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Digital transformation of port activities
in the context of investment-driven development of water transport

M Abstract. The global maritime sector shifted from traditional port modernisation to systemic digital integration,
which required new economic frameworks to justify smart technology investments while ensuring financial
security. The purpose of the study was to substantiate the methodological foundations of the digital transformation
of port activities in the context of investment-driven development of water transport. The research employed a
comprehensive methodological approach, including system analysis, comparative and structural analysis, and
economic-statistical modelling to assess investment efficiency through cash flow indicators, profitability, and
risk evaluation. The findings demonstrated that digitalisation functioned as a multidimensional economic driver,
reducing administrative and documentation costs by 20-30%, vessel turnaround time by up to 25%, and cargo dwell
time by approximately 40%. The study proposed an enhanced investment appraisal methodology integrating Real
Options Valuation to account for strategic flexibility and introduced a digital premium that adjusted the discount
rate based on increased operational transparency. A key innovation was the incorporation of a technological lag
coefficient into payback period calculations, aligning capital recovery with the shorter cycle of digital obsolescence.
The results indicated that digital investments generated non-linear returns through increasing returns to scale as
more stakeholders joined the ecosystem, enabling shorter payback periods and self-financing cycles. Furthermore, the
study conceptualised a mechanism for integrating digitalisation effects into the port’s financial security architecture,
proving that technological transparency and operational velocity serve as critical reserves for institutional resilience.
The classification of digital risks into technological, financial, and cyber clusters allowed for a risk-oriented evaluation
where investment projects were filtered through a security threshold to prevent systemic fragility. The practical
value of the work lay in the developed tools for the economic justification of smart port projects, which enabled
port operators and investors to accurately model incremental effects, optimise capital structure, and strengthen the
financial security of water transport infrastructure in a digitalised global environment

M Keywords: transport and logistics systems; port infrastructure development; investment efficiency; operational costs;
cash flow management; risk assessment; financial and economic security

H INTRODUCTION
The rapid transformation of global trade and logistics sys-  of port infrastructure as a critical node in international
tems has significantly increased the strategic importance  supply chains. Under conditions of growing uncertainty,
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geopolitical instability, and increasing requirements for ef-
ficiency and sustainability, traditional approaches to port
development were becoming insufficient. The transition
from physical infrastructure expansion to digital integra-
tion was no longer optional but represented a fundamental
shift in the economic logic of port development. However,
while digital technologies created new opportunities for
improving operational performance, they simultaneously
generated complex investment challenges related to risk,
uncertainty, and the need to ensure financial and economic
security. A key problem lay in the inconsistency between
the dynamic nature of digital transformation and the in-
ertia of traditional investment evaluation approaches. Ex-
isting methods for assessing infrastructure projects were
primarily designed for long-term, capital-intensive assets
with predictable life cycles, whereas digital technologies
were characterised by rapid obsolescence, high uncertain-
ty, and non-linear economic effects. This created a meth-
odological gap in the economic justification of investments
in port digitalisation, particularly in terms of integrating
risk factors, evaluating financial performance, and ensur-
ing system resilience.

Scientific literature extensively examined the impact
of digital transformation on port performance and mari-
time logistics systems. E. Tijan et al. (2021) investigated
the role of digital technologies in maritime transport and
concluded that automation, artificial intelligence, and
blockchain significantly transform operational processes
and enable new models of value creation. S. Adabere et
al. (2021) analysed the relationship between information
technology adoption and port performance, demonstrat-
ing that digital tools contribute to increased efficiency
through process optimisation and reduction of operation-
al delays. G. Boakye et al. (2021) focused on data-driven
approaches in port management and established that the
use of analytical models enhances productivity and deci-
sion-making quality. M. Karlsson et al. (2023) explored the
drivers and barriers of digitalisation in port environments
and identified institutional, technological, and organisa-
tional constraints that limit the adoption of digital solu-
tions, particularly insufficient investment and regulatory
challenges. PW. de Langen (2023) developed a conceptual
framework of port development based on business ecosys-
tems, highlighting the role of digital platforms in coordi-
nating stakeholders and generating value. Z. Su (2026) ex-
amined the formation of digital ecosystems in port logistics
and demonstrated that integration of digital technologies
improves coordination and overall system performance.
The investment dimension of digital transformation has
also been addressed in recent studies. T. Notteboom et
al. (2021) analysed the impact of global disruptions on port
systems and emphasised the need for investments in dig-
ital technologies to enhance resilience and adaptability.
M. Mollaoglu & M. Gul (2025) investigated the relationship
between digital transformation strategies and investment
decision-making, concluding that digitalisation signifi-
cantly influences long-term competitiveness in maritime
transport. O.-P. Brunila et al. (2021) studied the imple-
mentation of advanced technologies such as 5G in smart
ports and identified both opportunities and infrastructural
constraints affecting investment efficiency. T. Koritarov &
D. Dimitrakiev (2025) substantiated that digitalisation is a
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key factor in improving the efficiency, sustainability, and
competitiveness of modern ports.

In the context of increasing uncertainty and systemic
risks, particular attention has been paid to the issues of
resilience and security. A.K.Y. Ng et al. (2025) analysed the
role of digital technologies in enhancing the resilience of
maritime transport systems and demonstrated that digital
solutions improve adaptability and risk assessment capa-
bilities. G.V. Iefimova & O.V. Pashchenko (2025) examined
the financial and economic security of port activities and
concluded that digital transformation requires the integra-
tion of risk-adjusted approaches to investment evaluation
and new criteria for ensuring financial and economic secu-
rity. Despite the significant number of studies, the existing
literature mainly focuses on either technological aspect of
digitalisation or general issues of port development. At the
same time, there is a lack of comprehensive methodolog-
ical approaches that integrate digital transformation fac-
tors into the economic justification of investments, taking
into account financial performance indicators, risks and
security aspects. This determines the need for further re-
search in this area. The purpose of the article was to sub-
stantiate the theoretical and methodological foundations
of digital transformation of port activities in the context of
investment-driven development of water transport and to
develop a methodological approach to the economic justi-
fication of investments in port digitalisation, considering
financial performance indicators, technological uncertain-
ty, digital risks and security aspects.

