacity determined by the geometry of the fairway (static dimension). Sub-indicator
I2 is associated with hydrological conditions and shows depth reliability over time. It
reflects hydrological reliability, the degree to which a waterway corridor provides con-
sistent depth conditions for cargo transport. Sub-indicator I3 describes the availability
of navigation throughout the year by accounting for seasonal constraints (accessibility
dimension). Sub-indicator I4 indicates the level of development of digital management
infrastructure, including the implementation and integration of RIS systems (technological
dimension). Visibility/weather and traffic intensity parameters are assigned to I4 on the
basis that RIS systems, as defined in Directive 2005/44/EC, provide real-time information
on these conditions as part of their core traffic and safety management functions extending
beyond static nautical chart data. Sub-indicator I5 reflects the capacity of inland waterway
terminals relative to current cargo flows—the margin between declared throughput capabil-
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ity and current utilisation. It is interpreted as a latent capacity reserve rather than a measure
of operational efficiency (logistical dimension). A detailed allocation of parameters and the
calculated weights are presented in Table 8.

Table 9 shows how the expert-rated technical, navigational and technological parame-
ters were translated into the five IWTI sub-indicators. The highest weights assigned to I1

and I2 indicate that, in the experts’ view, waterway class and depth reliability are the most
critical prerequisites for IWT development. The lower weight of I5 suggests that terminal
capacity is important but becomes fully relevant only when basic navigability conditions
are ensured. The indicator weights (Table 9) are calculated using the following standard
normalisation expression:

wi =
xi

∑5
j=1 xagg

, (5)

where wi is the weight of the i-th sub-indicator, and xagg is the aggregated mean of the pa-
rameters associated with the sub-indicator, j—1, . . ., 5 denotes the five IWTI sub-indicators.

Table 9. Expert survey parameter-to-sub-indicator mapping and weight derivation.

IWTI
Sub-Indicator Expert Parameters Parameter

Group
Mean Rating

x xagg wi

I1—Waterway
CEMT class

Vessel dimensions Technical 4.86
4.477 0.2497Bridge clearance Technical 4.43

Fairway width Technical 4.14

I2—Depth
reliability

River depth Navigational 5.00
4.380 0.2443Water level fluctuations Navigational 4.14

Lock size and location Navigational 4.00

I3—Seasonal
accessibility

Ice conditions Navigational 1.86
3.003 0.1675Currents and velocity Navigational 3.86

Navigational obstacles Navigational 3.29

I4—RIS coverage
Navigation equipment Technological 4.57

3.287 0.1833Visibility/weather Navigational 3.00
Traffic intensity Navigational 2.29

I5—Terminal
capacity

Cargo handling equipment Technological 2.43
2.785 0.1553Infrastructure maintenance Technical 3.14

Σ 17.932 1.00
Note: xagg = the arithmetic mean of the scores of the assigned parameters. Source: Compiled by the authors.

The base weights (Table 8) obtained through the expert survey are used in calculating
the IWTI.

The five sub-indicator weights determined on the basis of the expert survey (n = 7)
reflect the consensus of inland waterways infrastructure and logistics specialists regard-
ing the relative importance of each dimension in the context of the eastern Baltic region.
The resulting weights are directly incorporated into the TOPSIS calculation procedure
as coefficients of the relative importance of each sub-indicator, which determine the for-
mation of the final IWTI score according to each port’s proximity to the ideal variant of
infrastructural readiness.

3.4. TOPSIS Aggregation Method

IWTI is calculated using the TOPSIS (Technique for Order Preference by Similarity to
Ideal Solution) method. TOPSIS was chosen because it enables heterogeneous infrastructure
sub-indicators to be aggregated into a single composite readiness score by measuring each
port’s relative distance from the positive ideal and negative ideal infrastructure profiles.
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The method applies a compensatory aggregation logic, meaning that differences across
sub-indicators affect the final score proportionally to their assigned weights. However, this
compensability is interpreted only at the level of composite scoring and does not imply
physical substitutability between infrastructure dimensions. For example, RIS coverage
cannot compensate for the absence of navigable depth in operational terms. Therefore, the
IWTI should be understood as a measure of composite infrastructural readiness rather than
minimum-constraint feasibility. Compared with simple additive weighting, TOPSIS keeps
both the positive and negative ideal reference points explicit. Compared with outranking
methods such as ELECTRE, it does not require additional pairwise threshold parameters
that would be difficult to justify empirically in a small regional sample. In addition, TOPSIS
is widely used in transport and port studies, which makes it easier to compare the obtained
results with other works [72,73].

The calculation is performed in several sequential steps. An initial data matrix is
constructed containing the indicators for all ports under consideration. This matrix is then
normalised so that all indicators become mutually comparable.

rij =
xij√

∑n
i=1 x2

ij

, (6)

where xij is the value of sub-indicator j of the i-th port (n = 7).
The normalised values are multiplied by the expert weights wj, yielding a weighted

normalised matrix:
vij = wj × rij, (7)

The positive ideal solution A+ and the negative ideal solution A− are then determined:

A+ =
{

max
(
vij

)}
, A− =

{
min

(
vij

)}
, (8)

The distances of each port from the ideal solutions are calculated using the Euclidean
metric (D+

i, D−
i).

