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Preface

In 1995 the EuroGOOQS Scientific Steering
Grou_E) (EuroGQOOS, 1996)[ decided to start a
Mediterranean Test Case Task Team EEI\/ITT)
in_order to elaborate the overall strategy for
scientific ~ research  toward  operational
oceanography in the Mediterranean Sea.

The EMTT s composed of representatives
from about 60 laboratories in Europe and the
developing  countries  around  the
Mediterranean basin. The members of the
EMTT _ Scientific _Steering Committee are
listed in section 7 of this document, The
EMTT held three meetings during 199 to
establish_the scientific and’ strategic Ian_mngi
of the EuroGOOS Mediterranedn Regiona
Test Case, hereafter called the Mediterranean
Forecasting System or MFS. This document

explain the science plan for MFS which
considers ten years of scientific research and
capacity building activities toward operational
oceanography in‘the Mediterranean area.

The first phase of implementation of MFS will
start in September 1998 with the MFS Pilot
Project, funded by the MAST Program of the
European Union. The partners, associate
Bart_ners and subcontractors of the MFS Pilot
roject are listed in the Annexe 2

We would like to thank the EuroGOOQS
Science and Technology advisory Groups for
support and assistance in preparing _this
science plan. Ms. E. Masetti of IMGA-CNR
Italfy, and Ms. S. Marine of the EuroGOQS
ﬁ)fl ice are acknowledged for skilful editorial
elp.



The Mediterranean Forecasting System (MFS)
science plan is based upon a major overall goal:
“To exBIo_re, model and quantify the potential
predictaoility of the marine  ecosystem
variability at the level of anary producers
from the overall hasin scale 1o the coastal/shelf
areas for the time scales of weeks to months
through the development and implementation of
automatic monitoring and a nowcasting-
forecasting modelling system”. Specifically, the
MFS overall pre-operational goal is: o Show
the feasibility of a Mediterranean hasin
operational system for predictions of currents
and biochemical parameters in the overall hasin
and coastal/shelf areas and to develop interfaces
to user communities for dissemination of
forecast results”.

The ~user  community interested  in
Mediterranean  Sea  forécasting is clearly
connected to the exploitation of coastal marine
resources, protection of |ife and health, and the
safe_?_uardmg of the local environment in
additign to”long term atmospheric forecasting
and climate impact studies.

The MFS has established the strategy that will
make possible the forecast of marine parameters
In the coastal areas of the Mediterranean Sea.
The rationale is that coastal-shelf areas around
the basin are narrow and shelf breaks very steep
so that the observational network and the
modelling system should consider a hierarchy of
nested. obsérvational monitoring Systems ‘and
numerical models. In other words the general
circulation flow field and its associated
transport of chemical and biological parameters
is a local source/sink process of paramount
importance for the coastal areas, comparable to
the terrestrial inputs and to the locally
determined flow field structure,

The plan for technological and scientific
development of the different components of the
MFS is synthesised as follows:

L Construction of a prototyFe permanent
monitoring system" for “the * physical-

biochemical ~ components  of " the

ecosystem in the Mediterranean Sea at
adequate space-time resolution for model
Initialisation and forecast;

2. Construction of a basin-wide ocean
General ~ Circulation  nowcast/forecast
Model and associated data assimilation
techniques, for the physical components
of the Mediterrancan Sea ecosystem,
capable of predicting the currents on the
time scales of few weeks to several
months, to?ether with  nested
regional/coastal/shelf models;

3. Construction of a coupled atmosphere-
ocean regional model over the
Mediterranean _ area.  Techniques for
coupling . with  extended range
atmospheric simulations will be assessed;

4. Construction  of couPIed biochemical-
physical models capable of Predlct!ng the
nutrients and phytoplankton hiomass
variability in the marine ecosystems of
different coastal areas.

These developments should be implemented in
three strategic phases, occurring on a total time
range of 10years.

The MFS first phase has started its activities
with the launch of a Pilot Project funded hy the
European. Union-MAST. program. Extracts from
the planning and working documents prepared
for the Mediterranean Forecasting S?{stem Pilot
grOJect atre presented in the last Section of this
ocument.

In late 1997 the Mediterranean component of
the Global Ocean Observing System (GOOS)
was formed and recognised by the
Intergovernmental Oceanographic Commission
(IOC()]. The Mediterrangan” Forecasting System
created by EuroGOOS and including
participation ~ from  many  non-European
countries will be treated as a contribution to the
authorities of MedGOOS as and when
appropriate.



Introduction

What is ocean forecasting?

