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Introduction
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ata In real time, O[Inear real time, wh g
ransmrtte o mo dellrng centres assrm
Into numerical mocels an ﬁed 0 pro uce
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Satellites technology

Summary of recommendations

Some . satellite | uels €s ecral(!y those

Involvin sen?or o mrssron

esr e 50.large and of suc broa In erest
e are ina g}gprrate orE B

consr alone are hest ane |n
r1[unct|on with other mterna!ron gfo

mes an cles. They tend o In
ales o(% ? east 0 rs u GOO
sou ocus on the addl urr
{0 generate o eratrona ac |vrtres espe

rm ovm |n o Imminent ate
% msr o ress can made 8
edium term, sa 1-5 years.

g 1S 1S reflecte
In fwo main recommendations;

rép om EuroGOOS EuroCLIVAR
gand ur Elﬂ Workmg group o
ceanograp |c satellite IssUes

2. Propose Concerted Action to. EU_for co-
ordll atron é) eratro al Marine Require-
ne) rived ata and. Infor tron

an use re ommenda onsJ
Cy Influence pannrng 0
spacecraft operators

addition Qerebare some short-tern tl”f
VQH cou euP aken it
|cuIty Two possibilities are

3Iant| EXISUE]SOWCES of satellite data

Bk

collat

near rea?t e service at Tromsp

4, courage develort)mgnt of systems t
allow eaSier access to data sets by en users

Introduction: Requirements for
this technology

teIIrtes offer the on o uﬁy of § stematr allé

are ae 0cean over
Herros and with to eso

?m %bEP a r Ca?srenS scée teﬁps satnllr Olo%ta

can e use ectively. In region
rammes Srﬁ) In co unction” wat
orne and asd remot sensing an

vvrrth subsurface Meas erﬂent rsryStﬁrrTe% d¥M ot

ar me ers Al
entuf[eias aCeror? for. Eu ?OG %g
Lk R
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e Rl
of |n neTr redl fl

?ate te afa are neea
or orcdﬁ 0cea orecas% mog s ang for
Indepen et Ve o’ jcation 0 P orm-
ance. Real time data can also be used 0 design
mor 8 |crent SUrve gatterns mcludmg thase
neecled Tor rapid environmental assessment.

Present status

e S I o0, 0
Prr%easure 2d5y VES, SEad ?e ”sea
Surtace OPOB@)% and seq ?e extet 0
dCCUIACIES a[r% é)asu rP%e or similar t

measure R

5 ‘*eraarrr.frfugranréh%hrrr% L
g
expand . the. . user COmmUHa?
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eerVIa |t|a %ce tl Isg]ata ECome %OHVAPE GSSOJ
extensrveﬁ ?{]e ﬁ

0CEdNS OVE Iéri]\l\sllgéj rge P GI%% 1 (e
scafes ?'[S En ﬁractron V% [)IOO %orarg%

es I a 0S
Eﬁ dse daﬁﬁ o 0(41 has Been ade
others ]1 romoteawrder ake-Up, of
edaae serre marrne ollution, ice
momtor eans o ator FOJects
Some o ta are av |n n ar real-
time: most mrssrons have. [n ras ru f res or
Syste J)r%%essrn archival a rstrrbu
on o atd. Some.commercia or anisations
E[ovr operationa se ICe, B.g. Wave
imate atlases hased on satellite cata.



Principal shortcomings and need
for improvements

Continuity

Whilst some FtO MISsions are rov\n \)as F%azrt
N operatrona ni %
NOAA mee ro |ca sat L Es, the ma ongl
are not Into 1 orles of
enm 1pro ram es ere
allure a ew re rde as a
success rsearc communr
eratron |m 10) rovrde ontr
t no sfan a%/ ep aceme ts ar(e grovr

e result Gen gru ran
severa ear {i et e {0 sate tes
excee esrgn |nterm|tten
Series 0 OCQ G |0Uf ere IS CONCEm
ver OSSI uture sca meter

aata (ﬁ) certainties over avar rty
ata e operatrona sers  from
Investing efort

Timely delivery of data

S%)enence In the res arch Co munr

hat USers grow rus rafe
reeervrh dgea ma See ot rsou
Ifticult to rsorec ﬁ
EVEN WheN ro ems have een S0 ve Te
ISSUE. IS € Ore. Serous | opera lona
activities ere ala hecome Useless. for so
gurp se? nless received by a cerfarn CUtoT,
0. for Torecasting or snip strvey planning,

Data policy
me satellite operators have data policies
d{h L hepgronrfr ?%e userpsec for,
Te ressure exp oit emo Sﬁnsrng
Pres com rcraI ?
ot ntia users CMT

attentrgn sﬂoud b gn/en 0 %Pe du r eg %lﬂ

emonstrator projects IS provi

Key EuroGOOS decisions

The ne 8d for satellite data is stated throu htﬂr
uro uments, . incl Snetia c)e
eSrae aper84an p clen
an p% arh the Plan.. |enc§

n% h? fol owrn esire
|m rov ntS; the anility to estiméte the Sea-
rce 'f Ness and_more accurate Ice extent and
type algorithms. Particular mention Is mace o

makrtg emoste ectr e use of sat eIIreda
IS In graron \gn arr drne remoe sens| g
and I Situ data, assimlation, t
fimation_ of . new \arl

ata but

UFO&OQS proj ecs fequire sate ih
WIth varying empnases.

Links to GOOS, WOCE, CLIVAR,
HELCOM, OSPARCOM, LOICZ,
EUROMAR, etc.

There are %onsrgerabe S%erlgﬁa be]twegg the

In erests 0 uro

Ites re s ortant. to W CE
examﬁ B servatronal
exten fo acer()rn 0 ate the
eae Ia Be ex/Poseldon. mon
ISSUES Shou

other

FOQrammes Sudnursueddn o e%t v(rgrt]% herr
%niuonent prlr\)/ﬁ’ammeg and Wit CE{
nis VOl un&iessarg(n

[%Irca
on Themes Inclu ng. reduireme
or new senso and aloorithms,Inc

NRT. daa |ve aabrlr IIn 3
mrssrons ma e sHt SEV (5 g

esr acssr orm. O
sou 5 on those [rocesses r evant
0 eratri)na atjon of

[emote SenSﬁfangﬂéaopb% cﬁr{i 0¥ great

Hagorta cear] Euro shou ensure hat

rs acll \Mursued within t

rnrgrve 2 \iel ithin its, own roecs
05 has a need or precision altimeter

Description of the technology:
problem to be solved

To ensure fuller exploitation of existin
satellite ataseA ?or opg atronat oceanogra h%

Urposes an Jarovrfe operational
elr g%rve on dlesign of future ocean sate te

Work needed

0 abI sh rs area bern achigved
ﬂmﬂmm
common an

elements,
re approprratejorn Orces

¥ rargoheta Htks

trme and accuracy
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Tom different “sensors Wl Sitl
assr Iélon '2%0 nE”ﬁﬂ%er Innin a%%ﬁvn"y
uro%gO prorecsp .

o |dentify pew key parameters to be
measu%d Proms Xe d

C Conduc underprnnrn% research — Into
8 otential - estimation ontrrbu fQ fne
psr 0 of new sensors, assist with mission
planning

Resources available in
EuroGOOS - or other agencies in
Europe

Mak use of Concerted Ac |on to brrlﬂ

@g e S%rSrt]e I(EK rﬁ)qargrrorr |€S a) SDTO{%SIHE

asrb e Im ementa frategie
i il e
6 o EUNILTOAT i J

End-product or deliverable which
can be achieved within a stated
timescale

Final  recammendations . from  Concerted
Acirlon wﬁr Tyear o?

Publicy f 0 key WWW
ol o el
exp[anatron of whiat IS avar[abin

Sﬁéui?6Ht§5tpIP%%T@%S&?W?&S&V“%‘%Lﬂ

1ye

Actions already initiated

%erted Acg %psal submitted In
ober, now under consideration.

