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Overview

- Motivation, main objectives

- Presentation of the LISCOAST approach

- Results

- Foresight



Sea level rise

Hansen  ACPD, 2015

IPCC 2013

• The ocean absorbs >90% of the increase in energy
• Past sea levels under +1.5-2oC were 6-10 m higher 

than present
• Expansion of sea water per oC of warming is greater 

at higher temperature and higher pressure



Are SLR, erosion and flooding the problems?

http://www.greekhotel.com/



Population growth

UN 2010

1 billion in 1800

2 billion in 1920

4 billion in 1975

7 billion now



Pressure on the coast: population

www.dailymotion.com



Pressure on the coast

EUROSTAT 2013

• >50% of EU population lives 

within 50 km of the coast

• 44% of global population lives 

within 100 km of the coast (UN 

Atlas 2010)

• A great proportion below 10 m 

elevation



Pressure on the coast: Population



Pressure on the coast: extreme events
Katrina 2005 1400 dead, 108 billion $ Rita 2005 120 dead, 12 billion $

Sandy 2012 2 dead, 0.7 billion $ Xynthia 2010 80 dead, 1.3 billion $



Forcing trends of coastal hazard
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Ferreira et al. (2009); Ciavola et al. (2011)



Vulnerability of ports and coastal infrastructure

Higher water levels
Vulnerability from sea and land
Sedimentation/dredging
Seiching

Changing weather patterns
Timing and characteristics of 
extreme events
Port orientation vs dominant wave 
direction

Scott et al., 2016



The war will be fought at the coast?



Open issues

• Hazard under RCPs not studied in sufficient detail and with large climate model 

ensembles; 

• Evolution of processes driving extreme water levels in view of climate change

• Waves presently completely omitted in inundation and impact assessment 

efforts

• No open-access databases of extreme water level projections

• Oversimplified large-scale inundation studies;

• Oversimplified impact assessment methodologies

• Socio-economic scenarios and adaptation pathways not sufficiently explored

• Still a lot to do on indirect impacts



LISCOAST

• A flexible coastal impact assessment tool

• Large scale, but not oversimplified

• Developed, validated and applied first for Europe and then implemented on 

global scale

• Building upon the group’s expertise on inland flooding forecasting and impact 

assessment

• Collaborations with leading institutes of the field
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Climate risk - framework

SREX, IPCC (2012)



Impact

VulnerabilityExposure

Hazard

Coastal erosion and 
inundation

TWL + Inundation
SLR, Tide, Waves, Storm Surge

CMIP5
TOPEX-

POSEIDON

Delft-3D WW3 DFLOWXBeach

LISFLOOD-FP

Socio-economic 
drivers

Land Use Scenarios

Adaptation

The LISCoAsT approach



HAZARD PROJECTIONS
The LISCoAsT approach



Sea Level Rise and beyond

IPCC 2013
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Sea level extremes: Global Storm Surge Model

Model used: DFLOW
Simulated tidal, wind and pressure driven 
ocean circulation

Flexible mesh
Nearshore resolution 0.11o x 0.05o

Offshore resolution 0.94o x 0.42o



Sea level extremes: 
Global wave model

Model used: WaveWatch3 v4.18

Generates waves from wind fields

Resolves all wave directions and 

frequencies

Considers several parameters including 

temperature, ice concentration



Sea level extremes: Tropical cyclones





Climate tipping points: Thermohaline circulation



Climate tipping points: Thermohaline circulation



European TWL projections for the 100-year event





Coastal Inundation on EU scale

• TWL components estimated 

every 25 km of coast

• SRTM DEM

• Similarly coastline and all 

data divided in 25 km long 

segments, extending 50 km 

inland

wavestormsurgetideMSLTWL RSLR  



European coastal flooding projections



EXPOSURE-VULNERABILITY
The LISCoAsT approach
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 2006 land use map, 100x100 m

 EU27 + EFTA + Turkey + Balkan

 45 thematic classes

 Refined CORINE land use 
 Soil Sealing Layer
 TeleAtlas® 
 Urban Atlas

 2006 population map, 100x100 m

 EU27 + EFTA 

Exposure: current land use and population

Batista e Silva, F., Lavalle, C., Koomen, E., 2013. A procedure to 
obtain a refined European land use/cover map. Journal of 
Land Use Science, 8 (3), pp. 255-283. 
Batista e Silva, F., J. Gallego, C. Lavalle, 2013. A high-resolution 
population grid map for Europe. Journal of Maps, 9, 16-28. 



Mapping of large infrastructures and key 
economic assets

33

• Non renewable Power Plants (MW)

• Electricity distribution lines (km)

• Unesco cultural sites (number)

• Social infrastructure (number)

• Ports/Airports (No People Served)

• Transport networks (No People 

Served)

• Urban transport (No People Served)

Railway networkTransmission lines Ports



PROJECTIONS OF COASTAL IMPACTS FOR 
EUROPE

Results



Projections of EAD for RCP4.5 and 8.5 

Only direct impacts!



Projections of EA number of people affected

Only direct impacts!



Projections of EA number of people served by 
affected ports and airports

Only direct impacts!



Projections of EA number of km affected transport 
networks

Only direct impacts!



Projections of EA number of urban transport 
facilities affected

Only direct impacts!



Projections of number of people served by 
affected ports (100 year event)

Only direct impacts!



Projections of number of people served by 
affected airports (100 year event)

Only direct impacts!



Projections of EA number of km affected transport 
networks

Only direct impacts!



Projections of EA number of urban transport 
facilities affected

Only direct impacts!



SUMMARY AND WORK IN PROGRESS:
METHODOLOGICAL GAPS, IDEAS, CRITICAL QUESTIONS

Closing Remarks



What we have…

State of the art projections of extreme TWL for EU and soon globally

An impact assessment methodology adapted to the coastal problem

An algorithm which can incorporate certain coastal protection standards 

….and that can lead to an evaluation of adaptation scenarios

A set of calibrated models for all hazard components

What is on the way… 

Global Waves, Storm Surge, Improved impact assessment, SSPs, 

Adaptation…



What is really at stake?

River floods
Heat waves
Cold waves
Draughts
Wildfires
Windstorms
Crops
Fisheries
Coastal floods

Impacts

SLR



What is really at stake?

• The ocean absorbs >90% of the increase in energy
• Past sea levels under +1.5-2oC were 6-10 m higher than present
• Expansion of sea water per oC of warming is greater at higher 

temperature and higher pressure

Hawkins, MetOffice, 2016



What is really at stake?

• Projections indicate an order of magnitude increase of direct impacts by the 

end of the century

• Without considering tipping points

• Without considering indirect impacts

• Business interruption

• Ecology

• Sector interactions

• Criticality of transport hubs

• Etc….



Intangible/indirect impacts

www.wikipedia.org



Intangible/indirect impacts

www.miriadna.com

www.wikipedia.com



Adaptation and social justice

James G. Titus and Michael Craghan (2009) http://porterbriggs.com/

• Need to acknowledge the challenging nature of coastal adaptation in view of climate 

change

• Urgency of moving towards the direction of a timely response, taking coordinated 

and fair measures



Pressure on the coast: Population

Thank you very much…


