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PART I: OVERVIEW

Introduction

The development of ocean monitoring and forecasting systems on global and European regional scales
calls for a broad range of research and development activities to ensure that they operate on firm scientific
and technical grounds; that optimal use is made of all data available; that the systems are fully validated
and robust from an operational standpoint; that they are well integrated into an efficient system of systems,
with easy access and smooth exchange of data; and that the systems are fit for purpose with engagement
of the stakeholders.

Those are some of the objectives and challenges that we set in the MERSEA work plan, leading to the project
structure  in  work  packages  (each  work  package  comprising  several  main  tasks  and  subtasks).  The
conception of the project was based on the view that a prerequisite to the development of ocean and
marine applications (as stated for in the Call for Proposal) is the provision of reliable, generic data and
information products serving the needs of several classes of intermediate users, to enable them to fulfill
their mission and to provide the services required by their final users.

Broadly speaking, the activities described in this report can be grouped in several inter-related categories:
those  dealing  with  data  (from  earth  observing  satellites,  in  situ  data,  and  forcing  fields);  system
development,  implementation  and  operation;  research  and  development;  and  user  products  and
applications. Moreover, we had several actions of outreach, training, communication, and publications.

Data

Ocean data come from three broad classes of sources: in situ platforms (buoys, ships, floats); satellites;
and numerical weather prediction (NWP) from meteorological services. Those observations are valuable
as unique global data sets, and are used as input for assimilation or forcing fields of predictive numerical
ocean models.

For remote sensed data, the focus of the project has been on improving the retrieval algorithms required to
determine with high accuracy the geophysical  parameters (e.g.  ice concentration and extent,  ice drift,
chlorophyll, suspended matter, sea surface temperature, sea surface height, mean dynamic topography).
Whenever possible, data from different satellites and sensors are used to obtain uniform merged data
products,  mapped  onto  geographic  grids.  Specific  algorithms  have  been  derived  to  obtain  data  sets
adapted to the regional seas.

The data are available in real time and in delayed mode, for which long time-series are reprocessed. The
data centres are linked into an integrated network of thematic portals, enabling data access and exchange.
Detailed documentation on the processing, format, and all other relevant meta-data is also available on the
portals.

The forcing fields necessary for ocean forecasts are provided by numerical weather prediction (NWP) from
the ECMWF or national meteorological services. However the predictions made for the atmosphere, do not
necessarily give the best estimates of the fluxes (moisture, heat, wind stress) over the ocean. We have
derived improved formulae for the fluxes, with validation from buoy data, which can be incorporated into
the NWP predictions. A new technique has been developed to improve wind estimates over the ocean by
combining satellite data (from scatterometers) with NWP fields. Although this technique cannot provide
predictions,  it  delivers  high  resolution  wind  fields  in  near-real  time  (24  hrs  delays)  and  retrospective
analysis.

The project could not support a large contribution to in situ observing networks, but a few operations were
conducted, if only as a reminder that no ocean monitoring is conceivable without in situ data. A set of Argo
floats were deployed, most significantly  in high latitudes, where a specific  ice-detection algorithm was
developed to allow for the first time data collection under the ice. Updated climatology of the Atlantic and
the Global oceans have been obtained by retrospective synthesis of the global Argo array data, revealing
large scale patterns of variability.

As a European contribution to the Ocean Sites programme, three moored stations were maintained in
representative locations in the North Atlantic, and two in the Mediterranean. The stations allow real time
transmission of multi-parameters, including bio-geochemical ones. The point time series are unique for
validation of  numerical  models.  Several  tests  and operations at  sea of  gliders  have been conducted,
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including several runs over 1.000 km long in the Atlantic and the Mediterranean, where multi instruments
operations were conducted. Those glider experiments confirmed the high quality and value of the data
collected,  but  pointed out  also the high  demand on personnel  to  conduct  them,  at  least  at  the  early
development stage of this promising new technology. Research vessels should play a key role in the
routine collection of surface data and as support for XBT launch; although some data was collected in this
mode as part of the project, there is still considerable difficulty in convincing ship operators to carry out
those simple operations. Considering the cost of data collection at sea it is necessary to ensure that all
global data are available easily to users in the shortest delays. In performing that task, the Coriolis in situ
data centre has very significantly increased (by a factor of three) the amount of quality controlled data
available in real time, a large part of that increase being related to the ramping up of the Argo array.

Somewhat paradoxically, in situ data are scarce in the regional seas. While in situ monitoring is conducted
in the framework of the Conventions (OSPAR, HELCOM, Barcelona) and of EuroGOOS cooperation, the
data are usually not available in real time, and sometimes not freely available. Thus there are few data
available for  assimilation into  the models,  which are  mostly  constrained by the meteorological  forcing
fields, and by the satellite data sets.

System design, development, implementation and operation

One of the main challenges of the project was to integrate into a coherent system of systems the various
centres that were operating in different contexts and stages of development. The design has led to the final
structure of  a distributed system comprising Monitoring and Forecasting Centres (MFC) and Thematic
Assembly Centres (TAC). The MFCs cover the global ocean and the main European seas (Arctic, North
East Atlantic, Baltic, and Mediterranean); the TACs process the data from satellite remote sensing (sea-
ice, ocean colour, altimetry, and sea surface temperature), and from global in situ networks. All the Centres
fulfil common functions (Production and delivery, system management, monitoring, service provision, user
desk, quality assessment). Common data formats have been agreed upon, and consistent documentation
is available on the systems specification, their catalogues and inventories. The services provided include
search and discovery, viewing, and download, consistently with the Inspire Directive. The protocols for
data exchange have been defined as the MERSEA Information Management system. Thus different classes
of users can be served according to their needs. As the concept of Marine Core Serviced evolved with the
GMES implementation panel, it was recognized that the primary function of the system would be to deliver
common baseline products and data to intermediate users, who would in turn develop bespoke services to
final users. All those design concepts form the basis for the further developments to be carried out in the
MyOcean project.

The  monitoring  and  forecasting  centres  have  been  upgraded  in  several  respects:  model  resolution,
assimilation of satellite and in situ data, more frequent analysis and forecasts, adoption of new modelling
framework  (Nemo).  The  improved  performance  has  been  achieved  by  the  introduction  of  new
parameterisation and algorithms resulting in higher efficiency and realism of the models (e.g. bottom and
interior mixing, ice modelling, topographic effects, mixed layer dynamics, advection schemes, assimilation
techniques).

Implementation into the operational suites at the centres has entailed major computer engineering, transfer
to new machines or to associated agencies; for instance : the Arctic system (based on the TOPAZ code at
the Nansen Remote Sensing Centre) has been transferred to the met.no operational centre; or the high
resolution global system has been run on the Météo France super computer.

All systems include bio-geochemical modelling, some in a demonstration mode, since those models still
require extensive validation. Nonetheless, the primary ecosystem forecasts have been introduced in the
operational  suite  at  the  Met  Office  (Northwest  shelves)  and  in  a  pre-operational  mode  at  INGV
(Mediterranean).

The systems evolution and performance has been regularly evaluated for quality and consistency, with the
aid of metrics, a methodology which has been adopted by the Global Ocean Data Assimilation Experiment.
The continuous improvement of the systems has been quantified, and in particular the positive impact of
assimilation of in situ profiles from the Argo array (where they are available).

At the end of the project, some of the upgrades still need further validation and development before being
fully integrated into the operational suites. Examples include the global high resolution model (1/12°, i.e.
about 10 km) which requires large computing power; the ecosystem modelling already mentioned; or the
nesting of models. The latter has been attempted (Mediterranean, North East Atlantic and Arctic into the
global,  and Baltic  into the North Sea),  but all  scientific  questions (proper implementation of  boundary
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conditions)  or  technical  problems  (timeliness  of  the  provision  of  boundary  data)  have  not  been  fully
resolved.

Nonetheless, all  system components are presently operating continuously, delivering high quality data,
analysis and forecasts over the global ocean and regional seas.

Research on ocean modelling and data assimilation

While research has been conducted regularly in all work packages, most notably to develop high quality
data sets from remote sensing observations, specific activities have been carried out in the domains of
ocean modelling,  including bio-geochemical,  data assimilation,  and seasonal  forecasting.  Some of  the
results  have  been  directly  transferred  to  the  operational  suites,  as  indicated  above,  leading  to  more
accurate  representation  of  processes,  and  more  efficient  computing.  However  it  is  recognized  that
research operates on longer time scales than implementation and production; some of the developments
will  bear  fruits  in future versions of  the systems. Promising results  have been obtained in  ecosystem
modelling (class size approach), in advanced data assimilation schemes, in nesting and grid refinement,
data assimilation in coastal models. The long list of publications is a record of the advances made by the
scientists engaged in the project in many diverse topics.

The Special Focus Experiments were devoted to the development of the coupling between the model
system and the basic  and generic  model  products  of  MERSEA with  marine biogeochemical  models  for
ecosystem forecasting, at the level of primary producers biomass and for the short time scales; and global
atmospheric models for seasonal forecasting.

Serving user needs

Two broad classes of users have been considered in the project: those in the public sector, responsible for
environmental monitoring and reporting; and maritime operations.

A workshop held at the European Environment Agency on European Marine Monitoring and Assessment
initiated a dialogue with EEA and the Conventions. The Marine Core Services (MCS) are in a unique
position to provide some of the Core Sets of Indicators, and such production started at the end of the
project, in cooperation with the European Topic Center / Water. It is clear however that the MCS cannot
deliver all the indicators called for in the conventions, but at the same time, it may be opportune to look at
extended indicators, climatic for instance. We have started in that direction. In the future, the MCS will
contribute to the assessments to be conducted in the framework of the Marine Strategy Directive.

Several applications in the maritime sector have been explored: ship routing, offshore industry support,
and oil spill drift prediction. In all cases the positive impact of high resolution ocean products has been
demonstrated, but very stringent requirements are placed by users on accuracy, which cannot always met
by  state  of  the  art  products.  They  also  expect  specific  products  tailored  to  their  applications,  and
appropriate delivery mechanisms. Further investment and reliance by the industry on the MCS hinges on
the establishment of a reliable perennial service.

Throughout the project we have maintained a constructive interaction with the GMES bureau and its MCS
implementation panel, which has had a positive impact on the design of the MERSEA prototype system and
has fed into the definition of the requirements for the MCS. This work will now be carried forward in the
MyOcean project, where the focus is shifting from the development of a system to the establishment of
services, with an enlarged partnership.

It is a measure of the success of the MERSEA project that it has produced so many original scientific results,
high quality data sets, and is delivering an integrated system recognized as one of the most mature of the
GMES components. A new era is beginning for ocean monitoring and forecasting in Europe!
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Indicators

Figure 5.2: Heat Content (109 J) the 2/09/2008 computed with
Mercator global system over the first 300 meters of the ocean.

The continuous delivery of ocean dynamical
variables (temperature, salinity, currents etc..)
by MFC allows to monitor the ocean “climate”,
and dynamical regimes. MERSEA, in support of
the BOSS4GMES project is provisioning ocean
information  for  computing  ocean indices  (or
“indicators”).  Indicators  provide  synthetic
views  of  ocean  behaviour,  day  after  day.
Figure  5.2  shows  the  value  of  the  heat
content stored by the upper ocean around the
European Coast. The Heat Content indicators
monitor  the  thermodynamical  role  of  the
ocean in the Earth Climate… It is interesting
to see that at beginning of September 2008,
heat  content  of  northern  Adriatic  or  Black
Seas  was  similar  to  the  North  Sea.  A
noticeable  aspect  is  the  warmer  waters
around  Norvegian  coast,  coming  from  the
North Atlantic Current.

Assessment

Figure 5.3: Example of the up-grade of Class 2 metrics for the MERSEA

TOP2 and GODAE Intercomparison Project in the Indian Ocean. Tide
gauges (blue dots), and all known moorings (red dots), in particular

brand new moorings from the RAMA Indian Tropical Array, are
added. XBT lines transmitted in real-time (brown sections), and more
classically, oceanographic arrays (yellow sections) have also been

taken into account.

Efforts  by  the  different  partners  from
TOP1 to TOP2 led to adopt a common
policy for metrics and assessment within
MERSEA and  internationally.  GODAE
partners  have  endorsed  the
methodology  designed  by  MERSEA,  and
implemented  and  applied,  as  well,  the
validation tools. The final set of metrics,
as shown in Figure 5.3 has been tested
in  real  time  during  the  TOP2
assessment. The counterpart of this real
time  evaluation  of  MERSEA operational
systems  and  products  through  metrics
has been the availability of observations
for  comparison  purposes.  Data  were
made  available  by  WP3  and  WP6
contributions.

Using this set  of  metrics, the 5 Marine
Forecasting  Centers  have  commonly
performed the  scientific  assessment  of
their  products  during  TOP2.  These
metrics were also used to intercompare
the different  MFCs, checking impact of
their  specifity  (e.g.  regional  high
resolution  modeling  versus  eddy-
permitting global description) in between
them.

WP5 work cut across a large part of other MERSEA activities (research, system development and operations,
information management, overall management and preparation of next phase). It has contributed to the
integration  of  thinking  amongst  the  community  and  the  definition  of  a  common  vision,  which  is  now
crystallized in the “MyOcean” FP7 project.
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 5. Information System (MIM) (Work Package 06)

The challenges identified by the WP5-WP6 partners in the definition of work for the  MERSEA “Integrated
System for Ocean Monitoring and Forecasting” can be summarized as follows:

The MERSEA Integrated System has to be clearly seen as “one single system”: one should be able to
say without hesitation if a given component (e.g. a data centre) is part of the  MERSEA system itself (one
internal element of the system of systems), or out of the scope, external to the system and interfaced with
it. The GMES Marine Core Service System will be only one node of a complex multi-thematic inter-national
network of inter-connected systems, but MERSEA has to identify clearly and define this specific node.

Access to the MERSEA Integrated System service has to be simple for the users: users should find first
hints  of  simplification  showing  progress  towards  a  pan-European  MCS service;  access  to  the  ocean
information produced in many different places in Europe has to be simplified through a user desk; the
overall services provided to the users should be clearly defined and explained, and independent from the
physical architecture of the system or the operators in charge;

The MERSEA Integrated System internal architecture has to be modular and evolvable, organized as a
“system of systems”: in its early stages the Marine Core Service will be based on the inter-connection
and normalization of existing components of ocean monitoring and forecasting capacity (e.g. data centres
or modelling centres); this system of systems will evolve progressively through regular improvements of its
elementary bricks as well as through the addition of new components when mature and necessary. The
architecture has to accomodate this “system of systems” internal organization.

The  MERSEA Integrated  system  must  be  compliant  with  European  and  international  standards:
transition to the operational phase will demand a standardization of interfaces, data flows, procedures...
between the different centres involved, as well as efficient links with European GMES and international GEO
components required to run the system (e.g. databases from space agencies).

The  MERSEA Integrated  System  must  be  based  on  state-of-the-art  technical  solutions: a  proper
balance must be achieved between the choice of mature well-assessed solutions for the short-term and
innovative promising solutions for the following step. The MCS system will be a complex and demanding
system with permanent scientific and technological challenges to face. Innovation has to be possible and
encouraged, to support operational processes.

Taking into account these challenges and the pre-existing elements that existed in Europe, the MERSEA

Information Management (MIM) has been developed as the glue between the TACs (Thematic assembly
centers) and the MFCs (Monitoring and Forecasting Centers) to facilitate the system federation.

Overall technical architecture : back end and front end services
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This service desk will rely on the information system that will be an upgrade of the  MERSEA Information
system that  we described in this  document,  to  take to account  the development made within  Inspire,
Humbolt, SeaDataNet and ECOOP and other international work within GEOSS.

 6. Modelling and Assimilation (Work Package 07)

The general objectives of this work-package were to perform R & D on physical, ecosystem modelling and
data assimilation to serve the operational objectives of MERSEA, to bring ad hoc scientific innovations into
the project and to gather all the relevant European capabilities to ensure that operational systems are
maintained  at  the  most  advanced  level.  The  work-package  was  structured  along  three  components:
physical models (WP7.1), biogeochemical models (WP7.2), and data assimilation (WP7.3). Due to the
decease of C. Le Provost, WP8 activities were re-distributed between WP5 and WP7 and former WP8.2
activities  merged  to  WP7.2  as  WP7.2.3.  All  planned  activities  have  been  completed  during  MERSEA

according to the initial plan.

This work-package, which is at the heart of the R&D MERSEA activity benefited from strong interactions with
other work-packages, more particularly WP2, WP3, WP, WP9 and WP10.

Physical modelling

The scientific issues and R&D questions addressed were essentially to ensure that the models reach the
level of realism needed for the applications. This required to adapt the models to the different geographic
environments (from global to regional) and to account for different parametric regimes, with the added
constraint that they can operate in operational mode.

New parameterisations and modelling formulations in the OPA/NEMO code have been developed in order
to prepare the transition of the global model from intermediate (1/4°, or 25 km) to high resolution (1/12°, or
8 km). In addition, the task has contributed to the scientific validation of the North Atlantic 1/12° model as a
step towards the global 1/12° configuration implemented at Mercator.

Nesting and interfacing between coastal  and basin-scale  models  (downscaling)  were  key subtasks  of
physical modelling activities to allow the use of global forecasts and now-casts as inputs to coastal and
regional models. This was mostly performed through the development of the AGRIF package which allows
to transform any existing ocean model into a multi-resolution code, giving it the capability to zoom in areas
where higher resolution is required. Strong working connection was made with WP10 on this point.

Biogeochemical modelling

Progressing towards the inclusion of ecosystem modelling and forecasting into operational oceanography
systems is the key issue and major challenge of this task.

It was achieved first by the development of a unified ecosystem model applicable at various scales and for
various goals.  The model covers a broad spectrum of capabilities, from a better description of ecosystems
and their sustainability, to a global description of phyto-plankton biomass and production in the surface
waters and its impact on air-sea fluxes of carbon (CO2) and oxygen.
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In  parallel,  a prototype of  a coupled physical/biological  assimilative system has been built  in  order  to
demonstrate the capacity to routinely estimate and forecast biogeochemical variables. A primary result is
that the assimilation of physical data can improve the description of the physical environment that forces
the ecosystem. This was demonstrated through the use of the SEEK filter  to assimilate physical data
(surface  temperature,  sea  height,  etc…)  into  a  North  Atlantic  configuration  of  the  OPA/NEMO  code
coupled with a standard ecosystem model (NPZD type).

Scientific validation and assessment is a necessary component to judge the strengths and weaknesses of
the different components of the MERSEA system and to control the quality of the outputs. Progress has been
made in these directions to help identify the key observational data for assessment and the definition of an
internal metrics for physico-biogeochemical integrated system. This was successfully used to assess the
new bio-geochemical model in construction and to fit some of its parameterizations.

Data assimilation

This task contributes to the MERSEA forecasting system by improving the existing assimilation tools. Specific
developments  have been made to  address  new methodological  issues  relevant  for  global  forecasting
systems  such  as  the  assimilation  of  ice  parameters  or  biogeochemical  properties  in  coupled
circulation/ecosystem models. The issue was more particularly to propose advanced assimilation schemes
(the so-called SIRF and EnKF filters), which can more rigorously tackle the complex statistical nature of
ocean forecasting problems (non-gaussian error statistics, biased estimations, non-linear processes).

The SEEK filter assimilation component of the global MERSEA system has been upgraded to enable the use
of all data available from space and field missions in the global OPA/NEMO forecasting system: surface
temperature and salinity, altimetry, in situ profiles. Another crucial issue for modelling is the relevance of
the forcing fields. Significant advances have been made on this point by including the control of forcing
functions  into  the  assimilation  process  thus  allowing  to  correct/compensate  for  errors  in
evaporation/precipitation and heat forcing fluxes.

 7. Implementation & Production (Work Package 09)

One of the main aims of MERSEA has been to monitor the physical properties (the temperatures, salinities
and currents) in the global ocean and the seas surrounding Europe in real-time, on a regular, daily or
weekly, basis and to forecast how these physical properties will change in the coming week or two.

This has been done in WP9 using computer models which represent an ocean by the values of its physical
properties  on a  three-dimensional  grid  bounded by  the ocean’s  bathymetry.  The models  are  stepped
forward in time using equations based on computational fluid dynamics and thermodynamics together with
wind forcing and heat exchange across the ocean’s surface taken from numerical weather forecasts. In
order to hold the model’s values as close as possible to those of the real ocean, the ocean model’s values
also need to be adjusted using any measurements of the physical properties of the ocean that can be
obtained.

It was agreed before the start of the project that monitoring and forecasting would be performed by five
production centres each concentrating on a specific region, namely:

i. the global ocean
ii. the Arctic ocean
iii. the Baltic Sea
iv. the Mediterranean Sea and
v. the North-east Atlantic

Work-package 9 was divided into three tasks:

1. to make developments to the “NEMO” ocean model code, to enable it to be used by the centres
monitoring and forecasting the global ocean, Mediterranean Sea and north-east Atlantic,

2. to implement and validate specific improvements to each of the forecasting systems in the five
production centres,
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3. to routinely monitor and make 5-10 day forecasts for each of the five regions, making updates to
the analyses and forecasts either daily or weekly.

The first task was part of a wider initiative to form a consortium dedicated to supporting a European, state-
of-the-art,  ocean  modelling  system for  research  and  operational  use.  This  modelling  system  is  now
supported by a large group of research scientists within France, Germany, and the UK. It is also used for
routine production in  the global,  Mediterranean and north-east  Atlantic  regions and will  be  used in  a
number of European seasonal, decadal and climate prediction systems. This initiative will have significant
benefits in the coordination, efficiency and effectiveness of research and operational application of ocean
modelling within Europe. MERSEA provided significant support for this initiative (within WP7 and WP9) at a
key stage in its development.

The specific developments made in the first task were to adapt the NEMO code to make it suitable for use
in the shallow waters of the continental shelves of Europe and to develop code to support the nesting of
the regional models within the global ocean.

An ambitious timetable for the development of three new versions of the systems used by the production
centres was agreed before the start of the project. Almost all of the planned developments have been
achieved within the work-package’s second task. The most significant achievements include:

a) the transition of the Arctic production system to the Norwegian weather forecast service, met.no.
In future the system will be developed by the Nansen research institute (NERSC) and operated by
an operational service (met.no);

b) several centres have improved their use of measurements to hold the models close to the real
ocean. For example, the global ocean system now uses in situ profile data as well as surface
data; the Mediterranean system has developed a new scheme for using measurements; the Arctic
system uses sea-ice drift data from satellites; the north-east Atlantic system uses much improved
surface temperature and sea-ice concentration data; and the Baltic system has started to make
use of measurement data.

c) most of the centres have increased the resolution of the grid they use to represent the ocean
significantly between the start and end of the project. The grid spacing of the global ocean is now
1/4o in routine operations and 1/12o in some delayed mode simulations

d) the Mediterranean system now updates its forecasts on a daily basis
e) all of the systems have made substantial improvements to the formulation of the model they use.

The north-east Atlantic centre has transitioned to NEMO from an entirely different ocean model;
f) all of the production centres have made assessments of the performance of models representing

nutrients, phytoplankton and zooplankton with various levels of complexity. The north-east Atlantic
centre has developed a scheme for making use of ocean colour data from satellites to constrain
one of the less complex of these models.

The third task involved the routine production of analyses and forecasts that were made available each day
or week through the MERSEA Information System (WP6). It also included support to WP5 in the assessment
of  their  quality  and  accuracy,  particularly  during  the  two  Targeted  Operational  Periods  (TOPs).  An
important achievement was the agreement and demonstration of a method to generate statistics on the
differences between measurement and model values which are sufficiently well controlled that the results
generated from different production centres can be compared.

The main reports delivered by this work-package provide useful summaries of the scientific and technical
content of each version of the production systems and the work performed each year to improve them.

Whilst much was achieved within this work-package, most of the groups were very hard pressed to meet
the demands of the original  work-plan.  In addition they were expected or  obliged to respond to other
demands that were inexplicit or unforeseen in the original plan. In an attempt to keep up with demands,
four work-package meetings were held in the last two years of the project. These provided a very valuable
forum for sharing of expertise and ideas and the development of constructive working relationships. Tasks
which would have benefited from more time or  resources include:  making fuller  use of  new products
developed from satellite or in situ measurements; participating in and taking advantage from the validation
activities of the two Targeted Operational Periods (TOPs); coordination and exploration of the nesting of
the  regional  models  within  the  global  one;  and  supporting  the  special  experiment  or  demonstration
activities.
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First the sensitivity of different seasonal forecasting coupled models to the MERSEA ¼ analyses initialization
was assessed by ECMWF and Méteo-France. The seasonal forecasts concentrated on the skill index of
sea surface temperature anomalies in the El Nino region. Results indicate that the low resolution coupled
models do not improve the correlation when initialized with  MERSEA ¼ analyses and the high resolution
coupled  model  improves  only  marginally.  Interpolated  initial  conditions  adjustments  are  probably
responsible for this puzzling result.

The second major result of the SF2 experiment is the inter-comparison between low and high resolution
coupled models seasonal forecasting skills. The high resolution realisations all used both the  MERSEA ¼
analyses  and  the  MERSEA global  model  in  different  versions.  The  seasonal  forecasting  experiments
conducted with both low and high resolution models capture the growing phase of ENSO and part of the
precipitation anomalies over Europe but the impact of the high resolution is not very large. There is no
clear evidence of improved forecast skill when coupled model resolution increases both for the El Nino
regions and Europe.

The third major result is coming from the very high resolution coupled model forecast system developed for
medium-range weather forecasts at ECMWF. The coupled model used for the Medium-Range forecast
experiments consists of two main configurations, which differ  from each other in the resolution of  the
atmospheric model. Both use the IFS atmospheric general circulation model. The resolutions are T399 (ca
50 km horizontal resolution), 62 vertical levels, for the Ensemble Prediction System (EPS) integrations and
T799 (ca 25 km horizontal  resolution),  91 vertical  levels, for the deterministic  integrations. The ocean
general circulation model is OPA/NEMO (1/4° horizontal resolution, with 50 vertical levels).

Such a coupled model system has been tested on two tropical cyclone case studies. Encouragingly, the
coupled  model  shows  a  physically  reasonable  behaviour  in  the  evolution  of  the  global  sea  surface
temperature (SST). The two tropical cyclones themselves are nicely reproduced by the coupled model.
However, despite the well simulated SSTs, differences with analogous uncoupled integrations for which
SST is  held fixed throughout  the integrations are generally  not striking, at  least in terms of  minimum
pressure and winds. It has been argued that a possible explanation is that the atmospheric model has
been tuned to function with fixed SST and therefore the coupling with varying SST may not be as strong as
it ought to be. Indeed, no specific tuning of the coupling has been attempted.

Now that such a coupled model has been implemented it could be used for similar case studies, Atlantic
hurricanes for example.

 10. User Products (Work Package 12)

An important component of the MERSEA Project has been the demonstration of benefits of MERSEA outputs in
production of specific user products.

There  are  many  and  diverse  downstream  applications  which  can  be  built  on  Marine  Core  Services
provided by a fully implemented and sustained operational ocean observing and forecasting system.  The
objective of Work Package 12 was to explore some of these in order to gain an appreciation of the benefits
that  the Marine Core Services  will  create once they are made fully  operational  though the MyOcean
project. The Work Package comprised a small number of user product demonstrations intended to show
how MERSEA outputs could enhance existing downstream services and underpin the development of entirely
new information products with practical utility.

A  component  of  the  Work  Package  has  been  interfacing  the  MERSEA outputs  to  specific  tools  to
demonstrate end to end services in each application area.  In operational applications these interfaces
must be very reliable.  They must also be responsive to occasional failures or data delivery delays.  For
example, if a critical real-time data stream or model output is unavailable due to a production or delivery
problem the interface should permit seamless transition to an alternative source or appropriate notification
of the end-user that the service may be temporarily degraded.  This is especially important in safety critical
applications.   Experience  gained  in  the  MERSEA project  has  provided  a  better  understanding  of  the
requirements for reliability, redundancy and resilience in a fully operational Marine Core Service production
system.  Lessons learnt have helped to inform plans for delivery of fully operational Marine Core Services
through the MyOcean project and beyond.

Key development stages in the MERSEA project have been incremental, for example, the transition from one
model system to another or assimilation of additional observations. The demonstration user products have
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1) Assessment of system performance and operational capacity (strengths, gaps, limitations) in relation to
the aim of GMES and documentation of advances and achievements since MERSEA Strand-1 assessment.

The first Target Operational Period (TOP1) was executed from October 2005 to April 2006 to perform the
validation of both the data and information flow at the five  MERSEA forecasting centres. The operational
systems were run on a weekly basis with 10-day forecasts describing the space -time evolution of the
physical ocean, sea-ice and a few biogeochemical variables. The heritage of the MERSEA Strand-1 ocean
diagnostics has been widely used, and in particular, both state variables of the systems and derived or
integrated  quantities  were  consistently  monitored.   The  products  and  information  were  disseminated
through the  project  web site  according  to  the  five  Thematic  Portals  providing  regular  and systematic
information on the state of the global oceans and regional European seas including the Arctic, the North
East Atlantic, the Baltic, and the Mediterranean.

During the second TOP2 from October 2007 to April 2008 the final system assessment and validation of
the operation and inter-connection of the three data centre (e.g. satellite, in-situ and forcing) and the five
forecasting centre (e.g. the Global, Arctic, North East Atlantic and Mediterranean) were undertaken. In so
doing the results of the gradual updates and transition from V1 to V2 with its improvement of model codes,
model  resolutions,  nesting procedures and ecosystem model  development was evaluated.  In  addition,
assimilation of sea ice drift, mean dynamic topography and Argo profile data together with introduction of
new error  analyses  and  bias  correction  schemes  were  incorporated  in  V2.   OpenDap  with  common
architecture and file format, analyses tools and exchange of diagnostic results, and visualization methods
were used to allow efficient procedures for discover, view and download.

The  TOP2  system  functionality  assessment  was  also  partly  carried  out  based  on  Key  Performance
Indicators, including monitoring and assessment of user interests. For instance, the number of hits for the
Mediterranean Sea reached about 1900 per month. The corresponding number of hits for the entire MERSEA

reached about 38000 per month.

2)  Provision  of  advanced technical  and operational  training  and summer  school  courses  for  relevant
personnel in the field of operational oceanography. Increase public awareness on key global and regional
ocean environment issues.

Within this task one target was university training courses in operational oceanography. These are now
routinely offered in several programmes, from the Geophysical Institute, University of Bergen, Norway to
the University of Aegean, Department of Marine Sciences in Athens, Greece. The experience from these
courses reveals an increasing interest from students to make their semester reports or assignments and
eventually thesis based on data and products available through open access servers, such as possible
within the MERSEA and many other servers offering in-situ, satellite and model data and informations.

Use of MERSEA IP material were also included in lectures provided by MERSEA partners at summer schools
and intensive training courses hosted by ESA and the GODAE working group with the goal to motivate
young scientists. One main outcome of the GODAE training course was the book titled “Ocean weather
forecasting:  An integrated view of  oceanography”,  edited by Verron and Chassignet and published by
Springer 2006.

Awareness  of  the  MERSEA IP  was  regularly  raised  at  conferences  and  workshops.  The  Session  on
Operational Oceanography during the ICES annual scientific conference held in Maastricht (NL) 19-23
September 2006 provided an excellent forum to review requirements and experience from fishery and
ecosystem scientists as well as policy-makers on the use of products from operational systems. A regional
workshop for African oceanographers, subtitled “Remote sensing, a tool for ocean science and operational
oceanography”,  was held in Rabat from September 19 to 30 2006,  as the fifth  in a series of  Cospar
capacity building workshop. The workshop aimed to encourage and develop the use of ocean remote
sensing and associated in-situ data by scientists from Africa.

The MERSEA project together with EEA (European Environmental Agency) also co-organized the workshop
entitled "Connecting operational oceanography with the European Marine Strategy and EEA assessments"
(Copenhagen on 23-24 October 2006). This workshop was held in the framework of EMMA (European
Monitoring and Marine Assessment) with support from DG Environment of the European Commission. It
marked the beginning of a cooperation with the EEA and with the Conventions mandated to report on the
state of the marine environment with the ultimate goal to improve marine monitoring and assessments in
Europe through a wider and more systematic usage of operational oceanography products. The workshop
concluded  that  operational  oceanography  can  give  a  strong  contribution  to  the  Physical  features
considered in the Marine Strategy Directive (MSD) “Initial assessment”, primarily for temperature, salinity
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and currents, and secondarily for bathymetry. Those actions are still ongoing, in particular in the production
of Core Sets of Indicators, and participation in the shaping up of the WISE – Marine (Water Information
System for Europe). INGV has been selected to be the marine component of the Expert Topic Center –
Water; as such it will carry forth the capabilities of the Marine Core Services.

MERSEA IP  has  also  been  promoted  at:  (i)  the  eighth  annual  POGO meeting  held  at  the  Institute  of
Oceanography,  Chinese  Academy  of  Science  in  Qingdao  (China)  from 17-19  January  2007;  (ii)  the
Association of Oil and Gas Producers (OGP) Joint Industry Project week in London in March 2007; (iii) the
Ocean Observing Panel for Climate (OOPC) annual meetings in 2005, 2006 and 2008. OOPC in turn
reports jointly to GCOS, GOOS and WCRP.

Further communication initiatives have been directed at wide audiences.

3)  Synthesis  and  recommendations  for  the  establishment  of  the  Ocean  and  Marine  Applications
component of the GMES to be implemented and operational from 2008.

The MERSEA integrated  system  has  demonstrated  capacity  to  provide  relevant  core  data  through  an
integrated, but non-centralized, data and information access system containing three data portals and five
modelling and forecasting information portals. In so doing MERSEA IP has shown incremental capacity to be
fit for purpose to meet future operational oceanography requirements and operating criteria as outlined in
the GMES – MCS Implementation Report, in particular in the context of the right side of the GMES butterfly.

MERSEA has also demonstrated how operational oceanography may contribute to coherent and optimum
implementation and execution of marine environmental policies, such as development of marine indicators
and regular reporting of quantified information as specified by DPSIR1 framework.

Operational  oceanography  systems,  such  as  demonstrated  in  MERSEA IP,  represent  a  substantial
knowledge base and infrastructure that currently is ready for transition from research and development to
sustainable operations services.  At  the end of  the  MERSEA IP project  the final  upgrades of  the TOP2
integrated system is completed. This system will offer the initial baseline for the Marine Core Service to be
implemented for operation at the kick-off of MyOcean with expected start in January 2009.

1 DPSIR: Driver, Pressure, State, Impact, Response
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time series have also been delivered. The version 1 covers the period 1992-2005 whereas the version 2
integrates improvement in the processing and covers the period 1992-2007 (D2.1.7 & 14). All the products
are described in the following www page: http://www.aviso.oceanobs.com/en/data/index.html

All  along  the  project,  SSALTO/DUACS  algorithms,  processing  and  merging  techniques  have  been
improved.  Moreover,  some maintenance and evolutions have also been performed in order to correct
anomalies (i.e. ultra stable oscillator of ENVISAT, battery aging and degraded mission state for GFO,
onboard memory event on Jason-1). This activity, which is not negligible, induces several releases of the
NRT processing system (MERSEA project began with the version 6.0 and ended with version 8.1). Thus the
altimetry products have been maintained at the highest quality level.

Improvement and development of new products

Improvement of the correction of high frequency effects

The high frequency signal aliasing is a key issue for the generation of consistent altimeter products. MERSEA

project strongly contributed to the development and the implementation of a new high frequency signals
correction (D2.1.1 & 6). The correction essentially consists in using a model-based (MOG2D barotropic
model) correction instead of an empirical one.

Development of new products

One of the main WP2.1 objectives was to develop new products in order to serve better the regional
MFCs. A first regional product dedicated to the Mediterranean Sea has been developed in the frame of
previous Mediterranean Forecasting System (MFS) projects. Within MERSEA, a feasibility study was done to
analyse the possibility to obtain a product for the Black Sea region. This work allows us to elaborate a
delayed  time  series  of  along-track  and  maps  of  sea  level  anomalies  (D2.1.13).  This  data  set  is  a
demonstration data set which will be assessed in the course of the ECOOP project.

In parallel to these standard developments (i.e. the strategy is based on the regional refinement of the
global  parameters  used  for  the  processing  of  the  data),  attempts  have  been  made  to  define  and  to
generate a product better dedicated to the regional assimilation, the so-called MERSEA European Shelves
product  (D2.1.3).  It  contains  the  standard  sea  level  anomalies  information  plus  information  of  high
frequency  signals  as  tides,  inverse  barometer  and  high  frequency  pressure  and  wind  effects.
Unfortunately, this product was not tested by the MFC centres. Consequently, for the version 2 a new
product was proposed, which provides more recent information than the standard DUACS products (2.1.8).
Indeed, the SSALTO/DUACS system is based on the IGDR data (Interim Geophysical Data Record) which
are delivered within 2 to 4 days in a nominal situation. This delay depends on the mission, the rapidity and
the robustness of the ground segment. Thanks to these accurate data, merged maps are produced with a
delay of 5 days. Although these products satisfy a large number of operational users (in particular the
MFCs), a recurrent request is expressed to obtain data with less delay in order to monitor and forecast
better the signals with rapid de-correlation time.

The way to answer to this requirement consists in using the real time data (ex OSDR for Jason and Fast
Delivery GDR for ENVISAT) which are available in a few hours. As these data do not present the same
accuracy  that  the  IGDR  products,  a  specific  processing  was  implemented.  The  main  steps  of  the
processing are described in figure 2.1.1. As it is not possible to separate precisely the orbit error from the
large scale ocean signal in the real time fields, a high pass filter is applied to extract the real time small
scale signal. In the contrary, a low pass filter is used on the Near Real Time gridded maps to extract the
large spatial scale. Assuming quasi-stationarity over 3 days for the large scale ocean signal, we use the
sea level anomaly maps to provide to the OGDR data the large scale information. The merging of the two
signals combines the innovation from the OGDR with the accurate information from the IGDR to produce
the inter-calibrated along track data.
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planned to be computed in the first trimester of 2009, i.e. just before the delivery of the first GOCE geoids.
Additionally to this preparatory work, an intercomparison study was led with other groups involved in the
MDT calculation. A paper has been submitted to Nature (“Drifting buoys and satellites reveal persistent,
small-scale,  currents  near  ocean  surface”,  Maximenko  N,  P.  Niiler,  M.  H.  Rio,  O.  Melnichenko,  L.
Centurioni, D. Chambers, V. Slotnicki, B. Galperin).

Figure 2.1.2: Rio-05 Mean Dynamic Topography

Assessment and validation activities

Characterization of the impact of different satellite configurations

Satellite altimetry is a key component of the observing system for operational oceanography, whose future
is  unfortunately  uncertain.  The  project  has  contributed  to  better  characterization  of  the  needs  and
requirements for near real time altimetry.  Several studies of satellite configurations for the observation of
mesoscale activity have been led. After a preliminary study focused on the Mediterranean Sea (Pascual et
al., 2007) that demonstrates the utility of having a four satellite configuration, the study was extended to
the global ocean (Pascual et al., 2006). These two studies showed that we are able to merge four altimeter
missions to produce improved global and regional (Mediterranean Sea) high resolution maps of sea level
anomalies  implying  a  better  description  of  the  mesoscale  variability.  In  a  third  and  last  study,  the
degradation of the quality of the altimeter products due to the use of Near Real Time data is assessed.
Comparison  with  in-situ  data  (drifters  and  tide  gauges)  data  has  also  been  done.  All  the  results,
summarized in table 1 and table 2, are discussed in the following paper: “On the quality on the real time
altimeter gridded fields: comparison with in-situ data” (Pascual et al, JAOT, in press).

Delayed Time Near Real Time
2 missions 4 missions 2 missions 4 missions

Zonal velocity (U) 26.6 24.2 31.0 26.9
Meridional velocity (V) 33.1 28.1 41.2 33.4

Table 1: Comparison between Near Real Time and Delayed Time altimeter maps with in-situ drifters (Unit % of drifters
variance)

2 missions 4 missions
Old DT data 46.7 35.3
New DT data 36.7 29.7
NRT data 45.2 37.1

Table 2: Comparison between Near Real Time and old and new Delayed Time altimeter maps with tide gauges
measurements (Unit % of tide gauges variance)
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Validation of re-analysis products in specific regions

In  order  to  assess the accuracy of  re-analysis  products  in  region area,  specific  validation have been
achieved for two regions:  The Bay of Biscay and the North West of Atlantic. The main results of the two
studies are described in Caballero et al (2007) and Volkov et al, 2006).

Validation/Comparison of surface currents

Within MERSEA project, a specific effort has been carried out on the validation and comparison of altimeter
velocities  with  alternative  methodologies  based on SAR estimation  (Boost-Technologies)  and on SST
images (ICM). This very innovative work allows us to better understand the limitation of each method. The
specific goals to be enterprised by ICM were to extract dynamic information from available data sources
(including in situ data, as those produced by drifter buoys or cruises, and remotely sensed data, as satellite
SST and colour images) and then validate L2 and L3 altimetry maps produced in the course of  MERSEA

project. Thus, the first part of our work was centred in validation of altimetry with the first type of data,
namely in situ data, task that we accomplished for data in the Mediterranean basin. When we attacked the
second type of data, we started introducing a new methodology to derive dynamic information from maps
of  scalars  based  on  multifractal  analysis.  As  a  result  of  our  efforts,  we  constructed  completely  new
methodologies able to extract dynamic information about the streamlines of the flow from instant maps of
SST or colour images, and our work for the rest of the project has been to cross validate altimetry and the
results of these new, promising techniques. These analysis techniques have implications at both levels,
basic  ocean research and operational  oceanography.  Here we summarise the analysis carried out  to
validate specific altimetric products and the efforts done in the development of new processing techniques,
namely Coherent Vortex Separation (CVS) and specially the Maximum Singular Streamfuntion Method
(MSSM) whose potential use for operational purposes has not yet finished but will continue in the future. At
the  end  we list  all  the  papers  that  we  have  published  as  a  direct  output  of  the  MERSEA project  and
separately others that are still submitted and/or under review when writing this report.

1.2.3. Publications/Communications

Carrère L., D.L. Volkov, P-Y. Le Traon, P. Schaeffer, C. Boone, Y. Faugère and P. Gaspar: “Reducing the
aliasing of high frequency signals in altimeter data: empirical and model-based approaches”, submitted
to JAOT.

Caballero, A. Pascual, G. Dibarboure, and M. Espino: “Sea Level and Eddy Kinetic Energy variability in the
Bay of Biscay, inferred from satellite altimeter data”, accepted to JMS.

Volkov, D.L., G. Larnicol, and J. Dorandeu: “Improving the quality of satellite altimetry data over continental
shelves”, J. Geophys. Res. 112, C06020, doi:10.1029/2006JC003765, 2007

Rio, M.-H., P. Schaeffer, J.M. Lemoine, F. Hernandez, 2005: “The estimation of the ocean Mean Dynamic
Topography through the combination of altimetric data, in-situ measurements and GRACE geoid: From
global to regional studies”, Proceeding of the GOCINA workshop, Luxembourg, April 2005.

Maximenko, N., P. Niiler, M.-H. Rio, O. Melnichenko, L. Centurioni, D. Chambers, V. Zlotnicki, B. Galperin:
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Journal of Atmospheric and Oceanic Technology
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Similarly, M-F/CMS is producing currently daily in near real-time daily regional “collated” and “merged” SST
products  at  0.05°  horizontal  resolution  over  the  Atlantic  Ocean.  The  time  window  defined  for  these
products is currently 24 hours. An example of “merged” product is given in Figure 2.2.1, together with the
origin of the selected observation at each grid mesh. In the context of the project MyOcean, this production
will  evolve towards higher  resolution products  (0.02°),  covering the North Eastern part  of  the Atlantic
Ocean and the European Seas (40 W – 55 E – 20 N – 70 N).

        
Figure 2.2.1: example of regional “merged” level 3 satellite SST product, adjusted to ENVISAT/AATSR SSTs, and
processed at M-F/CMS in the framework of MERSEA, with the origin of the selected observation at each grid mesh.

1.3.2. Level 4 satellite SST products (SST analyses)

IFREMER and M-F/CMS are also processing in near real-time daily global and regional SST analyses,
based on the “merged” level 3 SST products which have been described before.

The global SST ODYSSEA daily analysis, processed at Ifremer, is at 0.1° horizontal resolution, and is
using as first guess the mean SST field of the day derived from K. Casey’s global 5 km climatology (which
has been derived from the AVHRR pathfinder V5 dataset). The data sources which are currently used
actively in the ODYSSEA analysis are ENVISAT/AATSR products (ESA), NOAA-17 and NOAA-18/AVHRR
GAC and LAC products (NAVOCEANO), NOAA-17 and NOAA-18/AVHRR NAR products (EUMETSAT
Ocean and Sea Ice SAF), MSG/SEVIRI (EUMETSAT Ocean and Sea Ice SAF), AQUA/AMSR-E products
(REMSS)  and  TRMM/TMI  products  (REMSS).  An  example  of  ODYSSEA  global  SST  analysis,  with
associated analysis error variance, is given in Figure 2.2.2.

Similarly, M-F/CMS is producing currently daily in near real-time daily a regional SST analysis at 0.05°
horizontal  resolution  over  the  Atlantic  Ocean,  based  on  the  regional  “merged”  level  3  SST products
described before. The data sources which are currently used actively in this Atlantic SST analysis are
nearly identical to the one used in the global ODYSSEA analysis.

At Met.no, a production system was set-up for an ultra high resolution SST analysis over the Atlantic High
Latitudes. The resolution is 0.02 degrees and the area covered is shown in the figure below. The analysis
system is based on a software package developed by CLS/Argos in the framework of the ESA funded
MEDSPIRATION project,  and adapted to run on a PC cluster  at Met.no. This software package uses
directly as an input L2P SST products. The analyses are made available through http://mersea.met.no.

Figure 2.2.3 shows an example of High Latitude level 4 SST product on 2 April 2007.

CNR-ISAC has developed and is maintaining a SST multi-sensor analysis system for the Mediterranean
Sea. The CNR operational system is using now operationally L2P SST products from AQUA and TERRA/
MODIS in addition to ENVISAT/AATSR, MSG/SEVIRI and NOAA-17 and NOAA-18/AVHRR. These new
Mediterranean L4 SST products are available through the distributed MERSEA THREDDS archives.
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a)

b)

Figure 2.2.2: example of a) analysed SST (K) from the global ODYSSEA SST analysis system, and b) ratio (%) of
analysis error variance over first guess (climatology) error variance
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Figure 2.2.3 : SST analysis for the Atlantic High Latitudes in 0.02 degrees resolution on 2 April 2007.

1.3.3. Diagnostic tools applicable to MERSEA SST products

This  activity  was  based  on  the  High  Resolution  Diagnostic  Data  Set  tool  (HR-DDS,  see
http://www.hrdds.net/ ), developed at NOC is the framework of GHRSST-PP. Using the HR-DDS it was
possible to provide a diagnostic analysis of the differences between each L2P SST product and each of
the others, with different degrees of spatial averaging and quality filtering.  The value of these comparisons
is that they readily identify the extent of variability between different SST data sources.  Not only does this
show which datasets are inherently noisier than others, but also identifies whether sources are biased in
relation to each other.  Such knowledge is essential if the level 2 data products are to be used as input to
SST analysis products or for assimilation directly into numerical ocean circulation models.

The HR-DDS was used also to objectively compare level 4 SST products (that is analyses that contain
contributions from several satellite data sources, merged and smoothed to provide complete geographical
coverage with no gaps).  Analyses deal in different ways with procedures such as bias adjustment between
different sources, smoothing and gap-filling when there are clouds.  It is therefore important to be able to
compare the outcomes from applying the different analysis methods, and also to compare the output with
the input observations.  A major aim was to demonstrate how the HR-DDS provides a readily available and
easy-to-use analysis tool for quality management of higher level SST data products. The HR-DDS allows
comparisons to be made between time series of different level 4 products at a single point, presents the
geographical distributions of bias and standard deviation between two different products (or between input
and output),  or  can allow direct  comparison of the high resolution patterns of  SST in 200 km square
extracts from different products.

1.3.4. Publications/Communications

Posters

Autret  E.,  J.F.  Piolle,  P.  Tandeo,  “The  ODYSSEA  global  sea  surface  temperature  analysis”,
[Medspiration-Globcolour meeting],   Oslo 2007
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statistics are not necessarily applicable on a regional basis. The use of coincident ocean colour products at
regional and seasonal scales needs to take this variability into account.

A second step was to validate the data against field measurements. Chlorophyll-a concentrations derived
from SeaWiFS, MODIS-A and MERIS sensors were thoroughly evaluated (D.2.3.11) at global and regional
scale against in situ measurements retrieved from three different publicly available datasets: NODC and
NASA-SeaBASS in the US, and JODC in Japan, spanning over three order of magnitudes in chlorophyll
values. A total of 4406 satellite – in situ collocated measurements (i.e., match-ups) were analyzed for each
sensor. The match-up points were then regrouped according to Longhurst oceanic provinces to analyze
the statistics at regional scales. An objective of this work was also to develop the validation procedure and
protocols  for  further  analyses  regularly  reviewing  validation  results  to  take  into  account  successive
reprocessing of existing, and other, sensors, as well as including additional data sets.

In addition, this work benefited from several bio-optical campaigns and field measurements programmes
conducted in different European Seas as part of JRC institutional work in collaboration with other Institutes.

Figure 2.3.2: SeaWiFS validation for the global ocean: (left panel) match-ups data points derived from NODC,
SeaBASS, and JODC data bases; (right panel) scatter plot satellite chlorophyll against in situ measurements at match-

up points.

Figure 2.3.3: regional validation exercise against field measurements: rms-difference for SeaWiFS (red lozenges) and
MODIS-A (blue lozenges). Acronyms in the x-axis refer to Longhurst’s biogeochemical provinces in the global ocean
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Regional algorithm implementation and processing: The Mediterranean Sea case study

The standard NASA Ocean colour algorithms (OC2v4 and OC4v4) lead to significant overestimation of the
SEAWiFS derived chlorophyll  concentration (more than 70% error  for  chlorophyll  < 0.2mg.m-3) in  the
Mediterranean Sea.

Accordingly, the main task of CNR-ISAC activity within  MERSEA was to implement an optimal chlorophyll
algorithm for case1 waters of the Mediterranean Sea. A new SeaWiFS regional algorithm, called MedOC4,
was developed on the basis of in situ bio-optical and chlorophyll  measurements collected in the basin
during the last 10 years (D.2.3.3). The new algorithm improves significantly the retrieval of chlorophyll from
satellite with 17% error as compared with 110% error when using standard NASA OC4v4. The poor quality
products from standard algorithms are due to peculiarities in the optical properties of the water column,
rather than problems associated with the atmospheric correction scheme. The validation exercise was
extended to MERIS and MODIS data, and the analysis confirmed the necessity of implementing a specific
Mediterranean Sea algorithm also for these two sensors (Fig. 2.3.4).

