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Overall Objectives of WP4
• The objective of WP4 is to ensure that new or 

consolidated in-situ observation data sets from 
the different networks (WP3) and from the WP 
5, 6, 7 demonstrator activities are integrated in 
the European modelling and forecasting 
systems at different space and time scales, from 
the Copernicus Marine Service global to the 
regional North East Atlantic and Mediterranean 
Sea systems.

• All new products, observational and model data, 
will be integrated in the Copernicus Marine 
Environment Monitoring Service and the 
Copernicus Climate Change System thus 
reaching TRL 7 and 8. 



Task 4.1 Assimilation in the Global and North East Atlantic 
(IBI) Copernicus Marine modelling system and 

analysis/forecast quality assessment (task leader: MOI, 
partner: EPPE) 

➔ Objectives: 
i. Assessment and Optimisation of the role of existing ocean observations in the Global and IBI 

Copernicus Marine Systems by considering dedicated observing networks and temporal/spatial 
scales

ii. Provision of recommendations on the long term evolution of 
physical and BGC ocean observing systems

Deep Argo - Following the AtlantOS outcomes, experiments have revealed strong 
benefits for the Copernicus Systems (e.g., Gasparin et al., 2019a, Gasparin et al., 2019b, 
King et al., 2019), but questions arise specifically for the deep ocean for

i. refining the projection of surface information in depth, 
ii. determining the persistence of assimilated information (space/time scales),

iii. refining the deep component in the mass, heat and freshwater balances.

BGC Argo - Following the assimilation of satellite Chlorophyll-a observations in the 
Copernicus Marine Systems, the assimilation of BGC-Argo floats in the Copernicus 
Marine Systems is in development. Several aspects will be targeted to prepare their 
assimilation:

i. Estimation of the model error statistics compared to the observations (scales)
ii. Optimisation of the PISCES BGC-model parameters using BGC-Argo floats

Tropical moorings - During the AtlantOS project, numerical experiments 
demonstrated that the contribution of tropical moorings was local. 

i. Determining the content of assimilated information from 
moorings (internal waves, intraseasonal scales)

ii. Optimising the space and time scales for assimilation

PART1 - Targeting the assimilation in the Global Copernicus Marine system

Deep Argo

BGC Argo



Task 4.1 Assimilation in the Global and North East Atlantic 
(IBI) Copernicus Marine modelling system and 

analysis/forecast quality assessment (task leader: MOI, 
partner: EPPE) 

Impact assessment of physical observing systems specific to regional/shelf area such as gliders,moorings, HF radars 
through Observing System Experiment (OSE) with the CMEMS IBI 1/36° monitoring and forecasting system. 

i. Definition of the Observing System Experiment with the WP3 networks and Demonstrators (1st year)
ii. Impact assessment of the observing networks with dedicated metrics defined in collaboration with the WP3 

networks and demonstrators. 

-> provision of recommendations on observing system evolution focused on the North East Atlantic region 
dominated by a large shelf area : need of improved observing strategy and data assimilation technics to better monitor  a 
rapidly changing ocean environment specific to shelf area. 

Interfaces with the other WPs 

- WP2 Ocean observing system design  (physics and BGC)
- Observing networks in WP3 and in situ data integrators

Discussion on the network evolutions and assessment metrics for the data assimilation experiments (OSE). 
- Demonstrators: 

WP6: Ocean Health Demonstration project / Task 6.1 Oxygen, heat and pH related “Extreme Marine Events” (local 
and regional events) 
WP7: Climate Demonstration project / Task 7.1 Carbon audit of the European relevant deep convection regions; 
Task 7.3 Quality enhancement of tropical carbon fluxes through network optimization of the Tropical Atlantic 
Observing System
Assessment of the EuroSea data assimilation impact in reducing the uncertainty on the extreme marine event 
and ocean climate indicators provided by the CMEMS regional and global system.