® MATERIALS AND METHODS

This study was based on a comprehensive methodologi-
cal approach aimed at analysing the digital transforma-
tion of port activities in the context of investment-driv-
en development of water transport. The research design
combined theoretical generalisation, comparative analy-
sis, and elements of economic modelling to ensure con-
sistency and reproducibility of the results. The research
process included several interconnected stages. At the
initial stage, the problem was identified and global trends
in the development of water transport and port infra-
structure were analysed based on international analytical
and statistical sources, including reports by the Europe-
an Commission (n.d.), the World Bank (2025) and United
Nations (2025) which provided a systematic overview of
current challenges in maritime logistics and port digi-
talisation. To define the policy and institutional context
of port digitalisation, the study also considered nation-
al and international strategic documents. In particular,
the Danish Maritime Authority (n.d.) was used to iden-
tify how national maritime policy links digital technol-
ogies with efficiency improvement and sustainable de-
velopment. The position of the International Maritime
Organisation (2025) was analysed to determine the global
priorities of maritime digitalisation, including safety, en-
vironmental performance and operational efficiency. In
addition, OECD (2020) materials were used to place port
digital transformation within broader digital economy
trends, where data-driven technologies influence value
creation, investment decisions and sectoral development.
This stage allowed for the identification of key structur-
al changes in maritime logistics, including increasing
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digitalisation, supply chain disruptions, and the growing
role of data-driven management.

The next stage involved the systematisation of meth-
odological approaches relevant to the evaluation of port
performance, investment efficiency, and digital trans-
formation. In particular, multi-criteria approaches to
port performance assessment were considered based on
V. Lorencic et al. (2022), which allowed for the identifi-
cation of key performance dimensions beyond purely fi-
nancial indicators. In addition, recent empirical studies
on digital maturity and organisational performance, such
as K.C. Shang et al. (2026), were used to incorporate the
concept of dynamic capabilities and non-linear efficiency
effects into the analytical framework. These approaches
were selected because traditional models of investment
evaluation do not sufficiently account for the complexity,
uncertainty, and rapid technological change associated
with digitalisation. Based on this, a methodological frame-
work for the economic justification of investments in the
digital transformation of port activities was developed.
This framework integrates traditional investment apprais-
al tools with elements that reflect the specific character-
istics of digital technologies, including shorter life cycles,
higher uncertainty, and non-linear returns. The proposed
approach combines traditional financial indicators, includ-
ing net present value (NPV), internal rate of return (IRR),
payback period (PP), and cash flow modelling, with addi-
tional digitalisation-specific parameters such as the digital
premium, technological lag coefficient, and risk-adjusted
discount rate. The assessment methodology also incorpo-
rates elements of real options valuation (ROV) to account
for strategic flexibility and future technological expansion
opportunities. The evaluation procedure was carried out
using comparative analysis, economic-statistical model-
ling, scenario-based assessment, and risk analysis meth-
ods. Quantitative evaluation included the estimation of
incremental revenues, operational cost savings, logistics
efficiency indicators, and discounted cash flows, while
qualitative assessment focused on operational transparen-
cy, resilience, interoperability, and cyber-security risks.

A set of general scientific and special methods was ap-
plied in the study. System analysis made it possible to con-
sider port infrastructure as an integral element of trans-
port and logistics systems and to identify the interrelations
between digitalisation, investment processes and opera-
tional performance. Comparative and structural analysis
were used to evaluate the impact of digital technologies
on cost structure, port operations and efficiency indicators.
Economic and statistical methods were applied to assess
investment efficiency through indicators of cash flows,
profitability and cost optimisation. In addition, methods of
abstraction and generalisation were used to develop a uni-
fied methodological approach, while risk analysis methods
allowed the identification and classification of key risks
associated with digital transformation. The analytical as-
sessment of the proposed methodological framework was
carried out using a system of quantitative and qualitative
criteria. Quantitative evaluation included the calculation
and interpretation of standard financial indicators, such
as net present value NPV, IRR, payback period, and chang-
es in operating costs and revenue streams resulting from
digitalisation. Qualitative assessment was based on criteria
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such as the level of operational transparency, improvement
of coordination between stakeholders, service quality en-
hancement, and the ability to increase system resilience.
In addition, risk-adjusted evaluation criteria were applied,
taking into account uncertainty, variability of cash flows,
and potential technological obsolescence. The empir-
ical basis of the study relies on secondary data obtained
from international analytical reports, statistical materials,
and scientific publications in the field of maritime trans-
port and logistics, including United Nations (2025), World
Bank (2025), and recent peer-reviewed studies. This en-
sures the reliability, comparability, and relevance of the
results. The use of generally accepted analytical tools and
accessible data sources allows the proposed methodology
to be replicated in different contexts, confirming its scien-
tific validity and practical applicability.

M RESULTS AND DISCUSSION
Impact of digitalisation on costs,
port charges and logistics efficiency
Digital transformation of port activities represented a
complex and multidimensional process that involves the
integration of advanced information and communication
technologies into operational, managerial and logistical
processes. In the context of water transport development,
digitalisation was defined as the systematic implementa-
tion of digital solutions aimed at increasing efficiency, re-
ducing costs, enhancing transparency and improving the
coordination of transport and logistics systems. Unlike tra-
ditional modernisation, digital transformation implied not
only technological upgrades but also structural changes in
business models, decision-making processes and interac-
tion between stakeholders. Modern ports were increasingly
evolving into so-called “smart ports”, where digital tech-
nologies ensured real-time data exchange, automation of
operations and optimisation of resource use. As noted by
E. Tijan et al. (2021), digital transformation significant-
ly enhanced the efficiency of maritime transport systems
by enabling data-driven management and integration of
logistics chains. At the same time, Z. Su (2026) emphasised
that digitalisation contributes to the formation of integrat-
ed digital ecosystems, where ports act as key nodes con-
necting various participants of global supply chains.
Among the key technologies that formed the basis
of digital transformation in port activities, the Internet
of Things (I0T) played a crucial role. IoT enabled the col-
lection and transmission of real-time data from physical
objects such as containers, cargo handling equipment and
transport vehicles. For example, the implementation of
sensor-based monitoring systems in ports allows tracking
the location and condition of cargo, reducing delays and
minimising losses. According to S. Adabere et al. (2021),
the use of such technologies significantly improved oper-
ational efficiency and reduced idle time in seaports. An-
other important technological component was Big Data
analytics, which allowed processing large volumes of
structured and unstructured data generated by port opera-
tions. The use of Big Data enabled forecasting cargo flows,
optimising port capacity utilisation and improving deci-
sion-making processes. For instance, ports that applied
predictive analytics can better manage peak loads and re-
duce congestion, thereby lowering operational costs. The
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importance of data-driven decision-making in port man-
agement is also highlighted by M. Karlsson et al. (2023),
who identified data availability and analytical capabilities
as key drivers of digitalisation.

