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Motivation

¢How coastal dynamics will change under
future climate scenarios?
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Offshore multimodal
wave conditions
. Jonswap Spectrum from Bulk . i
Bulk parameters: - * Wave spectrum: Real Spectrum from ERAS hindcast
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Offshore multimodal
wave conditions
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Motivation

Offshore multimodal
wave conditions

Hindcast /\ Projections
& ® 59&
* High-resolution output * Codrse-resolution output
* Direct validation against observations * Nodirect validation against observations
* High-resolution wind forcing and E t,’ . * Inherit GCM errors: spatial resolution,
calibrated model grids \ " parameterizations, internal variability
Hindcast Projections
Bulk parameters 0.25° 0.5°
Wave spectra 0.5° 10°
Forcing resolution 0.25 1to2°
9
From bulk to spectra Inherit errors @ @ Bias correction

Forcing resolution correction



Objectives

“Fast way to bring high-resolution
climate projections to the coast”

1.
2.
3.
4.

Reconstruct the spectral shape from bulk parameters
Forcing resolution and Bias correction

Hybrid downscaling to coast

Example in the Cantabrian coast
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PROBABILISTIC RECONSTRUCTION
OF WAVE SPECTRAL SHAPE

FORCING RESOLUTION
ADJUSTMENT | ’

WAVES PROJECTIONS BIAS

[ [ ADJUSTMENT

HYBRID DOWNSCALING
“BinWaves” Cagigal et al. 2024

|

Example in the Cantabrian Coast
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Step by step

PROBABILISTIC RECONSTRUCTION
OF WAVE SPECTRAL SHAPE

|

1. Reconstruct the spectral shape from bulk parameters
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1. From Bulk Parameters to Spectra

Clustering ERAS reanalysis (Hersbach et al,, 2020):

PROBABILISTICRECONSTRUCTION

OF WAVE SPECTRAL SHAPE
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At any time X..

HZ
Starting from the bulk parameters — S, (f,0) = ZP * S;(f,0) (ﬁ)
Hgy ) Tpx) Ox, Uroxs Viox =

Noow

Wind Direction (2)

Time series
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1. From Bulk Parameters to Spectra

Clustering Bulk parameters:
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1. From Bulk Parameters to Spectra

Find Conditional Probabilities between bulk and spectra:

J
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1. From Bulk Parameters to Spectra

Find Conditional Probabilities between bulk and spectra:
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1. From Bulk Parameters to Spectra

Atany time X...

N
! Starting from the bulk parameters — S, (f,0) = Z P+ Si(f,0) * (—)
| Hgy , Tpx: Ox, Urox: Viox =1

Time case: 1995-01-09T08:00

Hindcast Bulk Parameter

EE— A
0 1 2 3 4 5

Tp(s)
00 25 50 7.5 100 125 150 17.5 200

Wind Speed (m/
0 5 10 15 20 25 30

JONSWAP spectrum from bulk
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1. From Bulk Parameters to Spectra

Atany time X...

N
! Starting from the bulk parameters — S, (f,0) = Z P+ Si(f,0) * (—)
| Hgy , Tpx: Ox, Urox: Viox =1

Time case: 1995-01-09T08:00

Cluster 0 Cluster 1 Cluster 8
. -~
Hindcast Bulk Parameter Hs (m)
0.10
Cluster 23
E— U A
0 1 2 3 4 5
Tp(s) Cluster 32 Cluster 33
00 25 50 7.5 100 125 150 175 200
Wind Speed (m/s)
0 5 10 15 20 25 30
Cluster 43 0.06

JONSWAP spectrum from bulk Cluster 46 Cluster 48
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004
Cluster 66
0.02
Cluster 76 Cluster 77
»
0.00
Probability | : : E— |
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1. From Bulk Parameters to Spectra

: \ Real spectrum
( At any time X... ! Reconstructsd spectrum p

. N
! Starting from the bulk parameters — S, (f,0) = Z P+ Si(f,0) * (—
| Hgy , Tpx: Ox, Urox: Viox =1

o
SN———

Time case: 1995-01-09T08:00
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1. From Bulk Parameters to Spectra

: \ Real spectrum
( Atany time X... ! Reconstructsd spectrum p‘

! Starting from the bulk parameters —  S,(f,0) = Z P; « S;(f,0) = (
| st ’ Tpx: ex: Ul(lx- Vl()x i=1

\-..._/

Time case: 1995-01-09T08:00
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Step by step

PROBABILISTIC RECONSTRUCTION
' | | | OF WAVE SPECTRAL SHAPE

2. Forcing resolution and Bias correction I

FORCING RESOLUTION
ADJUSTMENT | ’

