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AO INSU 2014 
Section « Océan-Atmosphère » 

 
Dossier scientifique 

 
Nom du porteur du projet :  C. Provost 
 
Titre du projet :  PPR Blanc : Arctic Ocean and Nordic seas reanalyses. 
 
Le projet est-il  -  un nouveau projet ? oui 
 Une lettre d’intention a été soumise et retenue en 2012. 
 
Le porteur a-t-il obtenu un financement LEFE au cours des 3 dernières années ? 

- La lettre d’intention retenue a été financée pour un an 2013 à hauteur de 8200 €. 
 
15 pages is rather short to explain such an ambitious project (16 laboratories, 39 scientists) with details. 
Therefore  some points are presented in rather superficial way. Task 3.3 content for example will be developed 
during a dedicated meeting, once the project has started.  
All references are in an appendix 
 
Résumé du projet : 
 

The French research community, Mercator Ocean, Coriolis and Canadian research teams propose to gather 
their expertise and skills in both physical and biogeochemistry oceanography, modelling, assimilation and 
observations processing to produce reanalysis at 1/12° and at ¼° resolution of the Arctic Ocean and the 
Nordic seas.  

 This project is motivated by the need of a realistic description of the mean state and variability of the 
Arctic Ocean and its adjacent seas over the last decades. Indeed, during those decades, the Arctic Ocean has 
transformed from a perennial sea ice covered ocean to a seasonally ice free ocean. The Arctic Ocean 
environmental state-change is occurring much faster than predicted by climate models and needs to be 
carefully assessed. 

Reanalyses over recent periods will be performed using the CREG ocean/sea ice configuration at medium 
¼° (1980-2014) and higher 1/12° resolution (2007-2014). The low resolution reanalysis will include a 
biogeochemical component. The high resolution reanalysis will take advantage of the remarkable growing in 
situ dataset  (including observations from Ice Tethered Profiler) gathered since 2007. 

The reanalysis products will be evaluated and interpreted. Sets of comprehensive collocated data (raw and 
analysed observations data, analyses and reanalysis operational products, simulated data, etc…) will be built. 
Each of these sets will be designed to assess a specific aspect of the thermodynamical/dynamical state of the 
Arctic Ocean in order to investigate the Arctic Ocean variability over the recent period. The reanalysis efforts 
will increase the precision of oceanographic systems (operational or not) by allowing a more accurate 
description of their performances. 

The reanalyses will also be used to perform observing system evaluation in order to help the improvement 
of observational efforts and strategies.  

This Arctic Ocean and Nordic seas reanalysis project which brings together the polar observation 
community, operational and numerical teams is organised under a “Projet en Partenariat renforcé” framework 
over a 3-year time-table.  
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1 State of the art, motivation and objectives 
 

1.1 Motivation 
 

This project is motivated by the need of a realistic description of the mean state and variability of the 
Arctic Ocean and adjacent seas over the last decades. Indeed, during those decades, the Arctic Ocean has 
transformed from a sea ice covered ocean to a seasonally ice free ocean. The Arctic Ocean environmental 
state-change is occurring much faster than predicted by climate models and needs to be carefully assessed. 

 
The retreat of the sea ice cover in a climate change prospective is altering the momentum transfer between 

the atmosphere and the ocean. This leads to a modification of the Arctic surface circulation and thus the 
storage of the freshwater (Giles et al., 2012, Proshutinsky et al., 2009), and potentially of the circulation of 
the Atlantic Water in the intermediate layer that might be partly forced by large scale wind stress intensity 
and curl transferred to the ocean through sea ice (Karcher et al., 2007). This may also, together with the 
present thinning of the sea ice pack (e.g., Kwok et al., 2009, Schweiger et al., 2011), increase the sea ice 
kinematics (velocities and deformation rates) (Rampal et al., 2009, Spreen et al., 2011). Moreover, changes 
of energy transfer through direct wind forcing will cause modifications of the mesoscale activity. Modifying 
the coupling between the atmosphere and the ocean surface will then likely lead to changes in the boundary 
current but also to destabilizations of the stratification (Rainville and Woodgate, 2009).  Deepening of the 
mixed layer could cause a rising of oceanic heat from the AW layer and could have drastic consequences for 
the sea ice melt and formation (Steele and Boyd, 1998). However, opposite effects might likely occur. The 
surface waters freshening (due to enhanced sea ice melting) combined with the warming of the surface ocean 
(Steele et al., 2008) and with an intensification of the hydrological cycle, (increases of river discharge, 
Greenland ice melting and precipitations, e.g., Peterson et al., 2006), would tend to reinforce the stratification 
within the ocean surface layer. 

 
The important surface covered by shelves (~54%) and limited exchanges with the global ocean through 

few inflow/outflow gates make the Arctic Ocean a very heterogeneous environment for biogeochemistry. 
Three main aspects characterise the Arctic: the sea ice extent seasonal cycle which controls the amount of 
light penetration, the circulation in this semi-enclosed basin which drastically constrains the distribution of 
the nutrients, and the location of continental shelves which drives significantly organic matters cycle 
(pelagos-benthos coupling) and exchanges between shelves and open ocean (Carmack and Wassmann, 2006). 
Accelerated modifications in the Arctic climate may have drastic effect on the biogeochemical cycles and 
resources (Barber et al, 2006, Wassmann et al., 2011; Carmack and McLaughlin, 2011). In a first 
approximation, the primary production (PP) is regulated by the light and nitrogen limitations (other nutrients 
are of second order importance). Reduced and thinner sea ice cover could contribute to increase the PP 
(Arrigo and van Dijken, 2011). However, the opposite effect could occur with the already mentioned 
increased stratification that could weaken nutrients vertical transport. The possibility of having an 
oligotrophic ocean is a crucial point in a climate change context (Vancoppenolle et al., 2013). At the same 
time however, the expected increase of momentum input to the ocean could modify both exchanges between 
shelves and open ocean and upwellings magnitudes along the continental shelves (Carmack et al., 2006 ; 
Tremblay et al., 2012). Moreover, a disappearance of the sea ice cover over the shallow Siberians shelves 
combined with a large Siberian rivers runoff increase could allow a specific benthic PP increase. 

