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Climate Change Impacts & Adaptation 

where people live and work
Cities exhibit extreme densities of 

people and assets

Extreme events
Most impacts manifest in intensifying 

extreme events
e.g. more frequent and severe 

storm surges

Generic approach
What do cities have in common, instead of

what makes individual ones special
General and transferable approach 

on the large scale
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Outline

Argumentation

Framework

Theoretical Results

Damage & Adaptation Functions

Summary & Outlook

Goal:
- estimate damage loss from climate change
- estimate adaptation cost and residual damage
- sea-level rise (least uncertain impact)



  

A Probability density of natural hazard (e.g. sea level)
D Damage function
E Probability density of damages

B Sea level rise alters A (shift of distribution)
C Flood defense alters D (sea wall represent threshold)

Impacts / Adaptation Framework



  

How do damages from coastal floods increase with
sea-level rise or are reduced with protection?

generalized Pareto distribution (3 shapes)

point process (Poisson)

average number of flood events & 1-year event

power-law damage function

JF Eichner, Diss, 2006

GPD-parameters:

- threshold

- scale

- shape

GEV



  

Analytically derived results



  

Analytically derived results



  

How do damages from coastal floods increase with
sea-level rise?



  

How damages from coastal floods are reduced with protection



  

Example: Copenhagen
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Damage functions



  

Damage functions:
storm



  

Damage functions: 140 coastal cities



  

Flood damage functions from land-cover data



  

Copenhagen



  

Damage functions



  

Damage functions

log-logistic function:



  

Damage functions

log-logistic function:



  

Damage function exponents



  

Copenhagen – Adaptation



  

Adaptation: Portsmouth (UK), 2m

Boettle et al., in prep., 2016



  

Adaptation: Portsmouth (UK), 3m

Boettle et al., in prep., 2016



  

Adaptation: Portsmouth (UK), 4m

Boettle et al., in prep., 2016



  

Adaptation: Portsmouth (UK), 5m

Boettle et al., in prep., 2016



  

Protection functions



  

Cumulation /
Amortization

Cumulative damages



  

Cumulative damages: adaptation & amortization



  

Summary

- Generic methodology for climate change intensified 

natural hazards hitting cities

- Damage and Adaptation function

Work in progress

- Stationary (present condition)

Expected damage, Avoided damage, Adaptation costs, ...

- Non-stationary (future scenarios)

Sea-level rise, Urbanization, Subsidence, Discounting, ...

Outlook

- global assessment

- other land-uses

- other impacts

- indirect damage

Summary & Outlook
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Thank you for your attention!

et al. are ...
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