Figure 2.3.4: Satellite-derived chlorophyll concentrations vs field measurements. The Mediterranean regional
algorithms (continuous line) use the Maximum Band Ratio (MBR) between reflectance at different wavebands

(MedOC3 for MODIS; MedOC4ME for MERIS; MedOC4 for SeaWIFS). For comparative purpose, the standard
algorithms (dashed lines) are also shown.

Figure 2.3.5: SeaWiFS chlorophyll estimated using standard OC4 algorithm (right panel), regional MedOC4 (middle
panel), and (right panel) the difference between both estimates. In oligotrophic areas, the chlorophyll estimates from

standard processing are double that obtained with regional algorithms.

MedOC4 algorithm was used to reprocess the entire SeaWIFS dataset from the available LAC L1A data.
Daily Level-3 binned chlorophyll products in the Mediterranean Sea were produced for the period 1997
-2006 and are available at the  MERSEA Ocean Colour  Portal  (D.2.3.8),  as well  as from the CNR-ISAC
Opendap/THREDDS portal. Subsequently, the new regional ocean colour algorithm for MERIS and MODIS
were implemented in the ISAC-CNR operational processing chain.

Since  January  2007,  MODIS  chlorophyll  and  diffuse  attenuation  coefficient  are  produced  for  the
Mediterranean Sea in NRT (within 24 hours) and in delay mode from NASA level  1 data, using both
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standard  and  MedOC3  algorithms.  Starting  from  August  2007,  MERIS  regional  chlorophyll  is  also
operationally delivered with a time lag of 2 days.

Daily  chlorophyll  composites  for  MODIS  and  MERIS  are  available  at  GOS-ISAC-CNR  web  site
(http://gos.ifa.rm.cnr.it) and from the CNR-ISAC Opendap/THREDDS portal.

Ocean Colour Data Merging

Combining, or merging, data from coincident multiple satellite sensors can improve significantly the daily
coverage of the global ocean, and at the same time contribute to the construction of a consistent ocean
colour time series, of importance to climate research.  Although operational production of this time series
was beyond the scope of MERSEA, some research activities were planned during the first two years of the
project to evaluate methods for merging data from several sensors, complementing the objective of the
GLOBCOLOUR project initiated by ESA as part of its Data User Element Programme to provide merged
ocean colour products globally.

Statistical  methods: Several  merging  methods  that  have  been  tested  are  described  in  the  D2.3.7.  It
essentially concerns the weighted averaging method and the objective analysis. Although another merging
method,  based  on  the  wavelets  transform,  gave  promising  results  it  was  not  foreseen  for  the  NRT
demonstration exercise. Finally, the main conclusion of deliverable D2.3.7 led to the choice of the objective
analysis method that provides maps of chlorophyll with a better coverage which is important for model
validation.

Bio-optical  method: An  optically-based technique  has  been developed  to  produce  merged spectra  of
normalized water-leaving radiances,  LWN,  by combining spectral  data provided by independent satellite
ocean colour missions.  Merging  LWN  is a robust method and has several advantages over chlorophyll
concentrations. It represents the primary ocean colour product affected by uncertainties, lower than those
of derived products. But most importantly, performing the merging at the level of water-leaving radiances
preserves full  freedom for the selection of algorithms to retrieve biogeochemical quantities from  LWN  at
different wavelengths.

The method was  validated  using  an independent  database collected  by  an  autonomous above-water
radiometer located in the Adriatic Sea. The technique was then applied to merge 2.5 years of SeaWiFS
and MODIS concurrent data for the Mediterranean.

Figure 2.3.6: Time series averaged over the Mediterranean Sea of Normalized Water Leaving Radiances for all
channels of SeaWiFS (SWF), MODIS (MOD), and merged (MRG) products. Black, red, and blue curves are

associated with merged, SeaWiFS, and MODIS products respectively.  The merging scheme is based on a bio-optical
method (see references below).
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Ocean Colour Real Time Operations

A global, near real time chlorophyll production demonstration started on February 28th, 2007, and ended on
April 30th, 2008. Deliverable D2.3.10 describes the NRT data used (MODIS and MERIS level 2 products),
and  the  configuration  of  the  objective  analysis  software  used  for  producing  the  level  4  products.  In
particular, tuning of the objective analysis parameters has been necessary for the NRT application: the
decorrelation time length has been set to 5 days (because at least 5 days of data are necessary to produce
cloud-free maps), and the MODIS and MERIS measurement errors have been set to 20% and 100%
respectively (to moderate the smoothing of the oceanic features). These parameters correspond to a trade-
off between user requirements and status of data accuracy and availability in real time.  All level 4 products
have been made available on the CLS FTP (restricted to the MERSEA users).  Figure 2.3.7 below shows an
example of computed chlorophyll map.

Figure 2.3.7: Example of NRT level 4 chlorophyll product built from 5 days of MODIS and MERIS level 2 products
using the objective analysis processor.
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 1.5. Sea Ice (Task 2.4)

Nansen Center leader, with Met.No, DMI

1.5.1. Introduction

The  objective  of  the  sea  ice  remote  sensing  work  was  to  develop,  improve  and  validate  sea  ice
concentration, drift and thickness products for operational use in the MERSEA models, including data fusion
from multiple sensors and data assimilation. Specific challenges include error estimation of the products,
spatial and temporal coverage, validation of satellite retrievals, and use of non-space data.

1.5.2. Main achievements

Error analysis of sea ice concentration

Error estimates of ice concentration retrieval from SSMI data have been done using standard deviation of
the mean values for each month of the year, as shown in Fig. 2.4.1.  The main error sources are (1) natural
variability of the ice within each month, (2) uncertainty in the algorithms, and (3) satellite data noise.  The
error analysis shows that the standard deviation is most pronounced in the summer months and in the ice
edge region. The error analysis suggests that an error of 10 % in ice concentration should be used in
assimilation in the TOPAZ system.

Figure 2.4.1. Monthly standard deviation of mean ice concentration from SSMI data using the NORSEX algorithm.

Multiyear ice retrieval

Multiyear ice retrieval from passive microwave and scatterometer data has been developed by met.no and
implemented by the OSI-SAF. Fig. 2.4.2 shows the Arctic ice cover on January 4, 2006 derived from SSMI
data, where the multiyear retrieval is improved by including QuikScat data. The ice drift east of Greenland
is dominated by Multi Year Ice which is better represented when including QuikScat data.

Multiyear  retrieval  from  passive  microwave  data  is  also  done  using  the  NORSEX  and  NASA  team
algorithms. The multiyear retrieval has been validated by NIERSC, using SAR data from RADARSAT, as
shown in Fig 2.4.3. The boundary between first-year and multiyear (MY) ice is well-defined in SAR images
in the high Arctic during the winter months. This boundary is superimposed on MY-retrieval for 08 March
1998, shown in Fig. 2.4.3 (right panels). Erroneous retrievals of low MY concentrations (below about 40 %)
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can be removed by this boundary. This approach has also been used by including scatterometer data from
QuikScat, as shown in Fig. 2.4.4.

Figure 2.4.2. Arctic ice cover  on January 4, 2006, where gray indicates First Year ice, white indicates Multi Year ice,
and pink is undetermined. (a) shows results of using only SSMI data, (b) shows results of combining SSMI and

QuikScat data.

Figure 2.4.3. Mosaic of SAR images from RADARSAT from 3 to 6 March 1998, with MY-boundary marked by the red
line (left); MY retrieval from SSMI data on 08 March using the NORSEX algorithm (upper right) and the NASA Team

algorithm (lower right). The MY-boundary from the SAR data is superimposed.

Figure 2.4.4. Scatterometer data from Quikscat are used to improve the MY retrieval from SSMI data. SAR data can
provide detailed validation of the MY-FY boundary around the Arctic basin.
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Ice drift retrieval

Sea ice drift data for the whole Arctic are produced operationally by Ifremer using scatterometer data from
QuikScat (Fig. 2.4.5a) and passive microwave data (SSMI and AMSR-E). Recently, scatterometer data
from ASCAT are also included in the production of ice drift (Fig. 2.4.5b). The drift fields from QuikSCAT
and ASCAT seems to be in good agreement, as shown in Fig 5a and b.  Drift data from AMSR-E are
assimilated in TOPAZ from Nov 2007.

a 

b c 

Figure 2.4.5. Example of ice drift fields from scatterometer data from QuikSCAT (a) and ASCAT (b), and an example
of ice drift from NOAA AVHRR (c).

DMI produces ice drift vectors from AVHRR data in the area around Greenland. An example of good-
quality ice drift map from 07 Feb 2006 is shown in Fig. 2.4.5c.  Cloud cover is a major limitation for retrieval
of regular ice drift vectors from optical and IR images. In many cases, however, optical and IR images can
provide  very  useful  supplement  to  the  microwave  based  ice  drift  data.  AVHRR  images,  with  1  km
resolution, provide more detailed information about ice features that are used to track the ice drift.

The Norwegian Meteorology Institute (met.no) has studied sea-ice drift from low resolution sensors (e.g.
SSM/I, AMSR-E, ASCAT, etc…). Alternative methods to the commonly used Maximum Cross Correlation
(MCC)  technique  have  been  tested  and  a  continuous  version  is  proposed  (Continuous  MCC)  which
drastically reduces the “quantization” effect. The removal of this artifact permits monitoring ice drift over
shorter time periods (e.g. 48 hours) than previously possible with the same sensors, yet not requiring any
sub-sampling or resolution enhancement techniques.

Based on the CMCC, a processing chain was setup at met.no for the operational monitoring of 48 hours
ice-drift vectors in the Arctic Ocean and Baffin Bay. Fig. 2.4.6 shows a visual comparison in the Fram
Strait. The vectors have been scaled by a factor of 2. The empty areas north of Greenland on the left panel
correspond to ice displacement vectors which were found with a length of less than half a 12.5 km pixel by
the MCC. For both products, the spatial resolution is 62.5 km, which is the distance between two neighbor
arrows. The gained smoothness of the displacement field was documented and quantitatively analyzed by
comparing the MCC and CMCC products with in-situ 48 h trajectories as recorded by drifters of the IABP
and by Ice Tethered Profilers. Results as well as investigations on merging ice drift datasets can be found
in (D 2.4.11).
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a      b 

Figure 2.4.6: Example 48h ice drift in the Fram Strait (December 28th 2007) obtained using the classic MCC (left
panel) and the continuous version investigated at met.no (right panel). The source images are from the SSM/I 85GHz

V-pol channel. The left hand side product clearly exhibits a quantization noise which seems absent from the right panel
whose field looks smoother.

NERSC has analyzed ice drift from ENVISAT ASAR Wideswath images for a period of about four years in
the Fram Strait. The main purpose of using SAR data is to resolve the ice drift across the strait and to
validate ice drift products from passive microwave and scatterometer data. The drift retrieval is focused on
the 79°N latitude where mooring data will be available giving in situ data on ice drift and thickness. SAR ice
drift data, which are mainly obtained as three-day mean estimates, are also used to validate the TOPAZ
model  in  selected areas.  The SAR ice drift  data are interpolated to about  20 km resolution,  which is
approximately the resolution of the TOPAZ model in this region. Since the ice drift in the Fram Strait varies
across the strait, the validation area is divided in four sectors as shown in Fig. 2.4.7 a. Sector I and II cover
the Greenland shelf, sector III covers the shelf break area from 5° to 8° W including the East Greenland
Current, and sector VI is in the deep part of the strait where the marginal ice sector is normally located in
the winter. The ice drift in each sector has different characteristics, as shown in the analysis of the drift
data.

The 3-day ice drift vectors (north-south and east-west components) from Quikscat/SSMI, AMSRE and SAR
are compared for each sector, using data from the winter season October to April from 2005 to 2008. An
example of ice drift data from sector IV is presented in Fig. 2.4.8, showing that SAR generally provides
higher southward ice drift than the two other data sets. Also in sector II and III the ice drift from SAR is
higher than for the two other data sets, but not as much as in sector VI. In sector I SAR shows zero mean
southward ice drift (Fig. 2.4.8b), documenting that this sector has fast ice through the winter season 2007 –
2008. Quikscat/SSMI, AMSRE show a mean southward drift of about 5 cm/s.

a    b 

Figure 2.4.7. (a) Definition of four sectors in the Fram Strait at 79 N, with example of SAR ice drift profile across the
strait; (b) example of simultaneous 3-day ice drift data from SAR, AMSR-E and merged Quickscat/SSMI data provided
by Ifremer. The figure presents all retrieved ice drift vectors from AMSR-E and Quickscat/SSMI between 77° and 81°N

for the period 27 February – 01 March 2008, while the SAR data are only retrieved across 79°N.
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a  b 

Figure 2.4.8. (a) Time series of three-day southward ice drift in sector VI derived from ASAR Wideswath images,
AMSR-E data and Quikscat/SSMI data for the period 04 October 2007 to 27 February 2008; (b) Histogram of mean

southward ice drift from the three data sources in each sector for the winter 2007-2008.

a   b 

Figure 2.4.9. (a): Monthly ice area flux across Fram Strait derived from SAR data, given in km2; (b) Annual area fluxes
for the period October to May, given in 1000 km2 from winter 1978-79 to 2007-08.

The SAR ice drift data at 79 N are used to estimate ice area flux through the Fram Strait. The monthly
mean area fluxes for 2004 - 2008 are presented in Fig. 2.4.9a.  SAR images provide year-round ice drift
data, while scatterometer and passive microwave data only give useful data for the winter months (October
- April). The fluxes have a characteristic seasonal cycle with maximum in winter (October – April) and
minimum in summer (June-September). The winter annual area flux is presented for a longer period (Fig.
2.4.9b), where SMMR and SSMI data have been used to estimate the fluxes from 1978 to 2002 (Kwok et
al., 2004) and SAR data are used from 2004 to 2008.  The winter area flux was relatively high in the winter
of 2007-08, only the 1994-95 season had larger fluxes in the last 30 years.  However,  a comparison
between monthly fluxes estimated from the SMMR/SSMI data and SAR data has not been made, so it is
difficult to assess the accuracy of the fluxes from the SMMR/SSMI data. The data presented in Fig. 2.4.9b
suggest that there is good agreement between the two methods.

Ice thickness data  from satellites  are in  early  development  and major  improvement  in  monitoring  ice
thickness from space is expected with CryoSat scheduled for launch in 2009. So far ice thickness retrievals
from ERS and ENVISAT radar altimeter and IceSat laser altimeter have been published, but these data
need thorough comparison with other ice thickness measurements to be validated. In the sea ice task, a
report on various ice thickness data sets has been prepared, showing the most important observations
obtained  over  several  decades  from  platforms  such  as  submarine,  anchored  moorings,  aircraft  and
helicopter surveys and in situ data from expeditions.

Today’s knowledge about the regional variability of ice thickness distribution in the Arctic comes almost
entirely  from  upward  sonar  profiling  from  submarines  obtained  in  the  last  3  –  4  decades.  Russian
expeditions with North Polar ice Stations and regular aircraft surveys form the 1930s to about 1990 also
provide unique, long-term observations of ice thickness. In addition, there are many regional data sets from
upward-looking and helicopter electromagnetic induction surveys which provide more detailed, but local
data sets.

Ice thickness data from the submarine profiles have been used to validate the ice-model  used in the
TOPAZ system, as shown in Fig. 2.4.10.  For each month, corresponding upward looking sonar profiles
and  model  profiles  of  ice  thickness  have  been  compared  and  correlated.  Studies  on  assimilation  of
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simulated ice thickness data from CryoSat have been performed by Lisæter et al. (2007), demonstrating
that assimilation of CryoSat ice thickness data can be benefitial in Arctic ice modelling.

The first analysis of sea ice freeboard derived from IceSat laser altimeter data has been published by
Kwok et al (2007), showing that the freeboard distribution in the Arctic is in good agreement with the
thickness distribution, although no quantitative comparison with other ice thickness data sets was done.
Sea ice freeboard observed from satellite altimeters can be inverted to ice thickness, assuming that snow
cover and ice density is known.  Future use of CryoSat data for ice thickness retrieval will be based on this
methodology, providing monthly maps of ice thickness during the winter months.

a   b

Figure 2.4.10. (a) Ice thickness simulation by the NERSC ice  model used in TOPAZ for the month of April 1994. The
lines indicate the submarine profiles. (b) Ice thickness along the submarine profile from the model and the

observations. The values of the x-axis represent segment numbers shown in (a). The correlation between the two data
sets is 0.87.
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1.6.2. ISO 19115 discovery metadata to inform on datasets available

All developments in the  MERSEA have adhered to recognized industry and standardization of processes.
The  ISO  TC/211  is  the  technical  committee  in  charge  of  normalization  specifications  in  the  field  of
geographic  information;  the  ISO  19115  specifications  are  especially  dedicated  to  the  description  of
datasets. Thus to describe MERSEA datasets “in the same way” ISO 19115 discovery metadata were used;
as ISO specifications do not provide specific vocabularies for ocean features, CF (Climate and Forecast)
recommendations  were  applied  on  geophysical  parameters.  When  any  update  or  addition  occurs
concerning MERSEA dataset, the partner is requested to fill in a metadata template via an online form.

Figure 2.6.3: Product description following ISO 19115

Figure 2.6.4: Product access following ISO 19115

1.6.3. Publications

Blanc F. et al.: “A Remote Sensing Ocean Portal for GMES Ocean”, Journal of Operational Oceanography,
in press.
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Conclusion and Outlook

Deploying a total  of  50 Argo floats at high latitudes of  the Atlantic  in both the southern and northern
hemisphere,  MERSEA convincingly proved the feasibility of this technology in these remote regions. The
provision of quality controlled CTD data from historical and concurrent cruises, significantly contributing to
the community’s ability to perform state-of-the-art delayed mode quality control of profile data generated by
Argo floats. In particular, a detailed study of the performance of float based CTD sensors showed their high
stability.  Scientifically,  a  wide  range  of  research  topics  could  for  the  first  time  be  addressed
comprehensively by using this new technique, such as the wintertime heat flux in ice-covered regions and
the mid-depth circulation of the Nordic Seas.

MERSEA funded floats will continue to provide data for the coming years, leaving a long standing legacy in
the  Argo  float  data  set.  The  expertise  and  knowledge  gained  in  the  deployment,  processing  and
interpretation of float data during MERSEA is already guiding follow up developments in the context of Euro-
Argo (such as the development of Arctic floats) and will help to further push the limits of float use in the
context of environmental and security of Europe’s and the world’s high and marginal seas.

2.1.1. AWI contribution

Float deployments:

During the project duration a total of 69 Argo-floats were deployed, with 20  MERSEA funded deployments
occurred during three Antarctica cruises (ANT XXII-3, Ant XXIII-6 and Ant XXIII-9) (see figure 3.1.2).
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Figure 3.1.2: Deployment positions of MERSEA-floats.

Delayed mode quality control activities

Quality  control  of  the  float  data  is  highly  dependent  on  the  availability  of  climatological  data  sets  to
determine the mean state of the region and its variability. Overall three quality controlled updates of the
climatological dataset were delivered during the project. In total these updates contain 1477 CTD stations
from 30 different cruises (see Table 2).
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Table 2: Data delivered from research cruises between 1977and 2006 to update the climatological dataset:

Expedition Date Number of
stations

Expedition Date Number of
stations

NARE77 February 1977 55 NARE93 January 1993 8
NARE79 March 1979 23 ANT XII\2 December 1994 33
GAEW1 February 1980 12 ANT XII\3 March 1995 19
ANT II\3 December 1983 16 ANT XIII\2 January 1996 8
ANT II\4 February 1984 4 ROPEX January 1998 34
NARE85 January 1985 62 ANT XV\4 April 1998 147
ANT III\3 January 1985 79 ANT XVI\2 February 1999 44
ANT V\1 May 1986 33 AR00 February 2000 49
ANT V\4 January 1987 20 AR01 February 2001 37
ANT VI\2 November 1987 4 ANT XVIII/3 January 2001 68
ANT VII\4 January 1989 25 ANT XX\ December 2002 96
SWARP89 January 1989 35 ANT XXII\2 January 2005 120
NARE90 January 1990 83 ANT XXII\3 March  2005 132
ANT IX\3 March 1991 39 ANT XXIII\6 August 2006 90

AURORA92 January 1992 18 ANT XXIII\7 October 2006 62

Technical results:

Figure 3.1.3: Endurance of floats deployed in the Weddell sea. Each dot represents a float’s surface event. Dot color
indicates the latitude. Winter data represent hydrographic profiles collected under ice and transmitted by the iStore
(interim storage) algorithm during the subsequent austral summer with positions estimated by linear interpolation

between known surface positions.

ISA (Ice Sensing Algorithm) [Klatt et al., 2007] was introduced in 2002 and implemented on floats deployed
since 2002. ISA improved the floats’ endurance in ice-covered seas significantly from less than 40% to
80% percent. In particular, 70% (7 of 10 floats) of the 2003 generation of ISA equipped floats have now
reached  their  6th  summer  season,  exceeding  the  5-year  endurance  design  criterion  as  originally
established for Argo floats ice-free oceans (figure 3.1.3).

This increased endurance is most likely due to the energy saving when floats avoid data transmission
during ice covered periods. Further performance improvements have been achieved by developing and
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implementing enhanced ice-sensing algorithm (ISA2) on NEMO floats, which further reduces the risk of
damage to floats while maximizing the data return rate.

With some areas being ice covered for significant periods of time, substantial numbers of profiles will be
aborted and thus not transmitted, although these profiles had been measured by the float. Hence, it is
desirable to save these data until they can safely be transmitted at a later date. Argo floats manufactured
by Optimare (Bremerhaven, Germany) (known as NEMO-floats (Navigating European Marine Observer))
were designed to facilitate the interim storage (iStore) of ISA-aborted profiles. Aborted profile data are
transmitted during the subsequent summer season when ice coverage – and hence risk of damage – is
minimal, even when extended surface periods are needed to transmit the larger data volume.

Figure 3.1.4: Current state of the Weddell Sea RAFOS array. Red dots depict positions where sound sources were
deployed or redeployed during ANT XXIV-3. The black dots represent positions sound sources deployed during earlier

cruises.

To  optimally  utilize  interim  stored  profiles,  their  location  (under  the  sea  ice)  must  be  known  to  an
acceptable level of accuracy. Use of travel time measurements of frequency modulated underwater sound
signals (Rossby et al. 1986) allows retrospective tracking of floats by means of the RAFOS (Ranging And
Fixing Of Sound) technology with an accuracy of a few kilometers. To this end, a set of 10 moored sound
sources (figure 3.1.4) was deployed in the Weddell Sea to allow subsurface positioning of Argo-floats and
is maintained beyond the MERSEA period in the context of Euro-Argo and the global Argo.

Scientific results:

Of particular interest are the wintertime profiles of temperature and salinity obtained by iStore (interim
Storage). The first generation of iStore equipped floats had delivered their 3rd set of winter data (figure
3.1.5). In total, data of 14 winter seasons have been measured (figure 3).

The evolution of the Antarctic Surface Water temperature in the central Weddell Sea shows an asymmetric
behaviour: steady deepening of the warm layer during austral spring in contrast to rapid cooling of the
entire  column during autumn (figure  3.1.5).  Heat  fluxes densities,  derived from column layer  average
temperatures (Figure 3.1.6a), reach 100 Wm-2 during spring, and as low as -100 Wm-2  during fall  (Fig.
3.1.6b).  The  average  heat  flux  density  is  about  50  Wm-2 and  -50  Wm-2 during  the  two  seasons,
respectively. The absolute value of the seasonal heat flux of the entire Weddell Gyre (extent about 4 · 106

km2) is estimated at about +/-200 TW, however, with the annual average being orders of magnitude smaller
as spring and autumn fluxes are by and large compensating each other.
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Figure 3.1.5: Temperature profiles of an iStore equipped float (WMO number: 7900086) while drifting in the central
Weddell Sea. Wintertime profiles terminate at about 20 m depth, when the float’s ISA logic decides not to attempt

surfacing due to a high likeliness of sea-ice. The black line indicates the 0°C isotherm, representing the lower
boundary of Antarctic Surface Waters.

a)     b) 

Figure 3.1.6: Mean temperature (a) and heat flux (b) of the upper 50m in the central Weddell Sea as inferred from an
iStore equipped float (wmo number: 7900086).

A detailed analysis of the processes and the seasonal differences between the positive and negative heat
fluxes is currently in preparation.

2.1.2. Ifremer Contribution:

Technical results:

Argo profilers salinity (conductivity) sensors are intended to have an accuracy of at least 0.01 (psu), but
this accuracy is not guaranteed to hold over their life time. Installation of some sensors on the platform has
been shown to introduce a bias, or offset. To better understand this issue, a specific study was dedicated
to the monitoring of the Argo sensors drift over several years. We considered the floats deployed in the
North-Atlantic during the 2000-2005 period. We have collected data on sensors calibrations made before
deployment (tank calibration) or during the early phase of the profiler mission (comparison with CTD). The
offsets estimated from the pre-deployment calibration have been applied to the real time data, before the
delayed mode processing by the Argo regional centre.
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Figure 3.1.7: Salinity anomaly (field-climatology), and analysis residual (data-analysis), for float 4900207. Black and
magenta: analysis with real time data, blue and red: analysis using the delayed mode data.

A first validation of the delayed mode data was performed by checking that, for those floats which had
been pre-calibrated (42 profilers), the initial offset proposed by the DM-processing was close to zero. Only
for two of them, an initial offset of 0.02 (psu) remained. When available, the first profile of the float was
compared with a nearby CTD profile. The corrected profiles were found in agreement with the CTD.

The final validation was performed by introducing the delayed mode data into the analysis of the salinity
field instead of the real time data. It was expected that inconsistencies between datasets from different
profilers would show up in the residuals. In fact, no anomalous profilers have been detected so far. The
analysis residuals are within error bars as shown in Fig. 3.1.7.

Delayed mode quality control activities

To perform delayed mode quality control (QC) on Argo floats we need to collect as many recent CTD as
possible. This implies to collect high quality data from the relevant international data centres (NODC-USA,
CLivar-CCHDO, Argo)  and to  check for  consistency of  the integrated dataset.  This  activity  has been
carried out in collaboration with Boss4GMES project and also the Argo delayed mode operators first for the
Argo era (2002-2006), and then for the altimeter era (1990-2007). CTD from WOD05; Orsys in  Antarctic,
SysHyd in Pacific Oceans as well as national CTD from countries contributing to Argo (Germany, Italy,
India,..)  have  been  collected.  An  additional  scientific  validation  was  performed  (Von  Schukmann,  F
Gaillard) while building an enhanced climatology from Argo within WP5.

Figure 3.1.8: Black first release (WOD2001) – Orange : second release (WOD2005)  – Blue : new CTD
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About 0.25% of profiles have been detected as doubtful and checked by an operator; half of them were
effectively bad and were so flagged. This new reference database was provided to the Argo program in
July 2008. It will be updated on a yearly basis by the Coriolis team.

2.1.3. University of Hamburg contribution

The Nordic Seas float program

The Nordic Seas, comprising the Greenland, Norwegian and Iceland Seas, are a region of intense water
mass transformation during winter. Warm Atlantic Water enters in the south, looses a large fraction of its
heat to the atmosphere, dilutes with freshwater from river run-off and leaves the region again in the south
via a shallow western boundary current and via deep overflows across the Greenland Scotland Ridge.
Besides its role as one of the major sources for the deep waters in the North Atlantic, the Nordic Seas are
also a region of substantial biological productivity, exhibiting substantial plankton growth well before the
time of  typical  spring blooms.  Three of  the scientific  results  emerging  from the  float  program will  be
described below.

Figure3.1.8:  (left) Distribution of float profiles in the
Nordic Seas from the beginning of the program until
March 2008. Colours indicate the deployment basins
(Iceland Plateau, Norwegian, Lofoten and Greenland

Basins. Only few of the floats actually crossed
boundaries moving from one basin to another. (right):

Distribution of profiles in time for the different sub-
basins.

This float program started in 2000 and up to now has seen the deployment of some 50 floats in the
different  sub-basins  of  the  Nordic  Seas.  MERSEA contributed  12  of  these  floats,  three  of  which  were
equipped with sensors for measuring dissolved oxygen content and fluorescence, which can be related to
the  biomass  content  in  the  water  column.  All  floats  were  equipped  with  pressure,  temperature  and
conductivity sensors.

Float profiles undergo a rigid data quality control, consisting of two steps. Real time quality control is made
at the time of acquisition at the Coriolis data centre which also distributes the data. A delayed-mode quality
control  is  made at  the research  organisations  responsible for  float  deployment.  The temperature  and
pressure measurements are of  very high quality and the delayed-mode quality control focuses on the
correction of offsets and drifts in the conductivity sensors. Here we use an objective mapping algorithm
taking ship based CTD measurements as reference. The reference dataset is updated on a regular basis
and maintained at the Coriolis data centre.

Selected scientific results

GREENLAND SEA HYDROGRAPHY 2000-2007

The Greenland Sea is one of the few regions in the world ocean where open ocean convection renews
intermediate and deep water masses. The convection is forced by buoyancy loss to the atmosphere during
winter,  but  also  depends  strongly  on  the  stratification  of  the  water  column  prior  to  convection.  The
production of dense waters is highly variable from year to year. From the profiling floats measurements the
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complete seasonal cycle of the stratification is observed with high temporal resolution. The time series
from 2000 to 2007 also allows for analysing seasonal and inter-annual variability.

Figure 3.1.10: Development of the vertical temperature and salinity stratification in the central Greenland Sea. In the
upper 500m of the water column the seasonal cycle dominates. During summer it is warmed and at the same time

freshwater is advected into the region from the side. From October onward the near surface waters are cooled from
above. The corresponding density increase leads to stepwise mixing with the underlying layers and erodes the thin

freshwater layer at the surface. The deeper parts of the water column are characterized by a gradual warming despite
of several deep convective events that inject freshwater down to 1500 m depth.

Figure 3.1.11 Mean temperature and salinity in the upper 800 and 50 m, respectively, and depth of convection as
indicated by the thickness of the homogeneous surface layer during the end of the winter season. When near surface
salinities are high, the convection reaches to more than 1000 m depth. During times of strong summertime freshening

of the surface layer, winter convection is limited to the upper few hundred meters. The overall warming trend in the
upper 800 m cannot be attributed to the atmospheric forcing, but appears to be an effect of changing circulation

pattern and stronger lateral heat fluxes through eddy motion.
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NORDIC-SEAS MID-DEPTH CIRCULATION

The stratification in  the Nordic  Seas is  weak and consequently  the circulation has a large barotropic
component. The flow, to a large extent, simply follows the bottom topography. The main driving force for
the circulation is the wind stress, which in the region is dominated by strong seasonal variability, being
weak during the summer and strong during winter. Here we use the displacements of the profiling floats at
their parking depths to infer the mid-depth circulation. Changes in surface positions between consecutive
cycles  are  used  to  derive  this  deep  drift.  The  analysis  of  the  seasonal  variability  of  the  circulation
concentrates on the boundary of the gyre, because the circulation in the centre of the sub-basins is weak.

Figure 3.1.12: Quasi-Eulerian mean circulation in the
Nordic Seas at mid-depth. The velocities of individual
floats are box-wise averages using an method taking

into consideration the topographic steering of the
currents. The cyclonic circulation in the four sub-
basins, intensified at the boundaries, reflects this

steering

           
Figure 3.1.13: (left): Monthly mean velocities at the boundaries of  the different basins. (right): monthly mean values of

the wind stress curl over the Nordic Seas. The Greenland and Norwegian Basin show a seasonal signal with higher
velocities in winter. This signal is found to be forced by the seasonal variability of the wind forcing while the energy is

dissipated by bottom friction. In the Lofoten Basin no seasonal signal was found, which may be related to the
somewhat stronger stratification of the water column.

PLANKTON BLOOMS AND CONVECTION

Plankton blooms usually occur when spring and summer stratification is strong enough to keep the plants
in the euphotic zone. In contrast, recent studies using a coupled physical-biological numerical model have
shown that plankton growth already starts during the convection season in late winter,  when vigorous
vertical motion and mixing carries the plankton to the surface and simultaneously supplies the light lit layer
with nutrients. This finding has now been supported by direct float observations. The biomass production
during the convection season contributes as much as one third to the total annual production.
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Figure 3.2.1: Time series sites as part of the MERSEA in-situ observation system. FP5 ANIMATE sites: CIS, PAP,
ESTOC, (CV), MFSTEP sites W1-M3A, E2-M3A, and E1-M3A. All observatories are designed to measure

biogeochemical and physical variables, including temperature, salinity, current speed and direction, chlorophyll-a,
turbidity, nitrate, pCO2.

2.2.2. Main results

Observatory design and maintenance

An important aspect in respect to moored time series observatories is an increase in the reliability and
endurance of the moorings to save labour and costs. The endurance of the moorings was defined to have
a target life time of at least half a year –and better one year, to require only one or two ship visits each year
(Table 3.2.1).  The requested endurance requires adequate energy supply  for  the instruments (in  part
dictated by the sampling interval) and volumes of on-board chemicals (for wet chemical instruments such
as nutrient analyser or pCO2 sensor). Bio-fouling prevention is mandatory and realized with anti-fouling
cylinders (MicroCat), copper shutter (WETLABS chlorophyll/turbidity sensor) or copper cages (SAMI pCO2
sensor). Minimization of the number of moorings is another cost saver. In this context the transition from a
multi-mooring concept to single mooring concept took place at the CIS site in 2004/2005 and at the E1-
M3A site in 2007.

Real  time telemetry  is  realized using either  a toroidal  type surface buoy,  which allows also to  obtain
meteorological observations (E1, E2, W1 of M3A system; ESTOC and PAP in 2007 of ANIMATE system),
or using a small, lightweight telemetry buoys (CIS, PAP) which should sustain rough surface conditions
without a particular strong mooring wire etc. The telemetry service is based on ARGOS system (CIS,
PAP),  OrbCOMM (ESTOC),  INMATSAT-C/GSM (E1-M3A),  ETACS/GLOBALSTAR  mobile  phone  (E2-
M3A, W1-M3A), and Iridium (PAP 2007) systems.

The selected nominal depth of the instruments was guided by the local hydrography and biogeochemistry.
Emphasis was put on the adequate representation of the seasonal cycle of the mixed layer as: (I) it is an
important key parameter for observational/model comparison and (II) it has an important control on the
biogeochemical cycling in the mixed layer. Other depths which have been selected may cover water mass
cores to monitor the inter-annual variability of the T/S relation e.g. as an indicator for climate variability.

Data management

Data management of the time series stations was a very important task during MERSEA. Only adequate data
management could ensure that the data was delivered in a timely fashion to the in-situ data assembly
centre from where it was accessible to the ocean modellers for assimilation. The data were delivered in
two streams: real time and the delayed mode. The real time data is of importance in the context of data
assimilation, the delayed mode data is important for the validation of the data products created from the
operational  system.  For  both  data  streams  a  reliable  and  transparent  quality  controlled  procedure  is
mandatory. For the real time data the quality control was guided from what had been done for the Argo
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float program, but adding quality control procedures for the biogeochemical variables, which are not part of
the Argo system.

For the M3A system the data were received by the local data centre (HCMR, OGS, CNR-ISSIA) and after
automated quality control were encoded in MEDATLAS format and delivered to the in-situ TEP (see http://
www.poseidon.ncmr.gr/M3A/Documents/M3A-documents.htm).

For the ANIMATE system all real-time data were sent to NOCS where it is quality controlled. There have
been only one or two instances of apparent data corruption in Orbcomm or Iridium transmissions but,
depending on  the exact  message format  and content,  gross  checking of  valid  dates and times have
detected  these  occasional  problems.  Any  data  passing  the  transmission  checks  are  passed  through
checks for valid ranges and then placed on a database table which is viewable from the ANIMATE website
and then the data were written automatically to the publicly accessible ftp site in human readable ASCII
format and in OceanSITES (NetCDF binary format). Graphs are also automatically plotted to give insight
into both the behaviour and health of the mooring as well as the variables being measured. A summary of
this data can be found in table 3.2.2.

Table 3.2.1: Summary of cruises performed within the framework of MERSEA were WP3.2/3.4 time series sites have
been maintained. Note cruises in 2004 have still be conducted under the ANIMATE/MFSTEP projects.

July 2004 R/V AEGAEO K. Nittis - HCMR E1 - M3A System Deployment

September 2004 R/V Filia K. Nittis - HCMR E1 - M3A Replacement of surface buoy 

April  2005 R/V Filia K. Nittis - HCMR E1 - M3A System maintenance

November 2005 R/V Filia K. Nittis - HCMR E1 - M3A System maintenance. Merge of lines 1&2

April 2006 R/V Filia K. Nittis - HCMR E1 - M3A System recovery for upgrade

May 2007 R/V AEGAEO K. Nittis - HCMR E1 - M3A System re-deployment 

November 2007 R/V AEGAEO K. Nittis - HCMR E1 - M3A System Maintenance; 

March 2008 R/V AEGAEO K. Nittis  HCMR E1 - M3A System upgrade & maintenance; 

April 2007 R/V EXPLORA V. Cardin - OGS E2 - M3A System re-deployment

Jan./Feb. 2008 R/V UNIVERSITATIS V. Cardin - OGS E2 - M3A System re-deployment

July 2005 DISCOVERY D296 Lampitt - SOC PAP Exchange 

Jun./July 2006 DISCOVERY D306 Lampitt - NOCS PAP Exchange 

June 2007 CELTIC EXPLORER07/16 Lampitt - NOCS PAP Deploy 

Sep./Oct. 2005 RV Pelagia Busack
IFM-GEOMAR 

CIS Exchange 

Aug./Sep 2006 DISCOVERY D309/310 Karstensen 
IFM-GEOMAR 

CIS Exchange 

July 2007 FS MARIA S MARIAN 05/4 Karstensen 
IFM-GEOMAR 

CIS Exchange 

March 2005 FS POSEIDON
P320/0 

Meinecke - GeoB ESTOC Exchange 

Nov./Dec. 2005 FS POSEIDON P330 Meinecke - GeoB ESTOC Exchange 

March 2006 FS POSEIDON P333 Meinecke - GeoB ESTOC Exchange 

Nov. 2006 POSEIDON P344-2 Meinecke - GeoB ESTOC Exchange 

Mar./Apr. 2007 FS MARIA S MARIAN 04/4B Meinecke - GeoB ESTOC Exchange 

November 2007 POSEIDON P360 Meinecke - GeoB ESTOC Deploy 

April 2008 FS POSEIDON P365/1 Meinecke - GeoB ESTOC Recover 

Mar./Apr. 2007 FS MARIA S MARIAN 04/4B Meinecke - GeoB ESTOC Exchange 

November 2007 POSEIDON P360 Meinecke - GeoB ESTOC Deploy 
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Table 3.2.2: Summary of data delivered from the North Atlantic time series stations to the MERSEA system.
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Selected highlights

Real time telemetry of biogeochemical data from the open ocean

Near real time access to biogeochemical data in the open ocean is rare, often due to hardware limitations.
Customized solutions in  respect  to  integration of  the instruments into  the data transmission loop and
adaptation of the output strings are typically required. Engineering efforts have been invested in MERSEA to
overcome the difficulties. For example an inductive modem was designed that can be used for a wide
range of instruments (RS232 port is required) to connect them to the mooring wire (Figure 3.2.2, left). An
example of the near real time data of chlorophyll fluorescence is shown in Figure 3.2.2 (right)

Figure 3.2.2: (left) MERSEA biogeochemical sensor frame with nutrient analyser, inductive modem, PCO2 SAMI sensor,
MicroCat. (right) Chlorophyll-a time series derived from near real-time fluorescence (manufacturers calibration used)

for the CIS deployment 2006/2007.

Carbon dioxide air/sea flux at PAP

Since the start of ANIMATE, a central objective of the PAP observatory has been to obtain real time data
on the  partial  pressure  of  CO2 (pCO2),  as  this  affects  directly  the  air/sea  exchange of  this  crucially
important  compound.  Controlling  this  is,  in  part,  the  biological  productivity  at  the  site;  this  has  been
assessed using nutrient concentrations and fluorescence as a proxy for chlorophyll also measured in a
sustained manner.

A  two-year  record  of  mixed  layer  measurements  of  pCO2,  nitrate,  and  other  physical,  chemical,  or
biological  parameters  (fig.3.2.3)  shows  average  under-saturation  of  surface  waters  with  respect  to
atmospheric CO2 levels by about 40 ± 15 µatm which gives rise to a perennial CO2 sink of 3.2 mol m-2

yr1(Koertzinger et al  2008).  The seasonal  pCO2 cycle is characterized by a summer minimum (winter
maximum) due to the dominance of biological forcing over physical forcing. The data document a rapid
transition from deep mixing to shallow summer stratification. At the onset of shallow stratification more than
one  half  of  the  entire  net  community  production  during  the  productive  season  had  already  been
accomplished.  The  combination  of  high  pre-stratification  productivity  and  rapid  onset  of  stratification
appears to have caused the observed particle flux peak early in the season. Mixed layer deepening during
fall and winter re-ventilated CO2 from sub-surface respiration of newly exported organic matter thereby
negating more than one third of the carbon drawdown by net community production during the preceding
productive season. Chemical signatures of both net community production and respiration are indicative of
carbon  overconsumption.  A  comparison  of  estimated  net  community  production  with  satellite-based
estimates of net primary production yields fundamental discrepancies in the timing and vertical location of
primary production.

This work is the first of its kind and depends crucially on sustained high quality subsurface data of pCO2
and contemporaneous nutrients and chlorophyll supported by MERSEA. Real time data transmission has so
far not been reliably achieved but it is expected to be done in the near future.
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Figure 3.2.3.: Mixed layer time series of pCO2 and temperature measurements made from three consecutive mooring
deployments at the PAP site (PAP 2-4, deployment period indicated by dashed vertical lines). For comparison, pCO2
and temperature data from SOO are shown as is the climatological pCO2 of Takahashi et al. [2002], corrected to the

time and barometric pressure of the observational period. In addition, the atmospheric pCO2 at barometric pressure is
provided (from GLOBALVIEW-CO2).

Chlorophyll fluorescence calibration: Example from the oligotrophic Mediterranean Sea
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Figure 3.2.4: Non calibrated (upper) and calibrated (lower panel) Chl-a timeseries over 7 months from the MERSEA

mooring E1-M3A. Notice the different scale between upper and lower panel.
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The quality assurance procedures used for MERSEA include systematic factory or “in-house” calibration of all
sensors  during  maintenance.  Special  attention  is  given  to  the  calibration  of  chlorophyll-�.  sensors
(fluorometers). This is true for the Atlantic observatories (Pagnani and Hartman 2007) as well as for the
Mediterranean (Petyhakis et al. 2007). Usually calibrated by the manufacturer at a range of 0-75 ��g/l, this
is an extremely wide range for the oligotrophic Mediterranean Sea where typical values are below 1 ��g/l.
Therefore, a calibration of all chl-�. sensors using local phytoplankton populations at concentrations typical
for the specific area is  performed before the deployment of  the E1-M3A. This calibration is based on
discrete 5-l samples of local phytoplankton populations. The sampled populations are nutrient-enriched
and cultured for about 10 days to attain discrete chl-�. concentration values (see figure 3.2.4).

Downward particle flux at PAP

Downward particulate flux has been measured at 3000 m depth using time series sediment traps. Although
substantial  technical  developments  are  required  before  such  data  can  be  obtained  in  a  real  time
operational mode, the objective of MERSEA, they provide an invaluable measurement of a crucial feature of
the  oceanic  system.  An  important  feature  is  that  downward  flux  shows  substantial  seasonal  and
interannual  variation  (Figure  3.2.5).  Complete  annual  records  for  8  of  the  past  14  years  have  been
examined in the light of mixing depths derived from the OCCAM general circulation model and euphotic
zone chlorophyll concentration and productivity derived from the SeaWiFS satellite colour sensor (Lampitt
et al. in press). Although the MERSEA support was only available for the latter part of this period, the results
must be seen in the light of what has taken place previously.

The annual flux was extraordinarily high in 2001 due to a late summer deposition exceeding previous and
subsequent records several fold and this year was also characterised by very early shoaling of the mixing
depth in spring and a very high surface spring chlorophyll concentration (Figure 3.2.5). Other years which
were somewhat unusual in having either high or low flux at 3000 m were not in general associated with
unusual patterns of mixing or productivity. The percentage of the annual organic carbon primary production
which reaches 3000m varies from 0.6 to 1.2% except in 2001 when it reached 3.4%. In the spring, the
timing of first shoaling of mixing, enhancement of productivity and increased particle flux at depth have all
advanced during the 14 years of study suggesting a fundamental trend as has been observed for surface
phytoplankton, meso-zooplankton, fish and seabirds probably caused by global environmental changes.
The component of this work supported by MERSEA has been an essential part of this continued time series
for monitoring and understanding the intricacies of ocean biogeochemistry.

Figure 3.2.5: Particulate downward flux at 3000m depth in terms of (a) dry weight, (b) biogenic silica, (c) organic
carbon and (c) inorganic carbon. Also shown (green) are the surface chlorophyll concentrations averaged over a circle

of 200km radius around the PAP site determined using a satellite-based colour scanner.

Page 68



Air/sea exchange experiment in the Ligurian Sea

A detailed characterization of the turbulent structure of the ocean and atmosphere boundary layers in the
Ligurian Sea has been carried out by using the W1-M3A mooring data and by travelling with three ships
(R/V URANIA, PLANET, and LEONARDO) on which meteorological and oceanographic observations as
well as atmospheric radio-sondes and ocean microstructure measurements have been performed.

During the same experiment, a Datawell Directional Waverider was deployed by NURC close to the W1-
M3A system making it possible to compare the performance of the wave estimation algorithm to the wave
buoy measurements. Figure 3.2.6 shows the estimates for the period June 16th to July 15th, 2007. Even
though the agreement is  not  perfect,  further  analysis  are  under  development  in  order  to  improve the
performance of the algorithm for the wave height estimation on board the ODAS ITALIA 1 buoy and to
analyze in details the reasons of the differences, which may be due to the separation between the systems
and to changing sea conditions.

Figure 3.2.7 shows an example of near-surface thermal structure as measured from W1-M3A for a one-
year period.

Adriatic Sea TOP-2 measurements (E2-M2A)

To fulfill the requirements of the project for the second target operational phase (TOP2), a completely new
design of the Adriatic mooring system E2-M3A was deployed in November 2006. The system consists of
two moorings: a mooring monitoring the upper layer with a surface buoy and a second one 1 nautical mile
apart monitoring the intermediate and deep layer. The system permitted to follow the thermohaline field
evolution (5 SeaBird Microcat CT’s at 364m, 564m, 764m, 1014m, and 1172m). The current field was
measured using a 150 kHz RDI ADCP current-meters positioned at 330m and at the bottom. The last one
measured also temperature, salinity and oxygen.  Figure 3.2.8 shows the deep stratification time-series
recorded during 2007/2008.

Time series of mixed layer nutrients in the high latitude oceans

Winter time in-situ observations from high latitude oceans, either physical or biogeochemical, are rare due
to the difficult sampling conditions. Nevertheless, the extreme forcing poses interesting scientific questions
on the physical and biogeochemical functioning of the oceans. One example where  MERSEA time series
observatories delivered unique insight  into the nutrient  cycling during winter  time is  the CIS site.  The
NODC world ocean database 2005 currently lists only 63 samples in the 5x5° vicinity of this site – while in
2006/2007 about 250 samples (12 h temporal resolution) have been analysed using an NAS© (Envirotech
LLC) nutrient analyser (Figure 3.2.9). Summer (shallow mixed layer) nitrate concentrations are high in the
Irminger Sea – this has potentially three reasons: (I) the phytoplankton growth is limited by iron availability,
(II) the general upwelling of the subpolar gyre steadily replenishes the surface waters with nitrate from
below, and (III) the high concentrations of nitrate from deep mixing in winter cannot be consumed by the
phytoplankton in the short season. In general, the observations at CIS show the expected nutrient cycle:
the deepening of the mixed layer in autumn (October) is accompanied by an increase in nitrate to a peak
concentrations in February/ March followed by a draw down of nitrate through phytoplankton grow (Figure
3.2.9, middle).
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Figure 3.2.6: (left) Time series of sensible (blue line), latent (red line), and measure long wave (magenta line). and net
short wave heat flux (green line) at W1-M3A buoy during LASIE (June 16th, up to June 22nd, 2007). (right) Significant
wave height estimation from the Datawell waverider (blue line) and from the W1-M3A buoy (red line) for the period

June 16th – July 15th, 2007.

Figure 3.2.7: Upper ocean thermal structure measured by the W1-M3A system during the year 2007.

Figure 3.2.8: Temperature records from the Adriatic Sea mooring E2
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Figure 3.2.9: (upper) Mixed layer (40m) Nitrate+Nitrite time series from 2003/2004 (red) and 2006/2007 (blue) from
the Central Irminger Sea observatory.(middle) 4 year averaged mixed-layer depth evolution. (lower) temperature time

series at 10m depth from 2003/2004 (red) and 2006/2007 (blue).

From the  two time  series  we already see that  inter-annual  variability  of  nitrate  in  the mixed layer  is
significant. This is true for the value as well as the timing of maximum concentrations. In 2003/2004 the
hydrography of  the mixed layer  could  not  be fully  resolved because of  the  failure  of  one of  the two
moorings (later  only a single mooring was deployed).  However,  the temperature at  10m depth (lower
panel) indicate the 2003/2004 winter was much warmer than the 2006/2007 winter and hence we expect
winter  mixing was not  that  deep,  so that  nutrient  concentrations  in  the mixed layer  were lower.  Also
interesting is the difference in timing of the maximum concentration, in 2003/2004 the maximum was a
rather short peak at the beginning of March while in 2006/07 the peak was earlier in February and nitrate
consumption occurred earlier. Chlorophyll-a observations are only available for the 2006/2007 period and
they indicate that chlorophyll-a started to increase at the beginning of March while the major blow started
about a month later in April.

2.2.3. Outlook

The operation of the ANIMATE and M3A time series observatories as part of the MERSEA project offered the
opportunity  to continue the physical  and biogeochemical  monitoring at  selected sites in the Northeast
Atlantic and the Mediterranean Sea. In the future all MERSEA time series observatories will be integrated into
the first version of a pan-European network called EuroSITES which can be considered the European
component  of  international  initiative  OceanSITES.  Binding  the  observatories  into  the  international
framework provides the possibility to connect with GEOSS and ultimately GEO.

The management of the sites and the data will not only be further refined but extended to more sites –
EuroSITES covers at the moment 9 sites. For all these sites common concepts will be developed, including
data management, quality control, a standardized data management, and infrastructure. Furthermore one
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of the sites will function as a first joint site between the European initiatives and the US OOI initiative.
Unfortunately, the time series sites by themselves do not appear explicitly in the MERSEA follow up program
MyOcean. It is important to ensure that the communication and benefits between the new initiatives which
host the time series sites and MyOcean are not lost.
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 2.3. Data collection on research vessels (Task 3.3)

IFREMER leader, with SOC and IEO

The main objective of this task was to set up data transmission in near real time from some European
research vessels. Most the time data have been collected in a routine mode when scientists were on board
but also when vessels were in transit with only a crew. Once the data stream has been set up, the activity
is handled by the Coriolis data center in task 3.6

2.3.1. Thermosalinograph data

Thermosalinograph data overview

8 research vessels transmitted their data on a daily basis, shown in figure 3.3.1.
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Figure 3.3.1: Thermosalinograph data transmitted from 1st June 2007 to 1st June 2008.

