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Goal:

- estimate damage loss from climate change

- estimate adaptation cost and residual damage
- sea-level rise (least uncertain impact)



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

generalized Pareto distribution (3 shapes)
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power-law damage function  F'(x) ~ x”



Analytically derived results

Varying parameter
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Table B1. The asymptotic behaviour of the number of annual flood events A, the expected damage from a single event Ep, and the total
annual damage E p as well as the corresponding standard deviations SD p, and SD p, as functions of the 1-year event p (with regard to a shift
of all events), the scale parameter o and the protection level w. The values pumax = u + /& and xmax = 1 — o /& represent upper limits for
the parameters p and w in the case £ > 0 and & < 0 respectively.



Analytically derived results

Varying parameter

l1-year event u Scale ¢ Protection height w
E=0: ~eMl° v ~ oY e—@/0
Ep  §<0 ~pur=!f8 ~ot TR G — )7 18
M= max o _
£ >0 ~" (Umax — )18 ~ag? ~ ¥ 1/8

Table B1. The asymptotic behaviour of the number of annual flood events A, the expected damage from a single event Ep, and the total
annual damage E p as well as the corresponding standard deviations SD p, and SD p, as functions of the 1-year event p (with regard to a shift
of all events), the scale parameter o and the protection level w. The values pumax = u + /& and xmax = 1 — o /& represent upper limits for
the parameters p and w in the case £ > 0 and & < 0 respectively.



How do damages from coastal floods increase with
sea-level rise?
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Fig. 4 Expected annual damages (dark blue) and standard deviations (light blue) in (a)
Copenhagen and (b) Kalundborg as a function of the mean sea level (parameterised by the
1-year flood ). The dotted lines show the asymptotic relations Eqgs. (12), (13) and (14) with
v = 1.57 and £ = —0.14 (Copenhagen) and v = 4.06 and £ = 0.08 (Kalundborg). The values
for the current l-year floods pup = 91.21cm (Copenhagen) and po = 95.35cm (Kalundborg)
are indicated by brown vertical lines. The abscissa in the right panel is inverted and shows the
difference between the 1-year flood p and pmax = 332.04cm (at the top, the corresponding
1-year floods are displayed).



How damages from coastal floods are reduced with protection
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Fig. 6 Expected annual damages (dark green) and standard deviations (light green) in (a)
Copenhagen and (b) Kalundborg as a function of the protection level w. The abscissa in the
left panel is inverted and shows the difference between the protection level w and the maximum
possible water level zmax = 215.28 cm (at the top, the corresponding protection heights are
displayed). Since no considerable damage occurs in Kalundborg for sea levels below 135 cm,
only protection levels above w = 135cm (black vertical line) are considered. The dotted lines
follow the power laws from Eqgs. (15) and (16) with the estimated damage function exponents
v = 1.57 (Copenhagen) and v = 4.06 (Kalundborg).



Example: Copenhagen
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Figure 5. (a) Mean sea level projections for the SRES scenarios AI1B (high climate sensitivity) and Bl (medium climate sensitivity) in
Copenhagen provided by the DIVA tool (Hinkel and Klein, 2003; Vafeidis et al., 2008). (b) The expected annual damage as a function of
time, based on the two scenarios.



Damage functions
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Damage functions:
storm
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Figure 1. Example of damage function and occurrence
probability for an arbitrary district. (a) The damage function
d(v) is plotted against the maximum daily wind speed v.
Confidence bounds of +-20 are shown by dashed lines. Grey
points represent daily loss data. (b) The fitted occurrence
probability p(v) 1s shown. Binned empirical data, shown as
circles, are given as reference only.



Damage functions: 140 coastal cities




Flood damage functions from land-cover data

Table 4: Relative damage functions for several land uses from Huizinga (2007) as fraction of the
maximum possible damage.

Flood level

Land use Om O05m Im 15m 2m 3m 4m 5Hm 6m

Residential (incl. inventory) 0  0.25 04 0.5 0.6 0.75 085 095 1

Commerce (incl. inventory) 0 0.15 03 045 055 075 09 1 1
Industry (incl. inventory) 0O 015 027 04 05 07 08 1 1
Infrastructure (roads) 0 025 042 055 065 08 09 1 1
Agriculture 0 0.3 055 065 0.75 085 0.95 1 1

Table 5:  Average maximum damage values for the year 2004 (Huizinga 2007).

Average maximum

Land use damage value [€/m?]

Residential buildings 750
Commerce 621
Industry 534
Roads 24
0.77

Agriculture
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Normalised flood damage

Damage functions

Flood height [m]



Normalised flood damage

Damage functions
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Normalised flood damage

Damage functions
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Damage function exponents
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Copenhagen - Adaptation
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Adaptation: Portsmouth (UK), 2m

Portsmouth, 2 m flood level

'-ui .
-._11 |.l f |
- _r l‘_ _I_l_-"' __,-I |1I
;ﬁ.ﬁ u :
'
I I
' —udl
J "I
: ol |
: L
.

Boettle et al., in prep., 2016



Adaptation: Portsmouth (UK), 3m

Portsmouth, 3 m flood level
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Boettle et al., in prep., 2016



Adaptation: Portsmouth (UK), 4m

Portsmouth, 4 m flood level
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Boettle et al., in prep., 2016



Adaptation: Portsmouth (UK), 5m

Portsmouth, § m flood level
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Protection functions
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Cumulative damages
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Cumulative damages: adaptation & amortization

Cumulative costs, considering linear sea level rise (25cm)

expected value without adaptation P 7
— — —95% confidence interval P : -7
expected value with adaptation /,f -
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Summary & Outlook

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
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