 
In the Arctic Ocean, a high horizontal resolution and a high vertical resolution are required to correctly 

represent the mesoscale activity, the small scale features, the complex stratification as well as sea ice/ocean 
interaction processes (Nguyen et al., 2009). Observations and theoretical considerations suggest that small 
scale features, such as eddy-topography interactions (Nazarenko et al. 1998), constrained-topography narrow 
flow (Spall et al., 2008), eddying current in the Canadian Basin (Timmermans et al., 2008) or eddies 
formation by AW branches interactions (Schauer et al., 2002, Dmitrenko et al., 2008), could play a 
significant role in Arctic dynamics for the circulation, for the heat and freshwater transfer within the basin 
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and for exchanges between the boundary current and the interior (Woodgate et al., 2001, McLaughlin et al., 
2004, Aagaard et al., 2008).  
 

The Arctic Ocean needs a dedicated reanalysis at high resolution. To our knowledge, the NERSC group in 
Norway is the only team who has produced a dedicated arctic reanalysis (TOPAZ) at about 14 km resolution 
using the HYCOM model (Sakov et al. 2012). Recently, in the framework of the French Glorys Project, a 
1992-2012 global reanalysis at ¼° assimilating both oceanic and sea ice concentration data has been 
performed using separate analyses for the ocean and the sea ice component. This coupled ocean-sea ice 
reanalysis was able to simulate well the inter-annual variability of the sea ice cover but not of the sea ice 
thickness, likely due to the lack of constraint in the sea-ice concentration analysis.  
 

1.2 Objectives  
 

The present project addresses theme 2.1 of the LEFE/GMMC open call (2013-14) concerning the operational 
survey of the Arctic Ocean climatic evolution. The project is motivated by the needs expressed by the 
oceanographic and climate science communities for improved data bases and reference data sets describing 
the time-varying state of the Arctic Ocean over the past decades. The latest INSU Prospective designated the 
arctic region as a research priority. The synthesis report (http://www.insu.cnrs.fr/prospectives/ 
oa/2010/arctique) emphasized the need of a careful evaluation of climatic changes as well as a better 
understanding of the link between the changing sea ice cover, the heat and salt contents and the Arctic Ocean 
circulation. The WWRP (World Weather Research Programme) Polar Prediction Project (WWRP-PPP) aims 
at promoting cooperative international research enabling development of improved weather and 
environmental prediction services for the polar regions, on time scales from hours to seasonal. This project 
constitutes the hours to seasonal research component of the emerging WMO Global Integrated Polar 
Prediction System (GIPPS).  The implementation period, from 2013 to 2022, has a key milestone, e.g. the 
Year of Polar Prediction Project (YOPP), in 2017-2018, when model and data assimilation experiments will 
be performed. One of the key WWRP-PPP goals is to develop improved data assimilation systems that 
account for challenges in the polar regions such as sparseness of observational data, steep orography, model 
error and the importance of coupled processes (e.g., atmosphere-sea ice interaction). Our project addresses 
these questions explicitly, and will contribute to the French and international effort to strengthen operational 
and research over the Arctic Ocean.  
PPR partners are involved in the recently accepted FP7 ICE-ARC project (2014-2018). This project aims to 
understand and quantify the multiple stresses involved in the change in the Arctic marine environment. 
Special focus is on the rapid retreat and collapse of the Arctic sea ice cover and the assessment of the 
climatic (ice, ocean, atmosphere and ecosystem), economic and social impacts of these stresses on regional 
and global scales. PPR partners are in particular involved in the improvement of observational and modelling 
capabilities to reduce prediction uncertainties by providing accurate data sets for validation and developing 
model parameterizations. 
The main objective of the present project is to carry out Arctic Ocean and Nordic seas reanalyses over 
different periods between the 1980s and the present, using the CREG configuration at 1/4° and 1/12° 
resolutions, and the present MERCATOR data assimilation system when observations are available. 
Both the CREG model configuration (developed by Canada) and the assimilation system (developed by 
Mercator) will be used in an appropriate setting for the scientific objectives of the reanalyses. 
 
To achieve this main objective, the project will develop a synergy between observational and modelling 
communities. An important task of the project is to identify, gather and evaluate observational 
datasets in the Arctic Ocean. New observation-based analyses will be defined, produced and validated. The 
observational community involved here includes sea-ice and ocean (physics and biogeochemistry) scientists 
with expertise in satellite and in situ observations.  
 
Another objective is to develop and exploit a prediction system with appropriate representation of 
initial conditions and model uncertainties for the Arctic region. We will build improved ocean and sea-
ice high-resolution data sets that can be used to study the variability of the ocean and sea-ice since the 

http://www.insu.cnrs.fr/prospectives/%20oa/2010/
http://www.insu.cnrs.fr/prospectives/%20oa/2010/


4 

1980’s. These are important for the evaluation and the jointed analysis of unconstrained and assimilated 
simulations. 
 
The developed system will also be used to perform observing system evaluation (OSE), impact studies, in 
order to guide future observational efforts and strategies. It will help the optimization of polar observing 
systems, that is also required to validate numerical simulations. 
 
 
Specifically, the reanalysis project will  
 
1- carry out Arctic Ocean and Nordic seas reanalyses with an up-to-date versions of the 1/12° and ¼° 
CREG configurations, along 2 successive STREAMS, the period of each being define according to 
observation availability:  

•  STREAM-1, from 1979 to present: satellite (SST, sea ice concentration) + ERA-Interim + PISCES 
online. 

•  STREAM-2, from 2007 to present: satellite (SSH, SST, sea ice concentration) + ARGO-Ice Tethered 
Platforms (T,S, profiles). The International Polar Year (March 2007- March 2009) brought a renewed and 
timely scientific focus on the Arctic. STREAM-2 will take advantage of the large set of in situ data 
available from 2007 on.  

The setting of the data assimilation system and the CREG configuration (including atmospheric forcing data), 
are likely to differ between streams, to make the best use of all available ocean and surface observations. 

 
2 establish a consistent ensemble of data sets, complementary to the reanalyses. This ensemble should 
include individual observations and objectively interpolated observations, operational analyses, unassimilated 
simulation outputs from model with identical or different setting/forcing from those used for the reanalysis.  
 
3 foster validation studies of reanalysis products, (their dynamical consistency and their skills will be 
evaluated), scientific studies that cannot be achieved from observations alone and OSE experiments.  

 
The Reanalysis project aims to gather skills and expertise of several research teams and MERCATOR-

Ocean, and to foster cooperation with research scientists who have expressed their interest in using Arctic 
Ocean reanalyses for their research.  

By the end of the project in 2016, several reanalyses (including complementary products) will have been 
produced and validated over the periods corresponding to each stream. Unassimilated and reanalyzed model 
equivalents of large observational databases (altimetry, IPY, ARGO, sections...) will be made available. 
Research studies using the reanalysis products will have been initiated and have provided a first assessment 
of reanalysis products.  

