EuroGOOS Publication No. 6
September 1998
EG97.14

‘e

o1 [A* #
N Obse<

The
Science Base
of EuroGOOS



Published by.

EuroGOOS Office, Room 346/18
Southampton Ocean gra hg/ Centre
Empress Dock, Sout th N

(2‘1703 59 242 or 262

S014 3ZH.
Tel  +4
) 44(0)1703 5% 3%9
!

Fax . 1
E\W)\l/ NF? Ming(@soc.soton.a

A oc.soton.ac.U%HERS/EUROGOOS/eurogoosindex.html
©EuroGOOS 19%
First published 1998
ISBN 0-90417530-8

0 be cited as; . . -
ranale and N C_Flemmin (e(kog 81998% “The Science Bage of EuroGOOS”, EuroGOOS Publication
No. s , Southampton Oceanograghy ntre, Southampton. 15BN 0-90417530-8

Cover picture

Large image: A water perspective of Europe”, courtesy of Swedish Meteorological and Hydrological Institute. The
\I/Evhlte lings show the watershed boundaries between the different catchment areas flowing ‘into the regional seas of
urope.

Inset image: He\i/glht of the sea surface in the north Atlantic and Arctic simulated by the OCCAM global ocean model,
courtesy ongawd ebb, James Rennell Division, Southampton Oceanography Centre.


mailto:N.Flemming@soc.soton.ac.uk
http://www.soc.soton.ac.uk/OTHERS/EUROGOOS/eurogoosindex.html

The
Science Base

of EuroGOQOS
.m

edited by D Prandle and N C Flemming



EuroGOOS Personnel

Chairman

Officers

Secretariat

J D Woods Imperial College, London, UK
H Dahlin SMHI, Sweden

L Droppert RIKZ, The Netherlands

M Glass IFREMER, France

D Kohnke BSH, Germany

S Vallerga

_ _ CNR Ita(l)y
C Tziavgs ECha_wman TPWG) NCMR. Greece
D Prandle (Chairman SAWG) POL, UK

N C Flemming EDire_ctor) Southampton Oceanography Centre, UK
J Fischer (Deputy Director)  BSH, Germang
S M Marine (Secretary) Southampton Oceanography Centre, UK

Existing or forthcoming EuroGOOS Publications:

1 Strat%q for EuroGOOS 1996 ISBN 0-904175-22-7
2. EuroGOOS Annual Report 1996 ISBN 0-904175-25-1
3. The EuroGOOS Plan 1997 ISBN 0-904175-26-X
4. The EuroGOOS Marine Technology Survey ISBN 0-904175-29-4
5. The EuroGOQS brochure, 1997

6. The Science Base of EuroGOOS 1998 _ ISBN 0-90417530-8
1. Proceedings of the Hague Conference, 1997, Elsevier ISBN (0-444-82892-3
8. The EuroGOOS Extended Plan ISBN 0-904175-32-4
9. EuroGOOS Atlantic Workshop report ISBN 0-904175-33-2
10.  EuroGOOS Annual Rep_ort, 1997 ISBN 0-904175-34-0
11, Mediterranean Forecas |n(l; System report ISBN 0-904175-35-9
12 Requirements Surve?; analysis _ ISBN 0-904175-36-7
13 The EuroGOOS Technology Plan Working Group Report ISBN 0-904175-37-5



Contents

EXECULIVE SUMIMIAIY .ttt e e ettt e e s ettt e e e aabbe e e e e s et be e e e e e ettt e eeeanntbbeaeeeanrees 2
TN A goX o RU T ol AT o o DUUUR PP URPTRPT 4
Operational 0CEANOGIAPNY .ottt e et a e aaeeeeas 7
Y o ¢ ] o X 2SS RURPRR 7

- Assimilation: linking models and observations..........ccccoocvee e, 17
Extending prediCtability ... . 21

- Assessing forecast systems -quality assurance - data management ...21

e R = e LU ET =Y 1= 0 = SRR 27
- New technology, instruments andmeasuring SYStemS.......ccoccveiiiiieenennnes 32
Regional Test Cases and Pilot ProjeCTS .. e e 36
Conclusions, recommendations aNAdSAWG ACtiONS . ...ooiiieiiiiiii et e e e 43
Annexes
1 Tem ference
/ ﬁ u?e 0f Meet mgs of SAWG
3 Members Participa Pg in SAWG Megtings.
4 B Ilogrr%ghy and references.
5 Acrony
Figures

1 Schematic of operational oceanography marine forecasting
2. Bathymetry of the OMEX-1 Study Area - Goban Spur

3. Global ATSR/ERS satellite data

4. North Sea bottom temperature

5. EuroGOOS catalogue of existing operational, or nearly operational models
5. Components of aperational oceanography and future developments



Executive Summary

The role of the SAWG as specified in “The
Strategy for EuroGOOS’ (Woods, et al,
1996) 1s to:

* Provide best available scientific advice on
the design and implementation of
observing systems.

o Ensure requisite models are developed
and tested.

o Analyse limits to predictability and the
associated role of data assimilation.

o Alert EuroGOOS to new scientifically-led
opportunities and,  conversely,  to
scientific shortcomings, and needs for
research.

The Science Plan involves three phases with
the following foci:

1L To 1999, assess performance and
limitations ~ of existing  operational
oceanographic systems, with a prrmarr
focus on physical parameters in shelf
seas.

2. To 2002, add water chemistry, nutrient
exchange oxygen to above forecast
systems; specrfy operational modellrng
criteria for the North Atlantic an
Arctic, experiment with global coupled
ocean-atmosphere models.

3. To 2006, incorporate scientific criteria
for climate monitoring  observing
\X/stems based on science provided by

OCE and CLIVAR, add to shelf sea
forecasts SPM, ecosystems and aspects
of fisheries recruitment, combine
Atlantic and shelf models to investigate
interdecadal variability.

Activities in subsequent phases need to be
addressed from the outset with subsequent
accelerated effort. Although it is important
to recognise that EuroGOOS _is not a
scientific’ research programme, EuroGOOS
needs the active and continuous participation
of scientists and science will be amongst the
major beneficiaries from its success. The

existence of a routine marine observing
system with a high standard of quality
control will Provrde a sound basis for a new
generation of scientific experiments.

This first edition of the Science Plan entitled
‘The Science Base of EuroGOOS’ focuses on
phase (1), revised editions will be published
progressively addressing subsequent phases.

EuroGOOS, aims to exploit the extensive
European investment |n marrne s(frence t?
rov de a new rane of go re |ona
lces.  These srvrces wr mprove ne
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nhance envrronmental manalgement % ensure
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Introduction

The purpose of this report is to outline
the ~ scientific  base underi)rnnrng
operational oceano%raph and thereb
to advise EuroGOOS on the options and
riorities for develo ments within
urope and on the global scale, This
includes  the extension of the
predictability of forecasts, based on
present knowled? and  probable
Improvements in fechnology and new
scientific understandrng

roGOOSr ncer hmod \Irng ang
orecas n f P srca vana 6S” an
0geochemica var 6S, a Ahou Rresen
se rces are most¥ CONGEMe SIca
varrab es, One of the object ec |ves o A G 1S
0 exteng the ran eg(e of va which can He
measure Icted, o Increase t
geographrca COVerage an scae of Torecasts.

Thrs regort Presents man [%/ recommenda ons.
V\%aﬂsr grlgu SGOOS Me bers 1 select t ose

rre{ those
recommendatrons C 8863 {ne wide) |n QFEStS
EuroGO are  identyfied.

rk 15 rtem 00 srderdofh hest prio
are \f\éhﬁghteds at tﬁe endeof therI orSt oty

FuroGOOS is the European Associgtion for
the Global Oe ean Observrng System gSee Box
(]{) Details 0 testrlu ure and nl the
evelo ment ang Imp ementa 1on of GOOS are
uplisiied In the ‘report ~ “GOOS 1998
09 ectus” rssgedb heI quvernmental
QOce nographrc Ission (|

The maj nt}; of recomme(ndatrons refer to
actions nh car[) ? tint enext5
Zee\rs and will pro uce enefits on that time
Some 0 e actrons refer %o the
Imescale 5 {0 ¥e IS Into the uturel
H sequent eqrtrons of the Scien e]\ PIan will
resS these future actions more fuly.

The Ionrg erﬂre objectrves of E roGOOS are st

(ORI R TR

Immediate groposed actions for EuroGOOS
e described P te Plan_for EuroGOOS
(Eir0C00S Publcaion N 31997

Box 1

EuroGOOQOS

EuroGOO? Is_the Assocraﬁron of nat |onaI
a encres or uropean scale marine oe

n %exrsts 0 maxrmrse
eneh o Eur f? fom 0 er trona ocean
ograpny within the framework o

GOO& fsascrentrfrc Iy desion ds stem to
Brovh orecast ? redlictions, de W r1r%trons
f the state of the ocean an arne
envrronment o meet socro economrc

requirements.

The Global ean Observ rp%l stem GOOSQ
nsore United Nations Agencie
NESCO O UNEP, FAOf H

terrLr% tional Councrl of Scientific Unrons

The Goals of EuroGOOQOS are:

Goal 1 Building on the success of the last 50
ears of European rvestment N marine
crﬁnce to explal J IS knowled? %r{
techno X fovice a new range of globa
and regional services.

Goal 2: To create new operational marine
senrrces develo bus nesfs and creae
%eogfef atron arine forecasting t
|m rove renr: of marine and co ta
Inqustries, grove environmenta
management an the Use of resources.

Goal 3: To develop agalobal s%/stem usin
coIIaboratrve screntrfrc [%proac 10) Elane
environmental ana ent uro ezi
collaboratron L It Europe fo
Influence on a global scale.



The Ternis of Reference for the Science
Advisory WG were atIJreed n March 19%
EuroG OS Document_ EG9.26) and are
ttac eel The primary 0 J\e\%lve
5 eWGsa repare (.. arepo h
efines the scientrfi ba? s for EuroGO

an nﬁ In mind the stipulations %f the l\/Io
an tB particular |on fo t I|m|soJ
predicta ||%1 samg e3|n require
accurac 1] observa |ons
numerical moe ﬂ technl%ues
assimilation, and sensi V|ty r1als fmodels

The Sdence Adviso g AWG) has heId
Six_meetings to [oenfify it object] san 0]
deflne and draft hIS Report. Sc edule of
meetings In Annexe 2

The Membership of SAWG is shown in
Annexe 3

The SAWG provides agvice to EuroGOOS on
the existin pI|m|ts OP redlctablh In the
oce prorﬂotes Itiatives 10 extend
h tey e work needed to achieve

s basic scientific underst ﬁﬂdl r?

moe |n% stems monltonn networs ad
at% man men uro promo 8s [inks

EuroCL
LOBEC, andA‘ LOICZl rd oAhenetllt ?rom
eﬁCIentlfIC and tecn nlca VaNces pro Liced
| rtl V\%se expenments an t.Igenti hgvvas

e | iut%rrae“"”hmesr%”h%%%ss%” e
provides lin i Wi Euro6O0S o i

Technology Plan WG ( TPWG]tT |0naI
Test Cas Teans 3

Projects; an xternaIIy 0 GOOS, an ot er
mafine researc and g ereﬁlona programmes
In Europe. T rQmote Training,
convene wor s ORS and COMMISSIon revie
In furtherance of these objectives.

In summary, the Mission of the SAWG
is to:

Bdentl the scjentific pr ?]blems which must

e Solved to Improve the performance o

operational syst

o advise on 8 |ent|f|c base for
Implementing and developing EuroGO

J ftal s the acti nF needed 0 extend h
mits of predictability

e improve the deadn 0f observation systems
and sam |n strateqles

o advise on t é(ﬂ []tlfIC criteria for data
mana§(ementan rgn iy

* SpEC assurance and  quali
cgntr stz(thd\artt){s y

o analyse the most effective methods for
ut|| ng remote sensing.

C d? on Pec nymeri a|
? (ehnﬁ; data assmllalon an
valigatio

o outline the. need for new echnoIogY
Instrumentatjon, and measuring systems 10
meet sclentific objectlves

o advise on ra|n|ng requirements  and
capacity building,



Real time

mo?elllng
cenres It
MONITORING
GPS
BSTURY A
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global models

Figure 1. Schematic of operational oceanography - marine forecasting
Source: Proudman Oceanographic Lahoratory



Operational oceanography

Scope

Operational oceano?raphy s the
activity  of  routinely”  making,

dlssemlnatlntt} and mterpretlng
measurements of the seas, oceans an
atmosphere $0 as to:

J Prowde continuous forecasts of the
uture condition of the sea for as far
ahead as possible - forecasting

o provide the most useful accurate
description of the present state of the
sea Including living resources -
nowcastlng|

» assemble climatic long term data sets
which will  provide data for
description of past states, and time
series showing trends and changes -
hindcasting

erational oceanoaraphy proceeds  usuall
bﬁno F %% %{JH transmlismn gf
servational da ﬁ titer mod
dlssemlnatlon o e re ts t?( g user
comgaumt)( e ort em to ma e deC|S|ons
hase he Information.. Some d a
pecla 05 descnbln bIO
emlca and sedjmenta esses can ot
measured? redlicte ? |s Imescae and
Fre routinely measured for aroceésmﬂ)t rougt}
?orato naggls followed by distrioution 0
Information produicts.

The modes of onerational oceanography are
conventionally dI\F/)I({ J 0 three time-frames:

Forecasting

This includes real- tlme numerical prediction of
Qrocesses such as stor sur Bs e Spectra,
ea Ice occ rence and tox| alfg 00
a? atlc stat |st|c 0rec
ona

Be |nter annua Variabi f%
10 oglcal " chemical | compo 3
ays

Forecasts may extend forvvarg for o
months, o even Vears and decades’ on’ a
climatic or statistical basis.

Nowcasting

Observatlos are Fnally in numencal
madels and { [nodef] to create ebest
?stlmates of figlds, at epresent ime, with T
orecast,  Typically ~daily or  monthly
descnPtlons of  sed ice ” sea surface
temperature, or wind-wave data.

Hindcasting

Observa jonal c‘ata are aﬁlmllateg
Hlodel f0 Co ?ets of historic eli
stnBFtlons typically monthly or annua
variables such™as sed su ace eevatlon ter
temgera}ure saljnity, nutrients, racio-nuclides,
metals, fish stock assessments, etc.

Monltorlng systems

The aim. of monitoring and  forecastin
netvvor SIS to dlitnqute %%ta Products n reaf1

|me Qld val ab| fy ofo ? Isfies.all
pescae use? Prow es early warnin
mstrument malfunction. HoweVer, o

5%2 %er?andrec%ta avallab|Ir|] edmaJabﬁga]tobr;e/

Lists of variables whhch n%ed 0 Ee me(?sfured
for various purposes nave be ? H om

USer ~ SUrveys surveys 0 f nol o%
Instrument de ploymens and models presently
I Use, and from the’ requirements of the
Regional Task Teams

There is n ed for o tlme serle ich
buﬁd ino |stor|ca ases an c% hceiﬁ
? revea on% tegn trends and varia

all variables hee tf he measure |nr ‘time,

oncept of real-time varies from hours t
R G e
T0 |gent| the dlscree fe Varl bles reqtgred BX

N 00SErVINg m Itis re evat 0 descri
e processes |ch We need to monitor



Models condl 'oBs for shelf-wige models which ip tm

. rovide boundary conditions to nigh-resolutiop
There needs fo be a hierarchy of models
stairtin? ferom the (E)ee 00ean moéels éGT(%aI / %ﬁgﬁn@g i @.g. sauten N Sz or Englhsh
Atlantic / Mediterra ean% providing

oundary

Box 2 Summary of methods for

. observations*
Processes which need to be

Existing real time observing systems
analysed, understood, and g 98y

predicted (examples) . me%eorolo !Cal Eem,orkt' e
0-2 week timescale » meteorological buoys at shelf edge ,

* SOme ggrr}/ routes, fixed sensors |gn the Baltic, XBT
+ storm surges In Meditefranean
» - pollution Spills and dispersal * telemetering buoys in shallow water, met., phys.,
+algal bloorns, harmful chem, biol.
o Se3ice * \Waves, Wave spectrum

* [emote sensing parameters
1- month o 5ea |evel Tgauges, some are real time

_ ' gTD, rofiles from local observers, SV% Norwag_
J soscaIePh nomena, eddies, meanders, * drifting buoys, EGOS, surface, ice, water properties
effect on productivity

* grosion, Sediment transport Techniques which could be made operational

drifting buoys, current meters, surface parameters
rofiling floats QPROVOR, PALACE
0S. towed instruments (Undulating), cropped
XBT, XCTD, using GTS), ADCP

Seasonal

o freshwater budﬂet, heat storage

. Bl_rclulatlon e surface moorings, deep water, for oceanographic
* hiolo . , ,
Y vanab?es A

Interannual

iete variailty, physical biolagical,
o ¢lima , , , _ -

?ish StockS WPy Y * - subsurface moorings, current meter, profiling CTD,
] anthropogenlc changes IES _ .
J dee@ Watér formation, aceanic * - coustic remote sensing, tomography, acoustic

ventilation and convection thermometry, etc.

transB,orts, moored geostroghy, acoustics
new |oloq|(fal sensors, cheniical sensors, time
Serles, provces _

autonomous untethered vehicles (AUVS)
variable buoyancy undulating drifters

HF radar
CASI and airborne LIDAR

Related forcing, boundary conditions

. tid?l constituents, wind, heat fluy, .
Intlows, overtlows, 8utﬂ0vvs, precipita-
tion, river inputs, seciment sources

* For a general discussion ?f the Possible future development of technological systems in EuroGOOS
see the EuroGOQS Technology Plan (Document 13).