Wider programme of CEQ.

T

fundrng approve

r\hET 4D | ;unded?] which | voIve the use
e data for moni orrngt £ 0CeaN.

Action Recommended

1 Lhere are con |derabl verlags betwee
Interests o \ era ur088 p researc%

pro rammes . an B

é’%”aQ‘er%s'e” p e e ey
ﬁpgsrrgt%p Use 0 sg ‘Ee data. S:rreae
iiaBpT Worﬁrn&grou s f rsa (1I| g tg

ave enj
In orcer to rov ea

[0, amrft
SEC IC USEr T0CUS We recom en

o rrgrrr“amaraarg LA

EuroGL rnvo
scrgntrss commercr organrsatrons

2 Pr ose Conce ed Ac tion 1o |EU R%r co-
rat ona arrn
7 or EO- derrve

[ na lon
e%urremen ﬁO

mation and  use
ecommen ns rom Sf sud to Influence
planning or EC an spacecra operators

Two recommendations for short-term action;

3 Iantr exist |n sources of satellite data
re va éo erational %ceg [
co Icise throu

pages. . Ensure hat grcs n
cagab \lities for delrve{rn real-time cata a
g served, In particular Seek reinstatement
f ATSR service at Tromso.

4, Elncourae develo ment of S
Iowe ler access atasesb en users

Suggested Agencies or
individuals who could co-
ordinate the actions

OMAPE;?%(%servatron Sciences, UK (Neil

es
Fap_g ; Febvre
rance (Enrique Gonzales

gS U%lg-g%gp (E?em?rg SIZIaJp

MeteoMer, France Ha

Pr



Nansen Centre, N y asse
Wl 'WO?VQ
%% nny hannessen

Joint __ Euro OOS EuroCLIVAR,  Euro-
%s'TJesBEC WG on sate Ife oceanography

Meetings, travel, workshops

T A i, o
ecommendations and PrlorAtp% |or%

EuroGOOS representative at CEOS meetings.

New in er[p“)gramme committee on oceano-
graphic sate

Communications
be useful Iude 0
uroG&SS Web fﬁ;e& 1@ SSES o WW)
S|tes rougp which’ NRT . sa eﬁlte data ar%
ava| d to summarise the status o
eprogrammes

Costs

EH%@O o glceAF%o pcrgjg% nate ggtteILIfQ

ik b B i ek
Bl oS = o

Funding sources

EU (CEO), ESA, NATO (2), EUMETSAT,

Collaborating Agencies

WCRP, IGBP, ESA, EU, key commercial
organisations.
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Airborne remote sensing in the

coastal zone
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collected.  These datﬁ form the essentlal
prerequisite of any coastal zone management

system. It adds, the spat|al dimension so often
ignored.  Point sampling presents many
problems, the main one bem%to try and relate
Its position with respect to the dynamics of a
complex environment.

With the_costs of field surveys being one of the
major I|m|tm? factrs, we must develop
practical remote sensing as the cost-effective
solution to the data Tequirement dilemma.
Without monitoring data it is not possible to
manage the environment in any meanin fuI
manner. Lack of knowledge is nd defence.
require data for:

»  Coastal zone mapping,

* Climate change monitoring and managed
retreat,

* Identification of water bodies, coastal
glumes and their movement,

urvey planning.

* Production of models based on total
covera e both spatial and temporal.

J 8uant| ication of Suspended Solids and

hlorop II -4 mcludmg area affected.

J OutfaII ispersion plumes and Dye tracing.

» Stratification,

* Intertidal and Salt marsh classification and
cham{;e monitoring.

»  Coastal geomorphology, erosion accretion.

+  Land classification to identify and quantify
pressure from the coastal zone.

EuroGOOQOS actions

EuroGOOS should examine the techniques of
airbome CASI and LIDAR as used at present
by a range of coastal agencies in Europe
Promote collaboration, Standardisation of
echniques, exchange of data where relevant,
and the integration of CASI and LIDAR data
into real timé or near real time data streams for
use in operational modelling.



Shore stations: Tide gauges

Summary of recommendations

o Make all tide gauge stations in EuroGOOS
member stateS operational ie. data are
collected in real time. _ _

* Maintain strong working relations with
SeaNet.

» Establish a common European reference
level for tide gauges. _

. DeveIoP and improve techniques to use
remotely sensed sea level observations
operationally. o

o Establish a EuroGOOQS calibration and
uahty control manual for sea level data.

. ESC%bSISh close relations to GLOSS and

Introduction

Measurements of sea level is a vital
component of an oceanographic observation
program for many reasons rantqmg from
Immediate operational requirements Of ships
navigation and storm_surge to long term
monitoring and Predmnon_of global sea level
changes due to climate variations.

European waters are well covered with sea
level” measuring sites of which the most
strategic placedstations constitute an integral
%arto the global network operated by Global
ea Level Observing SYstem (GLOSS) under
the  Intergovernmental " Oceanographic
Commission iIOC). SeaNet (1998) provides a
tabulation of tide gauges installed inthe North
Sea Region.

Key EuroGOOS decisions

The importance of hl%h-quallty water_level
data have been clearly stated in all EuroGOOS
documents _ especially in relation to storm
surge wamings, data’assimilation and forcing

parameters for numerical models.

Links to GOOS, WOCE, CLIVAR,
HELCOM, LOICZ, EUROMAR, etc.

All the major marine research and monitoring
programmes include a water level observation
component, _ which normal(l}y consists  of
selected stations from the GLOSS network

supplemented with project specified stations.
There is,_ therefore’ a’ considerable overlap
between EuroGOQS and the above mentioned
programmes and. EuroGOOQS can benefit from
a c0-operation with these programmes in:

* continued  operation of non-GLOSS
stations _

+ establishment of new stations

* (lata exchange

o use the GLOSS data centre as a common
data centre for storage of long time series

Description of the technology

Measuring techniques

There are two basic parameters which may be
monitored, both having scientific as well as
instrumental acvantages:

o the surface level itself _
o the pressure at some fixed point on the
seabed

Traditionally, the sea surface has been
measured by means of a float arran?ement
mounted above a well which damps out short-
period wave motions, This procedure is
simple, well proven and has no inherent drift.
However, there are problems of non-linear
responses_of stilling wells to waves and
currents (Bernoulli effect), which can produce
errors in the measurement of the water level.
Alternative  methods for sensm? the sea
surface include acoustic and elecfromagnetic
gauges. These avoid the problems associated
with moving floats and wires, but will still be
subject to efrors it mounted over stilling wells.
Despite these. reservations, the stilling . well
arran%ement, if pr_oBerIy designed, remains a
robust and reliable ~ systém for many
applications.

An alternative is to measure near-shore seabed
pressure and to convert this to sea level by
means of the hydrostatic relationship hetween
pressure, watér density and gravitational
acceleration.  Seabed pressure  includes
atmospheric pressure, which must be corrected
for, either by separate measurement or by



differential  transducers vented to the
atmosphere as in some bubbler gau%es. With
Pressure systems, care IS necessary o ensure
hat daturi level remains constant and sea
water density variations must be monitored at
suitable intefvals for the best accuracy.

The use of remotely sensed data from various
satellite. missions plays a substantial role_ in
monitoring of the sed level. This measuring
technique offers a variety of advantages:

o Improved recovery of ocean tides ie.
monitoring of sea level in open ocean
areas. _

o Improved analysis of seasonal sea level
changes _

* Improved sea level forecasting and storm
surge waming

In orcler to be_ operational tide gauges shall
record automatically in computer-format and
data shall be transmiltted to a reqmnal database
in real time. Sampling of sea level averaged
over a few minutes (to avoid aliasing),” at
intervals of 15 minutes Is recommended.