D+
i =

√
∑

j

(
vij − v+j

)2
,D±

i =

√
∑

j

(
vij − v−j

)2
, (9)

The final IWTI score for each port i is calculated as follows:

IWTIi =
D−

i
D+

i + D−
i

∈ [0; 1], (10)

The index approaches 1 when the port is closest to the positive ideal and approaches 0
when it is closest to the negative ideal. The calculations were carried out in the Microsoft
Excel environment.

The TOPSIS method aggregates the five structurally different sub-indicators into
a single IWTI score by assessing each port’s relative distance from the positive ideal
and negative ideal infrastructure profiles. This provides a transparent and replicable
ranking procedure after normalisation and expert weighting. The resulting score should
be interpreted as a measure of composite infrastructural readiness, not as proof that all
operational constraints are removed. In cases where all sub-indicators are zero, no cross-
dimensional compensation is possible, and the port remains in the zero-readiness group.
For active corridor ports, TOPSIS allows differences in technical, operational, digital and
terminal-related conditions to be reflected in the final ranking while keeping the ideal
reference points explicit.

https://doi.org/10.3390/su18126311

https://doi.org/10.3390/su18126311


Sustainability 2026, 18, 6311 18 of 34

3.5. Sensitivity Analysis

The final IWTI score depends on the choice of expert weights; therefore, a sensitiv-
ity analysis is carried out to ensure the reliability of the methodology and the stability
of the results. This is done by testing three alternative weighting scenarios and assess-
ing the consistency of the rankings using Spearman’s rank correlation coefficient. Each
scenario represents a different methodological position on the relative importance of the
sub-indicators (Table 10):

• Scenario 1 uses weights based on data from the expert survey. This scenario is con-
sidered the baseline, as the weights reflect empirically grounded expert views on the
importance of each inland waterway’s transport infrastructure dimension for a Baltic
Sea region port.

• In Scenario 2, all five sub-indicators are assigned an equal weight (w = 0.20). This
scenario tests the hypothesis of whether the ranking of weights remains stable when
any prioritisation is removed. The equal-weights scenario is standard practice in the
calculation of composite indices [71].

• Scenario 3 gives preference to technical dimensions over the other sub-indicators.
Sub-indicators I1 and I2 are doubled in proportion to their baseline values, and the
weights of the remaining sub-indicators are proportionally reduced (Table 10).

Table 10. Weight scenarios for sensitivity analysis.

Sub-Indicator W1 W2 W3

I1—Waterway CEMT class 0.2497 0.20 0.3816
I2—Depth reliability 0.2443 0.20 0.3733
I3—Seasonal accessibility 0.1675 0.20 0.0640
I4—RIS coverage 0.1833 0.20 0.0980
I5—Terminal capacity 0.1553 0.20 0.0831

Table 10 presents the three weighting schemes used to test the sensitivity of the
IWTI ranking. The scenarios compare the expert-based baseline weights (W1) with equal
weighting (W2) and a technically oriented weighting structure (W3), thereby showing
whether the final ranking depends strongly on the selected weight assumptions.

An additional infrastructure potential scenario analysis (W4) was carried out by
modelling the impact of the implementation of documented investments on IWTI. The
scenario is an infrastructure potential sensitivity test rather than a predictive forecast. The
modelled interventions differ by their official status and are detailed below:

1. Gdynia—connection via the Martwa Wisła (CEMT Class II) to the E40/E70 corridor,
enabling access to the Bydgoszcz terminal (“Sustainable Transport Development
Strategy until 2030”, Council of Ministers resolution on the long-term programme
“Development of the Lower Vistula” (2023) [89]. Modified sub-indicators: I1, I3, I4,
and I5.

2. Riga—lock construction on the Daugava River, based on the approved but unimple-
mented EMMA Project Consortium (2020) plan. No terminal infrastructure expansion
is assumed. Modified sub-indicators: I1, I2, and I3.

3. HaminaKotka—partial recovery of Saimaa Canal commercial traffic to approximately
50% of the 2019 level (~490,000 tonnes in international traffic), contingent on geopolit-
ical conditions. Modified sub-indicator: I5.

4. Gdańsk, Tallinn, Klaipėda—no change.

In all cases, only those sub-indicators are modified for which official documentation
or clearly defined assumptions exist.
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Three ports whose hinterlands have identified investment projects under implementa-
tion are included in the W4 scenario. In the hinterland of the Port of Gdynia, a connection
via the Martwa Wisła (Class II) to E40/E70 is planned, with the intention of using the ca-
pacity of the Bydgoszcz terminal. The Port of Riga remains conservative. Although projects
for the construction of locks (EMMA project) have been approved, no further expansion
of terminal infrastructure is planned. At HaminaKotka, intensive cargo navigation on the
Saimaa Canal has not taken place since 2022 due to the war with Russia. However, if the
flow were to recover to about 50% of the 2019 level, potential changes should be reflected
in the development of the port’s inland waterway transport potential. Gdańsk and Tallinn
are left unchanged—the former as an operational infrastructure without new investments,
the latter due to the absence of an inland waterways connection.

