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1 Introduction 
 
Climate change could in some regions in the world, increase risks for the transport sector and 
the infrastructures it relies on. Sea level rise will affect sea ports and their hinterland 
connections. Changes in weather conditions (temperature, precipitation, wind) and in extreme 
water levels (sea storm surges, wave climate) could also represent new risks for sea port 
infrastructures and activities.  
 
The number of sea ports for which those impacts and consequences have been assessed is 
growing, but remains limited and also restricted to some world regions.  
 
Assessing future climate induced risks for sea ports either regionally (including at European 
level), or a more global level is however necessary:  

1. "Increasing the resilience of coastal and marine areas and increasing the resilience of 
physical infrastructure, including transport infrastructure" are two objectives of the 
European Commission White Paper on "Adapting to climate change: Towards a 
European framework"1. A EU-wide assessment of sea ports exposure to future climate-
induced risk should inform policy makers and sea port authorities regarding future 
adaptations measures.  

2. A global level assessment is also necessary to assess possible future risk for 
international trade – including consequences for Europe. This is one of the major 
conclusions of the Ad Hoc Expert Meeting on "Climate Change Impacts and Adaptation: 
A Challenge for Global Ports" organized by UNCTAD in 2011: "There is a need to 
engage in a global risk assessment exercise and to focus on all drivers and risks, 
including climate change and socio-economic factors, such as expanding global coastal 
populations, higher asset values, and the subsidence of cities especially in deltas and 
low-lying areas."2 

The scientific, technical feasibility and resource needs to conduct large scale risk assessments 
for sea ports need to be reviewed together with involved experts and stakeholders. This is the 
aim of the scoping workshop on 4 and 5 March 2013 in Brussels organised by the Joint 
Research Centre of the European Commission (JRC/IPTS).  
 

Main objectives are: 

1. To draw up the state of the art regarding vulnerability and risk assessment for Sea 
Ports and Climate Change, both at individual port level and then at large scale. The 
workshop will review applied models, methods, data, assumptions to assess 
vulnerabilities and risks. 

2. Explore options in order to extend current assessments. 

3. Explore possible cooperation involving both stakeholders and research community. 
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9.00 Registration

9.30 Opening, tour de table Mr Antonio Soria - JRC/IPTS

9.45 The EU strategy for adaptation to climate change Ms Bento Pais - European Commission DG CLIMA

10.00 The policy needs from an international perspective Ms Regina Asariotis - UNCTAD

10.15 Introduction to the workshop Ms Françoise Nemry - JRC/IPTS

10.35

10.55 Climate change challenges for Sea Ports Mr Ralf Weisse - Helmholtz-Zentrum Geesthacht

11.40
Ports: Range of physical settings and environmental 
controls

Mr Adonis Velegrakis - University of Aegean

12.10 Incorporating climate adaptation into port dynamism
Mr Satoshi Inoue - National Graduate Institute for
Policy Studies (GRIPS)

12.40

14.10
Hydrodynamic and hydrological modelling to support 
the operation and design of sea ports: data needs and 
examples 

Ms Sofia Caires and Mr Martijn de Jong - Deltares

14.40
Assessing sea port defence failure risk under climate 
change

Mr Hiroshi Takagi- Tokyo Insitute of Technology

15.10 Muelles el Bosque - Cartagena (Columbia) Mr Vladimir Stenek - International Finance Corporation (IFC)

15.40 Rotterdam Port (The Netherlands) Mr Marc Esma - Port of Rotterdam Authority

16.10 Le Havre (France) Mr Pascal Galichon - Le Havre Sea Port Authority

16.40 The Naval Station Norfolk (US)
Ms Kelly A. Burks-Copes - US Army Engineer Research and 
Development Center

17.10
Future Climate Change and Sea Level Rise Adaptation 
Strategies around Ports in Tokyo Bay

Mr Miguel Esteban - University of Tokyo

Session III: Assessing future risk and adaptation needs - lessons from case studies

Session I: The current circumstances and future prospect for Sea Ports

Session II: Scientific and engeenering background for the assessment of Sea Ports exposure to risk

Lunch

Assessing climate change risks for Sea Ports 
Scoping workshop

Brussels - 4 and 5 March 2013

Agenda

Day 1   04/03/2013

Coffee break
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9.00 The Gulf Coast (US) Mr Mike Savonis - ICF International

9.30 Assessment of Sea Ports in South Africa Mr David Phelph - CSIR

10.00 The case of Small Island Developing Countries Ms Hassiba Benamara - UNCTAD

10.30
Reducing uncertainties in decision-making in climate 
change adaptation planning, strategies and 
implementation: the role of institutions

Mr Adolf Ng - University of Manitoba

11.00

11.25
Estimating the upper bound: Resource requirements to 
adapt the world's seaports to climate change

Mr Austin Becker - Stanford University

11.55
A large scale assessment of vulnerability for Latin 
America / Spain

Mr Iñigo Losada - Universidad de Cantabria

12.40

General discussion and conclusions

Day 2     05/03/2013

Coffee break

Lunch

Session IV: Regional and global perspectives
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2 Setting the scene 
 
Sea ports are complex systems composed of long life infrastructures that are traditionally 
designed in accordance to historical and current natural risks. However, climate change could 
significantly modify some of those natural risks. In the absence of a forward looking approach, 
this could undermine sea ports infrastructures integrity, operation safety and performance.  
 