Reference level

All tide Pauge_ stations must measure sea level
relative 0.4 fixed and local tide gauge bench

mark, which is connected to a number of

auxiliary bench marks. These guard against the
movement or destruction of the main tide
gauHe bench mark. The tide gauge bench mark
shall be controlled at regular intervals.

Another fundamental development is the
ability to connect all network tide gauge bench
marks into a Global Vertical Datum™System
which will eventually allow the vertical Crustal
movements.to be distinguished from sea level
trends. Similarly, it may eventually be possible
to relate all the bench marks to a reference

geoid, which will allow computation  of

absolute pressure gradients between stations
and to relate these to permanent currents.

Tide gaug]es measure only the relative motion
between the sea surface and the land, and since
land_ can rise or subside, the problems of
relative motion must be solved by more
sophisticated technology if sea level data are
to' be properly interpreted and used. The

develg})ment of new geodetic techniques based
on erE/ Long  Baseline Interferometr
(VLBI), the Global Positioning System (GP§§
and absolute gravity measurements has create
the opportunity t0 link a network of tide
jauges to a h_thy accurate global reference
System. By distinguishing sea level chan%es
from land rise or subsidence, this global
reference system will uIt|mate|¥ provide the
first measure of absolute sea level changes.

Actions already initiated

Many of the practical and scientific _cluestlons
in rélation to retrieval of hl%h ctually Wwater
level data are addressed he. GLOSS
program. On a European scalé the EU COST
40 “Action_European Sea Level Observing
System (EOSS) has recently been established.

The SeaNet project has been funded by DGXII
and includes standardisation of sea Ievel data
in the North Sea region.

Recommendations
It is recommended to;

» Make all tide gauge stations in EuroGOOS
member stateS operational ie. data are
collected in real time.

. |Estalbhsh a common European reference
evel.

. Develo[o and improve techniques to _use
remotely sensed” sea level observations
operationally (in co-operation with the
Satellite Technology Project, see this report

age b).
‘ Es?a_bhsh a EuroGOOS calibration and
ualltr control manual for sea level data.
‘ E%%t)SISh close relations to GLOSS and

Meetings, travels and workshops

It could be valuable to arrange a worksho
together with representatives from GLOSS,
EdS, tWOCE, LIVAR, HELCOM etc. in
order to;

» Define the optimal European network of
water level stations taking into account
operational as well as research aspects.

o Co-ordinate calibration and  quality
assurance procedures,



» Establish formats and procedures for real-
time data exchange.

* Evaluate the benefits of a common data
centre.

o Define and agree upon a common
European reference level.

o Establish procedures for the use of
remotely sensed data.

Communications

Facilities for rapid (real-time) exchange must
be secured.

Costs

The, expenses related to making all tide gauge
station in  EuroGOOS member countries
operational must be a national responsibilit

and the same goes for the levelling of the tice
gauges relativé to a agreed common European
reference level. Costs are unknown.

Development and improvement of techniques
to use remotely sensed sea level observations

operationally are already included in existing
research projects. Costs of further develop-
ment and Implementation is unknown.

The cost of the proposed workshop amounts to
around 25.000 ECU.

Funding agencies

EU.

Collaborating agencies

GLOSS, EOSS, WOCE, ESA.

References

"Thle) Strategy for EuroGOOS" (publication
no.l).

"The EuroGOQS Plan" (publication no.3).

Global Sea Level Observing System (GLOSS)
Implementation Plan.



Shore stations: Coastal radar

Summary of recommendations

Foster closer co-operation and communication
between groups who are developing and usmg
oceanographic coastal radar systems, an
between the users and modellers who will
assimilate the data into forecast models.

Establish potential market, and encourage
manufacturers to plan for supply as standard
products.

Plan integrated systems with nested covera?e
to optimise assimilation into forecast models,
also with nested grid nodes, for operationally
and scientifically |mi)ortant areas.  Consider
Framework 5 proposal,

Support work on data product assimilation into
numerical models.

Introduction

The four types of coastal radar I(_lMIROS
microwave, X-band, HF SWR and HF sky-
wave) can all provide surface currents, bt
with * different spatial ~ coverages and
resolutions. They can_ also _measlre wave
spectra, and surface winds. Two HF radars
with, Intersecting areas of coverage are
required to obtain surface current spéed and
direction, and wave direction. HF radars with
fine directional resolution regmre linear
antenna arrays typically from 85 to 225m
(say, 16 elements spaced \12 apart) long
perpendicular to the boresight direction.

The HF radar techniques provide time series
ma?_s of sea_surface parameters, and are
particularly suitable for data assimilation into
numerical forecast/hindcast models.

All. techniques have been implemented. and
validated. GEOS and_ SOC/POL _routinely
operate transportable. OSCR_ HF Radars for
surface current mappmlg/I during site surveys,
and a numper of MIROS™ systems are
permanently installed on Norwegian offshore
Installations. Electronics and software for X-
band  systems are  available  from

manufacturers, and several systems are in use

Py research  organisations. However, the
SCR systems in current use have become
obsolete “and are difficult to support, and no
manufacturer offers new HF radar systems on
a production_basis. Viable, more technicall
advanced HF systems exist within researc
organisations,

Key EuroGOOQOS decisions

Establish and confirm the need for coastal
radar  systems within  the EuroGOOS
framework.

Links to GOOS, WOCE,
EUROMAR, etc.

Chair of WMO/IOC Working Group on
OBerau_onaI Services of the Global Ocean
Onserving System is member of EuroROSE
consortium. EuroROSE consortium MAST Il
application (Reference number PL 971607).

MAST Il project SCAWVEX _ (Surface
Current and Wave Variability Experiment,
MAST2-CT94-00103).

MAST Il project PROMISE SPre-operational
modelling in thie seas of Europe).

Description of the technologies

There are four distinct types of coastal radar
which are used for measurements of physical
properties of the sea surface. These, witfi their
respective ranges, are;

* MIROS (Microwave Ocean  Sensor)
Wave/current Radar - approx 500m.

» X-Band Marine Radar - up to 10km.

* HF SWR (Surface Wave Radar) Systems -
normally up to 40km, Long Range Versions
to_180km. _

o HF skywave radar - over-the-horizon by
lonospheric reflection, typically 1,500km.

In each case, the dominant radar scatterers are
surface gravity waves whose wavelength is
half the radar wavelength (the so-called ra%g
resonant condition). The penetration depth into



t?% sea surface of a 20MHz radar is about
5.

MIROS

MIRQS transmits 5.8GHz (microwave) pulses
in a 30° sector, from an elevation of about
50m, into a footprint 7.5m in range (50ns
Pulse length), at a range of about 500m from
he radar."The Dopplershift of the return pulse
from the capillary waves is modulated by the
qrawt_y wave velocity integrated over the
illuminated_area. A “time ‘series of wave
velocity is Fourier analysed to produce a wave
Bower spectral estimaté in that direction. Six
eams covering a full 180° Prowdes the total
wave power spectrum from all directions.

Radial surface current vectors in each beam
are obtained by mixing two 500ns microwave
Pulses (footprint 75m”wide in range) with a
requency difference of 10MHz. The current
measurement principle is then the same as an
HF radar (see below), The six radial vectors
gre rte_solved into a Single current speed and
irection.

This system is primarily designed for use from
offshore fixed or floating striictures, but it has
been used from coastal sites. Near the coast,
the wind and current field can no longer be
assumed homogeneous in space.

X-Band Marine Radar

Gravity waves cause “sea clutter” in marine
radar displays, which is normally regarded as
noise for ship detection purposes. However, by
selecting an area of the |ma_?e,_ and taking a
time séquence of _|ma§ies, it 1S possible™to
Pe_rfor_m a 3-dimensional Fourier transform on
his time sequence of spatial images. The
resulting 3-dimensional power spectrum can
be intégrated over K-number, using . the
dispersion relation, to obtain a )-dimensional
spectrum in frequency and direction. Thus,
Wave heqht, period and direction parameters
can be calculated from the spectral estimates.
In fact, the absolute energy is not known, and
must be obtained by another method (for
example, calibration” of the radar echo
Intensity), in order to obtan wave height

By measuring the displacement of the k-
number spectrum  from the theoretical

dispersion  relation, . the current  velocity
integrated over the image area can also be
obtained.