The stability of rankings between scenarios is assessed using Spearman’s rank correla-
tion coefficient.

ρ = 1 −
6∑ d2

i
n(n2 − 1)

, (11)

where di is the rank difference in a port between two scenarios; n = 7—the number of
alternatives. The coefficient value ρ > 0.90 indicates high rank stability, while ρ < 0.80
would indicate that the final ranking is significantly sensitive to the choice of weights.

The IWTI construction methodology described in this section consists of four inter-
related stages: formation of the research sample, construction of sub-indicators, determi-
nation of expert weights and TOPSIS aggregation. The seven selected ports in the Baltic
Sea region form an analytically homogeneous sample, enabling comparison of different
types of infrastructural cases. The five sub-indicators capture different dimensions of
infrastructural readiness; their weights are based on empirical expert assessments, and
TOPSIS aggregation ensures a methodologically sound construction of the final index. This
structure makes it possible not only to compare the inland waterway transport potential of
port hinterlands on the basis of existing infrastructure but also to model possible changes,
which are discussed in the sensitivity analysis and the infrastructure potential scenarios.

4. Results
4.1. Sub-Indicator Values Received

The values of the five sub-indicators of the composite IWTI were calculated for all
seven Baltic Sea ports using the methodology described in Section 3.

The operational status and CEMT classes of the corridors shown in the map panels
(Figure 2) are described in the accompanying text and summarised in Table 11. In Lithuania,
the E41 inland waterway navigation corridor from Kaunas to the Port of Klaipėda is
operational (Figure 2a). Its characteristics differ by section: from Jurbarkas to the Port
of Klaipėda is classified as Class IV (165 km), while the “Jurbarkas–Kaunas” section is
classified as Class III (126 km).

In Poland, the E30 (Odra/Oder), E40 and E70 (Vistula) corridors are in operation. The
E30 corridor runs along the Odra/Oder River from the Port of Szczecin southwards. The
lower Odra/Oder (estuarine and downstream section) is Class III–IV (Figure 2c). The E40
and E70 corridors run along the Vistula River from the Port of Gdańsk southwards to Toruń
(Class II–III). The section consists of two segments: the Gdańsk–Tczew segment (Class III,
~31 km) and the Tczew–Bydgoszcz segment (Class II, ~139 km).

The E70 continues westwards along the Noteć River, the Bydgoszcz Canal and the
Brda River, linking Gdańsk with the western regions of Poland and Germany (Class
III) (Figure 2c). The Szczecin–Kostrzyn segment is about 120 km long and has Class III
characteristics. In the lower part of the Odra/Oder, the Kostrzyn–Wrocław segment is
canalised, about 200 km long and meets Class IV requirements.
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Figure 2. Inland waterway corridors of the analysed Baltic Sea port hinterlands: (a) E41—Nemunas,
Lithuania; (b) Saimaa Canal system, Finland; (c) E30, E40, E70—Oder/Odra and Vistula,
Poland; (d) Daugava—infrastructural barrier, Latvia; (e) Tallinn, Estonia, no IWT connection;
(f) E40/E70—lower Vysla, Gdańsk–Gdynia area, Poland. Source [6,89].
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Table 11. Weighted average CEMT class of segments and final I1 value.

Port AGN
Corridor

CEMT Class
of Segment 1

Length of
Segment 1, km

CEMT Class
of Segment 2

Length of
Segment 2, km Calculated I1

Klaipėda E41 4.00 165 3.00 126 3.57
Gdańsk E40, E70 3.00 31 2.00 139 2.18
Gdynia - 0 0 0 0 0

Riga AGN
potential 0 0 0 0 0

Tallinn - 0 0 0 0 0
HaminaKotka Saimaa (FI) 4.00 857 4.00

Szczecin E30 3.00 120 4.00 200 3.63
Source: Compiled by the authors according to [37,38,75].

The Port of Gdynia has no direct inland waterway connection, although it is located
close to Gdańsk. A potential connection via the Martwa Wisła to E40/E70 is considered in
the W4 scenario (Figure 2f).

The Saimaa Canal connects the Port of HaminaKotka with the Saimaa lake system in
the interior of Finland. The canal is 42.9 km long, has eight locks, a guaranteed draught of
4.35 m and an extended navigation period through the use of icebreakers (Figure 2b). This
waterway is classified as Class IV. Part of the canal runs through Russian territory, which is
an important geopolitical aspect that led to the suspension of commercial traffic from 2022.
Any resumption of cargo flows after the end of the war will be included in the W4 scenario.

The Daugava River flows through Riga into the Baltic Sea (Figure 2d). Although
the river has AGN-classified potential (Class III–IV), three hydroelectric dams (K, egums,
Pl,avin, as, Riga) were built without locks, which completely block navigation upstream and
prevent any actual commercial navigation.

There are no inland waterway corridors in Estonia, and Tallinn has no connection to
any river system. This case was selected as a control case in the study.