AT further expanded the possibilities of digital trans-
formation by enabling automation and intelligent opti-
misation of complex processes. Al technologies are used
in ports for demand forecasting, automated scheduling
of cargo handling operations and optimisation of logis-
tics routes. In practice, Al-based systems can dynamical-
ly allocate resources depending on real-time conditions,
increasing overall efficiency. As noted by K.C. Shang et
al. (2026), the integration of Al into maritime transport
systems was closely linked to the development of dynam-
ic capabilities and improvement of organisational per-
formance. Blockchain technology was another important
element of digital transformation in port activities, par-
ticularly in ensuring transparency and security of trans-
actions. Blockchain enabled the creation of decentralised
and tamper-proof databases for recording transactions
and tracking cargo movements. For example, the use of
blockchain platforms in port logistics allowed reducing
paperwork, accelerating customs procedures and mini-
mising the risk of fraud. According to E. Tijan et al. (2021),
blockchain significantly improved trust among supply
chain participants and enhanced the efficiency of infor-
mation exchange. In addition to individual technologies,
the combined application of 10T, Big Data, Al and block-
chain created a synergistic effect, transforming ports into
integrated digital platforms. Such integration allowed not
only improving operational performance but also creat-
ing new opportunities for investment and innovation.
However, as highlighted by M. Karlsson et al. (2023), the
implementation of these technologies required signifi-
cant financial resources and faced barriers related to in-
frastructure, regulation and organisational readiness. The
diversity and complexity of digital solutions in port envi-
ronments were systematised in recent smart port studies,
which highlighted the multidimensional nature of digital
transformation and the interconnection between techno-
logical, organisational, and sustainability domains (Bel-
moukari et al., 2023). Thus, digitalisation in port activities
was a key factor in increasing the efficiency and competi-
tiveness of water transport systems. The use of advanced
digital technologies not only transformed operational
processes but also created a foundation for sustainable in-
vestment development and long-term growth of port in-
frastructure. The integration of digital technologies into
port activities generated measurable economic effects,
particularly in terms of cost reduction, optimisation of

port charges and improvement of logistics efficiency. The
obtained results confirmed that digital transformation
acts as a key factor in increasing operational performance
and investment attractiveness of port infrastructure.

Empirical evidence indicated that the implemen-
tation of digital solutions contributes to a significant
reduction in operational costs. According to the World
Bank (2025), the use of port community systems and au-
tomated data exchange platforms reduced administrative
and documentation costs by approximately 20-30%. Simi-
lar results were reported by E. Tijan et al. (2021), who not-
ed that automation of cargo handling processes and the
use of digital tracking systems reduced vessel turnaround
time by up to 25%, which directly affected port operat-
ing expenses. In addition, the application of IoT-based
monitoring systems enabled predictive maintenance of
equipment, reducing maintenance costs by around 10-
15% (Adabere et al., 2021). The impact of digitalisation on
port charges was primarily indirect and was manifested
through increased transparency and optimisation of tariff
structures. Digital platforms allowed for real-time calcu-
lation of port fees based on actual service usage, reducing
inefficiencies and hidden costs. According to the Europe-
an Commission (n.d.), the implementation of digital bill-
ing and integrated information systems contributed to a
reduction in transaction costs by approximately 15-20%.
At the same time, the standardisation of procedures and
the reduction of administrative barriers led to a decrease
in total logistics costs for port users.

The effect of digital transformation on logistics effi-
ciency was particularly significant. The use of Big Data an-
alytics and artificial intelligence allowed for optimisation
of cargo flows, reduction of congestion and improvement
of resource allocation. For example, ports implementing
advanced data analytics systems demonstrated an in-
crease in cargo throughput efficiency by 10-20% (Karls-
son et al., 2023). This was also consistent with (Kotenko et
al., 2022), who emphasised the role of transport infrastruc-
ture efficiency and transit potential in enhancing logis-
tics performance under conditions of economic transfor-
mation. These findings were also consistent with studies
demonstrating that improvements in port connectivity and
logistics performance have a significant positive impact on
trade efficiency and economic growth (Liang & Liu, 2020).
Furthermore, blockchain technologies contributed to the
acceleration of document processing and customs clear-
ance procedures, reducing cargo dwell time by up to 40%
(Tijan et al., 2021). The quantitative results of the impact
of digitalisation on key performance indicators of port ac-
tivities were summarised in Table 1.

Table 1. Impact of digitalisation on key economic indicators of port activities

Indicator Effect of digitalisation Average change, %
Operational costs Decrease 20-30
Maintenance costs Decrease 10-15
Transaction (administrative) costs Decrease 15-20
Vessel turnaround time Decrease up to 25
Cargo dwell time Decrease up to 40
Logistics efficiency (throughput) Increase 10-20

Source: compiled by the authors based on European Commission (n.d.), E. Tijan et al. (2021), S. Adabere et al. (2021),

M. Karlsson et al. (2023), World Bank (2025)
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The presented results demonstrated that the econom-
ic effects of digitalisation are multidimensional and mu-
tually reinforcing. Cost reduction was achieved through
automation and optimisation of processes, while improve-
ments in logistics efficiency led to increase throughput and
better utilisation of port infrastructure. At the same time,
the reduction of transaction costs and increased trans-
parency contributed to the optimisation of port charges
and enhanced the overall investment attractiveness of
ports. In comparison with existing studies, the obtained
results were consistent with the findings of M. Mollaoglu
& M. Gul (2025), who emphasised the role of digital trans-
formation in improving operational efficiency and reduc-
ing costs in maritime transport. Similarly, T. Notteboom et
al. (2021) underlined that digitalisation enhances the resil-
ience and adaptability of port systems, particularly under
conditions of global disruptions. However, unlike previous
studies, the presented results provided a more integrated
assessment of the economic effects of digitalisation by si-
multaneously considering costs, port charges and logistics
efficiency within a unified analytical framework.

At the same time, the results raised several discussion
issues. Despite the positive economic effects, the imple-
mentation of digital technologies required significant ini-
tial investments, which may limit their adoption, especially
in developing port systems. In addition, the uneven level
of digital maturity across ports created disparities in ef-
ficiency and competitiveness. As noted by O.-P. Brunila et
al. (2021), infrastructural and technological barriers re-
mained significant constraints for large-scale digital trans-
formation. In addition, institutional and regulatory factors,
including the role of state support in transport system de-
velopment, remained critical, as noted by (Lutsenko, 2021).
Thus, digitalisation had a substantial impact on the eco-
nomic performance of port activities, contributing to cost
reduction, optimisation of port charges and increased
logistics efficiency. These findings confirmed the strategic
importance of digital transformation as a key driver of in-
vestment development in water transport, while also high-
lighting the need for further research on balancing costs
and benefits of digital investments.