 
1.3 Expected products 

 
Anticipated products are: 

• Outputs (sampling tbd) of simulations constrained by assimilation of observations, 
• Outputs (sampling tbd) of simulations forced by the atmosphere with no assimilation, 
• Analysed observations, 
• Individual quality-controlled observations with model/observation collocation tools,  
• air-sea fluxes (forcing fields)  
• reference document describing the reanalysis products as well as the methods used. 

 

Generally, outputs comprise all prognostic model variables (including air-sea fluxes):  
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• Estimates of model-observation misfits (against assimilated data and independent data for assimilated 
runs, against various datasets for unconstrained runs), 

• Estimates of the assimilation impact (time-averaged multivariate innovations, etc), 
• knowledge of uncertainties at these ¼° and 1/12° resolutions, 
• influence of various model improvements on nowcast and forecast/hindcast skill, 
• optimised parameterisations for use in future studies, 
• better understanding of the limitations associated with the downscaling approach.  

 
 
 
2. Research plan and implementation calendar 
 

2.1 - Phases (work packages) of the project 
The project will perform STREAM1 and STREAM 2 in parallel. Note that several iterations of STREAM-1 
and STREAM 2 could be carried out before they are qualified. 
 

2.1.1. Preliminary phase (Phase 0). 
 

The preliminary phase will start in fall 2013. MERCATOR will set up the CREG configuration at ¼° and 
1/12° from Canada and perform hindcasts of interannual experiments with no assimilation. Boundaries 
conditions will be defined and implemented. 

To improve the consistency of the sea ice model updates provided by the analysis step, various methods 
(e.g. Tietsche et al., 2013) for the sea ice volume correction after the sea ice analysis will be explored. In 
particular, physical adjustment of the thickness assuming volume conservation will be implemented, tested 
and compared to the original approach. 

In parallel, all available data (in situ, altimetry and satellite data) over the 1979-present period will be 
identified and gathered.  
 

2.1.2. STREAM-1: A  reanalysis from 1979  to present at ¼°  resolution. 
 

STREAM-1 will start in January 2014, and should be finished and qualified by the end of 2015. The 
reanalysis period 1979-2014 corresponds to the atmospheric reanalysis produced by ECMWF (ERA-
Interim). The PISCES model will be coupled online to the physical NEMO component. Due to the reduced 
satellite constellation and the poor in situ data coverage in the 80’s, the analysis system will face a strongly 
non-homogeneous observation network. It will be a challenge for data assimilation to constrain in an optimal 
way the space and time scales represented by the data within eddy permitting ocean model during the “non 
altimetric” years. The on-going work of the Mercator group (setting the global ¼° reanalysis over the same 
period) will be most helpful. Unconstrained simulations carried out with carefully calibrated forcings will be 
an important component of this stream.  
 

STREAM-1 will be carried out in 3 phases (work packages): 
•  Definition of the reanalysis system. The objective of this phase is to carefully make the scientific and 

technical choices for the reanalysis system, to develop and implement them. This phase is organised in 
tasks for each system component (observations, model configuration, biogeochemistry, assimilation) and a 
final synthesis task.  

•  Production of the reanalysis. The required elements will be assembled, the simulations with and 
without assimilation carried out and reanalysis products gathered.   

•  Validation, evaluation, and distribution of the reanalysis products. A qualification procedure will be 
defined and applied to the reanalysis products. The reanalysis products will be validated by research 
groups inside and outside the project. The reanalysis products will be made available to a wide 
community and the reanalysis database will be maintained in the long term. This phase includes the 
construction of improved oceanic data and Observing System Evaluation (OSE). 
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Every phase (work package) includes a certain number of tasks, and task leaders have been assigned. The 
various phases and tasks, and their time-table are presented below. 
 

2.1.3 – STREAM-2: A  reanalysis from 2007 to present at 1/12° resolution. 
 

STREAM-2 should start after of the STREAM-1 or in parallel if computer resources are sufficient. The 
corresponding reanalysis period will be 2007-2014. It will benefit from a good data coverage and from the 
lessons learned with GLORYS2V3. In 2015, we shall extend STREAM-1 to year 2014. In addition, if the 
results of STREAM-1 could be significantly improved, we might re-run it. 

STREAM-2 will basically follow the same implementation plan than STREAM-1, with similar Phases and 
Tasks (described below). However, as this system will require more computing resources, each Phase and 
Task will be updated, according to the feedback from the group during Stream-1.  
 
      2.2 - Time Table 

The time table is based on a project starting on January 1st, 2014. The project aims at having realisations 
of both STREAM-1 & 2 by the end of 2015. Major strengths and weaknesses of the reanalysis products will 
be identified and reviewed by the beginning of 2016, in order to qualify or not both products.  
 

Table 1: Time table of the project. 
2014 2015 2016 

STREAM-1 : 1979-2014 reanalysis 
STREAM-2 : 2007-2014 reanalysis 

Phase 1 (WP1) 
Definition 

Phase 2 (WP2) 
Production 

Phase 3 (WP3) 
Validation 

Review 
of Stre-

1&2 

Dissemination, science & 
impact studies. 

Identification & gathering of observations (in situ 
biogeochemistry and spatial sources) 

Dissemination 

      
2.3 – Work description 

The work is distributed into 4 work packages: 
 WP0 : Project coordination 
 WP1: Definition of the Reanalysis system (Phase 1) 
 WP2: Production of the Reanalyses (Phase 2) 
 WP3: Validation & distribution of reanalysis products (Phase 3) 

 
WP0 =Task 0: Project coordination (monitoring & management). Leaders: C. Provost & G. Garric. 
Realisation: Project Team. 

This task consists in managing the project, including the coordination and monitoring of the work carried 
out in the various tasks. It includes the evaluation of the project advancement, and the adaptation of 
objectives and time table according to progress. It comprises management of the budget, writing and 
publishing annual reports on the scientific results, technical achievements and perspectives. 

The project will be conducted by a Project Team (including the project coordinators and task leaders). The 
work defined in the various tasks will be carried out by scientists, engineers, M2 and PhD students and 
postdocs (Table below). 

The consortium will held bi-annual meetings, likely in connection with the GMMC meeting, where 
task leaders will present the progresses. This annual meeting will also review the annual activity report. Task 
leaders will regularly inform the Project Team of the work done or planned. In addition, the Project Team 
will meet at key stages (phone or visio meetings), to synthesise the outcomes of the various tasks, to update 
the content of the tasks, and to refine the coordination of future activities. 
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We propose that the financial support given by GMMC to the consortium will be managed by 
LOCEAN (C. Provost) and Rennes delegation CNRS  (F. Girard-Ardhuin). 