Existing forecasting systems S e Mo
Existing forecasting systems in European soudte t I3, t he arrbBean and ofher areas
waters Provrde real time and near real time on a oobal Scale. Existing services are
products describing wind field, wave height necessa? based o past scrgntrfrc resgarch
Pectra sea surface temperature salinity, and development phases which may have
foatm% sea ice, chlorophyll, tides, surface akenasmughassm 10 years,

currents, and storm sur(ies There are a

number of operational pollution monitoring The SAWG ca}nnlnfluen(gee Iand im rove the

systems measuring chemical variables in developmen ew modellin orecas}

near real time, but not incorporated into sstems elpln%]nto | [prove the geSI no

real time models. Movements of il slicks oesan 00Se str eqles whjcn support

and algal blooms are also predicted on an % Sy stem% y examlnlnq QW
emergency operational basis. ad itional “varia Ies can be addeg o t
e(m These ev lo men}s shou

Sea st ? fe forecastr %1 usrn% spect al Wave me at increasing reso on of the out ut |f
mode Ers Wel estab shd d in widespread [er%une Incr asr accurac Increag
eratd nal Lse, ran%e OF Wave models (Botn its df prei t% Increasin
second and thirdl gengration) s aP ed ot ran e0 varrab 6 can be measured an

oba ’\y ang re |o ngor o fers the pro £ssed,

IC omarn aﬂe

6 been o ed a%y Studies by the North West SheIfTr the Ferry

est to ans forecasts of sea state Box % nolo%r Survey of the

om0 sore upto es It zone, TP G |nd|oate at the varfables o merest
olass led approximately as shown In

For shelf seas, depth- averaged hydrgd(ynamrc

modesof?orms % lev trons and crrents

are also well estab

n oPera |onf1 yse D Surface waves

curent pr P otrle s dlk. 0. 2 orde% dowdet ractical wave fore s

rmcr ortcomrh |s alrea bern
s o

m | resent
3 itlgns orue edge Research 5 Intemeaium range, Upto S

neede i proiem Extehded ranﬁem day 1o 30 daygJ forecast z

en ocean ofobal for cast models, jncludip from umerical \eather *Prediiction
Eaetapassr %on a6 o gy avaerJJ W models, mey

Ol %Ere ale Sgsrrhébeensem
'Er(])Arl\J/?e Foar%ce xam oCeaneA?nmeo%J Iree een a rfq?ed |n or gastmgeh fea State or Yhe

b moe Meteorol meteorologica ced circu atron on shelf
Ot%ce Presen opera |onal real %me ! se and ul\der] mreenturre ro 'ﬁf
uu Sbayév?rstrc oreo%ts 0 be made
o to the deterministic forecasts made at a

e no resolvin r nigu

deveIoRmeh d/rll fhcludg nested edy ?dfd qp

resolving re |onaJ models and more h|s aqdii

EE T o

SRR iy “adr% GODAE VERCATOR, [ P CR 9 2 ?egodhg
tted 0 JGOOS by Komen and Smit

FFbur l(?(gcl)osng Aégaé} ic - Workshop report ?y 5”5



Box 3

Varrables which can be measured
eal
[ evel of resolution an

nglﬁdgé%] Oa fmosp heric moge

ompute the surface winds mrght
rordj 3
wrns wrh relate

m%?itoraﬁ s e A o H

g anel assrmrla %(rje n]torve (k

Sea surface temperature

Current velocity and direction

Instantaneous, hourly, and mean sea level
\Wave height

\Wave period

Wave Spectrum -~~~

Wind speed and direction

Atmospheric pressure ,
gpper ocean and shelf seas temperature profiles
ea lce

Wave modeIIrn 15 drrce{ct g/ ddependen on the

Fr

?

ind-Induc asurface stress

However,
tﬁed 0

rent
0. computed trom  these
Inconsistent momenéum

e frictiont hat the a mospher(c m%del
the waved

ves. This shoul aker to account als
cfs o densi stratr |cat ron cause

sea erat rene It appears th '
esesab ectsaso nﬁr rmine the leve
Ustiness of ch has an effect

on B Wave growt

The a/vrnd

exten

!
i

ens\g stral rfrcat ona ect Waye
shou U
arameterised? How should e ro

i

est tarbulence COSUTG n OSCI atrng

e]wrnds

Uasi-linear t eo ni]

escnp Ion of sear

IS In arr ? F
The roblem of tur ent

éecou ed arrsastr)/temrson

erstood. It (S desira etot

ory. A few items d een/es eclal attentron

at s the correct scar ocr
10 or somethrn Y, I-%w ||9/ and
ness o

mlﬁut term ot the W M mo

Iﬂ@SS ES rr

e Very snort WaV be treated?

nauseful real time or near real

time, but which are”not
usually assimilated in mocels:

Chloraphy!l, fluorescence
Stspenced seiments
Nitrate

Sea surface saIrnrty

Sa Inity profile

Oxygen

r%)eratronally I Variables which can he meaﬁured routinely in

unda |ayer?
verserywrn)é
wave growtn

For the wave-wave interaction the so-cal (ed

drscrete |nterac lon apgroxrmﬁtron IS made
Wave g cmes but transfer

rates differ trom the exact ones,

A e i

h args nar(n Cwork out erget st strcs
Y lteson S anrt Ind ex errnﬁ) ntaq

f of drstrngurs Ing between them,

Further study is also reérurred concernin the
rnteractron fwaves ana currents. |n coasta
waers resolution of the coastline  can
etgrrprne tne effective fetch In the Wae

éy to reso(! esosc
features rn emo elled wind field Is aso
Important,

In generaI com ter- Irmr ted resqutr N Irmrts

e uar gre | tron rrﬁ nest mg

erme Jnlﬁ)_h % ere als rﬂor
resa |snee ear,%o

esolution mo ’]so erational Wil end oa
|I|tyan

e extent ont A hectre
of farge computers.

ens in the c
at |s t epef?ect of swe s



Figure 2. Bathymetry of the OMEX-1 Study Area - Goban Spur
[Hluminated view ofthe shelfedge in the area being studied by the Ocean Margin Exchange (OMEX)
project (vertical exaggeration 35:1). Source: British Oceanographic Data Centre

Storm surge forecasting -nrg\;\?e gér&)errrr]?rr]onal ; or]r(r)rr m‘]Uf?) 0 eésc dre
Improvements Integratjons are noqonar};] J limj agh? avall

Storm surge are USU&”}I (ﬂVIdQ(L Into computin resources gart ause th ree
cate Or1gs, 036 assoclate dimensiorial, moa ES IVE re accurate an

tro
fX clones and those soclated with Encg rrcher description of ecrrcu fjon associated
torms. e devel otr)ament sur%res The arameterrsatron of pottom
ers (an mq and redrctrvec Ilities has fnf Ion 15 mor rstr If t Hear hottom
ere e ? 3orm su e ve cr IS USe rate] nt mea
One of the factors leadl g rs ] tout% asvvr
d er r]tral develorfmept has. heen h srgnrfrcant rmpactg ocg re non-linear s Wge
af|ve Eoor kil numerrca weat her astronomical " tid Surge- surface
B\rle |ch n Systems In low latitudes compared Interactions.
that at” midlatituces. Another Is that of
Pure Clr umstance one of the areas that rs err atrons in.our knowleage, of bathymet
mdpahcte y Id- atrtt1de sormsfu es IS, the easrqn]rfrcant source “of egror # sUrge
The.co a re onso fevarrous models In"most cases the domain 0 |nter (s
countrres 0r rrn Ike Britain IS not bounded so It 1S r}ecessaP/ to fin
etherlands abe mostl ve]rg ensitive Burta e. representation e 8‘1
owater Ie\fel ch]langI ecaus ﬂree 0 ﬁun aries.  The hounda condrtr%ns
commercra ustrial gevelop me an energy to rop aoate out 0 omarn
I endenc for_oenser opulatro VT a?ry gh 1ree mo
Cyrng (eoa% re lons, ThIS In urn as os ere oscillation relae ocation ?j he
onsiceranle artes. Idea

research and deve rn he bﬁun - of course, We wouy
area of stor suremororrn e 10 ro e gneray nto the omarn om
f f {0 the d
gre iction argr ter t an in yot errgron ft % rr)ro fate.  The
e world. specr Cation”of SUh COMAONS. Femeins. &



significant problem, the rale of thumb bein
% ﬁ t?ouncfanes s ?ar away from thg
region of interest as possible.

The role for observations

The discussion above highlights several key
alreas:

1) gorologrcal obs Tervatrons e cntrcal
for eterm natrono ? orcrn
for initial rsLng atmoSpheric

Rredrctron e they Trom a com ex

umerical weather predli ctronss 0

IS most 0 en the case or ropr%s

rom a irm le represen tion  of e

stor cye or %/c ones It |s usua

0 reg resent the atmasphere in. terms of

Just a Tew arame ers for éhe ingensity,

maximum wingls, racius an ath

2 It'is Important to have acclraté, high-
resolut nb?t ymetnc ata; and

3 It 15 Usef have' sea level
measuremen srtes Iocatﬁd near or at the

open  houndaries to help. det ern?Jne

a rognate oundary congitions, an A

é ns within the domain to tune an
the model.

Sea ice, improvements in
observations and forecasts

Sections, of the foIIowing0 rFarg;rra hs have

be?n adapted from a re attle and
Alfison 0 J-GOOS IV (19 Q Cattle
roGOOS.

represents t he UK Met Offrce InE

Sea ice and climate

Sea rce rs im or ant for cIrm oth
%entr sen atrve Inqlicat oro Iﬁ ude

R

aC

the
heat u Steght rougvemcai)cea tmos;h erg
0oean. ciive sea ice models, albeit ofte
high srmp Ifled one are ess
? onent "0 ?oup enera crrcu atron
8emgn%trate@0m%r ed re%ctron in %rons
Antarctic sea Ice exte

warmrn PCC, 1 199527 Grven err
predicte hrgh sens?%?nty monitoring of sea

ice extents, thickness and coPcen ration IS seen
S an |mp?rt]ant activity Tor searching for
Indicators o the onset of Climate change.

Sea ice and operational forecasting

A number of centres  produce  detailed
Ol RS OB %haé"%t't'th
hemersh res 0 gmeet/ varig
o er lonal needs, but principally for shi
the context o Jaderat on forec t (P
NWP) mo

Numencal Wea ther Prediction

aIso requrre Information on IobaI se rce
esasacomonento the |es%

anayse se% sUrface  temperatur rc
de t T ottom ound% condition_for
ese MOQels. or xamI UK Met Office

urIrgesN WJorn |ce Centr charts

termine te Ice e B
i in the mocel on a eeka/ ’]
ate Ite ata ro r eaneSfen jal In t
{rvatron of these anglyses. re
In ormatron 1S also requ (t acom onento
o eratrona 0cean m sse
ampl he SFeet Oce no ra nter
uteo oc ano rarp IC_moge
Clanc rnc PS t
ﬂ 0e Pre iction %tem Pre er 1
Prefler and P ose gwhrc enables
B umerical analysis fand ore és of Ice extents
emis ri ically and for etgrled reg naI
areas e% e ere {al, 1989) e Cariea out
|n an anogran/ |c context, [n tne UK, the
rce rsS develo na FOAMeme Fgrrgr%%st
h ipwﬁrc Wi pro |de erall q
P%yfes and for casts out to five days o te
g ocean. The FO Mssen] cludes a
ea rie com onent counled t0 a global ocean
oce F’ro uction of Sea.Ice an st Within
ot o Bse srévtfms requires not only sea jce
t t acces anadran sea |ce
nce ation analyses, for hiS purpose),
aF P echnrques oy Ipdate the n%cmaﬁ alysIs
ds. via a F e ata
assrmrtatlrn a Ice also atfects thes ace
wave field, so that oneratrona wave prediction
models also need e Into account Its
presence on the ocean surface.



|ce cover on Ith ocean Is usually expressed as
a fraction of the ocean cover ?] t& i (C
tenths of concentrat gn hut |t 1S § rac lon'of
SUrface area covere &a 5 or o er 0 en
Waer features, f ?n at |
mportant_parameter |th|n he |ce cov re
ans urrng winter, t eaverae Sl ﬁ
heat uget ce mass balance h gi
?ensrtrve this fraction, as most
romt eocean surf ce 0ceurs throu g areaﬁ
oen water or very t |n Ice, Butth eat
55 1S not a Irnear unctron of oesn Water
fraction: the larggest canges
concentratron ccurin the c? entration range
h ile there 15 little change In tq
eat oss Wwith Turther dec]rease in co centratron
below  apout r? Thus In wrner Ice
concenhrauo% h gr%ure of the
tmospneric ouna ayer h of
the oceanic mixe er Dunng sum er the
Ice concentratio a signimcant effecf on
area average s ace albedo dan on the me |n%
rﬁte of flogs due to solar radiation absorbed
the open Water,

Measurement of sea ice

a ice thickness Is not @reSﬁntIy amenable to
Irect easurrﬂn ntt% te” remot sens
% satellite-borne sensors capable of
a uratel% estimating Sea rce hickness remfnn
Ve or ore ear in the utur(? Satel 8
mrcrowaver o anmetry emonstra
ionlecaar me ure |ce In the 0-50 ¢m
nes an on t he sgace
shu hrs hnoIo ex ected t

|s
avaaeonasge until He
European Space Agency’s ENVISAT mission.

L n the Arctic, Hte urements of ice hrcknesa
ave been rom Su marrn% qurp;%e
on an OP ortunistic basis
Ié’P ACSYS lce Thick es Pro ect
on moore ULS was aunche
ancretérsreelnrrvent rape reer?Ss VYhth mﬁnrfrﬁr
urther mcrease |n {)98 Ato ether 19 Lg
moonng re de oe }/ aﬂ some 15
are current opea N hough e nbu
on IS Very’ mych con QeoLtot g (Per erres
he Arctic basin and the region

Fram Srart an the East Greenland Coas
Experiments with AUVS and upward loo mg
sonar may solve this problem.

Measurement of pack ice velocity

e motron n res onse 0 wrnd and cHrren
as a m or role In geermrr&mg e Ice

NESS tnb tron an |ceb location.
mmmmmmmy Wm

rans(no of Icg mass, and there ore 0
fent hedt, salt, and fresn vvater Ice velocity
aty are also . necessary o veri sea rce
models, ah srnce ce ‘motion provige
mechanica

rgrno or the Ice- o ere ocean
can be used to arive ocean mode

Th]seerlrae geusslc]ale rrtro |tr))n of ea ice d can he
?o 3ol rariE auém /e nrae oA

data re }/ ?¥ﬁ Seres
gggelllert/eg a,\r/| pr ssureeaﬂat% eré’yt asoerretﬁort
In the Arctic, this |s carrie outﬁtg h

Internatronal Arctic Bug proc{r e\mm |c
has good coverage over the central pac

Concluding remarks on sea ice

This sectron ttempts to summarise the current
srt ation re ard fo sea Ice o sen/atroris
an mode %n or. climate an arge scale
eratrona e ting. num er o Bgcts
sarcem % dosen/arona st 1S
are ern% ?]se 8/ CSYS
Beogra e(ort |c an are rf)ned 0]
resse or the
Antarctic, ut a research con ext Keg/
|ss 6 are the need gat
B@hrstlcatronr éhe %a [ce mo g or
oth. climate geratrons mcu tn
?Pecrfrca lon 0 Sk‘rf ce. foreing, E)artrg
nt models which”currently do nt
HC ude re 8 %n Of open water ((Ieads) 8
te rce the need to marnarn a
Bve og ufrent ne o for snstarnﬁd
observations, an artrcu to deve r%
uog/ network In ntarctic Sea Ice Zone.
tllt atﬁaeo ghre vance to monitor-
hign latitudeS and some  algorithm
rovement IS required in particular-for ice



S req Ired. Ocean basin scale processes

e
r%% .&f |ce snow Oc?an basin scehe [predlctlon c?n be considered

as long-term, that |s seasonal to decadal, or
I?ort E?rm tnat 15 days to weeks. Both types
of preciction have valle.

pasurement of
thickness remam
Im ort?nt advance Wo d he the. ca ablllﬁ/ 10
remotely-sense sea |ce snow t hICk ess from

SPACE.

