Adaption of multivariate extreme value
modelling for extreme coastal events
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Overview

 Introduction
— Coastal flooding
— Motivation
— |Icelandic Road and Coastal Administration (IRCA)
— England’s SoN Flood Risk Analysis
« Methodology and results
— Study site
— Data
— Simulation of data
— Wave overtopping discharge for coastal structures
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« Ocean wave travels inland s -
« Can be quite destructive %
e Combination of:

— Sea level
» Astronomical factor
« Swell
— Wind
— Wave
— Barometric pressure
— Wave height
« Wave period
« Wind speed
« Barometric pressure
— Wave direction
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« Coastal defense/harbor design
and construction

« Wind forecast (ECMWF)
 Wave forecast (ECMWF)
— Offshore
— Nearshore
 \Wave measurements
* Flood risk analysis

« Evaluation of coastal flooding
events

— 24.dec 2003
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* Occurred the morning of 24th of
Dec. 2003

* Not a rare event for each variable

Variable Measured  Return period
Significant wave height 9m < 1 year
Mean wave period 104 s < 1 year
Maxium Sea level 4,6 m twice a year
Wind speed 20 m/s  >2% of the year

Atmospheric pressure 980 Mpa  >2% of the year

« Estimated return period based on
historical data:

Around 50-100 years

17.2.2020
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« Constant threat of coastal flooding
— Increases with rising sea level
 More rellable way to evaluate return perlod of events
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Introduction — Motivation

p(Y >¥) # px, > x,1X, > x,)

T

Joint exceedence definition
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Seltjarnarnes. .-

i
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Methodology — Data

« 35-year timeseries at an offshore location (1980-2015)
— Wave hindcast from ECMWF*
« Wave height, H,
« Wave period, T,
« Wave direction, 6,

At offshore point 64°N24°V

— Wind hindcast from ECMWF*
* Wind speed, U

o \N/i - : From the Old
UHlIFe] el e C / harbour in Reykjavik

— Sea level measurements from M&T ehf.
« Astronomical component, A
e Surge, S

*European Centre for Medium-range Weather Forecasts 12
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Methodology

1. Simulation of large offshore wind and wave dataset
1. De-cluster data

2. Fit a General Pareto Distribution to de-clustered variables, H,, U
and S

3. Simulate a large sample of offshore sea condition data
*  Multivariate non-linear regression model for H,, U and S
*  Empirical distribution based on H,, U and S

2. Transform large sample of offshore data to nearshore wave points

1. Apply MDA to the large dataset to define a subset of m offshore
design points

2. Run a wave transformation model (MIKE 21 SW) for the m
design points

3. Construct a meta-model and use to transport the large sample of
offshore events to nearshore wave points

3. Overtopping of structures evaluated.

13
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* 2% run-up estimated
« Peak over threshold values found with 36 hous separation
 De-clustered data consists of 3015 events
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« General pareto distribution fitted to de-clustered data
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« A multivariate non-linear regression model is fitted to the
declustered data of H,, U and S, i.e. Y

Y_;|Y; = aY¥; + Y°W forY; > v

« Monte Carlo procedure based on the regression model was used
to generate a large sample of offshore data
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Simulated data Empirical data declustered
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« Maximum Dissimilarity Algorithm used to select 500 design events
« The 500 events are run through MIKE 21 SW wave transformation model
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Offshore to nearshore transformation

A Metamodel based on radial basis function was fitted to the 500
offshore and nearshore events

m

XV = p(x°) + z a;0(||x? - D]

=1

)

— Where
p(X]O) = bO —+ b1X](_),] ~+ bng,] + -4 kaIg,]

)= e (1221
=P\~

Model was fitted by selecting a and b variables that minimise the
RMSE

CD(“XJQ — D]
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Alftanes (A1) Afltanes (A2)

Eidsgrandi (E1)
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Overtopping for coastal structures

» Overtopping discharge based on EurOtop 2018 manual.

» For simple armored slopes

1,3
q=0.09-exp(—(1,5 e ) )-\/g-HE’

HsYryp

R 1,3
q = 0.047 - exp (— (2,35#) ) . |g-HZ
S

 For vertical walls

swi

24
17.2.2020



L, 4

Overtopping of coastal structures oy
VEGAGERDIN
100 _ stadur | 003 ' '
o0 | Alftanes 1 49,7 |
Alftanes 2 29,0
— sl Eitisvik 0,9 |
E SkerjafjGrour 13,3 )
A 20 - «  Akranes (Revetment) 4.0 . -
Er Akranes (Gudlaug) 15,3 .
N
= B0 -
-
E 50 F -"“‘ -
E ~ i
£ 40 . -
=
2 3} -
[k}
= -
D ED B TER ) 7]
ol 4‘-;,/"’“" | 7
D | | | - T | P L & -‘““I..- 1 1 bbb
1072 107" 10% 10" 102 102

Return period (vears)

25

17.2.2020



Owvertopping
discharge (I/s/m)

Owertopping
discharge {I/s/m)

17.2.2020

Increased sea level

Akranes

80

=1}
Q

Revetment Increased
Gudlaug Increased
Revetment unhcanged
Gudlaug unhcanged

12,3
31,3
4,0

15,3

i-N
o=
T

201 ]
0

102 107! 10° 10! 102 102

Return period (years)
Eidisvik
12 - . - .
. Increased | 3,1 .
10 r Unhcanged | 0,9 1
gt |
E - L -
4 r ’l &
7

2 - -
D i —'—'_'-__— i

1072 107" 10° 10! 102 10°

Return period (years)

% L 4

S/ 4
VEGAGERDIN
Alftanes
200 T T T :
Al Increased | 138,59 ‘
AZ Increased | 94,4 .
150t A1 unheanged | 49,7 = 1
= AZ unhcanged | 29,0 L
25
g —
2 5ot .
]
5 L
[ ]
N
=
501 1
0 H
102 107" 10° 10! 102 108
Return period (years)
Skerjafjordur
250 : : . .
. Increased | 132,5
Unhcanged| 13,3
200 b 1
25 :
z = 150 FRlRR.
53 -
N
5 & Pt
3 S 100 .
i
=
50 F 1
D i I_n—'—_'--.- i
102 107! 109 10! 102 102

Return period (years)

26



UK. 4
Next steps Yy

VEGAGERDIN

= Improvements needed

- Metamodel

— Wind and wave surge
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The thesis WlII_be accessible on https://skemman.is/handle/1946/34935
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