Methodological approach to the economic justification
of investments in port digitalisation

The development of a comprehensive methodological ap-
proach to the economic justification of investments in dig-
ital transformation was a critical step in ensuring the sus-
tainable development of water transport. Unlike traditional
infrastructure projects, digital investments were character-
ised by a high degree of intangible benefits and systemic
effects that require a specific set of evaluation tools. The
proposed approach was based on the integration of classi-
cal investment appraisal methods with the quantification
of operational shifts derived from the implementation of
smart technologies.

The central element of this methodology was the
transition from simple cost accounting to the modeling of
incremental effects. The system of indicators was struc-
tured to reflect the life cycle of digital solutions and their
impact on the port’s financial position. A key component
of this approach was the modelling of cash flows, where
the fundamental metric was the net cash flow generated
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specifically by the digitalisation project. In the context of
port activities, the annual cash flow (CF)) is defined as:

CF,=(AR,+AS)-(OC,+M,+T,), (1)

where AR, —incremental revenue from increased throughput
and new digital services; AS, - cost savings (energy, labour,
administrative expenses); OC, — ongoing operational costs
of the digital system; M, - maintenance and software up-
date costs; T, — costs of personnel training and adaptation.

To justify the long-term viability of digital invest-
ments, particular attention was given to profitability in-
dicators, including NPV and IRR, which must account for
the specific “digital premium”, defined as a reduction in
the risk-adjusted discount rate due to increased opera-
tional transparency. This evaluation was further enhanced
through the integration of Real Options logic, recognising
that initial digital investments create a strategic founda-
tion for future technological expansion without signifi-
cant additional capital expenditures. Empirical evidence
from global smart ports suggested that incorporating dig-
italisation effects into NPV calculations often reveals that
projects appearing marginal in terms of direct revenue
become highly attractive when considering total cost op-
timisation and reduced information asymmetry for stake-
holders (Karlsson et al., 2023; World Bank, 2025). In this
context, the recalculation of IRR reflected not only direct
cost savings but also an increase in the asset turnover ra-
tio, which served as an indicator of digital maturity and
long-term financial resilience.

Given the rapid obsolescence of digital technologies,
the PP becomes a critical constraint, requiring a transition
from static models to a risk-adjusted approach. The pro-
posed methodology demonstrated that digital transforma-
tion significantly shortens the payback period by acceler-
ating cargo processing, as evidenced by the reduction of
operational procedures from hours to seconds in Tianjin
Port (Su, 2026). At the same time, the recovery process is
characterised by non-linearity due to increasing returns to
scale within digital ecosystems. To ensure financial resil-
ience, a “technological lag coefficient” is incorporated into
the payback period calculation, allowing investment recov-
ery to be benchmarked against the shorter 3-5-year cycle
of digital obsolescence rather than the long-term life cycle
of physical infrastructure. This acceleration contributes to
the formation of a liquidity cushion and enables self-fi-
nancing cycles, where rapid capital recovery from initial
digital modules, such as automated gate systems, gener-
ated internal resources for subsequent technological inte-
gration, thereby reducing dependence on external financ-
ing and strengthening the overall financial and economic
security of the port.

To address the limitations of traditional investment
appraisal, the methodological framework was expanded
through the integration of several specialised conceptu-
al components. The first component involved the incor-
poration of the real options valuation concept, aimed at
overcoming the constraints of traditional net present val-
ue, which tends to underestimate digitalisation by treat-
ing investments as linear and fixed. In this study, digital
transformation is conceptualised as the creation of a “dig-
ital foundation” for future innovations. Accordingly, the

25 -II

Economics of Development. 2026. Vol. 25, No. 2



Digital transformation of port activities...

classical NPV approach was supplemented with the ROV
method, allowing for the consideration of strategic flexi-
bility. Initial investments in digital platforms generated an
“option to expand”, enabling the subsequent implementa-
tion of advanced technologies, such as autonomous trans-
port systems or blockchain-based smart contracts, without
significant additional capital expenditures. This substan-
tially increased the overall strategic value of investment
projects compared to baseline scenarios.

Another important element of the framework was
the adjustment of the discount rate through the concept
of “data transparency”. The digital premium was formal-
ised by establishing a link between the quality of opera-
tional data and financial risk. The implementation of IoT
technologies and real-time monitoring systems reduced
information asymmetry for investors, thereby improving
the transparency of operational processes. This allowed for
the decomposition of the discount rate by isolating a digi-
tal transparency coefficient, which led to an increase in the
project’s internal rate of return not only due to higher cash
inflows but also due to a reduction in the risk premium as-
sociated with operational opacity. A further component of
the methodology was the integration of externalities into
cash flow structures. Digitalisation often generates imme-
diate financial benefits for port users, such as shipowners,
through reduced vessel turnaround time and improved
service efficiency. Although these effects were not direct-
ly reflected in the port’s revenues, they were transformed
into competitive advantages over time, contributing to
increased customer loyalty and market share. Within the
proposed approach, such indirect financial effects were
incorporated into the NPV model, allowing ports to apply
more flexible pricing strategies and attract technological-
ly advanced carriers, thereby ensuring long-term stability
and predictability of cash flows.

The final component concerned the introduction of
dynamic payback thresholds and the mitigation of “tech-
nological lag”. This element moved beyond the static
calculation of the payback period toward a risk-adjusted
model that accounts for the life cycle of digital assets. Giv-
en that digital software and hardware have a significant-
ly shorter life cycle, typically ranging from 3 to 5 years,
compared to physical infrastructure such as berths with
a lifespan of 20 to 50 years, it is proposed to integrate a
technological lag coefficient into the PP calculation (“dig-
ital obsolescence” buffer). This implies that the target
payback period for digital investments should be strictly
shorter than the expected cycle of the next technological
upgrade. By accelerating throughput, for example reduc-
ing operational processes from hours to seconds as ob-
served in Tianjin Port, digitalisation creates a “liquidity
cushion” that enables the port to recover invested capital
before the technology becomes obsolete.