Whenever  possible,  water  samples  were  also  collected  on  board  the  vessels,  to  allow  post-cruise
calibration  of  the  data.  Thermosalinograph  data  are  also  sent  to  the  international  Gosud  project:
http://www.gosud.org.

Thermosalinograph on Cornide de Saavedra (report from IEO)

Transmission  of  the  data  recorded  by  the  thermo-salinograph  installed  on  board  of  the  Spanish  RV
Cornide  de  Saavedra  started  in  October  2005,  some  4  meters  below  the  water  line.  The  data  are
temperature, salinity and fluorescence. After an interruption due to problems in the water intake, recording
and data transmission to the Coriolis Centre resumed on February 2006. From then on data has been
recorded in waters of the Gulf of Biscay, Gulf of Cadiz, the Subtropical Atlantic Eastern Boundary (from the
Iberian  Peninsula  until  de  Canary  Islands),  and  in  the  Western  Mediterranean.  A  daily  ASCII  file  is
generated with the data collected every minute. Almost 500 daily TSG files, equivalent to some 450 days,
have been uploaded in the Coriolis Centre. This information has been also incorporated to the IBIROOS
(Iberia Biscay Ireland Regional Operational Oceanographic System) and to the IEO web pages.

Data  from  CTD  launched  during  several  periodical  IEO  oceanographic  cruises  (figure  3.3.2),  when
occupying the standard section Brest-Ortegal and neighbours waters, have been sent in quasi-real time to
Coriolis, for model validation. TSG data and those from these cruises have been used in the validation of
models run at IEO. After comparison of the IEO model with TSG data from Cornide de Saavedra, it was
realized that some adjustments to the parameterization of surface heat fluxes from the meteorological
model were needed to reduce bias (figure 3.3.3).

Figure 3.3.2: Legs of the RADPROF cruise (Cornide de Saavedra) from the Spanish project VACLAN
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Figure 3.3.3: Measures of TSG onboard R/V Cornide de Saavedra has been compared with results of ROMS model
(daily run by IEO).

Temperature and salinity data collected with a CTD SBE25 in three cruises (see table 3.3.1 and Fig 3.3.4)
were used to calibrate the TSG; the fluorimeter was calibrated with chlorophyll samples in the first two
cruises.

Cruise Time CTD SBE 25 Water samples

Careva0307 16 March – 6 April 2007 126 (T,S) 0
Jureva 0407 15 April –12 May 2007 163 (T,S) 19 (S)
Sareva 0408 2-8 april 2008 326 (T,S) 0

Table 3.3.1

   
Figure 3.3.4: Location of CTD stations used in TSG calibration. 2007 (left), 2008 (right)

It was found that the calibration coefficients were not stable, an indication that calibration should be more
frequent. A Marine Data Management (MDM) system is going to be mounted on board, to allow a more
effective data storing, and a more frequent and systematic calibration of the TSG.

In total, more than 420 000 location points have been measured and transmitted to Coriolis during the
MERSEA period.
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Figure 3.3.5: Thermosalinograph data that have been collected on board the Spanish Research vessel Cornide de
Saavedra during the MERSEA project

Thermosalinograph data collected on the German research vessel Poseidon

The German research vessel Poseidon is now transmitting TSG data on a regular basis. As it was not easy
to get directly the data from ship to data centre, it was decided that the data would be first inserted on the
GTS where the Coriolis data centre would retrieve them.

Figure 3.3.6: Thermosalinograph data that have been collected on board the German Research vessel Poseidon
since the end of 2007

2.3.2. XBT data

From some of those vessels XBT cast have also been performed and data transmitted in real time to
Coriolis data centre.

XBT data that have collected and transmitted to Coriolis

Figure 3.3.7: XBT data transmitted from 1st June 2007 to 1st June 2008
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XBT data collected by METU

Metu was responsible of launching XBT along an East to West transect across the Mediterranean Sea

Time Ship Call Sign Number of XBTs
September 2007 IREM KALKAVAN V7JT5) 105

Jureva 0407 BILIM II TCBV5 19

Figure 3.3.8: XBT that have been collected by IREM KALKAVAN in September 2007

Figure 3.3.9: XBT that have been collected in the context of Adricosm in April, may, June 2008

Adriscom is an Italian project funded on national resources. See http://www.bo.ingv.it/adricosm/

Within ADRICOSM a near real time monitoring system has been implemented and in this framework the
ENEA Operational Oceanography Group is in charge of the XBT network.

XBT transferred from the UK research vessel Discovery

In  June  2004  I,  as  Operations  Manager  for  the  then  Research  Ship  Unit  at  the  Southampton
Oceanography Centre, Southampton, was contacted by Dr Uwe Send, IFM-GEOMAR, to consider if  it
would  be  possible  for  the  scientific  research  vessels,  RRS  Discovery  and  RRS  Charles  Darwin  to
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undertake routine opportunistic observations using Expendable Bathythermograph (XBT) probes from our
vessels in order to enhance the data set for the MERSEA project, under Task 3: Routine Research Vessel
observations.

The intention was to choose selected ships tracks during routine scientific operations to deploy XBTs and
download and transmit data using ships marine personnel to undertake this task with up to 4 observations
per day, i.e. 2 hours per day plus an additional 4 hours per week for 'contingencies'.

Following a lengthy period of discussion, 10 cases of 12 XBT probes were ordered from Lockheed Martin
Sippican and delivered to NOCS for onward dispatch to RRS Discovery.

Due to some shipping problems, the probes were eventually delivered to RRS Discovery prior to the start
of cruise D308, 24 July to 15 August 2006, St Johns to St Johns, PS Dr Morales Marqueda, the ships crew
led by the Chief Petty Officer (Scientific) undertook routine deployment of XBTs every 4 hours with data
transmitted to the Coriolis Data Center. (fig.3.3.10)

In addition, CTD data were sent to Coriolis in conjunction with the Principal Scientist.

Figure 3.3.10: XBT that have been collected on RRS Discovery and received to the Coriolis data centre

2.3.3. Quality control

All the data received at the Coriolis data center undergo a standard quality control procedure described on
http://www.mersea.eu.org/Insitu-Obs/Mersea-WP03-IFR-UMAN-001-02A.pdf

The quality controls that are applied can be considered in 3 steps: Automatic quality control, Visual quality
control and Final quality control using objective analysis

Visual quality control

A visual quality control is performed by an operator on all profiles with bad or probably bad data.

The main functions performed Coriolis  Visual  Quality  Control  (CVQC) are to  display the profiles  of  a
station, to change profile quality flags, to compare current profile to neighboring profiles, to display ancillary
information of a station, meta-data and to apply automatic quality control on a station (for non controlled
data)

CVQC provides additional information: Control of the platform speed, Control of the density profile and
Display of T/S diagrams
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Final quality control using objective analysis

A final objective analysis is performed with all  the data available. By analyzing the time series of  the
residuals it is possible to detect data that could have passed the first twosteps of quality controls but may
be rejected by the objective analysis.

This  final  step is  performed in  a routine mode on vertical  profiles  and has been developed taking in
account the surface data such as thermo-salinograph.

2.3.4. Data distribution

The data that have been previously described have been loaded in the Coriolis database on a daily basis.
They have been integrated in the global data set that Coriolis maintains for the project including the Argo
data.  Coriolis  then performs a daily  distribution of  all  temperature,  salinity  and current  measurements
controlled during the day. Details are given below, under Task 3.6.

These data acquisitions are planned to be sustained in the future as the European contribution to the
global and regional observing system of JCOMM.

 2.4. Glider Technology Demonstrations (Task 3.5)

CSIC/IMEDIA leader, with IFREMER and IFM/Geomar

2.4.1. Introduction

Spatial  and  temporal  resolution of  ocean observations  depends  on the  observing platform employed.
Observations of the marine environment have been traditionally carried out by oceanographic ships and
from moorings. Both observing platforms can carry out interdisciplinary measurements of the ocean, but
not with the spatiotemporal resolution required. A wide variety of interdisciplinary measurements at high
spatial resolution can be obtained from oceanographic ships. Unfortunately, temporal resolution of these
measurements is very poor due to the high cost involved on ship mobility.  These economical aspects
restrict the use of oceanographic ships as platforms from where to carry out continuous and sustained
ocean observations.

Unlike oceanographic ships, moorings provide interdisciplinary data with very high temporal resolution but
poor  spatial  coverage.  Nowadays,  moorings  can operate  for  more than five  years.  Data  transmission
constitutes a fundamental aspect to convert a mooring on a sustained ocean observing platform. Satellites
and submarine cables  constitute the  most  common options  to  transfer  data  from moorings.  Although
moorings provide sustained measurements in real time, the spatial resolution of data is very poor unless
an unrealistic number of moorings is considered.

Although notable advances in ocean knowledge have been achieved with the above described ocean
observing  platforms,  coastal  ocean  monitoring  is  still  insufficient.  Limitations  of  conventional  ocean
observing platform prevent monitoring the ocean at adequate spatial and temporal resolutions. For this
reason and with the help of present technological development, new ocean observing platforms able to
carry out ocean measurements at high spatial and temporal resolutions, are emerging. Gliders constitute
one promising example of the new emerging technology to sample the ocean.

Gliders are autonomous submarine vehicles designed to observe the interior of vast ocean areas at lower
cost than oceanographic ships and moorings. Structurally, Gliders employ their hydrodynamic shape and
small fins to induce horizontal motions while controlling their buoyancy. Besides, buoyancy control allows
Gliders  vertical  motions  in  the  water  column.  In  summary,  changing  buoyancy  together  with  the
hydrodynamic structure allow Gliders to carry out zig-zag motions between the ocean surface and a pre-
set depth with a net horizontal displacement. Positioning is obtained by GPS when the Glider is at surface,
where data transmission to the laboratory is also done. Presently, Gliders carry conductivity, temperature
and depth (CTD) sensors with accuracy similar to that of other conventional instruments.

An important  task  of  MERSEA is  the  assessment  of  available  long-range glider  technology which  meet
MERSEA requirements (reliability, long range/endurance at sea, and the possibility to carry bio-geochemical
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sensors).  Three  partners  in  this  work-package  acquired  gliders  and  expertise  in  operating  them,
demonstrating  glider  technology  capabilities  including  real-time  transmission,  quality  control,  and
integration and feeding to the  MERSEA data server.   Demonstrations of glider technology were done in
training and in-lab testing, as well as in field trials in deep and coastal environments. Glider usage can be
optimized by operations near moored instruments (time-series sites) in the Mediterranean Sea and Atlantic
Ocean.

2.4.2. Glider acquisition and training

In  a first  stage of  the  MERSEA project,  up to  3 SLOCUM gliders  (Figure 3.5.1a)  were acquired by the
research teams involved in this  MERSEA task. A training period to operate SLOCUM and SPRAY gliders
(Figure 3.5.1b), the latter borrowed from Scripps Oceanographic Institute, followed. During this period an
assessment of glider capabilities to monitor near shore and short range areas was done. First, a short-
range glider mission was carried out in a near shore environment. Specifically, Figure 3.5.2 shows the
trajectory followed by the glider during the test. Except for one leg of the planned cruise, all the others were
nicely followed by the glider. Two major characteristics of near shore environments limit the use of gliders
to monitor these regions. The first drawback concerns iridium communications. Satellite communications
were sporadic and of  short  duration,  probably due to the proximity of  the topography and man-made
constructions. A second major problem found during the short range mission in the proposed near shore
environment concerns glider security. Near shore environments are typically regions with high maritime
traffic, where gliders on the surface may constitute a potential hazard. This is different from the situation at
open sea where the traffic density is less and mostly composed of vessels of considerable size.

a b

Figure 3.5.1. SLOCUM (a) and SPRAY (b) gliders

Figure 3.5.2. Near shore operation of the SLOCUM glider during the training period
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2.4.3. Field trial program

An intensive working program was developed during the  MERSEA project  to evaluate the capabilities of
glider technology as ocean observing platforms. Field trials were developed in the Atlantic Ocean and
Mediterranean Sea.

a) Field trials in the Mediterranean Sea

The coastal Slocum glider Maya carried out a section of 200 km between the islands of Mallorca and Ibiza
during November-December 2006 (Figure 3.5.3a). The mission lasted only three weeks because of bad
weather conditions. Data demonstrated the existence of warm and low-salinity water masses from the
Atlantic (Figure 3.5.3b).

A deep glider Spray06 performed a transect of more than 1000 km between Mallorca and La Spezia (Italy)
during March-April  2007 (Figure 3.5.4a). The mission lasted almost two months. Salinity (temperature)
shows  a  clear  northward  (southward)  gradient  (Figure  3.5.4b).  A  remarkable  fact  is  the  existence  of
Atlantic waters off-shore of the Balearic archipelago and subsurface saline and warm water masses near la
Spezia (B)

Figure 3.5.3. a) Trajectory of the glider Maya between Mallorca (A) and Ibiza (B). b) Data collected during the mission.

Figure 3.5.4. a) Trajectory of the glider SPRAY between Mallorca (A) and La Spezia (B). b) Data collected during the
mission.

The 1000 m depth glider with Lithium-battery by Webb Research was tested north of Mallorca to evaluate
this new technology. The glider operated as a virtual mooring. Figure 3.5.5 shows the data gathered by the
glider during this mission.
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Figure 3.5.5. Temperature recorded by the deep SLOCUM glider with Lithium batteries. It has been estimated that the
endurance of the glider could be bigger than 2 months

A coastal glider was employed to investigate the use and limitations of coastal altimetry. To that end, the
coastal  glider  Maya  performed  a  series  of  transects  along  Envisat  track  773  (North  of  Mallorca)
simultaneously with the pass of the satellite (Figure 3.5.6a). The observation program was repeated with a
periodicity two months.

The signal of the Balearic front is clearly detected in the salinity field in July and September. Relatively
fresh waters (37.4 psu) are found near the coast. In September 2007 the salinity field reveals an intrusion
of saltier water at 40 m, modifying the shape of the front observed in July (Figure 3.5.6b)

Figure 3.5.6c shows a good agreement between absolute dynamic topography derived from ENVISAT
(blue) and dynamic height obtained from glider (red) for 4 missions. Altimetry observations near the coast
are missing in many cases, so that the Balearic front is not captured by ENVISAT.

Figure 3.5.6a. Coastal glider (Maya) missions along  Envisat track 773. a) 6-13 July 2007, b) 14-17 September 2007,
c) 23-27 November 2007, d) 1-5 February 2008, sampling done with CTDs from ship, e) 7-23 April 2008

   
Figure 3.5.6b. Optimal Statistical Interpolated fields of salinity (PSU) from the glider missions: July 2007 (left) and

September 2007 (right).
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Figure 3.5.6c. Dynamic height at 10 m (red) computed from glider (180 m reference level), in February, the sampling
was done by CTDs from ship due to a failure of the coastal glider. Absolute Dynamic Topography along Envisat-773

track (blue) obtained by the addition of Sea level anomaly (SLA) plus Mean Dynamic Topography from Rio et al.
(2007) interpolated along the ENVISAT-773 track.

Task 3.5 ended with an ambitious observation program involving up to 9 gliders operating simultaneously
in a specific region of the Mediterranean Sea. The experiment involved cooperation with different research
teams out of the MERSEA project. The goal was to demonstrate the performance of a large scale monitoring
in  the  Norther-western  Mediterranean  basin  with  deep  and  coastal  gliders.  Figures  3.5.7a  and  b
summarize glider missions and data.

Figure 3.5.7. a) Tracks of 9 gliders. b) Sections biogeochemical parameters along glider Himilcom trajectory.
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b) Field trials in the Atlantic Ocean

Glider missions have been carried out in the open North Atlantic using the SPRAY glider of SIO/Bluefin.
The main purpose of these missions was to support the MERSEA time series site (WP 3.2) at PAP and CIS
(Fig. 3.5.8). The glider was programmed to sample repeatedly the far-field around the moorings to obtain
information about the spatial variability of physical (T/S) and biogeochemical (Chl-a) parameters (Figures
3.5.9 and 10 a, b and c). Specific attention was given to the surface data acquired from the gliders to
compare with MODIS satellite data products (SST, Chl-a).

Finallly a SLOCUM glider has done a transect from Mindelo (Cape Verde) to CV time series station in
order to study the spatial  representation of  the data gathered at  the mooring. Fig.  3.5.11a shows the
trajectory followed by the glider to the CV time series (black star). Along track temperature is plotted in Fig.
3.5.11b.

Figure 3.5.8. Trajectories of the SPRAY glider around the CIS and PAP moorings

a) b)

c)

Figure 3.5.9. a) Temperature, b) salinity and Chl-a in the CIS transect
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a) b)

c)

Figure 3.5.10. a) Temperature, b) salinity and Chl-a in the PAP transect

a) b)

Figure 3.5.11. Trajectory a) and along track temperature b)

c) Conclusions

Glider technology is envisioned to play a key role in ocean observation programs. Their endurance and
autonomy at sea are the main properties that could substantially increased the present ocean observing
capabilities. At the beginning of  MERSEA project, glider technology was still in a prototyping stage. Efforts
were required to demonstrate the full capabilities of this technology and to provide to glider manufactures
the advice and feedback to mature their prototypes.

The main scope of task 3.5 of the MERSEA project was to demonstrate the capabilities of glider technology
as  long  range  ocean  platforms  to  observe  physical  and  biogeochemical  data.  An  intensive  sea  trial
program with gliders was carried out. Sea trials started in coastal regions to successively increase the
range and complexity  of  the missions. In the framework of  this  program, the performance of  different
gliders has been tested in the Atlantic Ocean and Mediterranean Sea.
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Figure 3.6.2: diversity of the platforms processed at Coriolis data centre

In the course of the project, Coriolis has set up an efficient data service; with a failure monitoring system to
allow detection of the fragile parts of the system and to define the appropriate upgrades to reach the
desired reliability. A user desk (codac@ifremer.fr) has been set up; it  guarantees that all requests are
processed and provides a useful database to identify the frequently asked questions, with feedback loop to
remedial action and further improvements.
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Toward better products for the ocean circulation community

Collecting a lot of data is important but not sufficient. It is mandatory to provide high quality products in due
time. That is the value added of Coriolis products compared to GTS datasets. An important effort has been
carried out within  MERSEA first for real-time products and since 2007, in collaboration with the FP6 EU
project Boss4GMES, in delayed mode.

Quality control procedures have to be tuned to the product delivery schedule. Most of the real-time data
centres apply only automatic procedures. An additional statistical test is now applied daily by analysing the
objective analysis error residuals. When the error is larger than a threshold it means that the measure is
not coherent with its neighbours or, in poorly sampled areas, with the climatology. The suspicious data are
checked  by  an  operator  who  corrects  the  flags  on  the  measurements  taking  into  account  the
characteristics of the area (Is it a front or a strong current, an eddy, or a real spike or sensor drift?). This
additional test detects about 1°/00 bad data i.e. 20 profiles per week among the 17 000 distributed. Only the
profiles that passed both automatic, statistical and, if needed, operator check, are distributed to the MFCs.
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Figure 3.6.3: Black first release (WOD2001) – Orange : second release (WOD2005) – Blue : new CTD

While the number of profiles available per year has been multiplied by 10, the percentage of undetected
bad data is stable (0.1%) which shows the improvement of the quality control procedures in real-time and
delayed mode in the past years.

Figure 3.6.5 shows the percentage of
doubtful profiles detected using the

statistical method that were declared bad
after being inspected by an operator.

0.1% in 1998 correspond to 90 doubtful
profiles from  86 528 distributed profiles
while in 2006 721 doubtful profiles from

719 757.

Statistical methods are efficient to process large amount of data but they don’t replace the human being
expertise  especially  in  area  where  the  climatology  is  poor  or  in  area  with  high  temporal  and spatial
variability (fronts, eddies,..)

Additional operator checks are performed, based on expert knowledge and the objective mapping tool.

A first release was proposed for the period 2002-2006 on Coriolis WWW; a new release has been issued
in summer 2008 for 1990-2007.

Since May 2005 weekly global ocean analysis are performed each week and temperature and salinity
maps are produced and the gridded fields made available. These products give an overview of the ocean
state. A re-analysis has been done for the period 1990_2007 and a mean sea state of the ocean has been
calculated in order to generate a new climatology for the North Atlantic within WP05.

   
Figure 3.6.6 : Evolution of the dataset for the period 1990 to 2007 : fields of salinity at 10m.

Toward a better service for European seas

The service for the global  ocean has now reached a good level of maturity.  However, and somewhat
paradoxically, the situation in the European regional seas is more complicated, as there is no framework to
coordinate data integration at the European level. In fact there were not, until the FP6 SeaDataNet project
was launched and the Inspire directive was issued.
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 3. Forcing Fields (Work Package 04)

 3.1. Optimal forcing fields estimation from Numerical Weather Prediction outputs
(Task 4.1)

MF/CNRM leader

3.1.1. Analysis of spin-up effect in ECMWF outputs

Figure 4.1.1: Globally averaged seasonal (DJF, MAM, JJA, SON) spin-up signal for base meteorological variables (2m
air and dew point temperature, surface pressure and u-and-v-wind components) as a function of time since the

forecast start time (in hours). The spin-up has been calculated between 70°N and 70°S over the ocean only, in order
to ignore large anomalies present in the polar regions as well as over land.

The first  objective of  Task 4.1 was to determine and quantify the spin-up effect  in the meteorological
variables produced by the ECMWF forecast system, i.e. their variation with forecast length linked to the
geostrophic adjustment of the atmospheric model after assimilation of observations. This work helped to
determine the optimal fluxes to be used to force the ocean model, and to decide whether the forcing should
exclude a spin-up period to limit the introduction of bias into the ocean system output.

In  this  context,  basic  meteorological  variables  (surface  pressure,  sea  surface  temperature,  2 m  air
temperature, 2m dew point temperature, 10m u- and v-wind components) archived from the twice-daily
atmospheric forecast were retrieved at 6hr intervals over 72hrs for the 2002-04 period. This three-year
period of the forecast archive was used in order to be as close as possible to the current version of the
model, and within the period since the 4D-Var system has been operational. We determined the spin-up by
comparing how the difference in forecast for a given time, for example 09:00UTC, changes according to
the time since the start of the forecast. Three year means over 3 month periods were then computed, in
order to highlight the seasonal signal in the spin-up, as shown in Figure 4.1.1.
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An 18hr spin-up period is present, particularly in the wind velocity components, though the variability in the
global mean surface pressure increases after 18hrs, which may be related to an increase in forecast error
with time since the start of the forecast.

3.1.2. Optimized bulk formulation for turbulent surface fluxes

The second objective of Task 4.1 was to propose an optimized bulk formulation to compute turbulent
surface momentum and heat fluxes that should be as accurate as possible while covering the widest range
of atmospheric and oceanic conditions. An extended database (ALBATROS, managed by the CETP/IPSL
(Centre  d’étude  des  Environnements  Terrestres  et  Planétaires/Institut  Pierre  Simon  Laplace,  Paris,
France) was thus used to derive a single multi-campaign bulk formulation for each of the momentum, heat,
and moisture exchange coefficients. This extended database gathered 10 years of research (from the early
1990s to 2001), as part of five experiments dedicated to air-sea fluxes (SEMAPHORE, CATCH, FETCH,
EQUALANT99 and POMME), representing more than 260 days of measurements in the Atlantic Ocean
(from Northern to Equatorial Atlantic) and Mediterranean Sea. This extended multi-campaign dataset is
particularly reliable as the available data (issued from more than 5600 hours of turbulence measurements
performed  during  various  periods  of  the  year)  cover  the  widest  range  of  atmospheric  and  oceanic
conditions, from very light (0.3 m s-1) to very strong (up to 29 m s-1) wind speeds, and from unstable to
extremely stable atmospheric boundary layer stratification.

Homogeneous methods were used to get concurrently measurements for the three surface turbulent fluxes
(wind stress, sensible and latent heat), and a similar treatment was used for all the experiments to derive a
posteriori the exchange coefficient values (more than 6000, 4600 and 2100 values for the momentum, heat
and  moisture  exchange  coefficients  CDN,  CHN,  and  CEN,  respectively).  The  single  multi-campaign  bulk
formulation  derived  for  the  drag,  temperature  and  moisture  exchange  coefficients  from this  extended
consistent  database  is  displayed  in  Figure  4.1.2  together  with  the  classical  bulk  parameterizations
available in the literature, which, in comparison, rely on much more limited datasets.

Figure 4.1.2: Momentum (Cd), heat (Ch) and moisture (Ce) exchange coefficients issued from the new
parameterization (called MEMO) (red line), as a function of wind speed (both parameters reduced to 10m height and to

neutral stratification). The standard deviation associated with the measurements is also displayed.
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Another benefit of the use of MEMO bulk formulation is the strong positive impact on the ice coverage
simulated in the Antarctic, with the improvement of both the simulated annual cycle (much better correlated
to the data, Figure 4.1.4) and the inter-annual variability. Moreover, the characteristics of the Antarctica
sea ice pack appeared as better resolved in the sensitivity experiments using the MEMO bulk formulation
(MEMO5 experiment), with a more compact sea ice, less open waters in the pack and, even more, the
increase of total leads area with the increase of the sea ice extent.

Figure 4.1.3: Difference of the absolute error for the simulated sea surface temperature (SST) field relatively to
Reynolds data between MEMO0 and MEMO3 experiments. Positive (negative) values indicate a decrease (an
increase) of this error between simulated and Reynolds SST when replacing the ECMWF wind stress (MEMO0

experiment) by the wind stress derived from the MEMO bulk formulation (MEMO3 experiment). Data are averaged
over the 1998-2004 period. Units are in °C.

Figure 4.1.4: Antarctic mean September Sea Ice concentration (in %) averaged over the 1998-2004 period from the
reference modelling experiment using the CLIO bulk parameterization (left), from the modelling experiment using the

MEMO parameterization (middle), and from the US National Snow and Ice Data Centre data (right).
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 3.2. Merged wind products (Task 4.2)

IFREMER leader

High space and time resolution surface wind vector and wind stress are now routinely estimated over
global  ocean using remotely  sensed wind observations  and operational  atmospheric  numerical  model
analysis.  Satellite  wind data are retrieved from near real  time measurements performed by Seawinds
scatterometer onboard QuikSCAT satellite and by the three Special Sensor Microwave Imager (SSM/I)
onboard DMSP satellites F13, F14, and F15.  Numerical wind analyses are provided by the European
Centre of Medium Weather Forecasts (ECMWF).

The resulting blended wind fields are available in near real-time (24 hours delay) at global scale with a
spatial resolution of 0.25° in longitude and latitude, and temporal resolution of 6 hours (00h00; 06h:00;
12h:00; 18h:00). The blended wind fields are calculated from April 2004 through present.

3.2.1. Operational Procedure

The  determination  and  production  of  blended  wind  fields  use  data  from the  L2a product,  related  to
scatterometer  backscatter  measurements  and  to  radiometer  brightness  temperatures,  and  from  L2b
product related to surface wind retrievals. Near real time satellite products are pushed from Météo-France
to IFREMER. The NWP surface winds used are coming from the European Centre for Medium-range
Weather Forecasts (ECMWF) operational analysis. The time resolution of the ECMWF wind analyses is
four times daily (00:00, 06:00, 12:00 and 18:00 UTC). They are made available on a regular grid of 0.5
degrees in longitude and latitude. The ECMWF winds are given at 10 m above sea level.

The resulting blended products consist in 6-hourly averaged surface wind speed, zonal and meridional
wind components, wind stress and related components. They are estimated over global ocean with the
spatial resolution 0.25° in longitude and latitude. They are made available with various flags including land
and sea-ice. Furthermore, at  each grid point,  the objective analysis errors are provided for each wind
variable. Figure 4.2.1 and 2 illustrate examples of blended wind vector and wind stress fields for 17th April
2008 at 00h:00, respectively. They clearly indicate that blended wind is capable of representing synoptic
surface wind features in a realistic manner.

Figure 4.2.1: Blended wind speed (colour) and direction (arrows) field estimated from satellite observations and
ECMWF operational 10m wind analyses for 17th April 2008 at 00h:00.
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Figure 4.2.2 : As figure 1 for wind stress vector.

3.2.2. Accuracy of Blended Wind Fields

The quality of the 6-hourly blended wind speed, zonal and meridional components has been estimated
through comparisons with near surface winds derived from off-line QuikSCAT scatterometer observations
and from moored buoy measurements. Even though near real-time (NRT) QuikSCAT retrieved winds are
used to compute the blended estimates and assimilated into ECMWF numerical model since 22d January
2002,  the  comparison  procedure  aims  mainly  at  investigating  how  the  objective  method  retains
scatterometer observations. The comparison with buoy winds is delicate too. Indeed, buoy measurements
are  assimilated  into  the  numerical  model.   The  goal  is  to  meet  the  accuracy  results  derived  from
comparison between remotely sensed wind observations and buoy wind measurements determined by
several authors. The comparisons have been performed using co-located data during the period April 2004
through December 2007.

3.2.3. Comparison with buoy measurements

More than 190 moored buoys have been used in these comparisons : 8 moorings located off the French
and England coasts and maintained by UK Met-Office and/or Météo-France (MFUK hereafter), 10 buoys
provided by Puertos d’El Estado located off shore and near shore of Spain (EPPE hereafter), 96 buoys are
provided by the National Data Buoy Center and located off and near US coast (NDBC hereafter), 66 buoys
of the TAO array located in the equatorial Pacific, and 13 buoys of the PIRATA network located in the
equatorial Atlantic. At each buoy location and for each 6 hour time interval all available and valid blended
estimates within a radius of 0.25° from buoy locations were selected and averaged. Then, the former were
compared to the true 6-hourly averaged buoy wind estimates.

Table 4.2.1 summarizes the related statistical parameters. In general, blended wind speed and direction
compare well with 6-hourly averaged buoy estimates. The wind speed correlation coefficients range from
0.83 to 0.92. The Root Mean Square (RMS) difference (buoy minus blended) values are less than 2m/s.
The comparisons do not exhibit any systematic biases for wind speed and direction at the five buoy arrays.
The mean difference values are about 3% of buoy mean wind speed estimated from all the buoys and
during the comparison period (April 2004 – December 2007). The lowest correlation values of wind speed
and direction are found at TAO and PIRATA areas, while the highest values are found at MFUK region.
The large number of low wind speeds (more than 20% of TAO buoy winds are less than 5 m/s) and the
poor sampling scheme of polar satellites are the main reasons for the lower correlation values found over
the tropical areas. Excluding TAO and PIRATA buoy wind speed less than 3 m/s, yields to RMS wind
speed difference decreasing of about 16%. The differences found at NDBC and EPPE regions are a little
bit  larger,  but  these  comparisons  involve  off-shore  as  well  as  near-shore  buoys.  For  instance,  when
considering NDBC buoys moored off-shore (distance from land higher than 250 km), the wind speed and
direction correlation values increase to 0.94 and 1. 90, respectively. The RMS difference values are about
1.50 m/s for wind speed, and 17° for wind direction. For NDBC buoys located near-shore (distance from
land less than 30 km), the wind speed and direction correlations are 0.86 and 1.64, respectively.  It is
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noticeable that the mean difference values of near-shore buoy and blended wind estimates are quite low
(about 0.15 m/s for wind speed and 6° for wind direction) and the corresponding standard deviations are
about 1.80 m/s and 22°.

Table 4.2.1: Statistical parameters characterizing the comparisons between 6-hourly  Buoy and blended wind speed
and direction estimates

Wind Speed Wind Direction

Length Bias Std Cor. Bias Std Cor
MFUK 31829 0.06 1.57 0.92 0 17 1.81

NDBC 314183 0.24 1.52 0.89 -4 20 1.76
TAO 126389 0.24 1.19 0.84 -2 15 1.59
PIRATA 25112 0.22 1.09 0.83 -2 13 1.31

EPPE 4687 0.43 1.67 0.88 0 37 1.50

3.2.4. Comparison with off-line QuikSCAT measurements

Surface wind retrieved from off-line QuikSCAT measurements represent the state of art in global wind
vector estimations. Therefore, off-line QuikSCAT wind retrievals were used to assess and evaluate the
blended wind vector estimates at global scales. For comparison purposes, off-line QuikSCAT and blended
wind speed and direction (or  wind vector)  were co-located in  space and time based on the following
procedure:  for  each  blended wind  vector  estimate,  all  validated  QuikSCAT wind  speed  and  direction
located within 12.5 km from the blended wind cell (0.25° spatial resolution) and occurring within 3 hours of
analysis time (00h:00, 06h:00, 12h:00, 18h:00) were selected and arithmetically averaged. The overall
statistics characterizing QuikSCAT and blended co-located data comparisons indicate that the biases are
close to zero and the RMS values are less than 1.30m/s. The correlation coefficients exceed 0.95. The
zonal and meridional components have similar behaviour.

The detailed comparisons show that the main discrepancies between off-line QuikSCAT retrievals and the
blended estimates are mainly located in areas of high or low wind conditions. Therefore, the comparison
between  the  two  wind  sources  was  investigated  with  respect  to  off-line  QuikSCAT  retrieved  wind
conditions. Figure 4.2.3 represents the difference between off-line QuikSCAT and blended winds for wind
speed (a), zonal wind component (b), and meridional wind component (c). The shaded areas indicate one
standard deviation of QuikSCAT minus blended winds. The mean wind speed difference behaviour is as
expected: overestimation and underestimation of blended wind speed at low and high QuikSCAT wind
speed, respectively. However, the mean difference is within two standard deviations for all wind speed
conditions, while the sample size for each 1 m/s bin is large (on average is about 2100 with a minimum of
812 for 30 m/s bin). Therefore, the mean difference is not statistically different of zero with 95% confidence
interval. The shape of wind component differences is mainly related to the sample size distribution.
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Figure 4.2.3: Difference between off-line QuikSCAT wind observations and blended wind estimates as  a function of
QuikSCAT wind speed for the period January – March 2005. Heavy lines indicate the mean difference, while the

shaded area indicate on standard deviation of QuikSCAT minus blended wind speed (a), zonal component (b), and
meridional component ©
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 3.3. Near real-time production of MERSEA surface forcing fields from ECMWF NWP
outputs (Task 4.3)

MF/CMS Leader

3.3.1. Near real-time interface with the GODIVA server

Following the initial plans, the first step of this task was to set-up the near real-time interface with the
GODIVA server, implemented at University of Reading (UK), which is the official portal for the distribution
of ECMWF outputs to the GODAE centers.

The retrieval of ECMWF outputs at M-F/CMS from the GODIVA server is performed automatically daily
around 02 UTC on day D, for the outputs from the ECMWF model run starting from day D-1 at 12 UTC.
One file is transferred for each 6-hour forecast step, containing all the global fields in GRIB format, on a
0.5° x 0.5° regular grid. The files are then made available in the original GRIB format, as well as in NetCDF
format, as soon as they have been retrieved from the GODIVA server, on a password protected part of the
M-F ftp server, and are kept for the last six days. Quicklooks are also produced for each field, and are
made also available on the M-F ftp server, for control purposes. An example of such Quicklooks is given in
Figure 4.3.1.

However,  the lack  of  reliability  of  the GODIVA server  prevented  MERSEA modeling centers  from using
operationally this service. Therefore, it was decided that the highest priority in terms of ECMWF outputs
access within the MERSEA project was to secure the operational provision of ECMWF outputs to the MERSEA

Mediterranean Sea center operated by INGV in Italy, the other MERSEA centers having their own operational
access to ECMWF outputs already in place.
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Figure 4.3.1: example of ECMWF outputs retrieved from the GODIVA server, for the 48h forecast starting from 17 July

2008, 12 UTC. The displayed fields are mean sea level pressure (top left), sea ice concentration (top right), 2m air
temperature (middle left), 2m dew point temperature (middle right), 10m wind zonal component (bottom left) and 10m

wind meridian component (bottom right).
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3.3.2. Operational FTP service providing ECMWF outputs over the Mediterranean Sea

An operational near real time FTP delivery system was set-up to provide the MERSEA operational analysis
and forecast system over the Mediterranean Sea, operated under INGV responsibility, with daily ECMWF
outputs. The retrieval of ECMWF outputs is performed daily directly from the ECMWF MARS file system
around 00 UTC on day D+1, for the ECMWF forecasts starting from day D at 00 UTC and from day D at 12
UTC, and for the ECMWF analyses from day D-1 at 18 UTC, and from day D at 00, 06 and 12 UTC. The
fields are extracted via the MARS interface on the Mediterranean Sea domain (30N – 48N – 19W – 42E),
on a regular 0.5° x 0.5° grid, in GRIB format. The files are made available daily, as soon as they have been
retrieved from the ECMWF MARS file system, in GRIB format on a password protected part of the M-F ftp
server. They are kept on-line for the past seven days (plus the current day). The delivery system has been
set-up by M-F by the end of June 2005, and has been tested throughout summer 2005 by INGV. It has
been declared operational on 17 October 2005, and has replaced the former weekly delivery system used
by INGV, which had been implemented formerly in the context of the MFSPP and MFSTEP projects. Since
then, the operational near real-time delivery of ECMWF outputs to the MERSEA Modeling and Forecasting
Centre for the Mediterranean Sea (INGV) has been running without problem up to the end of the MERSEA

project. Only two cases happened, when the delivery was delayed (once because of production problems
at  ECMWF,  once  because  of  network  problems  between  ECMWF  and  Météo-France),  and  the
extraction/delivery had to be re-run by Météo-France.
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These eight components,  initially identified as “production centres”,  have been identified as “Thematic
Portal (TEP)”. Thematic Portals were described as principal and virtual nodes of a sub-network that could
be composed of different physical centres.

This notion has been elaborated further in preparing the MyOcean marine core service organization: the
Mersea “Thematic Portals” have given birth to the MyOcean “Thematic Assembly Centres” for the data
parts, and “Monitoring and Forecasting Centres” for the modelling/assimilation components.

Figure 5.7:  the MyOcean production “system of systems” composed of 12 production units, built on the concept
designed during MERSEA

It is clear today, after MERSEA, that the marine core service capacity will be based on a system of systems
organization.

4.2.7. Achievement 7: Providing a first example of a pan-European marine core service
to users

Having  defined  the  scope  of  the  marine  core  service,  its  main  service  lines,  its  user  categories,  its
production organization into TEPs, its internal cross-cutting functions, and its main areas of responsibilities,
MERSEA WP5 has specified a first  demonstration of  service to users,  with the example of  the “viewing
service”.

A pan-European viewing service for ocean information has been defined, where the first driver was
pan-European integration of information, to reduce for the benefit  of users all  unnecessary differences
linked to the variety of production centres: the  MERSEA viewing service was based on commonly shared
formats, definition, catalogue, visualization tools …

The MyOcean marine core service will develop further this vision of a single pan-European service.
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Figure. 5.2.8:  The viewing service proposed in MERSEA

4.2.8. Achievement 8: Transferring the main outputs of  MERSEA on “system design” to
the MyOcean marine core service definition, for their implementation

The MyOcean FP7 will follow the MERSEA FP6 project; defining MyOcean was one of the objectives of the
MERSEA project. The main concept of MyOcean is presented here, which reveals it as a direct legacy of the
MERSEA work.

The MyOcean concept is compliant with the “Marine Core Service” concept defined quite early by MERSEA,
and  published by  the EC MCS Implementation  Group in  the  “GMES Fast  Track  Marine  Core Service
Strategic Implementation Plan” (Ryder, 24/04/2007) (Figure 5.2.9).

Figure 5.2.9: The GMES Marine Fast-Track Service chain and its Core Service component (MCS Strategic
Implementation Plan)

Page 107





 4.3. Main Achievements related to the System assessment

4.3.1. Achievement 9:  Design, implement and test “technical indicators” to measure the
technical performance of the integrated system

Task 5.3 objective was to define an extended set of indicators to measure the end-to-end performance of
the  MERSEA System, and its ability as a European Integrated System to carry out its core missions and
answer  end-user  needs.  Monitoring  the  technical  performance  of  the  integrated  system  has  been
performed through the design and use of Key Performances Indicators (KPI).

KPI give information on the capacity of the integrated system to fulfil  its  mission. They are helpful  to
answer questions such as: Are the components well suited for operational purposes? Are users satisfied
with the system? etc. Eight KPI have been defined within the project: (1) Global performances; (2) Service
chain  performance;  (3)  Users  satisfaction;  (4)  Availability;  (5)  Telecommunication  load;  (6)
Management/operation  balance;  (7)  Management  control  level;  (8)  Business  Growth.  After  fruitful
interactions with  MERSEA partners, in particular with WP6, a subset of KPI for a first implementation has
been defined as candidate for a first implementation.

As illustrated on the figure below, the KPI (4) "Availability" has been implemented by WP6 with feedback
from WP5. This gives also a first hint of a supervision tool.

4.3.2. Achievement 10:  Design, implement and test “ocean indicators” to understand
and monitor ocean related phenomena and behaviour

The second main aspect of Task 5.3 “overall assessment” was the definition of a set of ocean indicators,
providing  synthetic  and  users-relevant  (or  application  relevant)  information  on  the  ocean  state.  They
constitute  complementary  information  to  the  hindcast  and  forecast  products  delivered  by  Marine
Forecasting Systems, that offer routinely the 3D description of the ocean. Ocean indicators can also be
deduced from observations. The overall relationship with stakeholders, and relevance of indicators in the
framework of GMES has been discussed in WP13.

From core information (e.g., ocean temperature, salinity, currents), refined descriptions of ocean processes
and regimes can be proposed through “ocean climate monitoring”. Ocean climate monitoring relies on a
set of synthetic numbers –indicators- describing key ocean dynamical processes. Design and test of a set
of ocean indicators have been performed during the TOP1 and TOP2 (using  MERSEA Integrated System
Version  1  and  Version  2).  These  indicators  focused  first  on  water  mass  description  (Sea  Surface
Temperature, upper ocean layer and thermal content), their variability, and their impact on major coupled
phenomena such as ENSO in the tropical Pacific Ocean, or tropical cyclones. Different areas and boxes
were defined over the global ocean. But also coupled phenomena like Meridional Overturning Circulation
(proxy  of  thermo-haline  circulation  and  inter-hemispheric  ocean  exchanges);  up-welling  indexes;  or
Tropical  Cyclone Heat Potential.  This last  quantity  corresponds to the thermal energy available in the
ocean, that can enhance or damp tropical cyclones during their course. The figure below illustrates how
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the thermal content in the North-West Pacific Ocean was locally reduced in October 2007, in the wake of
tropical cyclone Krosa which pumped energy from the ocean and strengthened considerably while crossing
the area.

Tropical Cyclone Heat Potential (TCHP; kJ cm-2) in the Mercator-Ocean Global ¼° MFS in the North West Pacific
Ocean, October 2007, with superimposed the track of cyclone KROSA (numbers indicate category).

A generalisation of the Ocean Climate Monitoring was pursued in the framework of the BOSS4GMES EC
project  demonstration.  Operational  implementation  can  be  seen  on  the  MERSEA Website,  where
contributions  from  the  five  MFC  and  the  three  data  TAC  are  merged  (see
http://www.mersea.eu.org/Indicators-with-B4G.html).  Six  types  of  ocean  values  have  been  considered:
SST, temperature and salinity, heat content, ocean volume transport across selected sections, sea level
and sea ice. Values and anomalies are computed daily globally, or for different areas. The figure below
shows the MERSEA /BOSS4GMES Heat Content indicator web page.

Page of the MERSEA internet server (contribution of BOSS4GMES): Heat Content indicator computed for different areas
in the European marginal and shelf seas, but also in other areas of the tropical oceans. Daily values are provided,

together with anomalies, time variations and tendencies.
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4.3.3. Achievement  11:   Design,  implement  and  test  a  methodology  for  scientific
assessment  of  operational  ocean  forecasting  systems  and  core  products
endorsed by the European and the international community

Using  the  MERSEA Strand  1  scientific  and  technical  heritage  for  operational  system  validation  and
intercomparison, WP5, with the contribution of WP9, enhanced and developed a validation methodology
for the global Ocean and the European marginal Seas. As part of Task 5.4, this methodology has been
refined from TOP1 to TOP2, where it was conducted, tested and improved by the five MFC, in order to
contribute to the end-to-end assessment.

Through the course of the MERSEA project, progress was made in several significant topics: a) evaluation of
the effectiveness of Marine Forecasting Systems in operations; b) the design, implementation and test of
performance assessment of each Marine Forecasting System; c) the enhancement of ocean diagnostics at
the global scale, including sea-ice variables; d) a new framework for intercomparison between Marine
Forecasting Systems, with potential application in multi-model/ ensemble predictability; e) endorsement of
the assessment methodology by the GODAE international community.

The scientific validation has been designed through the definition of a series of internal metrics that can be
implemented for the global or regional systems. These diagnostics follow the “consistency, quality and
performance  assessment”  approach.  They  can  be  implemented  in-line  or  off-line,  to  validate  ocean
processes as represented by the Marine Forecasting Systems, i.e., eddy resolving description of the ocean
and sea-ice dynamics. Metrics rely on reference data that need to be also documented (e.g., in-situ data,
climatology etc….).

From MERSEA Strand1 heritage, Class 1, Class 2 and Class 3 metrics have been revisited for European
Marginal  Seas,  as  well  as  for  the  global  ocean  (in  collaboration  with  the  GODAE  partners),  and
implemented into the five Marine Forecasting Systems. In particular, including sea-ice processes, or sea
level validation (see figure below for illustration of validation using tide gauge data). The development of
new ocean diagnostics has also been prepared.

Class 2 tide gauge assessment. Left: sea level anomaly comparison (cm) in the western North Atlantic between the
Mercator High Resolution system (red) and GLOSS (blue) tide gauges (see map for location). Right: statistics of the
differences (probability density function), for the 731 days of comparison (from January 2004 to December 2005).

The main achievements for scientific assessment design concerns the evaluation of forecasting skill and
performance of Marine Forecasting System. On the “space of observations” Class 4 metrics have been
defined in  order  to  measure the quality  of  forecast  compared to  hindcast,  climatology or  persistency.
During TOP2, Class 4 metrics have been tested for water masses and sea-ice products and provided
performance assessment.

Page 111



The  figure  below  illustrates  the  quality  of  sea-ice  prediction  was  foreseen  in  the  Arctic  Ocean,  by
comparison  to  SSM/I  satellite  sea-ice  products.  Areas  are  defined  where  statistical  comparisons  to
observations are to be computed, to measure the performance of the system by putting side by side the
forecast, the best estimates, the performance etc…

Winter conditions Barents Sea

Performance of the sea-ice concentrations forecasts produced by the TOPAZ system (NERSC) in the Barents Sea.
Forecast skills are evaluated by comparing over time the relative accuracy (as given as statistics of comparison to

observations) between forecast, persistence and analysis. The right panel shows the area of averaging.

4.3.4. Achievement  12:   Document  and  identify  key  observation  data  sets  for  the
scientific validation

As part of Task 5.4, a strong focus has been made on documenting and identifying key observation data
sets  for  scientific  validation;  on building-up consistent  climatology at  global  scales,  and characterizing
dominant modes of ocean variability for recent years (i.e., at least during the duration of the project); and
on comparing these key observation data sets with ocean models.

From a series of  monthly gridded fields based on in-situ  measurements a new climatology has been
computed, in order to characterize general ocean regimes and variability for the 2002-2007 period. In the
course of this work, quality of XBT data was addressed, as well as inter-annual changes deduced from the
difference with the World Ocean Atlas 2005 (which represents a longer time period. The figure below
illustrates in the North Atlantic Ocean the mean annual cycle as well as inter-annual variations.

Variability from temperature and salinity analysis. Left, the temperature field of climatology CORRAT02 at 20m where
several locations (black points) have been studied to infer, each year the seasonal cycle. Right, time series of

temperature at 20 and 1400m from 2000 to 2005.
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The new climatology and the comparisons have been used to assess the quality of similar quantities in
long simulation from global MFC products.

4.3.5. Achievement 13: Identify the strength and weaknesses of the different versions of
the global and regional MERSEA integrated systems

Task 5.4, in collaboration with WP9 activities, devoted a large amount of time to organize and perform the
scientific evaluation of the Mersea Integrated System Version 1 and Version 2 successively during TOP1
and TOP2. These validation/assessments have been carried on the global and four regional systems. They
included regional analyses to quantify the product performances for the different applications (in particular
boundary conditions for coastal models).

Particular attention has been paid to homogenize the assessment approach in the different Centres. All
MFCs have tried to implement the incremental assessment approach (look for consistency, quality, and
performance of each forecasting system), using the new metrics definitions. The figure below illustrates
this common effort for consistency assessment: different version of Global, Arctic and North East Atlantic
MFC  were  all  compared  to  the  WOA05  climatology.  Thus,  their  differences  have  been  objectively
discussed; similar effort has been made for quality assessment.

Summary of the TOP2 assessment presented at the final Mersea meeting. Consistency: NEA, Arctic and Global
partners are comparing their TOP2 monthly averaged outputs to the same WOA05 climatology, at the same depth

levels using Class 1 metrics.

For the first time, Class 4 metrics for temperature and salinity variables have been tested in the different
centres for performance assessment of forecasting skill. The sea-ice Class 4 metrics have been tested by
the Global  and Arctic  MFC. The figure below illustrates Class 4 analyses perform on the North East
Atlantic and Global MFC. In each box, statistics of salinity differences at several depths are computed,
then plotted in a similar way. The performance is then inferred by analysing simultaneously results given
by Class 4 of hindcast, forecast, persistence and climatology.

The Class 1, 2, 3 and 4 metrics have been implemented operationally. For most of the MFC, the metrics
computation has been maintained after TOP2 and it is still operated routinely.

The  scientific  evaluation  of  the  MERSEA Integrated  System,  components  and  products  has  been  the
scientific contribution of the end-to-end assessment.
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MERSEA final meeting – System Validation – 29 April 2008

TOP2 Class 4 assessment results: NAT

NEA MFC V2Global MFC V2-newGlobal MFC V2-old

Global MFC NAT V2Global MFC V1 WOA05

Box averaged (0-5m) RMS salinity differences

0 0.5 psu

Summary of the TOP2 assessment presented at the final MERSEA meeting. Salinity Class 4 metrics compared for the
NEA and Global MFC, for different versions, during the full TOP2 period. Note that Class 4 metrics include comparison

from in-situ data to the climatology (top right figure).

4.3.6. Achievement  14:   Promote  the  MERSEA assessment  methodology  to  GODAE
international community

As part of Task 5.4, time was dedicated by European partners to contribute to GODAE. The ending period
of Mersea was also in phase with the end of the GODAE project in 2008. MERSEA partners from WP9, WP6
and WP5 strongly contributed to this concluding part of GODAE on four main topics:

An intercomparison project has been decided and prepared by GODAE partners (Japan, USA, UK, France,
Norway, Australia, Italy, Canada). The MERSEA scientific assessment methodology has been adopted. The
new version of Class 1 and Class 2 metrics has been endorsed in order to allow consistency and quality
assessment. A 3-month period (February to April  2008), has been selected for the intercomparison. A
synthesis of the intercomparison was presented at the final GODAE meeting in Fall 2008.