The goal of an ocean operational forecastin

system is to produce predictions of the 3-

B' ysical sea state ‘and related marine
iochemical components for a certain time
period. In order to produce such predictions, the
system should include, _systematically, an
ohservational network with™ real time data
acquisition capabilities and analysis systems,
numerical models and data ~ assimilation
procedures.

Ocean forecasts are useful as a component, of
any modern management of coastal marine
reSources in view of the anthropogenic stress
Put on these areas, the problems connected to
he health of the sea and the safety and
efficiency of marine industries. The scientific
community will_ _greatly benefit from the
forecasting activities that can provide a co-
ordinated “and continuous data ‘set of marine
parameters to describe the ocean variability at
unprecedented space-time resolution,

In the past five years, EuroGOOS_(European
Global Ocean Observing System, EuroGQOS,
1996) started to collaborate with and maximise
the “benefits  from emstmg activities in
operational oceanography and has helped to
advance European operafional oceanography in
GOOS. . Furthermore, it has promoted
communications  within  the  scientific
community on the issues of ocean forecasting.
Thus it * has become possible to start
mv_eshgatlons aimed at the implementation
calibration  and  validation ~ of  regional
forecasting system test cases.

The present science and strategic plan defines
the 'EuroGOOS Mediterranean  Test  Case
(Pinardi et al, 1997) technological, and
scientific  research ~ goals together with a
strategic plan. The aim is to define_ the Steps
which, in'the next ten years, could give rise to
an ocean forecasting “system for “the entire
Mediterranean Sea region”and its coastal areas.

Scientific background

Oceanographic forecasting for waves and
currents; in different _reﬁl_ons of the world ocean
started in the mid-eighties. Progress has been
rapid and several systems have been put in
lace, especially for the wave component.
bservational requirements for global™ ocean
forecasting activities are very demanding so that
in the past the development of ocean forec_ast_mg
systems has mainly occurred for limite
regions, Up to now, the eX|st|n% examples of
ocean forecasting systems have been mainly a
proof-of-concept exercise.

Forecasting had its early successes in
meteorology and is being continuously
developed "in o_?eratlonal weather forecasting
centres. The daily to weekly forecast skill has
increased steadily from the “seventies (see Fig.
1). The reasons for the increased skill are: 1) the
increased availability of hhgh quahty and good
covera[qe data sets; 2) the development of more
accurate. schemes of numerical modelling and
data assimilation d(e.g., Increased resolution, of
the models and "multivariate assimilation
technlclues_; 32 the  advancement in
understanding of some of the key processes
which drive the atmospheric general circulation.
Atmospheric weather forecasts can be now
usefully accurate for up to a week - 10 days.
More ° recently seasonal coupled, ~ocedn-
atmosphere forecasts have shown skill on the
range of 13 months or longer for the sea surface
temperatures in the Tropical Pacific (FI(%. 2)
where  ENSO occur _(EI  Ning-Southem
Oscillation phenomenon, Philander, 1990). This
enhancement in_predictability is connected to
the tight coupling between atmogphere and
ocean in the tropics. In this case it has been
proved that the ocean initial condition for the
seasonal forecast is of crucial importance for the
forecast skill and thus an ohservational network
(McPhaden, 1995) and data assimilation
techniques have hbeen developed for ocean
models %Derber and Rosati, 1989, Anderson et
al., 1996) in order to initialise the coupled
models Wwith more accurate ocean initial
conditions (Latif et al., 1993).



Figure 1. Here we represent, as afungtion ofthe past 17 years, an index which is a measure of how
many days aforecast can give “useful “information. The dashed line indicate monthly values and the
continuous one the average value as afunction of ECMWF years offorecast activities <ourtesy of

ECMWF),

An Ocean Prediction SYStem for deep oceanic
waters adjacent to coastal areas is challenging
with respect to the meteorological = Case
because: ag the required modelling’ resolution
1S h[%h (5-10 km) and it is necessary to
consider narrow and topographic  "“steep”
areas, such as shelves and shelf breaks; b) a
number of user community needs require the
implementation of ecologically based models
which are extremely sensitive to, details and
accuracy in physical forcing description.

Nevertheless, ocean forecasting of some
physical variables started as soon as numerical
ocean modelling reached sufficient maturity at
the beginning™ of the eighties. In the
oceano?raphlc community, different ocean
forecasting systems have heen d_eveIOﬂed
depending on which marine state variable had
to be predicted. Sea level and wave
forecasting started first due to the obvious user
demand for monitoring of coastal flooding and
ship routeing.