Based on the collected information, a table for the CEMT class sub-indicator I1 was
compiled, with a final indicator for each port calculated using Formula (1) (Table 11).

Table 11 indicates the structural technical capacity of each inland waterway corridor.
Higher I1 values reflect corridors with higher CEMT classes and longer higher-class seg-
ments, while zero values indicate the absence of a functional inland waterway connection
to the port hinterland.

It was found that the Gdańsk water corridor has the lowest category (2.18), which
means that it can be navigated by local vessels of up to 650 tonnes capacity and with a
draught not exceeding 1.8 m.

The depth reliability sub-indicator I2 was calculated using the data presented in
Table 4 and Formula (2). The waterway seasonality sub-indicator I3 was calculated using
Formula (3) and the data in Table 5. The inland waterways cargo handling terminals sub-
indicator I5 was calculated using Formula (4) and the data in Table 7. The calculation of
these sub-indicators is presented in Appendix A, Tables A1–A3.

The level of integration of river information systems is assessed by analysing the
information provided by the countries (Table 12).

Table 12 shows clear differences in the level of digital navigation and traffic manage-
ment infrastructure across the analysed corridors. Higher I4 values indicate the presence
of advanced RIS functions such as AIS, Notices to Skippers (NtS), vessel traffic services
(VTS) and lock automation, while lower values reflect limited or absent digital support for
IWT operations.
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Table 12. Determination of RIS coverage and final I4 value.

Port RIS Level RIS System Description Verification
Source Calculated I4

Klaipėda 2 Wave app, Notices to Skippers (NtS); interactive
navigational charts (Inland ECDIS) VVKD [76] 0.5

Gdańsk 1 Basic digital navigational charts only [89] 0.25

Gdynia 0 RIS not applied - 0

Riga 0 RIS not applied - 0

Tallinn 0 RIS not applied - 0

HaminaKotka 3 Full Saimaa vessel traffic system (VTS): (VTS +

AIS + NtS + lock automation) 0.75

Szczecin 3 Full RIS on the lower Odra—VTS, AIS, NtS,
Inland ECDIS [48,49,89,90] 0.75

Note: RIS levels follow the typology defined in Table 6. I4 = RIS level score/100. Source: Compiled by the authors
according to the specified sources.

Values of the sub-indicator I4 reveal a large difference between the ports analysed.
HaminaKotka and Szczecin achieve the highest score (0.75)—their corridors have full
RIS systems with lock automation and vessel tracking. The inland waterway transport
hinterland of the Port of Klaipėda (0.50) has functioning digital navigation infrastructure,
but cross-border integration has not yet been implemented. Gdańsk (0.25) has only static
electronic navigational charts, and Gdynia, Riga and Tallinn receive no score, as they have
no inland waterways connection.

Having completed all the calculations, Table 13 of the IWTI sub-indicators is compiled.

Table 13. IWTI sub-indicator values by port hinterland.

Port I1—CEMT I2—Depth
Reliability

I3—Seasonal
Accessibility

I4—RIS
Coverage

I5—Terminal
Capacity

Klaipėda 3.567 0.667 0.726 0.50 3.086
Gdańsk 2.182 0.750 0.781 0.25 4.831
Gdynia 0 0 0 0 0

Riga 0 0 0 0 0
Tallinn 0 0 0 0 0

HaminaKotka 4.00 0.808 0.849 0.75 1.477
Szczecin 3.625 0.875 0.918 0.75 2.353

Source: Compiled by the authors.

Table 13 presents three structurally different port profiles. The first group con-
sists of ports with an active inland waterways corridor—Szczecin, HaminaKotka and
Klaipėda—whose values are positive in all five dimensions. The HaminaKotka hinterland
has the best inland waterways class (4.00), but due to a shorter navigation period, depth reli-
ability and seasonal accessibility are lower than in the waterways of the Szczecin hinterland.

4.2. Final IWTI Scores and Ranking of IWT Potential in Port Hinterlands

Using the methodology described in Sections 3.2 and 3.3, the sub-indicator data
presented in Table 12 were processed using the TOPSIS procedure (Formulas (6)–(10)).
In the first step, the sub-indicator values for each port were normalised using the vector
method (Formula (6)) (Table 14), and the resulting matrix was multiplied by the expert
weights (Table 9) calculated according to Formula (5) (Table 15). After determining the
positive (A+) and negative (A−) ideal solutions, the Euclidean distances D+ and D− were
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calculated for each port (Formula (9)). The final IWTI score for each port was obtained
using Formula (10) and is presented in Table 16 together with the intermediate D+ and D−

values, which make it possible to assess each port’s relative distance from the best and
worst infrastructural variants.

Table 14. Normalised IWTI matrix.

Port r (I1) r (I2) r (I3) r (I4) r (I5)

Klaipėda 0.5224 0.4280 0.4481 0.4170 0.4845
Gdańsk 0.3196 0.4815 0.4751 0.2085 0.7853

Gdynia, Riga, Tallinn 0 0 0 0 0
HaminaKotka 0.5858 0.5190 0.5168 0.6255 0.2319

Szczecin 0.5309 0.5618 0.5585 0.6255 0.3694
Source: Compiled by the authors.

