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The severe repercussions of the Red Sea crisis on supply chains, as well as the disruptions caused by the Covid-19
pandemic and the Russia-Ukraine conflict, have highlighted once again their great vulnerability, especially in the
face of major and unpredictable shocks. The impacts of these latter have therefore urged decision makers to
define resiliency strategies to cope with the uncertainty characterizing the operating environment. With refer-
ence to a transport node, in this paper the scenario development approach has been adopted to formally
investigate possible futures for the Port of Trieste, Italy, which was affected by the consequences of the recent
geopolitical disruptions in the Middle East, at the Bab Al-Mandab Strait. Notably, the 2 x 2 matrix technique was
used to envision potential scenarios after identifying two critical uncertainties, which represent the most
impacting and yet uncertain driving forces of the problem at hand. In this way, based on the level of the traffic
flow stability and of the adequacy of port transport infrastructures, four different scenarios have been depicted in
qualitative terms and then, their implications have been discussed to propose the Port Authority some recom-
mendations on possible counteractions. The results of the study suggest that valuable initiatives should consider
risk sharing through public-private partnerships, the diversification of port services and the rapid imple-

mentation of technological advancements.

1. Introduction

Between the years 2019 and 2023 global maritime supply chains
were hit by major shocks, starting from the Covid-19 pandemic and the
Russia-Ukraine conflict to end up with the geopolitical instability in the
Middle East, which has given the way to the current Red Sea crisis. As a
matter of fact, since mid-November 2023 the Houthi forces in Yemen
started targeting merchant vessels with drone and missile attacks, in
revenge for the Israeli aggression on the Gaza Strip. Spanning from the
Strait of Bab al-Mandab to the Suez Canal, the Red Sea represents a
strategic waterway for international trade along which almost 12 % of
world’s oil and 30 % of container traffic transit (Clapp, 2024; Basak &
Soltanieh, 2024). However, as security threats escalated during the
months, more and more shipping lines decided to suspend canal pas-
sages or to reroute traffic via the Cape of Good Hope. Such counteraction
has implied an increase in sailing distance and, thus in voyage times and
transport costs, directly affecting supply chains and, because of ripple
effects, also the related industries (Widjaya et al., 2024; ITF, 2024).
Vessel rerouting has entailed further impacts as, for example, the need of
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more fleet capacity, relevant modifications in the configuration and
dynamics of the global shipping network, and the temporary enclosure
of the Mediterranean basin. Other than that, a rise in polluting emissions
and substantial losses of toll revenues for the Suez Canal Authority have
been recorded (Notteboom et al., 2024).

The consequences of Houthi assaults on international commerce
have underlined once again the great importance of marine chokepoints,
which means of constricted passages like straits and canals embodying
“critical junctures in the maritime supply chains”. Indeed, although
chokepoints have an unfavorable physical layout and some of them lie in
geopolitically vulnerable regions, they are often congested since many
shipping companies heavily rely on them (Wang et al., 2023; Pratson,
2023). Such dependency on chokepoints constitutes a remarkable
weakness for supply chains, especially in light of the recent global dis-
ruptions such as the Covid-19 pandemic and geopolitical tensions,
which have highlighted their vulnerability. Therefore, the unpredict-
ability in the occurrence of those events, both in terms of likelihood and
magnitude, requires a shift from the adoption of traditional risk man-
agement to the envisioning of strategies able to cope with the effects of
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unexpected disruptions (Nafday, 2009). In this regard, the rapid evo-
lution of supply chains and freight systems caused by the latest shocks
have turned the need for such change even more impelling, to ensure the
economic well-being of communities, companies and nations (Strauss-
Wieder, 2023). In such context, resilience has become a key feature for
supply chains and transport systems in order to deal with the
complexity, uncertainty and volatility of the operating environment,
and thus to guarantee operations continuity (Harake, 2024; Katsaliaki
et al., 2022). Besides, the urgency of implementing resilience strategies
is motivated not only by the high interconnection among the actors
involved in supply chains and transport systems (Strauss-Wieder, 2023),
but also by the inertia associated with their adjustments, if compared to
the suddenness of disruptions (Widjaya et al., 2024).