COﬂCGﬂtf&tIOﬂ and |ce &/
ro €

ATSR wavenumber for dT/dx at 4.8 month neriod
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Figure 3. Global ATSR/ERS satellite data

Zonal wavenumbers for waves seen in sea surface temperature gradients at a period of 4.8 months
(top), and in sea surface slopes (bottom). Red colouring corresponds to eastward wave propagation
and blue to westwards propagation. White regions are those in which the wave coherence is not
significant at the 95% level. Contours are mean sea surface temperature at intervals of 2 degrees.
Eastward propagation can clearly be seen in the Antarctic Circumpolar Current, as well as in
narrower eastward currents such as the South Atlantic Currentand the Tasman Front.

Source: J M Vassie



In addr tion to Jts Regronal Task Teams for the

ean_ regional Seas, EuroGOOS has an

AtI r? antic Task Team whrch has t e 0] ectrve of

or

operational sy
GO. The

motrng % % g
Aflantic scale, an promot |n £ ITICIp&'[I
of European a)zencres In %O al poto pes or

operational mo

ems  SUC
tlant rcTas Team has edtwo

me(ftr \Aq,(s) one at Toul oHse in September 1997

am fon Oc ober 1997,

rksh o at Sout
have Deen

pu | er? i 0£u rocee ﬁig ication_ No.J9,

Ano tner meetrng wr(l;be held

uring 1998

Screntn(]c desrgln 2 Pologeratrortal Cliteria are

require

D

tome WING 0D)ectIVes:

Provrsron of ocear] houndal condrtrons
L

rocessgs neecled by deepg offshore or 8
e r(tjlotrjrcersf shelfedoe  and slope
redic

conrthrons re?evant to frs?rgstock migrat |oPr
mocelling and forecasting the drsRersron
an ransi)ort of oceanic contaminants and

pollytan

monr orrng Rredrc ing flu tuatrons n
and _Nortn  Atlantic

urrent mcu Ing possibly predictanle

ecadlal variaoility,

rinrtorrn% and modeIIrng ne formaﬁron of

Atlantic ottom Water, te ventilation,

convectron an egg Water orma lon, the

multi- H cada] changes of the

state of the Atlantic Oscilfation,

se?]sment of oceanic and benthic

10C emrcal parameters

oceanic and

n redlictin

gasesl cgrbon transports and greenhouse
orecastrn% surfaoe and near surface sea
state for 0 eanrcs Ipping,

precasts of U éper ocean conditions for
|sher|es mana

monitoring and forecast of sea ice and
Icebergs,

improved marine meteorology.

Thrs sec |on (honsrd EICS which are not
ere

enomeng sucﬁ 2 wrn Waves an
uring t

ctions or(ri surface
sea ICe,
Worla  Ocean  Circulation

Experjment CE) the research ships
occypled 85%6W I gean de thh roHrafhﬁ)c
sectr ns in the North Al anc be ee

rofl esnwere

a(t])tarngg 'eaanE;ear \/\/?t(I)C YO\ADE sutricient

data on the gE er ocean thermal strycture to
doc ment seasonal chan%es and_to Initralise
R/Ie Ict |ve moes su] FOAM aﬂ
Central to WOCE Was |
TOPEX PgSElDON altimeter satellite |vrng
|aI and temporal Information on t B s
acesopes

DurrnérE 96- 97 Iare numbers of rofrIrn

oasweree %d
’he North Atan |c 0 It seems cert In‘t ta

e e b
for” GODA RGO It s assume tat

LFJ)PAE)GT ocEeftn tﬁre]rma HUCIUYG N pI’O 03/

o e

er profile.  The pest ?en?ors are Capa Ité of
aintaining stability of +- 0.005 In" salinity
OVer a e,

Durrng MAST |l the DYNAI\/IO model
Intercomnariso exe se co are |erené
numerrc mo eIso antrc e
rh erentg ncrrfles of vertical grid
usrn e|ther Tixed level og Gnic SU aces o
Harrona terrarno g Ve ca
|| three moﬂ swere sUccessfu
sim atrn hg Fntrc Wi a
consr era % egree of realism the
differences between them were revealrn both
0 modeI Ioerformance and the processes In
the real ocea

Assessrn he seasonal variability of basin-
ge\s Woﬁf provrde valtg/ab?g Inputs
rnto eS| nrn% a mon Jorrng sennng
strateqy f% IIecg ata Sefs to assrr]rrla)
Into recas(srnﬁ o] s.Resources could
\c/gplg rlréra those areas which are most

The [mportance .of long-term multi- ear and
dcaoalpvana llity n %he A[n y t?
effect _ on tgr ean climate an regrona
mrfratron of fis stocks can hard qe OVer-
estimated.  During recent years analysis of




historical dafa sets, anct]e c}onduct of ) Lack of clea]r “r%e é)r dlity to collect and

re eated sectrons af(r 53 i Atlantic, ransmr real-t

erevea ed remar arre]ec anges |h he i) d) "0 er] bougda condrtron?
hermoc rheah 008 neee for limitec-aréa  numerica
Clearest signal Js |1 fropica North _ . mogels.

Waters are warming at a rate as lar WInds, air pressure, ec.) Tor numerica
B\er century. ~ Inv nt rres of Nort A antrc 0 es

ater . Masses be  needed  over V) Lac eographical coverade of
aoroxrmatel deca a |mﬁ Rerros bec use measuredd n the ﬁl %sc e, bt
srgnaturs of these cha g h elorovr

g also, regionally, and i sub-surface in
sen |t|ve testhed for ocean- tm emoe] artlcul
e

Atlantic wnere nt ermedrate and upger (e Iv) ;ac of aPBrogrrate forgrr%%rdaa freld?

of the climate sgstem and e]g 0 explain t vi) roﬁer sign of a servrces
causes of long-térm climate change structure Usi L% ample, multi
data |n utss has Wrng WAvES,
o]her deca aI focess  which  re urres cuf en %enerate predictions of
furt er esearc orcler o evaluat . Sﬁr moveme s)
usefu ness & a Predrctrve too IS the a aren vi) Imbalance  between onitoring
gropa tion of sea Surface fe aure tmeasurement echgolog nd capacl
nom 16 alon g epah of the Gu treahm Or postproce rnrur ata and Subsequent
duasrdca L erlodl tX o Tealtim useo numerica modes
EroPa ation 1S mu wer t n .the. near vill) Lack 0 gtnes purBose
urface currents, and the full rpechanrs IS not awareness in the design and setup of
yet understood!. (Sutton and Allen, 199 SErVICS,
asﬁrmrlatronsrateglfs aream or area o[ The most obvious trends  within
researc In 0cean mo g ﬂenera operational Services are;
|ss es of daaassrmr ation are deaIt with later .
this report. X) Incre ed end user tnfluence both wit)
regard to s?ecr tness for Burgose
Limitations of existing systems and '€ H"'emens and Vla commun %lon
future trends %ruser constituencies, suc
mternatr nal ass?cratrons dealing wit
The following n es n limit rn a\ctors are shipping, coastal engineering, ~vessel
based, on atre ort 8 J annes tra C SErVices efc.
compiled 69{? Severa X)  Enhanced environmental le sle}t g
EuroGOOS Mem ers contrrb the report Etarrtrme gurrsdrctron Usua olowe
Increase emarr or  0cean
) Lack of international |Hfras(§ruc ure for . environ [nenta Information.
oeratronal oceano% élp IC dafa Xi)  Gradua mtroducéron of mternatrop
tra smrssroir E)ro ucts g aa standar roceqUres
a Ete In ord eather Watch),”an assurance of services and products
ack of  common

s



Operational oceanography

Assimilation:

Assimilation is the transfer of
information of a limited set of observed
parameters, that are directly or
indirectly related to the model state, to
update the model state, the model
forcing and/or model coefficients.

Background

Information ab)eut num rous physical
R]oce ses N provide numerical
0de observed data. oth can he
consr ere components m a amework )
ﬁ]ater an nere s%r us%
ormation. A(ions era e ste ead can be
made Dy explojting the  com emenary
character” of orﬁls and observgtions: the
eneric, olvna IC g/contrnérgu character ?t
F0CESS . Knowle g embedge Hr models
ersus the Specific, quantitatjve character of
obs rved ata. means of data assimilation,

% informatio observe Information
can ernte% in an_ optimal way, takin hg

Into accoar uncertam IS Or errors In t
model and the observations,

0 o vaIrdate and %alrtgate the models
e 10 etermrp est re rese[t tiops of
Par meter eIds or Use as Initial conditions
orecast runs, &fc.

.Trﬂabrté’ﬁ{aroreasf‘s'”tl'uast%”ea g a"ayﬁat 0

erica fe ediction
C nowled%e% at urthe |mprovement of he
oreca S es realised by | rovrn%
SImi ?tron fofo servations, o Improving
the quality of the atmospheric models.

Wunsch, ( HG ) notes that oc%an mor%eller?

ave ttle attent n {9 workin (!
Hata pé\HS 1S (?t rlouted t ﬁ\% Pnrtra neﬁ
0 Un erstan the models per se and

aucr%o available data. However he notes

id. change. in the latter, New
echno 0les a?reg%d prorrrlrdrn use U Aata St
comR

nte an eme rn
tech ?ﬂeies den b g gope for m%
|n|t|aI|sa on forcrng verification.

linking models and observations

I-lowev dt IS recognised that odeIs will
a e de %

v(vavhat hepeen §gtan |Hdrrec serva IOﬂé

?atrit extent
resolution oF obs g/atrons will always be less
than that of the moce

Basic prrncrples
Th advantage of model-hased assimilation

(!ﬂue3W f‘egg Ka[n éanS |E tering arrt]tatn arﬁomt
mc(! eét h transfer n suc avv/a tatt
nt)o o? mo state 15 cor]srstent vvr

el. However, In p[]actrca prcataons ?
consist enc ﬁtween fne assumea an a%
B]ropertrgs of eur]certar tresvr)rr which
e mo SErvations are
corrupte thr rn etermrnrstro or I
statistical  Sense a go actor I
determrH the tfec |venes assrmr a
tion, The fatter aspe trong Oly ergrg a15es t
needforvardaro 0 th IS vve ashe
data that are to be assimilat (Palysrs
accura L}/ assessment, stan rdise
E)roce fes, error characteristics). A uae
ummary of Present activity IS’ provided hy
Stammef,

Applicability & experience

There. IS an extensive eﬁgrrence vvrtb
similation .of wind, wave and water leve
ata. Tec niq Hes fgr assimilating sea surface
temperaf ure Istributions are ™ geveloping
continuously.

r()%%é ve0 Soct\e/!ds ?tﬁrszhn(r)oues 0 as%rmrl]ate C0-

€ nor II%JG alg
trmeEersjl use V'/ErE geveto eb J

opera lonal use In glodal mode c? Data rmrn
Sity Quoys are Mot as wigely F
jona wave

assimylation, except in_some reg
mo E1S, ecause OLa the sbars covgrag

Tec rque oassrga te Spec ral obsgrvat na
are beln evelope ? B In Widesprea
0 eratrog use. Spectral observations ro
satellite borne SAR are avarIabIe Ut nee
costly Processrng before use. In situ
o servat 0ns Of e wave energy spectrum are



sparse, There f? few  co-located
easurements of ‘offshore” and ‘onshore’
Wave conditions,

For shFIf 58S, Ha? dels a range of techni u ior
assimilat ér elevation data are av

Some more pve rgi)ed than others hese are
not In wi esgrea operational USe.

waters th rrrau es are ocate
Ports on the coast, T eeaefew ansy reaI
IMe in siw obServations of Sea surface
elevation In open water. There are few real-

0 100 10

time observa lons ?f surface currents or of
current profiles available.

Io IanF regional sea surface tem ?rature

ang se are aIrea carrled out or yse
% eratr numerrca %atn redrc on
s oruserns moes

etar? mf uences
tem eratures at de Yrvneecfs further s

Do S0 \Rlealr{eme)r(r?d o Jﬁﬁgé”ﬁ
In she” 5eas morJe 3 neeé g %e evefope !

200 250 300

East  (grid points)

Figure 4 North Sea bottom temperature

Summer distribution of computed sea-bed temperature (°C), in which the Flamborough front is
clearly visible. Source: Proudman Oceanographic Laboratory



Assimilation of transport data Igvelocr
Erofrles, ius ended matter and/or S | | 2
col ogrca ata | ?rn \A;I)rogress Pronle
ﬁveac gr ti%/el 16S and e |rard0|rect ? ra%%an
C

eh h r? (i\ed state g eg, RS reffectron
Images  that need o e transferred o
?on entr tro[r)ts denvatro the forcr wrnd
e Zmer)y rom wave data). e
Me |ssn 1t Otermrrletete ora
n the Cr[)atra fca es an reso ution all n;g
the extraction of meaningful Information

the d e{ences Detween %he modelled and the
observe parameters,

The otential of data assimilation has to be
rP gby focusing on tne conditions that
ave 1o emett fimise e process o

generatrn In orm‘atrn starting” fr m the

notron of the co ementan 0 n]r els an

obseryations. gorns at Use 0

aﬁsrmrlatrorf] echnr ue already In the esaﬂg

Rr mon toring  networks

easn)ement camﬁ]arci t at parameter

must eobserve e Tequired accuracy, etc
similation  directly
contrrbutes ot he EuroGOOS Onjectives.

In much the same data assimilati |o
echnrques can be s settrn |nte ra
gve |c Vi nous

ssou ou Ie Wha arame ers

must e transferreq, what ‘IS the. require

accuracy can partly g eduried from Dot

sensitvity. anal yses an

experiments.

actual assimilation

Evaluation and validation of models

er the Iast few years, the amount of field
ata IS raprdy n%; ng, esPecra data,
mosphfee agrn spectrometer observa-
ons vater vﬂa Parameters and
suspenced matter nfo matron hat can
e reIated to the at met d morpho-
dgnamrcc anc[re In the oasa zone RS data
nave contributed significan thy hecause of he
high_ spatlal c?rrela on o e data (patterns
e rh)lt IS low temPora cover e 1
so eeres limited accn]acy, a5 0pposed. to rn
ata. Here also, this Complementari
rn sruand RS data must he ex (Plortedb
the assimilation proces an fe-
0 eratronalrsatron of o servat lon i%/ste
there |sane§ 0 Identl (5 ind " of
parameters need to be measured In aovance.

Summary and recommendations

Given models . and  observations, data
assrmrla tion (oeing the Inferface between

Pnrs the hrr essential component of
|n orfmation Systems,

5635 ent of Jnod sang obsFrvatrons shoulg
e mae to 1entl herr 10 c? In |nte%rate
Qorma 33 stes and to address questions
e cost-effectiveness.

A prerequisite for assimilation of ohservation-
alpda aqtsz the avasrfabrlr of dObr al, well-

ocumented, easily . acce ta, which
ave heen- screen gd% ?standar Ised) QC
procedures,



Box 4

Assimilation Applications

Wind waves

b e T
ae?5 The presenhg ogaer%ron T srmpe Wave
ata- asfrmraron SChem on optimum
rnter olation Lr%e 0, 1992: see aso oreman
erng ‘extended to Include mare

wave ararnet s, ec nt (00res was magl e%
You owacki Voorrips

I 197 06 en roachan
ccessd f P/ 3 : t\gro drmenn nal Spec ra
da Inen S(r)n -Ca 88 IOoétrr élo Snasrona met oofq
should be further developed. A~ promisi
me od 1S bfrs ?n use Of t hg aorornt of

M mode eras ssen
Hers h, 19 Kal-I an faﬁ]en proaches
" const ere

C

souél aso

Important ~ that correc ons maét Ao wave
? stimates _are _consistent g/ infroguced in the
ﬂrcrn wind frelds hérefore, future mo eIs
B ate t]o INCo| orate tw\A)/vag coupll
efween am ere an waves. Withqut t
greatest Impact 0 wave data a srmt)a lon occu
or swell. Once th c%upn% een realise
one may also expect a beneficial impact on'wind  t
sea forecasting,

Water level

In the Northwes ern shelves area a_qreat number
otwater evel statrons are In orieratr n. Afew of
Tse ityated at strategic ocaé ons can he 0
selecteq for co rt)anson of model forec teol
water leve he actually  measured

Water Jeve rs often a convenient mtegrator of
her effects with spatial smoothing,

Sea surface temperature

odel sea surface t em ergfure pattems can
J éj hro arson er) remote
se se n eBorn vaﬁlfes can ecomfare

en/a IO nitoring stations
and (?rl For t ?I

mg] OUOVS. Xed ogrtorhtT;
stations, t e eries of temperature (an ote
ar;meter

salinity, OXygen, nutrients
techniques a0 tarnedd?l% %/(t)he Xa¥v%a| abthresené
accuracy of

|
ﬁta Pom remote sensing and hy its
restriction to the surface layer.