Table 15. Weighted normalised IWTI matrix.

Port v (I1) v (I2) v (I3) v (I4) v (I5)

Klaipėda 0.1304 0.1046 0.0740 0.0764 0.0752
Gdańsk 0.0798 0.1176 0.0796 0.0382 0.1178

Gdynia, Riga, Tallinn 0 0 0 0 0
HaminaKotka 0.1463 0.1268 0.0866 0.1147 0.0360

Szczecin 0.1326 0.1372 0.0936 0.1147 0.0574

A+ 0.1463 0.1372 0.0936 0.1147 0.1178

A− 0 0 0 0 0
Source: Compiled by the authors.

Table 16. Final IWTI scores and ranking.

Port D+ D− IWTI Ranking

Szczecin 0.0619 0.2482 0.800 1
Klaipėda 0.0705 0.2120 0.750 2

HaminaKotka 0.0827 0.2437 0.747 3
Gdańsk 0.1041 0.2046 0.663 4

Riga, Gdynia, Tallinn 0.2757 0 0 5–7 *
* Note: Riga, Gdynia and Tallinn obtain identical IWTI = 0.000 values, as all their sub-indicator values are equal to
zero. Their zero values reflect distinct conditions: geographical absence of any IWT system (Tallinn), missing
link infrastructure to an adjacent corridor (Gdynia), and blocked corridor potential due to hydroelectric dams
(Riga). The mutual ranking of these three ports is analytically insignificant—they constitute a single bottom group
representing zero infrastructural readiness for inland waterway transport. Source: Compiled by the authors.

A final IWTI table by port hinterland is then compiled, and the ranking of hinterland
infrastructure potential is determined (Table 16):

According to the IWTI values, the Szczecin hinterland has the highest inland wa-
terway transport infrastructure potential, with a score of 0.800 (Table 16). Klaipėda and
HaminaKotka form a group with similar results, occupying second and third place re-
spectively, while the Gdańsk hinterland shows medium infrastructural readiness. Riga,
Gdynia and Tallinn, according to the applied sub-indicators, do not exhibit significant
inland waterway transport infrastructure potential; therefore, their mutual ranking should
be regarded as merely formal rather than analytically meaningful. These results are used in
the sensitivity analysis.

4.3. Sensitivity Analysis Results

The sensitivity analysis is carried out for three scenarios: the baseline (W1), equal
weights for all sub-indicators (W2), and a scenario where technical sub-indicators are given
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priority (W3) (Table 10). In each scenario, the TOPSIS procedure is repeated with the corre-
sponding weight vectors, new IWTI scores and port rankings are obtained, and rank stabil-
ity between scenarios is assessed using Spearman’s correlation coefficient (Formula (11)).
Table 17 presents the results.

Table 17. Results of the IWTI sensitivity analysis.

Port W1 IWTI W1 Rg W2 IWTI W2 Rg W3 IWTI W3 Rg Ranking ∆

Szczecin 0.8003 1 0.7532 1 0.8868 1 =
Klaipėda 0.7504 2 0.7240 2 0.8050 3 ▼1

HaminaKotka 0.7466 3 0.6848 3 0.8672 2 ▲2
Gdańsk 0.6628 4 0.6812 4 0.6685 4 =

Gdynia, Riga, Tallinn 0.0000 5–7 0.0000 5–7 0.0000 5–7
ρ(W1, W2) * 1.00
ρ(W2, W3) * 0.9643
ρ(W1, W3) * 0.9643

Note: * Spearman’s rank correlation coefficients.

The sensitivity analysis confirms a high degree of stability in the IWTI ranking. The
Spearman’s correlation coefficient between the baseline and equal-weights scenarios is
ρ(W1, W2) = 1.000, and ρ(W1, W3) = 0.964 between the baseline and technical weights,
which means that the ranking remains practically unchanged regardless of the choice
of weights.

The only noticeable change is observed between Klaipėda and HaminaKotka: in
the W3 scenario, HaminaKotka moves up to second place (Table 17), while Klaipėda
drops to third. This change is explained by the fact that when the weights of the tech-
nical sub-indicators are doubled, HaminaKotka’s advantage due to the highest I1 value
(4.00—Saimaa Canal, Class IV along the entire 857 km corridor) becomes decisive. The
IWTI = 0.000 values of the three ports in the bottom group (Riga, Gdynia, Tallinn) remain
unchanged in all scenarios—this confirms that zero sub-indicator values constitute an
absolute infrastructural constraint that is insensitive to weight variations.

4.4. Scenarios for the IWT Infrastructure Potential

The study also includes an inland waterway transport infrastructure potential scenario
analysis (W4), which models the impact of documented investments or geopolitical changes
on IWTI. The scenario is based on a conservative principle—only those sub-indicators are
changed for which official investment plans or documented political decisions exist. Four
ports—Klaipėda, Gdańsk, Szczecin and Tallinn—remain unchanged in the W4 scenario:
the first three because of their high baseline level of infrastructural readiness, and Tallinn
because of an absolute geographical constraint.