As mentioned, the uncertainty characterizing both the frequency and
the scope of Black Swan events usually does not allow decision makers to
identify adequate resiliency measures according to conventional prob-
abilistic or statistical techniques (Nafday, 2009). For this reason,
conceiving future scenarios can be carried out resorting to qualitative
approaches, which enable to consider possible developments of systems
encompassing various aspects (Lyons et al., 2021). With reference to
transport systems within supply chains, this paper aims to elaborate
potential scenarios of intervention in response to demand shocks, like
the one caused indirectly by the current Red Sea crisis, and to provide
decision makers with policy recommendations at managerial level. This
goal has been accomplished using a specific scenario building method,
namely the 2 x 2 Matrix method (Rhydderch, 2017), and testing its
validity through the application to the case study of the Port of Trieste,
Italy. Such a method permitted to formalize the envisioning of scenarios
in a robust way, taking into account the port traffic flow stability and the
adequacy of port infrastructural resources as the critical uncertainties.
The suggested analysis remarkably differs from investigations reported
in previous scientific contributions: it deals with the practical implica-
tions of the examined disruption on a certain transport node, rather than
with the higher-level repercussions on supply chains in general. Scenario
building has been performed adopting the perspective of the Port Au-
thority, with the objective of depicting promising lines of action in the
face of the ever-changing operational context.

The paper is structured as follows. The second section contains a
literature review of research studies which examine the consequences on
supply chains in relation to the Red Sea crisis and to possible disruptive
events at maritime chokepoints, highlighting the adopted approach and
the proposed counteractions. The third section briefly describes the
essential features and steps of the method used to build scenarios, while
the fourth section illustrates its application to the case study. Then, the
fifth and sixth sections respectively include and discuss the main results
in the form of strategic considerations regarding the scenarios obtained,
on which the conclusions are drawn.

2. Literature review

Considering the available literature on the current Red Sea crisis,
most of the reviewed contributions first depict the event and then deal
with the analysis of its consequences on supply chains, according to a
financial, operational or environmental point of view.

For istance, in (Basak & Soltanieh, 2024), the authors examine se-
curity in the Middle East with respect to the existing geopolitical
context, advocating an extensive international cooperation. That
initiative is supposed to entail, inter alia, the identification of alternative
land- and sea-based trade routes, which would limit the negative eco-
nomic impacts. In line with that paper, security implications of the Red
Sea crisis are a critical issue also in (Nandini et al., 2024), which relates
them to both regional stability and maritime and global trade.

As far as the operational aspects are concerned, the analysis reported
in (Wang et al., 2024) focuses on the impacts of the Red Sea crisis in
terms of changes in vessel behaviour and in the structure of shipping
networks. The authors performed such an investigation based on
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Automatic Information System (AIS) data and simulated node attacks, in
order to recommend maritime authorities possible port strategies and
route layouts to tackle the on-going crisis. Adopting an analogous
approach, the research study illustrated in (Yap & Yang, 2024) offers
insights on the disruptions caused by the Red Sea crisis on shipping
networks, using a combination of empirical data, including AIS data. In
particular, the authors paid attention to the modifications made by
shipping lines in their service organization and to the related conse-
quences on port performances, namely port calls and vessel deployment.
In the same vein, the investigation proposed in (Yang et al., 2025) aims
at discussing the resilience of shipping alliances in case of shocking
events, like the Red Sea crisis. Based on an extensive amount of shipping
satellite data and data mining algorithms, the authors suggest a frame-
work to assess the operational adjustments which shipping alliances
undertook at spatial level. It turned out that increasing port skipping
rates was the primary adaptive measure of shipping alliances to main-
tain stable schedules, highlighting the need for flexible planning during
disruptions.

As regard the environmental impacts of the Red Sea crisis, the
empirical analyses reported in (Peng et al., 2024) reveal that the
circumnavigation of the Cape of Good Hope could lead to a significant
increase in the greenhouse gas emissions related to international
container logistics, requesting adaptations at policy level. Concern about
the negative environmental consequences of such a vessel rerouting is
expressed in (Haralambides, 2024), highlighting that those impacts
undermine the efforts made so far in the logistics sector to reach the
“net-zero” target by 2050.

