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Current Med-waves analysis & forecast system (2020 Q1): @

MEDSEA_ANALYSIS_FORECAST_WAV_006_017

v Covering the Mediterranean Sea (18.125° W 36.2917° E ;
30.1875° N 45.9792° N)

v Nested sequence of two computational grids (coarse and
fine)

v Composed by wave parameters at 1/24° horizontal
resolution (approx. 4.6km)

v’ Forced with ECMWF 10m-above-sea-surface winds

v Upgraded model version WAM 4.6.2

v’ Providing Mediterranean wave analysis and 10 days
Mediterranean wave forecasts updated once a day (00
uTC)

v’ Coupled with daily surface currents from Med-PHY

v Assimilating all available along-track satellite SWH
observations by CMEMS (optimal interpolation)

(Esv

9

WAVES ANALYSES AT
IC 3-HOURLY INTERVALS

(J+2)*" Cycle

o {00 e

WAVES ANALYSES AT
IC|  3HOURLYINTERVALS

o0 ©
o e/

Ic T WAVES ANALYSES AT ‘ FORECAST

3-HOURLY 240H

S ECMWF -

(J+1)™ Cycle

)

SATELLITE
ALONG-TRACK SWH

WAVE TAC

Assimilated
every 3h

OPTIMAL INTERPOLATION
DATA ASSIMILATION SCHEME

Analysis & 10-days Forecast Products : 2D Instantaneous hourly for

MED-WAVES
NRT 2020Q1

» spectral significant wave height (Hmo0),
» spectral moments (0,2) wave period (Tm02),
» spectral moments (-1,0) wave period (Tm-10), | [

» wave period at spectral peak/peak period (Tp),| |5 <pact R

» mean wave direction from (Mdir),

» wave principal direction at spectral peak,
» stokes drift U,

» stokes drift v,

+

» mean wind

» spectral significant wind wave height,

» spectral moments (0,1) wind wave period,
ion from,

» Output of wave spectra over the whole domain
(1-h analysis, 3-h forecasts) available at medmfc.hcmr.gr
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New Med-waves analysis & forecast system (2021

Q2)

MEDSEA_ANALYSISFORECAST_WAV_006_017

v Accounts for Atlantic swell through a nested sequence of two
computational grids (coarse and fine)

v’ Off-line coupled with hourly surface currents and sea level
from Med-PHY

v’ Uses the latest state-of-the-art WAM model version

v’ Assimilates all available along-track satellite SWH observations
by CMEMS - currently 7 missions

v Includes 2 forecast cycles (00 UTC, 12 UTC); providing
Mediterranean wave analysis and 10 days Mediterranean
wave forecasts updated twice a day

v Provides wave parameters at 1/24° horizontal resolution
(approx. 4.6km) from the Mediterranean model (18.125° W
36.2917° E ; 30.1875° N 45.9792° N)
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Analysis & 10-days Forecast Products : 2D Instantaneous hourly for

MED-WAVES
NRT 2021Q2

» spectral significant wave height (Hmo0),

» spectral moments (0,2) wave period (Tm02),
» spectral moments (-1,0) wave period (Tm-10),
» wave period at spectral peak/peak period (Tp),
» mean wave direction from (Mdir),

» wave principal direction at spectral peak,

» stokes drift U,

» stokes drift v,

'

» Output of wave spectra over the whole domain
(1-h analysis, 3-h forecasts) available at medmfc.hcmr.gr

» spectral significant wind wave height,
» spectral moments (0,1) wind wave period,
> mean wind wave direction from,
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Upgrades since previous version < EGUSSeay 2021

Upgrades of the upcoming Med-waves system (Q2/2021) compared to the previous version (Q1/2020):

v' One-way coupling with hourly currents and sea level from the new version (Q2/2021) of the Med-MFC Physical
component’s product MEDSEA ANALYSISFORECAST _PHY 006 _013.

v' Addition of a 2nd forecast cycle: The wave prediction system will run two cycles per day, starting at 00:00 UTC
and 12:00 UTC. Each cycle is scheduled to simulate 252 hours: 12 hours in the past (wave analysis) blending
through data assimilation model results with available SWH satellite observations available from CMEMS WAVE
TAC and 240 hours into the future (10-days wave forecasts).

v Inclusion of additional SWH along track satellite observations (CFOSAT & HAIYANG-2B) in the Data Assimilation
system.



Med-waves NRT system - Evaluation

Q2/2021
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Q2/2021 was found to better approximate high waves (SWH > 4-5 m) in all comparisons.
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Med-waves NRT system Evolution

Model: WAM 4.5.4
Resolution : 1/24
Atm. Forcing : ECMWF IFS
Currents: MED-PHY (1/16)
(Daily mean)
Prod. Cycle: 12 UTC
Length of forecast: 5 days

MED-WAVES 2017Q2

Model: WAM 4.5.4
Resolution : 1/24
Atm. Forcing : ECMWF IFS
Currents: MED-PHY (1/24)
(Daily mean)

Prod. Cycle: 12 UTC
Length of forecast: 5 days

MED-WAVES 2017Q2

= Higher spatial

resolution MED-PHY
current fields (1/24)

Model: WAM 4.5.4
Resolution : 1/24
Atm. Forcing : ECMWF IFS
Currents: MED-PHY (1/24)
(Daily mean)

Prod. Cycle: 12 UTC
Length of forecast: 5 days
Data assimilation : SWH
(Jason3/ Sentinel-3a)

Mar 2018

MED-WAVES 2018Q1

* Inclusion of
altimeter along-
track SWH data
assimilation.

