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I. The need for Port Resilience

» Maritime transport underpins world economic interdependency
and global supply chain linkages.

» Port resilience is not only an imperative for supply chains, but also
for the national economies they support.
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I. The need for Port Resilience

A paradigm shift has been unfolding since the COVID-19 pandemic, with risk

management and resilience building raising new policy and business
concerns.

In this context, business continuity plans and emergency-response
mechanisms have again shown to be vital.
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I. The need for Port Resilience
Integrating resilience interventions across existing port processes

EFFICIENCY

The operational
performance of ports,
maximisation of output with
given resources or reclising
output with limited resource
- 'doing things right' *

EFFECTIVENESS

Delivering desired
services fo users and

cusfomers - ‘daing the
right things' *

RESILIENCE

DECARBONISATION

Contribution to climate
mitigation at and through
ports

SUSTAINABILITY

Delivering port aims in
harmony with or whilst

enhancing soclely and the

environment

"heo Notteboom, Athanasios Pallis and Jean-Paul Rodrigue (2022). Port Economics, Management
nd Policy
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Il. The port system and related risk factors

Ports in the maritime supply chain resilience landscape

INTERNAL FACTORS DISRUPTIONS
Global Supply Chains Extreme Weather Events
Geophysical Disruptions
MARITIME SYSTEM Climate Change
SHIPPING NETWORK HINTERLAND E°°"°“_‘i.° and Financial
Port connectivity Accessibility Geopolitical
Volume's
Economic Growth Trade Flows
Information Technologies

EXTERNAL FACTORS Epidemics & Pandemics
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Il. The port system and related risk factors
The shipping network and related risks
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tion levels can expand the scale of
disruptions, particularly when they involve ports or
countries having high connectivity levels.

Distribution of LSCI (2020)

— Mean: 19.5

— Median : 11.4
StdDev : 20.7
Normal Dist.
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Source: Based on data from MDST, https://www.mdst.co.uk
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Il. The port system and related risk factors
Container port handling and traffic

TEU (2016)
* Lessthan1M

® 1todM
® 4to8M
@® 8to16M
. More than 16 M

- = 110

The 25 largest ports accounted for 49.8 per cent of twenty-foot equivalent

unit (TEU) traffic, highlighting the vulnerability of global shipping focusing
on a limited number of ports.

o

Distribution of TEU

Container port traffic

S wrd N
Any significant disruption in the leading 25 container ports will have a ripple
| effect on other shipping networks through delays in services, which will
.| cascade through other connected ports.

Source: Based on data from J.P. Rodrigue, Global Container Port Database.
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Il. The port system and related risk factors

Hinterland access

erland accessibility

Itime ranges a

Time to nearest city M 12hours
Less than 1 hour B 18 hours

I 24 hours
B 36 hours
I 48 hours
I 3days
I 5y
B 10 days

For a given port, the h|nterland contestablllty (i.e. the prospect for other

ports to capture the cargo from/to the hmterland) affects its resilience.

i Main Maritime Ranges

1. Atlantic 12. Baltic 23, Yellow Sea

2. Pacific 13. Northern Europe 24. Central China
3. Indian

4, Arctic

G North American West Coast : Coz

7. Caribbean Basin 18 East Afnan Coast

8. South American West Coast 19. South Africa

9. South American East Coast  20. Middle East

10. British Isles 21. South Asia [ Landlocked Country
11. Atlantic Europe 22, Southeast Asia

©
=

Source: Nelson A. (2008).
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Il. The port system and related risk factors
Port-centric activities

On a local scale, ports support an ecosystem of activities consisting of
port users directly dependent on its capabilities.

= Such port clusters include:

i. logistics and warehousing; iv. energy production;
ii.  manufacturing; V.

iii. heavy industries;

transformation activities.

This cluster is highly interdependent with port activities, implying that its

resilience is based on the capability of the port to handle its cluster’s inputs
(imports) and outputs (exports).

Under normal circumstances this co-dependency is a factor of efficiency, but
can be a vulnerability in the event of a disruption.




Il. The port system and related risk factors
Port risk factors and challenges to resilience
INTERNAL

SHIPPING NETWORK

HINTERLAND

Ineffective Governance

Changing Routes

Changing Vessel Size Lack of Oversight

Navigation Channels Infrastructure Management
Lack of Space

Energy Provision

Labor

Cyber Security

| |
it
il

Safety and Security

Source: Adapted from Kim, Y., and L. Ross (2019).