In (Notteboom et al., 2024), the description of the origins and re-
percussions of the Red Sea crisis is followed by some reasonings on its
potential persistence and on the applicability of the adopted short-term
solutions in the long run. Similarly, in (Harake, 2024), after acknowl-
edging the Red Sea crisis as one of today’s main causes for supply chain
shocks, the author proposes a multi-faceted approach and provides
recommendations to structure supply chain resiliency. Strategies and
techniques for crisis management have been explored also in (Logvinov,
2024), with reference to the Container, the Red Sea and the Suez Canal
Crisis. Indeed, the author examined the economic and operational
viability of anti-crisis solutions in the field of international commerce,
performing both secondary and primary research. The combination of
literature analysis on existing approaches and interviews with experts of
large industrial and logistics corporations was aimed at the identifica-
tion of frameworks to effectively enhance crisis management strategies.
The research discovered that competent internal communication is a key
element which facilitates the understanding of different views inside the
organization, reducing the risk of losses. The resorting to techniques
commonly used in productive systems is offered even in (Gallo and
Soriani, 2024), where the authors applied the “Business Process Reen-
gineering (BPR)” approach to investigate the consequences of the Red
Sea crisis on logistics chains. Adapting the principles of BPR to the
examined case study, such an application consisted in the description of
the three following scenarios: the first scenario corresponds to the sit-
uation before the Houti attacks (“as-was” scenario), the second one to
the current condition (“current state map™) and the third one to the
future perspective (“to-be” scenario). While the comparison between the
first two scenarios highlights the changes in maritime transport dy-
namics due to vessel rerouting, in the third scenario the authors discuss
possible evolutions of the crisis based on its nature. Indeed, questioning
whether the Red Sea crisis is conjunctural or structural, the respective
“to-be” scenarios are envisioned to be remarkably different. In case the
crisis is assumed as cyclical, the cessation of hostilities is supposed to
generate the return to a condition like the situation prior to October
2023. On the contrary, in the event that the crisis is considered as sys-
temic, several businesses are expected to implement reshoring and
nearshoring strategies, limiting the vulnerability to the exogenous fac-
tors which characterize the existing long value chains.

Finally, the analysis described in (Milhiet & Vellayoudom, 2024)
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represents somehow an exception to the other reviewed studies, because
it deals with the potential geopolitical ramifications of vessel rerouting
around the Cape of Good Hope on a specific territory, called Réunion
Island. This latter is in the western Indian Ocean and heavily relies on
imported products from France, which are delivered by sea passing
through the Suez Canal and the Bab al-Mandab Strait. Given the
circumnavigation of Africa imposed by the Red Sea crisis, the study
highlights the strategic position that Réunion Island has assumed for
global trade between Asia and Europe. The main suggestion offered to
relevant authorities consists in capitalizing such advantage to elevate
the island port to a regional hub within the African context. To that end,
state and local administrations are advised to harmonize their diplo-
matic initiatives, in order to support the strengthening of the national
economy in the future.

Since the current Red Sea crisis has underlined once again the critical
role of maritime chokepoints, the scope of the literature review has been
slightly broadened to include investigations concerning the impact of
chokepoint disruptions on global supply chains. In (Pratson, 2023), the
consequences on international trade and economic security of recent
disruptive events concerning the Suez Canal and the Bosporus Strait
motivated the authors to developed a mixed approach, with the aim of
understanding and foreseeing the effects of chokepoint closures. The
blend of GIS data of international shipping lanes with trade data served
the estimation of changes in trade flows following the closure of each
considered chokepoint. Significant variations in maritime traffic were
recorded with respect to the remaining chokepoints and between
countries, as well as the occurrence of major long-term repercussions (i.
e., delays and shifts) in coastal seaport activity. On the contrary, in
(Meza et al., 2022), an agent-based modelling approach was used to
simulate the effects of disruptions at three chokepoints represented by
the Panama Canal, the Suez Canal and the Bab al-Mandab Strait, and the
Malacca Strait. The investigation concentrated on the impacts in global
LNG trade, suggesting involved nations establish alternate passages and
decentralize LNG plants in areas accessible through different maritime
routes, other than the adoption of diversification strategies for
importers.

The contribution proposed in this paper significantly differs from the
research studies considered in the literature review, as it enabled to
provide managerial recommendations based on the application of a
structured method for scenario development. As anticipated, the 2 x 2
Matrix method has been adopted to cope with the uncertainty of the
issue at hand, permitting to build various future scenarios and, conse-
quently, to identify the corresponding solutions for a specific case study.
Despite the diverse nature of the resulting interventions, they are all
intended to improve the performance of the examined transport node
and, to a wider extent, to positively impact the regional and national
socio-economic sustainability.