Nowadays wave forecasting is operational for
the world ocean (Komen et al., 1994). Both
sea level and wave forecasts depend crucially
on external forcing, such as surface wave
information, tides “and surface atmospheric
winds, parameters which have been available
for some time and the measurement accuracy
of which has been increasing from the middle

eighties, Several regional sea level and wave
forecasting models éxist for limited regions of
the oceans such as the Baltic and North Sea.
These models assumed that connection with
the remaining parts of the ocean (deep and
stratified) were less important than local wind
effects and tidal forcmg in the region. While
this can be trug for the Northern European
shelf areas, it is not true for the remaining
arts of the north-eastern  Atlantic, the

editerranean and other regions of the global
ocean where deep ocean effects drive part of
the sea level variahility. The forecastmg
systems associated with “both sea level an
waves do not normally use data assimilation
strategies in view of the fact that in those
systems initial conditions play a minor role
compared to external forcing.

Development of ocean current forecastmq has
progressed more slowly than for the sea level
and waves hecause of the lack of routine and
accurate measurements needed to initialise the
models. Predictions of currents raise problems
similar to those found in atmospheric weather
forecastm[q since the predictability time scale
of the system is practically set by the accuracy
with which the initial Condition is known.
Therefore deep ocean and coastal current
forecasts are af the stage of research exercises
though some systems under development
could soon start to become operational.



Forecast-Cbsenved Correlatias

Figure 2. Time dependence of the skill of ENSO forecasts measured by the correlation betn’sen
observed and predicted sea surface temperature fields over the tropical Pacific Ocean. The curves
represent forecasts commencing in January, April, July and October of the first year of a 2-year

period (Cane, personal communication).

The ocean current forec_astm? community grew
up in the eighties mamIK 0 forecast on the
mesoscale (i.6., the “weather” of the ocean) for
the North ~Atlantic Gulf Stream area. "The
Problem_ here, & in _atmosPherlc weather
orecasting, is the acquisition of accurate initial
conditions and_ thus the work has been Iar%ely
limited to_ regions of the_world ocean where
such acquisition was possible by the scientific
community itself. The most recent advances in
this field Consist of the development of original
data treatment procedures to retrieve relévant
information ~ for ~assimilation ~ in three
dimensional hydrod%/_namlc models (Lai et al,
1994). A real fime shipboard forecasting system
hlags9 431Iso been developed (Fig. 3) (Robinson,

This system has proven to be capable of
forecasting the mesoscales.in the time frame of
few days and weeks. An intermediate regional
modelling apRroach

Eastern "Nort

has been taken for the
Atlantic where a primitive

equation ocean model is forced by atmospheric
analyses to produce nowcasts “of SST and
foreCasts of water level in the coastal areas
(Ezer et al., 1992) for few days in advance.

The economic and social importance of ENSO
predictions generated the first global. ocean
assimilation System (Derber and Rosati et al,
1989I)_, developments in the assimilation of
satellite derived sea surface _topogra hy (Ezer
and Mellor, 1994, Fukumori and Melanotte-
Rizzoli, 1995) and mtercomF_anson studies
between in situ and Satellitt sea level
assimilation (Carton et ah, 1996). Forecasting at
the global ~ocean scale IS now under
development at the NCEP (National Center for
Environmental Predictions, Washington, DC,
U_S?\, UK Meteoralogical Office and ECMWF,
with fully coupled” ocean and atmosphere
models for the seasonal time scales.
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Figure 3: Schematic 0fHOPS, the Harvard Ocean Prediction System.

Ecosystem numerical models, e% bio%eo-
cheniical process models coupled to three
dimensional hydrodynamic models, are now

ments have shown the tight co_uplingi of
primary production to the upper mixed az_er
evolution and several models have shown skill

capable of predicting the seasonal nutrient
cycling in the water column with reasonable
skill and they can also estimate levels of
primary productivity of the open and coastal
sea areas. During. the eighties hoth
“agﬁ_regated” biochemical models and detailed
mufticomponent models were developed for
the pelagic subsystem. Simulation "experi-

in capturingthe primary production seasonal
cycle. in major ocean basins (Fasham, 1995
armiento et al,, 1993). Validation and
calibration of comPIex ecol_o?mal models has
started only recent F}/ especially for the North
Sea and “the ERSEM model EEuro ean
Regional Seas Ecosystem Model, Baretta et
al., 1995, see Fig. 4a). Future developments



