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On March 23, 2021, the 20,124 TEU container ship Ever Given, one of the largest of the world, ran
aground in the southern section of the Suez Canal. On March 29, it was re-floated. During the 6-day
blockage, more than 350 ships were waiting and some other ships opted for the long detour around
the Cape of Good Hope. The Suez Canal blockage prompts us to revisit access arrangements and
practices for individual ships using capacity-constrained maritime infrastructures and passages. Such
information is important for planning different operations and optimizing infrastructure utilization
along the maritime supply chain.

In this contribution, we assess how well a model of deriving queue numbers based on the arrival
sequence of ships at the two entrances to the Suez Canal translates into actual passage through the
Canal. Based on these observations, we explore means to predict queueing by forecasting the
throughput of the Suez Canal based on “normal” patterns of arrival at the two ends. An elaboration on
the concept of slot management for congested areas follows.

1. Many actors compete for the same infrastructure

Shipping is probably the world’s largest and oldest sharing economy. Infrastructure, resources, and the
natural environment are co-used by many actors requiring coordination for optimal operations. Digital
data sharing could provide new levels of situational awareness and alignment for all the actors, helping
to predict and coordinate the use of infrastructure and resources for more demand and need-driven
operations.

The Suez Canal blockage provides an opportunity to understand better the self-organising nature of
the maritime sector and to explore ways to improve coordination to reduce congestion and delays at
shared infrastructure like canals and ports. During the Suez Canal blockage, northbound and
southbound ship queues increased quickly. When the blockage was released, it took 6 days to reduce
the queues to normal levels. Because of the need for one-way traffic in significant stretches of the
Canal, even under normal conditions, ships need to wait to join a convoy.

Understanding the ship transits and how the flow and operation at capacity-constrained areas could
be improved can be achieved by assigning a queue number to each of the ships arriving north and
south of the Canal. Such a queue number can be derived from Automatic Identification System (AIS)
data and the date and time a ship physically arrives at the Canal entrance. Expanded to data and
predictions about ships heading towards the entrances of the canal, queue numbers might form a
foundation for predicting and optimizing the time and timings for any ship to pass through the Canal.

2. The passing of ships after the Canal re-opening
When the Canal was re-opened on 29 March 2021, there were more than 350 ships queuing at both
ends. Out of these, there were 89 container ships waiting, including 40 northbound from the Gulf of



Suez and 49 southbound from the Mediterranean Sea. Figure 1 shows the queue position of each of
the identified container ships at the time when the Suez Canal was re-opened.*
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Figure 1: Position in the queue for waiting container ships heading south and northbound at the time of when the canal was
re-opened

After 6 days the last ships in both queues had passed through the Canal. Figures 2 and 3 show the
container ships that transited northbound and southbound based on the number of hours they took
to pass through (including waiting in line) counted from the Canal’s re-opening.
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Figure 2: Queue compliance northbound
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Figure 3: Queue compliance southbound

The two diagrams above show that passage through the Canal is governed primarily by a first-come,
first-served principle. The small deviations between the assigned queue number and the actual order
of passage are caused by ship convoy arrangements. For the most part, the container ships passed
through the Canal in the order of their physical arrival.

3. Forecasting the time of exiting the Canal

The day after the Canal re-opened, actors in the maritime supply chains could not estimate when a
particular ship waiting in line would be able to pass through. The same concern was raised with respect
to ships heading towards the Canal. This uncertainty highlighted the need for better tools for
stakeholders to be aware of the actual situation and forecast the flow of ships through capacity-
constrained chokepoints. Such visibility and forecasting tools would provide a much higher level of
certainty as the basis for better planning.

3.1. Model description
The AIS service, built upon Global Positioning System (GPS) tracking and using satellite communication

technology, produces a real-life snapshot of the situation when the Suez Canal was re-opened. Such
snapshots can be produced at any time and place. Figure 4 illustrates the waiting times for ships (north
and south bound) between 1 February and 14 April 2021. The Suez blockage break is evident.
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Figure 4: Days in wa/tmg zone before the north and south bound passages through the Suez Cana/ —all ships (left) and
container ships (right)

Figure 5 shows the number of ships passing through the Canal from April 2020 to April 2021. The
diagram shows an average throughput of around 50 ships every 24 hours.
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Figure 5: One year of history of passages through the Suez Canal - all ships (left) and container ships (right)

Knowing or being able to estimate the transit capacity of the Canal and the likely number of vessels
waiting would enable the calculation of an optimal arrival time at an entrance and hence the optimal
speed for a ship heading towards the Canal. Combined with data on normal ship arrival patterns at the
Canal this could provide the basis for predicting when an approaching ship will be able to make a
transit. This information and action upon it could lead to less queues and congestion and possibly to
significant savings in fuel and emissions.