For Gdynia, a connection via the Martwa Wisła (CEMT Class II, ~35 km) to the
E40/E70 corridor is modelled, providing access to the capacity of the Bydgoszcz terminals.
This solution effectively allows Gdynia to appropriate the infrastructural potential of the
Gdańsk corridor: I1 rises from 0 to 2.00, I3 to 0.81, I4 to 0.25 (basic RIS level), and I5 to 4.83,
which corresponds to the inland waterway transport network parameters of the Gdańsk
hinterland, since both ports would be using the same system.

The Riga case is modelled conservatively because although lock construction at the
Daugava hydropower plants is being planned [6], it has not yet been implemented. There-
fore, I1 is changed to 1.50 (partial navigation infrastructure) and I3 to 0.30, reflecting limited
seasonal accessibility without the full operation of a lock system. I4 remains 0, as there is
no RIS infrastructure, and I5 = 0 because an inland terminal network in the Daugava basin
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does not exist and is not planned. I2 is set at 0.50, reflecting the hydrological potential of
the Daugava under partial infrastructure.

For HaminaKotka, the resumption of commercial traffic on the Saimaa Canal to
approximately 50% of the pre-sanctions (2019) level is modelled as a conservative sensitivity
scenario, based on the unchanged technical parameters and structural continuity of the
canal infrastructure. Before the 2022 sanctions, the canal and the connected inland waterway
system handled ~1.7 million tonnes of cargo annually, including around 980K tonnes in
international traffic and 708K tonnes in domestic traffic [89]. In 2023 and 2024, international
cargo flows were suspended due to the sanctions imposed after Russia’s invasion of Ukraine.
Therefore, the current interruption reflects geopolitical constraints rather than a loss of
infrastructure capacity. All physical and digital sub-indicators (I1–I4) remain unchanged,
while I5 increases from 1.48 to 3.00, reflecting higher utilisation of terminal capacity once
flows are restored.

The W4 scenario reveals significant IWTI changes in three ports (Table 18). Hami-
naKotka moves up to first place (+0.1120, ▲2), as the resumption of commercial traffic
unlocks latent potential that the existing physical infrastructure can realise without addi-
tional investment. Gdynia shows the largest absolute jump (+0.448, ▲1)—the connection
to E40/E70 via the Martwa Wisła transforms its position from the zero group to fifth
place. Riga’s increase (+0.349) is smaller than that of Gdynia, despite its higher AGN
potential. The value I5 = 0 reflects the absence of terminal infrastructure even in the
lock-construction scenario.

Table 18. Changes in IWTI having implemented infrastructure potential scenarios.

Port IWTI W1
(Basic) Ranking W1 IWTI W4

(Potential) Ranking W4 ∆ IWTI ∆ Rank

Szczecin 0.8003 1 0.8293 2 +0.029 ▼1

HaminaKotka 0.7466 3 0.8665 1 +0.112 ▲2
Klaipėda 0.7504 2 0.7596 3 +0.009 ▼1
Gdańsk 0.6628 4 0.6548 4 −0.008 =
Gdynia 0.0 5–7 0.4484 5 +0.448 ▲1

Riga 0.0 5–7 0.3488 6 +0.349 ▲1
Tallinn 0.0 5–7 0.0 7 0.00 =

ρ(W1, W4) 0.857
Source: Compiled by the authors.

Klaipėda and Szczecin experience a relative decline in rank (▼1) due to the effect
of TOPSIS normalisation rather than any deterioration in infrastructure. Tallinn remains
unchanged (IWTI = 0.000); the geographical constraint is absolute. Spearman’s correlation
ρ (W1, W4) = 0.857 confirms sufficient overall ranking stability despite individual changes.

5. Discussion
The IWTI makes it possible to systematically assess and compare the infrastructural

readiness of inland waterway transport in a region where the waterway potential in port
hinterlands remains structurally underused despite favourable geographical conditions.
The results show that the inland waterway transport potential in the eastern Baltic re-
gion is structurally differentiated and cannot be treated as homogeneous—differences in
infrastructural readiness between ports are significant and can be clearly distinguished
methodologically. For example, the inland waterway network infrastructure potential in
the Gdańsk hinterland (IWTIGdansk = 0.6628) is 17% lower than in the Szczecin hinterland
(IWTISzczecin = 0.8003). The chosen supply-side assessment approach, measuring infras-
tructural capacity rather than actual flows, proved methodologically appropriate for this
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type of study. Actual inland waterway flows in the Baltic region are too low to differentiate
ports according to their structural potential, so an index constructed purely on flows would
assign almost identical values to all ports and would have no discriminating power.

Compared with SITCIN, IWTI provides greater discriminatory capacity at the level
of port inland waterway networks, which is particularly relevant in regions where na-
tional statistics are uniformly low and do not differentiate structurally distinct hinterland
corridors [66,67].

The IWTI showed that in the Baltic Sea region in 2023, the leading position was held
by the Port of Szczecin (IWTI = 0.800). This reflects the composite advantages of the
lower Odra hinterland corridor—the longest navigation season in the region (I3 = 0.918),
functioning RIS infrastructure (I4 = 0.75) and the highest terminal capacity in relation to
actual flows (I5 = 2.3529). This result is consistent with findings in the literature in which
the Odra corridor is identified as one of the most promising candidates for inland waterway
transport integration in the Central European context [89,90].