The permanent storage of the raw reanalysis products will be handled by MERCATOR on storage 
devices funded on this project. We propose that Mercator Ocean manages the storage and distribution of the 
reanalysis data base for the users, according to a procedure defined by the project team. This will require 
acquisition of significant new disk storage facilities as well as external disks to facilitate the exchange and 
distribution of the reanalysis data.  

 
 Laboratory Task  involvement % Time involved 
C. Provost LOCEAN, Paris 0, 1.1, 3.1, 3.2, 3.3 30 
N. Sennéchael  1.1, 3.1, 3.2, 3.3 20 
J.-C. Gascard  1.1, 3.2 10 
D. Ruiz-Pino  0, 1.3, 3.1, 3.2, 3.3 30 
M. Vancoppennolle  1.2, 1.3 10 
M. Doble  1.1, 3.1, 3.3 20 
F. Girard-Ardhuin IFREMER, CERSAT 0, 1.1, 3.1, 3.2, 3.3 30 
C. Coatanoan IFREMER,CORIOLIS 0, 1.1, 1.5, 2.3 20 
L. Mémery LEMAR 0, 1.3, 1.5, 3.3 25 
A.-M. Tréguier LPO 0, 1.2, 3.3 10 
J. Weiss LGGE 1.1, 3.3 10 
P. Brasseur  0, 1.4, 3.3 20 
J.-M. Branckart  1.4 20 
V. Garçon LEGOS 1.1, 1.3, 3.1, 3.3 10 
E. Greiner CLS 1.1, 1.4 10 
M.-H. Rio  1.1, 3.2 10 
M. Ablain  1.1 10 
M. Chevallier CNRM 1.2, 3.3 20 
D. Salas y Melia  3.3 Coll. 
C. Lique Univ. Oxford, UK 0, 1.2, 3.1, 20 
Tsamados Univ. Reading, UK 1.2 10 
F. Dupont EC, Montréal 0, 1.2, 2.2 30 
G. Smith  1.4, 2.2 20 
J.-F. Lemieux  1.2 10 
F. Roy  1.2 10 
F. Davidson DFO 1.1, 1.4 20 
Y. Lu  1.2 20 
F. Massonnet U. Louvain-la-Neuve 1.4 10 
T. Fichefet  1.2 Coll. 
G. Garric Mercator Océan 0,1.2,1.5, 2.1,2.2, 2.3 50 
J. Paul  0, 1.5, 2.1, 2.2, 3.1 50 
C.-E. Testut  0, 1.4, 2.2 30 
J. Chanut  1.2, 20 
R. Bourdallé-Badie  1.2, 20 
C. Bricaud  1.2, 2.2 20 
M. Drévillon  0, 2.1, 2.2, 3.2 30 
C . Perruche  3.2 10 
N. Ferry  1.4 10 
L. Parent  1.4, 2.2 10 
C. Régnier  0, 3.1 10 
E. Rémy  0, 3.2 10 
F. Hernandez  2.1 10 
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2.3.2 – WP 1:  Definition of the Reanalysis system 
 

Task 1.1: observations: requirements- gathering- analyses. Leaders: C. Provost & F. Girard-
Ardhuin. Realisation: C. Provost, F. Girard-Ardhuin, M.-H. Rio, E. Greiner, M. Drévillon, C. Coatanoan, 
M. Ablain, F. Davidson, M. Doble, J. Weiss, D. Ruiz Pino. 

 
This task will define the data requirements for each of the two streams: for data to be assimilated, for data 

to be used as validation or for initialisation data sets. Within the group in charge of this task, the CORIOLIS 
data Center will play a key role for the generation and the preparation of assimilation and validation datasets. 
The Center will also be involved in the validation/evaluation of the reanalysis products based on 
observations, and in the building of improved oceanic data set ensemble. 

The group will assess the quality of the data. They will determine whether or not the known or expected 
biases associated with various data sets are compatible with the objectives. If not dedicated efforts will be 
needed to improve the datasets up to the required level.  

The group will discuss with the Mercator team to agree of suitable formats for the reanalysis system (for 
data delivery, for access to data streams for validation) and timing.  

The task will document on a regular basis the data sets being made available for the project. A list of 
available data has already been defined during the three meetings held in 2012-13.  

The group will be active throughout the life of the project as data improvements (correction/validation/ 
analyses) will result in regular updates of the data set. 

The final step of this task will be to implement and validate the data requirements. From the synthesis of 
the results, the Project Team will decide (Task 1.5) which data should be qualified to enter the assimilation 
system. 

 
List of available data  
 

• In situ observations 
Hydrology: 

The in situ observations will be put together, qualified and made available to the Coriolis Center. The 
gathered dataset will cover preferably the 2004-2014 periods. Available hydrological data in the northern 
Atlantic (CTD-O and Argo floats) will be gathered and validated by the Coriolis centre in an operational 
context. Within the European MyOcean project, the Coriolis centre have access to available Nordic seas 
hydrological data.  

Available hydrological data in the Arctic basin have been gathered and studied at LOCEAN (Bourgain 
and Gascard, 2012). This database, composed mainly of Ice-Tethered Profiler data (ITP), is currently updated 
at LOCEAN. 
Current-meter data 

Available current-meter data in the Arctic are being gathered (Moorings from North Pole, Beaufort Gyre, 
Bering Strait and Fram Strait). These data are will be used for validation. 

 
• Arctic sea ice thickness  

Arctic sea ice thickness data is available from various sources over the period of interest. The needs of 
modelling assimilation and validation point to relatively large-scale ice thickness surveys, carried out mostly 
from airborne platforms. These include: 

Airborne electromagnetic induction (AEM) flights, conducted by the University of Alberta (Christian 
Haas), the Alfred Wegener Institut (Stefan Hendriks) and most recently the Norwegian Polar Institute 
(Sebastian Gerland). Older data (2004-2012) are available online, while newer data will be shared by the PIs, 
with who we already collaborate. AEM data give excellent ice thickness results over level ice, though results 
over deformed ice (e.g. ice ridges) are much less reliable. 

NASA IceBridge flights, combining airborne laser (measuring the snow surface on top of the sea ice) with 
KU-band radar (measuring the ice-snow interface). These measurements provide both a reliable ice freeboard 
measurement and a measure of the snow loading, which can be combined to give an improved ice thickness 
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estimate over single instrument techniques. A simple isostatic transformation provides ice thickness from the 
freeboards, which again is most reliable over level ice regions. A thickness uncertainty is provided for each 
dataset. Thousands of track-km data are available over the US/Canadian Arctic, north of Greenland and Fram 
Strait from 2010 onwards.  