At the same time, digital payback was characterised
by cumulative efficiency rather than linear recovery. Un-
like traditional infrastructure, which generated relatively
constant marginal utility, digital systems demonstrated
increasing returns to scale. As more stakeholders, includ-
ing carriers, customs authorities, and terminal operators,
became integrated into the digital ecosystem, the speed
and efficiency of cargo processing increased exponentially,
resulting in a compressed payback period at later stages of
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implementation. These transformations also corresponded
to the shift toward customer-oriented and flexible logis-
tics service models described by M. Hryhorak et al. (2020).
Furthermore, the proposed approach considered the short-
ened payback period of digital projects as a mechanism for
internal self-financing. Rapid capital recovery from initial
digitalisation initiatives, such as automated gate systems,
generated immediate liquidity that can be directed toward
subsequent stages, including more advanced solutions like
Al-driven berth planning. This created a “virtuous cycle”
of investment, reducing dependence on costly long-term
external financing and strengthening the overall financial
and economic security of port operations.

The generalised results presented above can be further
reinforced through an empirical illustration demonstrating
the practical application of the proposed methodological
framework. To this end, it was considered a stylised yet em-
pirically grounded example of implementing a port com-
munity system (PCS) in a mediumsized seaport. This ex-
ample provided a clear representation of how incremental
effects, the “digital premium”, and the logic of real options
valuation collectively influence the economic assessment
of digital investments. According to international studies
referenced earlier, PCS implementation led to a 20-30%
reduction in administrative and documentation costs, a
decrease of up to 25% in vessel turnaround time, and a re-
duction of up to 40% in cargo dwell time, while predictive
maintenance enabled by IoT technologies lowers equip-
mentrelated expenditures by 10-15% (European Commis-
sion, n.d.; Adabere et al., 2021; World Bank, 2025). Based
on these empirically verified indicators, the modelled in-
vestment parameters included an initial capital expendi-
ture of USD 4 million, annual operational cost savings of
USD 0.9 million, additional revenue of USD 0.35 million
attributable to increased throughput, and annual mainte-
nance expenses of USD 0.25 million. Within our methodo-
logical framework, the annual incremental cash flow was
thus calculated according to equation (1).

Incorporating the reduced risk profile associated
with improved data transparency - reflected in a 1.5%
“digital premium” applied to the discount rate — the ef-
fective discount rate is adjusted to 10.5%. The five-year
discounted cash flow analysis yields a net present value
of NPV =-0.262 million USD, which would traditionally
position the project at the borderline of financial feasi-
bility. However, as argued in the previous sections, digital
transformation projects should not be evaluated as static,
standalone investments but rather as foundational digital
infrastructures that create strategic flexibility for future
expansion. In the context of PCS deployment, this stra-
tegic flexibility was manifested in the ability to integrate
additional modules such as Albased berth scheduling,
blockchainenabled documentation flows, and automated
congestion forecasting systems. Empirical evidence from
comparable port systems suggested that these extensions
may generate approximately USD 0.4 million in additional
annual benefits, modifying the cash flow to:

CFF%v=1.0+0.4=1.4 mln USD.

Applying the real options valuation logic to incor-
porate this “option to expand” significantly altered the
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project’s financial profile. Under these revised conditions,
the adjusted net present value became NPV,,,=1.233 mln
USD, indicating a strongly positive investment outlook.
This result empirically confirmed the non-linear nature
of digital returns: performance gains raised not only from
direct cost savings but also from cumulative ecosystem ef-
fects and the progressive expansion of digital functionality.
The payback period further substantiated this conclusion.
Given the rapid technological obsolescence typical of dig-
ital systems — estimated at 3-5 years — the payback period
became a critical determinant of investment resilience. In
the presented example, the adjusted payback period was:

PP=2%~29 years,
1.4

which falls well within the acceptable technological cycle.
This accelerated recovery reflected the synergetic effects of
increasing returns to scale: as more stakeholders adopt the
digital platform, the marginal efficiency gains amplify, en-
abling internal reinvestment and reducing dependence on
external financing. Overall, the empirical modelling results
supported the core arguments advanced in this study. Dig-
italisation generated a multidimensional economic impact
by simultaneously reducing costs, accelerating operational
cycles, enhancing transparency, and creating strategic op-
portunities for innovation-driven growth. The proposed
methodological framework made it possible to account for
these complex and interdependent effects, thereby ena-
bling more accurate and forward-looking investment deci-
sions in the development of port infrastructure.

Comprehensive consideration
of costs and digitalisation effects
A robust economic justification required a balanced view of
the investment burden versus the efficiency gains. Within
the proposed methodological approach, these factors were
categorised into three interrelated components. The first
component concerned investment expenditures (CAPEX)
include not only tangible assets such as IoT sensors, 5G
infrastructure, and servers, but also intangible elements,
including digital platforms, data analytics systems, and
cybersecurity protocols. The second component related to
operational expenditures (OPEX) reflect a structural shift
in cost composition, whereby labour costs decrease due to
automation, reaching reductions of up to 60% in automated
terminals, while costs related to system maintenance and
data management increase moderately. Nevertheless, the
overall effect remained positive due to the implementation
of predictive maintenance and more efficient resource uti-
lisation (Adabere et al., 2021). The third component repre-
sented the digitalisation effect represents the core “value
driver” within the methodology. It is manifested through
several interconnected outcomes, including cost reduction,
such as decreased energy consumption of approximately
17% and lower administrative overhead; operational accel-
eration, reflected in faster vessel turnaround and reduced
cargo dwell time; and logistics synergy, achieved through
enhanced real-time monitoring, which minimises “hidden
costs” associated with delays and operational errors.

The proposed methodological approach explicitly in-
corporated the “security-through-efficiency” principle.
By improving the accuracy of cash flow forecasting and

G. Iefimova & O. Pashchenko

ensuring real-time control over port operations, digi-
talisation acted as a tool for strengthening the financial
and economic security of the port enterprise. However,
the transition to a digital model introduced a new layer
of volatility. The acceleration of financial flows and the
reliance on automated systems necessitated a specialised
framework for risk assessment. The strategic shift towards
a digital-centric port model necessitated a redefinition of
the port’s economic resilience. While digitalisation miti-
gated traditional operational risks (such as human error
or data opacity), it simultaneously introduced systemic
cyber-vulnerabilities and the risk of technological lock-
in. In this context, financial security was no longer just
about liquidity and profitability; it was about the port’s
capacity to maintain core economic functions during po-
tential system failures or cyber-attacks. Consequently, the
proposed methodological approach treated digital invest-
ments not merely as profit-generating assets, but as crit-
ical infrastructure components that require a dual-layer
protection strategy: one aimed at capital recovery and an-
other at safeguarding the integrity of the digital ecosys-
tem. This methodological foundation served as the basis
for the subsequent analysis of cyber-risks, technological
dependencies, and the broader financial security architec-
ture required to protect port infrastructure in an increas-
ingly digitalised global environment. This transition to
risk-oriented evaluation was crucial for ensuring that the
economic benefits identified in this section were not un-
dermined by emerging digital threats.