Transports

Ehe \9ual| J the calcula ted trans orts as well &
rtrc 1S nlf lon_of Jemp [ature, sarnrty
(t (?“ defined sections can e
date ormrng qcean gra r]rc
megsure ensona enﬁe net [ tations the
eri lon Trom & research vessel equ gg ha
mounte ADCP. Inéer cruise validation can
e ot%arned g a few fixe oceanogra{)hrc statrons
ection.  The fixed sta
gr wrt current  meters EAD Ps, d
rature-salinity sensors and there sho Id he
rea time communication to the stations.
Drift

%ne ortantas ect fusrn model prognoses S

|ct {tpa ems ot]forr stance
osta etc Valid ro of the quality of
predrcted (Mt patterns can be one I tWo Ways.

J usrng satellite trackelqh surface drifters S ich
can also measarre 0 er parameters suc
emperature g Sta In"yacers for  instance

o P nmens with
R e

t? Iffusion of the su%stance



Extending predictability

Assessing forecast systems, quality assurance, data management

General scientific assessment

The SAWG will provide analyses of
factors which limit predictability and
thereby insight into  developments
necessary to extend the range (Ien%th of
forward” prediction), scope (additional
parameters), accuracy and reliability.

3#823?5'?%‘8 oMl e
Networ sand Instrumentation.

Models

The d|ver3| of marine systems makes it
unl|f<ely a single nte ated model vnl
evolve as o wea er ore asting In nationa

meteorological agencies. Hdwevr rational-
ISation o?gmodulgs within ta ‘Io d? ﬂ
sstems |s a common gg ether wit
Ba dard |sa lon of Bresc '”H 1S, such as
t%/mere?/ tidal boundary conaitions eh
Suchi enhanced rationalisat] * n will enable
BS5e \la ar erﬁstl nou% es of

eeucl |ncIu Ing the inherent
mlts 0 predictadl g

Range of models

] EuroGOOS has compiled a catalogue o
eX|s mg erational, or nearI er {lona
ee 10, This Catalogue

S%%etl er with 1t rport %Documen} 4

dbe used as the startl ﬁaP Int or%
f sessm nt an d) ation 0
ex ertise,

oes followed Kat?om

and estimation of the g 9res?
te next - generation o ratfona

modeso

‘ Aido&tlon of stiandardlsed modules can
Individual - mode g”dro(ds
cong Prate on morﬁ specialised. sub-
neeuoravﬁV\ee\an £.0 ISeas %0 H%“Wg
V\g th aifferent ch Pens c? and ass date
ahvanta 6s, Mo dbhas not evo ved to
the poirit where prescribed versions can be

readlil ado ted.  While |nd|V|duaI
organf m(@( concentrate on local and
8C|a ISed modls, there 1S a strong need

laroe scae models f |[%rog e tne
oundary. condlitions these ge The
oceanic mFuts can pe jonored for short

erm forecasts, but are important to gain
onger predictions.

Observational Networks

Almost all exist mg monitorin netvvorr ée?

ti gg gauges wave buoys) have evolved. o

adar E)edﬁc engd- u? [ Tequirements usm%

Instrumentation techno og reval |n

dtset with occashonal -ra mg( T ededgn
New, .comprenensivi etvvo s exploitl d

syneristic  ‘aspects of f)

Instru ents nlatforms m}egra}/

mode re unements 3 lities |s

WOS ect 3. excitl aunting. Lk
I5e %V@edallst jlgﬂ and S stems are requned

One ork SUg serv onal data In" real-
o| The SJo h allenge to sclentists 1S f0
eveo F erc tlon ene the

entat|on rameworks to explort the ne

Brﬁortumtles created by an  integrate
Opean approach.

The pecullar |nter reIatlonsh|P between model
out ut an % s rvational da for oth

é]]ee‘{ﬁ ;}?ﬁgﬂt pagmg and valdai e |{ga

es fo CO”CSPd?nau%rd queﬂlty
assurance g]d mode[valaa ation.
Instrumentation

Extending the scope of operatjonal oceano-
raphy, F% eual? #we?a Rtf blf?o |ca? h
hem dp arameters Ibe close eIate

evelopment o mstr me tlon
Lea -times hetyveen ;froci -0f concet abora-
to tests and availah rg mmerdal

ine_packages have tra ||onaIy been of
or erofa ecaeortwo



Figure 5

Centre
Met. 0. (UK)

KNMI (NL)
Delft H. (?)

MUMM (B)

RWS (?)

EDS ()
NIOZ (?)
IFREMER (?)
SHOM (?)
CNR (?)
OCN (?)
Met. Eir (?)
BSH (D)

= velgel

Model Name
FOAM
Global Wave
Europ Wave
SURGE
UKOPMOD
NEDWAM
NAT. GID.
Delft 3D
Delft 2D
TRISU. 3D
DELWAQ
DELPAR
DCSM
MARS
PREMO
RESTWAQ
PHIDIAS
DELFTNN
MU-STORM
MU-WAVE
MU-SUCK
Neural Net
Arl-9ax-E10
WAQUA
WAQUA
ELISE
SOAP
MEDGCM
MAESTRO
WAM

OP BSH

vector?]

= sUrtace elevatio

= pressure

Model Type
0GCM
Wave
Wave
Tide/Surge
Tide/Surge
Wave
Statistical
0GCM
0GCM
Tide/Surge
Water qual.
Dispersion
Tide/Surge
Dispersion
Tide
Dispersion
Wave
Tide/Wave
Tide/Surge
Wave
Dispersion
Tide
Wave
Tide/Wave
Tide/Surge
Ecology
0GCM
0GCM
Tide/Wave
Wave
0GCM/Tide

saI|n|

Area
Global
Global
At,Med Bit
Eur.Shelf
Eur.Shelf
N.Sea
N.Sea
Shelf est riv
Shelf,est,riv
Shelf,est,riv
Shelf,est,riv
Shelf est
Eur.Shelf
N.Sea,Chan
N.Sea,l.Sea
S.N.Sea
N.Sea
N.Sea
N.Sea
N.Sea
N.Sealother
S.N.Sea
S.N.Sea
Eur.Shelf
Wadden
Channel
NE.Atlantic
Med
Any
Eur.Shelf
N.Sea/Baltic

%atu re

WS Ve spectrum

Oper. Date
1997
1987
1987
1992
1996
1998
1996
1998
1994
1984
1984
1990
1986

?

1991
1999
1992
1994
1981
1991
1987
1993
1986
1989
1985
1999
2001
2000
1998
1997
1983

Y| i

Predicted Variables

v,s, Tl

wh sh,ws
wh,sh,ws
v,h

v.h
wh,sh,ws
v,wh sh,ws
v,h,wh,s,biol+
v,h,wh,s,biol+
vhsT
dissolv.

s, T dissolv.
v,h

dissolv.

h

dissolv.
wh,sh,ws
v,hws

v,h
wh,wh,ws
spill position
h.sh

h,sh

v,h
v,h.dissolv.
T,s,chem biol
v,T,$h
v,TS
v,wh,sh,ws
wh,sh,ws
vhPsTdl

dissolv. = dissolved and other substances
+=more also

EuroGOOS catalogue of existing operational, or nearly operational models

Horiz. Res (km)
100
90
25
12
12
32
N/A
Any
Any
Any
Any
Any
9
Any
8
3.2
Any
N/A
8-70
5-50
N/A
N/A
N/A
16
0.5
3km
15
10-20
N/A
25
2-20

Source: J Davies, UK Met Office

Vert Layers
20

Atmos. Force
v,solar+
Vv
Vv
v,P
v,P
Vv
v,wh sh+
v,P heat+
v,P heat+
v,s,heat+
T dissolv.
Vv

v,P

v,T
X
Vv

Vv
Yes
Pv
Vv
vV
X
vV
VP
X
v,PT+
v
v,T
v
v
v,PT+

Nested
X
X
Yes
Yes
X
Possib.
N/A
Yes
Yes
Yes
Yes
Yes
Yes
Yes
X
Yes
Yes
N/A
Yes
Yes
Yes
X

S X X o> X
wn

Yes

Assim. Var
Ths
wh

X

X

X
wh,ws

X
X
X
dissolv.
h
dissolv.
h
X
h
WS

dissolv.
Yes

XXX A5 X X=X XX XX



The development of Sa ellite Remote Sensin

will drc a\te the rae of develrﬁment 0

;

RIS

arameters
e of order
decace

fi lon rter
dEVEO ment OfO £ atrona 0Ce HO? Eé

ﬁ) emned y £ OfGSI%htO SCIENtS
ecrinologists

In prioriusing areas

Investment.

Model developments on a European
scale

Wrthrn a few years, It will be neces%arir(
have a major o(oera tional ocean modefli E
centre In urgse Possr ly n networ
orm% c ed Tesources for regror}al
marr e mo centres.  Much

for Eu

S iy naﬁ%

o anetwor
ne% fgrie organrsa jons, and dedicate

?r computers,”with teams to- operate
ﬁ (rJn in opérational mock. :

Afur e task of SAWG is t ord
scieptitic criteria for Euro eanan re ona
marine operational modeI Ing centres.

Experien eI in the rése of models needs to be
mare wigely share

EuroGQOS can, provide a useful service tgr

e? motin th inte com snanﬂ partl,
alldatio or%e S asslst
Agencles t o make CNOICES,

EuroPe has a hrgh skill level in the

development of ecosystem moclels, which
are a(iﬁr 5 t the gorn of being used
operationally

Data assrmrlatron IS a major area of pew
techniques and learning, evy] r] ratrves
are needed, and EuroGOOS shou

\a\n"}PEg er-groups, such as EUroCLIV R

%uroG(?%S Members should partici frte in
onal Ocean Data Assimilation
Experrment

o Different specialised tasks can  be
Ist r%uted onpa noo’ Fnetwork

o Stafistical and climatic models are needed,
ang are_useful for climate forecasting, as
well as fisheries management.

Neural  nefwork echnrﬂues are showrng
romise In  stafistical  forecasts
uroGOOS should_ collﬁbora wrth
uroCLIVAR {0 rrn/es tigate the potential for
their use operationally

Quality assurance

Increasrngsgr the user f?f environmental data
| access (on- or 0 |r]ne an rnfor atroH
system rncor oratrng hot erva lona

b
and forecasfi g gpredrc ron(‘j ou oe
Important cnar cterstic of, an ﬁ vvr]r
ang/ otentla ustomer vvrI Fee Og/
N
thri ugﬂgut wnqe operation Isystem
Numerrcal mogels srm%atrng rocessei In the
$eas an ocean have Deen operational for a

num grse orre érres WaVES,

Mode 3% or te era ure urrents ar?

resenl er ev uatro or op%ratronal

urPose rther mo ?mrca
9rca| and sedrmento ocﬂrcal variables are
POS ect as understan lorocesses
ove and as comguterc aCl ncreas%

T gortant %ue flon t as g
resse In eacn case is

they?”. In tun this be sthe estro therr

purpose, and how fit th are

Requlay observations are IrlFer to be the mos
ex ensrve comPonent of “an _operationa
system, and 1t rmpor to find out t h
rnrmum an r%/ couracy
o sen/atronal ata eessa to kee amoe
ones owevert 00 ts of arntarnrnd
eso e, ecraw rou% Je%uen
993 n cogrpu er tectinology shoul
erestimate



Part of the em QA must be vaIr ation, for regresentrng the t urbulence Numerical
thg rL endent (i.e, not srmr Instabilifes r%a%/ arrse rqm _ finite é natio-
ate o S rvatron%I ata w ua r¥r e temporal and bit len gaﬁ rmrtatrons an from
need f omPare the moge screthsatron upctions . In tn
out ut ﬂata Rare t/rvrc? 15 test data ever (ﬁorrt ms So rea rtrn%rs essentral T

omprenensive, 1t Will be limiteg to g smal plete system s

?rror analysis of a co
groportron of the ouM sometjmes from a here ore an important and non-trivial task.
0Ioecral and expensive ed exPerr ent.  New

ata comrng nstream rom mplementations There is a limit to %eneralrsatrOhs agir 3
of GOO FuroG sometrme? DIOCESS, em,a 5 ev%/

serve hr u%)ose (P uture Ibservatrona rcat on are eren fferent crit rra
data alr %ron assimifation or QC been addressed

testing, H enerall

e INhomogeneous . K&% Thrs rnclu 6S a usetu[ﬁ
? s%r [eco (i

mrxt eof srtu eserres along t rack ssaryo terms. r% part 0
data, Ja rangr data and remo e Y sense fhe fo rma roe re of model égua tgcontro
snas Te re atjve values hese to In the area ?f rn strraI hazar uro ean
0%9 trona systems wall vary (Voorrips et al Model Eva atron roirp have (Pro ose
){ rotoci) su ﬁorte ﬁ
XI Both hes articles em asrse (%A
In a validation exer ?e drfferences be Involves sa 6S In the system, {
observatrons and moe outp t will arrse rmpo ant oeo var onandt nr ueness

errors. In either es o eac case This suggests that t ere ot
need to he addresseg1 %e fore a(ﬂndﬁ passes be much generic on??hat can ne one ﬁrh
from development o operatrona status togrc an ‘at uro an 5vmcaé/eet Iow

I
Incluc; Casesm G?rrrtsen anE Proctor, 199). T

a) thow close must the mod%e out uIt and experience of meteoro ACeNCIES over

0y

test 0 serva lons be to. use many years must surely oerelevant too.

) AT e

Cocy’ he echnologenz:nent rocedures  of data
) apr hg assimilated data reduce output %ana ement 0y qéjf‘ p s of G
9 ﬁgrrcra dy do e engrs uid a5 3R é%s'%'t sihonance r‘rj%tt‘t‘ergoéh“ °c”
g dvehe Csﬁ at?r]o t%”‘%%(:j %ﬁ%efgé of e grafw et I%%mme%e nee\gl {‘orS vl of
) Mmbe L B g

at IS the optimal set of observations
[ estrn temor?e 0 rammes suc
0) r? the oétrmal nnot be afforde ‘I)'GOS for Orge atron g]ro EdUteS
ht'@astet'shat Cange rﬁ rde(accuracy W't manua ot13 ccfaa mana ement (ua %rrt]era
Unesco, 1 > Oper onaI a encr%sareawn%

erating routine srvrces have thelr o
EO\é%n with the reat c? GE‘%%E 323 raatéarlable Bﬁh[ QC oirtrot] L L
arat/r, errs%d rah be srmul\ae arc rvrng rUles
%rec% turoulence Is the obvious ﬁxa

here are many others, such as hf he Sea I¥et péot%ramme 1s.deve o in commog
ormat or cquisition, )
Bea%ars %poc%rap \X/heh %%ﬂﬁ%%)éaf)aptf%%%sgg ransmrssr%n oreﬁ %H rgf]trument stat gns rn

reqion.
BFa thgf&gaeihgv ,ﬁ%ﬁeﬁgu?feﬁo?g I Medr terranean Forecastrng Syste i srmrIarIy



developin datii a]eﬁement programmes. In
recent(?eas all colla oratlve ST research

rojects supported p have heen
p(ﬂ%e pnc udey ﬁplICIt atz%
man gement plan, vnth allocations 0
resources
It 1S too early tohe s ecmc about 8en ral dafa
mana emen ﬁ stan |n
uro OOS ert an to sagf that a erenc?
sﬁn ard svn an essentl component of an
icient angl rell abIe operatjonal system. S0

ar as (i)osslbe the standaras and procedures
a onte be compatible with pre -eXIstin

International  standards, allowing EuroGOO
to fransmit data info ang out of The European
area of Interest wth maximum efficiency.