Satellite laser measurements were performed by the NASA ICESat-1 satellite from 2005-2007, before the 
science laser failed. Data product is the snow+ice freeboard, with ice thickness derived from assumptions 
about snow thickness and ice and snow densities, rendering them less reliable than the IceBridge data, though 
very useful in terms of their pan-Arctic coverage. Data are available online. 

Satellite radar measurements from the ESA Cryosat-2 satellite are currently undergoing severe re-
evaluation in the light of significant shortcomings. These will be likely discarded as a useful source for 
model validation.  

Manned submarine cruises, by the US and the UK. Although the last released US cruise was in 2005, UK 
Royal Navy submarines performed extensive Arctic cruises in March 2004 and 2007, travelling from Fram 
Strait to the eastern Beaufort Sea. Several thousand track-km of ice draft data are available.  

Point measurements from upward-looking sonar moorings are available at a limited number of sites in the 
Arctic, such as the North Pole and the Beaufort Sea. Data are collected at the “Unified Sea Ice Thickness 
Climate Data Record”, hosted at the Applied Physics Laboratory, University of Washington.  
 

• Spatial observations 
Sea surface temperature is available through the MyOcean project (Odyssea IFREMER/ CERSAT dataset) 

at 10 km resolution from the merging of several satellite sensors.  
A sea ice concentration data set at 12.5 km grid resolution from SSM/I sensor is available over the 1992-

present period at IFREMER/CERSAT. A 25 km grid resolution dataset is available from 1978-present period 
at NSIDC from SSMI through other channels. 

Estimations of sea ice displacements at 62.5km resolution are available between September and May over 
the 1992-present period. They are produced from the merging between the SSM/I radiometer sensor and 
radars (QuikSCAT, ASCAT) data (MyOcean IFREMER/ CERSAT dataset). A medium resolution product 
(AMSR-E) at 31.25 km is also available between October and April over the 2002-2011 period 
(IFREMER/CERSAT). 

Surface roughness data are available at 12.5 km resolution over the 1992-present periods, estimated from 
C- (ERS 1991-2001, ASCAT 2007-present) and Ku- (QuikSCAT 1999-2009) band radar data 
(IFREMER/CERSAT). This parameter is useful to detect the limits between ice and water, especially during 
the refreezing period and to separate multiyear from newly formed ice.  

Mean ocean surface currents under sea ice are estimated from satellite scatterometer data, this parameter is 
available at seasonal scale from September until May at 62.5 grid resolution for the 1992-2012 period. 

A set of along track sea level altimetry anomalies (SLA) have been calculated north of 50°N and for the 
1993-2009 period (Prandi et al., 2013). These height anomalies are relative to the 1993-1999 mean time 
period. Compared to AVISO standard products, main improvements concerned the use of a more accurate 
tides model over the region (TPX07.2 instead of GOTOV2) and the use of a more precise mean sea surface 
(MSS) (DNSC08 instead of CLS01) for height anomalies calculations. The use of this MSS allowed to 
significantly increase the area coverage of the data. 

The assimilation of the SLA altimetry requires a mean dynamical topography (MDT). The one presently 
used at Mercator has been estimated over the 1993-1999 period. A new MDT (CNES-CLS13) will be 
available in October 2013. It is estimated from the combination of the MSS CNES-CLS11, the geoid model 
EGM-DIR4 based on two-years reprocessed GOCE data, and the in situ T/S profiles data set (from CORA3.4 
and drifters buoys SVP distributed by AOML) over the 1993-2012 periods.  

The arctic SLA covers latitude bands north of 50°N and ends in 2010 (Prandi et al., 2013). The arctic SLA 
will be updated and a method will be developed to aggregate the global products with the Arctic one  
 
Several developments and analyses are planned with observational data 

• In situ observations 
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The planned developments will focus preferably on the 2004-2014 period. Data collected over the 2004-
2007 period may be used to initialize the STREAM2. Data covering 2007-2014 will be assimilated in 
STREAM2. The Coriolis centre will recover all the data, apply its standard validation processes in 
collaboration with LOCEAN and put them in a format appropriated for assimilation. Several derivative 
quantities will be produced: platform drift speed, hydrological indices such as mixed layer depth, stability of 
the stratification (halocline, thermocline), double diffusion, heat content, freshwater content, salt and heat 
transfer …  
 

Classical statistical analyses will be performed on the current-meter data.  
• Spatial observations 

For assimilation purposes, the sea ice concentration dataset needs to be reprocessed. The actual set suffers 
from issues due to the near real time processing: lack of data (days, orbits...), false detection, etc … For the 
project a reprocessed dataset will be produced over the 1992-2014 period. For validation purposes, medium 
resolution sea ice drift data will be processed with the new AMSR-E 2 sensor over the 2012-2014 period. 
Due to the AMSR-E failure at the end of 2011 and the lack of calibration of the AMSR-E 2 sensor before 
summer 2012, the data during the 2011-2012 winter cannot be used. 

Depending on data availability, it would be interesting to study if there is a link between in situ sea ice 
thickness (from numerous and spread in situ data) and sea ice roughness satellite-derived data. If available, 
satellite-derived thickness (from SMOS sensor) can also be used. 

The mean surface currents data estimated from scatterometer data will be processed for 2012-2014 period. 
They will be used (with the 1992-2012 dataset) for model validation. 

There is a need to complete the SLA time series of 1) the standardized delayed-time product ending by 
end of 2012, 2) the real time global products for the year 2013 and 3) the real time Arctic products, available 
from September 2011. 

Spatially, the regional Arctic product will need to be connected to the global one southward 50°N (this 
work is on going at CLS). 

Last, new developments in the altimetry processing chain (optimisation of the retracking algorithm for 
coastal or ice areas) could be used to calculate more accurate height anomalies.  

Based on the CNES-CLS11 MSS, the Arctic area is not fully covered (large areas are still not defined). A 
new and specific MDT should be evaluated over the Arctic region using the planed MSS improvements 
(DTU13, CNES-CLS14) and the increasing number of in situ data (T/S profiles and drifters).  
 

Task 1.2: Requirements for ocean and sea ice model configurations and forcing Leaders: G. Garric 
& F. Dupont. Realisation: G. Garric, F. Dupont, A.-M. Tréguier, C. Lique, R. Bourdallé-Badie, J. Chanut, Y. 
Lu, C. Bricaud, F. Roy, J.-F. Lemieux, M. Chevallier, T. Fichefet, M. Tsamados. 