PART2 - The North East Atlantic (IBI) Copernicus Marine System  



Task 4.2 Assimilation in the Mediterranean Sea 
Copernicus Marine modelling system and 

analysis/forecast quality assessment (task leader: 
CMCC, partner: OGS, SOCIB)

Assess the impact of the assimilation of Glider and float physical observations in the 
future versions of the CMEMS Med-PHY modelling and data assimilation system

• Evaluate the impact of the assimilation of physical 
observations from Gliders and floats in parallel experiments 
using the CMEMS Med-PHY and WMOP modelling systems in 
the Western Med

• Provide BGC Glider data for validation and assimilation tests 
in CMEMS Med-BIO

CMCC OGS SOCIB

Link to WP3.2 Glider activities: 
• To identify the optimal data sets and help designing the experiments: 

will the data be provided by WP3 (as specified in the DoW) or directly 
by SOCIB, OGS or external providers?



Task 4.2 Assimilation in the Mediterranean Sea 
Copernicus Marine modelling system and 

analysis/forecast quality assessment (task leader: 
CMCC, partner: OGS, SOCIB)

CMCC OGS SOCIB

• Foster the multivariate assimilation of BGC-Argo float data in the CMEMS 
Med-BIO

• Evaluate the impact of physical assimilation of Gliders data on biogeochemistry 
using CMEMS Med-BIO system

• Perform feasibility tests of biogeochemical assimilation of Gliders observations 
in the CMEMS Med-BIO system

Link to WP3.2 Glider activities: 
• To identify BGC-Glider data availability in the Mediterranean Sea and 

to clarify BGC-glider PQ best practices evolution

Link to WP3.1 Argo activities:
• To identify BGC-Argo data availability in the Mediterranean Sea and 

to clarify BGC-Argo PQ best practices evolution



Task 4.3 Model development and validation for 
improved forecasting (task leader: UNIBO, partner: 

SOCIB, CMCC)
• In this task we will develop an operational implementation of an ensemble forecasting 

system for the CMEMS Med- MFC, producing products for the two demos in WP5,6.  
The Method is based upon the depiction of an ensemble of wind realizations 
produced with the combination of ECMWF analyses/forecasts and scatterometer 
winds  (Milliff et al., 2011, Pinardi et al., 2011)

• The ensemble spread will be evaluated on the basis of comparison with observations 
available (WP3)

Initial condition spread 
(std)

(
m
)



Task 4.3 Model development and validation for 
improved forecasting (task leader: UNIBO, partner: 

SOCIB, CMCC)
• An the ensemble-based Extreme Forecast Index (EFI) will be developed for sea 

level and waves (WP5), temperature and salinity (WP6) at the surface, in the water 
column and at the bottom (WP7). 

• Similar to ECMWF EFI for ensemble forecasts of extremes, see example below



Task 4.4 Improving the use of in-situ observations 
for the long term validation of satellite observations

� Demonstration of the potential of emerging in-situ networks for satellite 
validation activities 

� BGC Argo array for the validation of ocean color satellite missions (S3A&B) 
for Chl-a, particulate backscattering coefficient and diffuse attenuation 
coefficient

� Joint use of Argo, gliders, HF radars, surface drifters and tige gauges data for 
the validation of altimeter satellite missions (S3A&B, SWOT) for sea level 
and currents

� Regions of interest: to be refined with the demonstators (WP5,6,7)

� Workplan and assessment metrics: to be refined with observations/network 
experts (WP3) and with the demonstrators (WP5,6,7)



Task 4.5 Synthesis product development based on 
ship-based in situ biogeochemical data (task leader: 

UiB, partner: GEOMAR)

Objectives

• Existing EOV synthesis products from in situ 
biogeochemical observations and high quality and 
long-term ship-based time series data will be fused 
to obtain optimal estimates of EOVs and derived 
quantities in support of ocean climate and ocean 
health monitoring 

• This task will focus on the EOVs Inorganic Carbon 
with its sub-variables and on how to operationalize 
data flow and availability