In  collaboration  with  CLIVAR,  the  Global  Synthesis  and  Observations  Panel  has  also  received  the
contribution from MERSEA partners working on re-analysis. Synthesis on thermo-haline circulation has been
conducted.

GODAE has  also paid  attention  to  impact  studies  and Observing System Simulation  Experiment  and
Observing System Experiment. A dedicated GODAE workshop has been organized (UNESCO/IOC, Paris,
France, in November 2007) with a strong contribution of MERSEA partners.
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Baseline
observational
product 

The observational baseline products are the ‘raw’ in situ and L0 - L2 satellite data sets
given on the measurement geographical and time locations.

Standard
observational
product

The observational standard products are of general categories: in situ qc, qc time
series, gridded fields, L3-L4 satellite data, 

Baseline
model product

The model base-line products are the model output state variables on the model
native grid

Standard
model product

The model standard products are instead on a grid with simple geographical
coordinates (lat, long and depth) at a fixed resolution similar to the native model grid

 5.3. Implementation of MIM (Task 6.2)

ENEA Leader, with CLS, IFREMER, MARIS, UREADES, INGV

5.3.1. Information content

There are both general and specific information required by users. In all cases the following questions
must be answered: what, why, where, when, who, how.

Issue Information Content

What Describe the objectives, and/or the content of the project
Why Explain the reason and/or the state of art before the project
Where Describe the scientific and/or geographical area in which the efforts are concentrated
When Provide information on the temporal coverage
Who Describe the group of participants and/or the project participants and roles
How Provide information and links  on themes and/or centres participating to the project

The objective of the Information Management within  MERSEA is to implement the information content in
order to provide services and to fulfill the needs of the targeted users. Following the INSPIRE directive
(Article 11 of Annex 1) MIM was developed to provide the following services:

Service 1: DISCOVERY: Making it possible to search for spatial data sets and services on the basis of the
content of the corresponding metadata and to display the content of the meta-data.

Service 2: VIEW:  Making it possible, as a minimum, to display, navigate, zoom in/out, pan or overlay
viewable spatial data sets and to display legend information and any relevant content of meta-data.

Service 3: ACCESS/DOWNLOAD: Enabling copies of the spatial data sets, or parts of such sets, to be
downloaded and, when practicable, accessed directly.

TACs, MFCs and MIM have implemented a certain number of cross-cutting functions for MERSEA to enable
the above services. They are internal services unknown from the external user

PRODUCTION: Produce and deliver  ocean products  for  model  assimilation,  model  validation and the
viewing service (production, archival and delivery is under responsibility of each data centre).

MONITORING: To  monitor  the  production  (user  needs),  whether  it  has  been  correctly  produced
(standardization),  to  track  the  implementation  of  crosscutting  functions  and  to  measure  system
performance (Key Performance Indicators)

QUALITY: Assess the quality of the system and of its products.

PRODUCTS & SERVICES MANAGEMENT: Catalogue of  products  with  link  to  inventory,  viewing and
access/download services.
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USER DESK: To handle user management at  MERSEA level and to provide integrated services such as
downloading.

5.3.2. Catalogue of products and services

In MERSEA usage, a product is the output of a processing chain, which adds significant value to the original
datasets used as inputs (so that it is worth to have documentation, references, quality assessment,... on it).
The datasets produced by stable process of compilation and quality assessment on data, or by a numerical
model  for analysis and forecast are considered as products,  but a dataset that  is  a simple subset of
another dataset is not a product itself (e.g. a specific area or time out of a global model outputs series).
The  metadata  on  the  latest  is  made  available  through  THREDDS1 inventories.  The  usage  of  these
metadata is discussed later in the download integrated service paragraph.

The MERSEA product catalogue is composed of a set of products general descriptions, elaborated by the
data  providers  (coordinated at  TAC/MFC level).  They contain general  information on product,  links to
viewing services and download services (agreed back-end services and specific services as well) and links
to relevant documentation.

The ISO19115 XML back-end metadata flows are published in human-readable web pages. A search
facility  is  available so that  the users can set  filters  on the product's  list.  The search facility,  which is
developed as a web application based on the central database and keyword indexation, makes users able
to request the catalogue according to criteria. The catalogue can be requested through on-line forms or
programmatically through an interoperability  layer (request URL, XML list  of  products,  ISO19115 XML
description).

5.3.3. Viewing service

Integrated viewing service

The  MERSEA Integrated  Viewing service  (MIV)  is  a  friendly  graphical  user  interface  (GUI)  allowing the
visualization of weekly updated pre-defined plots (historical plots are also available). These quick-looks are
the official picture of the  MERSEA system outputs. They show ocean forecasting models, remote sensing
data and in-situ data as maps on the five areas corresponding to the five geographical  MFC. Cross-
sections defined by the quality assessment team are also available.

MIV is based on  MERSEA standard back-end services (OPeNDAP interfaces and netCDF /COARDS/ CF
format. At the heart of MIV is a centralized engine that accesses every week the distributed and remote
data servers for a selected set of parameters and depths. Ferret is the cartographic open source software
used to create the plot.

Demonstration viewing service

The  MERSEA Dynamic Quick View (DQV) service is a demonstration prototype of a portal that provides
interactive visualization of data. It allows the user to pan and zoom smoothly through datasets and select
from all available depth and time values.  Animations can be created, and precise data values can be
discovered by clicking on the dynamic map.  Time series plots at any point can also be created.  Imagery
can be viewed in Google Earth and other GIS clients, allowing overlaying of  MERSEA data with data from
other sources.

The DQV site is served by a custom-built  Web Map Service (WMS), developed by and hosted at the
University of Reading. The WMS connects to the OPeNDAP interfaces at the individual data providers and
converts 4-D data to map imagery on demand.  The WMS was designed to generate map imagery as
quickly and efficiently as possible; existing implementations were found to be too slow to support dynamic,
tile-based clients such as DQV.  The WMS therefore supports interactive “quick look” visualization of data
(panning, zooming through datasets, selection of time and elevation values, changes of colour scale and
palette).

The WMS implementation contains a number of additions to the WMS specification in order to fully satisfy
MERSEA viewing needs.  These include methods for accessing fragments of metadata to populate menus in
the  DQV  website,  in  contrast  with  the  standard  WMS  approach  of  employing  a  single,  monolithic
Capabilities document.

1  Thematic Realtime Environmental Distributed Data Services
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Discovery service

For metadata access,  in  addition to  the simple dataset  description provided with the THREDDS XML
interfaces, the full product and network services description is provided by the TAC/MFC in XML ISO19115
format (which is the metadata standard for geo-spatial datasets). To provide or update the description, the
TAC/MFC  can  use  their  own  catalogue  tools  or  use  dedicated  on-line  forms.  The  ISO19115  XML
description are gathered and harmonized into a centralized database so that the catalogue of the products
and the related network service description are available for the system.

 5.4. System Monitoring (Task 6.4)

UREADES Leader, with CLS, DMI, ENEA, IFREMER, INGV, NERSC, Techworks, MARIS

5.4.1. Key Performance Indicators (KPI).

The KPI  are  based on the mission of  the project  and its  strategic goals.  They have to measure the
effectiveness and performance of the system. The following concepts were defined for the system design:

1. Mission: Allow the dissemination of source and thematic data concerning ocean state on global
ocean and major European Seas, on an operational basis. The  MERSEA system must include a
measurement-based  management  component,  to  monitor  performance  over  time  (balanced
scorecard).

2. Performance goal: the target level of performance will  be the timely delivery of data, products,
services. The performance can be enriched with the assessment of the importance of the delivery.

3. Performance indicator: is a particular value or characteristics used to measure the efficiency of
products and services delivery.

4. Performance metric: definition of the methodology, analysis and other activities involved with ‘how’
particular metrics are measured.

5. Activity based management: the use of strategic initiatives and operational changes in an effort to
optimize TEP performances.

It was agreed to improve only simple KPIs designed to measure the availability and performance of Data
collection; Forecasts; and Information system.

Four sets of KPIs have been designed and implemented to monitor timeliness and quality of the products;
measurement of  user complains concerning product quality;  number of connection to the servers and
volume downloaded; and availability of the Tep Ftp and WWW server.

5.4.2. Help Desk

The help desk is an information and assistance resource that supports ‘users’ via website and/or e-mail. In
the MERSEA Integrated System, the help desk is part of the ‘General Services’. The elements of the MERSEA

help desk should include a general information desk on the system; be able to answer specialised issues;
and release specific information and updates, when available. Only some elements of the help desk were
implemented, but they have not been made operational during the project.

 5.5. Conclusion, perspectives

5.5.1. Implementation status

The discovery  service and the  product/service  catalogue  are  operational  and integrated.  The viewing
services are integrated and available in an operational (called MIV) and demonstration version (called
DQV).  The integrated  download  service,  user  management  and technical  monitoring are  provided as
demonstration functions.  The user-desk and quality  assessment  functions are provided as standalone
applications (not fully integrated in the system, relying on extra-support for operations).
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The technology developed within MERSEA will be upgraded to fulfill the discovery and viewing requirements
of the European Union project for coastal operational oceanography: ECOOP. Moreover the MyOcean
system, which will implement the Marine Core Services of GMES, will be built upon these developments and
will take advantage of the MERSEA background for the next steps.

Three main actions remain to be undertaken during the coming project: set up thematic user services,
better harmonization of information flows, better reporting and monitoring resources and tools.

5.5.2. Lessons learned, MyOcean perspectives

Two processes of improvement of  the distributed operational  information management system can be
considered.

The first of them is to work on the front-end services to better fit the downstream application provider
requirements. Depending on the usage (oil spill monitoring, offshore industry, ship routing...) dedicated or
customized services should be set  up: for  each of  them, the suitable ocean product  package (ocean
parameters,  real  time  /  climatologies,  depth  levels...)  and  functions  (data  subscriptions,  relevant
visualizations, ...)  should be defined and provided. During MyOcean project,  this may be improved by
setting up front-end services technically and thematically designed, tested and validated with downstream
application providers.

The second of them is to work on a better harmonization of the back-end services and keep compliance
with  different  requirements  (users  community  systems,  European  or  international  directives).  During
MyOcean, the back-end services may especially be improved thanks to extended agreements and strict
validation of the data structures and parameters names.

Finally, better monitoring and feedback will help us to set up an operational system meeting the reliability
requirements. Monitoring alerts from the system to the data providers should improve the overall level of
service. The reporting inputs from data providers to the system may also help to build a more reactive
system. Finally, the feedback from external users to system and from system to data providers has to be
considered and will obviously improve the overall performance of the system.

So, besides data flow harmonization and doing suitable ‘packages’ of these data flows for the external
users, the challenge for myOcean system to be efficient and reliable is the ability to orchestrate the system
by managing requests of users, reports of data providers and doing an efficient monitoring of demands and
resources.
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6.1.1. NEMO (Subtask 7.1.1)

CNRS Leader

The first version of the global 1/4° ORCA025 model configuration, based on NEMO numerical code, was
delivered at the end of year 1 (D7.1.1).  It  includes the partial steps (PS) and a new advection (EEN)
schemes, efficiently optimised for a large number of processors (186) on a massively parallel computer
(Fig. 7.1.1).

Fig. 7.1.1: Decomposition on 186 IBM processors of the ORCA025 global 1/4° ocean circulation model. Numbers in
abcissa and ordinate indicate model grid points. Boxes represent the domain accounted for by  processors. Crossed
boxes are 'land processors' not retained in the calculation, which reduces the computational cost by 15%. Colours

show a snapshot of the ocean sea surface height (in meter) on June 24, 1998 obtained from a 47 year long simulation
from 1958 to 2004. This quantity, which is well observed by satellite altimeter (TOPEX/Poseidon, JASON, etc.) also
informs about the strength, direction, intensity and scale of ocean currents. The ice cover is indicated in white. Note

the variety of scales resolved by the model.

The assessment of ORCA-R025 solution has been made by comparison to observations and other state of
the art models. A series of sensitivity tests demonstrated that combination of the EEN (energy-enstrophy
conserving)  scheme for  momentum advection  with  the partial  step  (PS)  representation  of  the bottom
topography yields significant improvements in the simulated mean circulation (Barnier et al. 2006, Penduff
et al. 2007, Treguier et al 2007, Le Sommer et al. 2008).

Major achievements were obtained by year 3 concerning the representation of the effect of tides on the
general circulation (D7.1.2), and a new interior mixing scheme improving the representation of the mixed
layer in summer (D7.1.3).

The tidal residual mean circulation (TRMC), generated through Stokes drift and non-linear tidal dynamics
has been evaluated at global scale using a barotropic tidal model. Its magnitude, shown to be generally
small,  could be locally significant  in specific  regions, such as the Indonesian Through-Flow. However,
when the TRMC is introduced as an external forcing in the 2° global NEMO configuration ORCA2, it does
not significantly change either the thermohaline structure or the poleward heat transport of the ocean. We
concluded that the TRMC is negligible at global scale, and therefore should not be incorporated into the
MERSEA 1/4° global ORCA025configuration (Bessière et al. 2008a).

We have introduced in NEMO a  time-evolving parameterisation of the vertical diffusivity associated with
the tidally  driven mixing.  Used in  ORCA2 and ORCA05 (1/2° resolution),  the parametrisation strongly
modifies the simulated thermohaline circulation:  the cell  associated with the Antarctic Bottom Water is
intensified (from 8 Sv to  18 Sv), what is in far closer agreement with observations (Sloyan and Rintoul,
2001), whereas the magnitude of the North Atlantic Deep Water (NADW) remains almost unchanged (18
Sv compared to 17 Sv) but the NADW flows 500 meters deeper, in better agreement with observations
(Bessière et al., 2008a). This parameterisation has been successfully tested in a dedicated study of the
mixing in the Indonesian Through-Flow (with a zoom of the ORCA025 model in the region). It leads to
drastic improvement of the properties of the waters flowing from the Pacific into the Indian Ocean (Koch-
Larrouy et al. 2006).
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A new formulation of the atmospheric forcing function, with improved bulk formulations were has also
implemented (Brodeau et al., 2008). A modified  TKE (Turbulent Kinetic Energy) scheme (Madec, 2008)
which accounts for  (i) the effect of surface waves,  (ii) an enhanced vertical penetration of the turbulent
kinetic  energy and  (iii) includes a parameterisation of  the effect  of  the Langmuir  Cells  on the vertical
mixing, has been developed and tested in ORCA025. The mixed layer depth climatology of de Boyer
Montégut et al. (2004) was used to measure the impact of the new TKE scheme. The primary effect of the
new TKE parameterisation as to increase the summer mixed layer depth, correcting a shallow bias with
respect  to  the  climatology,  especially  in  the  Southern  Ocean,  but  also  in  the  northern  hemisphere,
improvements being found to be robust for every summer month in both hemispheres.

All these improvements have been integrated in the final upgrade of the NEMO-based global 1/4° eddy-
resolving ocean/sea-ice model with (the ORCA025 configuration), which was delivered to the project in
year 3 (D7.1.5).

The validation of ORCA025 has been carried out in connection with MERSEA. The model performance has
been continuously carried out from the analysis of hindcast simulations for the period 1958 to 2004. The
assessment of ORCA025 solution has been made by comparison with observations over that period. Tools
have  been  developed  which  permit  to  collocate  model  output  with  observations  of  the
ENACT/ENSEMBLES  (including  CTDs,  TAO moorings,  XBTs  and  ARGO data)  and  AVISO  (satellite
altimetry) data bases, using advanced statistical methods. It is quite remarkable that this eddy-permitting
resolution model has been found useful in understanding the variability of the last decades, even in a
localized region such as the Bay of Biscay (Michel et al, 2008). This model has also enabled original and
multi-disciplinary studies using Lagrangian tools (Froyland et al,  2007; Bonhommeau et al, 2007). The
quality of the model solution in the Arctic Ocean has allowed a study of the variability of freshwater exports
(Lique et al, 2008).

Activities  dedicated to the development of  the 1/12° model  configuration (subtask  7.1.1.5)  have been
carried out using the MERSEA 1/12° North Atlantic model developed by MERCATOR-Océan (configuration
NATL12), because a global 1/12° model is still too computationally expensive to be integrated for several
decades.  New  open  boundary  conditions,  capable  to  handle  sea-ice,  have  been  implemented  and
validated (Levier et al, 2007). NATL12 has been integrated for a couple of decades, and a validation study
has been carried out  which  demonstrated a  very  realistic  behaviour  of  the model  regarding the  high
frequency motions (frequencies from a few days to two months) along continental shelves, which indicates
a great potential for that model to provide open boundary conditions to regional coastal models (Guiavarc'h
et al, 2008a, Guiavarc'h et al, 2008b).

6.1.2. AGRIF (Subtask 7.1.2)

CNRS/LMC Leader

AGRIF (Adaptive Grid Refinement in Fortran) is a software package which performs local one-way and
two-way grid refinement in a large scale ocean circulation model. The software is independent of the ocean
numerical model.

The use of AGRIF was identified as potentially very useful for the objectives of WP10. An evaluation report
on the user's requirements expressed by WP10 to further develop the AGRIF package was therefore
produced at the end of year 1 (D7.1.4). It identified several needs. One was to adapt the nesting tools
currently used in the OPA model to the new code NEMO (users: DFO Canada, see Fig. 7.2), and to sigma-
coordinate BSHCmod numerical model (user: DMI, model of the Baltic sea). Another was to help in the
integration of AGRIF in the HYCOM model (user: NERSC). These implementations required a number of
software developments to the AGRIF package, in addition to those originally planned. Were carried out: (i)
a  simplification  of  the  recursive  calls  to  any  part  of  the  code,  (ii) an  optimisation  of  several  AGRIF
procedures for the treatment of Fortran90 modules, (iii) code transformations for run-time optimisation, and
(iv) the design of a pre-processing tool, which helps producing forcing fields for high resolution grids. This
tool is available through a Java graphical interface.
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 6.2. Ecosystem Modelling (Task 7.2)

6.2.1. Task objectives

The aim of  this  task was to develop a prognostic  and robust ecosystem model  that  can successfully
describe the observed temporal and regional variability in phytoplankton biomass and in associated carbon
and nitrogen fluxes.  Within this  task progress was made along three research directions:  first,  a new
approach was developed in order to include more mechanistic aspects into the, until now, mostly empirical
marine ecosystem models (Kriest and Oschlies, 2007; 2008) and to combine multi-nutrient models of algal
physiology  with  optical  properties  measurable  by  remote  sensing  (Salihoglu  et  al.,  2008).  Second,
assimilation methods have been developed and tested successfully in order to obtain model solutions
consistent with observations of biogeochemical and biological properties, demonstrating the particular the
relevance of nutrient observations (Ourmières et al., subm.). Third, metrics for model assessment have
been  established,  which  can  account  for  the  non-Gaussian  nature  of  model-data  misfits  of  marine
ecosystem models (Losa et al., 2007). In combination, these results will significantly help to improve the
realism of marine ecosystem simulations and our ability to control and assess model behaviour, relevant
for operational modelling systems.

6.2.2. Biogeochemical model development and assessment (Task 7.2.1)

IFM/GEOMAR Leader

The aim of  this  task was to develop a prognostic  and robust ecosystem model  that  can successfully
describe the observed temporal and regional variability in phytoplankton biomass and in associated carbon
and nitrogen fluxes. Within this task we followed two new approaches: the first one considers organism
size  as  structural  element,  and  the  second  one  includes  a  cell  quota  approach  with  detailed  algal
physiology.

The  development  of  an  ecosystem model  that  includes  multiple  elemental  cycles  with  detailed  algal
physiology and links it to ocean colour has been completed.  The model considers multiple nutrients (C,
N03, NH4, PO4, Si) as well as the DOM and DOP cycles and export (i.e. DON, DOP, PON, POP1). In the
model, C:chl a ratio is estimated considering both the changes in downwelling irradiance and changes in
the intracellular nutrient concentrations. The new ecosystem model has been set up and adapted to the
Bermuda Atlantic Time Series site (BATS) and validated by extensive model-data comparison using the in-
situ data for year 1998. Results show that the model is successful in reproducing a wide range of observed
ecosystem  compartments.  The  model  performance  is  particularly  good  in  reproducing  the  observed
nutrient, DOM and POM cycles compared to available ecosystem models in the region (Salihoglu, et al.,
2008).

The new implicit size-structured model attempts to use first-principles whenever possible. Examples are
nutrient uptake by phytoplankton that, corresponding to diffusion across cell membranes, depends on the
surface-to-volume ratio and hence on the size of the cells (Aksnes & Egge, 1991). The same is assumed
to  hold  for  exudation  (Bjornsen,  1988).  A  consequence  of  these  assumptions  is  that  small  cells  are
favoured in well-lit oligotrophic regimes, whereas a decrease in light levels causes an increase in optimum
cell size (Kriest and Oschlies, 2007).

Given  the  flexibility  and  nonlinearity  of  especially  heterotrophic,  size-dependent  processes,  and  the
sparsity  of  observations,  we  have  parameterised  zooplankton  grazing  as  a  fraction  of  phytoplankton
production, both in terms of cell numbers and phytoplankton biomass. This approach implicitly assumes
that  zooplankton  immediately  adapt  to  changes  in  phytoplankton  size  structure,  both  in  terms  of
concentration and grazing rates. The effect of size on sinking, sedimentation and the resulting possible
nutrient distribution has been investigated in a 1D framework (Kriest and Oschlies, 2008).

1 Dissolved organic matter, phosphorus, nytrogen ; Particulate organic nitrogen, phosphorus, respectively
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Assessment  of  the  model  simulated  at  discrete  time  series  sites  depends  strongly  on  the  local
hydrographic  conditions  and  horizontal  processes.  We  have  therefore  also  implemented  the  size
dependent  physiological  model  into  a  3D framework  (Khatiwala,  2007),  that  allows  the  relatively  fast
simulation of different models over millennial timescales. This not only captures the model response to
various  hydrodynamic  environments,  but  also  provides  the  possibility  to  examine  the  model  on  the
background of large-scale data sets of biogeochemical and biological investigations, both by means of
different metrics and visual inspection. Several model experiments have been conducted, which all exhibit
a  correlation  between  observed  and  simulated  PO4  of  ~0.7  -  0.9.  Size-dependent  phytoplankton
production and decay improves the fit to observations and their variance; however, the fit further depends
on the pathways and rates for organic matter sinking and remineralisation. The analysis of more specific
data sets as for DOP, community half-saturation constant, size structure will provide additional guidance in
the assessment of the different models, as well as tests with different metrics.

6.2.3. Integration into OPA (Task 7.2.2)

CNRS/LEGI Leader

Prototype of a coupled physical/biological assimilative system

The final version of the coupled assimilative platform has been delivered as expected during the final year
of the project. The physical model component of the prototype is based on the NEMO free-surface model
of  the  North  Atlantic  at  1/4°  resolution  with  bulk  parameterizations  of  air-sea  fluxes  (NATL4);  the
biogeochemical  component  is  based  on  the  semi-complex  LOBSTER  (N2P1-type)  model,  and  the
assimilation scheme is a fixed-basis version of the SEEK filter adapted to the free-surface formulation.

Several parameterizations of the LOBSTER model have been slightly modified to obtain a reasonable first
guess  of  the  seasonal  primary  production  before  starting  assimilation  experiments.  The  assimilating
system uses a sequential scheme modified with an Incremental Analyse Update approach (Ourmières et
al., 2008) to provide a time-continuous assimilated solution. This assimilation method has the advantage to
suppress  spurious  vertical  velocities  introduced  by  the  physical  data  assimilation  and  perturbing  the
biochemical  response.  From  a  methodological  point  of  view,  the  SEEK  filter  has  been  extended  to
incorporate inequality constraints in the sequential formulation (Lauvernet et al., 2008). Such an extension
will be useful to maintain positive-definite concentrations of nutrients, as well as stable stratification of the
water column during the filtering process.

Assimilation impact on biogeochemical variables.

Four different “impact” experiments have been conducted, each one starting from January 1st and ending
on December 31st, 1998. The first integration (referred to as FREE) has been performed with the coupled
model without data assimilation. Another system integration for the same time period is also performed
with the joint assimilation of physical data (altimetry, SST and climatological T and S data) and nitrate data
from the Levitus climatology (noted APN). In addition, two extra experiments are performed for the same
period, using the same assimilation system but with two different options: the first extra experiment is set to
control the nitrate fields only, noted AN for Nitrate Assimilation, and the second extra experiment is set to
control  the physical  fields only,  noted AP for  Physical  Assimilation.  Therefore,  the APN control  vector
includes the U, V, T, S and NO3 variables, the AP control vector includes the U, V, T and S variables,
while the AN control vector includes only the NO3 variable. The AP and AN experiments allow to identify
the different impact of the nitrate or the physical  data assimilation alone, compared to their  combined
action in the APN experiment.

Consistently with the results obtained by Berline et al. (2006) with a comparable assimilative model, it is
shown that the assimilation of physical data alone can improve the representation of the mixed layer depth,
but the impact on the ecosystem remains rather weak. In some situations, the physical data assimilation
can even worsen the ecosystem response for areas where the prior nutrient distribution is significantly
incorrect. However, these experiments also show that the combined assimilation of physical and nutrient
data has a positive impact on the phytoplankton patterns by comparison with SeaWiFS ocean colour data,
demonstrating the good complementarity between SST, altimetry and in situ nutrient data. As an example,
the representation of NO3 surface concentrations is very poor in the areas of missing bloom activity for the
FREE and AP solutions, while being quite close to the climatology for the AN and APN simulations. In this
case, it can be assumed that this high latitude bloom decreases too rapidly by nutrient extinction for the
FREE and AP solutions. Therefore, it seems that NO3 is the key element to control this regional event by
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data assimilation.  These results  suggest  that  more intensive in  situ  measurements of  biogeochemical
nutrients are urgently needed at basin scale to initiate a permanent monitoring of oceanic ecosystems.

Improved biogeochemical processes

First, a comparison of 3 different generations of biogeochemical models (P3ZD, LOBSTER and PISCES)
has been made using the first MERCATOR 1998 reanalysis. A better representation in gyres and also
within  the  Gulf  Stream area  is  obtained when regeneration  is  better  taken into  account  (LOBSTER).
Results with PISCES that included iron from margins are promising with better contrast between margins
and open ocean. It is also found that present assimilation of altimetry induces too strong vertical exchange,
particularly within the inter-tropical zone.

Second,  scripts  have  been  developed  within  the  context  of  MERCATOR  to  run  easily  LOBSTER
simulations from either  analysis  or  reanalysis.  Results  with  recent  MERCATOR reanalysis  have been
obtained,  allowing  reconstruction  of  the  seasonal  and  inter-annual  variability  of  the  marine  primary
production over the 1992-2001 period. Roles of climatic events such as the North Atlantic Oscillation are
under  investigation.  These  last  simulations  used  the  operational  PSY1V2  system,  allowing  both
assimilation of in-situ and satellite physical variables.

North Atlantic bloom experiment

As  LOBSTER  had  been  evaluated  at  basin  scale  to  simulate  blooms,  this  second-generation
biogeochemical model had been transferred to partner LEGI, which is in charge of improving assimilation
schemes for biological purposes. Integration is made under a new North Atlantic platform NATL4, coherent
with the new grid used by MERCATOR PSY3 system.

Jointly, a pilot experiment using LOBSTER imbedded within the MERCATOR PSY1V2 operational platform
has been launched to follow in near real time the 2006 bloom spreading into the North Atlantic.

Future efforts will focus on the implementation of the third generation model planned within  MERSEA for
MERCATOR products: the PISCES model. This latter model is also highly relevant to study the carbon
cycle and CO2 fluxes associated to the primary production.

6.2.4. Assessment and metrics (Task 7.2.3)

UU Leader

Identification of key observational data and the definition of an internal metrics

Several versions of biogeochemical models have been assessed within the project. All the versions are of
different complexity and possess different numbers of unknown parameters, which are to be optimized.
The models had to be validated against existing observational data. To some extent the model complexity
determines  the  amount  and  kind  of  data  needed  for  model  assessment.  Here,  the  relatively  simple
nitrogen-based NPZD and LOBSTER models have, for the first time, been validated against, and tuned,
with chlorophyll and nutrient (nitrate & nitrite) concentrations observed at a number of JGOFS stations
(D7.2.6). With respect to the optimization of model solutions and biological parameters, these time series
of  chlorophyll  and  dissolved  inorganic  nitrogen  appeared  to  be  the  key  observations  (assimilation  of
particular organic nitrogen data had no effect on inverse model solution). When dealing, however, with
more complicated ecosystem models (e.g.,  CN REcoM) which do not describe just  one (nitrogen) but
several  (+  carbon,  silica)  elemental  cycles,  any  model  assessment  requires  much  more  empirical
information.

It  has  been  noted  that  when  validating  the  models  one  should  use  not  only  data  of  global  ocean
biogeochemical concentrations (Chl a, nutrients, zooplankton…), but also -in case of multi-elemental cycle
models- internal biogeochemical criteria such as C:Chl:N:Si ratios. When assessing CN REcoM we have
found solutions which agreed well with observed surface chlorophyll and nitrate, but produced unrealistic
C:N ratios in organic pools. The model's skill in simulating global (basin) primary and export production
should also be considered in the model assessment.
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Can we reduce by half the ensemble size by using a square root analysis scheme?

Tests have been carried out on the Arctic system V1, on a given date (27th September 2006) extracted
from the real-time model runs. The date is picked out at a time the sea-ice is minimum and the model is
most sensitive. This will make the assimilation updates most clearly visible.

Figure 7.3.1 shows the impact  of  data  assimilation using the ESRF with 100 members (left)  and the
difference with half the ensemble size (50 members) assimilation. The increments are maximum close to
the ice edge, as reported by Lisæter et al (2003). The sign of the difference between 50 and 100 members
is most often opposite to that if the 100-members increments, showing that the 50 members ensemble is
less efficient than the 100 members ensemble, even when running the ESRF. So this test indicates that
one needs to carry the costs of a 100-members ensemble, even when using a square root filter free of
sampling errors.

Figure 7.3.1 Sea-ice concentrations normal assimilation increments (left) difference between 50 and 100 members
increments (right).

Is the improved scheme applicable in the operational system?

Different sensitivity analyses have been carried out on the TOPAZ2 system (Arctic system V1) first a test
of different analysis schemes, then a test on the choice of covariance structure for observation errors in the
assimilation  of  sea-ice  concentrations.  The  first  test  aims  at  finding  out  if  the  improved  performance
demonstrated in idealized cases for the square rot schemes applied also to a realistic high-dimensional
system like the Arctic V1 system. The second test aimed at filling one gap among the battery of sensitivity
studies necessary for setting up the real-time system.

Figure 7.3.2 Analyzed sea surface heights in the Nordic Seas (between Greenland and Norway) from the Arctic V1
system (TOPAZ2) with the EnKF (left) ESRF (middle) and ESRF with random rotation (right). Model native grid

projection.

In the first test we conduct one assimilation update using SLA, SST and ice concentrations on the 17th
April of 2007. Three tests were carried out using the standard EnKF the ESRF and the ESRF with random
rotation  (see  discussion  in  Sakov  and  Oke,  2008).  The  results  presented  in  Figure  7.3.2  show little
difference between the schemes but may indicate a tendency of the random rotation to smooth out the
peaks and troughs. The consequences of this smoothness will need to be assessed over a longer time
span.
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In the second test, the EnKF is used to assimilate sea-ice concentrations on the 17th April 2007 in which
the observations are spatially correlated with an exponential covariance and a Gaussian covariance (as
previously). The two covariance functions have an equal range of 200 km so that we only evaluate here
the choice of the covariance structure. The results show little difference, but the multivariate impacts on
sea-ice thickness indicate that the exponential covariance reduces the artificial masses of ice close to the
ice  edge  (Figure  7.3.3).  An  exponential  covariance  was  thus  applied  in  the  Arctic  V1 system in  the
following.

Figure 7.3.3 Ice thickness near the ice edge before assimilation (right), after assimilation using an
exponential (middle) and a Gaussian (right) spatial covariance function for observation errors

Conclusions

The results indicate that the improvement of the analysis scheme does not palliate for insufficient number
of ensemble members, that the improvements of the scheme may be masked in the case of the real-time
Arctic V1 system by other implementation issues (insufficient ensemble spread, choice of the observation
error covariance). Moreover the updates reveal unphysical results in particular cases – close to the ice
edge and in the presence of bias - that point towards other limitations of the theoretical framework for
assimilation (non-Gaussian variables, biases …) Further efforts in following projects will  concentrate in
improvements of the EnKF against non-Gaussian effects by the use of a Gaussian anamorphosis.

The assimilation schemes and their successive upgrades have been served and documented on the EnKF
web page http://enkf.nersc.no where the programs can be used (both real-case Fortran 90 programs and
toy models in Matlab scripts).

b. SIR filter (UU/AWI)

The  SIR  (Sequential  Importance  Resampling)  is  a  data-assimilation  method  developed  for  strongly
nonlinear problems. It is not based on linearizations, like traditional methods as the (Ensemble) Kalman
Filter  and gradient  decent  method (e.g.  4D-VAR).  In  MERSEA several  highly  nonlinear  processes  were
investigated and modeled, like coastal circulation, geo-biochemistry, and sea-ice dynamics. This motivated
the research effort in this data-assimilation method, directed to the development of a local version of the
SIR filter, and to its application to the estimation of sea-ice and biogeochemical parameters.

Development of the method

The method starts from a particle or ensemble representation of a prior probability density function. The
probability  density  function of  the model  is  propagated forward in  time using Monte-Carlo  runs of  the
model, each member with a different random forcing, and/or different parameter values, depending on our
knowledge of the accurateness of the model. At those time instants where observations are present the
particles are weighted proportional to the likelihood of the observations given that member, using Bayes
theorem. All moments of the pdf, like the mean and the covariance are now obtained with the weighted
ensemble.

An important problem is that the state space is usually so large, and the ensemble size so small, that
spurious correlations arise, especially between variables which are dynamically uncorrelated, e.g. spatially
disconnected. To this end the covariance is truncated. This truncation is usually done in space, but one
can imagine other possibilities. Another advantage of this procedure is that the update is done locally, i.e.
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only observations close to a model grid point are used to update the variables in that grid point. This
means that the particles in different remote areas are disconnected from each other, effectively increasing
the ensemble size. Finally, new particles are created by this procedure that perform well in all areas of the
model domain.

In the Local SIR we apply this localization, which gives weights for each particle that varies in space. The
resampling can be done locally, so that different particles are retained in different areas. In this way the
effective number of ensemble members is increased by a factor 10 or more, as in local versions of the
(Ensemble) Kalman filter. This result opens the way for realistic applications of SIR-filters and smoothers in
the near future, both for ecosystem as for physical ocean-circulation models. Also, combinations between
local SIR and local EnKF or SEEK are possible so that the SIR filter can be used only when it is really
needed.

Application to sea ice parameter estimation

The estimation of sea-ice parameters has been addressed. This problem is highly nonlinear, and traditional
methods are likely to fail. Moreover the so-called sea-ice strength is very uncertain, with values ranging
from 5,000 to 50,000 N/m2, which has substantial  influence on the dynamics of the sea ice. Different
locations are under influence of different physics, like closeness of coasts, thickness of the sea ice, typical
strength of the wind, etc. These effects are only partly represented in the parameterizations, one of the
reasons being that it is unclear how to parameterize them. This led us to expect that the ice strength
parameter  would  vary  with  location,  and  that  the  variation  could  be  substantial  over  relatively  small
distances.

For that purpose, the finite element model (FEOM) with sea-ice dynamics was applied. We configured the
model for the Arctic Ocean for the period 1-7-2004 to 1-7-2006. The horizontal resolution was 25 km in the
open ocean, reducing to less than 5 km close to the coastal regions, and in the Canadian Archipelago. The
parameter which has the largest uncertainty is the sea-ice strength and this is the parameter that we are
going to estimate. We used observations of sea-ice concentration from the SSM/I observations together
with ice-drift observations from Quickscat. Because the observation density of the SSM/I observations was
so much higher than that of ice drift observations, the latter had little influence of the results.

The results show the nonlinearity of the estimation problem. For instance, sea-ice concentration and sea-
ice thickness are nonlinearly related, so that Kalman filter-like methods would fail here. With the SIR filter,
only  16  ensemble  members  (particles)  were  sufficient  to  obtain  a  stable  inversion.  The  estimated
parameter field (Figure 7.3.4) is highly variable, with values ranging from 10,000 to 40,000 N/m2. The
largest values are found near Canada where the ice is pressed against the continent, and on the Sovjet
side. Smallest values are close to the ice edge. Given what is known about sea-ice dynamics, these values
make sense, and can be the basis for a further refinement of the sea-ice model.

Figure 7.3.4 : Estimated value for
sea-ice  strength at day 212 in 2004.

The values range from 10,000 to
40,000 N/m2..
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Application to biogeochemical parameter estimation

The  SIR  filter  has  been  applied  for  simultaneous  state  and  parameter  estimation  in  biogeochemical
modeling.  The  different  steps  of  the  procedure  (initialization,  model  noise  generation,  re-sampling,
parameter perturbation) have been investigated in more details in order to determine a proper strategy for
sampling which effects the computational cost as well as the filter performances. In previous SIRF studies,
it has been demonstrated that proper procedures of  model noise generation and parameter perturbation
were  required  in  order  to  avoid  ensemble  collapse  (Losa  et  al.,  2003)  if  the  initial  ensemble  badly
approximates the true prior distribution (e.g. if the distance between the best member and the true state is
too big). However estimation of the generated model  noise variance has also appeared to be of a great
importance. The more correct the model errors are accounted for, the better biological model parameters
estimates and the better the model state forecast.

Figure 7.3.5 An example of probability
densities obtained at different analysis time

steps (days 1468 - black colour, 1547 -
red,1580 - gray) for one (phytoplankton) of

9 components of  an ecosystem model
(ensemble size is equal to 1000). 

The  resampling step in  SIRF is  very fast,  easy and does not require any inversion (when comparing
against EnKF), and allows to generate a new ensemble of any size using the updated, in accordance with
the model-to-data fit probabilities. As Figure 7.3.5 depicts, the pdf is not necessarily Gaussian. As soon as
the posterior pdf is found, it  is  possible to  initialize data assimilation experiments by generating much
smaller ensemble of particles than was previously used. The posterior probability densities obtained after
1547 days of model integration are then used to generate a new ensemble of 200 members to initialize the
model (next data assimilation cycle). A version of SIR smoother has been also validated for the  MERSEA

ecosystem  models  (WP7.2).  We  have  found  that  the  optimized  solution  is  very  dependent  on  the
smoothing period for which biological parameters are assumed constant.

c. SEEK filter (CNRS/LEGI)

The main progress obtained in this subtask is to extend the SEEK filter to deal with systematic model error
(a model bias) due to inaccurate model parameters. The method that has been investigated is to augment
the state vector of the assimilation scheme with the parameters assumed to be responsible for the bias.
The augmented model (with the model dp/dt=0 for the parameters) is unbiased, and the biased model error
in the state space is transformed into unbiased model errors in the augmented state space, together with
an initial error on the parameter values.

This  idea has been tested using twin experiments  in  which error  is  simulated on the latent  heat  flux
coefficient (CE) and the sensible heat flux coefficient (CH). Figure 7.3.6 (first column) shows the evolution
of the CE parameter at two specific locations in the Atlantic (2°W16°S and 60°W36°N) for the true ocean,
the false ocean, and as estimated by the assimilation scheme working in the augmented control space. (V1
and V2 are two variants of that scheme, and V0 is the reference assimilation scheme without correction of
the parameters, (Skachko et al., 2007). Parameter values in V0 are constant and equal to those of the
false ocean. The first thing that we can see in the figure is that the parameter value in the false ocean is
very  different  from the  averaged parameter  value  in  the  true  ocean.  This  implies  that,  at  this  ocean
location, the model error on the false ocean model is biased.

This is also obvious in Figure 7.3.6 (second column) showing the surface temperature innovations at the
same location. The average innovation in V0, without correction of the parameters, is not close to zero, but
systematically smaller given that CE is systematically smaller than in the true ocean. In V0, the model is
biased due to a systematic error on the parameters p0. On the other hand, we can see that in V1 and V2
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the average coefficient value is similar to that of the true ocean, the temperature innovations are centred,
and the parameter corrections are also centred. How can this new behaviour be interpreted?

The reason for it is that variants V1 and V2 of the assimilation scheme work in the augmented state space,
where the augmented model is unbiased. Thus, the augmented state vector methodology has transformed
biased model error in the model state space into unbiased model error in the augmented state space,
together with a (possibly large) initial error on the parameter value.

    
Figure 7.3.6. Detailed statistics for two specific locations of the world ocean: 2°W16°S (top panels) and 60°W36°N

(bottom panels): CE parameter evolution in time (left panels), temperature innovations (centre panels) and CE
parameter corrections (right panels). The black dashed line stands for the true ocean, and the green, yellow, blue and
red lines correspond to V0 , V0*, V1 and V2 respectively. (The green curve in the right panels displays the correction

on the parameters that is computed in V0 but never applied.)

Thus, we have been able to show that the augmented state vector method is appropriate to deal with
model biases that are due to inaccurate model parameters. However, since the model is biased, V0 cannot
be considered as an optimal data assimilation scheme. A classical method for correcting the bias could
have provided a better solution than V0, and it is to such a method that V1 and V2 should have been
compared.

To illustrate this point, the two new techniques V1 and V2 have been compared to a modified V0 scheme,
denoted as V0*,  in  which the model  bias  is  explicitly  corrected.  Since we are  in  twin experiments,  a
"perfect" value of the bias can be estimated directly : we compute a series of 10-day forecast using the
false (biased) model from a series of the true ocean states as initial conditions (distributed in time every 10
days in 1993). The 10-day forecast bias is then estimated as the time average of the differences between
these 10-day forecasts and the true ocean. It is this "perfect" value of the 10-day forecast bias that is
substracted from each 10-day forecast in V0*, so that V0* is just V0 with a "perfect" forecast bias correction
in the model state space (better than any possible bias identification scheme). Despite of this, the results
show that V2 is most often preferable to V0.

Fig.  7.3.6  (central  column)  shows  the  temperature  innovations  corresponding  to  V0*.  Unlike  V0,  the
innovations  are  centred  in  V0*  because  of  the  bias  correction.  The  innovation  values  of  V0*  remain
however  usually  larger  than  in  V1  and  V2.  From  these  experiments,  we  conclude  that  it  is  indeed
preferable to control that kind of bias by including the wrong parameters responsible for the bias in the
control vector.

6.3.2. Global OPA data assimilation system (CNRS/LEGI)

In a first  stage of the project,  the coupling of altimeter data assimilation with OPA free surface global
configuration has been implemented, and an algorithm (Incremental  Analysis Update,  IAU) to properly
initialise the model forecast (eliminating inconsistent initial conditions) has been developed. This has been
evaluated using twin experiments with the ORCA2 global configuration and using realistic experiments with
the  NATL4  North  Atlantic  configuration.  In  a  second  stage,  this  system  has  been  used  for  further
development of the global OPA data assimilation system, with a specific focus on the improvement of the
control of the ocean mixed layer. In practice, this was realized through the implementation of a scheme to
correct for atmospheric forcing errors using ocean sea surface temperature and salinity observations. This
scheme has been evaluated using twin  and realistic  assimilation experiments with  the ORCA2 global
configuration.
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a. The assimilation scheme

The new generation of assimilation schemes that was transferred to the MERSEA operational system at the
beginning of the project is derived from a reduced order Kalman filter (the SEEK filter) developed at LEGI.
Figure 7.3.7 gives a summary of the SEEK filter possibilities. The objective of this task was to provide
developments of the scheme that are most useful for operational use, focusing on those that are most
expected to generate immediate, first order and low cost operational benefit. Moreover, the developments
that  were performed in this  project  are quite independent of  the particular  scheme in use,  and could
potentially be plugged in most sequential assimilation algorithm.

The SEEK filter was chosen because it is thought to make a significant progress with respect to previously
used optimal interpolation scheme, and because of its immediate availability. It is obvious, however, that it
is affected by well-known difficulties that need to be considered to build the next generation of assimilation
schemes. This was the purpose of task 7.3.1 (see above).

As any other Kalman filter,  the SEEK filter requires a parameterisation of the error covariance on the
various sources of  information:  initial  condition (P°),  observations (R),  and model  (Q) that need to be
thought specifically for any kind of experiment (see below). Concerning the assimilation experiments that
are described hereafter, we use an estimation space covering all variables of the state vector: temperature
(T), salinity (S), zonal (U) and meridional (V) velocity.

Figure 7.3.7. Schematic of the SEEK assimilation method.

b. Transition to free surface models: the initialisation scheme

In the standard Kalman filter, it is assumed that a correction is computed and applied to the model state
each time a new observation is available. In our implementation, however, as done in most applications,
and practically  in  all  ocean basin-scale operational  system currently  running,  we divide the time in  a
number of equal periods or assimilation windows. For each assimilation window, we gather all innovations
collected during that assimilation window, and we make only one analysis and model correction at the end
of  each  assimilation  window.  The  justification  for  such  suboptimal  scheme  is  that,  having  more
observations  for  each  statistical  analysis,  the  solution  is  less  sensitive  to  approximation  in  the
parameterisation of the various error covariance matrices (P°, R, Q). The optimal assimilation window is
then a compromise between the minimisation of the model drift between two successive analyses, and the
minimisation  of  spurious  effects  due  to  inadequate  error  parameterisation.  This  problem is  of  course
amplified by the lack of observations, which is a constant preoccupation in ocean assimilation systems,
most often under-constrained by the observations.
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Why an initialisation scheme?

The consequence of this situation is that the correction that we apply to the model can often be non
negligible  with  respect  to  the  signal  that  we are  controlling.  This  leads  to  two  kinds  of  problems:  (i)
significant time discontinuity of the solution, and (ii) spurious high frequency oscillations (like gravity waves
in a free surface ocean model), if no adequate initialisation procedure is applied. The purpose of this work
is precisely to eliminate these two problems from global OPA free surface configuration with altimeter data
assimilation.

Incremental analysis update

In order to tackle these problems, Bloom et al. (1996) have proposed an algorithm called Incremental
Analysis Update (IAU), consisting in incorporating the analysis increment in a gradual manner. There are
many variants of the IAU algorithm, differing by the position of the time window during which the increment
is incorporated.

The variant chosen for this study can be described as follows (Figure 7.3.8): a first guess model forecast is
done from time i to i+1 and an analysis is performed at time i+1. An increment is calculated on the state
vector using the Kalman gain as in the usual Kalman filter. Then the model is run again from time i to i+1,
but with the increments applied gradually to all variables of the state vector. The state obtained at i+1 will
then provide the initial conditions for the next model forecast. It is expected that these new initial conditions
remain close to the Kalman analysis state, but that any unbalanced or non-physical increment have been
removed. In that sense, this IAU forecast can also be viewed as a model re-initialisation procedure.

Figure 7.3.8. Schematic of the IAU initialisation scheme.

Validation experiments

The new IAU initialisation scheme has been first tested using twin experiments with the ORCA2 global
configuration. The experimental setup was designed in such a way that the only source of error in the
system is model error. This is indeed an efficient way to produce a strong drift of the model during one
assimilation cycle, leading to large SEEK corrections, and hence, an effective checking of the IAU protocol.
The reference simulation (the true ocean) was the standard ORCA2 inter-annual simulation for the year
1993. Synthetic altimeter observations were sampled from this reference simulation to be assimilated in a
modified simulation (the false ocean) in which the atmospheric forcing has been altered. This study was
the first demonstration of the IAU initialisation scheme with an OPA free surface global data assimilation
system. It showed that the scheme was working as expected, and deserved further evaluations.

After that, realistic assimilation experiments with higher resolution model have been performed with the
NATL4 North Atlantic  configuration (Ourmières et  al.,  2006).  A one year (1993) experiment has been
conducted for three different set-ups: the first test is a free run of the model without data assimilation, the
second test is a run with intermittent data assimilation using the SEEK filter and the third test is an IAU
implemented run. Results from all  the runs are then compared (see for instance Figure 7.3.9),  with a
specific interest on high frequency output behaviors and solution consistency. The main improvements
brought up by the IAU implementation are the disappearance of spurious high frequency oscillations and
the time continuity of the solution.
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Figure 7.3.9. Evolution of SST at 22°W 33°N from NATL4 simulations: - free simulation, - classical intermittent update
assimilation, - IAU initialisation, * assimilated observations, -+- Levitus climatology (1998), - independent data from
WOCE moorings. The X-axis is the time in Julian days for the period going from 04/12/1992 (Julian day 15678) to

11/04/1993 (Julian day 15806).

Transfer to the operational system

This algorithm has been delivered to the MERSEA operational system. It is now routinely used to produce the
real-time analyses and forecasts and to compute the ocean re-analyses.

c Control of mixed layer properties

Turbulent momentum, heat and fresh water fluxes at the air-sea interface (usually computed using bulk
formulations) are one of the main sources of error in present ocean models. They strongly penalize the
capacity to provide a realistic operational forecast of the thermohaline characteristics of the mixed layer
and of the surface ocean currents. This is the reason why we decided to investigate ways of improving the
knowledge of these fluxes by assimilation of oceanic observations.

Why correct the fluxes with sequential data assimilation?

A natural  way  to  address  this  problem would  be  to  use  a  4D-VAR  variational  assimilation  scheme,
including the fluxes in the control parameters of the model, in addition to the initial condition. However,
such procedure is very hard to set up and computationally very expensive. Moreover, the existing MERSEA

operational systems are based on much simpler assimilation schemes that would get great benefit from an
improvement of the fluxes. This is why it is useful to look for alternate schemes that are numerically cheap
and easy to implement in the existing systems. Our starting point is a classical reduced order Kalman filter
or optimal interpolation scheme in which the background error covariance matrix is represented by set of
3D error modes in the state space of the ocean model.  In this study, we use an optimal interpolation
scheme derived from the SEEK filter, but the method that we are proposing to correct the fluxes is directly
applicable in any assimilation scheme of the same kind, like ensemble optimal interpolation schemes,
ensemble Kalman filters, or any variant of reduced order Kalman filters: the RRSQRT scheme, the ESSE
system, or the SEEK filter...

How to correct the fluxes with sequential data assimilation?

The general  method to  identify  model  parameters  (like  the air-sea fluxes)  using  a Kalman filter  is  to
augment the filter control space by including these parameters, in addition to the state variables. This
technique, unless very common in the engineering literature, has not often been used in atmospheric or
oceanographic applications of the Kalman filter. If the purpose of the Kalman filter is to control the air-sea
fluxes, the control parameters could be the fluxes themselves or the atmospheric fields from which they are
computed.

