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NEMO v3.4
1/36°x 1/27°, 31 z-lev

Partial steps

Closed boundary 
Condition @ the 
Bosporus Strait

Atmospheric Forcing: ECMWF 1/8°
(msl, cc, u10m, v10m ,t2m, d2m) and GPCP monthly 

climatological precipitation
Temporal resolution: 

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

Initial Condition 
Simonov & Altman Jan 

Climatology

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

INSITU

NRT PRODUCTS
Hourly & daily averages 

Analysis & 10 days forecasts
Temperature - Salinity - UV currents 

SSH - MLD - Bottom Temp
Jan 2017-ongoing

REAN PRODUCTS
Daily & monthly 

averages 
Temperature - Salinity -

UV currents SSH -
MLD

Jan 1992– Jun 2019

Observations
CMEMS Reprocessed

SLA L3 Satellite and T/S in situ from CMEMS and 
SeaDataNet

SST relaxation: SST-L4 from CMEMS SST TAC

Atmospheric Forcing: 
ECMWF ERA5 

1-hour freq.
GPCP monthly 

climatological precipitation

Data Assimilation 
3DVAR 

OceanVAR

Data Assimilation 
3DVAR 

OceanVAR

Initial Condition 
01/01/1988

January climatology (1992-2018) 
from the previous reanalysis.

Closed boundary 
Condition @ the 

Bosporus Strait with 
updates in the region near 

the Bosporus exit: 
improved bathymetry and 

application of local damping 
for T/S

River inputs
72 climatological river 

inputs from SESAME Proj.

Near Real Time System Multi-Year System
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The Black Sea Physics NRT System
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PROCESSING SYSTEM

Daily cycle:
• Every day, BS-PHY NRT produces 3 days analysis, 1 day simulation and 

10 days forecast
Weekly cycle:
• On Tuesday, BS-PHY NRT produces 14 days analysis, 1 day simulation

and 10 days forecast à best forecast initial condition

PRODUCT QUALITY: CLASS 4

SSH accuracy using SLA data 
for all available assimilated 
observations (Altika, Cryosat2, 
Jason2/3, Sentinel3A/2B) and 
SLA along track assimilated 
observations during last weekly 
cycle. Mean error of about 2 
cm (Al: 2.5 cm; Cr: 2.3 cm; J2: 
2.2 cm; J3: 2.1 cm; S3A: 2.1 cm; 
S3B: 2.1 cm)
T/S RMS misfits at 8 m (up to 
600 m) and assimilated ARGO 
profiles during last weekly 
cycle. Higher errors in 
temperature during 
summertime (up to 2.5◦C in the 
upper layer. 0-150 m mean 
error: ~1◦C/~0.25 PSUASSIMILATED OBSERVATIONS: SPATIAL COVERAGE

HTTP://BSFS.CMCC.IT

vEGU 2021, OS4.6, 28/04/2021
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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
(summer).
* The new reanalysis presents lower RMSEs most of the time like during the first years
(1993-2000). From 2014, this pattern changes and RMSD values are higher than those from
the previous version, mainly during the summer.

SCIENTIFIC QUALIFICATION OVERVIEW

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

RMSD of SLA using BS-REA compared with CMEMS SL product

vEGU 2021, OS4.6, 28/04/2021
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NEMO v3.6
1/36°x 1/27°, 31 z-lev

partial steps

Land Forcing:
72 climatological river inputs 

from SESAME Project 
(Ludwing et al. 2009)

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

Atmospheric Forcing: ECMWF 1/8°
(msl, cc, u10m, v10m ,t2m, d2m, 

precipitation) 
Temporal resolution: 

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

Analysis: 6 hours

Initial Condition 
synthetic 1980 

climatology

BAHMBI modelling system
with pelagic and benthic 

components

CMEMS observations
Satellite data: Chlorophyll

Atmospheric Forcing: 
ECMWF ERA5 

1-hour freq.

Near Real Time System Multi-Year System

Data Assimilation (only for NRT)

NRT PRODUCTS
Daily and Monthly averages
Analysis & 10 days forecasts

chlorophyll, phytoplankton in carbon, net 
primary production, dissolved & bottom 
oxygen, nitrate, phosphate, pH, alkalinity, 

dissolved inorganic oxygen, pCO2, air-sea 
fluxes of CO2, PAR, extinction coefficients

Jan 2019 - ongoing

REAN PRODUCTS
Daily & monthly averages 

chlorophyll, phytoplankton in carbon, net 
primary production, dissolved & bottom 
oxygen, nitrate, phosphate, pH, alkalinity, 

dissolved inorganic oxygen, pCO2, air-sea 
fluxes of CO2,

Jan 1992 – Dec 2019
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The Black Sea Biogeochemistry NRT System
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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

Oxygen

Bias (log10) statistic for chlorophyll 
obtained for BS-BIO NRT when 
considering the observation-model 
prediction pairs, for the different 
regions (1 to 11). vEGU 2021, OS4.6, 28/04/2021



	 	 	

The Black Sea Biogeochemistry MY System

13vEGU 2021, OS4.6, 28/04/2021



	 	 	
vEGU 2021, OS4.6, 28/04/2021

The BS-WAV Team

14

JOANNA STANEVA ARNO BEHRENS GERHARD GAYER MARCEL RICKER



	 	 	
vEGU 2021, OS4.6, 28/04/2021

Overview of the current Black Sea Waves operational and reanalysis systems

15

WAM Cycle 6, 1/36°x 1/27°
Directional Resolution: 24 degrees

30 frequency bands (0.043-0.663 Hz)
Including shallow water, depth refraction, 

current refraction and wave breaking 
parameterization

Atmospheric Forcing: ECMWF 1/8°
(u10m, v10m) 

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

Analysis: 6 hours

Initial Condition 
Initial 2D wave spectrum 

generated via fetch law from 
local wind field

One-way offline 
coupling with NEMO 

currents and water level 
deviations

Atmospheric Forcing: ECMWF ERA5 
1/4°

(u10m, v10m) 
Temporal resolution: 

1 hour

Near Real Time System Multi-Year System

Assimilation of satellite data recorded by 
the radar altimeters of Jason-1, Jason-2 and 

Jason-3

NRT PRODUCTS
Hourly instantaneous

Analysis & 10 days forecasts
Significant Wave Height, Wave Mean Period, Wave direction, Stokes drifts, Wind Wave 

Significant Height, Wind Wave Mean Period, Wind Wave Direction, Primary Swell Wave 
Significant Height/Period/Direction, Secondary Swell Wave Significant 

Height/Period/Direction
Jan 2019 - ongoing

REAN PRODUCTS
Hourly instantaneous

As the NRT
Jan 1979 – Dec 2019
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PROCESSING SYSTEM

Daily cycle:
• Every day, BS-WAV NRT produces 1 day simulation and 10 days 

forecast

Two examples for the along track
validation (WAM /Jason-1 and

WAM/Jason-2)

PRODUCT QUALITY DASHBOARD
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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).
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Thank You!
Questions?