Task 4.5 Synthesis product development based on 
ship-based in situ biogeochemical data (task leader: 

UiB, partner: GEOMAR)

Main tasks

• Develp quality control procedures for data from 
certain platform e.g. ship-based time series stations 
(Geomar)

• Integration of those quality controlled data with 
GLODAP (UiB)

• Operationalize European SOCAT and GLODAP 
quality control efforts and test the implementation of 
the quality control routines for ship-based time-series 
(TS) (UiB)

• Workshop with Pis from international ship-based and 
open-ocean BGC time-series sites



Task 4.6 Quality assessment of ocean variables 
from the C3S seasonal forecasts (task leader: 

ECMWF, partner: CMCC)
• Knowledge of forecast skill is a prerequisite for utilizing forecast 

information. 
• Assessing the skill of ocean variables from seasonal forecast has 

remained elusive due to the lack of verifying ocean datasets of sufficient 
quality and length.

1) This task will use improved climate records of Ocean Heat Content (OHC) 
from the CMEMS GLO-RAN ensemble and CMEMS regional centers (MFCs), 
the SLA ECV distributed by the Copernicus Climate Change Service (C3S), 
and the new SST records from ESA-CCI, to validate seasonal forecast of 

ocean variables. These new records will allow assessing the quality of ocean 
variables of the seasonal forecast contributing to C3S. 

2) A set of user-relevant climate and ocean indicators, defined by WP7, will 
be derived from the ensemble of seasonal forecast.During next 12 months:

     User relevant indices and climate indicators to be defined together with WP7.
     Start preparing verification data sets in appropriate format.
     Start preparing forecast ocean data sets in appropriate format.



Task 4.6 Quality assessment of ocean variables 
from the C3S seasonal forecasts (task leader: 

ECMWF, partner: CMCC)

ECMWF
CMCC

Among 
the best 
systems

Persistence
Climatology is 
zero

• Seasonal Forecasting systems are provided with coupled Ocean-Atmosphere-SeaIce-Land models 
(sometimes waves)

• Forecasts up-to 6 months lead time are issued routinely on a monthly basis by C3S, with 6 SF 
systems.

• ECMWF and CMCC are two of the contributor systems to the C3S multimodel. The Ocean 
Component is NEMO ORCA025.

• So far only surface SST and atmospheric variables are validated and issued. The aim is to extend 
the seasonal forecasting products to ocean variables.

Persistence
Climatology is zero



Internal milestones
• First WP4 technical meeting to held in Bologna, March  

12-13, to be undertaken with WP3, WP5, WP6, WP7 as 
much as possible.

• First Technical meeting of WP2 to assess status of EOVs 
definition for EuroSea applications- Month 8 

• Technical Workshop on Indicators definition for EuroSea 
applications – Month 12

• Joint workshop between CMCC and SOCIB Taks4.2, 
Task4.3, Task4.4 partners and WP3 on sharing best 
practices on how to use novel sensors (glider, floats) data for 
assimilation and validation in the CMEMS (global and MED) 
and SOCIB operational systems (physical and 
biogeochemical). – Month 18

• WP4 final technical meeting – Month 30
• Presentation of joint WP4-WP5-WP6-WP7 activities in a 

special event at relevant EGU Assembly – Month 32



Deliverables 
• D4.1: Design of experiments to be conducted and update of the data assimilation 

systems (global/IBI), PM24.
• D4.2: Design of experiments and update of the data assimilation systems of the 