EXTERNAL

Natural Hazards
Anthropogenic Hazards
Environmental Impacts

Access to Finance

Market Changes

Trade Policy

Geopolitical Events



A CLOSER LOOK AT PORT DISRUPTION FACTORS AND
RESILIENCE MEASURES

= Hazards and port factors than can disrupt port activity

= Key mitigation and response measures to port disruptions

14
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I11.1 Hazards and port factors than can disrupt port activity

= Contemporary challenges to port resilience

Natural
= Extreme weather events
= Geophysical disruptions

= Climate change

Anthropogenic

Accidents

= Geopolitical events

= Labour issues

= Information technologies
= Economic and financial

= Sanitary threats

=3
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I11.1 Hazards and port factors than can disrupt port activity

Contemporary challenges to port resilience

Main natural and anthropogenic supply chain disruptions in the 215 century

SeveRIT i
F 3

Severe 9/11 (2001)
West Coast Port Strikes (2002)
Hurricane Katrina (2005)
Financial Crisis (2008-2009)
Haiti Earthquake (2010)
Icelandic Volcanic Eruption (2010)
Thailand Floods (2011)

(14
(18 (4
Sendai Earthquake (2011)

o @ Hurricane Sandy (2012)
o o m o 10 Tianjin Port Explosions (2015)
@ 11.Hurricane Maria & Harvey (2017)
12.Hanjin Bankruptcy (2017)
13.U5-China Trade Disputes (2017-18)
o 14.COVID-19 (2020-22)

@ @ o 15. Beirut Port Explosion (2020)

16.Suez Canal Blockage (2021)

@ 17.LA/LB Port Congestion (2021)
o 18.War in Ukraine (2022)

> SCALE
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Local Regional Global

Source: Based on data from J.P. Rodrigue, Global Container Port Database.
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I11.1 Hazards and port factors than can disrupt port activity
Contemporary challenges to port resilience

Global Supply Chain Pressure Index (GSCPI) and major supply chain disruptions

5.0
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4.0 4. Financial Crisis {2008-2009) 13. US-China Trade Disputes (2017-18)
5. Haiti Earthquake (2010) 14. COVID-19 (2020-22)
6. Icelandic Volcanic Eruption (2010} 15. Beirut Port Explosion (2020)
7. Thailand Floods (2011) 16. Suez Canal Blockage (2021)
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9.

Hurricane Sandy (2012) 18. War in Ukraine (2022)
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Source: Data from G. Benigno et al (2022).
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I11.1 Hazards and port factors than can disrupt port activity
Extreme weather events

Risk of hurricanes for global container ports, 2019
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I11.1 Hazards and port factors than can disrupt port activity

Geophysical disruptions
Risk of earthquakes for global container ports

TEU (2016)
¢ Lessthan1M
© 2t04M
© 4to8M
© 8to16M

@ More than 16 M

Probable MMI Intensity (50 years)
Very Low (V and below)
Low (VI)

Average (VII)

High (Vill)
W Very High (IX and above)
— Plate boundary
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I11.1 Hazards and port factors than can disrupt port activity
Climate change

Climate change potential impacts on maritime transport

O optons | innasicures

. 1 s B Limits on periods of construction activity. = Thermal expansion of piers.
Heat - - * More energy for refer transportation » Pavement integrity and softening.
waves S and storage. » Deformation of rail tracks.
Rising ‘_ » Frequent interruptions of coastal low-lying * More frequent flooding of infrastructure
sea levels road and rail due to storm surges. (and potential damage) in low lying areas.
Arna ¢ Flooding of terminal areas. = Erosion of infrastructure support.
= Changes in harbor facilities to
accommodate higher tides and surges.
Intensity of - * Increase in weather related delays 8 g
precipitation 72 and disruptions.
Increasing P - Topple of container stacks and = Greater probability of inf!'astructu re failure.
hurricane port equipment. = Greater damage to port infrastructures.
intensit k » Debris on port infrastructure. = More significant flooding on hinterland
y - infrastructures.
Increase in arctic = Longer shipping season. * Damage to infrastructure because of the
* More ice-free ports in northern regions. thawing of the permafrost.

temperatures » Availability of trans-arctic shipping routes.

Source: Adapted from National Research Councll
(2008).
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I11.1 Hazards and port factors than can disrupt port activity

Geopolitical events

Russian Federation and Ukraine
— Transport networks and
contribution to global trade

Source: Based on data from FAO, the
BP Statistical Review of World Energy
July 2021, and J.P. Rodrigue, Global

Container.
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Key mitigation and response measures to port disruptions

RISK MANAGEMENT

————— % Horizon scanning
A * Planning and coordination

%g « Training and exercises

« Continuous improvement

IMPROVING INFRASTRUCTURE

» Infrastructure hardening

/-) } « Additional footprint and capacity
'\ * Access channels and basins

BEEE - Hinterland connectivity

SATELLITE FACILITIES

» Container depots

* Dry ports

» Off-site offices

» Terminal relocation

CRISIS MANAGEMENT

* Incident response

» Business continuity plan /
management

* Recovery

((n)
s Crisis communication
IMPROVING SUPERSTRUCTURE

» Terminal handling
equipment

» Warehouses and
technical buildings

« Utilities

|mnvmu

TRAFFIC DIVERSION

» Alternative port or
terminal
= Alternative mode or

corridor

CONTINGENCY PLANNING

v =} «lInventory of hazardous
& - materials on port facility
v =} «Reporting system

HAZMAT REPORTING

» Additional equipment,
parts and materials
» Management and workforce

* Port supply chains

CYBER-RESILIENCE

« Access control

» Data security

* Network security
» Operational security
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