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The BS-MFC service and system evolutions
within Copernicus Marine Service
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The BS-MEC High Level Architecture
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The BS-PHY Team
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Overview of the current Black Sea Physics operational and reanalysis systems

Near Real Time System Multi-Year System

Atmospheric Forcing: ECMWEF 1/8° Atmospheric Forcing: Initial Condition
(msl, cc, ulOm, vIOm ,t2m, d2m) and GPCP monthly ECMWEF ERAS 01/01/1988
climatological precipitation [-hour freq. January climatology (1992-2018)
Temporal resolution: GPCP monthly from the previous reanalysis.
Forecasts: 3hrs (first 3 days)/6 hours (next 7 days) climatological precipitation

Analysis: 6 hours

Closed boundary
Condition @ the
Bosporus Strait with

v updates in the region near
the Bosporus exit:
improved bathymetry and
application of local damping

Initial Condition
Simonov & Altman Jan

Climatology
Closed boundary
Condition @ the

Bosporus Strait

CMEMS Observations
SLA L3 SAT, SST L4 SAT &T/S
INSITU

forT/S

& 2

River inputs
72 climatological river
inputs from SESAME Proj.

Observations
CMEMS Reprocessed
SLA L3 Satellite and T/S in situ from CMEMS and

SeaDataNet
NRT PRODUCTS REAN PRODUCTS SST relaxation: SST-L4 from CMEMS SST TAC
Hourly & daily averages Daily & monthly
Analysis & 10 days forecasts averages
Temperature - Salinity - UV currents Temperature - Salinity - ‘_’2_

SSH - MLD - Bottom Temp UV currents SSH -

Jan 2017-ongoing MLD Copernicus
jan 1992— jun 2019 Marine Service
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Black Sea Physics: Evolution of the Systems from the Scientific Perspective

2016/10 2017/04 2018/04 2018/12 2019/04 2019/07 2019/12 2020/04 2020/07 2020/12 2021/04
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2014/04 I
O E
/BS-PHY EASZ.O\ [BS-PHY EASS.O\ (BS-PHV EAS3.1\ /BS-PHY EASS.Z\ BS-PHY EAS4.0
(op. Oct 2016- (op. Apr 2017- (op. Apr 2019- (op. Apr 2019- (op. May 2021-
Apr 2017) Apr 2019) Dec 2019) May 2021) ongoing)
NEMO v3.4, NEMO v3.4, + Upgraded + Upgraded NEMO v4.0, new
3kmx31z- 3km x 31 z- system to correct system to with bathymetry, 2.5km
NRT levels, GLS levels, TKE DA and physical products x 121 levels, open
vertical scheme, vertical scheme, parameterization centred at boundary @ the
ECMWEF IFS ECMWF IFS 12:00Z Bosporus, ECMWF
forcing, online forcing, online IFS forcing, online
coupled to coupled to coupled to
\ OceanVar j \ OceanVar / K / \ / OceanVar
v ‘ v
/ BS-PHY E2R1 \ / BS-PHY E2R2 \ / BS-PHY E3R1 \ /BS-PHV E3R1-INT\
(op. Oct 2016- (op. Apr 2017- (op. Dec 2020- (op. May 2021-
Apr2017) Dec 2020) ongoing) ongoing)
NEMO v3.4, NEMO v3.4, NEMO v3.6, + INTERIM
3km x 31 z- 3km x 31 z- 3km x 31 z- processing chain
levels, GLS levels, TKE levels, TKE
MY mixing, ERA- mixing, ERA- mixing, ERAS
Interim forcing, Interim forcing, forcing, INS, SL,
INS: EN4; SL & INS: EN4; SL & STT: CMEMS (+
STT: CMEMS, STT: CMEMS, SeaDataNet
online coupled online coupled historical obs),
to OceanVar to OceanVar online coupled
2004-2015 1992-2015 to OceanVar
o /L J B2 J
OSR/OMI ( OSR4 ) ( OSR5 ) ( OSR6 )
Ocean
Temperature and

Ocean Heat Rim Current OMI

Esturine
Content OMI; Overturning
Salinity OMI Cold Circulation OMI;
Intermediate Coastal
Layer OMI
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OROLOGY, %00

Upwelling
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The Black Sea-Physics NRT-System

PROCESSING SYSTEM PRODUCT QUALITY: CLASS 4 - g
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The Black Sea-Physics MY System

SCIENTIFIC QUALIFICATION OVERVIEW MEC BS 5
2 léo
. . . . . . - - UW 'L‘
SST Validation using BS-REA compared with CMEMS SST L4 Temperature (left) and Salinity (right) using BS-REA compared
with CMEMS INS T/S profiles in 1993-2018
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* Both reanalysis versions present a predominance of positive SST bias.