HF SWR

An HF antenna transmits a “?roundwave”
signal gtIvR/lIcaIIy 8t0 10MHz, 25 1o 27MHz or
49 to oIMHz) which is back-scattered from
the sea surface and detected by a receiver
antenna array. Spatially distributed cells on the
seq surface” are selécted by a variety of
techniques:

o steered transmit and receive beams.

* floodlight transmit and steered receive
beam. = :

* direction-finding receive antenna.

Within each cell, the frequency spectrum of
the received signal can yield:

o radial current vector from the Doppler
displacement of the two Bragg resonant
lings and the dispersion relation for the
appropriate sea wave length,

o wave spectrum from~ the 2nd order
component of the spectrum.

* wind speed and direction.

Radial current is calculated from the
difference hetween the actual frequency shift
and the shift expected from the theoretical
dispersion relation between wave frequency
and wave length for the appropriate watér
wave length (half the radar wavelength).

By using two intersecting heams, current
velocity and wave direction, as well as the
other parameters, can be determined on a grid
of points.

Range and_spatial resolution are frequency
dependent. Typical values are:

Operating Spatial
frequency Range resolution
10MHz 180km ~ 5x5km
2IMHz 40km |xIkm
50MHz 10km 250x250m



HF Over-the-Horizon Radar

Instead of ground-wave pro%agatmn, the sea
surface can be illuminated by reflecting the
signal from the ionosphere. This enables
longer ranges to be achieved, at the expense of
reliable propagation t(due to the variable
reflective P_ropemes of the jonosphere), and
hence up-time. _SFanaI resolutions of 10 to
15km are possible, at ranges of typically
m,

Radial current components are obtained from
one radar, Two intersecting beams from
separate Sites are required to determine current
vectors on a grid of points.

Actions already initiated

The EuroROSE consortium has submitted a
MAST Il application (Reference number PL
971607) to fund a 2 year study to assimilate X-
band and HF radar_producfs into now- and
fore-cast models. Two of the consortium
members have been involved in the MAST
roject SCAWVEX ~ (Surface Current and
00611\6%)Var|ablllty Experiment, MAST2-CT94-

Three of the consortium are participants in the
MAST 1l project PROMISE (Pre-operational
modelling In the seas of Europe). This has
been supported.

GEOS have a joint proposal with GEC-
Marconi Research Centre under consideration
P%/ NWAG for a feasibility study for Lon

anﬁe HFSWR systems to“cover the west o
Sheflands area. GEC-Marconi Research Centre
currentlﬁ/ oPerate a smgle Long Range
HFSWR system covering the Thames Estuary
from Foulness to a range of 80km (limited
only by permissible transmitted power).

Action Recommended

« Maintain a circulation list of all
organisations who are active in the
development and operation of coatal
radars for oceanographic measurements.e

* Organise  workshops involving  these
members to encourage and stimulate the
exchange of ideas and operational
experience.

* Direct potential funding sources to this
body.

Meetings, Travel Workshops

The EuroROSE consortium could hold open
interim workshops pending approval of their
MAST Il proposal. Funding is approved and
the project started in July 1998, and there will
be reqular meetings “for the consortium
members, and dissemination symposia.

Communications

A central focus for collecting information,
specifications and _references. on the
technologies and their apﬁhcatlons would
assist the achievement of the recommended
actions. This could be channelled to:

GEOS

email: archer@qeos.com
direct tel: +44 1793 746446
fax: +44 1793 706604

GEOS Limited
Hargreaves Road
av&mdon SN2 5AZ

Tel: +44 1793 725766
Fax: +44 1793 706604
http://www.geos.co.uk

Selected summary data should. be made
available on the EuroGOOS Website.

Funding sources

MAST m.

North  West Approaches  Group (UKCS
offshore industry consortium).

Framework 5.

Collaborating Agencies

GKSS, Hamburg (Dr Heinz Giinther;
?uenther@ kss.de?< o
nstitut fur Meereskunde, University of
Hamburg (Dr Klaus-Wemer Gurgel.
urgel@lfm_.unl-hamburg.dng _
ansen Environmental and Remote Sensing
Centre, Bergen (Dr Geir Evensen:
gelr.e_vensen@nrsc.no) _
heffield Centre for Earth Observation
Science, UK ?Dr Lucy Wyatt:
| wyatt@sheffield.ac.uk)


mailto:archer@geos.com
http://www.geos.co.uk
mailto:guenther@gkss.de
mailto:gurgel@ifm.uni-hamburg.de
mailto:geir.evensen@nrsc.no
mailto:l.wyatt@sheffield.ac.uk

den Norske Meteorologrk Institut, Bergen
&Lars Petter Roed: roed@dnmi,no)

uertos del Estado, Clima Maritimo (Dr José

Carlos Nreto Borge: joscar@puertos.es)
WMO Working roup on cean Observing
Systems Johannes Guddal .
].0uddal @dnmi.no)

IROS, Norway (Qistein Grpnlie:
oistein. gronlre miros.no)
QOcean Sensware, Hamburg (Konstanze
Reichert: reichert@gkss.e)
GEC-Marconi Research Centre, UK (Ted
Pegram: ted pegram@gecm.com)
GEOQS, UK (Dr Sehastian Archer:
archer(@geos.co.uk)
OCN BV, Netherlands (Frans van Don%en
Southampton Oceanogra hy Centre, U
Proudman Oceanographrc Laboratory UK.
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Moored buoys

Summary of Recommendations

Fixed buoy moorings carrying surface and
sub-surfacé instrument packages are an
essential long term observing™ system for
EuroGOOS.

Although _ the de3|?n of platforms and
moorings is a mature fechnology, there are still
many different commercial designs and “in-
house” . designs, effectively preventmg
economies of scale, and the concentrate
acquisition of experience in installation,
maintenance, and continuous operations.

The limiting factor to wide use of moored
buoys with multi-sensor sub-surface arrays of
instrumentation is the short operational life of
sensors, other than the main current, wave and
temperature measurements,

Introduction

Instruments mounted on moored buoys have
provided a standard source of oceanagraphic
data for many decades. Recent improvement
In  communications _via satellite  links,
improved power supplies, .use of solar panels,
reduced power consumption, miniaturisation
of instruments and data packages, and
improved sensors, have greatly exténded the
go ential for the use of oceandgraphic_buoys.
ee also sections in_this report on Drifting
Buoys, Sub-Surface Profiling Drifting Buoys
(FIoats?, and Fixed profiling Systems and Pop-
Up Systems.

Moored buoys provide continuous observa-
tions of marine ‘meteorological conditigns in
remote deep water locations, ground truth data
for satellite measurements, sub-surface water
column data, the platform for complex suites
of sensors in ‘coastal waters, and the
communications . package for sea bed
instruments, While the technology of mooring
design and buoyancy platform™ is mature,
instiument packages and communications are
evolving rapidly.

Basic references for operational moored huoy
networks are provided by the WMO, Marine

Meteorological Services AWMS)’ Ogeraﬂonal
Newsletter (eg.  WMO, "199) gref:
http://www._vvmo.ch/web/ddbs/opnews.htm2: ,
and the joint WMO-IOC Data Buoy Co-
operational Panel (DBCP, Meindl, 1996i The
MS Operational Newsletter lists the co-
ordinates, communications  system, and
Barameter_s measured for about "100 moored
uoys, with most measurements restricted to
wind direction and peak wind speed, air
temperature, air pressure, SST, wave period,
he|(r1ht, and spectra, and occasionally sub-
surface sea temperature, Relatively few buoys
carrKI sub-surface instrument " packages.
SeaNet provides an inventory of North Sea
buoys with their sensor packages.

