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Outline

1. Extremes matter
2. Damage functions

3. Expected damages and uncertainty



Sea level rise and fluctuations
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Sea level rise and fluctuations
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Sea level rise and fluctuations
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Salacgriva (Latvia)



Motivation

How to estimate damages from (coastal) floods?
How do they change with sea-level-rise?

How are they influenced by protection measures?



Motivation

How to estimate damages from (coastal) floods?
How do they change with sea-level-rise?

How are they influenced by protection measures?

- consider distribution of extremes
- combine with damage function
- study distribution of damages

- dependence on GEV-parameters and protection
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Generalized Extreme Value distributions

The GEV distributions, expressing the probability that the maximum of a sample is

beneath the value s, are given by:

PGEV exp [— (1 + fs ; V)_E] for £ £ 0 O
sy
exp [—e_s;y} for £ =0.

They are defined on {s 1+ 55;—” > 0} and have a location parameter, v € R, a scale
parameter, v € RT, as well as a shape parameter, £ € R. According to the shape, one

distinguishes three cases: (i) the Gumbel distribution (£ = 0), (ii) the heavy-tailed Fréchet

distribution (£ > 0), and (iii) the bounded-tailed reversed Weibull distribution (£ < 0).
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Damage functions

intuitively: the higher the flood, the more damage

damage function: typical damage for flood of certain height

problem: how to determine damage functions?
- empirical data (here: indirectly)
- case study

later: assume power-law



Damage functions from damage records
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Damage functions from damage records

e7@-1 for p(py ~ D™ with a > 1
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Damage functions from damage records

eve-1 for pipy~ D™* with a > 1
Gumbel: D) ~ 1 i
1 a ~ a mya—1,—L2— .
(53) for p(py ~ D "e” o witha >0
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Damage functions from case study
- Kalundborg (DK)
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Damage functions from case study
- Kalundborg (DK)
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Expected damages and uncertainty
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Expected damages and uncertainty
- as a function of the location

damage function: D (Qj) ~ :U,}(
T A flood height
damage cost
expectation value: E(C) ~ Mf}(
A

location

standard deviation: STD (C) ~ M'Y_l

asymptotically

independent from GEV-type (!)
relative uncertainty decreases
damage function exponent is decisive



Expected damages and uncertainty
- case study Copenhagen
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Expected damages and uncertainty

- case study Copenhagen
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Expected damages and uncertainty
- case study Copenhagen

Mean sea level relative to 2010 [cm]
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Expected damages and uncertainty
- as a function of the scale

expectation value: E(C) ~J O'ﬁ’(
A scale

standard deviation: STD (C) ~ O'f}(

asymptotically

independent from GEV-type (!)
relative uncertainty is constant
damage function exponent is decisive



Expected damages and uncertainty
- case study Copenhagen
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Expected damages and uncertainty
- as a function of protection height

|.e. how does the expected annual damage decrease with
increasing protection height?

Gumbel: E(C) ~ w'Ye_w/J

Frechet: E(C) ~ w“f—l/f

Weibull E(C) ~ (Tmax — w)—l/é

asymptotically
3 fundamentally different cases
relative uncertainty is increases

scale parameter

form parameter

independent of
damage function
exponent



Expected damages and uncertainty
- case study Copenhagen
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Expected damages and uncertainty
- case study Kalundborg
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Expected damages and uncertainty

- overview
location 1 scale o protection height w

~ wle /o if £ =0

E ~ ~ a7 ~ WY TE if £ >0

~ (Tmax —w) Y8 fE <0

~ wYeOow/e it & =0

STD ~ 1 ~ o’ ~ w705/ if &€ >0

~ (Tmax — w)7E i E <0

uncertainty only due to the fact
that one does not know when
the extremes take place
(lower estimate)

differ only by the factor 0.5
in the exponent
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Thank you for your attention.

----------- http://diego.rybski.de/
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