* There is a seasonal cycle with the lowest (highest) values of SST RMSE during the winter ’ e
(summer). 6 3000
* The new reanalysis presents lower RMSEs most of the time like during the first years 2000
(1993-2000). From 2014, this pattern changes and RMSD values are higher than those from % & H W * i, 2000
the previous version, mainly during the summer. “ WM 1500
1000
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The BS-BIO Team
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Overview of the curfent Black Sea Biogeochemistry operational and reanalysis

systems

Near Real Time System Multi-Year System

Atmospheric Forcing: ECMWEF 1/8°
(msl, cc, ulOm, vIOm ,t2m, d2m,
precipitation)

Temporal resolution:
Forecasts: 3hrs (first 3 days)/6 hours (next 7
days)
Analysis: 6 hours

L ]

Atmospheric Forcing:
ECMWF ERAS
I-hour freq.

Initial Condition
synthetic 1980
climatology

The Bosporus Strait is
modeled as water volume flux
and salt flux computed from
SSH and conservation laws

Land Forcing:
72 climatological river inputs
from SESAME Project
(Ludwing et al. 2009)

CMEMS observations _NRT PRODUCTS DR‘IIEA&N PRC;IDUCTS
Satellite data: Chlorophyll Daily and Monthly averages aily & monthly averages

chlorophyll, phytoplankton in carbon, net primary production, dissolved & bottom

primary production, dissolved & bottom oxygen, nitrate, phosphate, pH, alkalinity,

oxygen, nitrate, phosphate, pH, alkalinity, dissolved inorganic oxygen, pCO2, air-sea Copernicus

dissolved inorganic oxygen, pCO2, air-sea fluxes of CO?2, il
. fluxes of CO2, PAR, extinction coefficients Jan 1992 - Dec 2019

@ 0 Cmcc ’ LIEGE prre RS2 Jan 2019 - ongoing
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BS-BIO EAS2.0
(op. Oct 2016-
Apr 2018)
GHER3D online
coupled to
BAMHBI, 5km x
40 o-levels,
ECMWEF IFS
forcing

—
\ 4
BS-BIO E2R1
(op. Oct 2016-
Apr 2017)
GHER3D online
coupled to
BAMHBI, 15km x
40 o-levels, ERA-

Interim forcing,
1980-2014

—

Zentrum fiir Material- und Kiistenforschung

BS-BIO E2R2

(op. Apr 2017-
Dec 2020)
GHER3D online
coupled to
BAMHBI and
refined light
penetration
scheme, 5km x
40 o-levels, ERA-
Interim forcing,

BS-BIO EAS2.1
(op. Apr 2018-
Jul 2019)

+ SEEK scheme
for the
assimilation of
INS data

1992-2015

—

OSR2

Decline of the
Black Sea oxygen
inventory OMI
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BS-BIO EAS3.0
(op. Jul 2019-
Jul 2020)
NEMO v3.6
online coupled
to BAMHBI, 3
km x 31 z-levels,
new carbonate
module, ECMWF

\ IFS forcing )

BS-BIO EAS3.1

(op. Jul 2020-
ongoing)
+ assimilation of
chlorophyll
satellite data

—

(op. Jul 2020-
ongoing)
NEMO v3.6
online coupled
to BAMHBI, 3
km x 31 z-levels,
ERAGS forcing,
1992-201

—

BS-BIO E3R1

2017/04 2018/04 2018/12 2019/04 2019/07 2019/12 2020/04 20: 2021/04
O O O O O O O
J J O J O \

BS-BIO E3R1-INT

(op. May 2021-
ongoing)
+ INTERIM
processing chain
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® BGC ARGO Oxygen

The Black Sea-Biogeochemistry NRT System | o BacARGO Optic

11

Time series of satellite (in blue) and model (in red) chlorophyll spatial averages computed for (top row)
open sea sub-regions 1, 2 and 3, and (bottom row) NWS regions 5, 6 and 7