WAVES PROJECTIONS BIAS

[ [ ADJUSTMENT
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2. Forcing resolution and Bias correction

140 Years of Global Ocean Wind-Wave Climate Derived from CMIP6 ACCESS-CM2
and EC-Earth3 GCMs: Global Trends, Regional Changes, and Future Projections®

ALBERTO MEUCCI®,* TAN R. YOUNG," MARK HEMER,” CLAIRE TRENHAM,® AND IAN G. WATTERSON"

* Department of Infrastructure Engineering, The University of Melbourne, Parkville, Victoria, Australia
b CSIRO Oceans and Atmosphere, Hobart, Tasmania, Australia
“CSIRO Oceans and Atmosphere, Canberra, Australian Capital Territory, Australia

B IAS origin: 4 CSIRO Climate Science Centre, Aspendale, Victoria, Australia
. . . . (Manuscript received 2 December 2021, in final form 8 November 2022)
* Wind forcing regridded to regular WW3 grid

* Simplified physics and parameterizations in GCMs) i Zofm: Northern Spain / Bay of Biscay

46 4. 6.9%. 62690620 IE\O o ACCESS nf-:twe-hke
o WW3 regridded (1°)
BIAS effects: p O OO0 OO0O OO0 ©O O @ |0 () Santander point .
* Interpolation smooths wind fields 44 P9 50 Q5 0000 QI
* Results in systematic bias in wave heights p 009 0 0 60 8 aoeted g9 g o o d
w3290 -0 P 0. 0 0 -0-0 -0-0 0 0 O B O 0
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2. Forcing resolution and Bias correction e Cantabria gy e

WORKING ON IT

BIAS CORRECTION DUE TO WIND DIRECTIONAL BIAS
FORCING RESOLUTION CORRECTION (QDM)
i
Point-by-point comparison of Calibrate: Compare ERAS5 hindcast
directional wave spectra from vs. GCM historical by directional
WW3 simulations at 2° and 0.5° sector

wind resolution.

Derive directional correction Quantile Delta Mapping (QDM):
coefficients (a and b) for SEA and Derive quantile correction factors
SWELL partitionsusing the power- 8(q) per directional sector

law relation (Hs* = a-Hs”b)

Apply correction at the targetlocation Apply 6(q) to SSP126 and SSP585
(Santander coastal point) projections by sector




2. Forcing resolution and Bias correction

Comparison: WW3 hindcast forced with winds at 2° vs. 0.5° (year 2017): H¢ = aH?

« Stronger bias in sea partition than in swell in coastal zones

* Regridded wind forcing mainly impacts locally generated waves (sea)

SEA

60

55 1

25 1

20

345

350 355
Longitude

i -
.

SWELL

60

55

Latitude
8

25 1

-

20
345

350 355
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105

- 1.00

“3” coefficient
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BIAS CORRECTION DUE TO WIND

FORCING RESOLUTION
i e —
( ' \
i Point-by-point comparison of :
: directional wave spectra from I
! WW3 simulations at 2° and 0.5° |
1 wind resolution. /

Derive directional correction
coefficients (a and b) for SEA and
SWELL partitions using the power-
law relation (Hs* = a-Hs"'b)

Apply correction at the targetlocation
(Santander coastal point)




2. Forcing resolution and Bias correction

Comparison: WW3 hindcast forced with winds at 2° vs. 0.5° (year 2017): H¢ = aH?

* Apply correction separately to SEA and SWELL Hs

» Correction performed for each directional sector (16 sectors)

UC|
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BIAS CORRECTION DUE TO WIND
FORCING RESOLUTION

Point-by-point comparison of
directional wave spectra from
WW3 simulations at 2° and 0.5°
wind resolution.

/

: Derive directional correction \
! coefficients (a and b) for SEA and |
| SWELL partitions using the power- |
3‘ law relation (Hs* = a-Hs”b) /

Apply correction at the targetlocation
(Santander coastal point)
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2. Forcing resolution and Bias correction

As in Lemos et al 2020: On the need of bias correction methods for wave climate projections

Gil Lemos™*, Melisa Menendez”, Alvaro Semedo®?, Paula Camus®, Mark Hemer?,
Mikhail Dobrynin®, Pedro M.A. Miranda®