3. Methods

As mentioned in the previous section, in a context characterized by
rapid and unexpected changes, scenario development represents a
suitable approach to manage uncertainty in decision-making processes.
That is because scenario development helps in defining the main chal-
lenges to be faced and the possible strategies to address them. First of all,
according to (Dean, 2019), “a scenario can be defined as a consistent and
plausible description of a possible future reality, including also infor-
mation about paths of development leading to that future situation,
which can serve as basis for action”. In this regard, it is important to
premise that the concept of scenario development is often used in
literature as a synonym of scenario planning, even though it is actually
just one aspect of this latter. Indeed, building scenarios is meant to
sustain actors involved in a certain problem to reflect on potential
evolutionary situations, but not necessarily to make decisions (Bishop
et al., 2007). In other terms, building scenarios should serve problem-
setting, and not strictly problem-solving (Schon, 1983). As such,
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driven by the latest shock which impacted the global transport and lo-
gistics system, this paper focuses only on scenario development with the
aim of investigating the implications of the unpredictable variation in
the boundary conditions for a specific transport node, and of suggesting
strategic policy recommendations to decision makers.

Referring to the transport sector, scenario development has been
gaining more and more attention in strategic planning, becoming an
integral contribution to explore different futures without ignoring un-
certainty (Lyons et al., 2021). As proof of that, applications of scenario
development to transport issues can be found, for example, in (Dean,
2019; Louen et al., 2023; Zegras et al., 2004; Keseru et al., 2021).
Moving away from traditional risk assessment, scenario development
does not estimate the likelihood of occurrence of future scenarios, but
rather it is able to offer a coherent, systematic and collaborative
framework to evaluate long-term effects. As a matter of fact, although
scenario development is not supposed to precisely envision a portrait of
tomorrow, it enables to make informed and robust decisions attempting
to compensate for underprediction and overprediction of change. The
characteristics of the depicted scenarios are illustrated by means of
storytelling, i.e., using narratives developed in a structured way. This
approach permits to capture cause-effect relationships of scenarios more
intuitively than data analysis (Zegras et al., 2004; Schoemaker, 1995).

In this regard, engagement and communication are key features
when adopting scenario development: the participation of various
stakeholders definitely helps to extend the range of the possible, and
sometimes conflicting, perspectives on plausible future scenarios (Lyons
et al., 2021).

At methodological level, the ability of scenario development to
structure reasoning and discussing about the unknown enables to meet
the requirement of resorting to formalized instruments for transport
planning, especially in the public domain, thus enhancing transparency
of decision making (Louen et al., 2023). As suggested in (Dean, 2019),
the existing techniques for scenario development can be classified based
on the following aspects:

e The thematic coverage, which implies that scenarios are dis-
tinguishing between simple and complex with respect to the extent of
their scope;

The design of the scenario process, which entails that approaches can

range from formalized to intuitive methods based on their level of

systematicity;

e The inputs into the scenario process, which refers to the use of
quantitative or qualitative data or a combination of the two;

e The actors involved in the process, which means considering that the
development of scenarios is performed either autonomously by a
group of experts (analyst-led approach) or engaging stakeholders in
workshops and focus groups (participatory approach).

Among the existing approaches for scenario building, the scenario-
axes technique, known also as the 2 x 2 Matrix technique, appears to
be the most diffused method, as it proves to be a quite straightforward
and rapid tool (van't Klooster & van Asselt, 2006). Other than the low
implementation costs, multiple reasons have motivated the selection of
such a method in this study, starting from its applicability to any domain
and its suitability to test the robustness of medium- and long-term pol-
icies indifferent operational circumstances. Besides, the 2 x 2 Matrix
technique enables to concentrate attention on the most pressing factors,
since it requires focusing on a limited number of driving forces when
building the scenario matrix. Nevertheless, the adopted approach still
makes the way for a comprehensive analysis of scenarios by reasoning
on the influence of additional factors in the futures envisioned. Indeed,
at methodological level, the 2 x 2 Matrix technique efficiently combines
the analytical dimensions of matrices with qualitative descriptions of
scenarios, which eases the dissemination of results even among non-
technical stakeholders. Finally, the possibility for active participation
of the involved actors supports the creation of accurate and informed
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scenarios.