Hence, we augment the estimation vector of the assimilation scheme with the bulk parameters (cloud
coverage, precipitation, air  temperature, air  humidity,  latent heat flux coefficient and sensible heat flux
coefficient), in addition to prognostic variables of the model. In our example, the estimation vector then
writes [T, S, U, V, parameters] instead of [T,S,U,V]. Consequently, from observations of temperature and
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salinity we will be able to infer a correction to the parameters. Obviously the estimation will depend strongly
on the background error covariance between these 6 variables; i.e. the pattern of the correlation between
[T,  S]  and the parameters  that  will  govern the computation of  a  correction to  the parameters  from a
diagnostics of error in the [T, S] fields. In order to generate this covariance matrix, we build an ensemble of
ocean models, characterized by various values of the parameters. From this ensemble of ocean models,
we compute an ensemble of forecasts (in the augmented estimation space), that we use to parameterize
the background error covariance matrix.

Two different approaches have been considered to implement the correction of the parameters into the
model. In the first one, we assume that the system can be controlled by adjusting the bulk parameters only:
there is no more direct correction of the state vector, and the correction is applied by restarting the model
from the initial condition of the current assimilation cycle using the corrected parameters. In the second
one, the state vector of the model is corrected as in the original scheme, but the new parameters are taken
into account in the next forecast.

Parameterization of the forecast error covariance matrix in the augmented control space

A global Monte Carlo method is used to simulate the model error covariance, around the current state of
the  system.  We  realize  an  ensemble  experiment  for  the  current  cycle  around  the  current  state  by
perturbation of  the forcing parameters.  For  that purpose, (1) we postulate a probability  distribution for
parameters error: Gaussian pdf of known covariance, parameterized using the natural time variability of the
parameters for a period of 7 years (1992-98). (2) A random sampling of these parameters is done from this
pdf  (sample  size=200).  (3)  We  realize  a  model  simulation  for  each  member  of  the  sample.  (4)  The
covariance of the resulting ensemble simulations is the error covariance in the augmented control space
that we want. Order reduction by EOFs decomposition is done and 50 EOFs was selected which account
for 90% of total variance. Figure 7.3.10 shows ensemble scatter-plots of sea surface temperature with
some forcing parameters.

Figure 7.3.10. Ensemble scatterplots (at 150°E, 30.5°N) of sea surface temperature with air humidity (left panel) and
latent heat flux coefficient (right panel), showing the Local connection between these variables. Red dot correspond to

the ensemble members. Blue dot is the reference simulation.

Validation experiments

The system has been first  validated using twin experiments and for  a limited number of  atmospheric
parameters (Skachko et al., 2008). In a second stage, more realistic assimilation experiments have been
performed  by  assimilating  observations  from  a  reference  reanalysis  simulation  (produced  by  the
MERCATOR project). The same reanalysis can then be used as validation data, to check the quality of the
new forecast, that are produced with the corrected parameters. In a real-time forecasting system, the main
objective of correcting the model flux parameters is indeed to improve the model forecast especially for
temperature and salinity in the mixed layer. Figure 7.3.11 compares the forecast error on SST and SSS
obtained with and without the flux correction scheme. The results show that the new method leads to
accurate estimations of the parameters, and to significant improvement in the temperature and salinity
forecast.

Page 140



Figure 7.3.11. Error on the SST (left panels) and SSS (right panels) forecast. Top panels : assimilation without forcing
correction. Bottom panels : assimilation with forcing correction.

What was delivered?

Two procedures for estimating turbulent air-sea flux bulk parameters by Kalman filtering techniques have
been implemented  and  tested  by  twin  and  realistic  assimilation  experiments.  Both  are  based  on  the
augmentation of the control vector by the parameters to be estimated, with covariance matrices in the
augmented control  space computed using ensemble experiments.  The first  procedure focuses on the
correction of the model parameters, with no correction of the other sources of errors. It has been designed
for ocean modellers who do not want to see their simulations corrupted by systematic errors in the air-sea
fluxes, and can be viewed as an optimal flux correction procedure using ocean observations (like SST and
SSS). It could beneficially replace the classical Newtonian relaxation to surface temperature and salinity
data, without introducing any non-physical term in the model equations. The second procedure combines a
correction of the model parameters with a correction of the full model state vector. It has been designed to
work in complement to an existing assimilation scheme, thus allowing to deal with other sources of errors,
controlled by other kinds of observations. The results show that both methods lead to accurate estimations
of the flux parameters, and to a significant improvement in the analysis and forecast of the mixed layer
thermohaline characteristics.
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 7. Implementation & Production (Work Package 09)

 7.1. Adaptation of NEMO for Shelf Seas (Task 9.1)

Met Office Leader, with Mercator and POL

Four separate pieces of work were completed within this task.

Interpolation Utilities

A set of interpolation utilities which can be used to create initial conditions or boundary data for regional
configurations using outputs from a larger area model was developed and provided by Mercator-Ocean to
all the modelling groups. In order to ensure maximum flexibility, horizontal and vertical interpolations are
performed in separate routines. The horizontal interpolation utilities are based on a package that enables
interpolation of both scalar (or tracer) fields and vector fields. Vertical interpolation can be performed using
linear, cubic and spline interpolation options. The vertical  coordinate (depth) can be specified as a 3-
dimensional field allowing interpolation between any vertical coordinates. More detailed documentation of
the utilities is provided in D9.1.1.

Implementation of Flow Relaxation and Flather Schemes within NEMO

The Flow Relaxation scheme (FRS) is a well-established (Davies 1976) but effective method for nesting a
limited area high-resolution model (known as the inner model) inside a lower resolution larger area model
(the outer model).  The inner model is relaxed towards the outer model over a rim round its boundary
whose width is typically 5-20 inner grid points. The time-scale for the relaxation varies smoothly across the
rim with a long time-scale being used at the internal edge of the rim and model values being set equal to
the outer model values at the external edge of the rim. The Flather scheme is frequently used to specify
the boundary conditions for the barotropic currents and free surface height.

A version  of  the  FRS and the Flather  scheme have been implemented  for  NEMO and subsequently
introduced into the base-code as the BDY option. An OBC (Open Boundary Condition) option to apply
radiation boundary conditions was already available within NEMO. The implementation of the BDY option
was designed to be as consistent as possible with that of the OBC option.

The new option makes no assumptions about the path of the boundary (e.g. it need not be aligned with the
inner model grid). The performance of the new FRS code was checked using a simple 5 km deep channel
model in which a zonal flow is disturbed by a seamount with a height of 800 m. A reference integration is
performed in an extended channel (of 1500 km length) and used both to provide boundary conditions for
the channel with length reduced to 1000 km and to assess the performance of the limited area integrations
using either radiative or FRS boundary conditions.  Fig. 9.1.1 shows the results for the reference simulation
(top) and integrations using the FRS with a relaxation zone of 1 point (middle) and 7 points (bottom).
(More detailed documentation of the code is provided in D9.1.1.
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Figure 9.1.1 The relative vorticity in a limited area domain with an oblique open boundary at the right side of the
domain for the reference simulation (top);  and the Flow Relaxation Scheme using a rim-width of 1 point (middle) and

7 points (bottom). performance of the limited area integrations using either radiative or FRS boundary conditions.
Figure 9.1.1 shows the results for the reference simulation (top) and integrations using the FRS with a relaxation zone

of 1 point (middle) and 7 points (bottom).

Implementation of terrain-following coordinate options within NEMO

Most shelf sea models achieve good vertical resolution in shallow water by using terrain-following vertical
coordinates,  called s-coordinates,  whose depth decreases with the water depth as illustrated in figure
9.1.2. Over the continental shelf-break, where the bathymetry slopes very steeply, models using these
coordinates  suffer  from spurious  circulations  generated by inaccuracies  in  the calculation  of  pressure
gradients and numerical artefacts associated with the representation of sub-grid scale dissipation. These
problems can be reduced by careful choice of the stretching of the s-coordinate (i.e of the choice of z(s))
and of the formulation for the calculation of the pressure gradients.  A number of advanced methods for
calculation of the pressure horizontal pressure gradients were then implemented.

Figure 9.1.2 Examples of various choices of stretched s-coordinates

The  new  developments  were  tested  using  the  standard  sea-mount  problem  originally  formulated  by
Beckmann & Haidvogel (1993). Details of the schemes tested and a summary of the results can be found
in D9.1.2.
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Simulation and Validation of Tidal Motions on the North-West European Shelf

Implementation of NEMO for shallow water has concentrated on comparisons of simulations of the tides by
barotropic  versions  of  the  POLCOMS and NEMO models.  The  base-line  NEMO code  was  extended
(Levier et al.  (2006)) to use a non-linear free surface, to employ split-explicit  time-stepping of the free
surface, and to allow simulation of the inverse barometric effect (for forecasting of surges).

A NEMO-AMM configuration was set up using a similar bathymetry and horizontal grid to that used in
POLCOMS-AMM.  The  grid  and  coastlines  are  not  quite  identical  because  the  models  used  employ
different staggering of their variables.

The main tidal simulations have been performed for one year with forcing from 15 tidal components at
lateral  boundaries. As reported in [4],  the simulations of the amplitude and co-phase are quite similar
though there are differences in the placement of the amphidrome near the southern tip of Norway.

A new data set of approximately 2200 tidal analyses has been used to validate the 15 tidal constituents in
each run. The accuracy is very similar in the POLCOMS and NEMO simulations, the latter showing a
marginal improvement probably because the C-grid gives a better representation of the coast-line and
NEMO has higher  formal  accuracy.  The differences seen when using different  turbulence models  are
unlikely  to  be  significant.  Together  this  suggests  the  tidal  accuracy  is  primarily  determined  by  the
bathymetry and the open boundary conditions. The errors seen in this comparison with a new data set are
similar to those found in other comparisons with POLCOMS (e.g. Holt et al 2005), and other tidal models
(e.g. Kwong et al 1997). This confirms the utility of NEMO for tidal simulations on a shelf wide scale.

Figure 9.1.3 (left) POLCOMS-GOTM amplitude errors (TOP) and scatter plot (BELOW)
(right) NEMO-GOTM amplitude errors (TOP) and scatter plot (BELOW)
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Figure 9.1.4 : Surface temperature in the Bay of Biscay. The black box indicates the inner model domain. Left: Jan
2nd 2004, one day after start, right Apr 15th.
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 7.2. System specific implementation (Task 9.2)

7.2.1. Developments to the Global System (Task 9.2.1)

Mercator Leader

Objectives

The objective of this subtask was to upgrade the MERSEA system global component regularly from version 0
(MERCATOR system at start  of the project)  to version 3. A summary of those successive versions is
presented in Table 9.2.1.

MERSEA   system global component V0

Multivariate assimilation system in the North Atlantic at 1/3° (PSY1V2)

The Multivariate assimilation system in the North Atlantic at 1/3° [Benkiran, 2004] is an improvement of the
first real time ocean forecasting system developed by Mercator Ocean and operated in real time since
2001. This system has been used during the project to provide real time physical ocean analyses and
forecast until 2007. This system was also used to produce an inter-annual reanalysis from 1992 to 2002
[Greiner, et al., 2006] and to improve the assimilation system [Benkiran and Greiner, 2008].

Monovariate assimilation system at high resolution in the North Atlantic and the Mediterranean
(PSY2V1)

The monovariate assimilation system at high resolution in the North Atlantic and the Mediterranean is
based on a high resolution configuration [Drillet, et al., 2005] which was the first eddy resolving basin scale
model based on OPA code. The assimilation scheme in this first version of the system (PSY2V1) was
based  on  optimal  interpolation  with  lifting  lowering  algorithm,  performance  of  this  systems  and
improvements due to physical parameterisations are presented in  [Bourdalle-Badie, et al., 2004].

MERSEA   system global component V1

Multivariate assimilation at high resolution in the North Atlantic and the Mediterranean

The multivariate system which has been developed with the 1/3 north Atlantic configuration (PSY1V2) has
been implemented in the high resolution (1/15°) model of the north Atlantic and the Mediterranean Sea
[Lellouche, et al., 2005].

This system has been integrated for the year 2003, used to compute assimilation statistics, and to validate
the system at high resolution. Then the system has been integrated over 2004 and 2005, to produce real
time ocean analyses and forecast since 2005. We show on Figure 9.2.1 some of the results obtained in
2004, illustrating the improvement due to the multivariate assimilation scheme. One of the main problems
with univariate prototypes is the representation of Mediterranean waters, mainly its vertical position near
1000 m. The top left figure shows the salinity at 1000 m for April 7th. We see salty water corresponding to
the  characteristics  of  Mediterranean  waters  (salinity  close  to  36.5  psu),  with  meddies  formation  and
propagation. The top right figure shows the loop current in the Gulf of Mexico, with an eddy ready to be
shed by the loop current.  A special focus has been made in validating this new system in the region
[Lellouche, et al., 2008b]. This has shown that the new system represents better the eddy shedding in this
region
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PSY1V2 PSY2V1 PSY2V2 PSY2V3 PSY3V1 PSY3V2 PSY4V1
Configuration MNATL3 PAM PAM MNATL12 POG ORCA025 ORCA012
model OPA

rigid lid
z levels

flux

OPA
rigid lid
z levels

flux

OPA
rigid lid 
z levels

flux

NEMO
free surf

partial step
bulk

sea ice 

OPA
free surf
z levels

flux

NEMO
free surf

partial step
bulk

sea ice 

NEMO
free surf

partial step
bulk

sea ice 
Horizontal resolution 1/3° 

(25-30km)
1/15° 

(5-7 km)
1/15° 

(5-7 km)
1/12° 

(3-9 km)
¼° 

(6-26 km)
¼° 

(6-26 km)
1/12° 

(3-9 km)
Vertical resolution 43 levels 43 levels 43 levels 50 levels 46 levels 50 levels 50 levels
Geographical domain North and

tropical
Atlantic

North
Atlantic

and Med
Sea

North Atlantic
and Med Sea

North and
Tropical

Atlantic and
Med Sea

Global
ocean

Global ocean Global
ocean

Assimilation system SAM1v2
OI+vertical
multivariate

mode

SAM1v1
OI+lifting
lowering

SAM1v2
OI+vertical
multivariate

mode

SAM2v1
SEEK

SAM1v1
OI+lifting
lowering

SAM2v1
SEEK

SAM2v1
SEEK

Assimilated data SLA, SST,
SSS, T/S

profils

SLA SLA, SST,
SSS, T/S

profils

SLA, SST,
SSS, T/S

profils

SLA SLA, SST, T/S
profils

SLA, SST,
T/S profils

Biogeochemical
component

Lobster and
Pisces

NO - - - PISCES global
1°

-

Forced reference
simulation

1992-2001 1998-
2002

1998-2002 2000-2007 1992-
2002

1992-2007 2000-2007

Biogeochemical
simulation

Hindcast
1992-2001
2003-2005
Real Time
2006-2007

- - - - 2001-2006 -

Hincast simulation 1992-2004 2003-
2004

2003-2005 Jan 2007
mars 2008

2003-
2004

Jan 2007 mars
2008

Dec 2007
mars 2008

Real time production 2004-2007 2003-
2005

Since 2005 Since april
2008

Since
2005

Avril – sept
2007 (TOP2)

Since april 2008

During
April 2008

V0 global system
V1 global system
V2 global system
V3 global system
Table 9.2.1 : Characteristics of the MERSEA global system developed and operated during MERSEA project, the evolution

from the V0 to the V3 systems is presented in green in this table.

Figure 9.2.1: April 2004 snapshots. left: salinity at 1000m, right: surface velocities.
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Progress during   MERSEA   project

Monovariate assimilation system at intermediate resolution in the global ocean

The first global analysis and forecasting ocean system was developed during the project [Drevillon, et al.,
2008],  it  has  been launched  on  October  14th,  2005  and  it  has  produced  since  then,  every  week  an
analysed  and  a  2  weeks  forecast  at  the  global  scale.  This  system is  based  on  a  ¼°  global  ocean
configuration (OPA8.2 code) with the optimal interpolation scheme assimilating only sea level anomaly.
Figure 9.2.2 shows temperature and salinity profiles in several place of the global ocean. The comparison
between  several  products:  climatology,  in  situ  data,  objective  analysis  of  in  situ  data  combined  with
altimetric data (ARMOR) and operational systems shows the place where the system is really efficient to
simulate  the  ocean  water  column  (for  example  in  the  Gulf  of  Biscay  (b))  and  the  place  where  the
multivariate  and  multi  data  assimilation  improves  the  representation  of  the  water  column  (as  in  the
Labrador Sea (a)). In the Pacific Ocean warm pool (c) and in the South Pacific Ocean (d) the global system
is much better than the climatology compare to the insitu data.

North Atlantic ecosystem component

Two ecosystem models [Monfray, 2005] have been developed, operated in hindcast mode and used in real
time from 2006 to 2007. These ecosystems model were based on the LOBSTER and PISCES models;
each being coupled off line with the PSY1V2 physical operational system. Validation and improvement
were realized thanks to the BIONUTS project to develop the future ecosystem component of the global
system to be operated in the V3 MERSEA global system.

a) 
b) 

c) d) 

Figure 9.2.2: Temperature (°C) and salinity (psu) vertical profiles of the global ¼° system forecasts (solid line), of
Levitus November climatology (dot dashed), of ARMOR products (dots), and of in situ measurements (triangles). a)

Labrador salinity (47.2°W 54.6°N) b) Bay of Biscay temperature (5.7°W 44.8°N) c) Pacific warmpool temperature
(160.25°E 6.7°N) d) South Pacific temperature (156.25°W 51.48°S
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MERSEA   system global component V2

Multivariate assimilation system at high resolution in the North Atlantic and the Mediterranean

This system is the same as described in the paragraph “Multivariate assimilation at high resolution in the
North Atlantic and the Mediterranean”, it was used in real time as the high resolution regional component
of the global V2 system.

Multivariate assimilation system at intermediate resolution in the global ocean

A large improvement  in  term of  modelling and assimilation methods has been realised for  the global
component of the V2 MERSEA global system. This system, based on the NEMO 1.09 instead of the OPA8.2
model,  includes the partial step vertical discretisation which improved largely the general circulation and
the  topographic  constrain  on  the  water  flow  and  a  coupled  sea  ice  model  which  allows  a  better
representation of the ocean at high latitude [Garric, et al., 2008]. The assimilation scheme is based on the
SEEK filter assimilating SLA, SST and insitu temperature and salinity profiles [Drevillon, et al., 2007]. This
system has been performed in real time during the MERSEA second target operational phase (TOP2), but
had to be stopped for several technical problems before to be restart as the V3 MERSEA global system.

MERSEA   system global component V3

Updated version of the multivariate assimilation at high resolution in the North Atlantic and the
Mediterranean

A large update based on the modelisation and on the assimilation has been realised for the high resolution
North  Atlantic  and  Mediterranean  Sea  system.   The  forced  simulation  realised  with  the  MNATL12
configuration,  based on NEMO code and including Sea Ice model,  has been validated to be used to
compute the 3D modes useful for the new assimilation scheme based on the SEEK filter.

Some  results  concerning  the  forced  simulation  are  presented  here,  comparing  the  simulation  to  the
merged altimetry data products. In Fig 9.2.3, the mean of the Sea Surface Height over 2004-2006 are
presented for the model and for the altimetric data. The Gulf Stream separation is improved compare to the
previous high resolution model used in the V2 MERSEA global system [Drillet, et al., 2005] where a small
overshoot was present (not shown here). The resolution at Cape Hatteras is quite the same between the
configurations but in the new one it has been increased in the Northern part of the domain, particularly
along the North Atlantic Current, and the resolution has been decreased in the eastern part of the North
Atlantic. The other differences between the two models which impact on the Gulf Stream simulation are the
partial  cells  coordinates,  the energy and enstrophy conserving scheme and the coupling with  the ice
model. [Barnier, et al., 2006] shows that at lower resolution (1/4°), these parameterisations clearly impact
on the Gulf Stream separation.

A  second  improvement  is  due  to  the  assimilation  scheme  which  is  now  based  on  the  SEEK  filter
assimilating the same data as the previous high resolution regional system [Lellouche, et al., 2008a]. The
annual  mean  sea  level  innovation  (Figure  9.2.4)  shows  that  in  most  of  the  North  Atlantic  and
Mediterranean Sea domains the forecast Sea Level is really closed to the observation, with values of the
innovation smaller than 5 cm for an observation error (SLA+MSSH) of the order of 6 to 7 cm. The larger
values are situated on the continental shelves where the data are not taken into account as well by the
assimilation scheme.
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Figure 9.2.3 Sea surface Height (high) from ATL12 (right) and merged altimetry data (left) over the period 2004-2006
and rms associated (bottom)

Figure 9.2.4 : North Atlantic mean sea level  (m) in 2007.

Released version of the multivariate assimilation at intermediate resolution in the global ocean

As noted in paragraph  7.2.1, a release of the PSY3V2 system has been realized with a new hindcast
production for the year 2007 and a real time production since April 2008 [Lellouche, et al., 2008a]. At the
global scale the results are quite satisfactory as for illustration on Figure 9.2.5 the mean forecast SST error
for the 2007 year. In a large part of the domain this bias is smaller than 0.2°C even if in specific area it
stays larger than 0.5°C as for example in the equatorial Pacific Ocean or along the Sea Ice boundary.
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Figure 9.2.5 : Mean SST difference in 2007: model forecast - RTG-SST

Multivariate assimilation at high resolution in the global ocean

The MERSEA V3 ocean model component is built from the OGCM NEMO 1.09 [Madec, 2008]. It consists of
an eddy resolving global ocean model (1/12°) coupled to the sea ice model LIM2 [Fichefet and Gaspar,
1988]. The grid is a global quasi isotropic ORCA-type grid with a resolution of 1/12°. The vertical resolution
based on 50 levels with layer thickness ranging from 1 m at the surface to 450 m at the bottom. The model
is initialized with the Levitus 2005 temperature and salinity climatology; a monthly climatological runoff is
applied. The model is forced by daily mean analyses provided by ECMWF using the CLIO bulk formulae.
The  MERSEA V3 assimilation system is  based on the SAM2v1 tool  which is  a multivariate assimilation
algorithm derived from the Singular Extended Evolutive Kalman (SEEK) filter analysis method. Weekly
dependant multivariate 3D anomalies from a multi years free simulation have been used to estimate the
background  error.  The  analysis  provides  a  3D  oceanic  correction  (T,  S,  U,  V)  which  is  applied
progressively during the model integration by using the Incremental Analysis Update method. To minimise
the computational requirements, the analysis kernel in SAM2V1 is massively parallelized and integrated in
the operational platform hosting both the SAM2 kernel families via the PALM software.

Assessment of the PSY4V1 system

A 8 years simulation has been performed with the free model configuration from 1999 to 2006 to validate
the general circulation, the mesoscale representation and the seasonal and inter-annual variability [Drillet,
et  al.,  2008].   All  these points  are crucial  to  build  the statistic  data base to be used to describe the
background error in the assimilation scheme. To illustrate the quality of the free model, Fig. 9.2.6 shows
the Root Mean Square of sea surface height over the period 2003 to 2005. The mean general circulation is
in good agreement with the altimetry observation and the main variability patterns observed in the ocean
are well reproduced. The main ocean currents have realistic intensity in term of mean and variability and
the western  boundaries currents  pathways are  correct:  Gulf  Stream separation,  North Atlantic  current
penetration, Kuroshio extension, North Brazil or Aghulas currents are realistic. The level of variability in the
tropical  region and in the circumpolar current  is  also in good agreement with altimetry observation. A
description  of  regional  features  and  their  influence  on  the  larger  scale  could  be  realised  with  this
simulation,  for  example  the  study  in  Caribbean  Sea,  Gulf  of  Mexico  or  China  Sea,  strong boundary
currents  around  Australia  or  circulation  in  the  Mozambic  channel.  All  these  results  are  clearly  better
compared to previous versions of the global ocean simulation realised with the NEMO ocean model thanks
to improvements in physical parameterisation in the model and to the higher horizontal resolution.
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Figure 9.2.6: 2003 2005 Sea Surface Height variability simulated with the Mercator Océan high resolution global
configuration ORCA12

To evaluate the ability to monitor the circulation in term of realistic mean oceanic structures and variability,
a 5-month hindcast experiment using the MERSEA V3 system has been performed from November 2007 to
March 2008. This simulation uses a 7-days assimilation cycle. Operational dataset has been assimilated:
Sea Surface Temperature (SST),  in-situ profiles of temperature and salinity and Sea Level Anomalies
(SLA). A mean dynamic topography from [Rio and Hernandez, 2003] is now used as a reference level for
the Sea Surface Height (SSH). In addition to internal diagnostics as misfits to assimilated data, validations
by  independent  in-situ  measurements  demonstrate  the  benefit  gained  from the  assimilation  (see  Fig
9.2.7).This simulation shows a good convergence in terms of innovation statistic.

Figure 9.2.7: RMS of innovation Temperature (left) and Salinity (right) until 2000 meter depth during the first 5 months
(from November 2007 to March 2008). These vertical profiles of Temperature and Salinity (ARGO floats, XBT/CTDs,

moorings or buoys) are assimilated.

A real time demonstration using the MERSEA V3 forecasting system has been performed for two weeks on
April  2008. This ocean forecasting experiment has been previously initialized from a 5 month hindcast
experiment. Two weeks forecast have been produced on the Météo-France’s super computer (NEC SX8-
R).   It  enables one to assess the  MERSEA V3 system ability  to  be deployed in  near  real  time on this
operational computer. This system has been deployed on 8 nodes (128 Gigabytes) of 8 processors for a
total memory of 600 Gigabytes. Four hours and thirty minutes (real time) have been necessary to produce
a two weeks forecast.

This first step offers new perspectives to monitor global ocean circulation at high resolution.
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Global ecosystem component

As planned,  the integration into a global  version of  a  N5P2 biogeochemical  model  has been actively
pursued [El Moussaoui, et al., 2008].

A full spin-up year simulation at 1°, coupled off-line with the physics at ¼° (horizontal grid degradation) has
been successfully realized for year 2001. Although the model is still in its spin-off phase, these simulations
do not show any problems and global fields look reasonable (Figure  9.2.8), even if the analysis of a longer
period  (2001-2006)  is  necessary.  We  have  then  developed  a  real-time  demonstrator  for  the
biogeochemistry, based on the tools developed (PISCES at 1° coupled offline with MERSEA V2 at ¼°). This
system has been initialized and operated in near real-time

Iron

Model Climatology

Nitrate

Figure 9.2.8 : Global simulation of marine biogeochemistry for March 2001 using PISCES at 1° coupled with physics
at ¼°: iron and nitrate (left); compared to climatologic ones (right)

7.2.2. Arctic Ocean (Task 9.2.2)

NERSC Leader

PHYSICAL MODEL: Upgrades of TOPAZ

V0 to V1

The main upgrade of the Arctic system (based on the HYCOM model) from V0 to V1 was an improved
representation of the bottom pressures. Figure 9.2.9 shows that the upgrade has improved the inflow of
saline Atlantic water into the Nordic Seas (in V0 they were stopped at the Iceland – Scotland ridge). The
transport of “warm” Atlantic water into the Arctic is also more realistic in the V1 system.
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V1 to V2

The main upgrade from MERSEA V1 to V2 Arctic system is the doubling of the horizontal resolution, which
has improved the resolution of eddies and the definition of boundary currents, Figure 9.2.10. The currents
at 300 m depths are following more closely the topographic features and the West Spitzberg Current is
more intense and more realistic.

As a consequence, the nature of the water masses entering into the Barents Sea has also been improved
– Figure 9.2.11 second and third row – showing the sections from Norway to Bear Island during August
2007.  The  sections  are  compared  to  the  regular  hydrographic  sections  from  the  Institute  of  Marine
Research: the V2 system has a much more realistic inflow of warm waters at the surface – in red – and the
depths of the stratification is realistic. The salinity section shows an increase of saline water entering into
the Barents Sea, but the V2 system still misses about 0.1 psu to be entirely realistic.

The improvement of currents has also an impact on the sea-ice as better defined warm currents like the
West Spitzberg Current will melt better the sea ice North of Spitzberg and the better defined cold currents
(like the Labrador Current) will transport more ice along the coast of Newfoundland. This is confirmed in
Figure 9.2.11.

V0 V1

Figure 9.2.9 Impact of the HYCOM upgrade on depth of the 35 psu isohaline and 0.5 deg C isotherm
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V1 V2

Figure 9.2.10 Impact of doubling the model resolution on the currents system in the Nordic Seas.

ECOSYSTEM: Results from the TOPAZ - CN-REcoM test-run.
Run with and without assimilation

Two parallel coupled physical-biological runs, one free-run and one where the analysis files were used as
restart files every 7 days, were compared to observe the effect of assimilating physical variables on the
coupled physical biological system.  The biological model was an early version of CN-REcoM [Schartau et
al., 2007].  The run was started in the beginning of year 2005 and was run through May.  In general the
assimilation did not have a strong effect on the biological system.  The spring bloom in the North Atlantic
started earlier in the run with assimilation, as seen by the band of negative values along the edge of the
spring bloom in the difference between the free and assimilation run (Figure 9.2.12).   There are also
patchy differences locally that do not affect the overall concentration. Previous experiments of this sort had
problems  with  excessive  mixing  because  the  assimilation  scheme created  an  unstable  water  column
[Berline et al., 2007], no such artifacts were detected in this assimilation run.  Special attention was paid to
what happened along the ice-edge because the assimilation included ice.  Where there was less ice, the
chlorophyll  concentration was higher  and the nutrient  concentration  was  lower,  as  one would  expect.
There were no apparent spurious effects of the assimilation along the ice edge either.
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Figure9.2.11 Impact of doubling the resolution of the ocean model. Top: sea-ice concentrations. Middle Temperature
section in the Barents Sea opening. Bottom, salinity section in the Barents Sea opening.
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Figure 9.2.12 Comparison between the free run and the assimilation run for the month of April, 4 months after the runs
were started from the same initial condition.  He first column shows nitrate in the upper 100 meters, the second column

shows chlorophyll in the upper 40 meters, and the third column shows temperature in the upper 100 meters.
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Operations

We provide here a summary table of major events in the operations of the Arctic system

Date Arctic 
system

Change Platform

1st Apr 04 V0 Continuation of TOPAZ and MERSEA Strand 1
HYCOM v1.3

OpenMP parallelization (HYCOM and EnKF)

Tre:
IBM Regatta Power 4+

96 CPUs, shared memory
5th May

04
V0 First service trial for model nested in Gulf of Mexico for WP12.1

(Ocean Numerics). 
Tre

1st Jan 05 V1 Start
HYCOM upgraded v2.1

MPI parallelization of HYCOM
OpenMP parallelization of EnKF

Mixed Tre (EnKF) 
+ Fimm (HYCOM)

Cluster 185 CPUs, distributed
memory

1st Feb 05 V0 Stop Tre
Oct. 05 V1 TOP1: start producing metrics on OPeNDAP including Arctic

metrics
THREDDS

Oct. 05 V1 Start providing boundary conditions to met.no FTP
Dec. 05 V1 Nested 5 km model in the Norwegian Sea running daily (CONMAN) Fimm
Jan 06 V1 Added volume flux in Bering Straits 

Improved salinities and ice cover in Eastern Arctic
Fimm

Jan 06 V1 Included HYCOM code management by CVS. Central source code. Fimm
17th Aug V1 Update of cluster OS Fimm
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Date Arctic 
system

Change Platform

06 Delays in forecast schedule
Sept 06 V1 Nested 5km model in Barents Sea (WP12.2) Fimm
Oct 06 V2 Interface to ECMWF T799 fields (25 km resolution) Fimm
May 07 V2 Start

HYCOM v2.1
Double horizontal resolution
MPI parallelization of EnKF

Njord
IBM p575+

990 CPUs, shared memory

23rd Jun
07

V2 Start providing metrics THREDDS

1st Oct 07 V1 Stop Tre taken down
Oct. 07 V2 Initiate transition to met.no Njord

7th Nov 07 V2 Inclusion of CERSAT ice drift assimilation Njord
Jan 08 V2 Start delivering data to ECMWF for wave models FTP

19th Mar
08

V2 Validation of ice drift reveals systematic direction errors. 
Bug fixed in ice drift

Njord

Mar 08 V2 Operational exploitation at met.no Njord
May 08 V3 Prototype ready and ported 

Assimilation of Argo profiles 
Hexagon
Cray XT4

5500 CPUs, 
shared memory

7.2.3. Baltic Sea MFC, DMI (Task 9.2.3)

DMI Leader

Short Description of the   MERSEA   Baltic Sea Monitoring and Forecasting Centre

A system for the Baltic Sea – North Sea region has been running operationally at DMI since 2001 (MERSEA

version  0).  The  backbone of  the  system is  a  3D ocean circulation,  free  surface model  consisting  of
conservation equations for mass and horizontal momentum on the rotating earth and budget equations for
heat and salt, and with a dynamic-thermodynamic ice model. The objectives of this task of the  MERSEA

project was to further develop and implement a high-resolution, state-of-the-art forecasting system for the
Baltic Sea.

Three domains  are  applied in  the present  system:  a 2D North East  Atlantic  (NE-A)  barotropic  model
provides surge boundary conditions to a North Sea-Baltic Sea (NS/BS) 3D model which is dynamically
two-way nested to a fine grid 3D model for the narrow transition zone of waters in the Danish Straits, the
inner Danish waters (IDW). The models are set up horizontally using regular spherical coordinates and
vertically in z coordinates. The resolution of the domains differs with each system version as increasing the
resolution indeed has been one of the major improvements during the project.

The model's boundary conditions are obtained from different sources. At the open model boundaries in the
North Sea between Scotland and Norway and in the English Channel the model is forced by tides, surges
and lateral temperature and salinity fields. At the free surface the model is forced by hourly meteorological
forcing based on DMI’s operational numerical weather prediction model DMI-HIRLAM. River run-off from
79 rivers are applied in this region.

Twice a day, with analyses at 00:00 UTC and 12:00 UTC, DMI provides a new 60 hours forecast for the
Baltic Sea – North Sea region. The hindcast length is 12 hours. Version 1 of the Baltic system continues to
run fully operational for a while; it provides forecasts for DMI's official storm surge warning system with two
daily updated forecasts.
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Major Progress Made During the Project

During the four project years the Baltic Sea system has undergone considerable improvements, covering
many different aspects of the model system. The starting point was version 0, which consisted of a 12 n.m.
(nautical miles) NE-A surge model, a 6 n.m. NS/BS model two-way nested with a 1 n.m. IDW model both
with 14 vertical layers of relatively coarse resolution and applying a length scale turbulence closure model.
Version  0  was  almost  identical  to  the  original  model  developed  at  Bundesamt  für  Seeschiffahrt  und
Hydrographie (BSH), Germany, where it has been running operationally since the early nineties, (Dick et
al., 2001).

The system was upgraded to version 1 with the following major improvements: For the forcing data, the
resolution of the NE-A surge model was increased to 6 n.m. and the atmospherical data was upgraded
from a product  of  15 km resolution to  one of  5 km. The stratification in the model  was improved by
extending the number of layers to 50, increasing the vertical resolution and by extending the turbulence
scheme  with  a  damping  dependant  on  gradient  Richardson  number.  A  careful  adjustment  of  the
bathymetry in the IDW domain resulted in much better prediction of the transports through the Danish
Straits, (She et al., 2007).

Most of the system improvements were concentrated around the significant upgrade to version 2 which
was the platform for the TOP2 experiment. First of all, the horizontal resolution was increased to 3 n.m.
and 0.5 n.m.  in  NS/BS and IDW domains,  respectively.  At  the same time the vertical  resolution was
increased to 1 m in the upper 30 m of the IDW domain, requiring the implementation of an improved
dynamical two-way nesting scheme as well  as improved horizontal  diffusion and dissipation schemes.
Upgrades of  the model  forcing were implemented,  with  new tidal  constituents  at  the North Sea open
boundary, daily river run-off instead of climatological values, and nesting from the NE-A MFC through daily
salinity and temperature fields at the open lateral boundaries.

A scheme adapted for assimilation of satellite derived bulk SST fields was implemented into V2. Satellite
derived bulk SST fields are horizontally interpolated using an optimal interpolation approach, (Høyer and
She, 2007), and the gridded product is then assimilated into the ocean model using a simplified Kalman
filter, (Larsen et al., 2007). Results from a one-year validation against independent in-situ observations are
shown in Fig. 9.2.13.

Figure 9.2.13. The left figure shows the mean of the model minus observation bulk SST residuals taken over a full
year and over the entire model domain for four experiments. Control is without data assimilation, Kalman employs a
filter without prior optimal interpolation, and the OI1 and OI2 are two variants of the hybrid optimal interpolation and

Kalman filter. The right figure shows the standard deviation of the residuals. From (Larsen et al., 2007).

A new mixing scheme was developed for and implemented into V2. It takes into account both breaking
surface waves and internal waves (Umlauf et al., 2003). The atmospheric forcing of the turbulence model
is provided through a new set of surface flux boundary conditions. Different algebraic stability functions are
applied for the vertical diffusivities of momentum, heat, salt and passive tracers, (Canuto  et al., 2002),
giving new expressions for turbulent time scale, temperature gradient, salinity gradient, velocity shear and
breaking internal waves.

To account for short wave radiation into the subsurface layers a proper parameterization of penetrating
insolation suited for the Baltic Sea area was implemented, (Meier, 2001). Also, during storm cases the
surface flow increased to unrealistically high current speeds. Therefore, it was necessary to improve the
wind drag calculation by using the more realistic effective wind velocity relative to the current velocity and
to make the surface roughness length proportional to the square of the friction velocity.
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Improvements are achieved from version 1 to version 2 over the entire domain near the surface as well as
at deeper positions. Examples from the TOP2 assessment report are shown in Fig. 9.2.14.

Figure 9.2.14. Time series of observed (red) and modelled (version 1 in blue; version 2 in green) temperature for
Fehmarn Belt at 6 m depth (left) and Laesoe East at 60 m (right).

While both version 1 and version 2 are running operationally, version 3 is not yet fully matured. Much effort
has been put into performing pre-operational tests for new features such as 3D data assimilation and eco-
modelling. It is expected that version 3 will be put into operational mode at the end of year 2008.

For V3, the mixing scheme has been improved by extending the buoyancy production during convection
through  a  parameterization  of  third  order  moments  in  the  buoyancy  production  term.  Improvements
achieved through the MERSEA project may be summarized as in Fig. 9.2.15, which shows the salinity at the
Great Belt station, placed centrally in the model domain. With V1, the stratification was very weak and the
picnocline,  if  present  at  all,  was often too  deep.  With  V3,  the  stratification is  much more realistically
predicted.

A system consisting of a three dimensional variational (3DVAR) analysis scheme and the ocean circulation
model has been developed for regional ocean data assimilation. According to pre-operational tests some
further improvements in predicted temperature and salinity can be expected.

An ecological model based on ERGOM has, with its nine state variables for phytoplankton, zooplankton,
nutrients and oxygen, been found suitable for applications in the Baltic Sea, (Neumann, 2000). This eco-
model is now fully integrated into the model code and has been optimized to a level that enables full-scale
testing and, eventually, operational applications.
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Figure 9.2.15 Simulated salinity at different depth levels (in m on the curve legends) at the Great Belt station. Version
1, for year 2001: upper panel. Development towards version 3, for year 2006: lower panel.

The improvements and extensions are not achieved without costs; the required computer resources has
considerably increased during the MERSEA project. Thus, much attention has been put into optimizing the
model engine, including optimizing the numerical schemes and introducing parallelisation. All the model
code  has  been  revised,  and  major  parts  have  been  completely  restructured  to  achieve  the  required
improvements in performance, i.e. speed and accuracy.
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7.2.4. Mediterranean Sea (Task 9.2.4)

INGV Leader

The initial version of the Mediterranean system was based on the OPA 8.2 oceanographic model and the
SOFA1 reduced order optimal interpolation scheme (De Mey and Benkiran, 2002). The system assimilated
satellite observations of SLA, and in situ observations of temperature by XBTs once a week (Dobricic et al
2006). SST observations were assimilated by correcting surface heat fluxes. The first major improvement
in the system was made by the application of the daily assimilation cycle, in which the model is updated by
the information coming from new observations each day. However, the analyses are made once a week,
because some observational data sets are checked for quality on the weekly bases. Therefore, once a
week the daily analyses are made for the previous fourteen days. On the other hand, each day a new ten
days long forecast is performed starting from the one day long hindcast. Fig. 9.2.16 describes the daily
data assimilation scheme.

Figure 9.2.16: The daily assimilation cycle. The daily analyses are computed in 2 weeks before Tuesday. In the next
week daily simulations are performed with the forcing from ECMWF analyses, and each day a new 10 days forecast is

launched using updated ECMWF forecasts.

Another major improvement was obtained by the application of the assimilation of temperature and salinity
profiles from Argo floats. In particular, the assimilation of salinity profiles provided for the first time a control
by  observations  of  the  salinity  field  in  the  Mediterranean.  Both  the  daily  assimilation  cycle  and  the
assimilation of Argo floats improved the accuracy of the analyses. The sensitivity of the accuracy of the
analyses to these modifications of the data assimilation scheme are described in Dobricic et al. 2007.

The assimilation of  satellite  observations of  SLA requires an accurate estimate of  the mean dynamic
topography (MDT). A novel method to estimate the MDT from the diagnostics of the assimilation system
has been developed (Dobricic, 2005), and the more accurate MDT is used for the operational analyses.

The version V2 of  the Mediterranean was first  implemented in the demonstration phase. This version
contained several major improvements in comparison to the version V1:

1) The new NEMO version of the oceanographic model was substituted to OPA 8.2. NEMO applies
many new numerical solutions like the partial cells, energy and enstrophy conservative scheme for
the advection of the momentum, MUSCL advection scheme for the tracers, explicit calculation of
the water flux at the surface.

2) In the Atlantic the new model set-up was nested to the Global system.

3) A new oceanographic 3D-VAR assimilation scheme has replaced the optimal interpolation.

Here two major modifications will be described: The implementation of NEMO with the boundary conditions
from the global system and the application of the 3D-VAR data assimilation scheme.

1 System for Ocean Analysis and Forecast
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Figure 9.2.17. Time series of the zonal barotropic velocity for the reference simulation (solid bold lines), Model-1 (solid
lines) and Model-2 (thin dashed lines, the new scheme). Panels A and B indicate results of the first experiment for a
shallow water location (A) and deep ocean (B). Panels C and D show results for the second experiment (S1 shallow

water point; D1 deep ocean point).

NEMO nested into the global system

A process selective approach for the lateral open boundary conditions (LOBCs) problem of nested models
was defined and implemented in sub-regional domain of the Mediterranean Sea (Oddo and Pinardi, 2007).
A preliminary comparison of model results (with different sets of LOBCs,) with observed data, through
simple root-mean-square indices, has shown a considerable improvement derived from the use of the new
scheme under specific regimes. A further analysis of the numerical results, in particular for the barotropic
velocity and sea surface elevation fields, has been carried out also in idealized test cases. The new LOBC
has improved the nested model  results  both in  outflow and inflow regions,  considerably  reducing the
numerical noise. In particular the new method allows the high frequency-small scale processes, acting in
the region close to the lateral boundary, to correctly develop and propagate out of the model domain. The
proposed  scheme  is  more  efficient  in  the  shallow  area,  due  to  its  numerical  derivation.  Fig.  9.2.17
illustrates some of the results obtained in the idealized test case. The time series of the zonal barotropic
velocity are shown for the reference simulation (solid bold lines), standard Flather’s (solid lines) and the
new scheme (thin dashed lines). Two main experiments have been carried out increasing the complexity of
the idealized ocean flow. Panels A and B indicate results of the first experiment for a shallow water location
(A) and deep ocean (B). Panels C and D show results for the second experiment (S1 shallow water point;
D1 deep ocean point).

The Mediterranean operational model V1 for MERSEA was based on the OPA code; its domain (Fig. 9.2.18)
contained a large area of the Atlantic Ocean (technically called Atlantic box) with closed lateral boundaries.
In order to keep the solution realistic in the “Atlantic box” the model state variables were relaxed toward
climatological values using a space dependent relaxation time. In the same area also a sponge layer has
been implemented in order to reduce numerical noise.
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Figure 9.2.18: New model (top) and old model (bottom) surface temperature for 16-May-2004. Units are DegC.

During the project the Atlantic box has been “opened” using the new formulation of LOBCs already tested
in the sub-regional domain of the Adriatic. The external data have been provided by the  MERSEA global
model (MERCATOR). As done for the sub-regional domain different kinds of LOBCs setup have been
tested and the results compared with available observations. In order to perform the requested numerical
exercises a model-based dataset  exchange has started.  A sub-region within  the global  MERSEA model
domain where data are needed has been defined and the global model data needed have been identified
(temperature, salinity, and velocity components and seas surface elevation).

Preliminary experiments have been carried out to investigate the role of parameterizations of lateral open
boundary conditions. The new model (see report for task 9.2.4) has been integrated for several years
(starting from Jan 2004) and the results compared with observations and the previous model version. The
most satisfactory results have been obtained using a 2D radiation condition for temperature and salinity,
while imposing the total  velocities.  Furthermore, a transport constraint based on Flather algorithm has
been imposed at the boundary. An example of the model behaviour, compared with the previous system, is
shown in Fig. 9.2.19.
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Figure 9.2.19: The full line shows the relative difference between the weekly r.m.s. of SLA misfits (background-
observation) for the experiment with the assimilation by the 3D-VAR and the experiment with the assimilation by the

SOFA. The dotted line shows the relative difference between the r.m.s. of the difference between analyses and
observation for 3D-VAR and SOFA analyses and observations.

3D-VAR data assimilation scheme

The 3D-VAR scheme is based on the vertical order reduction by EOFs. Furthermore, in the modelling of
the background error covariances it splits vertical and horizontal modes and assumes that horizontal error
covariances are approximately Gaussian.  In these aspects the 3D-VAR applies concepts very similar to
those of SOFA. However, the global variational solution permits us to remove the discontinuities between
different  geographical  regions with variable EOFs. In addition to the models of vertical  and horizontal
covariances, the background error covariance matrix contains models for the sea level and the velocity.
The sea level covariances are estimated by a barotropic model which is forced by the vertically integrated
buoyancy force. In this way it is possible to estimate the sea level covariances even over shallow areas
with a highly variable bottom topography.  Velocity covariances are modelled by the application of the
geostrophic relationship. Near internal boundaries the geostrophic solution is modified by the application of
the divergence filter in order to remove the numerical noise from the analyses. The 3D-VAR scheme is
described and compared to the previous OI scheme in Dobricic and Pinardi  (2008). The new scheme
improves the accuracy of the analysis, mainly due to the ability to assimilate more observations in shallow
areas and areas with the variable bottom topography. Fig. 9.2.20 shows the relative improvement of the
r.m.s. of misfits and “analysis minus observations” (a-o) for the testing period of the application of the 3D-
VAR.  It can be seen that the 3D-VAR scheme is more accurate than the optimal interpolation scheme
especially in the shallow area of the Strait of Sicily with the complex bottom topography.

Verification of the V2 system

During the last year of the  MERSEA project the importance of the proper nesting with the  MERSEA global
model,  the application of  the NEMO model  as well  as the introduction of  data  assimilation has been
quantified. The quality of the improvement has been quantified in terms of skill scores against available
observations. For a better understanding of the improvements deriving from the Mediterranean Forecasting
System (MFS) development in V2 all the results are compared with same quantities obtained from the
previous  MFS  version  V1.  Fig.  9.2.20  illustrates  the  improvements.  It  shows  how  the  system  V2
outperforms the system V1 in the accuracy of both the first-guess and the hind-cast.
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Figure 9.2.20. Temperature (C°) and Salinity (PSU) RMSE mean profiles. Solid blue lines indicate V2 first-guess;
Dashed blue lines indicate V2 hind-cast; Red solid lines indicate V1 first-guess; Red dashed lines indicate V1 hind-

cast.
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7.2.5. North-east Atlantic (Task 9.2.5)

MET Office Leader

Development of the North West Shelf (NWS) system, led by the Met Office, has focused on two major
areas  of  development,  the  adaption  of  OPA/NEMO  for  the  shelf-seas  (task  9.1)  and  specific
implementations for the NWS (task 9.2.5). The routine production from the system has been achieved
through task 9.3 and as part of this production two Target Operational Periods (TOPs) have been run and
have been used to assess the system quality.

The developments have moved the NWS capability at the Met Office significantly further forward, with
significant  advances in the development of  NEMO for  the shelf  system, almost  complete transition to
NEMO in the open ocean modelling done here,  and the implementation of  an (and possibly the first)
operational ecosystem model for the region. Proof of concept nesting with the Mercator Global system (the
MERSEA global configuration) has been done in pseudo-operational mode, giving significant insights to how
this might be done operationally. Target Operational Periods and the assessments of the system through
these periods have improved our understanding of the quality of the science in the models, and will allow
targeted investment in science upgrades to the Met Office models in the future.

The adaptation of OPA/NEMO for shelf-seas

The Mercator group has written code to apply open boundary data using the Flow Relaxation Scheme as
currently used in operational FOAM. This code requires some extension to apply the method to the sea-ice
variables. Code to apply the alternative Flather open boundary conditions has also been supplied; this
method is best suited for use in shelf  seas model configurations, and will  be applied accordingly later
during the transition.

The first phase was to produce a nested configuration of NEMO-AMM, whereby the horizontal domain size
was reduced slightly  and open boundary conditions  of  SSH and depth-mean velocities  provided from
POLCOMS-AMM. This provided a test of the Flather open boundary condition, implemented in the BDY
module of NEMO, and allowed for debugging of the Flather code. It also provided an initial comparison of a
tides-only simulation in POLCOMS and NEMO.

The BDY module was then harmonised with the re-activated s-coordinate code in NEMO. The nested
configuration for tides-only simulations was set up with uniform �1-levels. This is different from POLCOMS
which uses the Song and Haidvogel (1994) stretching function for water depths of over 150m, and work
has started to investigate the impacts of the differences in the S-coordinate systems between the models.

POLCOMS uses a law-of-the-wall formula to deal with situations where the vertical grid partially resolves
the bottom boundary layer. This was coded in NEMO, and some tuning ofhorizontal and vertical diffusion
performed.  Tidal  harmonics  forcing  was implemented  in  NEMO as an extension to  the BDY module,
following the implementation in POLCOMS.

Initial  comparisons  of  short  tides-only  runs  with  POLCOMS-AMM  and  NEMO-AMM  revealed  large
discrepancies in tidal amplitudes and phase. These issues were resolved through the fixing of a number of
bugs, and through improved specification of the bathymetry.

Subsequently the nonlinear free surface code has been updated to work with the s-coordinates option and
tested in the AMM configuration. The tidal potential force has been implemented in NEMO. Runs with the
tidal potential, the nonlinear free surface and the Flather boundary condition and tuned bathymetry resulted
in comparisons against tide gauge data in NEMO of similar quality to the results obtained from POLCOMS.
Also, the General Ocean Turbulence model (GOTM) has been implemented to allow a greater range of
turbulence schemes suitable for use in coastal regions. Tide-only simulations were undertaken with the
standard NEMO TKE scheme as well as a k-�0 option available through GOTM. The choice of scheme did
not show any significant impact upon the tide-only results, but are expected to have a greater impact upon
full baroclinic simulations.

Subsequent  to  the testing in  tide-only  mode,  the NEMO model  has been modified to  include surface
pressure forcing. This has been tested in a simulation of an unusually large storm surge that affected the
east coast of the UK, with good results.