Risk assessment and financial-economic security

of port digitalisation

The transition to a digitalised port model shifted the par-
adigm of economic security from physical asset protection
to the integrity and availability of data flows. In this con-
text, financial and economic security was defined as the
port’s ability to maintain stable operations and capital re-
covery cycles despite internal and external digital disrup-
tions. This approach was consistent with general principles
of risk assessment in large-scale transport infrastructure
projects, where uncertainty and long-term investment ex-
posure require systematic identification and mitigation
of risks (Tzvetkova, 2020). To develop effective mitigation
strategies, the risks associated with port digitalisation
were classified into three primary clusters. Technological
risks include the potential for “technological lock-in”, re-
flecting dependency on a single vendor, interoperability
failures between legacy infrastructure and newly imple-
mented digital platforms, and the rapid obsolescence of
hardware, which may outpace the expected payback peri-
od. Financial risks were characterised by the volatility of
maintenance costs, the possible underestimation of the
total cost of ownership (TCO), and the risk of “stranded
assets” in cases where a selected digital standard became
unsupported within the global maritime environment.
Cyber risks represented the most critical category in the
context of smart ports and encompass threats such as data
breaches, ransomware attacks targeting terminal operat-
ing systems (TOS), and GPS/AIS spoofing, all of which may
lead to disruptions in port operations, physical congestion,
and significant financial losses. Digital transformation
acts as both a disruptor and a stabiliser of the port’s risk
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environment. The proposed approach emphasised the
“security-through-efficiency” mechanism, according to
which improvements in operational performance directly
contribute to risk reduction and overall system stability.
Digitalisation reduced operational risks by automating
manual processes and minimising the “human factor”,
which was responsible for a significant share of maritime
accidents and documentation errors. The implementation
of real-time IoT monitoring systems enabled early identifi-
cation of potential equipment failures, reducing the prob-
ability of costly downtime and additional operating losses.

At the same time, digital transformation enhanced fi-
nancial transparency using digital ledgers, including block-
chain technologies, and integrated information platforms.
These tools reduced the risks associated with corruption,
shadow economic activities, and information asymmetry,
thereby contributing to more stable and predictable cash
flows. As a result, the financial position of the port was
strengthened, which may improve its creditworthiness and
reduce the cost of attracting external financing for future
investment projects. To protect the investment-oriented
development of water transport, a multi-level risk minimi-
sation system was proposed, combining technological, or-
ganisational and financial measures. A key component of
this system was the diversification of the digital architec-
ture using open-source standards and modular cloud solu-
tions, which reduced dependence on a single supplier and
ensures the flexibility and scalability of digital systems. In
parallel, the implementation of cyber resilience systems
involved a transition from a passive protection model to
an active resilience model, including regular stress testing
of digital twins and the implementation of decentralised
data storage protocols to increase the system’s resilience
to cyber threats.

At the economic level, this approach involved the for-
mation of internal “digital reserve funds”, as well as the
use of specialised insurance instruments, such as cyber
insurance, adapted to the specific risks of port logistics. Fi-
nally, constant adaptation of personnel remained a critical
element of the system, since the changing risk landscape
required support for the “man in the loop” principle. On-
going training and development programs helped reduce
the likelihood of internal security breaches and ensured
effective management and oversight of increasingly auto-
mated systems. Thus, the assessment of risks and financial
security was not a separate stage but an integral filter for
the economic justification of investments. A project with a
high IRR may be rejected if its “cyber-vulnerability score”
exceeds the port’s security threshold. This risk-adjusted
evaluation ensured that digitalisation serves as a driver of
sustainable and secure growth, rather than a source of sys-
temic fragility in the maritime transport sector.

The proposed mechanism was based on the strategic
conversion of operational advantages derived from digi-
talisation into multi-layered protective barriers for the
port’s financial and economic system. In this framework,
digital transformation was viewed not merely as a tool
for profit maximisation, but as the fundamental structur-
al component of institutional resilience. By quantifying
the impact of high-tech solutions on the stability of cash
flows and the transparency of maritime operations, it was
defined a clear transmission channel: from technological
input to economic security output. This integration en-
sures that the “digital premium” acted as a buffer against
market volatility and systemic disruptions. The structural
relationship between specific digital effects and the re-
sulting enhancements in the port’s financial architecture
was systematised in Table 2.

Table 2. Structural matrix of the digitalisation-security integration mechanism

Digitalisation effect Impact on financial architecture Security outcome (resilience benefit)
Real-time IoT data & Reduction of information asymmetry & Information security: mitigation of shadow economic activities
Big Data analytics operational opacity and unauthorised data manipulation
Automation Shift from variable to fixed costs; Operational resilience: stabilisation of predictive cash flows
of cargo handling elimination of the “human factor” and reduction in accident-related financial losses
Blockchain & Acceleration of transaction cycles Liquidity security: minimisation of accounts receivable risks
smart contracts and payment verifiability and optimisation of working capital turnover
Predictive Optimisation of the CAPEX/OPEX balance | Asset integrity: prevention of critical infrastructure failure and
maintenance and asset life-cycle protection against “stranded asset” risks
Digital twins & Stress-testing of financial scenarios Strategic security: data-driven justification
Al simulation and risk modelling of long-term investments and adaptive crisis management

Source: developed by the authors

The proposed mechanism of ensuring financial and
economic security of port activities is based on a multi-lev-
el model that reflects the transformation of technological
inputs into economic and security outcomes. The logic of
the mechanism was grounded in the integration of digital
technologies into port operations, which generate meas-
urable financial effects and enhance the resilience of port
systems under conditions of uncertainty. At the input level
(technological impulse), the mechanism was driven by the
implementation of advanced digital technologies, includ-
ing the IoT, Al and 5G communication networks. These
technologies enable the continuous generation and trans-
mission of verified real-time data across port infrastructure.
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The availability of high-quality data significantly improved
situational awareness and operational control, forming the
basis for subsequent economic transformations.