In practice, the 2 x 2 Matrix technique considers the implementation
of a few sequential and basic steps, which are briefly described below
(Rhydderch, 2017; Dean, 2019):

1) Identification of the focal issue or decision, which consists in scoping
the question which the scenario development should address, also in
terms of time and space;

Discussion on internal dynamics, which means investigating the
main aspects that influence the issue set in the question in the pre-
vious step. Such discussion contributes contextualizing the decision
problem at hand;

Identification of driving forces, which entails a recognition of current
and emerging drivers of change affecting internal dynamics. This
task is carried out based on a broad categorization of external do-
mains including Society, Technology, Economy, Environment and
Politics, which is referred to as STEEP analysis. At times, such cate-
gorization is extended to account also for cultural and legal forces;
Ranking of driving forces by importance and uncertainty, with the
purpose of standing out the “critical uncertainties”, i.e., the most
important and uncertain drivers. Notably, at least two critical un-
certainties should be identified, and they usually correspond to the
axes of the 2 x 2 matrix. The remaining forces identified in the
former step then constitute either secondary elements or key trends,
based on their lower degree of importance and uncertainty;

5) Scenario building, which consists in creating a narrative for each of
the four resulting scenario spaces, according to the defined polari-
zation of the respective axes. The goal is to develop a consistent story
which leads to the scenario endpoint, taking into consideration even
the interactions with the other driving forces coming from the STEEP
analysis and with further potential events;

Exploration of implications and strategy definition, which encom-
pass, respectively, the envisioning of the repercussions of scenarios
against the decision and the formulation of possible lines of action,
which can be evaluated more in detail employing traditional
techniques;

Monitoring, which implies the selection of a set of indicators to assess
the evolution of scenarios towards the endpoint.

2

—

3

-

4

-

6

[

7

—

In general terms, the use of evocative titles for the created scenarios
as well as the visualization of their main elements through a graphical
form (i.e., illustrations or animations) help to enhance their communi-
cation value (Lyons et al., 2021; Keseru et al., 2021). Regarding this
latter aspect, matrices (including 2 x 2 matrices) are one of the most
common methods to represent results coming from research studies
concerning port applications, like the ones reported in (Borruso, 2022;
Balletto et al., 2024; Duin et al., 2015; Gelfi & Achiari, 2020). Finally,
when adopting a participatory-based approach to develop scenarios, the
introduction of a facilitator enables to conduct the scenario work in a
smoother way, contributing to increase the robustness and the credi-
bility of scenarios provided by the engagement of multiple actors
(Rhydderch, 2017).

In this study, the adoption of scenario building has been preferred
over other approaches to envision possible futures like, for example, the
so-called “backcasting analysis” (Dean, 2019), in which the develop-
ment of scenarios is carried out in a normative form. Indeed, the starting
point of this latter method consists of a desidered future vision, from
which decision makers look back at the present situation while
conceiving adequate strategies to effectively reach the intended future
state. As opposed to the explorative nature of scenario building, the
backcasting analysis focuses on the potential of planning activities to
change the future, through the examination of different pathways.
Therefore, by doing so, the backcasting analysis tends to overlook the
uncertainty which characterizes any forecast, especially if related to
modern times.
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4. Case study

In this paper, the scenario building technique has been functional to
delve into the consequences of the Red Sea crisis on the case study of the
Port of Trieste, Italy, with the aim to assist the Port Authority (herein-
after referred to as PNAEAS — Port Network Authority of the Eastern
Adriatic Sea) in examining possible futures and, thus, identifying suit-
able strategies to cope with uncertainty.

The Port of Trieste is the first Italian port for both the total annual
throughput and the railway share for freight transfers to/from the hin-
terland. At geographical level, it lies in a favorable position in the center
of Europe, at the crossroads of the Mediterranean and the Baltic-Adriatic
TEN-T Corridors. Thanks also to a great water depth and the fiscal
benefits deriving from the Free Port regime, the Port of Trieste repre-
sents an international hub which serves land-sea traffic flows involving
Central and Eastern Europe, other than the Far East (Caramuta et al.,
2021). In this regard, as one can capture from the schematic represen-
tation in Fig. 1, the Port of Trieste has been directly affected by the shock
related to the current Red Sea crisis, which caused a decrease in
container traffic volumes of 26.5 % in January 2024 with respect to the
same month in 2023 and of 32.71 % as compared to January 2022
(Trieste Marine Terminal, 2024). Fortunately, such impact was partially
mitigated throughout 2024, with an annual reduction in the container
traffic segment of 1.2 % and 4.1 % as against, respectively, 2023 and
2022. However, such shock in traffic demand posed strong concern to
the PNAEAS and the terminal operators for the stability of the market,
analogously to what they experienced in the aftermath of the outbreak
of the Covid-19 pandemic and of the Russia-Ukraine conflict. Regarding
this latter disruption, the responsiveness of the supply chain of the
Northern Adriatic Region, which includes the Port of Trieste, has been
investigated in qualitative terms in (Caramuta et al., 2023).