PtasfhJa Slede Nftrete

Fi%ure 4a: ERSEM box structure. The deep boxes are divided into two layers, the top 30m labelled
as boxes 1 to 5 whilst the deep boxes are labelled 11 to 15. Field datafor box 6 from the ECMOD
dataset (upper panel) and the BODC data set ﬁlower panel) compared to model simulations for
phosphate, silicate and nitrate. (Erom Baretta et al., 1995)

concern the _ representation of secondary model (Allen et al. 1998% and to a fully three
production with~a particular attention for dimensional model of the Adriatic Sea has
mesozooplankton and h|gher trophic _levels been recently set up (Zavatarelli et al., 1998)
EGLOBEC, 19972. An advanced version  of and the simulated J)nmarg productivity levels
RSEM coupled to a one dimensional mixing are being compared with dafa (Fig. 4b).
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Figure 4b: Adriatic Sea ecosystem model simulation of the chlorophyll seasonal cycle. The upper panel shows
the surface chlorophyll in the Northern, Central and Southern Adriatic asfunction ofmonthsfrom CZCS colour
scanner satellite sensor. The lower panel show the surface Chlorophyllfrom a model simulation averaged over

the same three regions.(from Zavatarelli et ah, 1998)

Overall the prediction skill for waves and
sea level is linked to the predictability time
scale of the surface winds which is upto one
week at middle latitudes. The predictability
time scale for the three ~dimensional
temperature field at middle latitudes is
again of the order of few weeks limited b
the errors in the initialisation field and the
intrinsic  nonlinearity of the system.

Predictability time scales of several months
for Sea Surface. Temperature (SST) have
been discovered in the Pacific tropical areas
together with some of the atmospheric
parameters (see _f|P. 5 by Moron et al.
19982. The potential for Ion%_ range Eseverai
months to years) predictions at mid-
latitudes, has not been fully investigated yet,
either in the atmosphere or oceans.



Furthermore, the computational
requirements of fully coupled ocean
atmosphere forecasting systems are still
very high and the results are difficult_to
downscale to the coastal areas. The
predictability of the ecological system, hoth
in the open “ocean and in the coastalishelf
areas, has still to be assessed. However,
simulations of seasonal primary production
show relevant skill at these timé scales.
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Technological background

E %97 the Global Ocean %bsgrvmg
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G%g o tne me 90f0|09|C3 centres. Have %een now located In cruc Ponn
aref\rsn h89 Uropean shelves eMlend 19%,

Table 2: Proven technologies for continuous/automatic and in situ measurements and for

routine monitoring
Variable
Sea level / tides

Meteorological varlables eg air
tem erature, atmoi heric pressure,

|d| wind velocity and direction, solar
ra latio

Extent of sea ice

Photosynthetically available radiation
Wave period, height

Wave direction, frequency, spectra

Sea Surface Temperature

Vertical profile of temperature

Vertical profile of salinity and temperature
Surface currents

Vertical profile of currents

Salinity

Dissolved oxygen

Ocean colour (surface chlorophyll)
Turbidity and suspended sediments

Reflectance (oil spill detection)
Precipitation

Instrument/System/platform (Satellite/Buoy)

T|de ﬂ Liges (pressure and a?ousuc? seabed echosoundler
(invertecechosounder) satellite altimeter

Land-based ohservation and da]ta collection, Q/atfor , oys
and gbservation towers with telemetry using
Satellites, shipbome deck/briage obs rvat|ons

Synthetic Aperture Radar (SAR) Self Scanning Microwave
R/ Instrument (SSMI) an shére ba)sed ragar J

In situ Sensors

Wave rider buoys with telemetry, satellite based SAR.
altimeter

Shore-based radar, wave directional buoys with telemetry
In situ sensors, satellite radiometers, drifting buoys
XBT

CTD, XCTD
Shore-based high frequency radars e 0SCR, CODAR
wind-sea couplged m%lels >ADCP odred and drifting bu)oys

ADCP, current meters

In situ sensors, discrete samplers
In situ sensors, discrete samplers
QOcean scanner

In situ sensors, bottom mounted acoustic Instruments, satellite
optical sensors, moored buoys

Satellite based radiometers
Radar
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Figure 6: Re |onaI coverarie of meteorological obser\>ations from merchant vessels, July 1993-
September 1993 (Rosshy et al., 1995)
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Figure 7: Regional coverage ofXBT and TESAC (temperature and salinity at the surface) messages
from volunteer observing ships, July 1993-September 1993 (IOCAVMO 1993)
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Identification of the user
community
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Economie and Social Impacts
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l1udes an e&rﬁ rrmens)aj buoy system ' for
a a etrrf Sensors

0. G
vr%rch %c?evelo ed ag]eqru could serve as
a reference oint otfier forecasting
monitoring programs.

The MFS Plan addresses t ?e research | ISSlﬁS
re Lérred to st ug 0cean iecast eP
Viediterranean Se basrn sca rePares
the necessal rovl e (
gnmary pro uctr aI &) In te Coastal
he short to.mediym term economic, henefits
rom Brs ?nnde Ufnactrvrtres rPW Into two
cateqories .