Region 1 Region 2 Region 3

2 14 - 25

- 2 Oxygen

Dissolved Oxygen

Chl-a [mg/m3]
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Region 5 Region 6 ) ‘ Region 7
? a| ’ E12 Ezs ‘| ‘
E 6“ H Em | E 2
|1 J{ ”* i ‘l H | j} : ) ‘ ﬂ J 'n \r m e
i oy AL i e
" \ﬁ‘ M’ ‘\I\ ﬁl ! | ﬂv * NPX’; I 'J 2',““1«,‘ lkq':h. NWM&MMMm‘gy“,)w‘-h'M\‘ﬂ," "\“f"‘J }IJN l\\ o Nu%:\wﬂ“t."f‘iv/" . H .YPWMMH" ‘#\WM.,M ' #‘ ’1‘ | Bias (mmol m‘3) 24.2
b X N 5 oo b 19 ‘ Rms (mmol m3) 63.9
Standard deviation ratio (no 0.92
—— Obs - OCL3 i)
— Mod - BS-BIONRT .- . - o Nash-Sutcliffe (no unit) 0.67
Region 1 2 3 4 5 6 Bias (log10) statistic for chlorophyll Pearson coefficient (no unit) 0.94
EAN 0.012 0012 | -0.011 0.19 0.15 0.014 obta!neq for BS-BIO NRT yvhen
REgion - - 5 ai > considering the observation-model
prediction pairs, for the different
EAN 0.04 0.009 0.055 0.07 -0.07 | regions (1to 11). VEGU 2021, 0S4.6, 28/04/2021 12




The Black Sea-Biogeochemistry MY System

North-western shelf Deep sea

Surface Bottom
500 500 ’
EE Obs. N Obs.
Em Model ' EE Model
== Bottom (Obs.) [ == Surface (Obs.)
‘ == Bottom (Model) == Surface (Model)
g {
400 400 .
* " ; Oxygen Penetration Depth
~
. B
: l 804 (Depth at which 02=20uM)
300 RN H . 4 300 " ® *
- . i @
g * ! 1 g 1004 e e > Source
S . AT S £ ~o— In-Situ
200 + ,: 200 120 4 o *
) :I o | ! —+— Model
‘ 140 4
: , ‘ 0. ¢
+
100 + 100 T T T
2000 2010 2020
' 1k Date
0 ala 0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0) (80) (17) (79) (98) (109) (60) (39) (259) 4) (0) (0) 0) (72) (22) (145)(196)(124)(104) (78) (440) (32) (5) (0)
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The BS-WAV Team
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Overview of the current Black Sea Waves operational and reanalysis systems

Near Real Time System Multi-Year System

[
|
[
Atmospheric Forcing: ECMWEF 1/8° | Atmospheric Forcing: ECMWF ERAS
(ul0m, v10m) | 1/4°
Temporal resolution: | (ulOm, viOm)
Forecasts: 3hrs (first 3 days)/6 hours (next 7 days) : Temporal resolution:
Analysis: 6 hours : | hour
[

L 2

¥

Initial Condition
Initial 2D wave spectrum $
generated via fetch law from

local wind field

I

One-way offline

coupling with NEMO Assimilation of satellite data recorded by
TR s e e e the radar altimeters of Jason-1, Jason-2 and
deviations S
NRT PRODUCTS REAN PRODUCTS
Hourly instantaneous Hourly instantaneous @
Analysis & 10 days forecasts As the NRT g
Significant Wave Height,VWave Mean Period,Wave direction, Stokes drifts,VWind Wave Jan 1979 - Dec 2019 Copernicus
Significant Height, Wind Wave Mean Period,Wind Wave Direction, Primary Swell Wave Marine Service
Significant Height/Period/Direction, Secondary Swell Wave Significant
o « Height/Period/Direction
@ 4 Jan 2019 - ongoing VEGU 2021, 054.6, 28/04/2021 15



Black Sea Waves: Evolution of the Systems from the Scientific Perspective

tract CMEMS MFC BS 4N
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2016/10 2017/04 2018/04 2018/12 2019/04 2019/07 2019/12 2020/04 2020/07 2020/12 2021/04
O O O O O O O O Q O—
2016/04
¥
O
BS-WAV EAS3.0 BS-WAV EAS3.1 BS-WAV EAS3.2
(op. Apr 2017-J (op. Jul 2019- (op. Dec 2020-
ul 2019) Dec 2020) ongoing)

WAM Cycle 4.6, + delivery of 10- WAM Cycle 6.0, 3
3 kmres., 15 days km res., 24
degrees, 30 instantanous degrees, 30