2 Insttruro Dom Lutz, Faculty of Sctences of the Untverstey of Lisbon, Lisbon, Pormgal
™ Environmental Hydraulics Insdmre “IH Canrabria”, Untversidod de Cantabria, Santander, Spain
© IHE Delft, Department of Water Sctence and Engtneertng, Westvest 7, 2611 Delft, the Netherlands
4 CSIRO Oceans and A Hobarr, TAS,
© Instrure of Oceanography, Center for Earth System Research and (CEN),
° QDM has been tried DIRECTIONAL BIAS
CORRECTION (QDM)
« DAGQM is the goal, in order to keep quantiles and directional relation
p :
: Calibrate: Compare ERAS hindcast \
PDF (KDE) & CDF — Santander I vs. GCM historical by directional
Probability Density Function (PDF — KDE) o Cumulative Distribution Function (CDF — empirical) ' sector _
07 1 s ERAS Hindcast ' s ERAS Hindcast \ /
— ACCESS historical m— ACCESS historical T T T T T T T T T
ACCESS sspl2é ACCESS s55pl26
— = ACCESS historical QDMadjusted 0.8 1 — = ACCESS historical QDMadjusted Quantile Delta Mapping (QDM):
ACCESS 55pl126 QDMadjusted o ACCESS 55p126 QDMadjusted Derive quantile correction factors
3 o6 - 6(q) per directional sector
Z 0.4
E Apply 8(q) to SSP126 and SSP585
o ] projections by sector
T T T _-_-_-I T 0-0 T T T
2 4 6 8 10 0 6 8 10
Value Value
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Step by step
PROBABILISTIC RECONSTRUCTION
—Reconstruct the spectrar shape from b parameters OF WAVE SPECTRAL SHAPE
2—Forcingresolutionand Biascorrection
3. Hybrid downscaling to coast I
FORCING RESOLUTION
ADJUSTMENT | ’
I

WAVES PROJECTIONS BIAS

[ [ ADJUSTMENT

HYBRID DOWNSCALING
“BinWaves” Cagigal et al. 2024

|




3. Hybrid downscaling to coast

BinWaves (Cagigal et al. 2024)

Each point
Up(fi. 6))

P

(

6;) =

Peak directions (degrees)

s B

"t:tztm»\m»\»\»\»\»»

Pp, Bp, BP. Bp, D5, By
’_7. »’% »w» »\; »‘- »‘.
Vg Wy Py

UC|

Peak frequencies (hz)

i

b2 2 b b VIO

Universidad

de Cantabria v’

§

= e e Se Ee B

»\\»\ »\»\ »L»k»k»‘h »\ »k »k

;.ﬁ»;’P;"’;";»;»;Pr\.m—r;mPr».'r;’r;'r;.—ry'r;nw'r;—r;'r\n—r;'ry'r;'r;'r\.

‘ Geomatics and Ocean

Engineering Group

g e Era. )

A A R o T ST o
L e R T e T e T o o S e e

iy b U U B S e

B S S S S S S T S SR S e S S S R A S
B e T e T S T T e A L P et S Sy SNy R

B O O S S S S T S S SR S S S S S SRS R S S M S S SRS SR S

¥

B e T A S S S S A S g ¥ T T T T T T T T T T T T T e T
A S SR S T S s S AR T T S -r‘w.m-r; T T T T T T T T T T T T e e T

B e A T I T T S

T
@»)v'h-)r'\t.»r\urp»r\\-»r\x.-r‘s.—r\ma
R e e e S
s B B B B B B B B

e R T T TR T T T T T T T T T e T

[ R S S N S A S A SR A R A S A S A S A S A S
TR TR TR TR TR TR TR TR TR TR TR TR T T T

B B B e B e B e Bra e T
000 025 050 075 100 125 150 175 200
Kp

S R S T S S T L S AR U S A S S S S S R e
R SR DR SR R R R R R

B S S S

Sk St dn SEal i 3

LA TRl TR S
L S S

FR e e
T T
L S A S

L SR S S
R T e
LR S A N
R e

S

LS

e
LS

LS
LS

e
e

LR
L
L

UNIVERSIDAD DE CANTABRIA

~

D

000 025 050 075 100 125 150
Hsig

A .I{'"s;]
B

0.00 025 0.50 0.75 100 125 150 175 2.00
Hsig

\ W
USRS . g
JER

000 025 050 075 100
Hsig

125 150

g% [
‘ﬁkh :
“

175 2.00

N

\}\\ ///

Spectral reconstruction at any point of the

domain:

Eacwlrtmpfoint

Sp(Fu6)) = ). ) S(fu6) * KE(£:,6))
A |



3. Hybrid downscaling to coast
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1. From Bulk Parameters to Spectra
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1. From Bulk Parameters to Spectra
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