economic  henefits  accruing  to
) Inclustries an% SerVJCes % lrJi cqed

sea, beneath the surface of the sea an
on the coasts:
2) con Ic_henefits accrurn nI |and
Léfithe rediction cr

varra lg r}C IS rnrma?]/
connc to 'surface and deep ocea
varra

Pe 5ﬂcral rmpact of this prrgPosaI will be first

% promote e] terranean wrg
collehora lon between e Northem
uthern — Medliterranean natrons The
orecastrng e aramee outlrneg

grogo al Will bring t % eduction of t
[15ks, . Or warnrngs 0 u lic hazards. an
naéura disasters™ impa %rn on mar itime
q Stries, tourism an ore ol an 08S
plattorms.



Overall Objectives of MFS

Scientific and pre-operational
goals

The overall MFS goals are as follows:
Scientific
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The Mediterranean Sea: scientific areas and the direct mﬂ\]' large scal
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CZCS Chlorophyll (mgChl/m**3) - Apr!
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Fi ure 14: Surface Chloroph IIaera distribution from 1979 tg 19 r|I d October,
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The monitoring system for
Medrterranean forecastlng

sen/ jonal sste n U port of
t}/l coni 0Sed 0f many parts, to
evel ope mente ve tene ten
Xears nt ca actor |n n
erarona (elnnnl%ssem |s to |netef
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tart r eIem nts s em 0
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P B |c measur ment |s ore use
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The Project is organised in several Workpackages which define the major subportion of work to be
carried out by the partners.

They are;

Workpackage 1: Voluntary Observing Ship (VOS) Temperature Data
Collection

Task 1100: Software and hardware preparation
Task 1200: Data acquisition

Task 1300: Data quality control procedures
Task 1400: Future implementations

Task 1500 Data Management

Workpackage 2: Mediterranean Moored Multisensor Array (M3A)
Task 2100: Configuration, design and construction of the system

Task 2200: Lab testing, deployment and operation of the M3A
Task 2300: Data quality control and analysis procedure
Task 2400: Data management

Workpackage 3: Near Real Time Remotely Sensed Data Collection and
Analysis

Task 3100: Develop and test algorithms to process NRT altimeter data
Task 3200: Develop a Near Real Time SST product

Task 3300: NRT data processing before and during the TOP

Task 3400: Remote sensing data management

Workpackage 4 : Ocean Data Assimilation and Impact of Data Strategy
and Accuracy

Task 4100: Assembly and test of Mark-1I DAS in the 0GCM
Task 4200: Impact of system components on forecast skill
Task 4300: Observing system simulation experiments

Task 4400: Dissemination of data assimilation products



Workpackage 5: Numerical Forecasting Experiments During TOP
Task 5100: Collection of atmospheric forecasts and analyses

Task 5200: Preparation and Test of OGCM (TOP-2 Period)
Task 5300: Transition to forecasting (TOP-1 Period)

Task 5400: Near Real Time forecasting (TOP Period)

Task 5500: Dissemination of ocean model results and forecasts

Workpackage 6: High Resolution Simulations in the Coastal and Shelf
Areas with Nested Model Implementations

Task 6100: Intermediate model simulations and data networking

Task 6200: High resolution Shelf Models in Test Case Areas.

Task 6300: Novel implementation of shelf models and technology transfer
Task 6400: Customised (downscaled) atmospheric forcing.

Task 6500: Intermediate and shelf area models data management

Workpackage 7. Ecosystem Model Validation and Hindcasting
Task 7100: Optimising parameter sets for regional seas ecosystem models

Task 7200: Biogeochemical properties data assimilation
Task 7300: Hindcasting the M3A Buoy data
Task 7400: Testing the response of the ecosystem models to high frequency meteorological data.

E]aSlI(\/FFSSOO: Recommendations for the monitoring of biogeochemical variables for the second phase of
e

Task 7600: Ecosystem models data management

Workpackage 8 : Data Management
Task 8000: MFSPP centres

Task 8100 : Protocols and Specifications for observational and model data archiving
Task 8200 : Data Flow organisation

Task 8300: Metadata flow organisation

Task 8400 : Near Real time Quality Control

Task 8500 : Delayed time Quality Control

Task 8600 : Integration of MFSPP archived data with other archiving systems

Task 8700 : General web pages at DMC



Workpackage 9: Dissemination and Exploitation of Results

Task 9000: User identification

Task 9100: Dissemination policy for NRT data
Task 9200: Dissemination of MFSPP know-how
Task 9300 : Exploitation of results
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