Fact osrs to be taken into account are shown in

Box 5

Evaluating systems and requirements

Infras fructure  for data exchange and
transmission

[Viet systems, t at 15 GTS

Ocearfographic data and systems

Requirements

|dentify. using regional activities and the needs
of he | er%t onltonng programmes.
V\/hIC van es anQ ProcRSSes are;

Forecasted

Nowcasted

Hinacasted

Data manag ment

Data po IC}/
Pro rEY .%ht Ie aI agreements

enf at|o Val |dat|on
Documentation, meta-data

Data exchgnge mechanisms
E-mal
FTP

GIS.
Traditional methods =~~~
Deaicated electronic links, fibre optics



Comments & recommendations rOUtmﬁ pr (8SS %at
from this section assrmr tion acts s o re ct

) Data management must be condycted ta b%“ D be f ard cra?ln
néer mter%atron protocols suc?r a ?r u@r%’rﬁrnon o%aols daars?rr%ﬁ

overnrn the’ transmission an v)  Operational agencies .are not Usu
EAGTE N A e
rr(r)egsure grn trcansm tted yrere and neede#: fc()r %lrlr ats%sSta rstg\:/e/e \t/rerrrre aerrts
conventrr? tregty, or a reement on t H Present sra?e )r/rroGOOS SAWG Is ot
generarla%)rlrr] atrons tos r)em excrrrr%r;ﬂ]e N a position to specify an archiving
\A[}ﬁﬁ(r)vatrons cf. Resolrutron 40 of Vi) pr%e : roGOOSmr%rIo t Proj ecs bern
. an
i) Int hea%enc ofaqenerally applicable or ? Ync ug B rme aata
rea efine % #)0 cg 8rotocol? ) mana ement an exc ane
mber  Aden

share and exchanqe data set% eSetwveven Vi) gga(l{let fo usﬁr}ade aérde ﬁéﬁ%&?ﬂl&"eetﬁef
e a3 B S
ou \Pq%s meT 1S 00es not precIurJno qh ms ruments He North \West Sﬁﬁ

‘1 0 downstream )
comm rcial data proaucts. viii) (%ualr control agd g a vaIrdatroH
ou

iii)  Some  remote”  sensed E)roduc oce Ures %r e automat
S\Cléll-tlFeerF(Q)/r,TA]reTgr Wcla]r(rj o dvrdAe\ "r?e i iX) erever rgsrsona? ocganography is
Delivery Pro ugts (1- g ay§ 0 esta% ?Ped there Wﬁ? g £ Xe

standars Ich are ac pta 3 compre ensive manﬁras and proced ures
modelling. owever] elayed moge i st ata gat rrB
Ero ucts™ are . much more accurar] calibration, manage ent Pro a
urther effort is neeiied {0 Improve the In electronica y acee srrf fo !
. accuracy and reduce atenc of FDP. E)ref]ent It 15_not Rossrbe to consicer
\v) Data anag?men urres a strict andardisatio
Pri)cedure or qual assurance,
evant to each variable.  Once
operational  mocels — are  running



Extending predictability
Requirements

Adequacy of present forecasting
ability and related limiting factors

and constraints The following table shows a method of

The variables and parameters measured ~ aalysis Whicr compares the types of produc
a0 modelled n each region differ and ity Ve, alead el elbped

Hid L : operationally In each region, and the causes of
likewise the range of forecasts required _n_stra?nts ¥n that re %n. ﬂ]ﬁ reasons. for

differ. In Some areas requirements can il e reguiramerts or e Toreca
be met, but not others. The cause for a oﬁ erg between re%ions %Pd Parameters Jhe
forecast failing to meet demand (the table is not complete. It illustrates a method.

adequacy of data or the quality of
modelling) are considered.

Table 1 Examples of technique for identifying functional limits of predictability

Parameters Stage of development Time range of Constraints
. prediction required
|ce (Baltic) Ope(rjaﬂonal prediction 2 months Atmospheric forecast
mode
|ce (Baltic) perational (model) 2-5 days Atmospheric forecast +
. _ ice cover(?)
|ce (Arctic) ~ nowcast gmapf)lng of Atmospheric forecast +
data) operationa PAR, rheology of ice -
_ . knowledge thickness
Waves %Baltlc) Operational 2 days Atmospheric forecast
Waves (NW Shelf) Bﬁer&tgnal (UK, NL, DE,
Waves Mediterranean; Operational ECMWF 2-5 days Grid resolution
Waves (Mediterranean Operational, Spain 1-2 days Atmospheric forecast
Waves (Atlantic) (Od)}%atlonal, ECMWF 2-5 days Atmospheric forecast
Sea level (Balticg Operational
Sea Level (NW Shelf
Sea level currents (NW Shelf)  Operational
Temperature (frontal structure) Research everywhere
Currents Research everywhere
Tides }Barents Sea)
Tides (North SeaR_ _
Temperature, Sa |n|t¥ .
Chlorophyll (algal blooms) Operational 2-10 days
(NW shel
Imbrovements in oceanic densi flow field, e.. the presence of mesos |e edldies.
andp current vertical structure Y This In tumgme S tahat forecast SC&i heaVIIy
lenends on the amura%mth Which tne oceanic
forecasts |ﬁ| 13 c?n ition IS~ known, _'I'IS puts,
The ocean der]su?/ and.current structure_deéjr?nd, ormidable constraint on our capab lt¥ {0 pvrﬁg.l {
almost In egua oIportlgn, Upon air-Sea INterace { %ceean dﬁnSI an cmirre? [UCIUIE WAIC
momeqtum, ter and eat fluxes apd the v% 0!g)amal IY Ive iy f 0servations
intemal  nor-linear  dynamics of  the of the oCean Interior and high resolLtion accurate



atmospheric rame ers e available.  The
rncreaseid Slgr ICt || the ocean inferjor
tevarr vvrII affe ourcag Il

Eau i i A
2 T fei
ar €S al terS re Cth

ron I our |c
g eanfow |eId and nte actr nvvrth he
ovver aeas.

Thrs Is the field v\h re ata assrmrlatron
have been rad |ona eveI Ped %oéa e
raronalytaﬁr In.a res rcﬁm e 10

rm ro he [r e of the argescae
%rea(sna%tsor?tron should Be%ié)cused] %)e future on

eve o{r}amen of adecwate muI tivariate daja
a%srmrlatro scheme tallored 10 (he 0ceanic
servational netvvor Thrs should Involve a

mix{ure of remote sensrng and In situ, vertrcaIIy
resolved data since { Jon P 0ceanIC

B"ﬁ‘s regimes rnvove stratified  water

Seasonal oceanic temperature
structure forecasts

In recent years, the |mportance of EI-Nind
phenomenan and i aimospneric rela]ed

asgects %n he wor wrde economoy
tered eveI agment seasonal oceanic
o erational ? couE gcean
amospnere moge sTessemr ase upon

sen/atrons o and
data a global ocean mogels  with
assimi a\tron components. orecasts ave
ractrca kill up to several months or ave

afa assrrnr ation ré)méaonents mainly consi

univariate In ut normall unvar emQ
update, even If ex errment wrt multivariate
éaut J) rameter aP at%s show some uccess
nrques e ased on hoth. time
rnt]ermrt ent_or continupus data assrmr eirtron

schemes.  This system 5 Iun 0 era lonally at
NCEP and pre-operationally at EC

Short-term open ocean
mesoscale forecasts

The oceanic es]oscale IS im ora £ for the
development of the open ocean trophic chain,

oerhah)s also In the coastal areas sjnce
mportant Ofransf B oross the continental slope
are carried out Intermittent mesoscale
?dg field. urt ermore, the mesoscale e d(v
1S essentra 0 understand and predi
sound Propa ation In the ocean |nter|or or an\x
krn M eo erations. ort term(1
(ére cata emeso ca or cast system

@nﬁch St e g i o aeepo i
observing networks, |g sou src
dro amical models’an ao |cat|n a

uctlon, . sound (a{]

lr eterromrneat%rrr]ma ?recast d mesos
gﬂt rp a?ctrve |<|II has ensﬁovvn {0 exst
for maximum, few weeks, depending on the
dynamical regime.

Implementation of SeaNet in
collaboration with EuroGOOS

%Net IS.a EuroHean organrsatron concerned
monr orwg etwork3 on fixed structures
Sea region, e SeaNet
org nrsatron IS a co-operation be een the
North Sea monrtorrng %enc es with regular
Hreetrns fo exchan Aua experrrﬂrcs n
ommunicatio data’ co gctron
5 meE rnﬁs are Used fo Identify |scuss
an establish  co- opera |on betvieen
embers Involved in Se Usera In t ?
No Sea countries m ght redurre additiona
Parame ers or eve tro statrogs new
nstrument cno y mrqn n%rovre new
%) ortunrtres neo more Memoers can Join
ces to wor oyt solutions. the
develo ent% cert% “ects C0- oRer tron
IS Sou f are take
rnterna |ona R& %r N?rammes suc as
AR national
Eror%rammes natronal developmens and
(OOS developments.

The objectives of SeaNet are;

o a3 homogenous distribution of fixed
monrtorrn Sites,

. Bromotron gf opline  data exchange
efween fixed monitoring netvvors ,

o standarcisation of data co etron
Processrng methods and  validation
echnique



* 00 eratron rn the development of new
measuring tech nrréues and sensors, and
estrn 0 exrstrn Bnsors,

o exch ane of - experience
commy oatron? d data ooIIeotron
particularly on fixed structures.

The Iong -term objectrve IS t0 reglrse a ortg

Sea . moni orrrr\% g/s

monr orrn networks as a contrrbutron to an
% Euro ean marine monitoring ana

orecasting system

A surve en carried out by Sealet o
e needys o%sr fe rmation and oEovortunrtres or}
the fixed monl &rrn netvvorkg [ arto his

wgresﬂg\e%t/ vrﬁrrc?r wét? uggse the oﬁrr%al IrIr

?e en EuroGOOS ang Sealet. The results
rom the SeaNet survey indicated that 1n situ
easuremen S tarn thelr Importance in the
fure, In ssprte of f 9rowrn9 Importance of
remote sensing and ope tional modelling. As
a result from he SealNet survev three wor
roups av ecome act ve hy are
ata ne ace Group (D rrent
Tem eraue Salrnr e%
Alét maIoe renceasurr s o tamer{rSan
contrrbutron g Pr germ ob ectrve o%
SealNet, . slx monr orrn enore four
companies from Beloiur, nmar ermav
Net erIands No % Sweden ‘decide
exectte a  SealNet Da Interface f$SND
Hro ject. The pro!ect co rises. te definition,
gment an ﬂ entation of a data
Interrace which will  fac tatI the  data
exchanﬁe between the nationa monrt rrnﬁ
netwar Xroposa nas
sublnrtteg een
osit rveI Jt IS expected fo H
? DI roec In Octoper 1998 rc
|ast or \Ears. Herewrth SeaNetvvr
ontrr Ute f oan rovemento t% rth Sea
rﬁed onrtrorrnsq rastruoture t nas becomg
eaNet Initiative 1S very muc

come It offer erSPectives an
g ortunities in the ret?t of Prxeﬁ monrtorrng

i B g

pt) Sea countries have agreed to
contr Inute.

Gridded bathymetry

L the Egro ean sea areas the historical
aok roun f many different hrédro graphic
aﬂ aﬁpr srvrces means that bathymetr|c
arts tﬁr S are not eonsrstent \/\/hr
rs matter e att ntion of
\9atroma urposes,. the fact remarns O'a
(5 metric In ormatron IS errve
oresented 0 meet Specific urﬁose
urI rn safe maiornso brases These piases,

compined Uriavoida er[]or maliet
data sets unsuttable for modem hign-resolution
modelling.

EuroGOOS Task Teams, and m tings of H
gefrcre crggvef 3ngroler§$r % gﬂ
rc} amrc rtrodﬁ tg

r
ca ?e ra ation o § Jr
tttJ models, stormsuremo els estrmaes
sediment transport, 3nd wave prolr%aga a
refraction - mockels, e%os
pu lications submitte to ﬁ
Smrth 1997 escrrbe so e 0
Use a oStgrrnmerJH rnoceosordrr? Stte syst Eo
g fPvrde or better Jntergretatron oert ”tr
met ractical limitatjons on o(r
t\ytore esent?pe suntleties ? Ptan 8
gsoméJ of which are F(treme antg
grror ora Syr
mo els. “There rsaso ) Lera le Aancer&ann%%
In the arameterré rono ottom r% I
also ay depend on the ottoms
sol e emIst eparam?te ation of
?ub re ron ﬁcale variations ot bathymetry
or refraction calculations,
ro osa rder VI reso utron rr
r)r/]mevr%rfort fseas oa e
200 th possiole exten 10 \Aﬁ
res utro own the she so . The
vertical r (fso ution of 1.2 Mmetres, or a few
eroent of In dee er water, Al encref are
Eartrcr arnlr__r rom "~ reland
erman ce, and %In Specia

Pro lems.  Water dept rsacrr Ica aramg

;)at?r Even so, [imit tror\ Inour, no%vfgde
t

rgnr cants Urce 0

rougnnes ar rno wavesoarnﬁ oes
AEuro OS Stu ou aims t clevel ge d
g reso onvvr be 500m horrzona /| With
attentio vvrIrI Be given to the sha qfow coasta



zone. Completion of the project will take
anout 3 years.

Vit

A second, phase of the
roject vvrIIpana? % h
Iterranean.

grrdded bat h}/me Iy

e requirements Tor

Observational networks

)

There are gaps in present observin

schemes, ebo(rhprn ternEs f \9 gﬁrg rcaq

covera g, and in terms o &1 sno%

e me ured The precrse frnrtrono
HS epe] 0s "upon the  progucts

re uired, ana the cus 8mer 'S obgectrves

Eu oGOOS s {udies Indicate gaps in

o chemical data

o Sediment data |

roductivity, colour,
" ey
There are |cuIar ps N (ata
coverage in sha Wcoast Waters.

Long fime series, in the Oﬁn 0cean
esse lal Fo monitor deca and mu d
ecae changes In surface and. mi

waters (Dickson, 1997, Parrilla, 1994),

To ensure continuous Rolr fical effort fg
arntarra 0ceanic obse a]rons t

an aavantage to Use tne Justirication
0f European trectrves ora Treaty or
other _ Convention arrsrn% from e
UNCED Rio Conven tion, Or the Goba
Envrronment Facr | ﬁﬁr resent there
IS no Convention urres states
to ohserve or monrtor eoc an,

Observations and modelling system

)

European Direci rves on water alr
re ocerned Irectl wrt mon orin

E che s of ea vvate
ut ten o r nore the physic

B 5ICq deIIr[ge lPOVI es the
nclerpinning Tor water quality models.

Ne\g bserving schemes and ecos stem
ocels  arg ebed for crng
Etul algal blooms and prima

productivity. Co-ordination” cou

sustain Eurogean leadership in related
operational f recastrng

ii) The Europea \oRmen
fervatron nk In th
Atlantic shoul cont \ te to he Globa

Assimila ron Ex errment

cean
GODAE) ~ whic It
gperatélrzrgrl phase from 2003-2006.

Forecasts

Some generic points apply:

erational . oceanographi
rrﬁerrr Hrnke ) mg ?g f orec fin
ere are unrversa anrre ents _tgr
rm fovements in forecasting ﬁ surface win
stresgzlI %nd thermal exc ange at thg Sea
u ace Wit combjnaion;, 0t direct
measurements and dynamically linked ocean-
atmosphere models.

Fhort term forecass are d eterministic, and
on term orecasts rely on stafistica

' Short erm r J) vemens depend criticall
Eon Improved  monitoring  and  dafa

aelivery,

Waves

C It |s desirable to extend wave forecasts to
5 days It ossr Ie

. lolrp (r:%\S/telrrnen depend ont?pon ermmpmgg

maoo
o There rsane orm rove the mo eLrn of
rnterac Ions be f Wi veﬁ ottom

OIgrap y esPecra ly in shallow seas.
tion of the her%ht of maximum wave

crest IS a SErous probiem, and needs more

J [g;e Atlantic, forecasts of sa S r[ace
con tions 10-20 0ays ahead are esrra

re astin

Surges

. Sea

vel and suroe forecasting is generall
Trfeve oped %en/?ce J Gty



Comments from this section

) TheTask Team analgses show tha here
IS a range o core Variab e Which are
common to all Sea areas o Euro e and

t%rr]eIC thg?r SPur\ttqner ran ?l g’f
varra%les which have heen rden ﬁed 3

Important 1 only a subset of the sea
areas The conclusrons are not

SUFprIsin bu it IS important to not
\t/t\;ﬁE t% lists_ are basg d on ana SIS

the workin rea Me r%en 1S
rrect}r res ons N not
theore ca(g esstrmat S,

eams 0 have different

rocesses o mode nd forecast In each

ercaes a diffe ent

roah an dr erent sofmoes

v& e edeterm nin aracterrstrcs
ich dli erentraetergronsare

Arctic

Year long sea ice, multi- ?/eacr
o/erma{tent sea Ice over oceanic dept water
arge river in ow eep convection,
Intéycon etons It qther oceaq rns
ex orte stocks begrnnrngo and g
explorat ron

Baltic

llow water, low saIr minimal tical
%t?uence periodic rnflow rom the North Sea

high river inputs, Intensive fisheries, large
adjacent urban?satron and |n§ustrralrsa tion. J

NW Shelf

seasonal erro stra ITication”and mixin
Iarﬂe S gment Inputs, are Bel £

ras% requent, storm, o

o oundary with the A {fantic; rtensr
herres Intensive _maritjme transport
urb anrsa lon, waste disposal, oil and" gas
explortation.