Med-MFC and SOCIB systems, PM24. 
• D4.3: Compute probabilistic user-relevant climate indicators as specified by WP7 

using ocean ensembles of seasonal forecasts, PM24. 
• D4.4: Manual of operational implementation of Temperature and salinity QC, PM30. 
• D4.5: Impact of EuroSea observations and recommendations for the observing system 

evolution, PM36. 
• D4.6: Use CMEMS/C3S observation derived ECVs/EOVs to verify the ocean output 

from C3S seasonal and forecasts, PM36.
• D4.7: Manual of operational implementation of SOCAT QC, PM36. 
• D4.8: Impact of EuroSea observations and recommendations for the observing system 

evolutions, PM42. 
• D4.9: Intercomparison of skill scores of forecast and analyses for the two different 

assimilation and model systems in the Med Sea, PM42. 
• D4.10: Impact of BGC Argo assimilation on the analysis and forecast quality of 

Med-BIO and evaluation of physical glider assimilation on biogeochemistry, PM42. 
• D4.11: Definition and implementation of Extreme Forecast Indices and evaluation of 

effectiveness in WP5,6, PM42. 
• D4.12: Manual of operational implementation of GLODAP QC, PM48. 
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Task 4.1 Assimilation in the global and North East 
Atlantic (IBI) Copernicus Marine modelling system 

and analysis/forecast quality assessment (task 
leader: MOI, partner: EPPE), Deliverables D4.1, D4.8, 

PM6 - PM42

An assessment of the impact of observations from the WP3 
networks and from WP5,6,7 demonstration activities for the 
global and North East Atlantic (IBI) Copernicus Marine 
modelling and data assimilation systems will be carried out. 
The work will be based on future versions of the Copernicus 
Marine Service systems. Data assimilation techniques will be 
refined/adapted to best use physical and biogeochemical 
observations considered in EuroSea (e.g. DEEP and BGC 
Argo). Assessments from the global system will include both 
physics and biogeochemistry (incl. carbon cycle). 
Assessment from the regional (IBI) system will be focused 
on physics. Observations (e.g. tide gauges, HF radars, and 
gliders) will be used both for assimilation and for model 
validation. The task will also provide recommendations for 
the long-term evolution of the observing system. 



Task 4.2 Assimilation in the Mediterranean Sea 
Copernicus Marine modelling system and 

analysis/forecast quality assessment (task leader: 
CMCC, partner: OGS, SOCIB), Deliverables D4.2, 

D4.9, D.10, PM6 - PM42 
We will assess the impact of the assimilation of glider and float physical 
observations from WP3 networks in the future versions of the CMEMS Med-MFC 
modelling and data assimilation systems. Impact of physical assimilation on 
biogeochemistry will be assessed using the CMEMS Med-BIO system. In addition, 
parallel data assimilation experiments will be performed in the SOCIB WMOP 
modelling system, a 2-km Western Mediterranean regional ocean circulation 
model downscaled from CMEMS Med-MFC (D4.7). The same glider and float 
observation dataset will be assimilated in both systems to evaluate their impact in 
two different ocean modelling frameworks. This will support understanding of the 
potential influence of the data assimilation approach and model resolution. Starting 
from a prototype of BGC-Argo float data assimilation, data assimilation 
experiments will be performed using the CMEMS Med-BIO system and BGC-Argo 
float data. The objectives are to evaluate the impacts of multivariate BGC-Argo 
float observations on the biogeochemical CMEMS products and to provide 
suggestions for the evolution of the BGC-Argo observing system. A multivariate 
covariance framework for increasing the spatial influence of the BGC-Argo 
network in the Mediterranean Sea at the basin scale will be used to support 
feasibility tests of biogeochemical assimilation of glider observations. Impacts of 
observations on the products from WP5,6,7 will be provided. 