The occurrence of the examined disruption alerted the PNAEAS,
because it was seen as a threat questioning the viability of the major
infrastructural developments which had been already approved in the
port masterplan. Indeed, such a document considers the enlargement of
a few existing terminals and the construction of a new one, with an in-
crease in port areas of 200 ha. In addition, the masterplan foresees the
advancement of the main current port railway station, the construction
of a new station and the reopening of an existing one, together with the
realization of new junctions and terminal tracks, with the aim of ac-
commodating around 25,000 trains per year in 2050. These infra-
structural works are meant to be implemented according to different
time horizons, requesting large financial investments, for a total expense
of more than 400 million Euros. The port development just mentioned
had been strongly motivated by the growing interest of foreign com-
panies which looked at the Port of Trieste as a key gateway for their
trade exchanges. However, the severe repercussions of the Red Sea crisis
occurred in the container sector in such a port could jeopardize that
strategic vision of port customers, pushing them to invest in alternative
facilities and thus undermining the competitiveness of the whole
transport node.

In such context, the scenario building technique was deemed to be an
adequate method to sustain the PNAEAS in envisioning possible futures
for the Port of Trieste, while facing the uncertainty which affects the
dynamics of transport systems and supply chains. Notably, referring to
the categorization of techniques reported in (Dean, 2019), the scope of
the scenario development has been widened to the point of capturing the
complexity which characterizes ports and a formalized method has been
applied using qualitative inputs. Besides, an analyst-led approach has
been substantially assumed to carry out the analysis of the environment
and the development of scenarios, although the issues involved in the
procedure have been discussed with the PNAEAS during technical
meetings.
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Fig. 1. Representation of the examined transport node and chokepoints.

5. Results

First of all, since the scenario development was aimed at supporting
PNAEAS in decision making at managerial level, the perspective adop-
ted to set the focal issue for the creation of scenarios was that of the
PNAEAS. Indeed, this latter actor is the public entity in charge of
managing the Port of Trieste by balancing the productivity and sus-
tainability of the entire transport node with the private interests of its
customers. Furthermore, although the application of scenario building
approach was driven by the shock generated indirectly by the Red Sea
crisis, the scope of the investigation on possible futures for the Port of
Trieste was not limited to such event. The intention of the present study
was to define a more general framework for resilient strategies, which
can be suitable also to other disruptions. Therefore, the question to be
addressed by scenario development was formulated in the following
way: “What strategies should the PNAEAS adopt to cope with demand
disruptions?”.

As mentioned, the internal dynamics of port management were dis-
cussed with the PNAEAS, which underlined the high interconnectivity
among the various aspects contributing to the port functioning. Being
ports a system of systems, the integration of the different transport
modes, and thus of the different (and often competing) operators,
significantly complicates port management, especially in light of an
ever-changing context. Moreover, the effects of port activities cannot be
restricted only to operational and infrastructural issues, because they are
related also to environmental and social concerns. Regarding these
latter, the port represents a critical point for the city of Trieste, both in
terms of occupational opportunities and of interference with the urban

traffic, since it lies in the surroundings of the historical center. In all this,
technology has been assisting in the enhancement of port performance
through the implementation of devices and platforms, which has been
possible thanks to relevant investments.

The examination of internal dynamics served the identification of the
driving forces in port management, bearing in mind the volatility of
potential disruptions. Such factors were selected by carrying out a
STEEP analysis, as reported in Table 1. Notably, the availability of
skilled professionals has been identified as a social driver, since it
directly influences the port capability of performing operations. The
meaning of the category related to technological forces has been slightly
extended to incorporate also technical factors referring, for instance, to
transport infrastructural aspects. As a matter of fact, that set of factors
includes, on one hand, the technological improvements aimed at
advancing port operations and, on the other hand, the adequacy of port
transport infrastructures, the landside connectivity and the port-city