Int ense tical c rre s andﬂmrxrng, Aternarngg
t

Mediterranean

Mrnrm tick, oc anic twe d Water
herm aIrne circy atron md crng of
Urface currents, Very narrow contrnental 1ghelf
@tostyi intens e evaporation ow Tesh

fer I uts ey po ductiyl
r anrﬁ Waste rgpog octgl
eutrophication.

Atlantic

Full oc dan scale proc 5563, boundar¥ CUrTents,
Intermegliate  and eetp Wat e aion
%onvectron mesascale ddre ronts, riaal
érctua lons, sea rce {ropica rocefses
g rocesses rg regiona rrmar}é

uctvrth/ exploite frsh focks, g%
orm tfs, W a]% in nort
northwar heat trarisport onag al scale.



Extending Predictability

New technology, instruments and measuring systems

In consrderrn% the scientific base for
EuroGOOS, the SAWG has revealed a
range of technical issues which affect
the ability to obtain the scientific data
required.” These issues are described
with cross- referencrnct; to the review of
available and needed technology carried
out by the TPWG.

The foLowrng comments an r?commen a-
tions _ have ~heen extrace rom ?t er
FuroGOOS documents, and the work of t
SAWG itself.

Comments and
recommendations

) Synergistic combrnatrons of In sit
airborme and remote sensrnPs instry-
enéatton | re Uire optimisation In
the cesign of monitoring systems.

) Long range HF radar can provid
) surfgce cu?rent dwav zeldsprn reanl
rme Okm offshore
echno |s aIread bein rnstaII d rn
rmr ed 2 10 su rto hore ol

aronﬁ)rm UC |on ecgrnrg:em? C"”Sr're% rn

or
ata & rmrIat In rea
an oV e coverage a}ta
scaewhrch cgvesmost Europedn she
seas, and much of the Meditertanean.

i) Insgum(fnt acka and platforms need
g esr erevr ssiole, 10
enerate a ata Stream Whrc ermits
?uctro % veraﬁ
alue rter han oint. Values.
ProBose rZ Bo progect meets hrs
equirement (ref. Documént EG97.60),

Iv) wor technolo rcaI }]m rovaents are
rﬁ emical  sensqrs
e ecially Inor er to Increase the period

of use without fouling,

V) New acous(s% systems are needed in
bromass and fish' stock assessment, and
under Arctic ice.

Vi) AUVs offer the Iﬁ)ossrbrlry frnt nsive
data qatherrn ace ca e Ie evant
0 shélt-edge %roces es, and under Ice.

vi)  TAO- t¥oe buoys, similar to those us
in the xgenment and currenth
rn use for ENSO monitoring In the

rcaI Pacrfrc should grovr B a Cost-
crve Wa o monrtr he trornrcal
the Me rte{rae
Con trons |n more norther atrtlf es
e too extreme or woud result In
greatly increased! costs.

vil) - Moored buo at present deployed fo
ol o By
8ra eg iric LP bi d)d

houl
ological ~
|0geochem|cal SENsors,

Remote Sensing

Remote sensrnﬁ sys ms are defrneg
rncludrnd satellit servasrons alrbormne
observafions, and some lang-based systems
such as orizonta HF radar Sa Irtes agbe
ggosaronary or Jow orhit,  EuroG
Aectrve require srgnrfrcant rnpart of remo(s
sensed ata emote Sense ﬁrovr
cov ra%e at global re%ona coast

a\/es rgs &, Srf
chedul anned ocean ateIIr
mrssrons an rQstru ents.

Box 6 shows a
summary of products.

Ferry Box project

There ae mo e th n 800 ferry hoats rou |ner
ehatrn wrt In't ecoas tal Waters of E urog
encres va mg etvveen once a week
0 severa |ms ar uF documen][
EGY5.25 % QP fential Use 0
Ett)rro ean ferries orrgartron 0ce nog eﬁhrc
ations” eve o#]rn % g

a eratroi ajtonormous JJ
Instrument package (“Ferry Box™ or “Blue



Box” in analogy to the “black hox” of a
commercial aeroplane) an ensemble  of
important parameters and properties of the
surface waters en route could be monitored
frequentl{// without any additional platform
costs.  Variables which may be measured
include SST, SSS, oxrgen, nitrate, sound
velocity, fluorescence, light attenuation and
light scattering.

Besides _contnbutm([l to  GOOS-Module 3
¢ Momtorm? of Coastal Water Quality” such a
RTD effort addresses the improvement of
technologies for operational oceanography and
operational marine forecasting, thus fitting to

AST Il Research Area C “Marine
Technology”, C21 “Unmanned platforms
and_autonomous systems”. The Ferrr Box
Project contributes simultaneously fo the
development of observational skills, the co-
ordinated handling of data and information
flows and integrated modelling. By these
aspects it is definitely building and |mprqvm?
the  European capam(tjy N operationa
forecasting of the seas and oceans.

As the main area of interest is focussed on the
coastal and shelf seas of Europe, according to
the normal operational routes of ferries, the
end-users of the produced forecasts are to be
found among the various ?roups that are active
in these zones, ranging from merchant ships
traffic, fisheries, coastal protection to leisure
activities and vacationers. The Mediterranean
IS included in the Ferry Box project.

It is therefore intended to develop, install and
operate ship-bome instrument packages within
the EuroGOOS community by using several
approaches in parallel. The progress of the art
which is accomplished by this RTD activity is
based on the fact that In addition to the data
?athered at strategic points in coastal areas by
Ixed stations or moored buox_s the information
along the transects of ferry s !Ps will represent
a significant step forward with regard to the
spatial and temporal coverage of European
adjacent seas.



Box 6 RS measuring systems and types of products

Coverage
Satellite:  Global
Regional
Aircraft:  Regional coastal area

Coastal zones or strips
Embayments, qulfs, estuaries

Embayments

Straits _

Fixed coastal sections out to several
hundred km

Relevance of remote sensing to each of the
GOOS/EuroGOOS Modules.

Instrument types on different platforms

Land:

Colour sensors
Thermal, AVHRR, ATSR

SAR

Scatterometer
Colour, CASI
Thermal

SAR

Air photo and LIDAR

Land hased: Radar
Doppler radar

Satellites:

Aircraft:

Information provided by each type of
instrument and data channel

Ocean colour: AI%aI phytoplankton,
suspended solids, circulation
features, gyres and currents, mixing
Zones, ocean fronts, ice, dispersion
patterns, wave patterns, coastal
classification, calibration data,
monitoring change, (weather
dependent()J

Sea surface temperature, circulation
features, mixing zone, ocean fronts,
ice, calibration data, (weather
dependent).

Radar Altimetry: Sea surface elevation, dynamic
topography, geostrophic currénts,
tidal elevation, storm surges, wave
height, (weather independent)

Thermal:

SAR: Sea surface texture, wave spectrum,
influence of bath r_netry, sea ice, ice
edge, oil slicks, ship’s tracks.

(weather independent).

Scatterometer. Sea surface winds (weather
independent).

Importance of combiningI remote sensed data
with in situ and water-column data.

Advantages and constraints
Satellites: ~ Some_channels are cloud dependent,
especially colour and thermal.

Low spatial resolution

Low repeat cycle, (unless in geo-
stationary orbit)
Fixed instrument configuration.
Certain data sets slow and expensive

Less weather dependent than
satellites, work below the clouds
High resolution

Controllable, flexible, ground
truthing. o

Data can be used immediately.

Land based: High resolution
Limited number of system types and
installations

Aircraft:

Applications of remote sensing

Meteorological systems, geostationary
Survey Pl_annmg

Survey triggers

Holistic views _

Inter-regional comparlsons

Consistent sub-systems over large areas.
Input to modelling _ _
Provides data from inaccessible regions

Remote sensed data can he used to:

Provide surface forcing for models

Model validation and Subsequent development
Assimilation into forecasting models
Operational off-line, non real-time use



Recommendations for steps
necessary to extend
predictability

The way forward: new capabilities

* |mportance of mte%ratmn, satellite, aircraft,
and ground truth, stacking.

» Large scale routine integration and
assimilation into models

*  Algorithm development, improved
interpretation. N

* New variables, ice thickness, salinity.

» Quantification of frequency of natural
surface films. _

»  Combining airborne and satellite data.

» Each EuroGOQS Task Team to identify
and specify remote sensing requirements.

* Improved capability fora common
framework of sensors, better compatibility.

Remote sensed data must be processed in
hours to days, rather than weeks to months, if
it s to be useful in operational aceanography.

1L Further develop multivariate data
assimilation systems for the physical
P_arameters and include them in neér real
ime  pre-operational  systems  (0-5
years).  The multivariate input should
Include temperature, salinity, current
profiles, sea surface height “anomalies
and sea surface temperatures from
satellite and the model should be
updated on all the dynamical model

variables (usually three momentum
components and density),

Extend the near-real time observ,mq
network to include more physica
parameters, in particular current and
salinity measurements (0-5 years).

Develop the observing system for upper
ocean  biochemical ~ parameters  in
particular nutrients (0- yearsg, Wwater
column optical parameters (0-5 years
iy production 50-5 years¥ ang
unctional groups (5-10 years), small
pela(,im flshes_g -10 years.” The system
should be_ built upon remotely sensed
data and in situ automatic monitoring
systems.

Further develop marine  ecosystem
models, including the physical transport
components and feedbacks, for the
pelagfc primary production (05 Years)
coupled to data assimilation tools_for
the biochemical ~parameters  (5-10
years).

Develop complex water quality models,
coupled to marine ecosystem models
which include state “of the art
hydrodynamical models.

Develop new techniques of coupling
marine Pela_glc primary  producers
forecasts 1o fish stock assessment tools
(5-10 years).



Regional Test Cases and Pilot Projects

It is expected that the ocean circulation
can be predicted further ahead than
weather. This is the bagis for climate
prediction.  Providing the theory and
associated model validation of this
hypothesis is the highest priority
research  target  for  physical
oceanographers. . The practical” way
ahead 15 to break the problem into two
parts: local and global. The geography
of the Task Teams reflects this, with the
Arctic and Atlantic groups addressing
near-global scales and ‘the shelf-sea
groups focusing on ‘local’ aspects.

The  products of  operational
oce_anoqraphy in Europe relate to
regional sea areas. The modelling and
monitoring ap?roaches will differ in
each case reflecting their intrinsic
variability and end-use concerns e.g.
surface ice in the Arctic, eutrophication
in the Mediterranean.

The following Regional Test Case Task Teams
have been established in EuroGOOS:

Arctic

Baltic

North West Shelf Seas
Mediterranean
Atlantic/Global

Pilot Projects will address generic aspects such
as the potential benefits of-, new models,
enhanced ~ computing _ power,  higher
resolution/accuracy — monitoring, _ networks
improved techniques for data assimilation and
%uah_t_ ~assurance.  Observational  System
ensifivity Experiments will be used to Telate
the enharicement in output data to investment
in monitoring networks and to indicate the
inter-dependence between, for example, the
Baltic, North West Shelf Seas and the Atlantic.

The following tables are extracted from the TT
documents and project proposals. References
are given to the original” documents.  The
Technqlo?y Plan WG has conducted a survey
of the instruments, numerical models and dafa
transmission s¥stems presently in use in
Europe  operationally, and ~ this report
(EuroGOOS Document 4) reveals the range of
variables measured and predicted by different
agencies, and by sea area.

Lists of variahles which need to be measured
in each RTT are shown in the following pages.



The f(fllowing variables are taken from the proposals document for the Arctic Ocean System and the
(lobal EnvirGnment;

* Wind stress, atmospheric boundary conditions « Ocean colour

» Temperature » Primary production in ice

o Salinity * Nutrients, nitrate, phosphate

« CFCs o Oxygen

* |ce albedo » Carbon flux in the water column
* |ce thickness » Carbon dioxide

o |ce fabric _ + Carbon-13

* Polynyas, ice leads, brine pools J ChIorthyII

* River run-off inputs J Bhyt_op ankton

* Precipitation * Particulate Organic Matter (POM)
» Evaporation * Micro-zooplankton

* Bathymetry * Microbial activity

o Currents. * Carbonate

» Descending plumes o Alkalinity

» Eddies and fronts ] gH_ o

» Boundary currents » Sediment characteristics

» Seaice biota » (Geochemical traces

Baltic TT

The following table is taken from regorts and tables conceming Baltic GOOS published in the
Eur06088 P?an, 1897, and supporting Hocument . : P

o Wind stress o Current field

o \Weather J Oxygen ,

o Sealce * Nulrients, nitrate, phosphate

o Wave spectrum o Sufacednft !

o Temperature o Primary ﬁ)roductIVIty

o Salinity o Chlorophyll

o Sealevel » Transporf of fish larvae and eqgs
. éurbédlttsy » Fish reproduiction volume

o Curren



The following list of key variables was identified during the SAWG Meeting of 10 December 1996.
The variables to be measured in the Atlantic region will also be determined by the observational
strategy developed within GODAE.

Wind stress, heat fluxes and evaporation
Waves, Hs, direction, spectrum, swell
Sea level o
Surface temperature and salinity fields
Temperature and salinity profiles

Sound velocity field

Sea Ice

Bathymetry

NW Shelf

This table is taken from the Minutes of the North West Shelf Task team meeting of June 1996
(Document EG96.13). Variables required to be measured and predicted, including those which can be
measured now, and which may be measured in the near future.

Wind, stress
\Waves, Hs. direction, spectrum

Surface temperature field
Surface salinity field
Currents

Water quality
Temperature Proflles
Salinity Proﬂ 6s

Sea leve

Tides

Storm  surges

Sea ice

Ocean current field (especially near bottom
curre_nt52 _

Nutrients, CO2 content, light

Biological productivity

Biogeochemical fluxes and tracers

Coastal pollution load

Phytoplankton, Zooplankton, Nanoplankton,
bacteria, virus levels and fish stocks

SusRended sediments
Bat ¥metr¥), changes in bathymet
Coastline, e

Nitrate

Phosphate

Nitrite

Silicate

Xyoen
Sodind velocity . .
ngiht transmissivity
Chlorophy
Fluorescence _ ,
Bagterja, virus concentrations, (required, but
difficult)

aches, wetlands] mar%es, creeks



Mediterranean TT

The following variables are taken from the MFS documents:

Wind stress

Heat flux

Water fluxes _

IProﬁle of the marine atmospheric boundary
ayer

Sga surface temperature _

XBT upper ocean temperature profile
XCTD, Upper ocean temperature salinity

rofile
ge_a level, sea surface elevation, sea surface
hem}lht anomalies

Surface drift velocity

Nitrate, nitrite

Phosphate

Chlorophyll

Wave field, spectrum

QOcean colour

Precipitation

Currents

Bottom stress, _
Relative humidity, evaporation
Phytoplankton bjomass

Primary prod_uctlwtx _ .
Photosynthetically Available Radiation (PAR)

Photosynthetic activity
Zooplankton biomass™

Acouistic fomography, straits transports,
stratification

River inputs (from local authorities)



Comments from this section

) The Task Team analyses show that there
is a range of core Variables which are
common to all sea areas of Europe and
the Atlantic, as shown by Table 3,
There are then further Tanges of
variables which have been identified as
important in only a subset of the sea
areas, ~ The conclusions are not

surPnsmg, but it is important to note

that these lists are hased on analysis
within the working area by the Agenies
dwectlx responsible, and are not

. theoretical guesstimates. _

i) The Task Teams do have different
processes to model and forecast in each
region.  This _Predlcates a different
approach, and different types of models.
In"brief, the determining characteristics
which differentiate the regions are:

Arctic

Year long sea ice, multi-year Sea ice,
permanent sea ice over oceanic depth water,
very large river inflow, deep convection,
intérconnections with other ocean basins,
exploited fish stocks, beginning of oil and gas
exploration.

Baltic

Shallow water, low salinity, minimal tidal
influence, periodic inflow from the North Sea,

high river inputs, intensive fisheries, large
adjacent urbanisation and industrialisation.