The different climate change impacts on sea ports have been described in the literature (see for 
instance PIANC3). The causal chain of direct and indirect consequences from climate changes 
on sea ports is depicted in Figure 1. Sea level rise (SLR) alone will have direct consequences on 
sea port infrastructures, requiring upgrades in e.g. quays and bridges. In some cases, relocation 
of some port activities could become the only viable approach. Sea storm surges could become 
more damaging as a result of an increase in frequency and/or intensity or just because their 
sweeping effect will be increased by SLR. The consequences of climate change may also result 
from the conjunction with other climate factors such as temperatures, precipitation, winds. 
 
These different factors will result in direct consequences on both infrastructure integrity and 
sea port activities (delays, suspension). In some cases, the direct impacts could represent 
important costs for sea port operators. 
 

Exposure

Sea level rise

decreased dredging
reduced bridge clearance
permanent flooding => parts of port 
inoperable

Need to upgrade 
quays, bridge 

clearance, relocate 
some port activities

Spoiling of goods

Storm surges 
Wave Climate

Inability to dock
Restriction of crane operations or 
loading of bulk / liquid cargoes due to 
winds and lighting
Higher risk of episodic flooding of port 
facilities and storage platforms
Risks for cranes, ro-ro equipment, 
storage, warehouse, …

Damages to 
infrastructures, 

equipement, 
vehicles

Rerouting 
ships

Disruption 
of supply 

chain

Impacts on 
trade

Changes in 
temperature, 
precipitation, 

winds

Higher risk of episodic flooding and / or 
disruption of hinterland connection

Indirect consequencesDirect consequence for sea port infrastructures and operation

Macro-
economic 
impacts

Repairing 
and/or 

new 
investments 
(adaptation)

Congestion, port activity suspended and 
traffic disruption

 

Figure 1: Causal chain of direct and indirect consequences of climate changes on Sea Ports  
(source: JRC/IPTS elaboration) 

 
The disruption or collapse of some sea port infrastructures could also indirectly affect the 
conditions for the transport of goods, and, indirectly trade. The magnitude of such indirect 
impacts, including various rippling effects in the economy, would be particularly high in case of 
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high SLR and severe sea storm surges. They would possibly need to be assessed under an 
integrated approach of all impacts on affected coastal regions (including urban areas, industry 
activities together with sea port itself). Large uncertainties still prevail when assessing those 
indirect impacts. Model-based simulations suggest that, depending on the severity of the 
disaster, indirect economic losses for affected regions could represent ~40% to 50% of direct 
losses (Hallegatte et al, 2010)4.  
 
As a first step, the scoping workshop will focus on the feasibility of assessing vulnerability 
and risks to climate change factors and the direct consequences for Sea ports5. 
 
The workshop will be organised into 5 sessions (see enclosed agenda). The following shortly 
comments on the key questions that these sessions will address. 
 

3 Session I: Current circumstances and future prospect for 
Sea Ports 

 
The current physical circumstances for Sea Ports 
 
Sea Ports are highly diverse in terms of their location, configuration, activities, hinterland 
connections. For instance, in terms of exposure to extreme sea levels, sea ports can broadly be 
distinguished on the basis of exposure to tropical and extra-tropical storms6. Other physical 
features also determine exposure to risk. These different exposure factors will be reviewed. 
 
The future climate change challenges 
 
In the light of the recent IPCC Special report "Managing the Risks of Extreme Events and 
Disasters to Advance Climate Change Adaptation (SREX)", and of recent regional assessment 
(e.g. North Sea Costal region7), that session will review the recent scientific conclusions about 
future consequences from climate changes (Sea level rise, tropical and extra-tropical cyclones 
and sea storm risks, wave climates, heat waves, heavy precipitation) which should be considered 
in view of risk assessment for sea ports. 
 
Non climate drivers 
 
Although focusing on future climate change challenges, it is also important to keep in mind 
other drivers to which sea ports will need to accommodate (e.g. larger ships / containers). These 
non climate drivers will be discussed. 
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4 Hallegatte et al, 2010, Floods Risks, Climate Change Impacts and Adaptation Benefits in Mumbai, OECD 
Environment Working Papers N 27. 
5 In the light of that first workshop, the JRC/IPTS may envisage a second workshop to discuss the issue 
of assessing indirect consequences. 
6 See http://www.nasa.gov/pdf/344724main_SatMag%20May09.pdf and http://data.giss.nasa.gov/stormtracks/ for 
observations on storm tracks for tropical and extratropical storms. 
7 Weisse R., von Storch H., Niemeyer H.D., Knaack H., 2012, Changing North Sea Storm surge climate: An 
increasing hazard?, Ocean and Coastal Management, 68, 56-68 
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4 Session II: Scientific and engineering background for the 
assessment of Sea Port exposure to climate risk 

 
The scientific background 
 
Assessing future risks associated with climate change and especially with sea level rise and 
changes in extreme water levels (sea storm surges, wave climates) is a complex task which 
necessitates appropriate hydrodynamic / hydrological models to e.g. simulate the occurrence and 
intensity of extreme events and the propagation of sea storm surges in the coastal environments.  
Some models and their application for the case of sea ports will be presented. The need for 
spatial information and availability will also be discussed. 
 