Klaipėda’s second place (IWTI = 0.750) reveals the structural potential of the Nemu-
nas hinterland corridor, which is constrained by seasonal hydrological factors—summer
drought periods that are an increasing consequence of climate change in the Baltic
region [25,28].

HaminaKotka’s third position (IWTI = 0.747) should be interpreted with caution:
the baseline score is suppressed by the geopolitically constrained I5 value, while the W4
scenario shows that the resumption of commercial traffic on the Saimaa Canal would
transform this port into a regional leader. This supports the conclusion that the waterway
potential of the HaminaKotka hinterland is latent rather than structurally limited.

The zero baseline scores of Riga and Gdynia confirm earlier findings regarding the
importance of infrastructural barriers to inland waterway transport development in port
hinterlands [3,45,89,91]. The W4 scenario results make it possible to identify three distinct
types of investment priorities in hinterland waterway infrastructure: connection infrastruc-
ture (Gdynia, +0.448), complex hydrotechnical and logistics investments (Riga, +0.349) and
geopolitically driven flow restoration (HaminaKotka, +0.120). Each requires different policy
measures and funding mechanisms. The results show that the potential growth of the Riga
hinterland is lower than that of Gdynia despite the more favourable characteristics of the
Daugava River. The absence of inland ports (I5 = 0) reflects the fact that lock construction in
the Daugava hinterland corridor, without parallel development of terminal infrastructure,
creates only partial potential. This finding confirms the complementarity principle between
the physical, navigational, and logistical infrastructure identified in the literature [19,45,92].
I5 must therefore be interpreted together with the physical and navigational sub-indicators.
Where functional IWT terminal infrastructure is absent, I5 = 0 indicates the absence of an
operational handling base rather than unused reserve capacity. Where terminal infras-
tructure exists, but current flows are low, I5 reflects latent terminal capacity relative to
current utilisation. This distinction becomes visible in the W4 scenario, where connection
infrastructure, terminal availability and geopolitical flow restoration affect the final IWTI
score differently.

The sensitivity analysis (ρ≥ 0.964) confirms the internal rank stability and the method-
ological robustness of IWTI with respect to the choice of weights. This is in line with rec-
ommendations in the composite indices literature on managing weight uncertainty [66,68].
It should be noted, however, that internal rank stability must not be conflated with external
validation. Validation against observed modal shares or corridor throughput data was
not conducted in this study but remains a direction for future research. The only ranking
fluctuation between Klaipėda and HaminaKotka was in the W3 scenario. This reflects
a genuine methodological trade-off: the technical infrastructure dimension (I1, I2) and
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the operational dimension (I5) can generate different priorities depending on the policy
context. Sensitivity analysis thus provides decision-makers with a flexible instrument for
quantifying the impact of alternative weighting assumptions on the final ranking.

Ports with a complete absence of infrastructure across all dimensions (Gdynia, Riga,
Tallinn) receive IWTI = 0 regardless of the weighting scheme, because TOPSIS cannot
generate compensation when all sub-indicators are simultaneously zero. For active corridor
ports, the compensatory logic operates only at the level of composite scoring. It does not
imply that digital infrastructure can physically replace navigable depth or remove hydro-
logical constraints. Instead, it allows each port hinterland’s overall infrastructure profile to
be compared against the positive and negative ideal reference points. Empirically, its effect
is minor, as confirmed by the sensitivity analysis (ρ ≥ 0.964 across all weighting scenarios).

Since the adoption of the RIS Directive (2005/44/EC), digital navigation management
infrastructure in Europe has expanded significantly. The EU-funded RIS COMEX project,
which brought together 14 inland waterway administrations from 13 countries, delivered
two key results: the EuRIS platform, which integrates all RIS information and services into
a single European information environment, and CEERIS, which introduced an electronic
reporting system in the Danube basin covering vessel, voyage and cargo information [55].
The COMEX2 consortium ensures the continuity of these initiatives. The development
of these platforms in the Baltic region will directly affect the values of sub-indicator I4.
At present, the low value for Gdańsk (0.25) and the medium value for Klaipėda (0.50) on
the RIS coverage sub-indicator are among the structural factors that could increase IWTI
scores without additional investment in physical infrastructure. The NAIADES III action
programme identifies the evolution of the RIS network at the EU level as one of the main
directions for the inland waterway transport modernisation up to 2030 [59], and the TEN-T
network revision (2021–2027), which has included additional inland waterways in the core
and comprehensive network corridors, creates an institutional basis for investments that
IWTI can help to prioritise using an objective quantitative method. This is particularly im-
portant for ports where hinterland waterway potential remains underused due to structural
rather than geographical reasons.