NW Shelf

Intense tidal currents and mixing, altemnating
seasonal periods of stratification and mixing,
large  sediment inputs, large sediment
transport, frequent storms, forcing by large
open ,boundar}/ with the Atlantic, intensive
fisheries, intensive  maritime  transport,
urbanisation, waste disposal, oil and gas
exploitation.

Mediterranean

Minimal tide, oceanic type deep water
thermohaline circulation, wind forcing of
surface currents, very narrow continental shelf
(mostly), intensive “evaporation, low fresh
water " “inputs, low primary — productivity
urbanisation,  waste  diSposal, local
eutrophication.

Atlantic

Full ocean scale processes, boundary currents,
intermediate and deep water Tormation
convection, mesoscale eddies, fronts, decadal
fluctuations, sea ice, tropical processes, shelf-
edge  processes, _h|é;h_ regional  primary
productlvnK, exploited fish stocks, complex
storm paths, very high waves in north,
northward heat transport on a global scale.



Table 3 The variable lists for each sea area are combined in this table to show those variables
which are required by all 5 sea areas, and then with decreasing frequency down to one sea
area. Variablesare in alphabetical order withinfrequency band.

Variable Arctic  Atlantic NWSTT Med. Baltic
ChIoroPhyII X X
Currents
Salinity
Temperature, sea surface
Wind stress
Nitrate
Sea level
Wave spectrum
Bathymetry
Evaporation
Oxygen
Phytoplankton
Sea Ice _
Temperature profiles
Bacteria, virus concentrations
Nitrite
Nutrients, nitrate, phosphate X X
Ocean colour .
Phosphate X
Precipitation X
Primary productivity
River run-off inputs N X
Salinity profiles, surface salinity
Sound velocity _
Surface temperature field
Waves, Hs. direction, spectrum
Acoustic tomography, straits transports, X
stratification
Alkalinity X
B!o?eo_chemmal fluxes and tracers X
Biological productivity X
Bottom stress X
Boundary currents
Carbon dioxide
Carbon flux in the water column
Carbon-13
Carbonate
CFCs
Changes in bathymetry N
Coastal pollution load X
Coastline, beaches, wetlands, marshes, X
creeks
Descending plumes X
Eddies and fronts X
Fish reproduction volume X
Fluorescence X

x X X X X

xX X X X <X X X X
x X X X X X X X X
=< x X X X X X X x
x X X X X X x X

x X X X
>
>

<X X X X

< X x X

< X X X X

x X X X
X X X X

X X X X X X



Variable Arctic

Geochemical traces X
Heat absorption

|ce albedo X
|ce fabric X
|ce thickness X
Light transmissivity

Micro-zooplankton X
Microbial activity X

Nutrients, C02 content, light
Ocean current field (especially near
bottom currents)

Pﬁrtlculate Organic Matter (POM)

Bhotosynthetic activity o
PgRthsynthencally Available Radiation

>

hytoplankton hiomass
Phytoplankton, Zooplankton,
Nanoplankton, bacteria, virus levels
and fish stocks _
Polynyas, ice leads, brine pools
Primary production inice = X
Profile of the marine atmospheric
boundary layer _
Relative humidity, evaporation
Sea ice biota _ X
Sea level, sea surface elevation, sea
surface height anomalies
Sediment characteristics X
Silicate
Storm- surges
Surface drift
Surface drift velocit
Suspended sediments
Swell
Tides _
Transport of fish larvae and eggs
Turbidity
Water fluxes
Water quality
Weather _
Wing stress, atmospheric boundary X
conditions
Wind stress, heat fluxes and
evaporation _
XBT upper ocean temperature profile
XCTD, upper ocean temperature
salinity profile
Zooplankton biomass

>

Atlantic

NWSTT

Med.

X

Baltic



Conclusions, recommendations and

SAWG actions

Introduction

The previous chapters of this report have
identified the scientific foundations which
provide the  hbasis  for  operational
oceanographic modelling and services, and
have listed numerous scientific problems and
limitations which have to be tackled if
operational oceano?_raphy IS going to_achieve
its potential of applications and henefits. For
the detailed individual recommendations,
consult the final paragraphs of each section.

This chapter draws together and summarises
the conclusions at a gEnenc level, and provides
recommendations to EuroGOOS indicating the
future priorities and tasks of the Scientific
Advisory ~ Working  Group, The
recommendations are grouped in cate(_i_orles
defined by the compaonents of operational
oceanography, as displayed in Figure 6.

Components of operational
oceanography

Figure 6 indicates the components involved in
operational  oceanography. The associated
remit of the SAWG {Woads, et al 19962_ IS t0;
(|% advise on the design and implementation of
observing systems - component C; éu) ensure
requisite models ar_e__develoi)ed and tested -
component  E; %u) analyse limits to
predictability and the associdted role of data
assimilation™ - component D; (iv) identify
scientifically-led opportunities/shortcomings.

Figure 6 also indicates requisite future
developments in oi)e_ratwnal oceanography,
starting with speculative hypotheses te_stln(,i
model formulation through fo pre-operationa
simulations and eventually  operational
forecasts. Assomated_develoements involve
advances from the initial short-term localised
hindcasts of physical processes at coarse
resolution through to- long-term  global
forecasting of complete ecological systems
with fine scale detail.

This report includes mar]?/_ detailed require-

ments relating to SPGCI. ic parameters or

particular seas, the following list represents a

generic  synthesis of these ordered to

correspond to the components A to A shown in

gigyresg. Specific SAWG goals are numbered
09,

Component A - Coupled models

The need for enhanced information from
atmosE_herlc models is a high priority item in
Operational Forecasting, Accuracy and extent,
in time ahead, of wind forecdsts are the
?rlmary_hmnmg factors for sea-state and surge
orecasting,  Fikewise, sea surface heat
exchan?e is clearly a determining factor in
forecasting ocean mixed-layer depth and ice
formation. ~ In both cases the need for
dynamically  coupled  ocean-atmosphere
models is an essential element to improve
‘atmospheric forcing’.  Coupling of .re_?lonal
sea and ocean models is a pre-requisite for
anger term simulations ?espeually
hinacasting and nowcasting) in shelf seas. The
coupling of oceanic and shelf seas models
requires improved understanding of shelf edge
and slope processes. Ocean hasin modelling
requires better understanding of the processes
associated with fluctuations In the Gulf Stream
and North Atlantic Current, the formation of
Atlantic bottom water, ventilation, convection,
and multi-annual changes in the state of the
Atlantic  Oscillation.  Coupling  with
hydrological models, providing coastal fluxes
for various contaminants, will eventually
complete the ‘water cycle’ from rainfall to
river to sea to ocean and back via evaporation.

SL . Develop science, and liaise with
associated t_echnology_ “and infrastructure
aspects, required to facilitate coupled ocean-
atmosphere’ and coupled ocean-shelf ~ sea
models in operational mode.
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Figure 6. Components of Operational Oceanography (A) to (h) and future developments
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Annexe 1 Science Advisory Working Group
Terms of Reference and Objectives

EuroGOOS Document EG95.26, 6.3.96

10.

11.

12.

The purpose of the Science Advisory WG is to establish, and thence update, a scientific base to
guide the EuroGOOS Plan.

The SAWG shall consist of a Chairman, appointed in the first case by the Officers after
consultation with Members, and experts nominated by Members. The Chairman SAWG on
subsequent occasions shall be elected by the Members after consultation with the Officers.
Members of EuroGOOS may propose experts from their own staff to join the SAWG, or, if they
wish, experts from other agencies in their own country whom they think would best represent the
appropriate skills. Members may propose experts to the SAWG who are not themselves employed
by Member Agencies.

The size of the WG may be limited if this is deemed necessary by the members of the WG, and
the WG shall refer such a decision to the Chairman and Director of EuroGOOS for approval.

The term of appointment of the Chairman SAWG shall be for three years, with the option for re-
appointment. Change of Chairmanship SAWG during an appointment period will proceed through
the Director EuroGOOS.

Between Meetings of EuroGOOS Chairman SAWG shall report to Chairman EuroGOOS, and will
work in collaboration with, and supported by, Director EuroGOOS.

Meetings of the WG should whenever possible be attended by a member of the Secretariat who
will ensure that, so far as possible, proposed actions can be supported by the staff effort available
from the Secretariat.

The SAWG shall draw on previous strategic science analyses conducted by EuroGOOS Members
or any other relevant organisations in order to establish the appropriate applications for
EuroGOOS. EuroGOOS is a vehicle for applying scientific research results to operational marine
forecasting.

The activities of the SAWG shall be determined by Meetings of EuroGOOS, and Chairman SAWG
shall prepare an outline of actions to be carried out between Meetings of EuroGOOS. If Chairman
SAWG is not an Officer of EuroGOOS, he shall be invited to attend Officers Meetings when
relevant. Between Meetings of EuroGOOS variations in the tasks of the Science Plan WG shall
be agreed in advance by the Chairman EuroGOOS in consultation with the Officers.

The SAWG may operate through a programme meetings, workshops, publications, surveys, pilot
studies and trials, including projects involving several Members. Activities approved between
Meetings of EuroGOOS shall be reviewed for confirmation at the next Meeting of EuroGOOS.

All activities initiated by the SAWG shall be funded by the Member Agencies participating, or by
obtaining outside grants or funding for the project.

If the SAWG wishes to enter jointly into an arrangement with another organisation, not being a
Member of EuroGOOS, the proposed arrangement should be notified to the Director, and reported
at the next Meeting.

These Terms of Reference can be modified only by decision of a Meeting of EuroGOOS.



OBJECTIVES

1 The WG shall prepare during 1996 a provisional Science Plan which defines the scientific basis for
EuroGOOS, bearing in mind the stipulations of the MoU, and with particular attention to the limits
of predictability, sampling design, required accuracy and precision of observations, numerical
modelling techniques, data assimilation, and sensitivity trials of models.

2. The WG shall work mainly by correspondence, but may hold a 1-day meeting immediately prior to
a meeting of EuroGOOQOS, and other meetings as required, at the cost of the Members concerned.

3. A preliminary summary of progress shall be presented at the October 1996 Meeting, and a draft
Report at the December Annual Meeting 1996.

4. The WG should consult with the Technology Plan WG on matters of joint interest, especially the
transfer of models from research mode to operational mode. The WG should consider different
types of models or observing schemes needed in the different regional seas of Europe, and global

models.
5. The Science Plan should address a 5-10 year framework, with special attention to the first 5 years.
6. The SAWG should identify developments in present scientific knowledge required to expand the

reliability or predictive capabilities of GOOS or EuroGOOS, and liaise with groups and
programmes conducting research into the relevant problems including: The ELI Fourth
Framework, MAST-3, environment and climate programmes, and other European CEC
programmes.

7. The SAWG may stimulate proposals for Pilot Projects or Demonstration Projects to explore or
prove scientific methodology or principles essential to the development of GOOS or EuroGOOS in
conjunction with the Task Teams for Regional Test Cases.

8. These Objectives may be altered at the December Meeting 1996 to allow for further revision or
extension of the Science Plan.



ANnnexe 2 Schedule of meetings of Science
Advisory Working Group

Date Venue
28 November 1995 Dublin, Ireland
6 March 1996 Brighton, UK
7 October 1996 The Hague, The Netherlands
10 December 1996 Southampton, UK
11 December 1997 Athens, Greece

11 March 1998 Brighton, UK



Annexe 3 Members participating in EuroGOOS
Science Advisory Working Group meetings

S: Science Advisory WG nominated member, A: Alternate, G: Guest, O: Ex-Officio

Erik Buch

Danish Meteorological Institute
Lyngbyvej 100

2100 Copenhagen 0

Denmark

Tel: + 4539157500 (switchboard)
+45 39157259 (direct)

Fax:  +45 39270684

E-mail: ebu@dmi.dk

Howard Cattle

Ocean Applications
Meteorological Office

Room 245, London Road,
Bracknell

Berkshire RG12 257

UK

Tel: +44 1344 856209
Fax: 01344 854499
E-mail: hcattle@meto.gov.uk

Maria Dalla Costa

Head, Unit for International Programmes
Development

Environment Dept. S.P. 069

ENEA - Casaccia

Via Anguillarese 301

00060 S.M. di Galeria

Rome - ITALY

Tel: +39 6 30483946/3092/3951
Fax: 39 6 30483594

E-mail: dallacosta@casaccia.enea.it

Leendert J Dropped

National Institute for Coastal and Marine
Management/RIKZ

Directoraat-Generaal Rijkswaterstaat

PO Box 20907

2500 EX The Hague

The Netherlands

Tel: +31 70 3114551

Fax:  +31 70 3114321/+31 70 3114600
E-mail: L.J.Dropped@rikz.rws.minvenw.nl

Bronwyn Cabhill

Ismaré

Marine Institute

80 Harcoud Street

Dublin 2

Ireland

Tel: 353 14757100

Fax: 353 14757104

E-mail: bronwyn.cahill@marine.ie

Hans Dahlin

Swedish Meteorological and Hydrological Institute
S-601 76 Norrkodping

Sweden

Tel: +46 11 1583 05

Fax. +46 11 158350

E-mail: hdahlin@smhi.se

Laurent d’Ozouville

European Marine and Polar Science (EMaPS)
Secretariat

European Science Foundation

1 quai Lezay Marnésia

F-67080 Strasbourg Cedex

France

Tel: +33 88 76 71 44

Fax: +33 8825 1954

E-mail: dozouville@esf.org

Michel Glass

IFREMER

Technopolis 40

155, rue Jean Jacques Rousseau
92138 Issy-les-Moulineaux
France

Tel: +331 4648 2222

Fax.  +331 4648 2224

E-mail: michel.glass@ifremer.fr

S


mailto:ebu@dmi.dk
mailto:bronwyn.cahill@marine.ie
mailto:hdahlin@smhi.se
mailto:hcattle@meto.gov.uk
mailto:dozouville@esf.org
mailto:dallacosta@casaccia.enea.it
mailto:michel.glass@ifremer.fr
mailto:L.J.Dropped@rikz.rws.minvenw.nl

Hannu Groénvall

Finnish Institute of Marine Research
PO Box 33

FIN-00931

Helsinki

Finland

Tel: +358 9 613941

Fax: +358 9 613 94494

E-mail: hannu.gronvall@fimr fi

Bertil Hakansson
Head of Oceanographic Research

Swedish Meteorological and Hydrological Institute

S-601 76 Norrkoping

Sweden

Tel: +46 11 15 83 05?
Fax: +46 11 15 83 507?
E-mail: bhakansson@smbhi.se

Ola M Johannessen

Nansen Environmental and Remote Sensing Center

Edvard Griegsvei 3a

N-5037 Solheimsviken

Norway

Tel: +47 55 29 72 88

Fax: +47 5520 0050

E-mail: ola.johannessen@nrsc.no

Villy Kourafalou

National Centre for Marine Research (NCMR)
Ag. Kosmas

166 04 Elliniko

Greece

Tel: 301 9653520

Fax: 301 9653522

E-mail: villy@erato.fl.ariadne-t.gr

Giuseppe Manzella

ENEA CRAM

PO Box 316

19100 La Spezia (1)

Italy

Tel: +39 187 536215

Fax: +39 187 536273

E-mail: manzella@estosf.santateresa.enea.it

Trevor Guymer

Room 256/26, Southampton Oceanography Centre

Empress Dock

European Way

Southampton S014 3ZH

Tel: +44 1703 596430

Fax:  +44 1703 596204

E-mail: T.Guymer@soc.soton.ac.uk

Nick Holden

National Centre for Instrumentation and Marine

Surveillance

Rivers House

Lower Bristol Road
Bath

Avon BA2 9ES

Tel: 01278 457333
Fax: 01225 469939

E-mail: Nick.Holden@environment-agency.gov.uk

Kimmo Kahma

Finnish Institute of Marine Research
PO Box 33

FIN-00931 Helsinki

Finland

Tel: +358 9 613941

Fax: +358 9 613 94494

E-mail: kahma@fimr.fi

Pentti Malkki

Finnish Institute of Marine Research
PO Box 33

FIN-00931 Helsinki

Finland

Tel: +358 9 613941

Fax: +358 9 613 94494

E-mail: malkki@fimr.fi

Brian McCartney

Proudman Oceanographic Laboratory
Bidston Observatory

Birkenhead

Merseyside L43 7RA

Tel: +44 151 653 8633

Fax:  +44 151 653 8345

E-mail: bsm@pol.ac.uk

S


mailto:hannu.gronvall@fimr.fi
mailto:T.Guymer@soc.soton.ac.uk
mailto:bhakansson@smhi.se
mailto:Nick.Holden@environment-agency.gov.uk
mailto:ola.johannessen@nrsc.no
mailto:kahma@fimr.fi
mailto:villy@erato.fl.ariadne-t.gr
mailto:malkki@fimr.fi
mailto:manzella@estosf.santateresa.enea.it
mailto:bsm@pol.ac.uk