Task 4.3 Model development and validation for 
improved forecasting (task leader: UNIBO, partner: 

SOCIB, CMCC), Deliverables D4.11, PM1 - PM48: 

In this task we will develop an operational implementation of an ensemble 
forecasting system for the CMEMS Med-MFC, producing products for the 
two demos in WP5,6. The ensemble forecast will be based on the 
methods already developed (TRL4) but not set operational and used by 
the demo developed in this project. Gliders, HF radar and drifter 
observations will be used in addition to Argo and satellite data to evaluate 
the spread of ensemble predictions in view of the observed 3D variability. 
Comparisons between the ensemble spread and model-data differences 
will allow to calibrate the ensemble to provide reliable estimates of model 
forecast uncertainties in terms of temperature, salinity and surface 
velocities. Several indices will be extracted, such as the ensemble-based 
Extreme Forecast Index (EFI) for sea level and waves (WP5), 
temperature and salinity (WP6) at the surface, in the water column and at 
the bottom. The EFI will be done both to map the likely occurrence of 
extreme conditions in different parts of the Mediterranean Sea with 
uncertainties from the ensemble analyses and the 3, 5 and 10 day 
forecasts.



Task 4.4 Improving the use of in-situ observations 
for the long term validation of satellite observations 

(task leader: CLS, partner: CSIC, AZTI, ACRI, SU) 
Deliverables D4.5, PM20 - PM36: 

In situ observations are essential for the calibration and validation of satellite 
observations. Calibration activities organized by satellite agencies rely on 
dedicated instrumentation, whereas validation activities rely on the global 
ocean observing system. This task will demonstrate the potential of emerging 
in-situ networks for these activities. First, we will focus on the role of the BGC 
Argo array for the validation of ocean color satellite missions (in particular 
S3A&B) for Chl-a, particulate backscattering coefficient (bbp) and diffuse 
attenuation coefficient. The task will also consider the joint use of Argo, gliders, 
HF radars, surface drifters and tide gauges data for the validation of S3A&B 
SAR altimeter observations and the future SWOT swath altimetry mission in 
terms of sea level and currents. Seasonal and regional analysis will focus on 
regions of interest for WP7 as well as in coastal areas of the South East Bay of 
Biscay and South West part of the Balearic Sea where HF radars are available, 
making the link with WP5. Coordination with observation/network experts 
(WP3) will also be ensured to refine the work plan but also when defining the 
assessment metrics, in coordination with the demonstrator projects (WP5,6,7). 



Task 4.5 Synthesis product development based on 
ship-based in situ biogeochemical data (task leader: 

UiB, partner: GEOMAR), Deliverables D4.4, D4.7, 
D4.12, PM6 - PM48

Existing EOV synthesis products from in situ biogeochemical observations 
and high quality and long-term ship-based time series data will be fused to 
obtain optimal estimates of EOVs and derived quantities in support of 
ocean climate and ocean health monitoring. This task will focus on the 
EOV Inorganic Carbon with its sub-variables and on how to operationalize 
data flow and availability. Partner GEOMAR’s main tasks will be to 
develop quality control procedures for data from certain platforms e.g. 
ship-based time series stations and partner UiB will integrate those quality 
controlled data with GLODAP. Partner UiB will operationalize European 
SOCAT and GLODAP quality control efforts and test the implementation of 
the quality control routines for ship-based time-series (TS) EOV data 
developed by GEOMAR. TRL for existing products will be enhanced from 
level 5 to 7, whereas the time-series pilot product will be enhanced from 
TRL4 to TRL6.



Task 4.6 Quality assessment of ocean variables 
from the C3S seasonal forecasts (task leader: 

ECMWF, partner: CMCC), Deliverables D4.3, D4.6, 
PM6 - PM36

Knowledge of forecast skill is a prerequisite for utilizing forecast 
information. Assessing the skill of ocean variables from seasonal forecast 
has remained elusive due to the lack of verifying ocean datasets of 
sufficient quality and length. This task will use improved climate records of 
Ocean Heat Content (OHC) from the CMEMS GLO-RAN ensemble and 
CMEMS regional centers (MFCs), the SLA ECV distributed by the 
Copernicus Climate Change Service (C3S), and the new SST records 
from ESA-CCI, to validate seasonal forecast of ocean variables. These 
new records will allow assessing the quality of ocean variables of the 
seasonal forecast contributing to C3S, A set of user-relevant climate and 
ocean indicators, defined by WP7, will be derived from the ensemble of 
seasonal forecast. 