Moored ocean buoys offer the only means of
obtaining real-time, continuous, frequent, and
accurate” observations of marine conditions
from some deep-water location. Often, the
first indications that forecasters have of rapid
intensification or change in movement of
storms come from buoKs. In United States
(US2 coastal and offshore waters, approx-
Imately 50 per cent of all marine aavisory
warnings or' actions are instigated by buoy
reports or reports from automated platforms in
coastal areas.

Examples of major moored _b_qu operational
programmes include the Pacific tropical TAQ
arrdy, the Atlantic PIRATA project, the US
NOAA coastal and_ shelf buoys, the UK Met
Office and Météo-France chain of met buoys
on the outer European shelf, the French coastal
buoy chain, German Mermaid buoys, and
chains of Oceanor buoys off Norway, India
and Thailand.

Description of the technology

Buoy installations range from full ocean depth
sucti as in the tropical Pacific (TAO arra
1000-2000 metre depth on the shelf ed?e (
Met Office, Oceanor), to shallow installations
in 50m or less on the continental shelf and in
estuaries (MAREL, MERMAID). Moorlng
design is a complex art which "has evolve
over several decades, and the particular choice
of mooring is determined by water depth,


http://www.wmo.ch/web/ddbs/opnews.html

current strength_and stratification, wind and
wave forces, variation in sea surface elevation,
corrosion, and risk of vandalism, collision, or
damage from fisheries. In European waters
numerous instrumented buoys have been
installed in coastal waters and estuaries, in the
North Sea and off the coast of Norway to
support the offshore hydrocarbons industry, on
the western shelf and slope to measure
meteorological conditions in the Atlantic, and
a (eep Water buoy. programme is being
developed in the Mediterranean to support the
Mediterranean Forecasting System (Poseidon).

The Tropical Atmosphere-Ocean (TAO) Array
consists” of approximately 70 deep-ocean
moormgs spanning the “equatorial " Pacific
Ocean Detween 8N and 8S from 95W to 137E.
It is.a major component of the global climate
monitoring system, and is supported by an
international = consortium, mvolvmiq: C0-
operation between the United States, France,
Japan, Korea and Taiwan. The purpose of the
array s to_provide hlgh,quallty_, Jn-situ, real-
timé data in the equatorial Pacific Ocean for
short-term climate Studies, most notably those
relating to the EI Nino Southern Oscillation
(ENSO) phenomenon.  TAQ measurements
consist primarily of surface winds, sea surface
temperature, upper ocean temperature  and
currents, air tem?eratu_re and relative humidity.
Data are telemetered in real time via_ Service
Argos, and a subset of these data is placed on
the"Global Telecommunications System (GTS)
for, distribution to operational “centres for
assimilation into weather and climate forecast
models. A major step forward in long-term
support for the drray was the commissioning in
FY96 of the NOAA ship Kalimimoana, a
research vessel dedicated to servicing TAQ
moorings between 95W and 165E. Also in FY
9 new Next Generation ATLAS moorings
were introduced into the array.

A historical overview of the development of
the Tropical Ocean Global Atmosphere
gTOGA) observing system has heen made.
pecific plans for new measurement programs
were advanced: for a Pilot Research Moored
Aray in the Tr,or?lcal Atlantic éPIRATA) In
collaboration with Brazil and France, for a
moored ATLAS array as part of the South
China_Sea Monsoon "Experiment (SCSMEX)
in collaboration with Taiwan, and for the

Triangle Trans Ocean Buoy Network
(TRITON) in collaboration with Japan.

The TAO project provides interactive access to
TAQ data, display software and graphics, via
the Warld Wide Web and the Workstation-
based TAO Display Software.  The TAQ
software features a’point-and-click interface
and a data subscription service providing
remote users with automated dallg Updates t0
real time and historical TAO data, and is
actwelK used at nearly 50 research institutions
throughout the waorld.  Time series of data
from " individual instruments on the TAO
moorings have heen_made available on the
World Wide Web. The TAO Project Office
has also established a TOGA COARE moored
data centre, with Web access to nearly all
moored time series collected during the
COARE experiment.  More information on
TAO can be obtained via a World Wide Web
Site: http://www.pmel.noaa.gov/toga-tao/
home.html].

The estimated variables and parameters
measured by EuroGOOS Member agencies
F:_status January 1998) are described in The
uroGOOS  ‘Marine™  Technology Surve%
(EuroGOOS Publ. No 4, EG97.14()]. Table 20
indicates that the most commonly used
operational platform is the moored buoy, and
hence, probably, that most sensors are, installed
on moored buoys.” The Survey identified
Surface (11 from™42) and Subsurface (2 from
42) Moored, Buoys. " A detailed catalogue of
buoy moorings ‘in the North Sea area is
provided by SeaNet (1998), listing the
oceanogrthlc and meteorological parameters
measured by each buoy.

The trend towards remote sensing of physical
parameters either by satellite, " aircrait or
coastal radars has increased the need for
Surface Moored Buoys as Ground Truth data
sources. The mean time between maintenance
of such a huoy is estimated to be between 12
times per yedr for sensitive parameters, e.g.
analytical systems for nutrient analyses up to'4
years for sm%ple ph¥5|cal sensors, eg. for
meteorology. The quality/reliability of thie data
and the maintenance-free period is mainly
influenced by hiofouling which depends on the
Sea area, sea temperature and the season.


http://www.pmel.noaa.gov/toga-tao/

The shape of the buoy’s hull depends mainly
on the combination of planned location (sea
conditions) and field of operation. Typical
shapes of Surface Moored Buoys are “wave
followers, spar buoys or disc boys:

Among the several monitoring stations _in
Europe bemg operated b}/ national monitoring
agencies and private_enterprises the German
network  "MARNET” ~ Contains  sensors/
analysers for b|ologz|cal-chem|cal parameters.
Thisis achieved by the MERMAID system, an

automatic remotel¥ controlled ~ maring
observation system for estuaries and coastal
Waters, PrototyPe_ development and testing was
carried out within_an EUREKA/EUROMAR
project. The MERMAID system i in
opérational mode now on  different
'MARNET" stations, Further developments
are carried out on the German MERMAID
buoy, a disc shaped Surface Moored Buoy
with approximately.. 12 m diameter and 12 m
height, (see f|1g.) his type of buoy is used on
two MARNET stations.

Mermaid Marine Environmental Data Buoy

Antifouling

The main problem for moored buoys is the
biofouling problem which at the time being
prevents the unattended measurement of many
Darameters, e.q. optical measurements, nutrierit
determinationand with some systems even the
exact measurement of salinity “for a Fenod of
more than 1-2 months (in temperate climate, in
tropical . areas . much Iessg. ABart from
antifouling coatings of the buoy body itself
which may contdminate e.g. Neavy "metals
determinations,. the main  problem s
P_reventlo_n of biofouling on the sensors. At the
ime being only few systems have the

ossibilities for effective antifouling measures
Fe.?. closed flow-through systems) which are
not suitable for all parameters. Therefore there
Is a strong need for the development of sensor-
specific antifouling measures.

Energy consumption

The. mean time between maintenance should
be increased, by using energy management
systems which optimisé the consumption and
by improvement of ~ subsystems with low-
energy supply demands.



The Marei system

The MAREL program attempts to develop
automated monitoring station for classical
water analysis, able to"work autongmously and
during lorig periods without servicing on the
sensors and the measurement stations.
Measurements (parameters, frequency, water
levels, etc.) must be adapted both to the exact
uestions addressed and to local conditions of
the environment,

The _general architecture of the MAREL
monitoring  system, includes an_ innovative
measurm? device, a telecommunication link
using Internet P_rotocols, and a land-hased
management station for collection, processing
and dissemination of qualified data.  Water
samples are pumped through a sampling pipe
at different levels in the sea water colunin and
are analysed by sensors located in a measur_m(i
cell onthe floating structure. This technica
solution allows & continuous cleaning of
sensors inorder to secure measurement
quality.