Antonio Navarra

IMGA-CNR

Via Emilia Est 770

41100 Modena

Italy

Tel:

Fax:

E-mail: navarra@aida.bo.cnr.it

Gregorio Parrilla

Instituto Espanol de Oceanografia (CICYT)
Ministerio de Agricultura, Pesca y Alimentacion
Corazon de Maria 81

28002 Madrid

Spain

Tel: +34 1347 3608

Fax:  +34 1413 5597

E-mail: gregorio.parrilla@md.ieo.es

David Prandle (Chairman SAWG)
Proudman Oceanographic Laboratory
Bidston Observatory, Bidston
Birkenhead

Merseyside L43 7RA

Tel: +44 151 653 8633

Fax:  +44 151 653 6269

E-mail: d.prandle@pol.ac.uk

Peter Ryder

8 Sherring Close

Bracknell

Berkshire RG42 2L.D

Tel: +1344 423380

Fax: +1344 423380
E-mail: Peteryder@msn.com

Friedrich Schott

Institut fur Meereskunde an der Universitat Kiel
Dusternbrooker Weg 20

D-24105 Kiel

Germany

Tel: +49 431 597 3820

Fax: +49 431 565 876

E-mail: fschott@ifm.uni-kiel.de

David Palmer

National Centre for Instrumentation and Marine
Surveillance

Rivers House

Lower Bristol Road

Bath

Avon BA2 9ES

Tel : +44 1278 457333 Ext. 4237

Fax: +44 1225 469939

E-mail: 100750.1466@compuserve.com

Nadia Pinardi

IMGA

Area della Ricerca CNR

Via Gobetti 101

Bologna

ltaly

Tel: +39-51-6398015/63 98 002
Fax: 39-51-6398132

E-mail: pinardi@aida.bo.cnr.it

A Ruiz de Elvira
Puertos del Estado
Clima Maritimo

Avda. del Partenén 10
E-28042 Madrid

Spain

Tel: +341 524 5568 (direct)
+341 524 5500

Fax: 341 524 5506
341 524 5502

E-mail: ant@puertos.es

Roald Saetre

Research Director

Institute of Marine Research
PO Box 1870 Nordnes

5024 Bergen

NORWAY

Tel: +47 55 23 8500

Fax: +47 55 23 85 84
E-mail: Roald.Saetre@imr.no

Uwe Send

Institut fir Meereskunde an der Universitat Kiel
Dusternbrooker Weg 20

D-24105 Kiel

Germany

Tel: 49 431 5973827

Fax: 49 431 5973821

E-mail: usend@ifm.uni-kiel.de


mailto:navarra@aida.bo.cnr.it
mailto:100750.1466@compuserve.com
mailto:gregorio.parrilla@md.ieo.es
mailto:pinardi@aida.bo.cnr.it
mailto:d.prandle@pol.ac.uk
mailto:ant@puertos.es
mailto:Peteryder@msn.com
mailto:Roald.Saetre@imr.no
mailto:fschott@ifm.uni-kiel.de
mailto:usend@ifm.uni-kiel.de

Bjorn Sjoberg

Swedish Meteorological and Hydrological Institute

S-601 76 Norrkdping

Sweden

Tel:

Fax:

E-mail: bjorn.sjoberg@smhi.se

George Triantafyllou

Institution of Marine Biology of Crete (IMBC)
PO Box 2214, Heraklion 71003

Crete

Greece

Tel: +3081 242022

Fax:  +3081 241882

E-mail: gt@imbc.gr

Christos Tziavos

National Centre for Marine Research

Ag. Kosmas

166 04 Elliniko

Greece

Tel: +301 98 88 444

Fax: +301 98 33 095/ 98 11 713
E-mail: ctziav@posidon.ncmr.ariadne-t.gr

Hendrik van Aken

NIOZ

PO Box 59

1790 AB Den Burg

Texel

The Netherlands

Tel: (31)(0)2220-69416
Fax: (31)(0)2220-19674
E-mail: Aken@nioz.nl

John Woods (Chairman EuroGOOS)
Dept of Earth Resources Engineering
Imperial College, Royal School of Mines
Prince Consort Road

London SW7 2BP

Tel: +171 594 7414

Fax:  +171 594 7403

E-mail: J.Woods@ic.ac.uk

Colin Summerhayes

GOOS Project Office,

Intergovernmental Oceanographic Commission
UNESCO, 1 Rue Miollis

75732 Paris Cedex 15

France

Tel: 33-1-45.68.40.42 (or 39.81)

Fax:  33-1-45.68.58.12

E-mail: c.summerhayes@unesco.org

Dik Tromp

RIKZ

Kortenaerkade 1

PO Box 20907

2500 EX The Hague

The Netherlands

Tel: +31 70 311 44 23

Fax: +31 70 311 44 00

E-mail: D.Tromp@rikz.rws.minvenw.nl

Silvana Vallerga

CNR

Euroufficio - A Rl GE

Via De Marini 6

16146 Genova

Italy

Tel: +39 335 30 3130, +39 783 22027
Fax: +39 10 6475 800; 39 783 22002
E-mail: Vallerga@nameserver.Ge.cnr.it

David Webb

Southampton Oceanography Centre
Empress Dock

Southampton

S014 3ZH

Tel:

Fax:

E-mail: D.Webb@soc.soton.ac.uk


mailto:bjorn.sjoberg@smhi.se
mailto:c.summerhayes@unesco.org
mailto:gt@imbc.gr
mailto:D.Tromp@rikz.rws.minvenw.nl
mailto:ctziav@posidon.ncmr.ariadne-t.gr
mailto:Vallerga@nameserver.Ge.cnr.it
mailto:Aken@nioz.nl
mailto:D.Webb@soc.soton.ac.uk
mailto:J.Woods@ic.ac.uk

Annexe 4 - Bibliography & References

Bosman, J, N C Flemming, N Holden and K Taylor, 1998. The EuroGOOS Marine Technology
Survey, EuroGOOS Publication No. 4, Southampton Oceanography Centre, Southampton.
ISBN 0-904175-29-4.

Cattle, H and 1 Allison, 1997. Sea ice processes, sustained measurements and modelling. 10C-
WMO-ICSU/J-GOOS-IV/3 Annex V.

Clancy, R M and LCDR W D Sadler, 1992. The Fleet Numerical Oceanography Centre suite of
oceanographic models and products. Weather and Forecasting 7, 307-327.

Dee, D P, 1995. On-line estimation of error covariance parameters for atmospheric data assimilation.
Mon. Wea. Rev., 123, 1128-1145.

Delworth, T L, S Manabe and R J Stouffer, 1997. Multidecadal climate variability in the Greenland
Sea and surrounding regions: a coupled model simulation. Geophys. Res. Lett., 24 (3), 257-
260.

Dickson, B., 1997: From the Labrador Sea to global change. Nature, 386, 649-650.

Dickson, R and J Hurrell, 1998. Principal Research Area (PRA) D1: "The North Atlantic Oscillation”.
CLIVAR Implementation Plan Vol Il; Chapter 5.

Dickson, R R, J Lazier, J Meincke, P Rhines and J Swift, 1996. Long-term coordinated changes in
the convective activity of the North Atlantic. Prog. Oceanogr., 38, 241-295.

EuroGOOS, 1996. Minutes of North West Shelf Task Team, First Meeting, Bracknell, 30-31 July 1996.
EuroGOOS document EG96.13.

EuroGOOS, 1997. Proposal for a concerted action: Ferry Box Project. EuroGOOS document
EG97.60.

EuroGOOS, 1998. The EuroGOOS Technology Plan Working Group Report, EuroGOOS Publication
No. 13, Southampton Oceanography Centre, Southampton, ISBN 0-904175-37-5.

Foreman, S J, MJ Bell, JOS Alves, R M Forbes and A Cooper, 1994. Data assimilation within the
Forecast ocean Atmosphere Model.  OCEANS94: Oceans Engineering for Today's
Technology and Tomorrow’s Preservation. Proceedings, Volume I, Brest.

Gerritsen, H and R Proctor, 1995. Minimum requirements for datasets needed for initialisation and
validation of 3D advection disperson models. Case study: Irish Sea. Paper prepared for the
MAST Committee for Modelling Coordination. Delft Hydraulics, 22pp. (unpublished
manuscript).

Griffies, S M, and K Bryan, 1997. A predictability study of simulated North Atlantic multidecadal
variability. Clim. Dyn., 13, 459-487.

Guddal, J, 1997. GOOS marine meteorological and oceanographic services module, status,
performance and trends. Report of ad hoc working group esstablished by Resolution I-GOOS-
11 Third Session of J-GOOS, Paris, 23-25 April 1996. I0C-WMO-ICSU/J-GOOS-II1/8.10.

Hansen, D V and H F Bezdek, 1996. On the nature of decadal anomalies in North Atlantic sea
surface temperature. J. Geophys. Res., 101 (C4), 8749-8758.

Heras, M M de las and P A E M Janssen, 1992. A coupled wind-wave data assimilation system, pp.
171-181 in: Third International Workshop on Wave hindcasting, Ontario: Environment Canada,
400pp.

Hersbach, H, 1998. Application of the adjoint of the WAM model to inverse wave modeling. Journal of
Geophysical Research, 103(C5). 10469-10487.

IOC, 1998. GOOS 1998, a prospectus and framework for implementation of the GOOS.

IPCC, 1990. Climate Change. The IPCC Scientific Assessment. (Eds: J T Houghton, G J Jenkins
and J J Ephraums), Cambridge Press.

IPCC, 1995. Climate Change. The Science of Climate Change. (Eds: J T Houghton, L G Meira
Filho, B A Callender, N Harris, A Kattenberg and K Maskell), Cambridge Press.



Komen, G and N Smith, 1997. Wave and sea level monitoring and prediction. J-GOOS Fourth
Session, Miami. 10C-WMO-ICSU/J-GOOS-1V/3, Annex 1V, 23pp.

Le Provost, C and N C Flemming (eds), 1998. “The EuroGOOS Atlantic Workshop Report”,
EuroGOOS Publication No. 9, Southampton Oceanography Centre, Southampton. ISBN O-
904175-33-2.

Lionello, P, H Giinther and P A E M Janssen, 1992. Assimilation of altimeter data in a global third
generation wave model. J. Geophys. Res. 97, 14253-14474.

Parrilla, G, et al, 1994. Rising temperatures in the Subtropical North Atlantic Ocean. Nature, No. 369,
pp. 48-51.

Preller, R H and P G Posey, 1989. The Polar Ice Prediction System - A sea ice forecasting system.
NORDA Report 212, National Oceanographic and Atmospheric Research Laboratory, Stennis
Space Center, MS, 42pp.

Preller, R H, 1985. The NORDA/FNOC Polar Ice Prediction System (PIPS) - Arctic: A technical
description.  NORDA Report 108, National Oceanographic and Atmospheric Research
Laboratory, Stennis Space Center, MS, 60pp.

Preller, R H, S Riedlinger and P G Posey, 1989. The regional Polar Ice Prediction System - Barents
Sea (RPIPS-B): A technical description. NORDA Report 182, National Oceanographic and
Atmospheric Research Laboratory, Stennis Space Center, MS, 34pp.

Stammer, D, | Fukumori and C Wunsch, 1998. Report of a GODAE/WOCE meeting on large-scale
ocean state estimation. Johns Hopkins University, Baltimore, MD, USA, 9-11 March 1998.
WOCE Report No. 161/98, GODAE Report No. 2. Woce IPO, Southampton. 21pp.

Sutton, R T and M R Allen, 1997. Decadal predictability of North Atlantic sea surface temperature
and climate, Nature, 338, pp. 563-566.

Unesco, 1993. Manual and Guides 26. Manual of Quality Control Procedures for Validation of
Oceanographic Data. SC-93/WS-19, Unesco. 436 pages.

Voorrips, A C, H Hersbach, F B Koek, G J Komen, V K Making, J R N Onvlee, 1997. Wave prediction
and data assimilation at the north Sea. In: Proceedings of the First International Conference
on EuroGOOS, 7-11 October 1996, The Hague, The Netherlands, Elsevier Oceanography
Series, 62. pp. 463-471.

Woods, J D, H Dahlin, L Dropped, M Glass, S Vallerga and N C Flemming, 1996. “The Strategy for
EuroGOOS”, EuroGOOS Publication No. 1, Southampton Oceanography Centre,
Southampton, 173pp. ISBN 0-904175-22-7.

Woods, J D, H Dahlin, L Dropped, M Glass, S Vallerga and N C Flemming, 1996. "The Plan for
EuroGOOS", EuroGOOS Publication No. 3, Southampton Oceanography Centre,
Southampton, ISBN 0-904175-26-X

Wunsch, C, 1996. The ocean circulation inverse problem. Cambridge: Cambridge University Press.
442pp.

Young, | R and T J Glowacki, 1996. Assimilation of altimeter wave height data into a spectral wave
model using statistical interpolation. Ocean Engng. 23, No. 8, 667-689.



Annexe 7 - Acronyms

ACSYS
ADCP
ALACE
ARGO
ARGOS
ATSR
AUV
AVHRR
CASI
CLIVAR
CTD
DBCP
DYNAMO
ECMWEF
EMaPS
ENSO
ENVISAT
ESF

EU
EuroCLIVAR
EuroGOOS
FAO
FDP
FOAM
GCOS
GLOBEC
GODAE
GOOS
GTOS
GTS
ICSU
IES
IGBP
IGOSS
IHO

I0C
IPCC
JGOFS
LIDAR
LOICZ
MAST
MERCATOR
MFS
NCEP
NESDIS
NWP
NWSTT
OCCAM
ONR
OOPC
PALACE
POM
RTT
SAR
SAWG

Arctic Climate System Study

Acoustic Doppler Current Profiler

Autonomous Lagrangian Circulation Explorer
Array for Real-time Geostrophic Oceanography

Satellite-based system for environmental data telemetry and geopositioning

Along Track Scanning Radiometer

Autonomous Underwater Vehicle

Advanced Very High Resolution Radiometer
Compact Airborne Spectral Interferometry

Climate Variability and Predictability (of WCRP)
Conductivity Temperature Depth

Data Buoy Co-Operation Panel

Model intercomparison exercise

European Centre for Medium Term Weather Forecasting
European Marine and Polar Science

El Nino Southern Oscillation

Environmental Satellite Mission (of the European Space Agency)
European Science foundation

European Union

European Climate Variability and Predictability
European Global Ocean Observing System

Food and Agriculture Organisation

Fast Delivery Products

Forecasting Ocean Atmosphere Model

Global Climate Observing System

Global Ecosystem Experiment

Global Ocean Data Assimilation Experiment

Global Ocean Observing System

Global Terrestrial Observing System

Global Telecommunication System
International Council of Scientific Unions

Inverted Echo Sounder

International Geosphere-Biosphere Programme
Integrated Global Ocean Services System
International Health Organisation

Intergovernmental Oceanographic Commission
Intergovernmental Panel on Climate Change

Joint Global Ocean Flux Study

Light Detecting and Ranging sensor

Land-Ocean Interactions in the Coastal Zone

Marine Science and Technology (DG-XII CEC)
French operational high-resolution global ocean prediction project
Mediterranean Forecasting System

National Centers for Environmental Prediction
National Environmental Satellite, Data and Information Service
Numerical Weather Prediction

North West Shelf Task Team (of EuroGOOS)

Ocean Circulation and Climate Advanced Modelling
Office of Naval Research

Ocean Observations Panel for Climate

Profiling Autonomous Lagrangian Circulation Explorer
Princeton Ocean Model

Regional Task Team

Synthetic Aperture Radar

Science Advisory Working Group (of EuroGOOS)



SOLAS

SPM

TOGA
TOPEX/POSEIDON
TPWG

T

ULS

UNEP

VOS

WAM

WCRP

WMO

WOCE
WOCE-AIMS
XBT

XCTD

Safety Of Life At Sea

Single Point Mooring

Tropical Ocean Global Atmosphere Experiment
Joint US/French Ocean Topography Experiment
Technology Plan Working Group (of EuroGOOS)
Task Team

Upward Looking Sonar

United Nations Environment Programme

Volunteer Observing Ship

Advanced Wave Modelling

World Climate Research Programme

World Meteorological Organisation

World Ocean Circulation Experiment

WOCE Analysis, Interpretation, Modelling and Synthesis
Expendable Bathythermograph

Expendable Conductivity Temperature Depth sensor
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