 
This task will define model requirements for the CREG configuration at ¼° and 1/12° resolutions, with 

the objective to continuously improve and update the CREG configurations, the initial conditions and the 
forcing relevant to each reanalysis stream. It will also implement and validate these requirements, and 
propose a synthesis. 

 
CREG model configuration.  

The CREG (Canadian REGional) configuration is based on the NEMO Ocean/Sea-Ice GCM numerical 
code (Madec, 2008) and uses a specific subset of the usual quasi-isotropic global tri-polar ORCA grid to 
avoid the north-folding over the Arctic Ocean. CREG is the configuration defined by Canada for his future 
operational system. In the vertical, the Project Team agreed to use 75 vertical levels with 1m resolution at the 
surface and with partial steps at the lowest level. The basic physics and numerical schemes are described in 
Barnier et al. (2006). 

We shall first review and compare the different numerical, physical choices, initial and boundary 
conditions made by MERCATOR and Canada in their respective uses of the CREG configuration. We shall 
define the most appropriate numerical and parameter choice for the reanalysis objectives. Boundary and 
initial conditions used in Canada and Mercator will be reviewed in order to prevent peculiar flows or trends. 
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We shall define a series of sensitivity model runs to validate these choices when necessary (runs to be carried 
out in Task2.1). In particular, we will focus on the vertical resolution, the vertical mixing scheme, the lateral 
friction and the double-diffusion schemes. Sensitivities of the circulation to the Bering Strait inflow will be 
examined. Various climatological or unbiased T/S data sets will be tested for initialising the STREAM 2. The 
CREG configuration at ¼° will be used as a test bench unless higher resolution is required..  
 
Forcing.  

The ERA-Interim data (Dee et al., 2011) is presently the “best” and the most commonly used atmospheric 
forcing dataset covering the STREAM 1 period.   

In contrast, different sources of atmospheric forcing are available for the STREAM 2 period: ERA-
Interim, ECMWF analysis and forecasts, CGRF forcing (Smith et al., 2013) and Arctic system reanalysis 
(Bromwich et al., 2011). A series of sensitivity experiments will be carried out in task 2.1 to determine the 
best atmospheric forcing for the CREG configuration at 1/12° resolution over 2007-2014.     

The coastal and rivers runoff dataset currently used in the Mercator Ocean hindcast (reanalysis) 
experiments is a monthly climatological data set. We plan to use existing interannual runoff dataset from the 
Centre National de Recherches Météorologiques, Météo France, (CNRM) model simulation (Vergnes and 
Decharme, 2010), to get a better representation of recent changes of the main river discharges. Currently, the 
large and increasing melting of the Greenland ice sheet is not taken into account. We will study the feasibility 
of implementing these freshwater inputs using estimates from the GRISLI model and/or from the Gravity 
Recovey and Climate Experiment (GRACE)-based ocean mass signal (Llovel et al., 2010). 
 
Sea Ice Model 

We plan to use the LIM2 model with the widely used EVP (Elastic-Viscous-Plastic) rheology for both 
streams. The LIM2 thermodynamic model is rather crude compared to the multi-category models currently 
used in Canada (Los Alamos CICE model version 4.1, Hunke and Lipscomb, 2010) or at CNRM in Météo 
France (GELATO model version 5, Chevallier et al., 2013). The next version of the model (LIM3 
implemented in NEMO) will be tested in the CREG configuration at ¼° and 1/12° resolutions. Developments 
concerning the sea ice kinematics, such as a landfast ice parameterisation, the very efficient implicit VP 
solver  (Lemieux et al., 2010) or a form drag formulation, are also under investigations in Canada.  

 
The atmosphere-ice drag is taken as a constant in state-of the art ocean/sea ice models. In reality however, 

observations have suggested that this parameter strongly varies with sea ice conditions, including sea ice 
concentration, thickness, presence of pressure ridges and floes and melt ponds. Most of this information 
about sea ice conditions is captured by satellite observations of sea ice roughness. Recently, Tsamados et al. 
(submitted to JGR) have developed and included a new drag parameterization in the stand-alone CICE sea 
ice model. We will perform tests to evaluate the improvement coming from the implementation of a drag that 
varies in time and/or space, scaled against sea ice roughness observations. 

 
Planning of experiments 
As a final step to this task, we shall carry out the sensitivity model runs (driven by atmospheric forcing and 
no assimilation), required to adress the points identified above.  

• The first set of sensitivity runs will be used to investigate the impact of the different atmospheric 
forcing available over 2007-2014 on the CREG model solution. 

• A second set of sensitivity runs will investigate the role of the time-varying freshwater forcing from 
the rivers and Greenland ice sheet on the ocean dynamics.  

• A third set of sensitivity runs will consist in performing various attempts to define the “best possible” 
set of initial and boundaries conditions.  

• A fourth set of sensitivity runs will gradually implement various physical and numerical choices in 
the light of the scientific objectives. 

The analysis of these runs will provide recommendations to the Project Team (Task 1.5) for the final choices 
of model configuration, physical parameters and atmospheric forcing of the reanalysis system. These 
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simulations will cover periods of at least one decade in order to contribute to the construction of model 
simulations ensemble at high resolution. 
 

Task 1.3: Requirements for ocean biogeochemistry (definition and validation). Leaders: L. Mémery 
& D. Ruiz-Pino. Realisation: L. Mémery, D. Ruiz-Pino, M. Vancoppennolle, C. Perruche, J. Paul,  V. 
Garçon, M. Gehlen, F. Dupont, J. Paul, C. Bricaud. 

 
This task will define model requirements for the PISCES model that will be coupled online with NEMO 

in the ¼° CREG configuration for STREAM-1 only, with the objective to continuously improve and update 
the PISCES model in regards of Arctic specificities if any.  It will also implement and validate these 
requirements, and propose a synthesis for Task1.5. 

The PISCES model [Aumont and Bopp, 2006] simulates biogeochemical cycles of oxygen, carbon and 
major nutrients controlling phytoplankton growth (nitrate, ammonium, phosphate, iron, silicic acid). The 
model has 24 state variables. It distinguishes between two size classes of phytoplankton (diatoms and 
nanophytoplankton) and zooplankton (micro- and mesozooplankton). Phytoplankton growth depends on 
light, temperature and the external availability of nutrients. Prognostic variables of plankton relevant to the 
PPR (true?) are total biomass in carbon and chlorophyll. The model has been used for a variety of studies 
coupled both on-line and off-line to the NEMO ocean model from resolution ranging from 2° to 1/4°. It is 
part of the IPSL Earth system model and simulations which contributed to the current IPCC assessment 
report (Séférian et al., 2012). Moreover, PISCES has been integrated to the Mercator Océan operational 
system (“Mercator vert”). 