Given the success in running the model in tide-only and tide plus surface momentum and pressure fluxes,
the focus has shifted to developing the model for full baroclinic running. The surface fluxes of heat and
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Ecosystems

A critical advance that has taken place during the project, has been the development and implementation
of  an  ecosystem model  for  the  North-West  European  continental  shelf.  This  model,  based  upon  the
European funded ERSEM code and further developed at Plymouth Marine Laboratory was coupled to the
POLCOMS MERSEA V1 system. There was a significant amount of effort required to get an essentially R&D
ecosystem tool to perform in an operational environment, and the major achievements through  MERSEA

have been the operationalization of the ecosystem science. The outcome of this has been a successfully
functioning  ecosystem  model  providing  daily  feeds  of  ecosystem  variables  to  the  UK’s  Environment
Agency who are using it to assess the likelihood of blooms incident on beaches around the South-West
coast of the UK to fulfil their obligations to the Bathing Water Directive.

Developing the configurations

Through MERSEA significant advances have been made in the NWS both in the test configurations available
and the operational  configurations implemented. Prior  to  MERSEA the Met Office system comprised the
operational Forecasting Ocean Assimilation Model (FOAM) system, and forecasts for the shelf seas using
the Atlantic Margin Model (AMM), a ~12km configuration of POLCOMS covering the North-West European
continental shelf from 40oN to 65oN and 20oW to 13oE. FOAM 1/9o N Atlantic, ocean and sea-ice model:
nested inside Atlantic model ; assimilation of surface height, temperature and salinity profile data and sea-
ice concentration fields using modified analysis correction scheme. POLCOMS system for NE Atlantic shelf
using 12 km grid and no assimilation. Both were being run daily in the operational system.

Developments to the systems were made to create the V1 system which went operational in February
2005. This comprised (a) the 1/9º North Atlantic FOAM configuration as with V0 and (b) the POLCOMS
Medium  Resolution  Continental  Shelf  (MRCS)  model  on  a  ~7km  grid,  nested  into  the  1/9º  FOAM
configuration via the Atlantic Margin POLCOMS configuration. The system ran daily  in the Met Office
operational suite. The MRCS model presented a significant step forward as it allowed a higher horizontal
resolution representation of processes on the North-West Shelf.

The V2 system was subsequently developed which included an pseudo-operational shelf model running in
the NEMO framework. This had been planned to include an explicit free surface, but developments of the
NEMO system for tidal waters have been taking significantly longer than expected. The V2 system also
included the POLCOMS MRCS-ERSEM coupled ecosystem model running within the full operational suite
providing products on a daily basis. This went operational in March 2007.

Given the need to develop towards the configurations required for MyOcean the V3 of the NWS looks
somewhat different from originally planned. The decision has been made to fully implement the NEMO
FOAM configurations to ensure that the full range of Met Office models are running with NEMO as soon as
possible. The V3 system therefore includes the ORCA025 NEMO FOAM presently running operationally
(although  still  in  test  mode),  a  North  Atlantic  1/12o rotated  grid  NEMO configuration  running  in  pre-
operational trials, due to enter operational running in Oct 2008, and the POLCOMS MRCS-ERSEM. The
NEMO configurations not only have higher horizontal resolution than their UM predecessors, but have 50
levels rather than 20 in the vertical. In parallel to the POLCOMS MRCS-ERSEM there is a NEMO AMM
configuration being run in test mode in which developments are being made to allow this to replace the
POLCOMS system at the earliest possible opportunity.
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NWS Production

The production of the V1 and V2 systems has been assessed using two Target Operational Periods (TOP1
and TOP2). Work done within the MERSEA Strand 1 project to define 4 classes of metrics was carried over
into the MERSEA IP and used to intercompare the models. Metrics and outputs from Met Office models have
been implemented as defined by the TOP criteria. These are being output routinely from all Met Office
MERSEA systems based on NEMO, and a number of the UM based systems. During the TOP1 period only
the class 1 – 3 metrics were compared.

For the NWS the validation is focused on the North Atlantic eddy permitting system (FOAM 1/9°), from
March to September 2006. The water mass description was consistent with the climatology at the seasonal
scale. Dedicated analysis along sections show the consistent distribution of the key-water masses at depth
and no model drift was identified at depth. At synoptic scales, some problems, observed in the mixed layer
dynamics were corrected in September 2006, allowing an improved forecast of the mixed layer depth.
Improvements were clearly evident over the MERSEA Strand 1 assessment of the same model.

The Met Office V2 systems North-East Atlantic 1/16o NEMO system is nested to both the Met Office 1/9o

North Atlantic system and the Mercator global. The nesting was tested during the TOP2 period. Some
issues came to light during the TOP2 period with the global fields, but in general the nesting was shown to
be a success with generally consistent results as shown by the analysis done within the TOP2 report.

Data Delivery

Data is being delivered through the MERSEA series of data delivery mechanisms on a pre-operational basis.
The outputs from the V2 system are available on the ESSC thredds server. These include POLCOMS-
MRCS outputs of temperature, salinity and currents. FOAM 1/9o NE Atlantic fields (including analysis and
forecasts out to 5 days) and metrics (transports and moorings) are also being delivered.

The Met Office NWS models are also fully searchable through the  MERSEA Information System and the
Discovery/Download/Viewing services. ESSC at Reading also supply visualisation of the NWS data on the
Godiva2 service found.

 7.3. Routine Production of Outputs by core systems (Task 9.3)

MET Office Leader

The objectives of this task have broadened as the demands on WP9 from other WPs and down-stream
users have become more apparent. The objectives thus include:

1. routine generation of near real-time forecasts, making them available on the TEP web-portals in
liaison with WP6

2. provision of near real-time boundary data to other TEPs or down-stream users

3. provision of specific products (e.g. 10-year re-analyses) for WP11, WP12, WP13 and
downstream users

4. scientific assessments including inter-comparisons of the forecasts in liaison with WP5

5. assessments of the technical performance (e.g. reliability) of the forecast systems in liaison with
WP5

6. definition and implementation of two 6-month Targetted Operational Period (TOP) assessments
in liaison with WP5 and other WPs.

We take the opportunity in this section of the report to reflect on some of the successes and lessons learnt
from the co-ordination of this work-package which will be relevant to the further development of the Marine
Core Service for GMES.
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grid.  Also,  objectively  interpolated  satellite  sea  surface  temperature  data  (obtained  from  NOAA)  are
available, and, for the region, given on a weekly basis with a spatial resolution of 1°. Several expeditions in
the  Arctic  have  taken  hydrographic  profile  data  (CTD,  XBT and/or  XCTD).  Recently,  for  example,  in
connection with the International Polar Year, Profile data (taken mostly during the Arctic summer) are
provided by the North Pole Environment Observatory, the Norwegian Institute of Marine Research and the
Russian Arctic and Antarctic Research Institute.

Figure 10.1.1. Ice drift. Left panel: CERSAT/Ifremer merged data, 03 to 06 Nov. 2007, first ice drift data assimilated in
TOPAZ3. Right panel: Example of ice drift from ASAR processed at NERSC.

8.1.2. The Baltic Sea

SST observations of the Baltic Sea system are available both from satellites and in situ measurements.
DMI produces daily SST maps with a resolution of 0.03°. In situ observations of SST in the Baltic Sea
system are mainly collected from ships of opportunities (Ferry boxes, XBT’s), buoy stations, oil platforms,
lighthouses  etc.  These  observations  are  then  made  available  at  near  real  time  via  the  Global
Telecommunication System (GTS). As a meteorological office, DMI receives GTS distributed data in an
operational mode. A comprehensive network of tide gauges exists in the Baltic Sea. For the MERSEA TOP
validations, DMI uses a total of 11 stations distributed along the coastline of the Baltic Sea, Kattegat,
Skagerrak and Danish straits. Current meter observations and hydrographic time series are available from
seven positions in the Baltic Sea system (Figure 10.1.2). A large number of hydrographic profile data have
been taken in  the Baltic  Sea.  Most  of  these data have been collected as part  of  national  monitoring
programs and from ships of opportunity,  and are archived in institutional,  national and/or  international
databases. For example, in the International Council for the Exploration of the Sea (ICES) database and in
the HELCOM data base (HELCOM is the intergovernmental cooperation of countries bordering the Baltic
Sea).
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Figure 10.1.2. Locations of current meter moorings. Red dots mark the locations of moorings maintained by the Royal
Danish Administration of Navigation and Hydrography (RDANH); blue dots mark the locations of moorings maintained

by the Swedish Meteorological and Hydrographic Institute (SMHI) and green dots mark the locations of moorings
maintained by the German Federal Maritime and Hydrographic Agency (BSH).

8.1.3. Mediterranean Sea

During the  MERSEA period, in the Mediterranean Sea have been collected satellite data (SST and Ocean
Colour), CTD in coastal areas, XBT in the whole basin, profiles from fixed buoys both in coastal and deep
seas. Data collection has been supported by MERSEA very partially, since most of them were collected in the
framework  of  national  programmes  or  other  initiatives.  Here  is  provided  a  general  overview  of  data
collected in the Mediterranean Sea.

Satellitte SST

Have  been  collected  by  CNR,  ISAC,  and  OGS.  They  are  at  high  resolution  (1  km)  over  the  entire
Mediterranean and are produces every day.

CTD data

CTD-FO2 data (Figure 10.1.3) have been collected in the framework of the contributions to MERSEA, such
as ADRICOSM, a project of the Italian Group on Operational Oceanography supported by the Ministry of
the Environment,  EMMA supported by Italy, M-REA an initiative of the Hydrographic Institute with the
NATO Undersea Research Center in La Spezia for a rapid assessment.

The CTD data have been collected by CNR ISMAR (Bologna), IOF (Split), CNR ISMAR (Ancona), Istituto
Idrografico (Genova) and NURC (La Spezia).

XBT data

The data have been collected by ENEA (La Spezia) in the framework of the MFSTEP project (collaborating
with MERSEA) or collaboration with the Australian meteorological agency (BOM). Data in the Adriatic have
been collected by OGS (Trieste) in the framework of Adricosm. Other data were collected in the framework
of a collaboration between ENEA and CNR, using the research vessel Urania. All data available to MERSEA

are shown in Figure 10.1.4.
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Figure 10.1.3. CTD data collected in support to MERSEA activity.

Figure 10.1.4. XBT data made available to MERSEA.
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The Greek Poseidon network

In a national framework, HCMR is collecting T, S, nutrient, chlorophyll-a as well as meteorological data that
are used to forecast the Aegean Sea (Figure 10.1.5).

Figure 10.1.5. The area of the Poseidon network and a buoy used to collect meteo-oceanographic data.

 8.2. Design and develop nesting methods for the target areas (Task 10.2)

CNRS/LMC Leader, with DMI, NERSC, INGV, DFO

The objectives  of  this  task  were  the  development  of  appropriate  schemes  for  the  treatment  of  open
boundary conditions (OBCs) in regional ocean models, and the development and the integration into the
MERSEA global operational system of several regional modelling systems.

8.2.1. Arctic Ocean

The work consists in nesting the HYCOM model, used in the MERSEA Arctic system into the NEMO model
used in the Global  MERSEA system. The difficulty lies in the different vertical coordinate systems used in
both  models:  Cartesian coordinate  (NEMO) and hybrid  coordinate  (HYCOM).  Such a  NEMO-HYCOM
nesting had never been validated before MERSEA, although the French navy (SHOM) is using NEMO fields
as restart file for a coastal HYCOM model of the Bay of Biscay, but not for nesting.

In their present V2 version, the nesting of the Arctic system into the Global system would be premature
since  the  global  system does  not  assimilate  sea-ice  concentrations  and overestimates  the  ice  cover,
whereas the ice cover in the Arctic system is well represented. Nesting the two systems at that stage is
thus unlikely to improve the quality of the ice forecast. However the work done anticipates on the stage
when the global system will have improved quality in the Arctic.

Mercator Ocean and NERSC have exchanged boundary data in a part of the Nordic Seas. NERSC has
used  an  in-house  nested  HYCOM  model  of  5km  horizontal  resolution  covering  the  Shelf  Break  off
Trondheim. This domain is a difficult benchmark including the junction of the Norwegian Coastal Current
and the North Atlantic Current extension, and presents energetic mesoscale features as the shedding of
eddies. The benchmark model has a limited area (Fig. 10.2.2) and is therefore fast enough to integrate and
to test the interpolation routines before large-scale and operational use.

The approach at  NERSC consists in interpolating vertically and horizontally the fields from the Global
Mercator system. The vertical interpolation is the most critical step and has been set up by mixing vertically
the NEMO levels until they match the HYCOM target densities within a satisfactory tolerance. The vertical
interpolation adheres to the philosophy of minimum layer thickness in HYCOM. The results in Fig. 10.2.1
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minimum values reflect that the POLCOMS model output for 2006 in general have larger temperature than
found in the climatology.

Observations of salinity and temperature were available from the 5 German buoys operated by BSH and
times series have been extracted form the two model runs. No real differences were found between the
two model runs for those 5 locations for either the temperature and salinity.

It is hard to make a firm conclusion on the influence of dynamic boundary conditions from the North East
Atlantic model, but it is clearly shown that the DMI-BSHcmod can use daily values of temperature and
salinity from another dynamic model, and no tendency to model blow up is seen. On the other hand a 1-
year run may be too short to see the full influence in the Baltic Sea.

The largest differences found in the area along the Norwegian coast dominated by outflow from the model
domain can simply be caused by the differences in the forcing salinity values in the boundary fields, but
may also be due to changes in the model’s ability to simulate the outflow from the model domain correctly.
The latter might then slowly decrease the model’s quality. Further investigations have to be done on this
topic with longer simulation runs.

It has to be noted that the boundary fields obtained from the Met. Office are extracted from a model set up
of the POLCOMS that includes the Baltic Sea only as a river, i.e. with only outflow from the Baltic Sea and
with climatological values for this outflow. This might influence the circulation pattern in the Kattegat and
Skagerrak areas, and therefore also the boundary fields extracted of the section Scotland-Norway.

    
Figure 10.2.3 Monthly salinity differences for August (surface and Skagerrak section) and December surface.

  
Figure 10.2.4 Monthly temperature differences for August at surface layer and September at 41m
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8.2.3. Mediterranean Sea

During the first year of the project, a process selective approach for the open boundary conditions (OBCs)
problem of nested models was defined and implemented in a sub-regional domain of the Mediterranean
Sea. A preliminary comparison of model results (with different sets of OBCs) with observed data, through
simple root-mean-square indices, has shown a considerable improvement derived from the use of the new
scheme under specific regimes.

During the second year a further analysis of the numerical results, in particular for the barotropic velocity
and  sea  surface  elevation  fields,  has  been  carried  out  also  in  idealized  test  cases.  The  new  OBC
implemented  has improved the  nested  model  results  both  in  outflow and inflow regions  considerably
reducing  the  numerical  noise.  In  particular  the  new  method  allows  the  high  frequency-small  scale
processes, acting in the region close to the lateral boundary, to correctly develop and propagate out of the
model domain. The proposed scheme is more efficient in the shallow area. 

All  the  experience  acquired  with  the  sub-regional  model  has  been  then  transferred  to  the  regional
Mediterranean Forecast modelling system. The Mediterranean operational model V1 for MERSEA is based
on the OPA code. Its domain (Figure 10.2.5) contains a large area of the Atlantic Ocean (called “Atlantic
box”) with closed lateral boundaries. In order to keep the solution realistic in the “Atlantic box” the model
state variables were relaxed toward climatological values using a space dependent relaxation time. In the
same area also a sponge layer has been implemented in order to reduce numerical noise.

During the MERSEA project the Atlantic box has been “opened” using the new formulation of OBCs already
tested in the sub-regional domain of the Adriatic. The external data have been provided by the  MERSEA

global model (MERCATOR). As done for the sub-regional domain different kinds of OBCs setup have been
tested and the results compared with available observations. A sub-region where data are needed has
been defined, and global MERSEA model data (temperature, salinity, velocity and sea surface elevation) are
provided there on their original grid.

Figure 10.2.5 Mediterranean Regional Model bathymetry. Units are meters. Images from Mediterranean
Forecasting System project (www.bo.ingv.it/mfstep).

The new model (see report for task 9.2.4) has been integrated for several years (starting from Jan 2004)
and the results compared with observations and previous model version. The most satisfactory results
have  been  obtained  using  a  two-dimensional  radiation  condition  for  temperature  and  salinity,  while
imposing the total  velocities.  Furthermore, a transport constraint based on Flather algorithm has been
imposed at the boundary. An example of the model behaviour, compared with the previous system, is
shown in Figure 9.2.8.

8.2.4. Links with WP7

Several developments made in the context of WP7 (research and development required for the operational
objectives of  MERSEA) were linked to the specific context of WP10 (development/configuration of several
regional models). In particular, this is the case of research conducted on the design of new open boundary
conditions  (based  on  the  mathematical  theory  of  characteristics  methods  and  absorbing  operators).
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8.3.2. R&D activities on downscaling and data assimilation in coastal ocean models

In order to be able to take Challenges 1-3 in the list above, several estimation tools have been developed
or improved as part of Task 10.3.  Those tools are published or in the process of being published, and are
distributed under a LGPL/CeCill free software license (also in the form of MERSEA-IP deliverables).

VIFOP: a tool for downscaling and variational initialization of regional/coastal models

The nesting strategy within a larger-scale model requires a downscaling strategy to add the smaller scales
while using the nested constraints on the larger scales.  At the same time, care must be exercised when
controlling the initial  and boundary values of  an embedded free-surface 3D model  from a large-scale
solution since unphysical gravity transients may be triggered.  This is due to the fact that the large-scale
solution  is  unbalanced  with  respect  to  the  local  physics,  to  the  different  resolution,  to  the  different
bathymetry, to the numerical boundary conditions, etc.

A variational balanced analysis package, VIFOP, largely used in particular by the MFS/MOON community
for downscaling from a GCM, was further developed in this task.  It is based on the minimisation of a cost
function involving data constraints as well as a dynamical penalty involving the tangent linear model. This
approach leads to several  improvements of  the free-surface coastal  model  solution such as a drastic
decrease of the spurious numerically generated external gravity waves and a decrease of the amplitude of
some of the model biases. The variational method has been set up for several free surface models in the
Gulf of Lions, in the Northern Adriatic, in the Bay of Biscay and other areas.

In this task, we have developed extensions of the VIFOP package to include information that had not been
used in the GCMs, in particular the large-scale high-frequency barotropic signal due to tides and to the
response to atmospheric pressure forcing and winds. In practice, we aim at using that valuable sea-level
information  while  minimizing  the  unphysical  sea-level  changes  due  to  the  initialisation  (residual
tendencies).  For this purpose we set up a particular configuration of VIFOP using the trends from a 2D
model in the minimisation, i.e. killing the transients in the space orthogonal to the 2D model.

SEQUOIA: a modular, multi-algebra, multi-model ensemble assimilation platform (CNRS-POC)

Data assimilation problems in coastal areas have only recently being addressed.  Coastal and ocean shelf
models are increasingly able to implement the coupling between physical processes such as tidal currents,
storm  surges,  waves,  open-ocean  dynamics,  and  river  runoff.  Their  increasingly  realistic  character
enhances the usability of local data sources in an assimilation context.

The SEQUOIA system is a scientific code to perform efficient, modular, and physically consistent data
assimilation. It is particularly adapted to regional/coastal models.  The SEQUOIA platform has support for
finite-difference and finite-element unstructured grids, and for ensemble forecasting (such as the solution
of the Ensemble Kalman filter on a cluster of PCs).

In this task, we developed the Sofa and MANTARAY analysis kernels for SEQUOIA, in an attempt to
propose a cheaper alternative to the Ensemble Kalman filter while keeping some of the basic error-space
dynamical  balances.   Both  kernels  are  based  on  a  reduced-order  approximation  to  the  prior  error
covariance matrix.

The Representer  Matrix  Spectra (RMS) technique to  assess observational  networks (CNRS-
POC)

Our objective here was to set up a tool to examine how local measurements could constrain, if they were
used in the assimilation, a regional or coastal ocean model, for instance the topographically-steered slope
current and its variability. To that end, we took advantage of recent work at POC based on the study of the
representer matrix, and in particular of its singular value spectrum.

We start from the idea that a “good” network is a network that detects and controls model state error. To
that end, we have set up a technique called Representer Matrix Spectra (RMS) technique which combines
the  model  and  observation  error  covariance  matrices  into  a  single  scaled  representer  matrix.  We
approximate the prior error by ensemble forecasting (stochastic modelling or an Ensemble Kalman filter)
with known error sources.  For instance, one might choose to perturb the atmospheric wind forcing, a
major source of error in a coastal ocean system. Examination of the spectrum and the eigenvectors of the
scaled representer matrix informs us on which model error modes a network can detect, and constrain,
amidst the observation error background. The RMS technique is easily set up and used as a “black box”,
but the utility of its results is maximised by previous knowledge of model error physics.
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8.3.4. Connections with other projects

The Task 10.3 objectives were partly shared with the MFSTEP project, completed in May 2006.  In addition
some useful collaboration links have been established with researchers in the ODON project, now finished
as well.  Some of the technology developed in MERSEA is also being used in the ECOOP project, and will be
used in MyOcean.

 8.4. Verify  improved  quality  of  regional  high  resolution  operational
oceanographic products. (Task 10.4)

DMI Leader, with NERSC, INGV, DFO

The aim of this task is to quantify the importance of the proper nesting between MERSEA global model and
the regional models. The quality of the improvement is quantified in terms of forecast skill scores and/or
accuracy by carrying out parallel experiments with different boundary conditions and each test case will be
validated against available observations.

Arctic

The most promising way for ocean forecasting is probably that of ensemble forecasting. NERSC has set
up an ensemble forecast system in the Gulf of Mexico, using the EnOI local data assimilation method. The
question,  whether  the  ensemble  had  some skills  in  predicting  the  errors  has  been  evaluated  by  the
classical spread-skill correlation.

Figure 10.4.1 shows how an ensemble of 10 members can reproduce the temporal evolution of the actual
error. Even though the ensemble spread is lower than the actual error, it peaks up at the time of eddy
shedding (when the situation is most unstable) and diminishes the week after when the eddy reattaches.
The ensemble forecast seems therefore fit for qualifying the quality of the forecast, based on dynamical
arguments.

Figure 10.4.1 Ensemble spread (10 members) and ensemble error evolution in July 2006. The line colour changes for
successive weekly forecast runs. The vertical dashed lines indicate the eddy shedding on 19th of July and its

reattachment one week later.

Baltic Sea

A validation of the model forecast from the Baltic Sea Model Forecast Centre (MFC), operated at DMI, was
carried out for the MERSEA TOP2 period April 2007 - October 2007. Both Baltic Sea model systems MERSEA

V1 and V2 were run in operational model during the TOP2 and were both validated.

The quality  of  the model  fields were in  this  TOP2 assessment  validated against  observed data,  both
satellite data and in-situ data, as well as against monthly climatology.
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In-situ  observations  from  tide  gauges,  available  via  the  BOOS  co-operation  (Baltic  Operational
Oceanographic System) and buoy data of temperature and salinity were used to estimate the quality of the
model by calculating simple statistics.  The comparison to satellite data, a SST product, produced at DMI,
and ice concentration, AMSR-E data available from University of Bremen, and monthly climatology were
used to access the consistency in the model.

Examples from the validation report are shown in Figure 10.4.2 and 10.4.3. The figures show time series
for observed and modeled temperature from the position of the German buoy at Fehmarn Belt at 6m depth,

Mediterranean Sea

During the last year of the MERSEA project the importance of the proper nesting between the global and the
regional models as well as the introduction of data assimilation has been quantified. Major difference with
previous validation concern the fact that in the last year the systems has been evaluated considering both
new assimilation scheme and nesting, while in the previous year only the improvements derived from
nesting had been evaluated.  The quality of the improvement has been quantified in terms of skill scores
against available observations.

For  a better  understanding of  the improvements deriving from the Mediterranean Forecasting System
(MFS) development all the results are compared with same quantities obtained from the previous MFS
version.
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We will refer to the previous MFS version as V1 (reduced order optimal interpolation scheme for the data
assimilation and closed lateral boundaries in the Atlantic) and to the V2 (3-dimensional variational data
assimilation scheme and lateral open boundary nested with MERSEA global model).

A comparison between MFS-V1 and MFS-V2 systems performances using observational data collected
during  January-February  2008 has been carried out.  Due to  observations availability,  the comparison
between V1 and V2 is limited to temperature and salinity from ARGO floats.

The quality of the new system (MFS-V2) and the difference with the previous system (MFS-V!) have been
evaluated, qualitatively by means of direct comparison between systems results and observations, and
quantitatively using standard statistics.

During January-February several ARGO floats were active in the Mediterranean covering most of the basin
with the only exception of the Adriatic Sea. The good spatial coverage of the observations allowed a robust
validation of V2 performances.

In general V2 better fits the observed values in the surface layers, as illustrated in Fig. 10.4.4 where the
temperature and salinity RMSE obtained from the two versions of the MFS are compared.

Fig.10.4.4.  Temperature (C°) and Salinity (PSU) RMSE mean profiles. Solid blue lines indicate V2 first-guess; Dashed
blue lines indicate V2 hind-cast; Red solid lines indicate V1 first-guess; Red dashed lines indicate V1 hind-cast.
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Figure 11.1.1.2: Comparison with AVHRR sea surface temperature data. RMS errors (top) and mean errors (model –
observed, bottom) for 1) FOAM boundary and initial condition (——), 2) NCOM boundary and initial condition (——)

and 3) NCOM boundary and run 1 initial condition (——). Dashed lines are for calculations over the whole domain and
solid lines for just the shelf area (coloured shading in figure 1).

Figure 11.1.1.3. AMM 30-day running mean volume fluxes normal to the sections shown in figure 1 from AMM-FOAM
(black solid lines), AMM-NCOM (grey lines), AMM-climate (black dashed lines) and AMM-NCOM(FIC) (grey dashed

line). Positive values denote fluxes towards the north and east.
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Results

The results of the Atlantic Margin Model compare well with observations of sea surface temperature. To
assess the accuracy of the model’s sea surface temperature and the sensitivity to the boundary and initial
condition, the model results are compared to 9km AVHRR data from April 2001 to June 2003. For each
time that data are available, the observations are interpolated onto the model grid and the mean and RMS
differences to the corresponding model value calculated (figure 11.1.1.2).

Errors calculated over the whole domain are generally greater than those calculated only over the shelf
and are larger in summer than in winter.  Except  for  the first  data point for the run with NCOM initial
condition, the model underestimates the temperature by an average of about 0.5oC on the shelf and 0.5–
1.5oC over the whole domain. The RMS errors are about 0.8oC on the shelf and 1.2oC over the whole
domain. The largest differences are always for the run using FOAM boundary data. After 15 months, the
two runs with NCOM boundary conditions have similar errors showing that the affect of the initial condition
has diminished. By the same time, the errors of all three model runs are almost identical when measured
over the shelf area only indicating that, once the affect of the initial condition has reduced, the sea surface
temperatures  over  the  shelf  area  depend  more  on  the  model  properties  than  on  the  density-related
boundary forcing.

On the northwest  European continental  shelf,  volume fluxes through sections  placed across  strategic
pathways  appear  mostly  unaffected by  the initial  and  boundary  conditions  used by  the  AMM (Figure
11.1.1.3). All model runs produced results consistent with observations. For sections that extended into
deeper water off the continental shelf, the volume flux depended heavily on both the boundary and initial
data sources. The affect was largest for the two sections in the southwest corner of the model domain and
there is evidence that the run using climate data behaves differently from the runs using model output as
boundary data. This might be a consequence of the lower temporal and spatial resolution of the climate
data that misses some detail of the density field that is important for the correct modelling of the large-
scale currents, or it might be that the climate temperature and salinity boundary conditions are inconsistent
with the FOAM elevation and barotropic current data that are used to complete the boundary data set for
the AMM-climate run. There appears to be no consistent difference between the models in the variability of
the volume fluxes through the selected cross-sections.

The balance between the pressure gradient and the Coriolis force, tends to constrain the currents to follow
depth  contours  (Huthnance,  1995),  on  timescales  longer  than  one  day.  This  inhibits  ocean-shelf
exchanges in regions of steep bathymetry. Consequently, the shallow shelf region of the northeast Atlantic
is largely unaffected by the choice of boundary condition in the AMM (Figure 11.1.1.4).

Conclusions

On time scales of ~1 year the conditions on the northwest European Continental shelf are only weakly
dependent on the deep ocean boundary conditions. Hence, the details of these are unlikely to directly
affect short term forecast skill, and we must look elsewhere to improve this. For longer term investigations
and  forecasts  (e.g.  large  scale  pollutant/nutrient  transport,  ocean-shelf  exchange  of  plankton etc)  the
oceanic conditions become important. In which case, both the accuracy of the open ocean model and the
details of the boundary conditions schemes become important in determining the on-shelf conditions.
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Figure 11.1.1.4. Extent of the tracer concentration at the sea surface six months after release. Tracer of value 100m-3

was released on 1st January 2002 in regions where the depth is greater than 2000m. The black solid line is the 2000m
isobath. The black dashed line is the 150m isobath representing the extent of the shelf area. 
The white contour shows the limit of the region where the value of the tracer exceeds 0.1m-3.

9.1.2. Data assimilation scheme implementation (Task 11.1.2)

PML Leader, with POL

Objectives:

The objectives of the task are to implement the Ensemble Kalman filter into a pre-operational model and to
evaluate the performance of the assimilation system

Introduction

Work package subtask 11.1.2 was set up to demonstrate the capability of using the Ensemble Kalman
Filter  in  a  3-D  coupled  hydrodynamics-ecosystem  model  (POLCOMS-ERSEM).   Here  we  describe
progress to date in the implementation of the 3D data assimilation algorithm. The observations used here
are satellite derived Chla at a ~ weekly resolution consisting of 3 day composites. Each pixel is assimilated
independently  rather  than simultaneously  assimilating all  data  in  order  to  avoid spurious  results  from
unrealistic correlations.

Data assimilation

Data assimilation is a technique that combines model output and observations simultaneously to control
the evolution of a model. In the current work we have implemented a sequential data assimilation based on
estimation theory which represents a filter method. Observations and model predictions of the state are
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Evaluation of Chlorophyll assimilation with the EnKF

To test the assimilation scheme, Earth Observation derived measurements of chlorophyll  from MODIS
have been used. Weekly assimilation around noon was done for the period January-May 2006 covering
the initiation growth and disappearance of the spring bloom. In the text that follows, the EnKF solution
refers  to  the  mean  of  the  model  ensembles  after  assimilation  and  the  reference  model  solution
corresponds to a model run where no assimilation or model errors have been introduced.

Three data assimilation experiments  were performed varying the number  of  state variables.  The high
computational  need of  the EnKF due to  the requirement of  running multiple  ensembles of  the model
motivated us to explore the possibility of reducing the number of sate variables in the model state matrix. In
Figure11.1.2.2 the RMS evolution of all three experiments is shown.

The first experiment was conducted with a reduced model state matrix. It included all carbon, chlorophyll
and nutrient components of all phytoplankton in addition to the dissolved nutrients. In total, 21 variables
were included. With this  setup the model  could only be ran for four  weeks before the assimilation of
chlorophyll could not realistically update all other variables. Unbounded growth was observed in chlorophyll
and nutrients. Updates associated to Chlorophyll could only go into a reduced number of state variables, in
practice reducing the degrees of freedom of the EnKF solution. This meant an increase in RMS over those
four  weeks  instead  of  a  reduction  (Figure11.1.2.2).  In  another  experiment,  with  the  inclusion  of  all
zooplankton and bacteria related variables, the RMS did decrease over time but nonetheless, unbounded
growth was again seen. With the inclusion of all model pelagic state variables (the full model state matrix
experiment, 47 variables) the model could be run for a longer period. Nonetheless, unbounded growth in
the silicate pool was experienced from year day ~50. The EnKF was not capable of bringing the silicate
levels to within realistic values over the entire domain although it did recover on occasions. This can be
explained by the strong link between chlorophyll (predominantly diatoms) and silicate during the spring
bloom  and  the  limited  variance  associated  with  the  ensembles.  During  abrupt  changes  in  observed
chlorophyll (cloud cover results in a discontinuous time series), silicate is the highest correlated variable to
chlorophyll.  Due to the underestimation of silicate in the free run, silicate was by far the most limiting
nutrient  and  changes  in  Chlorophyll  through  the  EnKF  solution  nearly  invariably  resulted  in
disproportionate changes in silicate. Once the silicate reached unrealistically high values, the EnKF could
not correct them. Sharp increases in RMS generally occurred when an assimilation step with large cloud
cover was followed by one when cloud cover was low.

Figure 11.1.2.2 RMS evolution of surface chlorophyll for all three DA experiments,

Figure11.1.2.3  illustrates  the  changes  occurred  in  surface  chlorophyll  during  the  test  period  of  the
assimilation experiment. On 28 January low chlorophyll levels were typical of most of the domain except
close to the coast on the eastern end of the domain. Those high values are most likely contamination of
the chlorophyll retrieval algorithm with high loads of suspended sediment and CDOM from riverine origin.
On 18 February chlorophyll values have started to increased throughout the domain marking the initial
state of the 2006 spring bloom (Figure11.1.2.3b). Note the large area masked by clouds.

The  effect  of  assimilation  of  surface  chlorophyll  (chla)  can  be  seen  in  Figure11.1.2.3c-d.  The  model
forecast (Figure11.1.2.3e-f) showed larger chlorophyll values in the south-eastern and north-western part
of the domain and lower values in central parts. The assimilation of chl-a values successfully corrected the
high values in the north-western area and small changes can also be seen throughout the domain. The
final chlorophyll  updates depend not only on the observations but more critically on the spread of the
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forecast ensemble. Regions with low variance among ensembles will not be updated as much as regions
with high variance.

One of the premises for the EnKF to succeed is that the ensembles and the observations overlap, which
was only the case at low chlorophyll values. The errors introduced into the model at run time are limited to
the background attenuation coefficient and although it produces significant variance in the chlorophyll field,
it  has a small  effect on the nutrient fields. This is partly a consequence of not perturbing the physical
model,  which  largely  constrains  the  evolution  of  the  ecosystem  model,  and  partly  the  fact  that  the
underestimation of silicate strongly constrains the plankton biomass. Overall, however, the EnKF solution
reduces the variance in the ensembles (i.e. all ensembles are corrected).

Our  final  goal  was  to  directly  assimilate  satellite  derived  Apparent  Optical  Properties  (e.g.  diffuse
attenuations)  which  would  provide  a  stronger  link  with  other  un-observed  model  variables.  While  the
assimilation of chlorophyll only directly constrains phytoplankton biomass, the model formulation directly
involves planktonic biomass as well as detritus, thus providing a stronger link between observations and
phytoplankton biomass, underwater light, suspended particulate matter and the detrital pool (processes
associated with both the bacteria and zooplankton). Nonetheless, the validation of our spectral light model
has highlighted the need to update the approach we have taken in its implementation in ERSEM. This work
is underway and it  is expected to enable the assimilation of Earth Observation diffuse attenuation into
ERSEM using the EnKF.

Figure 11.1.2.3 Examples at two assimilation steps on the 28 January (a, c, e) and 18 February (b, d, f) for EO chla
 (a and b), mean model surface chlorophyll after assimilation (c and d) and mean model surface chlorophyll 

forecast (e and f).
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Conclusions and future work

During MERSEA we have undertaken the implementation of the EnKF in a coupled hydrodynamic-ecosystem
model,  POLCOMS-ERSEM.  The  implementation  was  done  in  the  Western  English  Channel  test  bed
domain  and  evaluated  during  a  partial  simulation  of  the  2006  year.  Despite  the  highlighted  model
deficiencies  in  relation  to  mixing  and  the  underestimation  of  silicate  values  the  EnKF  has  been
demonstrated to improve the forecast of chlorophyll.

Attempts to simplify  the model  resulted in increases of the RMS errors: the degradation of  the EnKF
solution indicate that  the full  model  state  matrix  is  required.  However,  as  the number of  model  state
variables  is  increased,  the required number  of  ensembles  to  maintain  an  optimal  EnKF solution also
increases.  Currently,  the number of  variables is  less than the number of  ensembles,  so the low-rank
approximation could still capture information contain in all variables.

One of the largest challenges in the operational implementation of the EnKF is the correct selection of
associated model errors to produce the largest,  ecologically meaningful,  ensemble variance. From the
results presented here, it has become obvious that the runtime model errors introduced to the background
light diffuse attenuation are not large enough to include the model states represented by the observations.
A systematic evaluation of the impact of perturbing other model parameters is required to maximize the
effect  of  the EnKF and it  will  be prioritized in  future developments to ERSEM. Nonetheless,  the time
evolving model covariance used in the EnKF represents a clear advantage over simpler methods that use
a time-fixed covariance (e.g. Optimal Interpolation).

9.1.3. Model development for benthic-pelagic coupling (Task 11.1.3)

PML Leader, with POL and MET Office

Objective:

To  design  and  implement  model  descriptions  of  the  processes  of  benthic  biogeochemical  exchange
including re-suspension of organic matter.

Introduction

Benthic fluff is produced when phyto-detritus derived from algal blooms in surface waters combines with
other suspended particles in the water column to form a high carbon, low density deposit on the seabed. A
major pathway for carbon from the pelagic to the benthic domains is the settling of this type of organic rich
suspended particulate matter.  Once on the seabed the fluff layer determines whether biogeochemical
transformation takes place in either toxic or anoxic conditions. Benthic fluff is re-suspended in the dynamic
regions of the shelf because of its low shear strength. Periodic re-suspension and deposition of fluff may
be a significant mediator of benthic pelagic exchanges as it moderates the redox climate of the sea bed.
The frequency of fluff re-suspension controls the pelagic remineralisation of organic matter and nutrient
supply to the substrate. Re-suspension adds an important dimension to fluff dynamics, resulting in pelagic
remineralisation and influencing the light climate for phytoplankton growth.

The aim of  this  work  is  to  implement  a  fluff  layer  in  the European Regional  Seas Ecosystem Model
(ERSEM) and assess the impact on model dynamics in a fully 3D model.

Page 203



Methods

H1/H2

Y2/Y4

Q6

Fluff layer (Q5) Y3

POC (R6)

Suspension feeders

Bioturbation

Tidally Mediated
resuspension

Sedimentation

H1/H2

Y2/Y4

Q6

Fluff layer (Q5) Y3

POC (R6)

Suspension feeders

Bioturbation

Tidally Mediated
resuspension

Sedimentation

Figure 11.1.3.1. Schematic diagram of the processes in the fluffy layer submodel.

We have modified the benthic pelagic coupling in the ERSEM model to include a resuspendable ‘fluff’ layer
(Fig 11.1.3.1). We assume that any material (POC or phytoplankton) sedimenting into the benthos first
enters the fluff layer. A proportion of this fluff layer (30% per day) is then assumed to be mixed into the
main body of the sediment by bio-turbators (Lee et al 2002). Additionally we assume that the fluff layer is
available as a food source for benthic suspension feeders.  The simulations model  the deposition and
erosion processes acting on the fluff layer.

Simulations

The simulations used the POLCOMS-ERSEM medium resolution shelf seas circulation model,  coupled
with  the  state-of-the-art  biogeochemical  processes  of  ERSEM. An averaged annual  cycle  is  used for
boundary conditions. The simulations are of the period of the data rich NERC North Sea Project (1988-89).
The model is spun up using 1988 forcing then run forward for 1988 and 1989. The bathymetry is shown in
figure 11.1.1.1.

Validation

To further assess model performance and gain insight into the processes impacting on the benthic system,
model output was also compared with available benthic biodiversity data using multivariate statistics.

Data

The biodiversity data used was taken from the North Sea benthic survey. It consists of 230 samples each
with presence absence species counts and biomass estimate for 5 size classes. The annual mean and
standard deviation of the biomass of pelagic variables (diatoms, flagellates, pico-plankton, dino-flagellates,
bacteria,  HNAN, micro and meso zooplankton),  chlorophyll,  nutrients (nitrate, phosphate,  and silicate),
temperature and salinity, PAR, bed stress and bathymetry were extracted for each NSBS sample point
form the model.

Results

Impacts on benthic detritus and oxygen

The spatial impact of re-suspension of the fluff layer this is confined to the tidally dominated well mixed
waters (not shown) southern North Sea, Irish Sea and English Channel. The changes in distribution of the
benthic oxic layer depth are slightly harder to assess, but there is a general trend of a deeper oxic layer in
regions where the re-suspension is active, implying an increase in the benthic oxygen content, which in
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turn will  reduce the phosphate fluxes from the benthos due to oxidative precipitation and enhance the
nitrate fluxes (e.g. Allen and Clarke 2007). The distribution of the oxic layer changes is in place (particularly
the western English Channel and Celtic Sea) is offset from the tidal regions implying that either advection
plays a role in the distribution of detritus.

Impacts on benthic fauna

The distributions of modelled deposit and suspension feeders are clearly defined shallow tidally dominated
regions (not shown) and the major impact of the re-suspension process is to reduce their biomass in these
regions. The biomass of benthic fauna is unsurprisingly unaffected by re-suspension processes in the
seasonally stratified waters.

To assess whether these patterns are found in the real system we investigated the relationships between
model environmental variables and observed biodiversity.  The model  variable which best explains the
species distribution is the bathymetry (Table 11.1.3.1).  This was confirmed by a statistical  test  on the
species abundance dividing it  into two regions according to the bathymetry (shallow and deep), which
showed and average dissimilarity of 79.48 indicating that the deep and shallow waters have significantly
different communities.

In shallow water (0-25m), pico-plankton and bed stress dominates, the later unsurprisingly given the very
shallow water.  The intermediate well  mixed waters (25-75m) have depth as a key variable along with
physical  variables.  In  the  seasonally  stratified  waters  (>75m),  pelagic  biology  dominated  implying the
overlying production is the dominate determinant of benthic species abundance.

Table 11.1.3.1: Model environmental variables which explain most of the variability in the abundance data.

BVSTEP �! Variables
ALL 0.492` Bathy
0-25m 0.341 Pico-plankton Bed stress
25-50m 0.417 Bathy Bacteria Temperature
50-75m 0.367 Bathy Salinity
75-100m 0.527 Diatoms Bed stress Temperature
100-125m 0.504 Pico-plankton Bacteria Meso-zooplankton
125m+ 0.495 Pico-plankton Dino-flagellates Meso-zooplankton

The model data can indicate the key variables that may determine the species abundance of benthic fauna
in the North Sea. At the scale of the North Sea, depth dominates, at higher levels of depth resolution;
depth and bed-stress dominate in shallow water, while the pelagic biology dominates in stratified waters.

Impacts on pelagic biology

It might be expected that these changes in the benthic model processes would impact on the overlying
pelagic  biology.  In  practice  this  is  not  the  case.  There  are  small  reductions  in  the  depth  integrated
chlorophyll concentrations and an increase in nitrate concentrations in the strongly re-suspended regions
when re-suspension is active, which may be attributed to the shading affects of detritus. The remainder of
the region, including those areas where the benthic chemistry may have altered are largely unaltered.

Implications for operational forecasting

Current  operational  systems are  focused on short  term bloom prediction and water  quality  criteria,  in
particular  summer  chlorophyll  levels,  winter  nutrient  loads  and  summer  oxygen  concentrations.  The
addition of the fluff layer and re-suspension processes impacts on the tidally dominated coastal zone only
primarily through shading effects; however when compared the uncertainties in the other aspects of the
optical  properties  of  these coastal  regions  these  are  probably  secondary  effects.  The impacts  of  the
nutrient  cycling  and  oxygen  consumption  in  the  pelagic  system  are  minimal  due  to  buffering  during
plankton uptake and the rapid exchange of oxygen with the atmosphere in well mixed waters. Where these
processes may become significant is when we start to consider other water quality criteria such as the
biomass and species abundance of benthic fauna. The statistical relationships between bed-stress and
species abundance implies that in future we may be able to infer such changes from the model.
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9.1.4. Hindcasting & Forecasting (Task 11.1.4)

POL Leader, with PML and MET Office

Objectives:

To demonstrate the system capability for short-term and seasonal forecasting.

Introduction

The purpose of this report is to assess the forecast skill of operational ecosystem models for sea surface
temperature, nutrients and chlorophyll on the North West European Shelf at a range of time scales from
daily through to seasonal.

In order to assess the forecast skill  of the  POLCOM-ERSEM medium resolution shelf seas ecosystem
model, we consider a series of different hindcast and nowcast simulations.

Hindcast 1988-89: 

The simulations are of the period of the data rich NERC North Sea Project (1988-89) and are described in
detail  in  Holt  et  al.  (2005).  An averaged annual  cycle is  used for  boundary conditions.  The model  is
compared with the diverse data  from the  North  Sea  project  (temperature,  salinity,  chlorophyll-a,  total
sediment,  nitrate,  phosphate,  silicate).  Data collected during the Continuous Plankton Recorder (CPR)
survey has been used to validate a three-dimensional hydrodynamic ecosystem model simulation of the
North-west European Shelf for the years 1988–89.

Weekly 7 day hindcast 2003 – present: 

This model is forced with lateral boundary conditions provided by the Met Office Atlantic Margin Model
(AMM),  itself  nested  within  the  Met  Office  operational  FOAM  deep  ocean  model.  Surface  forcing  is
provided from the Met Office's Mesoscale Numerical Weather Prediction model. These simulations were
compared with  satellite  data  acquired  from the  MODIS Aqua ocean colour  sensor.  These  were  then
gridded, mapped and weekly chlorophyll composites produced.

Rolling 5 day forecast Jan 2007 to present: 

As above but run daily with meteorological forcing from the NWP five day forecast.

Model skill at daily and sub daily timescales

We consider instantaneous forecast skill, where we compare the model with data in space and time. This
assesses the models skill at reproducing the observed short term spatial and temporal variability and is the
most rigorous quantitative test of model skill. The data can be analyzed to ask the question: do the misfits
represent a poor model or poor observations?

Multi Dimensional Scaling technique shows that for phosphate, sediment and chlorophyll the misfits are
strongly correlated with the corresponding model variable. Nitrate and silicate misfits are weakly correlated,
and temperature and salinity misfits uncorrelated, with the corresponding model variables. The correlations
between model  and misfit,  and observations and misfit,  show that  the higher  the model  value of  the
variable the more likely it is to overestimate the observation.

Model skill at weekly timescales

For these examples we focus on the ‘pre-operational’ rolling 7 day hindcast simulation of the NW European
shelf and compare with weekly composites of satellite sea surface temperature and chlorophyll determined
on the same spatial scale as the model.

Basic error statistics have been calculated for model data misfit of the weekly composites for chlorophyll in
2005. We illustrate the temporal evolution of model errors made by plotting the square of the correlation
coefficient against the root mean square error (RMSE, Fig 11.1.4.1) which gives a crude estimation of
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model skill.  In winter there is limited forecast skill  (r2 ~ 0.3), but as we move into spring it  decreases
markedly. In April there is very little skill; this is probably a consequence of errors in the timing of the spring
bloom. During  the  summer  the model  explains  up  to  50% of  the  variability  in  the  data,  and  steadily
deteriorates until by November it is close to zero. In comparison the skill for SST is much greater and no
strong evidence of seasonality.

Figure 11.1.4.2 shows maps indicating on a pixel by pixel basis the ability of the model to discriminate
thresholds of chlorophyll concentration. When the threshold is set to the mean, 40-50% of the model bloom
predictions are correct over most of the domain (Fig 11.1.4.2a).

There are patches where the skill is much higher (>70%) mostly either in the middle of stratified regions or
in near shore regions. The regions of very low skill (< 20%) occur in the turbid well mixed waters and in
frontal regions particularly along the boundary of the Norwegian coastal current. When the threshold for a
bloom is raised to 50% above the mean chlorophyll  concentration the model  skill  is  much lower (Fig
11.1.4.2b), with the lowest values occurring in frontal regions.  There are substantial areas where the
model doesn’t predict values above the threshold and has no skill (indicated in white).

The corresponding skill maps for negative events are shown in Fig 11.1.4.2c and d. At the lower threshold
the model gets 90% of non-bloom events correct in the stratified regions and the skill is much lower in the
(< 70%) in the eutrophic regions. At the higher threshold the model correctly predicts no bloom occurrence
over 90% of the time. In both cases over estimation of  chlorophyll  concentration in the Northern and
Western parts of the domain indicates that the model never predicts values below the threshold.

Model skill at seasonal timescales

Comparison of the daily mean standardised model biomass and CPR counts for all samples within the
entire domain (Fig. 11.1.4.3) provides a preliminary indication of the temporal relationship between the
model and the data, although they do not provide any spatial information.

In  both  1988  and  1989  the  total  model  phytoplankton  (Fig.  11.1.4.3a)  peaks  in  April/May.  The  CPR
phytoplankton peak occurs in July/August in 1988, ~1,5 deviations above the mean, and May in 1989 with
a peak of 1 standard deviation,
Diatom biomass (Fig. 11.1.4.3b) begins to increase in January in the model and peaks in March in both
1988 and 1989. This peak is slightly higher in 1988 than 1989 and decreases with a sharper gradient in
1988.  The CPR survey does not  show this  diatom increase until  March,  with  a resultant  peak of  1.5
standard deviations in April/May. The minimum biomass of model diatoms is in summer, in contrast to an
early winter minimum for the diatom counts. Model results for time evolution of flagellates against CPR PCI
indicate a very good correlation between the timing of seasonality observed, with small differences in the
magnitudes of  the blooms (Fig.  11.1.4.3c).  In  1988 the  model  flagellate  biomass peaks in  April  at  2
standard deviations above the mean. Similarly, comparison of omnivorous meso-zooplankton with CPR
copepods showed good overall agreement with regards to the timing and the relative magnitude of their
maximum abundance (Fig. 11.1.4.3d).
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Fig 11.1.4.1. Correlation and RMSE between satellite and model chlorophyll (units are Log10 mg Chlorophyll m-3). 
For 2004-2005 for the NW European shelf. ). The dots show the weekly mean value and the solid line is a 3 week

running mean. (From Allen et al in press).
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Fig. 11.1.4.2. PPV and NPV estimator fields (units are %) A. PPV for threshold > mean chlorophyll concentration for
that pixel, B. PPV for threshold > 1.5 mean chlorophyll concentration for that pixel, C. NPV for threshold > mean

chlorophyll concentration for that pixel, D. NPV for threshold > 1.5 mean chlorophyll concentration for that pixel. The
data used as input were the weekly composite chlorophyll fields of both MRCS and Aqua (generated from the daily

passes) for 2004 and 2005. Black indicates zero probability, White indicates no data; a pixel where the model bias is
such it never exceeds the threshold (PPV maps) for falls below it (NPV maps). (From Allen et al in press)
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Fig. 11.1.4.3. Daily mean standardised model data and CPR data for all points within the domain. Solid line is 10-day
running mean. a. illustrates total phytoplankton, b. diatoms, c. CPR PCI against model flagellates and d. CPR

copepods against model omnivorous meso-zoo-plankton. Black is model data, red is CPR data; dots are individual
model points, crosses are individual CPR points (from Lewis et al 2007).