At the transformation level (economic conversion), the
generated data was converted into economic value through
several key channels. First, increased transparency and
data reliability contribute to the reduction of uncertain-
ty, which allows for a lower discount rate in investment
appraisal. This led to higher net present value of digital
projects and improves their investment attractiveness.
Next, the acceleration of operational processes, achieved
through automation and real-time decision-making, re-
duced cargo handling time and shortened the payback
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period of investments. Also, the automation of routine
operations and optimisation of resource allocation result
in cost savings, which form an additional financial buffer,
defined as a “liquidity cushion”. This reserved enhances
the financial stability of port operators and increases their
ability to withstand external shocks.

At the security level (result), the cumulative economic
effects of digitalisation lead to the formation of an inte-
grated architecture of financial and economic security. This
architecture provides protection against three main types

Risk landscape:
- Technological risks
- Financial risks
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of threats. Financial risks were mitigated through the sta-
bilisation of cash flows, supported by predictable revenue
streams and reduced operational costs. Operational risks
were minimised due to the reduction of human errors and
the increased reliability of automated systems. Investment
risks were addressed through the application of flexible de-
cision-making tools, including real options, which allowed
for the adaptation of investment strategies to changing
market conditions. The functioning of the proposed mech-
anism is illustrated in Figure 1.

Security outcomes

- Cyber-risks
Security-through-

Input level
(I0T, Al 5G) efficiency mechanism

shorter payback period;

Information security
Operational resilience
Liquidity security
Asset integrity

Economic conversion
(lower discount rate;

liquidity cushion)

Strategic security

N

“human-in-the-loop”
continuous personnel adaptation

Figure 1. Mechanism of transformation of digital technologies into financial and economic security of port activities

Source: developed by the authors

The scientific significance of the proposed mechanism
lay in the reinterpretation of the concept of financial and
economic security in port activities. Unlike traditional ap-
proaches, which focused primarily on physical infrastruc-
ture protection and risk mitigation, the presented model
considered data integrity and operational velocity as key
strategic assets. This approach substantiated that the eco-
nomic effects of digitalisation form not only an additional
source of profitability but also a critical reserve that en-
sured the long-term sustainability of port systems in a
volatile global environment. Thus, the mechanism demon-
strated that digital transformation fundamentally changes
the logic of investment evaluation and financial-economic
security assessment in port infrastructure. The so-called
“digital premium” should be interpreted not as an optional
benefit, but as a necessary condition for maintaining com-
petitiveness and ensuring financial and economic security
in modern transport and logistics systems.

The obtained results confirmed that digital transfor-
mation in port activities generates a complex and multidi-
mensional economic effect, which simultaneously affects
cost structures, operational efficiency, and investment
performance. Unlike prior studies that primarily focused
on technological or organisational aspects, this research
provided an integrated interpretation of digitalisation out-
comes through financial and investment indicators. The
empirical results demonstrating a 20-30% reduction in
administrative and operational costs, as well as a decrease
in vessel turnaround time and cargo dwell time, were con-
sistent with existing findings. Similar cost reductions and
efficiency gains were reported by World Bank (2025) and
S. Adabere et al. (2021), who emphasised the role of digital
platforms and automated data exchange in reducing trans-
action costs and operational delays.

At the same time, the present study extends these
findings by quantifying their direct impact on cash flow
generation and investment attractiveness, which is rarely

addressed in previous research. The identified improvements
in logistics efficiency and throughput capacity confirm the
conclusions of M. Karlsson et al. (2023), who highlighted
data availability and analytical capabilities as key drivers of
performance in digitalised ports. However, while M. Karls-
son et al. (2023) primarily analysed operational effects, this
study demonstrated that these efficiency gains have a direct
financial dimension, reflected in increased asset turnover
and accelerated capital recovery. Thus, digitalisation should
be interpreted not only as an operational improvement tool
but also as a mechanism for enhancing investment efficien-
cy. The results related to the optimisation of port charges
and reduction of transaction costs align with the findings
of the European Commission (n.d.), which emphasised the
role of digital billing systems and integrated information
platforms. In contrast to existing studies, the present re-
search incorporated these effects into a broader financial
model, showing that improved transparency and cost op-
timisation contribute to the formation of a “digital premi-
um” through a reduction in the risk-adjusted discount rate.

The methodological contribution of this study was par-
ticularly evident in the development of an extended invest-
ment evaluation framework. The integration of dynamic
capabilities and non-linear efficiency effects corresponded
to the approach proposed by K.C. Shang et al. (2026), who
demonstrated that digital maturity enhances organisation-
al performance. However, this study advanced the discus-
sion by applying these concepts at the infrastructure level
and linking them to investment indicators such as NPV, IRR,
and payback period. Similarly, the use of a multi-criteria
perspective in evaluating port performance was consistent
with V. Lorencic et al. (2022), who underlined the impor-
tance of combining economic and operational indicators.
Nevertheless, the present research expanded this approach
by incorporating risk-adjusted financial metrics and by ex-
plicitly accounting for the effects of technological uncer-
tainty and digital obsolescence. An important finding of this
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study was the identification of non-linear returns to digital
investments, driven by ecosystem effects and increasing re-
turns to scale, which was consistent with the business eco-
system perspective in port development (de Langen, 2023).
This result supported the conclusions of Z. Su (2026), who
highlighted the role of digital ecosystems in improving
coordination among port stakeholders. At the same time,
the current research extended this perspective by demon-
strating how these ecosystem effects translate into short-
er payback periods and self-financing investment cycles.

The results also confirmed the growing importance
of resilience in digitalised port systems. In line with
AKY. Ng et al. (2025), digital technologies enhance ad-
aptability and risk mitigation capabilities. However, this
study contributed to the literature by proposing a struc-
tured classification of risks (technological, financial, and
cyber) and by introducing a risk-adjusted investment filter,
where financial indicators were evaluated in conjunction
with cyber-vulnerability thresholds. Furthermore, the pro-
posed “security-through-efficiency” mechanism provided
a novel interpretation of financial and economic security
in port activities. While previous studies (Ng et al., 2025)
emphasised resilience, the present research demonstrated
that operational efficiency itself became a source of finan-
cial stability by improving predictability of cash flows and
reducing uncertainty.

The results highlighted that traditional investment
evaluation approaches were insufficient for digital projects
due to their shorter life cycles and higher uncertainty. The
introduction of a technological lag coefficient and the appli-
cation of Real Options Valuation addressed this limitation
by aligning capital recovery with the dynamics of digital
obsolescence. This finding complemented the existing lit-
erature on digital transformation and investment strategies
(Mollaoglu & Gul, 2025), while providing a more detailed
and operationalised methodological framework. Overall,
the discussion confirmed that digital transformation funda-
mentally changes the economic logic of port development.
The key contribution of this study lay in integrating oper-
ational, financial, and risk-related effects of digitalisation
into a unified investment evaluation framework, thereby
offering a more comprehensive basis for decision-mak-
ing in the development of modern port infrastructure.

