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The missing piece
Extreme wind-waves

Past uncertainties:

Wave model
Atmospheric model
Observations
Statistical

Future uncertainties:

Emissions scenarios

GCMs
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Selection of extremes (Lopatoukhin et al., 2000)

peaks over 90t percentile threshold for each
ACCESS1.0 model -- 48h storm independence
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MRI-CGCM3

Representative time interval . eta. 2015 2010

Historical dataset 1979-2005:
Teq = 27 years - 365 - 4 hindcasts a day - 6h - 7 GCMs = 189 years

Future projection dataset 2081-2100:

Teq = 20 years - 365 - 4 hindcasts a day - 6h - 7 GCMs = 140 years i



Models contribution

e
40°E

80°E

120°E

160°E

160°W

120°W

80°W

40°W

BCC-CSM1.1

0.0

1979 - 2005

.
Mt s, ot AT
‘_ /W Y VJU l\‘M JI 4{\\4‘ I ﬁ,,wr\-fw\ ﬂ’. Nl"/ Lwtﬂ‘u Ii‘wu

IIIIIIII'IIIII.l-ll-.- - -;.-- - , 00

!

r m
‘. AWIII / h,:m W M.\w‘qﬂ | jﬁﬂ' f“lll Wl'llﬂi/ Wﬁﬂ ‘(ﬁ

1 >

’%N‘W L\'W‘ﬂvaﬁL‘/ﬁﬂ/ \.1' J\/’h‘\/ VL {w\. /WU,A

Hist. 1979-2005

0.1-

20 22
Hs [m]

0.6-
Bm ACCESS1.0
Entries per model I BCC-CSM1.A 051
s GFDL-CM3 '
mm HadGEM2-ES
= INMCM4 0.4-
== MIROCS
4;,9’%0 0. G @,fgooz?% e MRICGCM3  Fg.
SR
& ¢ 02-

|‘ 0

2081 - 2100
o s VT
fw.'( y 'V'\'ltj u JV\M.% J‘h\‘ﬂw\ﬁflw J L“"Wll W "

I r W
Tl

| i ’J ety

\/INW\

‘”Ml“ Mﬂ'\”f\’lWTNWMM\{

End 21C 2081-2100 RCP 8.5

B ACCESS1.0
Entries per model B BCC-CSM1.1
= GFDL-CM3
200 M HadGEM2-ES
. INMCM4
= MIROGS
/
%% :”49 /t,goo'%‘ago% m MRI-CGCM3
y 1y O &y 8
O d‘ (4 @49;.""{3 S,
v, @d\‘o

‘I“llllllllllllIlllllll-lq---l- - ==

20 22
Hs m]

m ACCESS1.0 W BCC-CSM1.1 W GFDL-CM3 mmm HadGEM2-ES mmm INMCM4 mmm MIROCS5 msm MRI-CGCM3 J 6




Historical dataset
extreme estimates

WWIII forced W|th CFSR winds
Je

0° 40°E 80°E 120°E 160°E 160°W 120°W 80°W 40°W  0°  40°E

(Young and Rlbal 2019 Satelhte AIt|meter

0°. 40°E 80°E 120°E 160°E 160°W 120°W 80°W 40°W 0°  40°E
_ _

25

Hs [m]

BCC-CSM1.1




70°N

50°N
30°N
10°N
10°S -
30°S -

50°S

= e
J‘_
fzﬁ%-
?‘-

3
3

£ =
S

3

g

8

i
.f_—
GE
sé::':
= e

w
.
mllm.* .