The engineering background 
 
Coastal infrastructures, including sea ports infrastructures are designed to sustain extreme 
weather events up to certain intensity. Protection standards, expressed in sea storm surge return 
period, are highly diverse amongst port cities8. 
An important aspect for the risk assessment for Sea ports is to conduct reliable assessment of 
future stability of coastal infrastructure under the projected climate changes and their 
probabilities.  
Based on some examples, the workshop will cover issues such: 

- Which infrastructure parameters and available data need to be considered? 
- How could overtopping and/or damage probabilities be estimated? 

 

5 Session III: Assessing future risk and adaptation needs – 
Lessons from case studies 

 
An increasing number of Sea Ports have been or are being subjected to vulnerability and risk 
assessment. Some of them will be presented in the workshop. Some similarities, but also, 
differences in scope, method and quantification level are encountered: 
 
Different scopes: 
 

 Climate change factors considered: some case studies focus on SLR and sea storm 
surges, other cover a wider spectrum of impacts (e.g. temperature, precipitation, winds). 

 Considered risks and consequences: some case studies assess damage risks while others 
also consider consequences for port operation and induced congestion. 

 Considered infrastructure elements: case studies either focus on one main 
infrastructure element (e.g. breakwater stability) or systematically assess consequences 
for individual port elements (e.g. access channels, banks, movable structures, quay walls, 
bridges,…). 

 The tools and metrics used to measure risks: methods include qualitative matrix 
assessment method or also quantified risk and costs. 

 Some case studies that quantify risks do also assess adaptation measures (possibly 
applying cost-benefit analysis) 
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Assumptions and methods may also differ in terms in terms of: 

 Assumed change in e.g. SLR, future sea storm surges frequency and severity, 
 Used (nested) hydrodynamic/hydrological models. 
 Type, resolution level and source of used GIS information. 

 
When describing the case studies, results and conclusions, key questions will be addressed: 

 What is the scope (notably referring to above list and Figure 1)? 
 Which assumptions were made regarding the different future climate change factors? 

Were they based on climate models, statistical methods or any other method? 
 What is the applied vulnerability / risk assessment method? Which tools/models/data? 
 Which vulnerability and risk aspects have been assessed and how? Which metrics have 

been used? 
 Which experts / stakeholders were involved and their contributions? 
 How far did the assessment led to conclusions regarding adaptation strategy/measures? 
 What were the main caveats and needs for better data and assumptions? 

 

6 Session IV: Regional and global perspectives 
 
The exposure of large Port cities (>1 million inhabitants) in the world have been assessed by 
Nicholls et al (2005) for the OECD, assuming a 0.5 m SLR and 1 in 100 year sea storm event. 
They estimated that more than 40 million people and 3000 billion USD assets would be 
exposed9.  

In a more recent assessment for the World Bank, Nicholls et al (2010)
10

 assessed the adaptation 
costs for ports in “low income to upper middle income countries” countries. The upgrade of 
ports was estimated to 8.5 to 19.6 billion USD for low to high SLR scenario11.  
 
Explicit and more detailed large scale assessment of vulnerability and risk for sea ports will be 
presented (A. Becker, I. Losada).  
 
Questions similar for case studies will be discussed in the context of these large scale 
assessments, 
 
More generally, for the considered geographical scopes, the trade-off between unavoidable 
abstraction – and data and information availability - and the need to deliver relevant insight for 
decision making will be discussed. 
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was not singled out. 

10 Economics of coastal zone adaptation to Climate change, 2010, World Bank, Discussion Paper 10 

11 Key assumptions for the assessment are: Traffic to area calculations (based on IPCC, 1990): tonnage-space ratio (3 Mt/km2); bulk oil (30 

Mt/km2); containers (16 Mt/km2). Cost of the upgrade by 1m: 15 million USD/km2 
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General discussion 
 
In the light of presentations and discussions, options to further extend the current assessments 
will be discussed: 
 
While being extended, case studies and large scale studies could mutually feed.  
One possible option could consist in combining selected case studies with large scale 
assessment approach:  
 

 How could such a hybrid approach be applied? 
 

 How selecting case studies to best cover the different current and future circumstances 
across the studied region(s)? 

 
 Could a common approach for vulnerability and risk assessment be defined for case 

studies? 
 

 Which cooperation (stakeholders, experts - regional)? 
 
A general question will also devise some discussion: should sea ports be assessed together with 
port cities? 
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