B CONCLUSIONS
The conducted research demonstrated that the digi-
tal transformation of port operations, in the context of
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LindppoBa TpaHchopMaLis NOPTOBOI AiANIbHOCTI B KOHTEKCTI
iHBECTULINHO 3yMOB/IEHOIro PO3BUTKY BOAHOIO TPAaHCMNOPTY

M AHoTauis. [o6anbHNI MOPCHKMI CEKTOD MEPEIIoB Bif TpaauLiiiHoi MogepHi3allii mopTis o cucremHoi iudposoi
iHTerpaiiii, o 3yMoBMIO MOTPe6Yy B HOBMX €eKOHOMIUHMX ITiAX0HaX IJis1 OGIPYHTYBAHHS iHBECTUIIil Y CMapT-TEeXHOIOTii
i3 ogHOUacHMM 3a6e3meyeHHSIM GiHaHCOBOI 6e3meku. MeTOW MOCTiMKeHHST 6ylI0 OGIPYHTYBaHHS METOHOMOTiYHUX
3acag umudpoBoi TpaHchopMallii MOPTOBOI MisNIBHOCTI B KOHTEKCTi iHBECTUIIIIHO 3yMOBJIEHOTO PO3BUTKY BOJHOTO
TpaHCIOPTY. Y OOCTiAKeHHi 3aCTOCOBAHO KOMIUIEKCHMIT MeTOMOMOTiUYHMIA TMiAXi/, 10 OXOIUTIOE CUCTeMHMI aHami3,
MOPiBHSIBHUI i CTPYKTYPHMIT aHai3, @ TAKOK €KOHOMiKO-CTaTUCTUUHE MOJeTI0BAHHS /1)1 OL[iHIOBAaHHS iHBeCTUILiIHOT
edeKTMBHOCTI 3a TOKa3HMKAMM I'POLUIOBUX MOTOKIB, MPUOYTKOBOCTI Ta OL[iHIOBAaHHS pMU3MKiB. OTpMMaHi pe3yabTaTu
3acBigunim, mo udposisaiis pyHKIioHyBasa IK 6araTOBUMipHMIT eKOHOMIUHMI IpaiiBep, SHYOKYI0UYM aAMiHiCTpaTUBHi
Ta TOKyMeHTalliliHi Butpatu Ha 20-30 %, yac o6po6IeHHS CyIeH Y MopTy — 10 25 %, a yac mepeGyBaHHS BaHTaXiB —
npn6an3Ho Ha 40 %. Y nociiskeHHi 3apOoIOHOBAHO YAOCKOHAIEHY METOIMKY OI[iHIOBAHHS iHBECTUIIiiA, SIka iHTerpye
OI[iHIOBaHHSI peajbHUX OIIIiOHIB /JIsI BpaXyBaHHSI CTPATETiuHOi I'HYYKOCTi, 8 TAKOX BBEIEHO HMU(POBY MpeMiio, 10
KOpUTY€E CTaBKy AMCKOHTYBaHHSI Ha OCHOBI MiBUINeHHS omepaliliHoi nposopocti. KiouoBow iHHOBali€l cTaao
BK/IIOUEHHS KoedillieHTa TeXHOJIOTiYHOrO0 BiIcTaBaHHS SO PO3PAXYHKIB CTPOKY OKYITHOCTI, 110 Y3TOMKY€E BiZHOBIEHHS
KaliTaay 3 KOPOTIINM IIMKIOM I pOBOro 3acrapiBaHHs. Pe3ynbraTyt 3acBigumiin, mo nudpoBi iHBeCTUIlii reHepyITh
HeJiHiliHy Bigmady yepes 3pocTalody Bigmady Big MacumiTaby B Mipy MpMemHAHHS 6i/bIIOI KibKOCTI CTeKXONmepiB
IO eKoCUcTeMM, 3a6e3Mmevyoun KOPOTIIi CTPOKY OKYITHOCTI Ta MUK camodiHaHcyBaHHS. KpiM Toro, y mocimKeHH]
KOHIIENTYasi30BaHO MeXaHi3M iHTerpailii egekTiB uudposisailii B apxiTekTypy GpiHaHCOBOI 6e3IeKM MOPTY, IOBEAEHO,
10 TEeXHOJOTiYHa IMpPO30piCcTh i omepalifiHa WBUAKICTb BUCTYNAKOTh KPUTUYHUMM pe3epBaMM iHCTUTYLIiIHOL
crifikocti. Knacudikanis nudpoBux pu3uKiB Ha TexHONIOriuHMi, biHaHCOBMI i KibepHeTMUHMIT K/IacTepu Jajna 3MOTy
3iiCHIOBATY PU3UK-OPi€HTOBaHEe OIiHIOBaHHS, 3a SIKOTO iHBECTUIIiiTHI MPOEKTM GiTbTPYIOThCS Yepes3 Mopir 6esmnexu
IJIsT 3ar0ob6iraHHS CUCTEMHil Bpas3auBOCTi. IIpakTUYHA I[iHHICTb POGOTU TMOJATAae€ B PO3POOIEHMX iHCTPYMEHTax
€KOHOMIUHOTO OOTPYHTYBAHHSI ITPOEKTIB CMapT-TIOPTiB, SIKi JAIOTh 3MOTY IMOPTOBMM OIlepaTtopaM Ta iHBecTopam
TOYHO MOJEJTIIOBATV iHKpeMEeHTalbHi epeKTy, ONTUMi3yBaTy CTPYKTYpPY KaliTany Ta 3Mil[HIOBaTH (iHAHCOBY 6e31eKy
iHdpacTpyKTypy BOZHOTO TPAHCIIOPTY B 1M POBI30BAHOMY INTI06ATBHOMY CepeLOBUIITi

M KnouyoBi cnoBa: TPaHCIOPTHO-JOTICTMYHI CHUCTEMM; DPO3BUTOK ITOPTOBOI iHGPACTPYKTypu; iHBecTuIliliHa
eekTUBHICTH; omepaliiiHi BMUTpaTM; YIIPABIAiHHS TPOLIOBMMM TIOTOKAMM; OIiHIOBAaHHS PU3UKIB; (iHAHCOBO-
e€KOHOMiuHa 6e3meKa
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