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Climatic Variability..
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Questions to address:

* Are extreme sea levels being affected by climate change ?

« What is the influence of climate-related indices (NAO, SOlI,...) on extreme sea
levels?

« How is the within a year variation pattern of the extreme sea level events?

 Can we quantify the influence of each physical process in a extreme value
model?

 To develop a Statistical Model to characterize rigorously
the extreme values of sea level.

e To account for the relevant seasonal-to-interannual
variability of extreme sea levels.
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s ldentifying extreme events..
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Extreme Value Theory

%+ Statistical Model

Generalized Extreme Value distribution, GEV

e _ __1/5\

F(X;0)=exps—|1+¢ X=H -

" 11— location .

@ =< y — scale

e shape
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Stationary process Non-Stationary process

<+ Statistical Model

Timé (yaars)

(=, = f(time)"
y =y, = f(time)
& =¢, = f(time) )

The probability of an extreme event of a certain magnitude,
varies '




T
-
-

Parameterization

H cantabri__a

g ¢

p
u(t) = + 5 () exp[ I+ + ey, (1)
< wt)=ws(t)expl I+ +ye, (1)
g(t) =S5 (t)expl ]
\
Physical Parameters
Processes Location Scale Shape
E us(t) =4+ Pi[ﬂZi_l cos(2irxt) + B, sin(2irxt)] ws(t)=a, + i[“m—l cos(2int) + ay; sin(2izt)] EM) =y, + Z::[;/ZFl cos(2izt) + y,; sin(2izt)]
© i=1 : i=1 : i=1
% (Bos B By Bas Bas---) (o 1,0y, 03, 0y,...) (Yor 710720 V3r V)
»
— U g (1) = By pt
g S a
wn 3 o (ﬂSLR)

iy (t) = By, cos(2xt /Ty )+ By, sin(2zt/Ty)

wy (1) = ay cos(2xt/Ty) +ay, sin(2zt/Ty)

(B, By,) (ay, ay,)
S 2 _ [ BsaSOL(Y) [ SOI (1)
g E Hey (t) = {ﬂNAO NAO(t) Veu () = {QNAO NAO(t)
c 3 (Bsor+ Brso) (@011 Ayao)

Hyr () = Bt + IBLTZtZ
(Bir: Bis,)

S (M) =yt
(7r)

wir () = a5t
(a7)
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Parameterization

Codification
i 0 I 0
El Nifio
u(t) =[ B, HB, cos(2xt) + B, sin(2xt)H B; cos(4rt) + S, sin(4xt) |exp(B rtH Borot?) HBso SOI (t)
Annual cycle Semiannual cycle Linear trend

1 1 a0
[110010010110000]

............ . A possible model: [11001101101111100]
(binary chromosomes)

Automatic Selection
STEPWISE

Fithess: Maximum Likelihood Estimation

~UE)
1@t,z)= —Z{Iog w(t)+@+1/&(t)) log {1+ §(ti)(zi _ﬂ(ti)H{“ é:(ti)(zi —ﬂ(ti)ﬂ }

v
[100010010110000]

i-1 w(t) w(t)

Statistical Information criterion (BIC & HQ)
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Stationary model Best model
v
MLE (SEy SFO-MM0O  SFO-MMI SFOMM2  SFO-MM3  SFOMMA4 SFOMMS  SFO-MMT SFOMMY SFC-MMII

Baim) 3728000 36248 (0.004) 3626 (0.004) 36230 (00} 36326 (M003) 36353 (00KN3) 36354 (0003) 36154 (0005} Anldh 008y

B, (m) — — — — Q0204 (0.004) LO09E (0.004) 00069 (1LI04) (0265 (004 LS RS
B, (m) — — — — 302 (004) D08A (0.004) 00062 (1LI04) (02T (g (0T (0004 )
B; (m) — — — — QR23 (0004 LSS (0.004) OOESK (ILIM) 00842 (0.004) (DRSS o) 004 )
By(m) — — — —_ 00497 (0004) (U048 0.003) 0048 (L03) 00489 (0 003) 004 TS 00 003
By (v - — - — - — — 00000 1 (000002 ) (LW 109 g 0 12
By, (m) — — (.0064 (0,005) — GOGET (0004) (LO0UA (0.003) 00005 (LO0A) G0103 (1003 D100 40003
B, (m) — — 0.0199 (0.005) = Q200 (0.004) (203 (0.003)  OO21 (03] (0214 (003 0 9 40003
Bsoy (m — — — O.0304 (0L00) — — — — —
unit™)
an(m) 01364 (0L003) (1144 (0.003) 01133 (0002) 01121 (0003) 0865 (000) MORSE (0.002) OO8ST (IO02) 0085 (002 YT 40003
ay (m) — — — — — 00074 (0.002) 00061 (L003) (0253 (0002} 03 002
ay (m) — _ — — — L0072 (0.002) 00084 (TL03) 00008 (0003 00D 4002
app(yr™?) — — — — — — — — DI ¢ 76
Yo 01319 (0.013) 0.1112(0.012) (1077 (0.014) 01193 (0L012) GOMIO015) Q1177 (0.015) 01307 (016) ©1339 (1016 01294 400175
" — — — — — — 00461 (002) Q0613 (0102) (LDASA 111022
- — — — — — — 00819 (1L026) 00441 (005 0421 110026
¢ 31571 81861 RE1T 484 1138.51 1207.67 121163 1224.14 122766
p 3 3 5 4 9 1 13 14 13
AIC 62542 1631.22 1646.34 1688 %) 225002 2303 34 2307.26 242028 532
BIC 610,06 161587 162074 166832 221297 233708 2330.74 RRIET MRS
_Best model

pl(f) = Bsp rt + [Bo + By cos(2mt) + By sin(271) + Bs cos(dat) + By sin(dm) P + B, cos2mi/Ty) I

+ B, sin2at/Ty) + Bsor SOL()
U(t) = [y + ay cos(2mt) + a, sin(2me)]e™™
_&(0) = [vo + y1 cosm) + v, sin2m)]
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sIncrease of 3.2 cm (above the 22.3 cm of SLR)

. sIncrease of 23% of the variability in the last century!! _
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*The model is valid for a complete analysis of seasonal-to-
Interannual sea level extremes providing time dependent
guantiles and confidence intervals

 The modelling of the different time scales makes for a better
understanding of recent secular trends of extreme climate
events, which are one of the main concerns nowadays

*The statistical model is able to predict in the short-term time
scale (for example in the next 12 months) the probability of
exceedence of a certain extreme sea level value.
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