The main parameters measured with _hJPh
frequency are water temperature, salinity
turbidity; 'nHL dissolved oxygen, nitrates and
chloropnyll In the sea water, and added
parameters as hydrological (current, wave) and
meteorological “(air temperature and pressure,
wind) ones,

Data are released in near real time for users
through the Internet.

The automated monitoring approach allows
high frequency measurements, and then gives
the opportunity to detect fast variations and to
have a rather continuous observation of the
water. Offshore, the moniforing can give a
good help to study the evolution of the” water
quality in the_ long term independently of the
river and bay influence.

The data transmission system is also
standardised, using the telephone and GSM
network, VHF or satellites if necessary. A
land-based management station automatically
receives via the transmission system and stores
data from the monitoring stations, keeps them
available_for the users Vvia Internet and may
atls? receive alarm messages from monitoring
stations.

Marei Buoy

Action required

* Harmonise an open Interface-Policy (e.g.
on hasis of FIESTA). At the time' bein
four interfaces are used most widely: 4
analogue signals, b) serial digital signals
(RS232, RS 852, ¢) parallel digital signals
and d) bus systems (CANBUS, BLTBUS,
|EEE 488 efc.). Developments in the near
future should use one of these interfaces.
However, since it seems impossible to
standardise the software protocols to one
common standard for every application, the
manufacturers of equipment should be
encouraged to reveal software protocol to
enable “the development of software
protocol converters. Consult with SeaNet.

* (enerate a common Quality Assurance
QA? of data. Whereas QA procedures
protocols) for many meteorological and
oceanographic sensqrs exist and are agreed
upon in‘the community there is a deficit for
biological-chemical ~ parameters, e,
chlorophyll * (by ~ fluorescence  measure-
ments), ‘turbidity/optical attenuation and



nutrients. For these ,oarameters common
QA procedures should be developed in
order to be able to compare the data. In
addition a QA handbook for data
8enerat|on and data exchange should be
eveloped taking into _consideration the
Eesults” of the "SEANET Data Interface
roup”.
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Drifting buoys

Summary of Recommendations

Drifting buoy technoIoY IS mature in_ the
desn%n of the” buoys and’ the. communications,
but the instrumental suite is limited almost
entirely to sea surface temperature and marine
meteo_rolo%%/. EuroGOOS Members should
examine the possibility of including other
sensors on drifting buoys in the Atlantic,
provided that sensor durability is adequate at
an acceptable cost. The Atlantic Task Team
and the Science Advisory Workmq Group
should specify whether the data would_ be an
important ~ addition  to  model  inputs.
Negotiations for the addition _of extra sensors
should be conducted with EGOS when the
EuroGOOS objectives have been established.
If more sensors and variables are added to
drifting buoys it may be agvantageous to use
an intéractive communications system which
permits responsive management ot the device.

Introduction

I April 1997 there were 1222 drlf_tmﬂ sea
surface buoys reporting data automatically. to
be processed at the A’r:gos global ProcesSing
Centre in Toulouse, France, and Landover
Maryland USA, for distribution in real time or
deferred mode. These buoys are operated by
19 countries (Australia, Brazil, Canada, Chin,
Finland, France, Germany, lceland, India,
ItaI)f, Japan, Korea, Netherlands, New
Zedland, orwa%, South Africa, Spain, UK
and USA). Of fhese 1222 buoys about 53%
transmit data in real time via the Global
Telecommunication System (GTS).

Most of the buoys measure at least sea surface
temperature, and approximately 250 measure
air pressure. A few drifting buoys measure sea
surface sahmtl}/ and  wind  speed.
Approximately 7% of all drifting buoys have
no sensars, and are used as Lagrangian tracers
only. Maps produced by Canadian MEDS
(GOOS, 10C-INF 1997, p.49) show that data
are reported from almost every 30 degree by
30 deglree square of the world gcean, and from
most 10 degree squares. The Southern Ocean
is poorly covered, and there are gaps in the

central Pacific and Atlantic.  The North

Atlantic is best covered.

Quality control quidelines for buoy data. as
Broposed DbM)t}e Data Bugy Co-operation

Panel E have  been  tormally
mcorRora ed as part of the World Weather
Watch  (WWW). In Europe the centres

responsible for' drifting buoy data. quality
control are ECMWF, UK Met Office, and
Meétéo France. _The Responsible National
Oceano%raph[c Data_Centre (RNODC) for
buoy data Is in Canada. More Information on
dri mg buoy data generally can be obtained
from the DBCP www site:
dbcp.nos.noaa.gov/dhcp/contents.html

In 1989 a regional :action group, for Eurgpean
collaboration™on drifting bioys in the Atlantic
was_ et up as the European ‘Group on Ocean
Stations 0( GOS, North Atlantic), EGOS is co-
ordinate bm the Norwegian Institute for Water
research (NIVA) Bergen, and publishes a
monthly data reBort. onitoring  statistics on
the budys are taoulated by the UK Met Office,
and _huoy trajectories are prepared b?/ the
Danish Met. Institute. There are typically. 20-
30 buoys deployed by EGOS at arly one time,
almost all of them north of 45 degrées north in
the Atlantic. They tend to drift eastwards, and
therefore the ocean has to be re-seeded on a
routine basis with buoys which are dropped in
the centre or western Atlantic.

Key EuroGOOQOS decisions

EuroGOOS  Members require a  constant
source of real time data on the conditions of
the open Atlantic surface and upper ocean
waters for modelling and forecasting, in
addition to climate research. Upper 0cean
profiling floats provide data at intervals of
Weeks, “so that surface buoys are likely to
remain important with a_higher frequency of
reporting observations. The key EuroGOOS
decision” is the extent to which it will be
possible or scientifically valuable to add sub-
surface sensors to the “surface huoys, and. to
what extent this investment would be justified
by the additional information. In principle



such  additions could he tested and
implemented through discussions with EGOS.

Links to GOOS, WOCE, CLIVAR etc.

Drifting buoys were a major component of
WOCE' and” the technology was greatl

improved during. WOCE. A EuroGOO

strategy to plan”for an enhanced system of
surfacé buoy deployment of additiondl sensors
would need to e’ evaluated as part of the
Atlantic Pilot Project,

Description of technologies

The design of surface drifting buoys, drogued
and non-drogued, has become”a mature
technologg as a result of the experience from
major global programmes such as WOCE. To
minimise wind drift or effects on the buoy of
waves and near surface wind driven currents
the shape of the buoy is desgmed to minimise
wave rectification, and the drag area ratio of
the system should be high.” A drogue
consisting of a fabric cylindér perforated with
holes in the side is often used, and is known as
a “holey sock dro?ue”. The typical holey sock
drogueis 7.5m fong and L5m in diameter,
suspended approximately 20m below the
surface. The usual communication method for
Reasurements and position is by Systéme
[qos.

Actions already initiated

EuroGOOS has made one presentation to an
EGOS meet|1rL1rg, and is in correspondence with
the EGOS Office.

Action recommended

Any plans to increase use of surface drifting
bugys should arise. from the needs of the
Atlantic Pilot Project, and additional or
extended sensors should be considered in the
context of the EuroGOOS Panel on Sensors
and Biofouling.
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Sub-surface and profiling drifting

buoys

Summary of recommendations

Profiling floats should be consicered as a cost-
effective means of obtaining routine upper
ocean temperature and salinity profdes and of
tracking subsurface water movements in the
open ocean. Remaining obstacles to wide-
?Pread d_epIoP/ment are hardware, tracking and
ata retrieval costs and sensor stability. “Such
floats cquld also he used to carry a wide range
of physical, hiological and chemical sensors.
EuroGOQS should support implementation of
the ARGO project and development of floats.