The study has also identified its limitations and directions for future research. The
expert survey (n = 7) used for weight determination should be viewed as a pilot study
that produced methodologically sound and internally consistent results, but the sample
size limits the possibility of generalising the weight structure at a broader regional level.
A planned continuation of the research foresees an expanded expert survey that would
include more experts from all the countries analysed and additional inland waterways
specialists. This would make it possible to verify whether the weights identified in this
study reflect a broader expert consensus or are sensitive to the geographical composition of
the expert group. Future applications of the IWTI should include external validation against
observed inland waterway modal shares, corridor throughput, or port-level hinterland
flow data. This would help assess the index’s generalizability beyond the analysed Baltic
regional port sample.

The supply-side assessment approach that proved effective in this study can also be
applied to analyse hinterland waterway potential in other European regions. For example,
in the Danube basin and along the Baltic–Adriatic corridor, actual inland waterway flows
similarly do not reflect the real infrastructural potential.

Beyond freight logistics, the IWTI can also be used as a starting point for discussing
the wider role of inland waterways in regional development. Inland waterway corridors
may improve access to rural areas and support the revitalisation of inland riparian regions.
However, these effects are not measured directly in this study. Their assessment would
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require additional socioeconomic indicators and is, therefore, proposed as a direction for
future interdisciplinary research.

The plan is to extend the study in two directions. First, to carry out time-series analysis
of inland waterway transport in selected port hinterlands, as multi-year information would
make it possible to observe the dynamics of infrastructural readiness and to assess the
impact of specific investments. The second direction is to integrate IWTI into broader
port competitiveness models, which would provide a more comprehensive picture of the
conditions for realising inland waterway transport potential. The structural differentiation
between port hinterland inland waterway corridors identified in this study provides an
empirical basis for further modelling and for formulating policy recommendations in the
field of inland waterway transport development in the Baltic region.

6. Conclusions
This study developed a composite inland waterway transport infrastructure index

(IWTI) designed to assess infrastructural readiness for inland waterway transport develop-
ment in the hinterlands of regional seaports. The index integrates five dimensions—technical
capacity, depth reliability, seasonal accessibility, RIS coverage and terminal capacity—and is
calculated using the TOPSIS method with expert-determined weights.

The empirical results show significant differentiation of infrastructural potential in the
eastern Baltic Sea region. Szczecin displays the highest level of readiness, while Klaipėda
and HaminaKotka demonstrate high, but differently constrained, potential. Gdynia, Riga
and Tallinn are identified as structurally constrained cases due to the absence or insufficient
development of inland waterway transport infrastructure.

The sensitivity analysis confirmed a high degree of index stability (ρ ≥ 0.964), while
the scenario analysis showed that infrastructural interventions can fundamentally alter
port positions, particularly in the cases of Gdynia and HaminaKotka. The results also
confirm the importance of complementarity between physical and logistics infrastructure
in shaping inland waterway transport potential.

From a methodological perspective, the study proposes a new, replicable index focused
on supply-side infrastructural assessment and demonstrates the suitability of TOPSIS for
integrating heterogeneous transport indicators. Direct application to other regional contexts
would require recalibration. Sub-indicator thresholds and expert weights reflect Baltic Sea
region conditions and should not be transferred without an independent regional expert
survey. At a practical level, IWTI can be applied to identify investment priorities and plan
port hinterland transport systems in the context of TEN-T and NAIADES III.

The limitations of the study relate to the small expert sample and the use of single-year
information. Future research should expand the expert evaluation, apply time-series analy-
sis, external validation, and integrate IWTI into broader models of port competitiveness.
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Appendix A

Table A1. Calculation of I2 based on the data of 2023.

Port Operational Navigation
Depth (m)

Navigation Season
(Months)

Months with Depth
≥1.8 m I2

Klaipėda 1.8 8 8 0.667
Gdańsk 2.5 10 9 0.750
Gdynia - - - 0
Tallinn - - - 0

Riga 1.8 0 0 0
Szczecin 2.50 10.5 10–11 0.875

HaminaKotka 4.35 9.7 10 0.808

Table A2. Calculation of I3 based on the data of 2023.

Port Ice Days
(d/m.)

Low Water
(d/m.) Floods (d/m.) Current > 2 m/s

(d/m.) Drestr I3

Klaipėda 30 70 0 0 100 0.726
Gdańsk 20 40 10 10 80 0.781
Gdynia - - - - 0
Tallinn - - - - 0

Riga - - - - 0
Szczecin 20 0 5 5 30 0.918

HaminaKotka 55 0 0 0 55 0.849

Table A3. Calculation of I5 based on the data of 2023.

Port Hinterland Inland Terminals Terminal Capacity
C_Term (t/m.)

IWT Cargo Flow
F_IWT (t/m.) I5

Klaipėda Kauno, Jurbarkas Terminals 500,000 162,000 3.086
Gdańsk Bydgoszcz Terminal 2,000,000 414,000 4.831
Gdynia - - - 0
Tallinn - - - 0

Riga - - - 0
Szczecin Terminals on the Lower Odra 3,000,000 1,275,000 2.353

HaminaKotka * Saimaa Ports 1,220,000 826,000 1.477
* Note: HaminaKotka data is for 2022, as navigation was suspended in 2023 due to the war with Russia.
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