Model forecast skill for temperature within the operational system

A Met Office standard verification suite automatically compares the operational model output at T+0 and
T+48 against all available in situ surface temperature data.

As can be seen from figure 11.1.4.4b, the implementation of the MERSEA V2 system at the end of March
2007 improved the both the mean error (top) and the RMS errors (bottom) significantly. This improvement
is typical of the improvements shown in sites on the shelf, and is considered to be due to a number major
improvements made at the time of the implementation (including changes to the bathymetry to improve the
transport along the shelf break, and improvements to the timing of the onset of stratification and the vertical
mixing). These changes are thought to be the major contributions to the improved statistics shown below.

Summary of Model Skill over different timescales

We have collated error statistics from different validation exercises from the two models for SST, nitrate
and chlorophyll  at  three different  timescales,  daily,  weekly  and seasonal.  The biggest  variability  is  in
forecast skill on a daily timescale. For SST it is uniformly good, for chlorophyll its uniformly bad (though it
should  be noted that  skill  improves is  log  chlorophyll  is  plotted),  while  for  nitrate  it  is  highly  variable
intermediate skill depending on the region considered.

There is a clear indication that model skill is compromised by short term temporal or spatial phase shifts
that the model is unable to capture. This clearly implies particularly for chlorophyll that we have much more
potential forecast skill at seasonal timescales than at higher frequencies. A schematic of this is given in
figure 11.1.4.5, along with speculation has to how the skill may vary at timescales larger that seasonal.
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Figure 11.1.4.4: Automatic monitoring of the operational MERSEA V2 system at the Greenwich LV. Plots show monthly
forecast minus observations mean error (bottom) and RMS error (top) for the analysis (T+0, red line) and forecast

(T+48, blue line) The implementation of the MERSEA V2 was carried out in April 2007. In the middle panel the
temperature forecast and observations is shown on a daily basis for the same site, with observations (red), analysis

(blue) and forecast (green); Units are degrees centigrade.
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Figure 11.1.4.5. Summary schematic of how model skill may evolve with timescale.
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The distributed network forecasting system (described in details in the Task 11.2.3) was build upon an off-
line coupling between the physical forcing, supplied asynchronously, and the biogeochemical model. The
heavy computational burden of the coupled biogeochemical model has required a parallel implementation,
using the MPI communication protocol. Besides the parallelisation, the main issues of the OPATM-BFM
implementation can be synthesized as follows.

1. The horizontal spatial resolution of the physical forcing fields is decreased down to 1/8°, and an
interpolation module has been developed in order to interpolate the 1/16° resolution forecasting
model of the Mediterranean Sea in the new grid. The vertical resolution (72 non-uniform levels) is
maintained and it  is  thought  to be necessary to  resolve adequately the vertical  biogeochemical
fluxes.

2. The diffusive part of the tracer dynamics is provided in terms of daily mean values of the vertical
diffusion coefficients

3. An effective sensitivity analysis of the OPATM-BFM has not been carried out, but in the validation
calibration phase some relevant features of the biogeochemical model have been investigated (see
the next Task 11.2.2).

4. In order to reduce the implicit numerical diffusion, which affects the sharpness of the biogeochemical
concentrations front, we have implemented a flux corrected advection scheme (Smolarkiewicz et al.
(1983)).

5. The bilaplacian diffusion subroutine has been optimized.

6. In the Mediterranean Sea the underwater light propagation changes moving from East to West, in
particular the light propagates to deeper levels in the East Mediterranean than in the West. This
characteristics  has been introduced in the OPATM-BFM implementing a variable but  fixed light
extinction factor.

9.2.2. Validation-calibration experiments (Task 11.2.2)

OGS Leader

Two types of validation calibration experiments have been performed:

1) experiments with simple seasonal forcing (Temperature and Salinity), with the main aim of providing a
qualitative outline of the biogeochemical processes occurring.

2)  3D  experiments  with  climatological  forcing  (perpetual  year  simulations),  focused  on  the  proper
representation of the global processes in the Mediterranean basin.

These experiments showed that the complete BFM reacts faster than the NPDZ model, indicating that in
the framework of the short-term forecast of the Mediterranean basin the BFM is potentially more accurate
and thus more suitable.

A series of seven 3D experiments has been carried out, setting different set of parameters of the OPATM-
BFM module. From these series of experiments we defined a sort of “optimal” OPATM-BFM configuration,
which forms the basis for the pre-operational forecasting system of the Mediterranean biogeochemistry.

9.2.3. Short-term forecasts (Task 11.2.3)

OGS Leader, with INGV

The short-term forecasting  system of  the  Mediterranean Sea  biogeochemistry  has  been implemented
using a multi-platform network architecture that has involved three research institutions: OGS, INGV and
CINECA. The MERSEA Mediterranean high resolution forecasts for the physical state variables (provided by
the INGV) has been coupled weekly with the OPATM-BFM forecasting system, which has produced the
short-term forecast  since  April  2007.  The  forecasting system has  been implemented  on  the  IBM-sp5
supercomputer hosted at CINECA (Bologna, Italy).

The INGV hydrodynamics model includes assimilation of data from satellite and in situ measurements.
Every week the outcome of the INGV model is composed by 7 days of analysis and 10 days of forecast.
The  OPATM-BFM code  on  the  contrary  is  purely  prognostic  and  the  7  days  of  biogeochemical  field
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analyses  are  the  result  of  the  advection  and  diffusion  by  analyzed  hydrodynamics  from  INGV  and
simulated active biogeochemistry. Today, the pre-operational system is completely automatic, providing 7
days of analysis and 10 days of forecasts of biogeochemical variables over the Mediterranean basin.

The main objective of  the Targeted Operational  Period test  (six months of  forecast  period)  has been
therefore fully achieved.

A first outcome of one year of the OPATM-BFM forecast system is that the forecast and the analysis of
surface chlorophyll do not diverge significantly (D11.2.2).

The forecasting system skill has been evaluated by comparing the surface chlorophyll maps produced by
the model and the MODIS observations for the period under investigation. Fig.11.2.3.1 shows the surface
averaged chlorophyll in some of the Mediterranean sub-basins as obtained from the OPATM-BFM analysis
and the MODIS satellite data. This diagnostics emphasize the most relevant features of the forecasting
system skill.

As a main result, the system is able to reproduce the seasonal variability of the surface chlorophyll, with
lower values in summer and higher values in winter.  The spatial  variability of  the surface chlorophyll,
characterized by the chlorophyll east-west gradient, is correctly simulated by the OPATM-BFM. Generally,
the model  overestimates the chlorophyll  values, particularly in the eastern basins and during the cold
season. Furthermore the model predicts the chlorophyll bloom to occur earlier than in the data. In spite of
these weaknesses, the forecasting system demonstrates the capability to reproduce correctly the spatial
and temporal extent of local chlorophyll bloom events (as for the events of the end of October/beginning of
November in the Lyon Gulf, not shown here). More detailed analysis of the forecasting system capability
with respect to satellite data has been carried out in D11.2.2.
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Fig. 11.2.3.1. Sub-basin mean surface chlorophyll. The bars indicate the spatial standard deviation. Blue: OPATM-
BFM, red: MODIS satellite. The regions of average are indicated on each picture on the right-top corner and the

different regions are indicated in the Mediterranean Sea map on the top-left corner.
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9.2.4. Ecosystem decadal hindcasting (Task 11.2.4)

OGS Leader, with INGV

BFM hindcasting capability has been tested through a series of long term simulations spanning from 1998
to 2004. The simulations performed in this work are based on the forcing fields obtained from another non-
operational model of the Mediterranean Sea developed by LOCEAN groups (OPA-MED16, about 5km
horizontal resolution and 43 vertical levels) using the interpolation technique described in D11.2.1.

The nutrients and chlorophyll  values produced by the long term simulation have been compared with
available data. The stability of the model was tested on multi-annual time scales considering the average
of the nutrient concentration in the basin.

Comparison  between  model  results  and  data  shows  a  good  agreement  for  the  nitrate  and  for  the
phosphate, apart from phosphates overestimation in the area of the Alboran Sea and in the Levantine.

Here we will  present some results  on the chlorophyll  seasonal and inter-annual  variability,  but further
analyses, also on nutrients concentrations, can be found in (D11.2.4).

Fig. 11.2.4.1 shows the mean surface chlorophyll for three Mediterranean sub-basins. In particular, the
SeaWIFS  and  OPATM-BFM  decadal  hindcasting  climatology  (left)  and  the  OPATM-BFM  interannual
variability (right) are presented. Looking at chlorophyll (Fig.11.2.4.1), the model shows to reproduce the
seasonal cycle of satellite surface chlorophyll in the Alboran Sea, one month earlier than in the data. The
other  two  areas  display  a  good  agreement  between  model  and  data  in  summer,  but  the  model
overestimates winter concentrations (December to February).

Looking at the surface chlorophyll interannual variability (Fig.11.2.4.2) the main results can be synthesized
as follows.

The highest values of chlorophyll content are simulated for the winter-spring 2000, 2001 in the Alboran
Sea, in 1999, 2001, 2003 in the Western Mediterranean (sub-basin 4) and in 2000, 2002 in the Levantine
site (sub-basin 11).

According to Bosc et al. (2004), the inter-annual variability measured from Seawifs satellite is low (10-20%)
from June to September but increases to 40% -50% in winter. This feature is well  reproduced by the
model:  summer  chlorophyll  values  are  very  stable  whereas  winter-spring  values  present  the  highest
variability. But the maximum in variability (70%) observed from SeaWIFS is not reproduced by the model.

The results of decadal hindcasting show that the OPATM-BFM is able to correctly reproduce the seasonal
and inter-annual variability of the Mediterranean biogeochemistry.

Fig. 11.2.4.1 Sub-basin mean surface chlorophyll: SeaWIFS and OPATM-BFM decadal hindcasting climatology.
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Instantaneous MERSEA -1/4° SST field, in deg. Celsius. Small scale part of the SST signal that remains unaltered
by the SST restoring. (in deg. Celsius).

Large scale part of the SST signal that is effectively restored
towards Reynolds SST. (in deg. Celsius).

Figure 11.3.1  Split of the large and mesoscale components in the SST field to be used for restoring MERSEA ¼ deg
model to Reynolds SST

Fig. 11.3.2 SST on November 1st 1997 (top left: ORCA2,middle: MERSEA1/4 interpolated,
 and bottom MERSEA1/4)
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Installation of coupled models using    MERSEA   ¼ and high resolution atmospheric models (Task
11.3.4):

The installation of the coupled models has been carried out at INGV, ECMWF and Météo-France.

The MERSEA ¼ degree coupled to IFS is very demanding in terms of number of processors on the ECMWF
IBM: 120 CPU for the ocean component, 1 CPU for the coupler and 36 CPU’s for the T159 atmosphere
(equivalent to 5 nodes). Given the high resolution of the models involved and the fact none of the three
groups had prior experience with MERSEA -¼ model, this task has been far from trivial.

The tests performed by ECMWF with the very high resolution coupled model (MERSEA ¼-T159) show that
some benefit may be obtained compared to a similar system run with ORCA2-IFS. Figures 11.3.3 and
11.3.4 show a comparison between monthly average of 10 m zonal wind fields for the second month (Mar
1992) of coupled model integrations started on 1 Feb 1992. Despite the relatively long averaging period (1
month) the very high resolution configuration is capable to represent smaller scale features both over the
ocean (e.g., over the circumpolar current) and over land (e.g., the Eurasian continent). It is worth noting
that the resolution of the atmospheric model is the same in both integrations and therefore the difference
derives solely from the different resolution of the ocean model.

10 metre U wind component (m s**-1)

Figure 11.3.3: ECMWF very high resolution OPA9/ORCA025-OASIS3-IFS/T159 model configuration; monthly
average of 10 m zonal wind for the second month (Mar 1992) of the coupled model integration (started 1 Feb 1992).

10 metre U wind component (m s**-1)

Figure 11.3.4: ECMWF high resolution OPA9/ORCA2-OASIS3-IFS/T159 model configuration; field as in Fig 11.3.3.

At Météo-France,  the new coupled model  has been developed and installed on the IBM computer  at
ECMWF, in order to be able to accommodate the high resolution MERSEA ocean model. The new coupled
model consists of the same atmospheric model "ARPEGE-Climat", a new version of the coupler "OASIS
v3" with a new technique of communication (MPI) together with a new version of the MERSEA ocean model
based upon the NEMO code.

At INGV, the new model configuration CMCC-SXF025 is documented in Scoccimarro et al. 2007. Figure
11.3.6 exemplifies the work done at INGV.
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Figure 11.4.2: T850 Anomaly Correlation Coefficient for different regions in DJF and JJA, for the 3

experiments.

Results from the ECMWF coupled seasonal integrations (blue lines in Figure 11.4.3) were compared to
results from a previous EU project, the FP5 ENACT (red lines), as well as to a set of MERSEA integrations
which were affected by problems in initial conditions (green lines). Considerable difference in the results
was seen with the corrected initial conditions as can be ascertained by looking at the root-mean-square
(RMS) error and the correlation in Figure 11.4.3 for Sea Surface Temperature (SST) for the Niño3.4 area
(a region in the central equatorial Pacific), left and right panels respectively. The coupled integration from
ENACT (red line) shows better performance than the MERSEA coupled integrations (blue lines) both in terms
of RMS error and correlation for the first 3-4 months of integration. The green line shows the same metric
but for the integrations started from initial conditions which were affected by an error. Apart from the first
month of integration, the integrations with corrected initial conditions are markedly better (blue vs green
lines).

Further  investigation is  needed however  in  order  to  understand why the first  few months of  the blue
integration are worse than those for the red integration. The fact that the oceanic fields are interpolated
separately from the very high resolution (1/4 degree to the lower 2 degree resolution) might be part of the
explanation.

Figure 11.4.3: Root-mean-square error (left) and correlation (right) for Sea Surface Temperature (SST) for Niño3.4.
The red and blue lines are for the ENACT and MERSEA coupled integrations, respectively. The green line is for

integration with the problem in the interpolated initial conditions. The period considered is 1992-2001 for 5 members
starting in May and Nov.
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Next  figures  (11.5.2)  present  the  heat  content  in  the  upper  300m,  for  an  analysis  dataset  (dataset
developed in ENSEMBLES EU-project), and the forecasting at low (T42) and high (T106) resolution. Each
panel displays a particular month in the evolution of the El Nino 1997 growing phase.

Figure 11.5.2: Heat content integrated in the upper 300m. Left column displays the observations, right column the
seasonal forecasting at low resolution (T42), and in the next page the seasonal forecasting at high resolution (T106).

In these experiments the initial conditions for the ocean were the MERSEA 1/4 analyses. The heat content
plots confirm that the sensitivity  of  the growing phase of  an extreme El  Nino event is  not particularly
sensitive to the atmospheric model resolution. This result is not in agreement with previous finding from
Gualdi at el (2005). The reasons from these discrepancies must still be understood.
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Figure 11.5.2 (cont.)

Seasonal forecasts with high resolution atmospheric models coupled to the   MERSEA  -¼ model

As described in Task 11.4, low resolution seasonal forecasting systems were integrated covering a period
of 10-years, and lagging the atmospheric initial conditions in order to obtain 9-member ensembles. The
results  from low-resolution  seasonal  forecasting  was  displayed  as  deviations  from  the  system  mean
climatology. High resolution systems are still  in testing phase and the climatology is still  not available;
therefore it is not possible to assess the seasonal forecasting results in terms of departures from the mean
climate. High resolution hindcasts are made by five month range experiments and 3 member ensembles.

Due to the high computational cost of the experiments, two starting dates were selected in the period
1992-2001 to integrate the high resolution models: May 1993 and May 1997. The selection of those dates
is based on the following criteria: i) all the seasonal forecasting systems at low resolution gave the wrong
sign when forecasting the summer of 1993 and ii) summer of 1997 was the biggest warm event of the
century. We aim to assess the capability of high resolution models to capture the growing phase of ENSO.
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Ocean  initial  conditions  are  the  MERSEA ¼ dataset  (D11.3.3).  Given  a  starting  date,  the  ocean  initial
conditions are identical for all the ensemble members while the ensemble spread is generated initializing
the atmospheric component following day-lagged initial conditions.

The results show box averaged values of surface temperature and total precipitation over El Niño 3 and 4
regions  and  over  Europe.  Surface  temperature  hindcast  are  compared  with  NCEP  data  and  total
precipitation with Xie-Arkin climatology. All the figures display the seasonal forecasting experiments at high
resolution ocean model resolution in top panels and the analogous experiment at low-resolution ocean
model resolution in bottom panels.

Figure 11.5.3 and 11.5.4 (blue lines) illustrate the capability of the INGV seasonal forecast system to
predict the boreal summer climate of 1993. In tropical regions, INGV model is warmer than the observed
climatology. In particular,  over El Nino 3 region, the model present a bias of about 1.5 degrees, bias
present in both, low and high resolution systems. The variability of the surface temperature in El Niño 3
region seems to be slightly better represented by the low resolution system, especially at lag 4 and 5
months (August and September). Over Europe, the model is somewhat cooler than the NCEP in May and
June. When the summer starts, the hindcast at high resolution produce a relatively warmer climate, while
at low resolution, hindcast compares well with NCEP data.

Regarding the total precipitation (averaged over El Niño 4 region), INGV model underestimates the tropical
precipitation and this characteristic is particularly notable at high resolution. Nevertheless, the variability of
the tropical precipitation when the hindcast is conducted at high resolution seems to be more realistic.
Over Europe, hindcast at high and low resolution differs little.

Analogous hindcasts conducted by the ECMWF system at low and high resolution are displayed in Figures
11.5.3 and 11.5.4 (green lines). The bias of the ECMWF system surface temperature over the tropical
region is lower than that reported in INGV system, and in the case of the ECMWF system it is a cool bias.
As before, the variability of the low levels tropical temperature is somewhat better reproduced by the low
resolution  model,  while  over  Europe  both  systems  give  similar  results,  although  anomalies  at  high
resolution hindcast seems to be somewhat large during June to August.

Tropical precipitation is better represented over El Nino 4 region than over Europe, where sensitivity to
resolution seen to be scarce. Figures 11.5.5 and 11.5.6 show the growing phase of strong ENSO events,
as predicted by the ECMWF at low and high resolution. The goal is to determinate if model resolution
impacts on the prediction of the growing phase of the 1997 extreme event over the tropical Pacific.

Due to the lack of the high resolution climatology, it  is  hard to evaluate how well  the high resolution
experiment capture the growing phase of ENSO, but a priori,  bias decreases at higher resolution over
Europe while the variability of tropical surface temperature in both hindcasts is not affected. On the other
hand,  over the European sector,  hindcast at  high resolution seems to perform better  that than at  low
resolution. Total precipitation over Europe is little sensitive to the model resolution while over El Niño 4
region, the high resolution hindcast perform somewhat better than those at low resolution.
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Figure 11.5.3: Seasonal forecast experiments using the systems at high (top panels) and low (bottom panels)
resolution. Starting date is May 1993 and left (right) panels illustrate the surface temperature in the El Niño 3 (Europe)

region. Forecast covers a period of five months (May to September). Blue (green) dashed lines are members
integrated using the INGV (ECMWF) model while solid blue (green) line is for the INGV (ECMWF) ensemble mean.

Red line is the multi-model ensemble mean and black line is NCEP data.
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Figure 11.5.4: As figure 11.5.3, but for total precipitation and Niño region 4. Black line is Xie Arkin data.
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SST assessment

The sea surface temperature analysis presented here covers the period from 7 February 2007 until 4 April
2007. We present a short evaluation of MERSEA -¼°v2 SST in terms of bias, forecast error and forecast skill.
The  SST  field  evaluated  is  what  is  called  in  data  assimilation  the  “forecast”  SST.  In  our  case,  this
corresponds to the 7 day SST forecast, just before the analysis stage.

SST Bias and forecast error

We present in Figure 11.6.1 the SST bias and standard deviation from the observations. The bias is weak,
less than 0,25°C in absolute value over a large part of the oceans. The tropical region is a bit too cold
especially in the central tropical Pacific where the bias is between [-1; -0,5]°C. On the other hand, some
upwelling regions (eastern tropical Pacific, Benguela and Guinea coast) exhibit a too warm SST and south
of 40°S, the ocean surface layers present also a positive bias.

These three biases (central tropical Pacific, upwelling regions, south of 40°S) are also present in the model
in  forced mode and in coarser resolution models like ORCA2. This  indicates that the biases may be
associated to model shortcomings like thermo dynamical parameterisations or surface fluxes deficiencies.

The misfit standard deviation (Fig. 11.6.1, right) shows a large spatial variability ranging from ~0.25°C in
the eastern part of the basins to 1,5°~2,5°C in highly energetic areas like the Gulf Stream or Aghulas
region, or in the eastern equatorial Pacific where Tropical Instability Waves develop during this period of
the year.

Fig. 11.6.1: MERSEA-1/4°v2 SST bias (left) in °C and misfit (SST-OBS) standard deviation (in °C). The period covers 7
February 2007 - 4 April 2007.

Assessment of the impact of the   MERSEA  -1/4 analyses on the very high resolution coupled model
with respect to Medium-Range forecasts

It is common practice at ECMWF, and other weather forecasting centres, to use atmospheric models with
fixed  boundary  conditions  over  the  ocean  to  produce  medium-range  weather  forecasts.  Yet  there  is
evidence that the atmosphere can, on occasion, substantially affect the sea surface temperature (SST),
and some possibility that SST changes can influence the atmosphere. Here we investigate the impact of
allowing the SST to evolve throughout the forecast, rather than using fixed SST, by using an ocean model
coupled to the atmospheric model. In order to allow maximum interaction between the two media, we will
use an ocean model at a resolution comparable to or better than that of the atmospheric model.

Particular attention is given to assessing the impact of the use of a coupled atmosphere-ocean model on
forecasts of tropical cyclones as these are likely to be influenced by an evolving SST. Integrations at such
high resolutions are computationally extremely demanding and so only a limited number of cases has been
considered.

Although the work was primarily a proof of concept, we obtained interesting results. The influence of the
two selected tropical cyclones on the ocean is well reproduced, with a realistic evolution of the cool trail of
SST in  the wake of  the cyclones.  There is  certainly  scope for  improving the interaction between the
atmospheric  model  and  its  lower  boundary  and  a  few  pointers  for  further  investigation  have  been
suggested. Overall, we show how the coupling of a high resolution ocean model to a weather-forecasting
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atmospheric model can be beneficial to features such as SST evolution and possibly cyclone tracks even
at relatively short timescales.

Description of the Medium-Range coupled forecast system

The coupled model used for the Medium-Range forecast experiments consists of two main configurations,
which differ from each other in the resolution of the atmospheric model. Both use the IFS atmospheric
general circulation model, cycle Cy31R1. The resolutions are T399 (ca 50 km horizontal resolution), 62
vertical  levels,  for the Ensemble Prediction System (EPS) integrations and T799 (ca 25 km horizontal
resolution),  91  vertical  levels,  for  the  deterministic  integrations.  These resolutions  match those of  the
operational  EPS  and  deterministic  systems,  respectively.  The  ocean  general  circulation  model  is
OPA/NEMO version  9.0,  ORCA025  grid  (1/4º  horizontal  resolution),  with  50  vertical  levels.  Coupling
between the ocean and the atmosphere is via the OASIS coupler and carried out every hour. The ECMWF
global wave model is also coupled to the atmospheric component. Although it does not interact directly
with the ocean model, it influences the stress used to drive the ocean model. It is worth noting that the use
of such a high resolution coupled model with comparable resolution in atmosphere and ocean required
extensive technical work.

Because the atmospheric model cycle used in these experiments is slightly different from the one used
operationally  in  February  2007,  additional  uncoupled  experiments  using  the  same  atmospheric
configuration  as  in  the  coupled  model  have  also  been  run,  in  order  to  allow a  clean  comparison  of
forecasts  made using coupled versus uncoupled models.  The current  operational  EPS consists  of  51
ensemble members. For computational reasons, the ensemble size in the EPS experiments reported on
here is restricted to 15.

Case Studies

The ocean analyses come from the MERSEA-1/4°v2 system. We have chosen case studies for two tropical
cyclones in the Indian Ocean, FAVIO and GAMEDE. These were two of the strongest tropical storms in the
Indian Ocean in 2007. Both occurred in the vicinity of La Reunion/Madagascar with FAVIO subsequently
making a landfall in Mozambique. The first signs of what would become FAVIO were noticeable around
February  12,  but  the  deepest  low pressure  (930 hPa)  was  not  attained until  February  21.  GAMEDE
developed around February 20, when FAVIO was still active, albeit about two thousand kilometres to the
east. It peaked on February 26, with a core pressure of about 935 hPa. Coupled forecasts starting from 14
February and 21 February have been performed.

Global SST evolution

We first assess the evolution of the global SST in the deterministic case (T799/ORCA025) in order to
evaluate the ability of the coupled model to reproduce the main features of the observed SST. Figure
11.6.2a shows the difference between the SST reproduced by the coupled model at day 5 and its initial
condition (i.e. the SST at day 0) for the 14 Feb 2007 start. When compared with the equivalent observed
difference (Fig. 11.6.2b), the main features are represented fairly well by the model: for example, the large-
scale differences in the subtropics/mid-latitudes of the southern hemisphere in all three oceans and, more
specifically, the large-scale positive difference between about 20ºS and 60ºS in the Pacific Ocean. The
negative difference in the North Atlantic, east of Spain/North Africa is also reproduced well, though the
amplitude  is  not  as  large  as  that  observed.  Clearly  not  all  the  simulated  features  are  satisfactorily
reproduced but the present results look promising when compared to the current approach of keeping the
SST fixed throughout the forecast.
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Tropical cyclones simulation using the deterministic model

The observed pressure values at the core of FAVIO and GAMEDE as a function of time are shown in
Figure 11.6.3. The deepest pressure has been highlighted in black, whereas the day 5 is shown in red (for
GAMEDE day 5 coincides with the day of the deepest core pressure).

Figure 11.6.4a shows the SST difference between day 5 and day 0 for the coupled simulation. The mean
sea level pressure (MSLP) at day 5 is superimposed. Not only does the coupled model reproduce well
tropical  cyclone FAVIO with a 5-day lead (see the low pressure off  the coast of Madagascar),  it  also
simulates the cool trail of the cyclone in what looks like a realistic way, i.e. the negative SST differences
east of the cyclone core. Of particular interest is the cold wake to the east of FAVIO seen in Fig. 11.6.4a.
This is not seen in the SST analysis used by the operational ECMWF analysis (Fig. 11.6.4d), where in fact
the SSTs at day 5 are warmer than at day 0. However, in the delayed mode OSTIA high resolution SST
product, a cold wake is clearly visible (not shown).

The cold wake is not quite in the same position as in the model simulation because the tropical cyclone
track is displaced slightly to the north. This is true of all forecasts shown in Figure 11.6.4: coupling has not
had a significant impact on the cyclone track. The uncoupled (i.e. atmospheric-only) simulation is also able
to  reproduce  the  deep  low  pressure  of  FAVIO  even  if  the  SST  remains  unchanged  throughout  the
integration. Similarly, the operational model captures well the low pressure (Fig. 11.6.4c). The analysis for
the 19th Feb in the bottom right panel, however, shows very little sign of the cyclone. The reason for the
poor representation of the cyclone in the analysis is the broad structure functions used to produce the
analysis. Other factors such as the wrong position of the cyclone in the first guess, due to shortage of data,
and  the  low resolution  used  in  the  inner  loops  of  the  analysis  may  contribute  too.  Nonetheless,  the
information of the presence of the cyclone in the circulation of the atmosphere is normally present in the 3-
dimensional analysis to some extent, which is why the forecasts are able to produce realistic cyclones.

Figure 11.6.2 – Sea surface temperature difference between day 5 and day 0 for the coupled integration (ORCA025/
T799) started on 14 February 2007 (left) and the observations (right). SST differences range from –2ºC to 2ºC.
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Figure 11.6.3 – Time evolution of the observed core pressure for the two tropical cyclones, FAVIO (top) and GAMEDE
(bottom). The red circle indicates the day 5 forecast lead-time whereas the black circle is the lowest recorded pressure

(for GAMEDE red and black are superimposed).

Figure 11.6.4 -  Sea surface temperature difference (colours) between day 5 and day 0 for the coupled integration
(ORCA025/T799) started on 14 February 2007 [the FAVIO case] (top left), for the uncoupled (top right), for the

operational ECMWF forecast (similar to the uncoupled but with a model version slightly different, bottom left) and the
ECMWF analyses (bottom right). SST differences range from –4ºC to 4ºC. The mean sea level pressure (MSLP)

isobars at day 5 are superimposed: contours are every 4 hPa. The MSLP in the bottom right panel corresponds to the
analysis on 19th February. There is little evidence of the tropical cyclone in this analysis, probably as a result of the

broad structure functions used in the analysis but also because the first guess cyclone may be in slightly wrong
position due to shortage of data and because of the lower resolution (T255) of part of the analysis system 

(the inner loop).
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Figure 11.6.5 – As in Figure 11.6.4 but for the 21 February 2007 start [the GAMEDE case]. In this case the MSLP
analysis better captures the tropical cyclone, possibly due to its larger spatial scale than in the case of tropical cyclone

FAVIO.

The core pressure of FAVIO for the 19 Feb 2007 for the 4 cases of Figure 11.6.4 as well as for the directly
observed value are shown in the following table. As can be seen, all three forecasts are close to the
observed value.

FAVIO on 
19 Feb 2007 - 00:00 UTC

Core pressure
(in hPa)

GAMEDE on 
26 Feb 2007 - 00:00 UTC

Core pressure
(in hPa)

Coupled (ORCA025/T799) 970 Coupled (ORCA025/T799) 966
Uncoupled (T799) 968 Uncoupled (T799) 961
Operational (T799) 972 Operational (T799) 967
Analysis 1004 Analysis 963
Observed 970 Observed 935

In  the case of  tropical  cyclone GAMEDE the coupled simulation is  also quite  successful.  In  fact,  the
negative SSTs, resulting from the interaction between the cyclone and the ocean, are well reproduced
(compare Fig. 11.6.5a with Fig. 11.6.5d). The intensity of the cyclone is also reasonably well represented
but, even if visually very intense, the core pressure does not reach the very low value observed of 935 hPa
(see table  above).  However,  given  errors  in  the  positioning  and strength  of  the  cyclone  in  the  initial
conditions, model imperfections as well as limited (even if very high) resolution for cyclone simulations, the
value of 966 hPa in the coupled integration is encouraging. Both the uncoupled integrations (Figs. 11.6.5b
and  11.6.5c)  reproduce  well  the  low  pressure  of  GAMEDE,  with  the  uncoupled  run  on  Fig.  11.6.5b
reaching a lower core pressure (961 hPa) than the (uncoupled) operational forecast in the bottom left panel
(967 hPa).
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Summary of the assessment of the impact of the  MERSEA-¼ analyses on the very high resolution
coupled model with respect to Medium-Range forecasts

A high  resolution  ocean  model  has  been  coupled  to  the  atmospheric  model  used  for  medium-range
weather forecasts at ECMWF. Such a coupled model has been tested here on two tropical cyclone case
studies.

Encouragingly, the coupled model shows a physically reasonable behaviour in the evolution of the global
sea  surface  temperature  (SST).  The  two  tropical  cyclones  themselves  are  nicely  reproduced  by  the
coupled  model.  However,  despite  the  well  simulated  SSTs,  differences  with  analogous  uncoupled
integrations for which SST is held fixed throughout the integrations are generally not striking, at least in
terms  of  minimum  pressure  and  winds.  It  has  been  argued  that  a  possible  explanation  is  that  the
atmospheric model has been tuned to function with fixed SST and therefore the coupling with varying SST
may not be as strong as it ought to be. Indeed, no specific tuning of the coupling has been attempted.

Now that such a coupled model has been implemented it could be used for similar case studies, Atlantic
hurricanes for example. Work is already under way to study the behaviour of this coupled model on the
simulation of the intra-seasonal oscillation.
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 10. User Products (Work Package 12)

 10.1. WP 12.1 Ocean forecasting for oil and gas applications in the Gulf of Mexico

L. Bertino, F. Counillon, NERSC Leader

A 5 km resolution HYCOM model of the Gulf  of Mexico was developed in the TOPAZ and EMOFOR
projects  prior  to  the start  of  MERSEA.  Within  MERSEA WP12.1 activities,  the model  was run in  real-time
operational  mode,  using  boundary  conditions  from the  TOPAZ system and  local  data  assimilation  of
altimeter  data.  The model  produced 14-days  forecasts  every  week  (at  times  twice a  week)  and was
validated against independent front determination (from ocean colour data, Figure 12.1.1, left) and in-situ
current measurements from offshore facilities (ADCP mounted on rigs). A forecast product based on the
model system was presented twice to potential clients by the Ocean Numerics Ltd. joint venture during two
successive free service trials. The model was upgraded several times according to the feedback from the
potential clients and ported each time to real-time operations.

The validation showed that the frontal registration of eddies could be relatively good at nowcast stage but
that  the  single-point  validation  against  current  measurements  was  still  challenging.  The  real-time
experience also showed that the model was more imprecise at the times of special dynamical activity
(Eddy shedding and reattachment situations), which were also the times the forecast were most urgently
needed by users and that the initialization of the model forecast was the weaker point of the forecasting
system.

Figure 12.1.1 Overlay of HYCOM model SSH and independent ocean colour from MODIS. Left 7-days forecast 14th

May 2004, V0 system. Right: shedding of eddy Vortex, nowcast from an ensemble, V2 system.

This experience has motivated us to develop ensemble forecasts and more advanced data assimilation
methods. An ensemble forecast technique was devised based on those used in the Arctic system and the
use of a poorman’s ensemble (10 members) for assimilation was then evaluated in a situation of dynamical
relevance (Fig. 12.1.1, right panel).

In  addition to  the model  developments,  the  service trials  exhibited  the dependency of  an operational
forecast service on the availability of satellite data, primarily on altimeter data.
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b

Figure 12.2.1. (a) Three ASTER images from the 20 April 2005 which have been analyzed for icebergs. The location
of the 245 detected icebergs are superimposed as red dots.  (b) Detection of icebergs located in fastice using optical

images from ASTER.  The characteristic bright spots and dark shadows suggest that the features are icebergs.

a b 
Fig. 12.2.2. (a) SAR image from ENVISAT ASAR covering Storfjorden on 25 April 2008. (b) Combined albedo

(greyscale) and sea surface temperature map (colour) from MODIS data on the same day. The colour scale: blue-
violet: < - 1.8°C, yellow-orange: > 1.0 ° C.

Nested HYCOM ice-ocean model of the Barents Sea

The nested HYCOM model of the Barents and Kara Sea has been set up, run both in real-time and
hindcast modes and validated against historical data taken during 1987 and 1988. The results have been
submitted to a consortium of oil companies (the Karbiac JIP) led by StatoilHydro and Total and compared
to competing models and to current measurements. The models were evaluated with respect to the tidal
currents, residual current statistics (speed and direction at different depths) storm currents and sea-ice
cover. Fig. 12.2.3 illustrates some of the validation of the sea-ice and ocean parameters against non-
assimilated measurements. The model was run both in real-time and in hindcast modes.

The system run in hindcast mode was run without assimilation in order to deliver results within reasonable
delays but the free-running model prototypes were the ones used in real-time so that the validation was
also useful for the pre-operational Arctic system. The validation against a Russian hydrographic database
(the INTAS-Nansen-AARI data) indicated that the ocean water masses were rather well reproduced by the
model, although the salinity of the incoming North Atlantic water was slightly too low. The validation of the
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sea-ice cover indicated that the ice coverage was good, but slightly underestimated in the summer (Figure
12.2.3).

a 

 

Figure 12.2.3 a) 5 km HYCOM model snapshot of surface temperature, sea-ice concentration and sea-ice drift, b)
model salinity at 100 m depths in Sept 1987, c) observations of the same. d) Validation of sea-ice against SSM/I data

in May 1987, e) the same in Sept. 1987.
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Figure 12.2.4  IDAP Icebergs 7088 (left) and 1792 (right) East of Spitzbergen and North of Novaya Zemlya. Three
months observed iceberg trajectory and model ensemble trajectories (grey). One large dot is plotted every second

week.

An iceberg model in the Barents Sea

The iceberg  model  has  been adapted  from the  Antarctic  iceberg  model  from AWI,  Germany,  for  the
Barents Sea. The model has been validated against observed icebergs from the IDAP program in 1990,
the only period with relevant iceberg observations available to date. The results indicate that the main
forces acting on an iceberg in the Barents Sea are the winds, the ocean currents (over the whole iceberg
keel, up to 100 m depths), the Coriolis force and the sea-ice stress. The iceberg model is entirely forced by
model output (ECMWF ERA40 winds, sea-ice and ocean currents from the nested HYCOM model of the
Barents  Sea).  The model  results  are  very sensitive  to  the input  parameters  of  the iceberg:  its  mass,
dimensions and its shape (tabular, tilted tabular, trapezoidal, etc) and to the drag coefficients with the air
and the ocean.

After optimization of the parameters, the results indicate that - in favorable conditions - the model results
are as close as 20 km from the observed iceberg position, even after a simulation as long as two months.
This indicates a strong potential for operational forecasting of icebergs.

 10.3. TASK 12.3: Oil spill fate prediction

Lead: met.no

Participants: MF, OC-UCY (previously CYOC-DFMR)

In MERSEA, oil spill fate forecasting is identified as a first-rank application for operational oceanography: Oil
pollution  from catastrophic  accidents  and  illicit  dumping  continues  to  be  a  major  threat  to  European
coastlines  and ecosystems.  Despite  efforts  to  reduce the incidence of  spills,  there is  still  a  need for
improved predictions of oil spill fate. Forecasts are necessary in support of recovery efforts, preparedness,
and mitigation measures.  To fulfil  their  national  and international  responsibilities,  operational  agencies
developed oil spill drift prediction systems. The capability to incorporate accurate estimates of currents in
these systems still  needs to be improved.  MERSEA will  provide in real time the required high resolution
current fields.

Task 12.3 under WP12 of  MERSEA addresses oil spill fate prediction. Its objective is to interface  MERSEA

global  and regional  current  forecasts  with  existing  oil  spill  modelling  systems,  and evaluate  improved
forecast skill and accuracy. Task 12.3 has three partners: the Norwegian Meteorological Institute (met.no,
lead partner), Météo-France (MF) and the Oceanography Centre, University of Cyprus (OC-UCY).
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The three partners of MERSEA TASK 12.3 brought existing, state-of-the-art oil spill fate prediction models to
the project: OD3D at met.no, MOTHY at MF and MEDSLIK at OC-UCY. While all three models use a
similar representation of the oil slick (particle) and it chemical evolution, there are significant differences in
how the geophysical forcing data are applied. At the one extreme, MOTHY only uses ocean model data
from a single depth – typically 100 m – in the place of a climatological background current, and calculates
the main drift component from the wind data. At the other extreme, OD3D is formulated to heavily weight
the ocean model data for determining the oil drift velocity, relying on the ocean model to account for most
of the wind-driven current component. In addition, OD3D requires vertical profile data for velocity and, in
some cases, temperature and salinity. MEDSLIK is similar to MOTHY in its use of ocean current data from
a  single  depth.  Thus,  the  requirements  on  the  MERSEA ocean  data  provision  and,  consequently,  the
suitability of those data, vary according to the oil drift model system.

In addition, the MERSEA ocean data may be utilised in an oil spill forecast system in two ways: either applied
directly to the oil spill model, or applied as boundary forcing to a local, fine-scale ocean model (nesting)
that, in turn, supplies forcing data to the oil spill model. With respect to the existing oil spill fate services,
this  means  using  MERSEA ocean  data  either  as  a  replacement  for  the  existing  ocean  data,  or  as  a
replacement for existing boundary conditions for a local model. Both methods have been applied by met.no
and OC-UCY, while MF has only used MERSEA data as direct forcing.

All three systems have all undergone significant developments during the project in order to utilise ocean
forcing data from the  MERSEA Forecast Thematic Portals (TEPs). The most important developments deal
with accessing the various ocean data sets available in the MERSEA Core services in an operational routine.
Two methods of access have been implemented: 1) regular delivery of agreed data products, typically by
ftp, and 2) on-demand access to standardized data products served by OPeNDAP at the Forecast TEPs.
Each method has its  relative  merits.  Routine delivery,  which has  been used by all  three partners,  is
generally more robust and allows nesting of local ocean models, but requires transfer and local storage of
large amounts of data, most of which are never used. On-demand access has the advantage of only
delivering what is required, when it is required; met.no has also implemented this method of access. Figure
12.3.1 shows schematically an example of how the data access has been implemented, in this case at
met.no. These developments are documented in the MERSEA deliverable reports D12.3.2 and D12.3.4.
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Figure 12.3.1: Schematic of forcing data pre-processor for met.no oil spill fate forecast model 
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An unplanned opportunity to test the new developments was afforded by the oil spill incident at the Jieh
power station in Lebanon during the hostilities in July, 2006. In response to requests by the EU, REMPEC
and Cypriot authorities, OC-UCY carried out a number of oil  spill  forecasts. These proved to be quite
accurate  in  predicting  the  drift  direction  and areas  of  stranding  (Figure  12.3.2).  In  these simulations,
MEDSLIK was forced by ocean forecast data from the CYCOFOS local model nested in MFS basin-scale
data. 

In order to further evaluate the benefits of the MERSEA forcing data for oil spill fate forecasting in a variety of
ocean regimes, the models have been applied in four demonstration exercises in various ocean areas,
including two in  the Mediterranean Sea,  one in  the North Sea and one in  the Indian Ocean.  A plan
document for  the demonstrations was established in the spring of  2007 and the demonstrations were
carried out in the fall of 2007 and the winter of 2008. In order to exchange and publish the results from the
oil  spill  fate  models,  an  interactive  Task  web  site  for  the  demonstrations  has  been  established  at
http://mersea-oil-spill.wiki.met.no.  An important  feature of  this  web site  is  the publication of  the model
results in KML format for easy viewing in Google Earth. The formatting procedures are documented in the
MERSEA deliverable report D12.3.5.

In  the  fall  of  2007,  validation  demonstration  experiments  were  carried  out  in  two  areas  of  the
Mediterranean Sea. Oil-emulating surface drifters were deployed first southwest of Cyprus by OC-UCY
and later off the southern coast of France by Cedre. An overview of the drifter trajectories is shown in
Figure 12.3.3.
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Figure 12.3.2: Oil spill incident Lebanon, July 2006. Left: 
Forecast stranding from MEDSLIK. Right: Oil slicks 

observed by SAR (courtesy EMSA).

Figure 12.3.3: The tracks of the drifters released in the Eastern Mediterranean by OC-UCY (right) and in the 
Western Mediterranean by Cedre (left), Fall 2007. Both deployments were supported by funding from Mersea.





The demonstrations in the North Sea and Indian Ocean were carried out in the winter of 2007-2008, with
participation from met.no and MF. The results of these two demonstrations are documented in the MERSEA

deliverable report D12.2.6.

In the first case, a real oil spill accident in the North Sea was targeted. On 12 December 2007, about 4400
tons of oil was spilled at the Statfjord field west of Norway. met.no and MF provided real-time and post
mortem simulations of the spill using MERSEA ocean forcing data. This supplemented the national service
forecasts issued by met.no, which did not utilise MERSEA forcing data, and thereby afford a comparison of
standard practise  with  MERSEA -driven predictions.  Persistent,  strong southerly  winds led to  an initially
northerly drift and rapid degradation of the oil slick. Further observations are unfortunately conflicting. The
met.no national service gave an easterly drift prediction [which was subsequently found to be based on
erroneous forcing data]. All the other predictions – OD3D and MOTHY, forced by MERSEA data – showed a
more northerly drift, which is believed to be more correct. One of these used data from a different met.no
operational  ocean model  that  is  nested in  MERSEA data;  it  appears to  be the closest  to  the real  slick
trajectory. This supports the proposition that MERSEA data are best applied through local nested models (cf.
CYCOFOS–MFS in the eastern Mediterranean). Forecasters at met.no’s Marine Forecasting Centre found
the access to alternative drift predictions valuable in giving advice to the response teams in the field.

The Indian Ocean demonstration was a scenario exercise, i.e., no real drifters or oil, in which a tanker is
damaged southeast of South Africa and leaks oil. Optionally, the tanker comes adrift  while leaking oil,
similar to the “Prestige” accident. The aim of this scenario is to demonstrate the global capability made
possible through access to MERSEA data sets. Specifically, the ocean forcing data used by met.no and MF
are all obtained from Mercator Global. An important issue here is the method of access. Since the full
global data sets are very large, it is generally not feasible to download and store them routinely for possible
use in an oil spill simulation somewhere in the world ocean. For met.no, on-demand OPeNDAP access
with sub-setting is the method of choice. MF has a unique solution inasmuch as the Mercator data are
available  on  the  same computing facility  as  the oil  spill  modelling  system.  In  addition,  one aimed to
demonstrate extending the scope of maritime emergency forecasting services by including a ship drift
model coupled to an oil drift model in order to simulate the oil spill from a drifting tanker. Both MF and
met.no ran sample simulations and posted the results on the Task web-site. In addition, met.no provided
access to its online ordering and viewing service so that selected users could do their own simulations in
the Indian Ocean or anywhere else.

Beyond  assessing  the  improvement  to  forecast  accuracy,  Task  12.3  also  looked  into  other  possible
enhancements to existing oil spill fate forecasting services that might be expected from the availability of
MERSEA ocean data sets. Specifically,  MERSEA data facilitate extension of the services temporally (longer
forecast horizon) and geographically,  as well  as offering several  alternative ocean forcing fields. User
feedback from the demonstrations was particularly sought for these issues. On the topic of forecast length,
users report that extension to 10-14 days can be beneficial for incidents that are large or well offshore.
Near  the coast  – where most  incidents  (90%) occur  – short-range forecasts  are  sufficient.  Extending
geographical reach to whole regions and the global ocean is seen to be primarily of interest to international
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Figure 12.3.5: Comparisons of oil drift simulations (colored lines and dots) against three drifters (black lines) in 
the Western Mediterranean demonstration experiment, October 2007. Colors indicate the ocean data used: red 

= MFS; blue = Mercator Med; green = climatology (MOTHY); black =  wind only (MOTHY)



and  intergovernmental  bodies  (e.g.,  EMSA).  Local  end-users  are  more  interested  in  higher-resolution
coastal capabilities (e.g., estuaries, fjords and skerries). One interesting suggestion is the use of global
services on the web as an “export product” to developing nations. Finally, users found the possibility of
alternative predictions or mini-ensemble forecasts to be a potentially valuable source of useful uncertainty
information. However, they need to be delivered properly to users. For example, response teams in the
field  want  one best  estimate  of  the  oil  spill  drift,  provided after  expert  deliberation.  Met  service  duty
forecasters, on the other hand, are familiar with “second opinions” and ensemble forecast products, and
they are able to utilize them in preparing forecast advice.

In summary, the MERSEA ocean data have been found to represent the state-of the-art in ocean prediction,
and its current level of forecast accuracy. Use of these data in modern oil spill fate forecasting services has
led to some improvements in accuracy, but also highlighted areas where the ocean modeling systems are
imperfect. The  MERSEA data taken directly are perhaps most useful at the global level, allowing oil spill
services to be applied quickly anywhere in the world ocean. For most users, however, MERSEA data will be
most beneficial when applied as boundary data sets for local, nested hydrodynamic models that in turn
supply fine-scale current fields to the oil spill fate models. There is, still, potential for contributing valuable
“second opinions” and providing members to mini-ensemble forecasts for expert middle users.
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 11. Overall Assessment (Work Package 13)

 11.1. Task 13.1: Assessment of the MERSEA system

Under this task we set the objective to assess the performance of the system, as it evolved during the
project,  from the perspective of  the  GMES aims, and to document progress since the first  assessment
conducted under the MERSEA Strand-1 project.

The overarching vision for GMES was to create and maintain a European technical Information capacity –
encompassing observation systems and servicing elements - allowing the production and easy access to
the information necessary for environment and security policies.  GMES was thus presented as a political
initiative to secure Europe with an autonomous and operational information production system in support to
environment and security policies.  To reach those objectives,  a service chain had to be developed to
transform  observations  and  data  into  information  products  in  support  of  services;  and  to  link  data
information providers to users.

The ESA and the European Union agreed on an action plan, with the goal to develop and bring into
operational service by 2008 an autonomous European global monitoring capability for environmental and
security purposes. It is in that context that the MERSEA Project was funded by the Commission to develop
Ocean and Marine Applications for GMES during the implementation period (2004 – 2008) of its action plan.

Adequateness to   GMES   objectives

Although the initial  emphasis of the  GMES concept was on providing information in support of policy, it
became clear that a wider range of applications were to be served by the system. Therefore we developed
MERSEA with different classes of  users in mind: policy makers, environmental monitoring and reporting,
scientific research, industrial applications in the maritime sector, marine safety, marine meteorology and
weather forecasting (medium to seasonal range), the general public and education. Those users have very
different requirements in terms of type of data or information and delivery system (e.g. large data files
delivered routinely, production of indicators, simple summary plots, or tailored to specific applications).

The diversity of usages implied that the system must be able to provide basic generic data, directed at
intermediate users, who in turn will further process it to elaborate the specific products required by their
end users.  That is  the objective of  the Marine Core Service,  with which the  MERSEA prototype is  fully
compliant.

The table below illustrates how the requirements can be identified for the main Areas of benefit, and what
types of products are delivered by the MCS system.
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from DG Environment of the European Commission and marked the beginning of a cooperation with the
EEA and with the Conventions mandated to report on the state of the marine environment.

All those actions have contributed to the recognition of the maturity of the MERSEA vision, and therefore to
the designation of the MCS as one of the Fast Track Services to be supported by GMES, with continuing
support from FP7. During the last year the negotiation of the MyOcean proposal required a lot of attention
from MERSEA, in particular in the period from December 2007 to May 2008. The proposal embodies all the
main conclusions and recommendations from the MERSEA project.

Progress since the   MERSEA   - Strand 1 project

The  MERSEA Strand1 project  (01/2003 to 06/2004) was funded by the European Commission (FP5)  to
conduct a preparatory study of the key issues in setting up the marine elements of  GMES.  The project
examined  individually  the  capabilities  and  requirements  for  in  situ  observations,  satellite  ocean
measurements, and ocean models able to analyze and to assimilate satellite and in situ data.

Strand1had a much more limited scope than the MERSEA Integrated Project, but is was a spring-board for it,
and helped to form the consortium. The main objectives were to do model comparisons (TOPAZ, FOAM,
MFS,  MERCATOR)  in  the  areas  where  there  was  overlap  (North  Atlantic  and  Mediterranean),  by  a
systematic  use  of  metrics.  This  activity  was the  beginning  of  the  concerted  European contribution to
GODAE, which has been pursued in WP05.  This model assessment exercise led directly to the definition
of the research tasks to be conducted in MERSEA, mostly on modelling and assimilation improvements.

Strand1 also looked specifically at two applications (oil spill drift forecasts and harmful algal blooms), to
assess the ability of the existing systems to detect and forecast events. The conclusions helped frame the
activities of WP12 and WP11 (special focus experiments on bio-geochemical modelling).