AIS data offers the possibility to capture the movement of all ships that are heading towards the Canal.
Thus, one can build prediction models that consider the number of ships heading towards the Canal to
calculate expected waiting time and alternative slot availability. As ships adjust their speed, acting on
such information and forecasts, the predicted future situation at the Canal for other ships approaching
would change. As such, each ship’s context becomes a function of the behaviour of other ships heading
towards the Canal. Continuous situational awareness updating in an open, data-sharing environment
is therefore essential (as illustrated in Figure 6).
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Figure 6: Dynamic adaptation of ships' changed behaviour

Figure 6 points to the need for a mechanism allowing both infrastructure providers and co-users to
coordinate their operations virtually. Inspired by how human practices are arranged, it would be
reasonable to consider implementing “virtual arrival and transit tickets”, awarded while the ship is en-
route. This would be the first step towards a demand and need-driven, slot-based model where the
qgueue number is determined prior to ship arrival. This is a move from governing based on actual arrival



to the virtual arrival and appointment economy now beginning to emerge in the maritime sector.?
However, this also means that those responsible for maintaining the infrastructure (such as canal
authorities, port authorities, terminal operators), will need to support and integrate this new way of
operating.

We have already seen similar moves in the port sector with the introduction of vehicle booking systems
(VBS)? for managing the flow of trucks to collect and deliver containers, helping terminal operators
optimise gate and yard operations and reduce truck queues outside their facilities. Transferring the
virtual ticket concept to canal and port environments, regularly updated appointments between ships
and terminal operators would also allow them to further optimise the VBS operation.

The effectiveness and viability of such models depend on broad participation in a forecasting and
infrastructure management service, which must be easy to use and accessible to everyone. The higher
the level of data intelligence on chokepoints and on shipping routes, the higher the accuracy level of
the predictions that can be achieved as the basis for operations of ships and capacity-constrained
infrastructure. Also, the longer the model runs, the more reference data are gathered helping to train
the algorithms and deliver more precise predictions. Importantly, the combination of common
situational awareness, and virtual queue tickets would provide better grounds for synchronizing sea
transport activities.

3.2. Back to normal conditions
The Suez Canal blockage should make the global maritime and broader supply chain community reflect

on the need to become more agile through a higher level of visibility on the situation at capacity-
constrained chokepoints. That would enable improved predictability on arrivals and departures as well
as canal passages. We suggest that such visibility needs to be combined with a concept of making
appointments to optimise the utilisation of shared infrastructure. The first-come, first-served basis is
the modus operandi applicable for many capacity-constrained zones, especially ports and canals. This
leads to “hurry up, then wait” practices and consequently a wastage in fuel and unnecessary emissions.
This should change in the interest of the industry, its customers and the environment, with due
consideration to contractual provisions.*

There might even be possibilities to establish processes and services to “jump the queue” if
agreements are established for passage slots to be exchanged between different parties planning to
utilise a canal or other chokepoints. The same holds true for destination ports. This would then form
the foundation for enabling the shipping industry to inform subsequent actors in the value chain about
arrival times. Ports and terminals would be better able to plan unloading and loading times and inform
transport coordinators, trucking companies, barge and railway operators as well as importers and
cargo owners. This would represent a major step towards the holistic approach outlined by Maritime
Informatics. Ideally, the usage of such information would be coordinated amongst all shipping
operators and terminal operators which would lead to a reduction in the risk of unanticipated port
congestion as well as a more optimized berth allocation routine on the part of the terminals.

2 https://applied.economist.com/articles/welcome-to-the-appointment-economy
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4. Implications for the transport ecosystem
The questions raised and challenges identified around fluid movements and congestion are valid for
any chokepoint in the maritime system. Recent capacity challenges in the world’s major ports and hubs
have triggered calls for more agile and resilient supply chains.

The easier solution may be brought about by data-driven models that help to deblock or even avoid
such situations. Building intelligence around ship voyages and throughputs of maritime infrastructure
will provide options to the different actors and empower them to make better economic and
operational decisions.

Critical for success will be that the actors embrace such a model. Optimal system performance requires
that we move towards a system of queue numbers and plan for infrastructure use in an elastic manner’
prior to ship arrival. A move towards a model built upon the appointment economy will allow for better
synchronization. But that should be the next step. The initial effort should focus on creating a common
in-depth understanding on how the maritime supply chain is managing and co-utilising infrastructure
and resources.

The first-come, first-served principle may turn out to be an outdated model. Sharing data with trusted
parties to build intelligence is an obvious goal in the digital age. Maritime digitalisation is accelerating
and is an essential part of the solution. A maritime chokepoint deblocking methodology and model
allowing for coordination prior to the physical arrival seems to us a timely and relevant call to action
in today’s turbulent and uncertain times.
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