Introduction

Since the mld-3|xt|es,_free!jv-dnftmg sub-
surface floats at a prescribed depth have been
used to track water masses, providing a
Lagrangian description of the oceanic circula-
tion. Early versions were tracked hy attendant
ships but’ from the 1970s onwards low _fre-
uency acoustic signals were used to position
these deep floats (SOFAR and RAFOS)F

During the last decade, multicycle floats that
drift Wwith the water mass, pop-up to the
surface, are positioned and transmif data via
satellite and then retum to the prescribed depth
were developed and extensively used in the
WOCE Project. - This made this technology
available for_?_lobal studies. The ALACE float
is solely positioned b%/ Systeme ARGOS each
time it”surfaces.  The profiling version (P-
ALACE) also measures a temperature and
salinity profile during its ascent and transmits
it to the saellite. ~ MARVOR. floats have
acoustic_ positioning durmlg their submerged
trajectories. ~ These floats have been
extensively deployed in 1996 and 1997 as gart
of the Atlantic ACCE component of WOCE.
Activities are in progress in Europe to develop
a profiling float (PROVOR), on the basis of
MARVOR technology.

Profiling floats are potential routing collectors
of upper ocean (down to 2000m) in situ_data
over very large sections of ocean basins. They
have theé advantage of being able to produce
data from remote and hostile areas.

Key EuroGOOS decisions

The _I_agnrangmn rofilers are clearly positioned
within the EuroGOOS strategic sector 4. They
are gne of the major means Cited to meet the
requirements for in situ TS data for GODAE
and more %,enerally for data to be assimilated
in forecas mq models.  EuroGOOS must
evaluate and plan its role in the ARGO project.

Links to GOOS, WOCE, CLIVAR,
HELCOM, LOICZ, EUROMAR, etc.

WOCE has heen the major project which used
this _ technique  intepsively. * ALACE and
MARVOR were developed in this framework.
CLIVAR relies for a large part on the
capability to profile salinity and temperature
repeatedly and for long periods.

The OOSDP cited this technique in the
enablln% technologg %OOSDP - Final Report -
March 1995, pp 168-169)

Description of the technology

The examPIe of PROVOR, the only European
instrumen aIre_adY i series production, is
described here first.

PROVOR is a IaPrangian Profiler based on the
technology developed in the MARVOR, with
the following characteristics:

* As MARVOR, PROVOR doesn’t need any
ballasting operation and the operating
pressure” can be decided just  before
deployment.

« The float executes identical Rro?rammed
cycles of descent, drift at depth at a given
pressure for a few days, descent to the start
of profile d(ejpth, raising, transmit data
through ARGOS system.

o T (Temperature) or CT (Conductivity,
Temperature) measurements are carried out
during the descent and/or the ascent phases.

o The float is not located at depth. It is
located only at the surface during the
ARGOS data transmission phase.



The float is able to synchronise the
be?mnmg of the raising P_roflle in order to
get. synoptic CTD profiles from floats
which™are not deployed at the same time in
an area.

The number of cycles is comprised
between 50 and 100, depending upon the
nunf1t|)er of points which ‘are kept for each
profile,

The float can profile between the surface
and 2000 m.

The CTD measurements are carried out
every 10 seconds and the data are
processed before transmission to reduce the
amount of information and keeP only sgme
points, as a function of the desired
accuracy, using a method which is used to
reduce the data of XBT casts.

The characteristics of the sensors are;

Pressure: ~ Range : 2000 dbar
Acclracy : +- 5 dbar
Resolution : 1dbar

Temperature: Range :-2t0 35 °C
Acclracy :+/- 0.05 °C
Resolution :0.01 °C

Conductivity: Range :0to 70 mS/cm
Acclracy :+/- 0.05 mS/cm
Resolution : 0.01 mS/cm

These characteristics concern the entire
measurement system, including the sensors
and all the necessary electronics and data
processing to provide data which can be
directly used by the final user.

The speed of the profiler during the ascent
phase to the surface is about 10 cm/sec.
PROVOR-T:  sensors  provided by
SEASCAN

PROVOR-CT : sensors provided by FSI or
SEA-BIRD.

The first sea experiments were conducted
in 1998 and the floats are now (1999)
produced by series.

Figure 1. Two temperature PROVOR profilers on board LA THALASSA hefore launching. One

profiler is linked to a reference CTD for metrological comparisons (photo S.Le Reste - IFREMER).



The APG Autonomous Profiling system has
been under development by " co-operation
between the Institute of Applied Physics in
Kiel, the Baltic Sea Research Insfitute in
Warnemiinde and the firm 4H JENA
en%meerlng GmbH in Jena, Germany since
1996, and 1s a EUROMAR project. User trials
have heen carried out, with further trials
scheduled for 1999, and work is now on the
design of a production version.  The
EUROMAR project will finish during 1999,

The, Autonomous Profiling Equipment Carrier
realises different  meaSuring tasks and
programs;

» free drifting Lagrangian current follower in
the depth rangeup t0 2000 m.

o for floatlnﬁ or vertical profiling in lower
WaterdeFt 0-20.. 100m.

« for profiling use in water depth 0 - 2000 m.

Telemetry
GPS

Elektronics
Compass

External
Systems I
Hydraulics

Glas housing

Battery

GEK

The APG System

The production of a defined depth. profile can
be realised by mqoring or free drifting. The
advanced processing is done by a computer
menu on Windows.™ The presstire housing of
the APG s produced, using %!ass technology.
A cage of V4A rods is over the %Iass housing
for mechanical protection and to carry the
external devices. and measuring systems_as

well as the additional buoyancy system. The

APG was developed for external measuring
equgment according to the user requirements.
A" GEK-system (geomagnetic electro kine-
matograph) can be Installed for the calculation
of the trajectory during the free drifting
mission.

The transmission of the measuring values is
made by GSM-network, acoustic modem,
satellite ‘or data radio with added GPS. The
reading from the APG can also be done via
serial ‘Interface with a PC or Laptop. The
operation time Is up to two years.

The bi-directional data transmission transmits
the measuring values but also the return of
new measuring programsto change  the
Procedure of the APG, The data mapagement,
he ntelligent controlling  andthe  bi-
directional “communication” allowsa very
flexible use.

First tests of the APG with the redesigned
system were done in Greece. Three APGs
Were prepared for different tasks. Further
experiments were done with the “Institute for
Oceanography" in . Wamemiinde on  the
"Darsser Schwelle” in the Baltic Sea. Co-
operative field experiments in the southern of
the Canary Islands and on the shelf line of the
African continent were done in co-operation
with the_“Alfred-Wegener-Institut” and the
ICCM. Three moorings have been done at
Spitzbergen  with ~the Institute  of
Oceano_graphE/ in - Hamburg..  Different
measuring fasks were realised In the
Mediterranean Sea at Sardinia with the
Institute of Oceanography in Kiel with support
of IMC. A moorm?_ was dong in Norway with
tEt;e aid of the Institute of Oceanography in
ergen.

Actions already initiated

MARVOR floats _are used through
EURQFLOAT and ESOP 2 projects which
were funded by MAST I

Action Recommended

The length of the operational life duration of

these egmpments and the global amount of

Prowde data show that they can be ranked in

he operational categor%/; however, some
e faken

Into account:

Improvements have to



The cost-effectiveness relies on the life
duration (determined b}/ the life duration of
the critical components such as pressure
housm%, antenna  or hydraulic  parts).
Production costs need to be reduced but
without sacrificing reliability.