Table 1
STEEP factors.
Aspect Factor(s)
Social Availability of skilled professionals
Technological Technological improvements, Adequacy of port infrastructures,
Landside connectivity, Port-city integration
Economic Fund availability, Profit strategies of port customers, Traffic flow
stability
Environmental  Environmental awareness, National and global targets on
sustainability
Political Globalization, Port Competition, Vision of PNAEAS

Legal forces National regulations on the role of PNAEAS
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integration. With respect to these latter factors, an appropriate number
and use of port infrastructural resources need to be complemented by
efficiency in the connections with the hinterland and by the seamless
integration of port and city road traffic flows, especially at port in-
terfaces (i.e., at gates). As far as the economic aspect is concerned, fund
availability, profit strategies of port customers and traffic flow stability
were identified as the main driving forces concurring to impact port
management at financial level. Environmental awareness and the na-
tional and global targets on sustainability have been considered to
reflect the two forces driving port management at the environmental
level, both affecting the well-being of the community. At political level,
the phenomenon of globalization, the competition among ports, and the
vision of the PNAEAS on port governance have been set as the factors
which contribute defining the positioning of ports in the market. Finally,
the national regulations on the role of the PA have been acknowledged
as a legal force on which port management depends, since they give
instructions on the operational responsibilities of such entity.

With the support of PNAEAS, the STEEP factors were then ranked
based on their importance and uncertainty, in order to define the critical
uncertainties, as well as the key trends and the secondary elements.
Fig. 2 illustrates that the traffic flow stability (TFS) and the adequacy of
port transport infrastructures (APTI) turned out to be the two most
impacting and yet uncertain factors, therefore representing the critical
uncertainties. For the sake of clarity, the TFS factor is intended as the
consistency of traffic volumes over time, and it relates to container
traffic flows. Instead, the APTI factor is meant as the capacity relative to
the demand and refers not only to port railway infrastructures for hin-
terland connections, but also to berths and terminals, in line with the
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investments approved by the port master plan. Conversely, although
with a similar level of importance, the vision of the PNAEAS and the
technological improvements were considered much less uncertain, since
they act as consolidated trends in port management. Greater volatility
but a slightly lower significance was associated with globalization as
compared to the profit strategies of port customers. This is because the
consequences of possible variations in such a phenomenon were
considered more unpredictable and yet a bit more indirect than changes
in the investment plans of private operators. Landside connectivity, fund
availability and port competition have been acknowledged as key trends
with a quite similar degree of relevance, even though the latter two were
attributed to a higher uncertainty since they depend on more external
aspects. The availability of skilled professionals, the port-city integra-
tion and the national regulations concerning the role of the PNAEAS
were associated to almost the same level of uncertainty, but to a
descending significance according to their influence on port operations.
Finally, the national and global targets on sustainability, along with
environmental awareness, were attached to a minor degree of both
importance and uncertainty, because they have a secondary and not so
unpredictable impact on port management.

In line with the ranking of the STEEP factors, the TFS and the APTI
have been assumed as the axis of the scenario matrix, whose polarization
enabled to build the four different scenarios shown in Fig. 3. The fist
scenario, entitled “Greatest port efficiency”, is characterized by high TFS
and good APTI and therefore depicts the optimal situation in which the
Port of Trieste would possess appropriate infrastructural capabilities in
the face of steady traffic volumes. The second scenario, named “Time for
alliances”, indicates a possible future in which the transport

A
= CRITICAL
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E Profit strategies ;
o Vision of PNAEAS of port H Traffic flow
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Fig. 2. Ranking of the driving forces.
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Fig. 3. Scenario matrix.

infrastructural resources of the Port of Trieste could be oversized with
respect to the entity of traffic flows to be allocated, due to great varia-
tions in these latter. The consequences of the Red Sea crisis could fall
exactly into such circumstances. The third scenario, referred to as
“Diversification of port services”, envisions a situation in which not only
the Port of Trieste would present poor APTI, but it would be also subject
to high fluctuations in traffic flows. Finally, the fourth scenario, called
“Speeding up technological investments”, considers a future condition in
which the Port of Trieste could not be able to guarantee the allocation of
stable traffic volumes due to poor APTI.