 
Task 1.4: Requirements for data assimilation method (definition and validation). 

Leaders: C.-E. Testut & P. Brasseur. Realisation: C.-E. Testut, P. Brasseur, E. Greiner,  N. Ferry, G. Smith, 
J.-M. Branckard, F. Davidson, L. Parent, F. Massonnet. 

 
This task will define the data assimilation methods and strategy to be used for each STREAM. It will also 

define sensitivity studies in order to validate specific assimilation methods, and will provide 
recommendations for Task1.5. 

Mercator has developed since 2001 different data assimilation algorithms ranging from simple optimal 
interpolation methods to reduced order Kalman filters or 3D/4D-Var data assimilation techniques. Currently, 
the most efficient Mercator data assimilation tool to perform a ¼° or 1/12° ocean reanalysis is a reduced 
order Kalman filter based on the SEEK formulation (Pham, et al., 1998). Mercator has considerably 
improved the original method with a new formulation of the model error covariance and an adaptive variance 
of this model error to produce the SAM2 tool. An Incremental Analysis Udpate scheme together with a 3D-
VAR large-scale bias correction has been implemented successfully in the GLORYS global ¼° ocean 
reanalysis (Ferry et al., 2011) and in all the real time operational systems at ¼° and 1/12° resolution, 
including the EU funded MyOcean2 global system. 

Particular areas of additional development and sensitivity tests will include specific thematics such as 
coupled ice-ocean assimilation or optimal assimilation of sparse in situ observations. In addition, some new 
developments will be necessary to reach a correct consistency in the correction provided by the Mercator 
analysis. We propose then to work in parallel on the following three methodological components: 

a) Improvement of the physical consistency of the sea ice analysis increments: in the context of an 
univariate sea ice analysis of sea ice concentration, various methods (Tietsche et al., 2012) for the sea ice 
volume correction after the sea ice analysis will be explored.  In particular, physical adjustment on the 
thickness assuming volume conservation property or not will be implemented, tested and compared to the 
original approach considering a law of thickness conservation 

b) Developments and implementation of an anamorphosis methodology: the non-Gaussian nature of 
forecast error distributions makes it unsuitable to use a Kalman filter based on Gaussian assumption. The 
introduction of anamorphic transformations during the analysis step (Brankart et al, 2012) allows to fully 
exploit the statistical error of non-Gaussian forecast. However, the use of anamorphic with EnKF and 
SEEK filter evolutionary has not been so far studied and more generally the issue of the modeling error 
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associated with the ice model is a totally unexplored subject to date. The goal of this task is then to 
develop, test and evaluate a version of the EnKF and the SEEK filter that incorporate a non-linear analysis 
based on anamorphic with the coupled ocean-ice system. Several issues need to be considered in this 
context: what is the effect of changes limited to the marginal distributions? how to handle observations in 
the transformed space? What best performances of the tails of distributions and sampling? 

c) Stochastic parameterization of the error model: the objective, here, is to explore some stochastic 
parameterization in order to quantify  the uncertainties in the rheological laws of  the sea ice model. This 
work will build on the concepts of stochastic disturbances proposed by Brankart etal. (2013) to set the 
subgrid effects induced by non-linear equation of state for the calculation of the density. 
These works will be done jointly by LGGE and Mercator-Ocean closely with LOCEAN and LPO for the 

provision of data assimilation and validation. A thesis supported by INSU start on this end 2013/beginning 
2014 LGGE (presumably co-supervised LOCEAN) in connection with the ARCSEES project. 

 
Task 1.5: Synthesis of requirements and planning of simulations.  

Task Leaders: J. Paul & G. Garric. Realisation: Project Team. 
 

In this task the Project Team will : 
(i) make a synthesis of the results of Task 1.1 (definition/validation of requirements for 

observations), Task1.2 (definition/validation of requirements for ocean and sea-ice model 
configurations and forcing, Task 1.3 (definition/ validation of requirements for ocean biogeochemistry) 
and Task1.4 (definition/validation of requirements for data assimilation method),   

(ii) define the final configuration of the reanalysis system, and  
(iii) establish the planning of assimilation and free runs (to be carried out in Task 2.2). 

As these Arctic Ocean and Nordic seas reanalyses can also been considered as a preparation of the global 
1/12° reanalysis, we have to ensure these requirements can be transportable into a global context 
 

WP 2 – Production of the Reanalyses 
 
Task 2.1: Assemble elements and requirement of the reanalysis system (synthesis). 

Leaders: J. Paul & M. Drévillon. Realisation: J. Paul & M. Drévillon, F. Hernandez, G. Garric 
This task will assemble the code (ocean, sea ice & biogeochemistry models, data assimilation platform) 

and will gather the input files (observations, forcing fields, initialisation fields, etc…). This task will also 
assemble elements provided by the synthesis made in Task 1.5. 

This task might include some validation of the reanalysis system using short simulations (a couple of 
weeks) with and without data assimilation, in order to validate the system against results previously obtained 
in the definition tasks. 

 
Task 2.2: Runs with and without assimilation of observations (production).  

Leaders: J. Paul & G. Garric Realisation: J. Paul, G. Garric, F. Dupont, G. Smith, C.-E. Testut, L. Parent, C. 
Bricaud. 

This task will run the reanalysis system assembled in Task2.2 with data assimilation over the whole 
STREAM and will produce and store the reanalysed fields. 

This task will also produce control runs with the system elaborated in Task2.1, without data 
assimilation. This reference run will produce fields comparable to the reanalysed one, but without the 
constraint of the assimilation. 

 
Task 2.3: Gathering of reanalysis products (synthesis).  

Leader: G. Garric and C. Coatonoan Realisation: Project Team. 
This task will gather all reanalysis products and will make them available to the scientific community. 

It includes (i) to establish and publish a catalogue of reanalysis products, (ii) to define formats and storage, 
(iii) to define  the needs required for an efficient distribution.  

WP3 - Validation & distribution of reanalysis products 
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Task 3.1 : Evaluation/validation (definition & analysis). Leader: C. Régnier & C. Lique Realisation: 

C. Régnier, J. Paul, C. Lique, Project Team and students. 
This task will define and apply an evaluation/validation qualifying procedure whether or not reanalysis 

products can be distributed. It will be include the most relevant metrics already defined by MERCATOR-
Océan and MyOcean to validate their analyses and simulations, and by those defined by GSOP to match 
international GODAE and CLIVAR standards. These metrics will assess both the ocean and sea ice state and 
the assimilation method used.  