(Jason-3 / Sentinel-3a)

Model: WAM 4.5.4
Resolution : 1/24
Atm. Forcing : ECMWF IFS
Currents: MED-PHY (1/24)
(Daily mean)

Prod. Cycle: 12 UTC
Length of forecast: 5 days
Data assimilation : SWH
(Jason3/ Sentinel-3a)

MED-WAVES 2018Q2

- Updated MED-PHY
current fields

Model: WAM 4.6.2
Resolution : 1724
Atm. Forcing : ECMWF IFS
Currents: MED-PHY (1/24)
{Daily mean)

Prod. Cyele: 12 UTC
Length of forecast: 10 days
Data assimilation : SWH
(Jason3/ Sentinel-3a
Cryosat-2, Saral/Altika)

MED-WAVES 2019Q2
Upgrade to WAM 4.6.2

Tuning of the wave age
parameter

Inclusion of Cryosat-2 and
Saral/Altika along-track
SWH to the data
assimilation scheme

Imposition of a limitation to

the high frequency part of
the spectrum based on
Phillips spectrum

Length of forecast :10 days.

Model: WAM 4.6.2
Resolution - 1/24

Atm. Forcing : ECMWF IFS
Currents: MED-PHY (1/24)

(Daily mean)

Prod. Cycle: 00 UTC
Length of forecast: 10 days

Data assimilation : SWH

(Jason3, Sentinel-3a, -3b

Cryosat-2, SarallAltika)

MED-WAVES 2020Q2

= Change the time
of the daily
forecast cycle
(00 UTC)

+ Additional
assimilation of
Sentinel-3b
observations
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Model: WAM 4.6.2
Resolution : 1/24
Atm. Forcing : ECMWF IFS
urrents & Sea level: MED-PHY (1/24)
(Hourly mean)

Prod. Cycle: 00 & 12UTC
Length of forecast: 10 days
Data assimilation - SWH
(Jason3, Sentinel-3a, -3b
Cryosat-2, SarallAltika,
HY-2B, CFOSAT)

MED-WAVES 2021Q2
One-way coupling
with hourly currents
and sea level from
Med-PHY

Additional
assimilation of
CFOSAT and
HAIYANG-2B
observations

Inclusion of 24
forecast cycle (00 &
12 UTC)

Qualification metrics obtained
from the comparison of model
output with reference
observations, over a period of
1 year, across system versions
(EIS release date)



Med-waves Reanalysis CE:G Uiy 2021

MEDSEA_MULTIYEAR_WAV_006_012

Ja New Product

SATELLITE
ALONG-TRACK SWH
C S e Savica

e WAVE TAC

v’ Reanalysis time series covering the period Jan 1993 — Dec 2019

v Covering the Mediterranean Sea (18.125° W 36.2917° E ;
30.1875° N 45.9792° N)

J

Assimilated
every 3h

v Nested sequence of two computational grids (coarse and fine)

OPTIMAL INTERPOLATION
DATA ASSIMILATION SCHEME

v’ Composed by wave parameters at 1/24° horizontal resolution
(approx. 4.6km)

v Upgraded model version WAM 4.6.2 2D Instantaneous hourly integral wave parameters
» spectral significant wind wave height,
M E D _W Av E S > spectral significant wave height (HmO), - spectral moments 0,1) wind wave period, P——
. . . . . . : ma: ::::mt: (O.J,Z)wave pperiodww (Tmo.ﬂ' o medn wind e drection Lo, In-situ and Satellite
v’ Assimilating all available along-track satellite SWH observations RAN > s ot sk vk pks Tl abeervations (5 e
. . . » mean wave direction from (Mdir),
by CMEMS and CERSAT (optimal interpolation) > wave pincialdirection at spectal peak,

7 stokes drift U,
» stokes drift v,

v’ Forced with ECMWF ERAS5 Reanalysis surface winds

v’ To be updated twice a year (6-months extensions); plus monthly
interim production reaching one month before present



Med-waves MYP Evolution EGUSsea, 2021

Assembly

(Feb 2006 — Dec 2019)

» spectral moments (0,1) wind wave period,
» mean wind wave direction from,

REANALYSIS
(Jan 1993 — Dec 2019)




Med-waves Reanalysis - Evaluation

ERAS5 U10 m/s

Full Med metrics (1993- 2018)

Q2/2021

Mean annual values + standard deviation

Model analysis vs. in-situ observations

Model first-guess vs. satellite observations
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Future upgrades of the system < EGUSSeay 2021

* Nesting with the CMEMS Global wave forecasting system

 Continuous upgrade of the Med-waves system (ingestion of new satellite products
including wave spectra, ECMWF winds with higher temporal and spatial resolution,
upgraded WAM model versions)

 Deal with wave forecast uncertainty: setup and operate a wave ensemble forecasting
system for the Mediterranean Sea

* Use directional wave spectrum and theoretical statistical models for wave extremes to
accurately infer the expected shape and probability of the largest waves

e Continues upgrade of the Med-waves validation (validation of wave direction, validation
of wave spectra)



For more information.... < EGUSsnay 2021

https://resources.marine.copernicus.eu/?option=com_csw&view=details&product_id=MEDSEA_ANALYSIS_FORECAST_WAV_006_017

https://resources.marine.copernicus.eu/?option=com_csw&view=details&product_id=MEDSEA_HINDCAST_WAV_006_012

From 4 May 2021
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https://resources.marine.copernicus.eu/?option=com_csw&view=details&product_id=MEDSEA_ANALYSISFORECAST_WAV_006_017
https://resources.marine.copernicus.eu/?option=com_csw&view=details&product_id=MEDSEA_MULTIYEAR_WAV_006_012