After building the four scenarios mentioned, the potential implica-
tions and the consequent strategies for each of them have been analyzed.
The occurrence of the “Greatest port efficiency” scenario would entail
that the Port of Trieste would benefit from an advantageous operational
status, which would enable the PNAEAS to confidently plan major de-
velopments to make the port even more attractive to investors. On the
contrary, the “Time for alliances” scenario would imply severe organi-
zational and occupational issues for the Port of Trieste, which would call
for the need of establishing alliances between the PNAEAS and private
operators, e.g., in the form of public-private partnerships, with the aim
of sharing risks. In the event of the “Diversification of port services”
scenario, the unfavorable operational conditions of the Port of Trieste
could represent a significant threat to the local economy. Hence, the
PNAEAS should look for solutions to widen the portfolio of port services
even beyond the traditional transport function, creating alternate
sources of profit. Lastly, in case of the “Speeding up technological in-
vestments” scenario, the reputation of the Port of Trieste in the inter-
national context could be jeopardized by the inappropriateness of its
infrastructural resources. In such circumstances, the PNAEAS could
accelerate the implementation of technological solutions aimed at
advancing port operations at organizational and administrative level, so
as to meet solid traffic demand while coping with the lack of infra-
structural capacity.

Finally, a few indicators have been defined to monitor the progress of
each scenario, based on the suggested strategies. The increase in port
productivity has been chosen as the parameter to assess the effectiveness
of the actions considered in the two scenarios reported in the upper
quadrants of the matrix, while financial metrics have been selected for
the remaining scenarios. More in particular, the investments spared
thanks to the contribution of private organizations and the revenues
generated by diversification strategies, have been selected as measure
the performance of, respectively, the “Time for alliances” and “Diver-
sification of port services” scenario.
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6. Discussion

The results obtained from the application of the 2 x 2 matrix tech-
nique for scenario building enabled to provide the PNAEAS with stra-
tegic policy recommendations to address the potential effects of
disruptions, starting from those generated by the Red Sea crisis. In line
with such outcomes and with the directions of the port masterplan, the
PNAEAS is intended to undertake partnerships with some of the most
important shipping companies worldwide, in order to conclude agree-
ments on relevant infrastructural developments in the Port of Trieste.
Besides, the PNAEAS is considering not only to broaden the offer of
transport services focusing on short sea shipping (in relation to intra-
Mediterranean Ro-Ro traffic), but also to turn the Port of Trieste into a
major hub for undersea telecommunication cables by exploiting its great
water depth. Other than that, the PNAEAS foresees to join the board of
industrial businesses located in the city of Trieste, acquiring a share of
their governance. Finally, the PNAEAS is planning the realization of
upgrading and modernization interventions on the port railway network
to improve the management of train traffic. Such initiatives are meant to
be implemented according to progressive phases, so as to value the ac-
complishments of each step and, possibly, to accelerate or postpone
investments based on the obtained performances.

7. Conclusions

In this paper, the 2 x 2 matrix method has been adopted to envision
possible futures for the Port of Trieste, driven by the demand disruption
connected to the Red Sea crisis. The use of such a formalized approach to
build potential scenarios has served the formulation of qualitative and
yet robust policy recommendations to support the Port Authority in
strategic decision making. The creation of contrasting scenarios enabled
to investigate a variety of situations, and thus to develop solutions to
address the related implications. Indeed, the technique considered in
this paper does not focus on the likelihood of events, but rather it helps
to cope with uncertainty by reasoning on future scenarios. The study
suggested the Port Authority to undertake counteractions ranging from
alliances with private companies to share investment risks in case of
unstable traffic demand, the diversification of port services to generate
revenues from new sources, and the implementation of technological
advancements to compensate a potential lack in transport infra-
structural capacity.

Future developments of this study include the building of scenarios
based on more than two critical uncertainties, with the aim of capturing
more complex port dynamics and, thus, of envisioning more compre-
hensive future scenarios. For instance, the introduction of additional
dimensions in the matrix, like the availability of funds and of skilled
professionals, would enable to provide a greater understanding of the
influence of financial and human resources on port operations, respec-
tively. As an alternative, variations in profit strategies of private in-
vestors and in national regulations could also be included in the scenario
matrix, to consider the effects of contextual changes on port produc-
tivity. Other than that, the combination of the adopted approach with
quantitative and multi-criteria techniques would support even further
the assessment of the performances of specific strategies, thanks to the
possibility of weighing the contribution of factors and of analyzing the
sensitivity of results. Finally, the transferability of the method used in
this paper is meant to be tested with applications to further case studies
and transport issues.
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