It is important to note that this evaluation/validation task should provide a rapid feedback on the intrinsic 
value of the reanalysis, i.e. within about 1-2 months. It should detect the occurrence of “large errors” 
(missing observations over a particular time period, anomalies in the surface forcing, etc…). 

 
Task3.2: Impact studies (OSE). Task Leader: E. Rémy & M. Drévillon. Realisation: E. Rémy, M. 

Drévillon, C. Provost, J.C. Gascard, F. Girard-Ardhuin, M.-H. Rio, C. Lique and students in the participating 
teams. 

The objective of this task is to identify the benefit of specific data sets constraining the high latitudes 
ocean and ice analysis. Such studies involve dedicated diagnostics and experiments such as OSE (Observing 
System Evaluation). An OSE consists of withholding a given data set from a reference analysis system. The 
estimated ocean and ice states are then compared to the estimations with this data set assimilated. Diagnostics 
will be designed to quantify the added information from the assimilation. The model estimations will be 
compared against available observations, and independant observations when possible. The results will 
highly depend on the assimilation scheme and model quality in those regions. 

This work planned during the last year of the project will need human resources such as masters’ students. 
 

Task 3.3: Science studies (analysis). Leader: C. Lique & A.-M. Tréguier  . Realisation: the Project 
Team and students in the participating teams.  

The objective of this task is to promote the outcomes of the reanalyses, and to coordinate publications (in 
journals and congresses) using reanalysis products. For each STREAM, subjects of scientific studies that can 
yield publications will be identified. For each subject, a first author and a group of co-authors, not necessarily 
inside the project (i.e. cooperation with scientists outside the PPR will be searched) will be gathered to 
conduct the corresponding scientific studies until publication of the results. Progresses of these studies will 
be evaluated in small workshop every 6 months.  

This task needs however a detailed scientific roadmap which will be discussed at the beginning of the 
project. 

 
Task 3.4: Distribution of reanalysis products. Leader: G. Garric & C. Coatanoan Realisation: Project 

Team. 
It is proposed that Mercator Océan takes charge of the distribution of the reanalysis products, according to 

the recommendations issued from Task2.3. The Project Team will contribute to define the distribution 
procedure. The distribution and accessibility of the reanalysis products to a wide community is an important 
issue for the success of the project. It will require dedicated personnel, and significant storage and computer 
access. 

 
Co-financements acquis (hors INSU) 

Most team members are involved in national or European or international arctic research projects: 
observations (national equipex iaoos- http://www.iaoos-equipex.upmc.fr/), observations, modelling and 
socio-economics impacts (FP7 ACCESS and ICE-ARC projects http://www.edcsm.jussieu.fr/, NSF-CNRS 
ARCSEES project HIACMS), or on global observations and modelling (EU FP7 MyOcean, 
http://www.myocean.eu/, http://www.clivar.org/organization/gsop). 

 
 

Operating Budget : Total : 38000€ 

http://www.iaoos-equipex.upmc.fr/
http://www.edcsm.jussieu.fr/
http://www.myocean.eu/
http://www.clivar.org/organization/gsop
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Trainings: Project team members will supervise various M2 trainings for the project. We estimate a training 
grant of about 500€ x 6 months = 3000€. Here is the list of trainings:  
 2014:  

- Analysis of the updated hydrological data base. Evolution of the stratification. Link with dissolved oxygen 
concentrations. (task 1.1 C. Provost/ N. Sennéchael/C. Coatanoan) 
- Carbon cycle data and PP analysis in the Arctic(task 1.3 D. Ruiz-Pino) 
- Oceanic impacts on the sea ice melting: vertical mixing and heat fluxes in models (task 2.1, C. Lique)  
 2015 :  

- Ice Mass Balance data analysis (task 1.1 N. Sennéchael) 
 2016 :   

- Heat budget through the ice – model validation in front of IMB data (task 3.3 Mesoscale activity in the 
reanalyses. Validation- Processus analysis- impacts. Task 3.3 C. Provost/ N. Sennéchael)  
- Comparison of sea ice concentration and/or drift from the reanalyses with the satellite data (task 3.2, F. 
Girard-Ardhuin).  
- Estimation of sea ice thickness errors distribution in reanalysis context. (M. Doble).  
- Primary production and outflow from different basins in the reanalysis (task 3.4, L. Mémery).  
- Pelagos/benthos coupling study in the reanalysis (task 3.4, L. Mémery). 
- Impact study of the in-situ data network on the reanalysis performance (task 3.2, E. Rémy, JC Gascard) 
Publications: We ask some budget for 4 publications  4 x 2000€ each paper.  
 
Missions : Total : 64200€ 
We need to hold regular meetings to get a satisfactory work progress. We plan to meet every 6 months, twice 
in Brest, twice in Paris and twice in Toulouse.  

• 4 persons from Brest : 6 times 4 persons = 24 missions at 800€ each : 19200€ 
• 4 persons from Paris : 6 times 4 persons = 24 missions at 600€ each : 14400€ 
• 2 persons from Grenoble : 6 times 2 persons = 12 missions  at 700€ each : 8400€ 
• 1 person from Toulouse : 6 times 1 person = 6 missions  at 700€ each : 4200€ 

Organisation of the six meetings: 4200€ (700x6). 
We ask budget for 6 missions to international conferences (EGU meeting in the operational oceanography 
session for example) to present project results: 6x1500Euros = 9000€. 
We ask budget for six persons to participate at the GMMC yearly meeting: 6 missions at 800€ each: 4800€. 
 
Equipment : Total : 6600€. 
We need to disseminate the results in Brest, Paris, Toulouse and Grenoble once the reanalysis are achieved. 
We estimated the disk space required by the two reanalysis at daily frequency at about 22To. Given the 
present price of 100€ for 1 To stored in removable disk, we ask budget of 6600€ to disseminate the data.   
Requested equipment 

- IFREMER/CERSAT for processing and archiving of sea ice satellite database  
- IFREMER/CORIOLIS for qualification and archiving of ocean in situ data  
- Mercator for producing and archiving the reanalysis products 
 

Total demandé : 108800€ 
 2014 2015 2016 TOTAL 

Project meeting Missions 15400 + 1400 15400 +1400 15400+1400 46200 
GMMC meetings 1600 1600 1600 4800 

International missions  4500 4500 9000 
Equipment for dissemination   6600 6600 

Operating budget 6000 3000 21000+8000 38000 
Total 24400 25900 58500 108800 

 


