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CONTEXT AND PURPOSE OF THE STUDY MIXTURE MODEL FOR SURGE COMPONENT DISTRIBUTION OF SEA LEVELS

WHAT IS AT STAKE BULK DISTRIBUTION Frequent values modeled by a non- SEQUENTIAL (HOURLY) SEA LEVELS
: i : : Brest : C L : : Brest
= Storm XYNTHIA, France, 27-28™" February 2010: > 30 people drowned because of coastal flooding parametric kernel density estimator o . . = Convolution of distributions of sequential values of —
o _ _ _ T S
= Need for accurate estimation of extreme sea levels for risk assessment in coastal areas TAIL EXTRAPOLATION FOR SURGE EVENTS ) astronomical tide and surge (Fig. 6) S | P Astronomical Tide
STATE OF THE ART Two main approaches for estimation of extreme sea levels: = Physical declustering of extreme (+/-) surge events = Computation of return periods or return levels for ° L e e e
= Direct approach: direct extrapolation on sea levels data: OK for surge-dominant areas (L)'?Iinig dasﬁrys;caelggeshold up 7 Setting up a sample % h;)urly >ed I?vels (F1g. 7); g o
= |ndirect approach: separate analysis of deterministic component (astronomical tide) and stochastic component 5 t o t_g P f tatistical threshold . = (z) = v[1-Fz(2)] Ei’ |
(meteorological residual, surge) then distribution of sea levels derived by convolution of tide and surge distributions. Gli[e)rr;rIgSelft?eso éasestti?w glgsulgz sarrnepsle Oof Nugxtlrjslr:g S DISTRIBUTION OF EXTREME SEA LEVEL EVENTS E
Model often referred to as Joint Probability Method (JPM) (Pugh & Vassie 1979, Tawn & Vassie 1989) surge peaks excesses ? o [ ; | ; = Coastal protection requires estimation of return levels 2 E -
= Within this framework, statistical extrapolation is performed on surge component only. Different methods used In Fit of extreme surge peak excesses by a parametric for extreme sea levels events, or peaks
literature: Annual Maxima Method, r-largest Method... - ores _ J =R _ o | - :
| g | | distribution such as GPD or Weibull distribution (Fig. S o s s S -~ Equivalent of extremal md_ex for sea I_evels based on % ] i |
AIM OF THE STUDY Incorporation of Over-Threshold Modeling methods for surge extrapolation: 2) (Mazas & Hamm, 2011) 0.1 05 1 5 10 50 100 mean number of sequential observations per event = . : .
i, i _ ] . . .o . . ! Ret iod FI . 8 _
Peaks_ Over-Threshold _(POT) e_lpproach. use of a physical threshold for |dent|f|cat|o_n of surge events (p05|t|_ve_ or FROM EXTREME SURGE EVENTS TO EXTREME SEQUENTIAL eturn period (year) (Fig _ ) - o Level (m ZH) / Height (m)
negative storms) from time series of regular (say, hourly) auto-correlated observations then use of a statistical SURGES Figure 2 Extrapolation of extreme surge peaks = Relation between conditional distribution of sea level Figure 6 Distributions of hourly values of tide, surge, sea
threshold for selection of extreme 1.i.d. data (Bernardara et al., 2012); Necessity to account for mean duration of extreme peaks G,z and distribution of sequential sea levels levels
. . . . . “ 7.
Extrapolation of (+/-) surge peaks by Poisson-GPD model and computation of confidence intervals surge events > equivalent of extremal index for above a threstlloldlu ;
CASE sTUDY Method illustrated with data from Brest, France (levels reduced to local chart datum noted ZH) surges 3 Brest Gpz(2) =1+ 17— 51— F2(2)] Brest
= Relation between conditional distributions of surge 2 ©- = Threshold uZ d efining events taken as MHWS i
peaks and of sequential (hourly) surges above u: g ©7 (Mean High Water Spring) _ |
Gs(s) =1— N2 ds(s)[1 — Gps(s 5 = Computation of return periods or return levels (Fig. 9): £ ° |
S ns(us) 5(s) P © 1 N |
e ™ = E« |
* d¢ modeled by linear regression (on log-log scale) 2 I') A2[1-Gpz(2)] T 8T
until dg =1 (Fig. 3) 5 o - = When tide is highly predominant, difference is very o
= Connection of tail to bulk using law of threshold S little between extreme hourly sea levels and extreme  ® o1 .
exceedances: Fy(s) = 1 + ns(us) [G<(s) — 1] for s > wu, E sea level peaks (one hourly value per event) |
(Fig. 4 and 5) " g _ CONFIDENCE INTERVALS 0 1 | . .
CONFIDENCE INTERVALS Computed by parametric 10 15 20 25 30 = Applying convolution on “equivalent CI parametric : 5 10 50 100 500 1000
bootstrap Surge (m) distributions” allows fast approximation of Cl for sea Return period (year)
- Approximation by an equivalent parametric Figure 3 Mean number of hourly surge values per event: level events Figure 7 Return periods for hourly sea levels
distribution model vs. observed
= Same process for equivalent CI distributions as for the
tails Brest Brest Brest Brest
—— Observed empirical : : —— Observed empirical E g 55
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Figure 1 La-Faute-sur-Mer, France in the aftermath of Xynthia (February 2010) Surge (m) Surge (m) Sea level (m ZH) Return period (year)
Figure 4 Distribution of extreme hourly surges: model vs.  Figure 5 Distribution of hourly surges: empirical bulk and Figure 8 Mean number of hourly sea level values per Figure 9 Return periods for sea level events
LIST OE SYMBOLS observed estimated tails event: model vs. observed

S, T, Z:surge, astronomical tide, sea level

P3, PZ: surge peak, sea level peak

n. total number of sequential data in time series

ns(ug) number of observed sequential surges above ug

ds, d,. mean number of sequential data per surge / sea
level event

N*°, N%: number of surge / sea level events (peaks)

ASTRONOM |CAL TIDE = Possibility to apply this methodology to skew surges and high tide sea levels
CONCL USIONS AND PERSPECTIVES = Method requiring high-quality data over a long-period (ideally a saros: 18.6 years) that are only available for a few

locations
PERSPECTIVES
—> Application to numerical modeling output in order to have long-period continuous time series in any location needed
- Necessity to account for dependency between surge heights and astronomical tide levels

DETERMINISTIC COMPONENT Entirely predictible

= Continuous time series over a saros (18.6 years)
necessary and sufficient for full determination of

CONCLUSIONS

= |ncorporation of OTM (POT approach for extreme data selection and Poisson-GPD model for statistical extrapolation)
should improve accuracy and reliability of extreme sea level assessments

= |nterest: clear distinction between sequential observations and events (usually defined as peaks)

u,, us: physical threshold, statistical threshold astronomical tide distribution

= This time series can be generated if the local harmonic
constants are known

Fs, F,: distribution of sequential surges / sea levels
Gs, G, conditional distribution of extreme sequential

surges / sea levels above a threshold Sequential values of astronomical tide modeled by a | References : Contact:
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