In many ways, this whole report is an account of progress since the Strand1 project, and it is considerable.
Listing but a few examples: integration of the models into operational suites, and into a fully integrated
system of  systems;  improvement  of  the  model  realism and resolution  (time and space),  and of  data
assimilation; progress in ecosystem modelling; and further development of user applications.

The assessment of strengths and weaknesses has been conducted continuously, with a strong emphasis
on the need for observing system, from space missions and in situ platforms (see for instance the Report
of the Working Group on Space Infrastructure, included in the GMES - Marine Core Service Implementation
Plan).

 11.2. Task 13.2 Education, Training, Public Outreach and Communication

Several  initiatives  have  been  taken  to  communicate  the  need  for,  and  progress  on,  monitoring  and
forecasting of the ocean to a large audience. Training programmes have been given to advanced students.

Education:

Operational oceanography is now gradually added to the curriculum at several universities in Europe. In
the course of the project, courses have been developed at the University of Bergen, and at the University
of Aegean. The experience from these courses reveals an increasing interest from students to make their
semester reports, thesis or assignments based on data and products available online from the MCS and
other servers offering in-situ and satellite data and information.

Training schools

ESA: Contributions to the ESA summer school on Earth System Monitoring and Modeling (ESRIN, 10 to
24 August 2004),  and to the ESA-MOST DRAGON training school  (Quingdao,  China,  October 2005),
where  MERSEA was  specifically  presented  in  the  context  of  operational  oceanography  and  ocean
applications.
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GODAE: The GODAE summer school “AN INTEGRATED VIEW OF OCEANOGRAPHY: Ocean Weather
Forecasting in the 21st Century” took place from 18-28 September 2004 in LaLonde, France, under the
sponsorship of Cnes, Godae and the MERSEA project, with participation of 65 students from 21 countries in
Europe, America, and Asia participated; 18 of the 29 lecturers were MERSEA participants. This demonstrates
the significant implication of  MERSEA in Godae and gave an excellent opportunity to present the different
facets of the project.

The lecture notes, edited by Verron and Chassignet are published in a book: Ocean weather forecasting:
An integrated view of oceanography (Springer 2006).

Scientific Conferences

All aspects of the MERSEA system were presented at many scientific conferences, too numerous to list here.
Only some special events are mentioned here:

The 4th and 5th EuroGOOS Conferences, held in Brest (June 2005) and Exeter (May 2008), respectively,
were the occasion to present the state of the art of our systems, at the beginning and at the end of the
project, and to demonstrate progress made.

ICES: The Project  has taken the lead in organizing a Theme Session on Operational  Oceanography,
during  the  ICES annual  scientific  conference (Maastricht,  19-23  September  2006).  It  was  joined and
strengthened by the papers originally submitted to another proposed theme session “Harmful Algae Bloom
Dynamics: Validation of model predictions (possibilities and limitations) and status on coupled physical-
biological process knowledge”.

The 36th International Liège Colloqium on Ocean Dynamics, was held in May 2004, with the theme Marine
Environment Monitoring and Prediction. The proceedings, published in a special issue of the Journal of
Marine System (Desaubies et al., Editors, 2007), include several papers by MERSEA participants.

Key Workshops

COSPAR: A regional workshop for African oceanographers, subtitled “Remote sensing, a tool for ocean
science and operational oceanography”,  was held in Rabat from September 19 to 30, as the fifth in a
series  of  Cospar  capacity  building  workshop.  MERSEA provided  contributions  as  part  the  organizing
committee, the lectures and/or the practical training sessions. The workshop was attended by 24 motivated
PhD and post-doc students coming from Algeria, Egypt, Ghana, Kenya, Mauritius, Morocco, Mozambique,
South Africa, Tunisia, and Uganda.

EEA/EMMA:  The MERSEA project together with EEA (European Environmental Agency) co-organized the
workshop entitled "Connecting operational oceanography with the European Marine Strategy and EEA
assessments" (Copenhagen on 23-24 October 2006).   The workshop was in the framework of EMMA
(European  Monitoring  and  Marine  Assessment)  with  support  from  DG  Environment  of  the  European
Commission and marked the beginning of a cooperation with the EEA and with the Conventions mandated
to report on the state of the marine environment.

The main conclusions were that OO can give a strong contribution to the Physical features considered in
the Marine Strategy Directive (MSD) “Initial assessment”, primarily for temperature, salinity and currents,
sea-ice and secondarily for bathymetry.

Working  Group  on  Shelf  Sea  Ecosystems: I.  Robinson  was  invited  by  the  European  Science
Foundation, Marine Board, to serve as the Chairman of a working group on the Remote Sensing of Shelf
Sea Ecosystems.  This group met several times to identify the outstanding science challenges which need
to be tackled in order to facilitate the operational use of satellite data in operational ecosystem models.
The report of the working group titled “Remote Sensing of Shelf Sea Ecosystems; State of the Art and
Perspective” was published by the European Science Foundation, Marine Board, in February 2008.
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Figure 13.3.1. Schematic illustration of the relationship between Marine Core Services such as provided by MERSEA

and Marine Downstream Services such as provided by MARCOAST

Operational oceanography, as developed and tested in the  MERSEA (and complemented with activities in
ECOOP  and  BOSS4GMES integrated  projects)  can  moreover  contribute  to  coherent  and  optimum
implementation  and  execution  of  marine  environmental  policies  as  schematically  illustrated  in  Figure
13.3.2. In particular, development of marine indicators and regular reporting of quantified information (such
as specified by EEA/EMMA and the DPSIR framework) contribute to the monitoring of the quality of the
marine environment and its temporal and spatial changes. Indicators, produced from satellite and in-situ
observations  and/or  model  fields  are  therefore  playing  a  vital  part  in  focusing  and  illuminating  the
significance of environmental change and the progress to sustainable development. In consideration of the
step-by-step approach in selection and development of indicators the following five criteria are commonly
used: indicators must be

(i) clearly defined,

(ii) linked to policies (e.g. declarations, legislations, directives, etc.)

(iii) scientifically reliable and easy to understand and interpret,

(iv) limited in number,

(v) based on acknowledged (official) and accessible data.

 

Issue 
identification

Policy 
formulation

Policy 
implementation

Policy 
monitoring

Policy appraisal 
and review

Environmental 
monitoring

Reporting

Scientific 
analysis

Figure 13.3.2. Example of  the sequence from policy formulation to review (outer blue circle) and the environmental
monitoring and scientific analyses (inner red circle) and their two ways connection.

In MERSEA preliminary investigation (supported and extended with input from the BOSS4GMES project and a
dedicated ETC-Water/EE study undertaken by INGV) concluded that four  key indicators including sea
surface  temperature,  sea  level,  sea  ice  extent  (and  concentration),  and  ocean  chlorophyll  could  be
routinely produced. They are listed in Table 13.1 together with the likely area of benefit and candidate
users.
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Indicators Area of benefit Candidate users

SST, Chlorophyll, Sea Level, 

salinity, mixed layer thickness,

Marine and Coastal Environment, EEA/EMMA
HELCOM, OSPAR, AMAP,

UNEP/MAP  + (EMSA)
and national representatives

Surface Currents, weathering, 
drift simulations (what/if)

Marine Safety EMSA
Coastal directorate and other 

national representatives
SST, Chlorophyll, 

Transport and fluxes

Marine Resources ICES and national representatives
HELCOM, OSPAR, AMAP,

UNEP/MAP

SST, Sea Level, Sea Ice Extent,

Upper layer heat content

Climate and Seasonal Research and
Forecasting

AMAP, Arctic Council, ECMWF, Hadley
Center, IPCC,

Norwegian Climate Center, 
other

Table 13.1. Listing of potential indicators and their areas of benefit and candidate users. Note that the quantities given
in italic are considered as possible next generation of indicators.

The four area of benefit are compliant with the user area defined in the GMES MCS Implementation report
and the MyOcean project. For each area of benefit the candidate users at EU level, intergovernmental
level and national level are in turn specified. As such some of the candidate users are found within more
than one area. This includes the regional conventions that jointly cover all the European regional seas as
shown in Figure 13.3.3.

Figure 13.3.3. Map with locations of the regional legislations.

Complementary issues that needs to be resolved before one can start routine production of such indicators
include agreement on reporting form and frequency of  reporting.  The former includes issues such as
graphic  representations  (2D  maps,  1D  time  series),  tabulated  information  and  statistical  presentation
(mean, min/max, anomalies, trends) with keys, while the latter are issues like reporting weekly-monthly
trends, undertaking periodic reprocessing of observations, and reanalyses of models at agreed intervals.
These issues are currently further investigated and assessed in EU FP6 BOSS4GMES project.
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relevance for the next State of the Environment Report of the European marine Environment planned in
2010 (SOER2010).

SERVICE DESCRIPTION PRODUCT DESCRIPTION

Area of
benefits Users MFC

Product Package

TAC
Product
Package

Coverage Provider

Area 1: Maritime
safety
(marine

operations, oil spill
combat, ship

routing, weather
forecasting,

defence, search &
rescue, É)

EMSA
National

Oceanographic
Agencies

Nat. Weather
Prediction Centre

National Marine Safety
Agencies

Maritime Transport
Industry

- Baseline and standard
ocean state products
- daily / hourly fields

- SST
- Sea ice / wind
- In situ
- Sea level
- Daily fields

European
basins

All MFCs
Sea level, SST,

SI, IST, ACs

Area 2: Marine
resources
(fish stock

management)

ICES, FAO, EEA,
Nat. Marine Res. Inst.,

Nat. Directorate of
Fishery

- Baseline and standard
ocean state products
- Daily fields

- Ocean colour -
sea ice / wind
- In situ

- Daily fields

European
basins

All MFCs
SST, OC, Sea
ice / wind, IS

TACs

Area 3: Marine
and Coastal
environment
(Water quality,

pollution, coastal
activities, É)

National Coastal
Monitoring Agencies

EEA, EMSA, OSPAR,
HELCOM, UNEP/M

AP

- Baseline and standard
ocean state products
- Boundary and initial
ocen state conditions
- Re-analysis
- Daily / hourly fields

- Ocean colour
- In situ
- Sea ice / wind
- Sea level
- SST
- Reprocessing
- Daily fields

Global ocean
European

basins

All MFCs
All TACs

Area 4: Climate &
Seasonal

Forecasting
(Climate

monitoring, ice,
seasonal

forecasting, É)

MS&EU Met Offices
EEA, OSPAR,

HELCOM, UNEP/M
AP

National
Environmental

Agencies

- Baseline and standard
ocean state products
- Surface to bottom
- Re-analysis
- Seasonal forecasting
- Initial conditions
- Daily / weekly / monthly /
yearly fields

- Sea level
- Ocean colour
- In situ
- Sea ice / wind
- SST
- Reprocessed
datasets
- Daily / weekly /
monthly / yearly
fields

Global ocean
European

basins

All MFCs
All TACs

Table 13.2. MyOcean product and service portfolio specifications
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D3.1.3
D3.1.9

LATARIUS, K., O. KLATT, C.
COATANOAN

First updated climatological dataset (North Atlantic, Southern
Ocean, Arctic )

2005

D3.1.4 LATARIUS, K. ARGO DMQC implemented and tested with regional data 2007
COATANOAN, C. 2007

D3.1.5 LATARIUS, K. Float array deployed and operating 2005
D3.1.6 Floats ordered by AWI 2005
D.3.1.8 Float array phase 1 deployed, accessible through ARGO AWI 2005
D3.1.10 LATARIUS, K. Second updated climatological dataset (North Atlantic, Southern

Ocean, Arctic) 
2007

D3.1.10 COATANOAN, C. Second updated climatological dataset (North Atlantic, Southern
Ocean, Arctic) available

2007

D3.2.1 VILLAGARCIA, M.G. ANIMATE: Calibration of Biogeochemical data from sensors
Nitrate

2005

D3.2.2 VILLAGARCIA, M. Near Real-time delivery of quality controlled nitrate data 2006
D3.2.3 MEINECKE, G., E. KOPISKE Near real time delivery of quality controlled physical data 2006
D.3.2.4 Near real-time delivery of quality controlled data 2005
D3.2.5 MEINECKE, G. ESTOC Moorings (installation & operation) 2005
D3.2.6 MEINECKE, G., E. KOPISKE Near real time delivery of quality controlled weather data

(Implementation Report) 
2006

D3.2.7 MEINECKE, G. Sediment Trap data (Bio-geochemical data derived from
Sediment trap flux analysis)

2005

D3.2.8 PAGNANI, M. Delivery of near real-time quality controlled chlorophyll data 2008
D3.2.9 PAGNANI, M., S. HARTMAN Delivery of delayed-mode chlorophyll time-series with quality

and calibration applied
2008

D3.2.10 VILLAGARCIA, M. Near real time delivery of quality controlled nitrate data 2008
D3.2.11 KARSTENSEN, J. Delayed-mode physical time-series data with QC and

calibrations applied
2007

D3.3.1 Equipment installed/ upgraded on French and Norwegian ships 2005
D3.3.3
D3.3.5
D3.6.2
D3.5.9 
D3.4.5
D3.2.3

POULIQUEN, S. 20 month In-Situ TEP report 2006

D3.3.3
D3.3.5
D3.6.2
D3.5.9 
D3.4.5
D3.2.3
D3.6.9
D3.6.10

POULIQUEN, S. 36 month In-Situ TEP report 2007

D3.3.3 Equipment installed IEO 2005
D3.3.4 PARRILLA, G. TSG transferred Spanish ships 2007
D3.3.6 LOUCH, A. XBT and TSG equipment upgraded or installed 2005
D3.3.7 LOUCH, A. XBT transferred from UK ships + report 2008
D3.3.8 PETIT DE LA VILLEON, L. XBT and TSG data continuously delivered 2007
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Del. no. Authors Deliverable 
name

Date of
report

D3.4.1
D3.4.3
D3.4.4

NITTIS, K., V. CARDIN, R. BOZZANO Assessment of the Mediterranean Moored Multi-sensor Array
(M3A network) for operation during Mersea

2005

D.3.4.2 CARDIN, V. Assessment of the E2-M3A system for operation during MERSEA 2005
D3.4.6 PENSIERI, S., R. BOZZANO, F.A.

GRASSIA
Specification of the upgraded data transmission protocol for the
W1-M3A system

2007

D3.4.7 NITTIS, K., V. CARDIN, 
R. BOZZANO

Delayed mode data from the M3A systems 2007

D3.4.8 Data from the new VOS line 2008
D3.5.1 ? System requirements and specification document 2005
D3.5.2
D3.5.3
D3.5.7

ALVAREZ, A., B. GARAU, G.
BASTERRETXEA, B. CASAS, J.
TINTORE, P. TESTOR, U. SEND, P.
LHERMINIER, T. TERRE

Assessment of glider capabilities for collecting physical and
biogeochemical data in near shore environments

First analysis of glider capabilities on short-range areas

2006

D.3.5.4 KARSTENSEN, J., U. SEND Gliders chosen for purchase and ordered 2006
D3.5.5 KARSTRENSEN, J., P. TESTOR, U.

SEND
Test operations of glider initiated and future MERSEA missions for
IfM/Geomar gliders designed

2006

D.3.5.6 System requirements and specification document 2004
D3.5.8 ALVAREZ, A., B. GARAU, G.

BASTERRETXEA, B. CASAS, J.
TINTORE, P. TESTOR

Operation manual for SLOCUM 2006

D3.5.10 ALVAREZ, A., R. ONKEN, S. RUIZ, G.
VIZOSO, B. GARAU, G.
BASTERRETXEA, B. CASAS, J. TIN
TORE, P. TESTOR, U. SEND, P.
LHERMINIER, T. TERRE

Impact of biogeochemical glider data on modelling 2008

D3.5.11 ALVAREZ, A., P. LHERMINIER, T.
TERRE, B. GARAU, G. BASTERRETXEA,
B. CASAS, J. TINTORE, P. TESTOR, U.
SEND

Biogeochemical time series from glider at the W1-M3P buoy
location 

2008

D3.5.12 KARSTENSEN, J., P. TESTOR, P.
LHERMINIER, T. TERRE, U. SEND

Biogeochemical time series from gliders at Atlantic time series
location (CIS, PAP)

2008

D3.5.13 ALVAREZ, A., R. ONKEN, S. RUIZ, G.
VIZOSO, B. GARAU, G.
BASTERRETXEA, B. CASAS, J.
TINTORE, P. TESTOR, U. SEND, P.
LHERMINIER, T. TERRE

Determination of the impact of data gathered by gliders in
numerical results

2008

D3.6.1 PETIT DE LA VILLEON, L., C.
COATANOAN, M. EDWARDS, J.
KARSTENSEN, V. CARDIN

In-situ real-time data quality control 2006

D3.6.1 POULIQUEN, S. Guidelines to In-situ TEP User 2006
D3.6.2 Qualified data from MERSEA Observing system 2005
D3.6.3 GAILLARD, F. Real time and delayed mode weekly 3D gridded fields first over

the Atlantic
2006

D3.6.4 AUTRET, E., F. GAILLARD Diagnostics on residuals, sensor drifts estimates 2006
D3.6.5 Calibration database 2005
D3.6.6 GALAUP, P., F. GAILLARD, V. THIERRY Comparison of ARGO profilers corrections with calibrations 2006
D.3.6.7 MERSEA User Manual describing data stream, exchanges format

and QC procedures for Atlantic time-series
2005

D3.6.8 COATANAON, C., T. LOUBRIEU Real time and delayed mode weekly 3D gridded fields over the
Global ocean  

2007
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WP04 – DELIVERABLES

Del. no. Authors Deliverable 
name 

Date of
report 

D4.1.1 Report on the spin-up effect in ECMWF atmospheric model
output

2005

D4.1.2 Report on uncertainty estimates of an optimal bulk formulation
for surface turbulent fluxes

2005

D4.1.3 BELAMARI, S., A. PIRANI Validation of the optimal heat and momentum fluxes using the
ORCA2-LIM global ocean-ice model

2007

D4.2.1 Report on available satellite wind data for all MERSEA areas 2004
D4.2.2 Report on the blended surface fluxes 2005
D4.2.3 BENTAMY, A. Report on the validation of the merged wind and fluxes products 2007
D4.3.1 Near real-time interface with the Godiva server for ECMWF

outputs
2005

D4.3.3 ROQUET, R. Daily ECMWF outputs FTP delivery for the Mersea
Mediterranean sea model

2005

WP05 – DELIVERABLES

Del. no. Authors Deliverable
name

Date of
report

D5.0.4 BARUHEL, P., F. HERNANDEZ 2nd annual report
April 1st, 2005 – March 30th, 2006

2006

D5.0.5 BARUHEL, P., F. HERNANDEZ Detailed Implementation Plan Period 3: 01/04/2006 –
31/03/2008

2006

D5.1.1 BARUHEL, P., M. BELL, N. PINARDI, F.
BLANC, G. MAUDIRE, M. SPIGAI

Overall Specification of the MERSEA Integrated System (version
01.A)

2005

D5.1.1
D5.2.1

HERNANDEZ, F., P. BARUHEL, M.
SPIGAI, F. BLANC
BAUDEL, S. F. BLANC, M. SPIGAI, T.
LOUBRIEU, P. BARUHEL, F.
HERNANDEZ

MERSEA Areas Definition

Services specification for Version 1 of MERSEA System

2006

D5.1.2
D5.1.1
D5.2.1

SPIGAI, M., S. BAUDEL, T. JOLIBOIS, T.
LOUBRIEU, F. HERNANDEZ, P.
BARUHEL

Services Specification for Version 2 of MERSEA system 2007

D5.1.3
D6.1.6
D6.1.9
D6.2.10
D6.2.11
D6.4.6

LOUBRIEU, T., S. POULIQUEN, M.
SPIGAI, P. BARUHEL

Overall description of MERSEA Integrated system for Ocean
Monitoring and Forecasting

2007

D5.2.1
D5.2.2

MAUDIRE, G., T. LOUBRIEU, M. SPIGAI,
F. BLANC

 Report on “High level specification of system architecture”
(version 1.A)

2005

D5.3.1 SPIGAI, M., P. DAGO Definition of Technical Indicators
-Task 5.3.1 

2006

D5.3.2 SPIGAI, M. Final definition of technical indicators 2007
D5.4.1

=D8.1.1
CROSNIER, L., F. HERNANDEZ List of internal metrics, specifications for  implementation 2005

D5.4.2
=D8.1.2

GAILLARD, F. Collection of new climatologies and statistics over the Atlantic,
identification of key data for  the physical parameters

2005

D5.4.3
=D8.1.3

HERNANDEZ, F., L. CROSNIER, A.
BELMADANI, M. DREVILLON, J.M.
LELLOUCHE, A. HINES, L. BERTINO, K.
LISAETER, V. HUESS, P. BERG, S.

Synthesis of the MERSEA /GODAE implementation status and
preliminary inter-comparison results, first assessment report:
TOP1 assessment results and TOP2 assessment definition

2007
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Del. no. Authors Deliverable
name

Date of
report

DOBRICIC, F. HOYDALSVIK, E.
DOMBROVSKI, M. BELL, P. ODDO, Y.
DESAUBIES

D5.4.4 HERNANDEZ, F., L. CROSNIER, E.
DROMBROWSKI

Assessment during TOP1: guideline for metrics implementation 2006

D5.4.5 HERNANDEZ, F. Guideline for Class 4 metrics implementation 2006
D5.4.6 GAILLARD, F. Comparison of North Atlantic indicators in data and model 2008
D5.4.7 GAILLARD, F., R. CHARRAUDEAU New climatology and statistics over the global ocean 2008
D5.4.8 GAILLARD, F. Synthesis of indicators over the global ocean : Data model

comparisons
2008

D5.4.9 HERNANDEZ, F., L. CROSNIER, L.
BERTINO, V. HUESS

Synthesis of the MERSEA Scientific Assessment: TOP2
assessment

2008

WP06 – DELIVERABLES

Del. no. Authors Deliverable 
name

Date of
report

D6.0 MANZELLA, G. Report on data availability in the European Sea 2005
D6.0

D6.1.5
D6.2.3
D6.3.2

MANZELLA, G. Mersea information management and EU initiatives on
interoperable components

2008

D6.0.1 POULIQUEN, S. 21st – 22nd Feb 2005 meeting report 2005
POULIQUEN, S. Report of joint WP9-5-6 meeting at Exeter the 2nd February 2006 2006
BLANC, F., K. HAINES, C. LIU, T.
LOUBRIEU, C. O’KELLY, S. POULIQUEN,
G.M.R. MANZELLA, D. SCHAAP

30 march 2005 meeting report 2005

LIU, C., T. LOUBRIEU, G. MAUDIRE,
G.M.R. MANZELLA, S. POULIQUEN, D.
SCHAAP, M. TREGUER

4th June 2005 meeting report 2005

28th Dec 2005 meeting report 2005
POULIQUEN, S., G. MANZELLA Report of joint WP6 meeting at La Spezia the 6-7th February 2007 2007

D6.0.2 Implementation Plan (DIP-3)
D6.0.3
D6.1.2
D6.1.4
D6.2.1
D6.2.7
D6.3.3

POULIQUEN, S. Joint report :The MERSEA Information Management System 2006

D6.1.1 MANZELLA, G., Y. DESAUBIES MERSEA Information Management (MIM) Technological
implementation plan

2004

D6.1.3
D6.2.5

LOUBRIEU, T. Guidelines for Data Provider – Product catalogue 2005

D6.1.5 POULIQUEN, S., F. BLANC Guidelines to MERSEA Partners to contribute to MERSEA System 2006
D6.1.6
D6.1.9
6.2.10
6.2.11
6.4.6

+
D5.1.3

LOUBRIEU, T., S. POULIQUEN, M.
SPIGAI, P. BARUHEL

Overall Description of MERSEA Integrated System for Ocean
Monitoring and Forecasting 

2007

D6.1.7 MANZELLA, G. Key performance indicators (KPI) – TOP2
April – June 2007

2007
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Del. no. Authors Deliverable 
name

Date of
report

D6.1.10 Systems status page, specification, demo Not
available

D6.1.11 LOUBRIEU, T., S. POULIQUEN,  G.
MAUDIRE

User's authentification federation and authorization delegation
specification

2007

D6.1.12 LOUBRIEU, T., B. GORDET Authentication/Authorization - MERSEA configuration for data
providers

2006

D.6.2.2 MANZELLA, G, POULIQUEN, S. Help desk for the MERSEA Information system 2006
D6.2.4
D6.2.8

BLANC, F., T. JOLIBOIS, J.M. EPITALON Guidelines for data provider 
– MERSEA Gridded data Product Format -

2005

D6.2.6a BLANC, F., G. MANZELLA, N. PINARDI Guidelines for Ocean Forecast TEP administrators &
Webmasters

2005

D6.2.6b BLANC, F., N. PINARDI, G. MANZELLA First version of the MERSEA WWW Ocean Forecast portal (OFP) 2005
D.6.2.9 BLANC, F., T. JOLIBOIS, J.M. EPITALON,

G. MANZELLA
Guidelines for data provider
- Quick opendap installation & configuration guide -

2005

D6.2.12
D6.2.13
D6.3.6

LIU, C., J. BLOWER Prototype release of Google service for NE Atlantic TEP
Specifications for extension to other TEPs

2007

D6.3.1
D2.6.18

BLANC, F. C. GUIOSE MERSEA Ocean Portal - CLS contribution
Log Report <January to June 2006 - 6 months - >

2006

D6.3.3 BOUILLE-CHADA, F. Opendap User’s Guide 2006
D6.3.4 BOUILLE-CHADA, F. LAS User’s Guide 2006
D6.3.5 BLANC, F., C. GUIOSE MERSEA Ocean Portal

CLS contribution Log report <July to December 2006 – 6 months
->

2007

BLANC, F., C. GUIOSE MERSEA Ocean Portal
CLS contribution Log report <July to September 2007 – 3
months ->

2007

D.6.4.1 O’KELLY, C. Operational scenarios Mo 14 2006
D.6.4.2 List of tools for scenarios Not

available
D.6.4.3
D.6.4.4

MANZELLA, G., S. POULIQUEN Technical KPI for the Assessment of MERSEA Information System 2006

D.6.4.4
D6.4.4

MANZELLA, G Technical KPI and User Desk for the Assessment of MERSEA

Information System
2006

D6.4.5 User scenario  demonstration of MIM Not
available
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WP07 – DELIVERABLES

Del. no. Authors Deliverable 
name

Date of
report

D7.1.1 LE SOMMER, J., B. BARNIER, G.
HERVIEUX, J.M. MOLINES, T. PENDUFF

First upgrade of the global OPA/ORCA 1/4° 
 including partial steps 

2005

D7.1.2 MADEC, G., L. BESSIERE First assessment of the impact of the new algorithm on bottom
friction parameterisation  

2005

D7.1.3 MADEC, G., C. ETHE First assessment of the impact of new mixed layer
parameterisation

2005

D7.1.4 DEBREU, L., E. BLAYO Evaluation report on the user's requirements to further develop
the AGRIF package

2005

D7.1.5 BARNIER, B., L. BESSIERE, L.
BORDEAU, G. HERVIEUX, A. KOCH-
LAROUY, J. LE SOMMER, J.M.
MOLINES, G. MADEC, T. PENDUFF

Upgrade and transfer of the global 1/4° configuration ORCA-
R025

2006

D7.1.6 DEBREU, L. Updated nesting tools with vertical interpolation 2008
D7.2.1 KRIEST, I., A. OSCHLIES Nitrogen-based ecosystem model with implicit size structure in

phytoplankton & sinking particles 
2005

D7.2.2 BERLINE, L., J.M. BRANKART, P.
BRASSEUR, Y. OURMIERES, J.
VERRON

A data assimilative platform for coupled physical-biogeochemical
experiments

2005

D7.2.3 MONFRAY, P., A. EL MOUSSAOUI, O.
AUMONT, L. BOPP, M. LEVY

A second-generation biogeochemical model for use in
assimilation model

2005

D7.2.4
D8.2.1

First best biological parameter estimates for the ecosystem
model versions 

2005

D7.2.5
D8.2.2

Set up program modules ready for implementation in OPA and
HYCOM (link between WP7 and WP9)

2005

D7.2.6 
D8.2.3

Program modules ready for implementation in OPA and HYCOM
and first best parameter estimates provided for a North Atlantic
core system

2005

D7.2.7 OURMIERES, Y., P. BRASSEUR, J.M.
BRANKART, J. VERRON

First upgrade of the coupled assimilative platform, including free-
surface model & assimilation scheme (NATL4/SEEK) and N2P1-
type biogeochemical component (LOBSTER)

2006

D7.2.8 AUMONT, O., P. MONFRAY, A. EL
MOUSSAOUI, L. BOPP, E. GREINER

Sensitivity studies to Fe sources, including a third-generation
biogeochemical model based on PISCES (N4P2 type) with
boundary conditions from below or margins

2006

D7.2.9 MONFRAY, P., A. EL MOUSSAOUI, E.
DOMBROWSKI, E. GREINER, M. LEVY,
L. NOUEL

Simulation of North Atlantic seasonal bloom using N2P1
ecosystem type model, with or without assimilation of physical
variables

2006

D7.2.10 OURMIERE, Y., P. BRASSEUR, J.M.
BRANKART, J. VERRON

Final coupled assimilative platform 2008

D7.2.11 MONFRAY, P. Global simulation using a N5P2 ecosystem type model, with or
without assimilation of physical variables, and with or without
iron

2007

D7.2.12 OSCHLIES, A., I. KRIEST New size-structured ecosystem model 2008
D7.3.1 First version of a SIRF data-assimilation scheme for bio-

geochemical model
2005

D7.3.2 BERTINO, L., K.A. LISAETER First version of a EnKF data-assimilation scheme 2005
D7.3.3 BRASSEUR, P., J.M. BRANKART First version of an adaptive SEEK filter to identify systematic

biases 
2005

D7.3.4 OURMIERES, Y., F. CASTRUCCIO, J.M.
BRANKART

A validated initialization module for OPA free surface
configurations

2005

D7.3.5 SKACHKO, S., F. CASTRUCCIO, J.M.
BRANKART

Analysis scheme for in situ/satellite data assimilation in OPA 2005

D7.3.6 BERTINO, L. An EnKF code with improved sampling strategies 2007
D7.3.7 SKACHKO, S., J.M. BRANKART, P.

BRASSEUR, J. VERRON
Assimilation scheme to control the model error due to air-sea
fluxes

2006
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Del. no. Authors Deliverable 
name

Date of
report

D7.3.8 BERTINO, L., K.A. LISAETER An upgraded EnKF code for sea-ice variables 2008
D7.3.9 VAN LEEUWEN, P.J. Final upgrade of the SIR filter 2008
D7.3.10 BRANKART, J.M. Upgrade of the SEEK filter to deal with systematic errors due to

model parameters
2008

D7.3.11 SKANDRANI, C., J.M. BRANKART Assimilation scheme to control the ocean mixed layer 2008

WP09 – DELIVERABLES

Del. no. Authors Deliverable name Date of
report

D9.0.1 WP 9 2nd management report 2006

D9.0.2 WP9 DIP period 3 2006

D9.1.1 CHANUT, J. Nesting code for NEMO 2005

D9.1.2 AN B.W., A. BECKMANN Activation and extension of the terrain-following coordinate
option in NEMO/OPA9 

2006

D9.1.3 LEVIER, B., A.M. TREGUIER, G. MADEC,
V. GARNIER

Free surface and variable volume in the NEMO code 2007

D9.1.4 STORKEY, D. Tide simulations with NEMO on the North-west European shelf 2007

D9.2.1 BELL, M.J., A. HINES Progress report in the development of core components of the
MERSEA forecast system

2005

D9.2.1.
1

DRILLET, Y., O. LE GALLOUDEC, C.
BRICAUD

Scientific validation of ORCA12 simulation 2008

D9.2.1.
2 DOMBROWSKI, E. Multi-month period integration of the Global 1/12° system

(MERSEA V3)
2008

D9.2.2 BELL, M.J. and al Report on progress in development of the core forecasting
systems during the second year of the MERSEA Integrated Project

2006

D9.2.3 HINES, A., M. BELL, L. BERTINO Report on progress in development of the core forecasting
systems during the third year of the MERSEA Integrated Project

2007

D9.2.4 BELL, M., E. DOMBROWSKY, L.
BERTINO, P. BERG, S. DOBRICIC, J.
SIDDORN, Y. DRILLET

Report on progress in development of the core forecasting
systems during the fourth year of the MERSEA Integrated Project

2008

D9.2.4.
1 DOBRICIC, S., P. ODDO

Assessment of MERSEA TOP2 analysis & forecast products for
the Med-TEP and the retrospective assessment of NEMO2 for
2004-2006

2008

D9.2.4.
2 DOBRICIC, S., PUJOL, I Assessment of MERSEA new SLA products for the Med-TEP 2008

D9.3.1 BELL, M. Description of MERSEA Core System – version v.0 2004
D9.3.2 BELL, M. Description of MERSEA Core System – version v.1 2006
D9.3.3 HINES, A., M. BELL, L. BERTINO Description of MERSEA Core System – version v.2 2007
D9.3.4 BELL, M. Description of MERSEA Core System – version v.3 2008
D9.4.1.

1 VERBRUGGE, N. Report on analysis dedicated to the transition zones for the
entire TOP2 period

2007

D9.4.2.
1 VERBRUGGE, N. Tide gauges operational tools 2008

D9.4.2.
2 VERBRUGGE, N. Tide gauges delivery and format 2008

D9.4.2.
3 VERBRUGGE, N. Sea Ice diagnostics and global Mercator model assessment 2007
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WP10 – DELIVERABLES

Del. no. Authors Deliverable 
name

Date of
report

D10.0.1 First year Activity report 2005
D10.1.1 BUCH, E. Identification and recovery of relevant regional data 2005
D10.1.2 LETH, O., L. BERTINO, V. HUESS, J.

HOYER
Report on data availability in the regional databases 2005

D10.2.1 BUCH, E., J. SHE, P. ODDO, E. BLAYO,
F. DAVIDSON

Dynamic boundary condition for MERSEA regional seas 2005

D10.2.2a BLAYO, E. AGRIF versions corresponding to the different regional models 2005

D10.2.2b BERG, P., L. BERTINO, S. DOBRICIC Open boundary conditions from the Global MERSEA model are
implemented in the regional models

2007

D10.3.1 DE MEY, P., M. LUX, P. PRUNET DOWNDAC 2005 Workshop report
“Downscaling, data assimilation and forecasting in regional and
coastal models: from methodological aspects to operational
needs”

2005

D10.3.2 DE MEY, P., C. DUFAU Final report for task T10.3 2006

D10.3.3
D10.3.4

LETH, O., G. MANZELLA, L. BERTINO Report on developments and implementation of data
assimilation in regional models

2008

D10.4.1 The Validation of the regional systems has been described in the
TOP 2 Validation reports worked out by WP9 and WP5

2008

WP11 – DELIVERABLES

Del. no. Authors Deliverable name Date of
report

D11.0.1 PINARDI, N. Yearly scientific report for WP11 2005
D11.0.2 PINARDI, N. Special focus experiments - Yearly scientific report 2006
D11.0.3 PINARDI, N. Yearly scientific report for WP11 3rd year 2007
D11.0.4 PINARDI, N. Yearly scientific report for WP11 4th year 2008

D11.1.1.1 SIDDORN, J., I. ALLEN Report on an interface with the MERSEA NE Atlantic regional
system

2005

D11.1.1.2 TORRES, R., J.I. ALLEN Assimilation of Earth Observation data in the Western English
Channel

2007

D11.1.1.3 WAKELIN, S. L., J.T. HOLT, R.
PROCTOR

The influence of initial conditions and open boundary conditions
on shelf circulation in a 3D ocean-shelf model of the North East
Atlantic

2008

D11.1.2.1 ANDREU-BURILLO, I., HOLT, J. Data assimilation in the Polcoms 2006
D11.1.2.2 SIDDORN, J., J. HOLT Report on the assessment of the coupling at month 30 2007
D11.1.2.3 TORRES, R. Evaluation of the impact of assimilation of EO data on the model

ability to simulate phytoplankton.
2008

D11.1.3.1 OSUNA, P., J. WOLF Wave-current interaction with sediment re-suspension fully
coupled into POLCOMS. 

2005

D11.1.3.2 ALLEN, J.L., F.J. GILBERT Organic material; sedimentation and re-suspension 2007
D11.1.3.3 ALLEN, J.I., R. TORRES, R. HOLMES,

N. JONES, P. SOMERFIELD
Assessing the impact of the tidal re-suspension of organic
material on the marine ecosystem: a 3D modeling study

2008

D11.1.4.2 HOLT, J., S. WAKELIN, R. PROCTOR, I.
ALLEN, J. BLACKFORD, T. SMYTH

Multi-year simulations of POLCOMS-ERSEM: Model validation 2007

D11.1.4.3 SIDDORN, J. Demonstration of 5 day forecast with MRCS 2007
D11.1.4.4 ALLEN, J.I., J. HOLT, K. LEWIS, R.

PROCTOR, J. SIDDORN, P.
SOMERFIELD, T. SMYTH

Evaluation of model forecast potential (to 5 days and seasonal)
for temperature nutrients and phytoplankton

2008

D11.2.1.1 LAZZARI, P., A. CRISE, S. SALON A massively parallel off-line transport model designed to be 2005
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Del. no. Authors Deliverable name Date of
report

coupled with OPA and BFM
D11.2.1.2 LAZZARI, P., A. CRISE Sensitivity analysis results 2006
D11.2.1.3 CRISE, A., P. LAZZARI, S. SALON, A.

TERUZZI
Final report on the BFM-OGS/OPA Transport Module 2008

D11.2.2.1 LAZZARI, P., A. CRISE, S. SALON Report on calibration/validation procedures and results for the
BFM 

2008

11.2.2.2 LAZZARI, P., S. SALON, A. TERUZZI,
R. LUNGWIRTH, S. CAMPAGNA, T.
PUPPI, A. CRISE

Report on final cal/val 2008

11.2.3.1 TERUZZI, A., S. SALON, P. LAZZARI, A.
CRISE, (contribution of S. CAMPAGNA
and S. COLELLA)

Report on short-term forecasts
Assessment of predictive skill of an operational forecast for the
Mediterranean biogeochemistry: comparison with satellite
chlorophyll data

2008

D11.2.4.1 LAZZARI, P., V. IBELLO, A. TERUZZI,
S. SALON, A. CRISE

Report on Ecosystem decadal hindcasting
Nutrients and chlorophyll in the Mediterranean Sea: comparison
between data and model simulation 1998-2004

2008

D11.3.1 DA COSTA, E., J.F. GUEREMY Interpolation scheme/software and interpolated fields 2006
D11.3.2 FERRY, N. ORCA2 10 year control integration (forced run) 2005
D11.3.3 FERRY, N., E. DURAND, PINARDI, N. Mersea-1/4° 10 year control integration (forced run) 2006
D11.3.4 TROCCOLI, A., D. ANDERSON,

A. CARRIL, S. GUALDI, N. PINARDI
J.F. GUEREMY, E. DA COSTA

Report on seasonal forecasting experiments design for the
Special Focus Experiment 2 in MERSEA

2006

D11.4.1 J.F. Gueremy (MF), A. Troccoli
(ECMWF)

A report on the assessment of 10 years hindcasts with low
resolution coupled models initialised with MERSEA ¼ simulations

2008

D11.4.2 TROCCOLI, A. Report on 10 years hindcasts with low resolution coupled
models initialised with ENACT-like initial conditions

2006

D11.4.3 CARRIL, A., S. GUALDI A set of diagnostic tools to assess the coupled model results 2006
D11.4.4 TROCCOLI, A., J.F. GUEREMY, A.

CARRIL
Report on basic evaluation of multi-model coupled forecasts 2007

D11.5.1 CARRIL, A., S. GUALDI Definition of a set of statistical tools for the evaluation of the
forecasts over the Euro-Mediterranean  region

2006

D11.5.2 TROCCOLI, A. Report on update of seasonal forecasting experiments design for
the special focus experiment 2 in MERSEA

2007

D11.5.3 CARRIL, A., S. GUALDI 10 years hindcasts with high resolution atmospheres coupled
with ORCA2 initialized with MERSEA -1/4 initial conditions

2006

D11.5.4 CARRIL, A., S. GUALDI, E.
SCOCCIMARRO

Selected hindcasts with high resolution coupled models (high
resolution atmosphere coupled with Mersea-¼) initialized with
MERSEA -¼ initial conditions

2007

D11.5.5 CARRIL, A., S. GUALDI, E.
SCOCCIMARRO, N. PINARDI
A. TROCCOLI

A report on the assessment of the high-resolution seasonal
forecasting

2008

D11.6.1 TROCCOLI, A. Report on a set of diagnostic tools to assess coupled medium
range forecasts

2007

D11.6.2 FERRY, N., M. DREVILLON Assessment of the SST in MERSEA -¼° v2 analyses 2007
D11.6.3 TROCCOLI, A. Assessment of the impact of the MERSEA -¼ analyses on the very

high resolution coupled model with respect to medium range
forecasts

2007
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WP12 – DELIVERABLES

Del. no. Authors Deliverable 
name

Date of
report

D12.01 Minutes of Work Package and management of WP12 2008
D12.1.1 Report on refinement of embedding regional  models 2004
D12.1.2 STEPHENS, R. Report on generic data management system 2005
D12.1.3 STEPHENS, R. Report on sub-model validation and QC  procedures 2005
D12.1.5 GIRAUD, S., F. LEFEVRE, R. STEPHENS Report on forecast system evaluation with key end users 2007
D12.1.6 BERTINO, L., F. COUNILLON

S. GIRAUD, F. LEFEVRE
Performance of an upgraded HYCOM model 2008

D12.1.7 GIRAUD S., F. LEFEVRE Report on further development of forecast metrics 2008
D12.1.8 GIRAUD S., F. LEFEVRE Final report on benefits and performance of Mersea core

products
2008

D12.2.1 Interfacing the ship routing systems at DMI and met.no with
MERSEA current and ice data

2005

D12.2.1.
1

D12.2.2

MERSEA global forecast products used in post voyage performance
analysis

2008

D12.2.2.
1D12.2.
2.2D12.

2.2.3

SANDVEN, S., K. KLOSTER, M. BABIKER,
L. BERTINO, I. KEGOUCHE

Assessment of sea ice and iceberg drift monitoring and
forecasting in the Barents Sea 

2008

D12.2.3 McCULLOCH, M., M. HOLT Report on impact of eddy-permitting ocean model currents on
prediction of surface waves 

2005

D12.2.3.
2

CHAPRON, B. Interim report on ocean surface current
Impacts on swell propagation

2007

D12.2.4 HOYER, J.L. Validation of operational wave models for coastal shelf seas
using satellite altimetry observations

2005

D12.2.5 MAGNUSSON, A.K., M. REISTAD, O.
SAETRA, O. BREIVIK

Report on upgraded met.no regional wave model, sensitivity and
validation

2006

D12.2.7 Comparison between satellite observations and sea state models
– Part 1
Impact of operational oceanography on wave modeling in the
Mediterranean Sea

2006

D12.3.1
D12.3.3
D12.3.4

HACKETT, B., A. MELSOM, A.
CARRASCO
G. ZODIATIS, R. LARDNER

Upgraded met.no and OC-UCY oil spill fate forecast systems 2007

D12.3.2 VARLAMOV, S., P. DANIEL Use of the operational oceanography production in the Météo-
France oil spill fate system

2005

D12.3.5 HACKETT, B., G. ZODIATIS, P. DANIEL File format for exchange and common presentation of oil spill
forecast model data in MERSEA demonstrations

2008

D12.3.6 Hackett B, G. Brostrøm, P. Daniel, D.
Paradis

Demonstrations of MERSEA oil spill forecast services in the North
Sea and global ocean

2008

D12.3.7 DE DOMINICIS, M., N. PINARDI Medlisk trajectories vs drifters observations (MERSEA oil spill
demonstrations : Western Mediterranean 

2008

D12.3.8 HACKETT, B., G. BROSTROM
G. ZODIAKIS
P. DANIEL

Final assessment of MERSEA oil spill forecast services 2008
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WP13 – DELIVERABLES

Del. no. Authors Deliverable 
name

Date of
report

D13.10 Report on cost estimate of MCS 2007

D13.11 Outcomes of MERSEA sponsored workshops 2007/2008 2008

D13.12 DESAUBIES, Y., P. BARUHEL, M.
BELL, E. BUCH, J. JOHANESSEN,
P.Y. LE TRAON, N. PINARDI, S.
POULIQUEN, R. RAYNER

MERSEA contribution to the terms of reference for the Marine
Core Services

2006

D13.13 Final Overall Synthesis Report 2008
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ACRONYMS

2D, 3D Two or three dimensional

AATSR Advanced Along-Track Scanning Radiometer

AGRIF Adaptive Grid Refinement in Fortran

AMM Atlantic Margin Model

ASAR Advanced Synthetic Aperture Radar

AVHRRAdvanced very high resolution radiometer

BATS Bermuda Atlantic Time Series 

BFM Biogeochemical flux model

BOOS, NOOS Baltic, North Sea, ocean observing system

BOSS4GMES Building operational sustained services for GMES (a FP6 project)

BSH Bundesamt für Seeschifffahrt und Hydrographie (Germany)

CCHDO CLIVAR/Carbon Hydrographic Data Office 

CERSAT Centre européen pour ERS satellites

CIS Central Irminger Sea

CLS Collecte Localisation Satellites

CNR Consiglio Nazionale delle Ricerche (Italy)

CNRS Centre National de la Recherche Scientifique

CORBA Common Object Request Broker Architecture

CSI Core Set of Indicators

CTD Conductivity Temperature Depth

DBCP Data buoy cooperation panel

DIPSR Drivers, impact, pressure, state, response

DJF December January February

DMI Danish Meteorological Institute

ECMWF European Centre for Medium range weather forecasting

ECOOP European COastal-shelf sea OPerational monitoring and forecasting system (FP6)

ECV Essential climate variables

EEA European environment agency

EEN energy–enstrophy conserving

EGO European Glider Observatories

EMMA European marine monitoring and assessment

EMSA European marine safety agency 

ENEA Ente per le Nuove tecnologie l'Energia e l'Ambiante (Italy)

EnKF Ensemble Kalman Filter

EnOI Ensemble Optimal Interpolation

ENSO El Nino – Southern oscillation

EOF Empirical orthogonal functions

EPS Ensemble Prediction System

Page 289



ERS European Research Satellite

ERSEM European Regional Seas Ecosystem Model

ESA European space agency

FEOM Finite Element Ocean Model 

FP Framework Programme

FTP File transfer protocol

GCM Global Circulation Model

GCOS Global Climate Observing System

GEO Global Earth observations

GEOSS Global Earth observating system of systems

GFZ GeoForschungsZentrum (Potsdam)

GMES Global Monitoring for Environment and Security

GOCE Gravity Field and Steady State Ocean Circulation Explorer

GODAE Global ocean data assimilation experiment

GODIVA Grid for Ocean Diagnostics Interactive Visualisation and Analysis

GOSUD Global Ocean Surface Underway Data Pilot Project

GPS Global positioning system

GRACE Gravity Recovery and Climate. Experiment

GRIB GRIdded Binary format

GTS Global Telecommunication System

GTSPP Global temperature salinity pilot project

HAB Harmful algal bloom

HELCOM intergovernmental cooperation of countries bordering the Baltic Sea

HR-DDS High resolution diagnostic data set

HYCOM HYbrid Coordinate Ocean Model

IAU Incremental Analysis Update

ICES International Council for Exploration of the sea

IFS Integrated Forecast System

INGV Istituto Nazionale di Geofisica e Vulcanologia

IOC Intergovernmental oceanography commission

ISAC Institute of Atmospheric Sciences and Climate (Italy)

ISCCP International Satellite Cloud Climatology Project

JCOMM Joint Commission on Ocean and marine meteorology (UNESCO)

JGOFS Joint Global Ocean Flux Study

JODC Japan Ocean Data Centre

JRC Joint research centre

LEGI Laboratoire des écoulements géophysiques et industriels (France)

LEGOSLaboratoire d’Etudes Géophysiques et Océanograpie Spatiales

LIM Louvain Ice Model

MDT Mean dynamic topography

Page 290



MFC Monitoring and forecasting centre

MFS Mediterranean forecasting system

MIM MERSEA Information Management

MLD Mixed layer depth

MODIS Moderate Resolution Imaging Spectroradiometer

MOON Mediterranean Operational Oceanography Network

MPI  MultiProcessor Interface

MRCS Medium resolution continental shelf

MRCS Medium resoultion continental shelf

MUSCLMonotone Upstream-centered Schemes for Conservation Laws

MyOcean FP7 proposal

NCEP National Centre for Environmental prediction (USA)

NEMO Navigating European Marine Observer

NEMO Nucleus for European Modeling of the Ocean

NERSCNansen Environment and remote sensing centre (Norway)

NetCDF Network Common Data Form

NOAA National Ocean and Atmosphere Administration (USA)

NOC National Oceanographic Center (UK)

NODC National Ocean Data Center (USA)

NPZD Nutrient, Phytoplankton, Zooplankton, Detritus

NRT Near Real Time

NUEC NATO Undersea Research Centre

NWS North West Shelf

OBC : Open boundary conditions

OCCAM Ocean Circulation and Climate Advanced Modelling Project

OCR Ocean Colour Radiometry

OGS Istituto Nazionale di Oceanografia e di Geofisica Sperimentale (Italy)

OOPC Ocean Observing Panel for Climate

OPA An Ocean General Circulation modelling System

ORCA Global version of the OPA code

OSI-SAF Ocean sea ice Satellite Application Facility

OSSE Observing system simulation experiment

OSTIA Operational Sea Surface Temperature and Sea Ice Analysis

PAP Porcupine Abyssal Plain

POC Particulate organic matter

POC Pôle d’océanographie côtière (Toulouse, France)

POGO Partnership for observation of the global ocean

POLCOMS Proudman Ocean Laboratory

Psu practical salinity units

QC Quality control
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RMS Root mean square

SAR Synthetic aperture radar

SEEK Singular evolutive extended Kalman

SEVIRI Spinning Enhanced Visible and InfraRed Imager

SHOM Service Hydrographique et Océanographique de la Marine (France)

SIR Sequential Importance Resampling

SIRF Sequential Importance Resampling Filter

SLA Sea level anomaly

SMHI Swedish Meteorological and Hydrographic Institute

SOFA System for Ocean Analysis and Forecast

SOOP Ship of opportunity

SSH Sea surface height

SSMI Special Sensor Microwave / Imager

SST Sea surface temperature

Sv Sevdrup,  a unit of oceanic volume transport

TAC Thematic assembly centre

TEP Thematic portal

THREDDS Thematic Real-time Environmental Distributed Data Services

TKE Turbulent Kinetic Energy

TOGA Tropical ocean and global atmosphere 

TOP Target operational period

TSG Thermo-salinograph

TVD Total Variation Diminishing

V1, V2 Version 1, version 2

WMO World meteorological organization

WOCE World ocean circulation experiment

WOD World ocean data base

XBT Expendable bathy-thermograph

XCTD Expendable CTD
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