%‘@Lh w3 ‘ S v‘%ﬁ%h " m‘ b
imllnlq... h“u"ﬂnu.- w, i“ﬂlh}q ... h“u"ﬂnu.-

150°E 180 W 120°W ngW GOIOW 30I°W
Illlul : u:Illllll ; x;.lllllu . Illll
h“u"ﬂnu.- imllnlq... : i“llldq... : i“llldq... h“u"ﬂnu.-
“H lm-- : uillm-- Illm. . “;'Illnu : , lm--
“’ﬁh.l.*.- “’ﬁh.l.*.- ﬂ h““lllmu._ m i“llm.*.. ,,,, “’ﬁh.l.*.-
- K:IIIJII- :‘ “:Ilyu- m' J IIJII- ] Dt - “:Ilyu-
ol L s ‘ ol e
mﬂlm.a..h, mﬂlm.a..h, :, mllm.u, M h"“u-...u . :,, mﬂlm.a..h,
Il Tt : u:Illllll ° I“Iul :‘ ,Illllll : u:Illllll
‘ 3“&3; o "1%:»2—:’&4 . ‘ S, 2 o {’%aiﬁ—:m ! "?‘%ii—hm
h“u"ﬂnu.- imllnlq... :J h“““‘mu._ : i“llldq... imllnlq...
|||l T Illll . . |||l T Illll

0.005 -

0.004 -
\

§0.003 -1,

0.002 -
0.001 -

0.000 -
4

1979-2005
2081-2100 RCP4.5

—-- 2081-2100 RCP8.5

1979-2005
2081-2100 RCP4.5

—-- 2081-2100 RCP8.5

1979-2005
2081-2100 RCP4.5

— - 2081-2100 RCP8.5

w
1

Projected Z

Projected Z

Projected Z

EXtreme Value AnaIySIS Z-SCOfe . 5x5 region

1:1
RCP 4.5
- RCP8.5

00 25 50 75

Historical Z
-,l'
i
K2
=== 11
RCP 4.5
- RCP85

0.0 25 5.0 7.5
Historical Z

-—- 11
RCP 45
- RCP85

0.0 25 5.0 7.5
Historical Z

. H1un

H 100+ .
S = gridpoint
Southern Ocean (120 E, 505)

2081-2100 RCP4.5 mww 2081-2100 RCP8.5 i

1979-2005
30 -
O 00 o*" o®
o o5 O e »i\c’ W R
16 ?,00’ @*?0 “ a@,@@ W W @\5 e
d North Pacific (190 E, 50N)
H;“" 1979-2005 2081-2100 RCP4.5 W 2081-2100 RCP8.5 AH
30 -
25 - [
I1 !
15 - i
10 - ! 1 1 1]
0 o o
° %‘5\ it 00 @ e
185 o o o0 o W @ o
g North Atlantic (320 E, 40N) _
Hioe 1979-2005 2081-2100 RCP4.5 i 2081-2100 RCP8.5 éﬁ:
30 - :

1 L B ‘ ‘

I Q
SN OG @ a
& o ,0‘5“ & e\‘“ \4*‘*0 W
\\ ol of

8



Confidence levels

1979-2005

Bootstrap estimates
on the 1000 peaks
obtained from the
ensemble pooling
technique

2081-2100
RCP8.5
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Projected changes in extreme wmd -waves (H 100)
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Changes along global Coastllnes
Percentage of changes . . *
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Limitations
 Stationarity

* Inhomogeneous datasets
* Tropical Cyclones still not correctly reproduced by GCMs
* Possible biases introduced by differently distributed datasets

Potential

« Results are consistent with previous studies
(Hemer et al. 2013; Wang et al. 2014; Aarnes et al. 2017; Morim et al. 2019)

* Inter models low correlation guarantees independence

 Possibility to synthesize an equivalent time series of duration longer
than the simulation period

* Increased dataset reduces confidence intervals
12



At what point are we?
 Higher resolutions are needed

 Ensemble approach to TC areas
with increasing model resolution

e Still many uncertainties are
characterizing observations
of extremes

* Improved GCMs and additional
models may allow use of Direct
Return level Estimates

Do GCMs ensemble models for
future projections exist?
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Similarity test between distribution of extremes
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Model ensemble
performance ...

Comparable to total
multi-model ensemble
iIn Morim et al., (2019)
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Instability of single

model projected
extreme changes
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Independent and

ldentically Distributed

(1.1.d) data
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