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From Significant Wave Height to Multi-Variate to Multi-
Dimensional

e HmO (The best parameter to integrate wave climate conditions)
HS Great indicator of total wave energy amount

Hs, Tm, Dir e Multi-parameter wave climate information from the characteristic Sea-State

To, spr, Pdir... Very useful to understand other properties of the wave spectra

Hs1, T1, Dirl
Hs2, T2, Dir2 e Sea/Swell; ‘Spectral Partitions’
Hs3 T3 Dir3 Valuable information of multimodal spectral behaviour

e Frequency & directional energy info
3D Wave Full information of wave climate

Spectrum
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From Significant Wave Height to Multi-Variate to Multi-
Rmmkave spectra datasets with hourly time resolution and for long time

series are available

We can use spectral climate data info to:
Complement / Verity / validate .....
provide added info to better understand Wave Climate
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Topics:

» Checking suitability of often used theoretical spectral formulas
from sea-states to reconstruct historical spectral climate
properties O 7197770777077+ O

...........

Common practice for coastal dynamic downscaling Ot

)% o

Spectrum is required as boundary condition of numerical models . ... ../

> Analyze spectral future wave climate changes

For a better understanding of wave climate conditions (including wave storms)
Description of changes for specific ‘wave energy families’, Sea/swell

Provide added information to analyse coastal impacts




SUITABILITY OF THEORETICAL SPECTRA TO RECONSTRUCT HISTORICAL CLIMATE PROPERTIES
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Data source: GOW2 wave hindcast (36455 spectra locations)

Locations: 11643 locations analyzed (~8000 near the coast and
offshore and ~3500 offshore. Depths: from 5 to 4000m

Historical analyzed period: 30yrs: 1989-2018
Spatial resolution: 0.25deg

Time resolution: 3hourly

Spectrum resolution: 32 Freq. x 24 directions
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SUITABILITY OF THEORETICAL SPECTRA TO RECONSTRUCT HISTORICAL CLIMATE PROPERTIES

Pierson Moskovitch — JONSWAP SPECTRUM
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SUITABILITY OF THEORETICAL SPECTRA TO RECONSTRUCT HISTORICAL CLIMATE PROPERTIES

Mean estimated y from JONSWAP Wave spectra
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SUITABILITY OF THEORETICAL SPECTRA TO RECONSTRUCT HISTORICAL CLIMATE PROPERTIES

Total Standard Deviation Best
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SUITABILITY OF THEORETICAL SPECTRA TO RECONSTRUCT HISTORICAL CLIMATE PROPERTIES

Percentage of time where SIj.q , < 0.25 %




SUITABILITY OF THEORETICAL SPECTRA TO RECONSTRUCT HISTORICAL CLIMATE PROPERTIES

%1075 AS11 [PRK] Si= 0.40702

Total Mean Sl : ] S|

1
06 AFR1 [MR] SI= 0.40082
= R - ]
80 I 2 ‘E# e i
: 05} - . ¥s 1
P - _ . e E - 0.9
. ! 2o 3 g
- "
T
60 g 03 . 2
@ . 0.8
' .
02} . ~
02 03 04 05 06 07 08
40 04
0.7
0 02 03 04 05 06 OF 08
“
LR
LY ¥
L
0~ % " 0.6
-
os CA1 [MX] Si= 0.40651
AS1 [IND] Si= 0.40158
07 0.5
.
06 b
-
05F
=
= 0.4
.E.DA
7]
03F
02t N 0.3
o1 SA8 [AR] Sl= 0.40885
L

01 02 0.3 0.4 0.5 06 o7 08

freq [Hz] 0.2

0z 03 04 05 08 07 08 50 100 150
freq [Hz]



SUITABILITY OF THEORETICAL SPECTRA TO RECONSTRUCT HISTORICAL CLIMATE PROPERTIES
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Topics:

» Checking suitability of often used theoretical spectral formulas
from sea-states to reconstruct historical spectral climate
properties O 7197770777077+ O

...........

Common practice for coastal dynamic downscaling Ot

o )% o T

Spectrum is required as boundary condition of numerical models . ... ../

o S—E—G—e 5

For a better understanding of wave climate conditions (including wave storms)
Description of changes for specific ‘wave energy families’, Sea/swell

Provide a dded information to analyse coastal impacts




SPECTRAL FUTURE WAVE CLIMATE CHANGES

WAVE DATASET
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Climate Projections:

Reference period: 1985-2005 ol
Future period: 2081-2100 =\

Climate Change Scenario: RCP8.5
Members: CNRM, GFDL, CMCC, IPSL,
HADGEM, ACCES, CNRM

Forcings: hourly winds & daily Ice
- coverage

Data source: 7 Global Wave Climate Simulations
Locations: 14 coastal grid points

Time resolution: hourly

Spectrum resolution: 32 Freq. x 24 directions
Sea-state parameters: H,, T,, T,, Dir

32 Frequencies

24 Directions — 768 Spectral bins
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ANALYZE SPECTRAL FUTURE WAVE CLIMATE CHANGES

Location: Senegal, Africa
Reference period: 1985-2005

GOW?2 wave hindcast Mean ensemble

Mean equivalent H
per component: hqp,
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SPECTRAL FUTURE WAVE CLIMATE CHANGES

Reference period: 1985-2005
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ANALYZE SPECTRAL FUTURE WAVE CLIMATE CHANGES

Location: Senegal Offshore
Projected changes: 2081-2100
RCP8.5 scenario

CMCC ACCES CNRM GFDL
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ANALYZE SPECTRAL FUTURE WAVE CLIMATE CHANGES

Location: Senegal Offshore
. SEN . .
: Projected changes: 2081-2100 Mean Ensemble change estimated
1l RCPS8.5 scenario from 7 GCMs members of h,,,
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ANALYZE SPECTRAL FUTURE WAVE CLIMATE CHANGES

Q Location: Tasmania Offshore
wlAS

Mean ensemble. Variable: h, Mean ensemble. Variable: h g




ANALYZE SPECTRAL FUTURE WAVE CLIMATE CHANGES Projected changes: 2081-2100
RCP8.5 scenario

Ahs(cm)
4

R ‘ 4, PAP ‘
. E"‘ e 40

o)

¥ >

Tm

Dir

-160 -120 -80 -40 0
-0.3 -0.2 -0.1 0
AT (s) | T T T
S
AH s[l:m] L I 1 1 1
20 15 -10 5 0
UcC +@rm:nega e r— . . |
-5 -4 -3 2 -1 0

FUNDACION UNIVERSIDAD
DEIR B ER DE CANTABRIA



Conclusions

* Analysis of wave spectra data can provide novel insights of the Wave Climate
characteristics

e Jonswap y=3.3 is not appropriate to reconstruct spectrum data.
e Jonswap spectrum (using best estimated y) works for some regions

* Analysis of climate changes from the bulk sea-state parameters can hide relevant
changes of specific sea/swells, even of the opposite sign (increase/decrease)

On-going work

e Study of the reason why Jonswap is not appropriate (multimodal spectrum, sea/swells
conditions, etc) and its climate variability

* Climate characterization of wave spectral ‘families’
* A broader study of climate changes in wave spectra worldwide
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7 Thank you for your attention!!
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