NRT frequency forecast wave frequency bins,

bands, ECMWF field one-way coupled
IFS forcing to surface

currents from BS-
PHY EAS3.2,
ECMWEF IFS

\ / \ forcing /
BS-WAV E3R1 / BS-WAV E3R2 \ BS-WAV E3R2-INT
(op. Apr 2017- (op. Dec 2020- (op. May 2021-
Dec 2020) ongoing) ongoing)
WAM Cycle 4.6, 3 WAM Cycle 6.0, 3 km + INTERIM
MY km res., 15 res., 24 degrees, 30 processing chain
degrees, 30 frequency bins, ERA5
frequency bands, forcing,
ERA-Interim assimilation of SWH
forcing. 1979-2019
\_ 20022017 / \ / \ J
|
| |
OSR/OMI ( OSR5 ) ( OSR6 )
SWH extreme Predictability of Climatology and Interannual to
percentiles large wave 2019 anomaly of long-term
cmee heights in the W- maximum waves change of
Sy vediers BS in 2018 in Med and BS extreme events

in the BS 1 6




The Black SeaWaves NRT System

PROCESSING SYSTEM <
ntract CMEMS MFC BS 4N
1il 31 March 2021 O-b
Production Day [FC Cycle[Day| [-2]-1 576[7[8[o] [ [ [ [ T [ T [T T T T TTTTTT owma"ﬁ
Tuesday 1 [ Tu H FIF[F[F|F
Wednesday : e EREIRIEE PRODUCT QUALITY DASHBOARD
Thursday 1 Th F|F|F|F|F|F|F
Friday 1 Fr E|E|E[EIE|F|E|E E|Forecast1hr
Saturday 1 Sa F|F|F|F|F|F|F|F|F SWH [m] and Direction 2006 01 20 09:00 and JS1 track [m] SWH [m] of WAM and JS1 Track 2006 01 20 08:57:27 - 08:59:09
Sunday 1 [su [FIF[FIF[F[F|F[F[F[F : i : 7 ol ' ' ] ’ ] ' ]
Monday 1 Mo IH[F[F[F[F[F[F[F[F[F[F s Js1
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Wednesday 2 [we [FIF[F[F[F[F|F[F[F[F o 2™ [
Thursday 2 |Th [H[F[F[F[F[F[F[F|F|F[F 45 5 al e iy |
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Saturday 2 [sa F|F[F[F[F[F[F|[F[F[F ) s+ E,l o ' |
Sunday 2 |su FF|F[F[F|F|F|F|[F|F] 244 I - A
Monday 2 | Mo HIF|F|F|FIF|F|F|F[F|F] I 3 Bsl . |
43 B
2 ok . _
. o *
Daily cycle: 22 > ;
1 1 J
* Every day, BS-WAV NRT produces 1 day simulation and 10 days i ;
B 0 . . . . .
forecast 57:24 57:41 57:59 5816 58:33 5850 59:08  59:2t
Longitude
SWH [m] and Direction 2016 12 03 06:00 and JS2 track [m]6 SWH [m] of WAM and JS2 Track 2016 12 03 05:56:20 - 05:57:51
6f . Js2 |
46 . o eul © WAM
e
5r o . 1
Two examples for the along track a5 ‘ “
4 CRMR T *
. . L —) [ . .? * i
validation (WAM /Jason-1 and 2.4 E4 X %
£ 3 é 273%
WAM/Jason-2) 5 B3t . :
43 ) o
o s J
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The Black Sea Wa\)es

MY System

Lt
SWH Max Entries = 5292 . ’:"' ~
T 4 [ Mean R = 1.1223 (m) B A 6000
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Contract CMEMS MFC BS 4
31 March 2021 O-b

Time series of maximum significant wave heights
derived from the combined Jason satellite
measurements and from BS-WAM MYP (left);
Scatter plots showing Sentinel 3a satellite
measurements versus BS-WAV NRT significant
wave heights for Q4 2018 (right).

Distribution of significant wave height of WAM
with overlaid Jason-2 satellite track (left) on 03
December 2016 06:00 UTC and along-track
measured and computed significant wave height
(right).

18



b

¢

LIEGE

université

+ 441+ Helmholtz-Zentrum :
55 Geesthacht

°.%
24
Zentrum fiir Material- und Kiistenforschung

«RTION
wgamoay%‘?

Thank You!
Questions?

VEGU 2021, 0S4.6, 28/04/2021

19