Sensor packages to measure chemical and
biochemical ~variables remain to e
develoged and evaluated for operational
use. These packages are to be designed to
meet the limitations of the float in Weight
space and energy. A generic theme for all
these developménts iS biofouling preven-
tion which ‘must preserve the sensors'
characteristics and have very low enerqy
consumption. That concerns the salinity
Sensors in particular. o
Low cost and hquher data rate positionin
and data retrieval systems need to be useq
on the basis of the new low-Earth-orhit
satellites facilities.

EuroGOOS should promote development
and Iimprovement “of profding floats
through the conduct of trials in the context
of t_hetAtIantm Pilot Project and the ARGO
project.
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Ship-borne instrument packages

Summary of recommendations

As has been shown in the EuroGOOS
workm?-document EG95.25 r(“The potential
use of European ferries for operational
ocean%%raphlc observations”) there are more
than 300 ferry hoats routinely operating within
the coastal waters of Europé with frequencies
varying between once a week to several times
dai %/ In addition to these rather regional
routes the long distance traffic from Europe
across the major oceans to other continents
contributes too, though on a less frequent
basis. - By developing .and installing an
operational ship-boré _instrument  package
("Ferry Box" for the ferries or "Blue Box" for
other ‘ships of opportunity, in analogy to the
"black box" of a commercial awplan% several
Parameters and properties of the surface wa-
ers.en route could be monitored without any
additional plattform costs thus contributing to
GOOS-Module 1 “Climate. Monitoring,
Assessment and Prediction” and GOOS-
Module 3 "Monitoring of Coastal Waters”. It
i therefore recommended to develop, install
and operate_ship-borne instrument gackages
within the EuroGQOS community by using
several approaches in parallel.

Introduction

Measuring and collecting data of surface water
properties from a ship underway is not a new
approach but has heen performed for many
ears mainly on board of research vessels.
ypical sensors and instruments that have
béen aPplled for such measurements are
temperature sensors or thermo-salinographs
using water which was pumPed either from the
ship's own operational system or which was
supplied to the instrumerit by an inlet system
specially desqned and dedicated for sciéntific
purposes. BUt hecause of the operational
scheme . of _research vessels the general
monitoring information of such en” route
records is low because of the normally single
passage throu_?h an area of interest ‘without
periodic repetitions.

The strong advantaﬁe_ of ferry boats in this
aspect is based on their repetifive and routine

coverage of well defined sections of coatal
waters.” Therefore: the¥ can provide h|?h
frequency time series of certain surface wafer
parameteérs and a continous update of the most
recent background in case of a sudden regional
emergency Within these coastal waters, These
data Sets are well structured for assimilation in
water quality and ecosystem mocels.

EuroGOOS decisions

The EuroGOOS secretariat and the TPWG
have already at a very early date started to
discuss the possibifities "of ferry hboat
Instrumentation’ and operation for " routine
momtormq of coastal waters thus |mpro_vmg1
the technology capabilities and the operationa
conditions for GOOS Module 3 "Monitoring
of the Coastal Zone environment and ifS
chan(f_es”. This early discussion has led to the
establishment of a ”FerrBy Box Project” and
accordingly to a ”Ferr}/ ox Working Group”
as part and subgroup of the TPWG.

This working group has meanwhile met
several timeS, “In_Dublin (Nov. 95), in
Southampton (Apr. 962, in Le Hague (Oct. 96)
and in Toulouse (Sept. 97), Brighton (March
98), Southamapton 1(Feb. 99). ” During the
Toulouse meeting of the working group 17
participants from 8 EuroRean countries took
Part in the discussion which among several
echnolggical aspects underlined theneed for
further joint European action. It was decided
that the Ferry Box  Project (Project No.
EuroGOOS P96.04) will with a timeScale of 2
years work on the “engineering feasibility and
design. study for a System of multi-sensor
operational Teal time marine data gathering
from ferry ships”.

Description of the Technology

A ship-borne instrument package for routine
operational monitoring of surface _ water
parameters from  ships of_oPportum_ty in
gnene,ral or ferry hoats In_ particular consists of

e instrument system itself and in addition
necessarily of several auxiliary or subsystems
as described by the following Key topics



+ instrument  package: sensors  with
electronics, front end pP-logic, bus system.

* (lata aquisition and storage system.

« data telemetry. _

» auxiliary subsystems: _Seawater inlet/
supply ‘system, " debubbling  system, fil-
tration ~ system (removal ~of ~suspended
particulaté  matter), back-up sampling
system, seawater discharge system.

Several sensors and instruments are presently
available in the field as Ro_ssmle candidates for
routine operation thougn it should be kept in
mind that operational monitoring over longer
periods of several days up to Several weeks
with _unattended  sensors requires  careful
selection criteria. Among these sensors and
instruments are sea water temperature, electric
conductivity, |I(_1h'[ attenuation, light scattering,
oxygen concentration, spectral “fluorescence,
nutrient concentrations.

The technological task to_be accomplished. in
the development of a ship-borne monitoring
sYstem for GOOS s the integration of some or
all of these sensors and instruments in one
autonomous operational - instrument packaqe
which  performs  data samplmg, data
evaluation, data storage and data telemetry
under way without any interference by an
operator.

Though the hardware systems, especially the
sensors and instruments, might differ widely
accordm? to the varipus = commercial
manufacturers on the market it has to be
assured that the collected data are compatible
with regard to their monitoring evaluation.
This requires intensive collaboration among
developers, manufacturers, operatm% agencies
and end users within_ the EuroGOQS “scape.
This requires further inter-european standard-
isation and calibration with the advantage that

European industries might be able to define
world wide accepted standards for this type of
operational equipment.

Actions already initiated and
recommended

Extensive experience has been acquired in
recent years by installing instrument packages
on Finnish vessels in the Baltic, and trials are
underway on ferries on the German coast, and
between "Southampton and the Isle of Wight.

Besides the already ongoing activities, within
the Ferr¥ Box Working rouP which are
aimed at_defining the “technology and its
Incorporation into a working system there are
several actions to be performed  in parallel for
the near future:

o Hargware activities based on national
funding. _ _

* Inter-European  collaboration,  either
national funded or as Eureka project.

o Concerted Action with participants of
several countries and EU funding.

o Consider a Shared Cost project in
Framework 5.

An important aspect for the development of
ship-bome  instrument packages and  their
routing gperation within GOOS module 3
“Monitoring of the Coastal Zone environment
and its changes” are the costs and the time
scales associdted with the development. Both
the costs as well as the time scales, depend
directly on the simplicity or complexity of the
intended system which, 'in its smplest Version
and for the purpose of demonstration only
could consist of just a few sensors but with all
required auxiliary and subsystems.



Towed undulating vehicles

Sampling of large ecosystems at increasingly
finer temporal “and _ spatial_ scales can “be
prohibitively expensive.  The problem of
ade%uate sampling prompted  Sir  Alistair
Hardy (1896-19853 t0 devise an instrument
that “could be deployed from ships of
opportumt)é and the” resulting samPIes
preserved by non-scientists for late laboratory
analysis. The instrument he developed was the
towed continuous plankton recorder (CPR).

In Canada the Batfish undulating vehicle with
instrument sensor Package was” developed in
the early 1970s at the Bedford Institute of
Oceanography. The developers of the CPR
the Instiiut? of Marine Environmental
Research  (now the  Plymouth  Marine
Laboratory ~Centre for Coastal Marine
Sciences)” produced an undulating oceano-
8raph|c recorder in the 1970s. In"a parallel
evelopment, the  UK’s Institute  of
Oceanographic.~ Sciences  (now  the
Southampton Qceanography Centre) produced
the larger SeaSoar venicle“which IS deployed
from research ships capable of deploying Iar%e
sensor suites at speeds of 10 knots down 1o
500 metres. The data are passed to the towing
vessel in real time by the tow cable.

An undulating vehicle, with its full payload,
must be able to generate sufficient Rydro-
dynamic forces to overcome the drag on the
tow cable and vehicle when diving;"and the
tow cable, vehicle and payload weight and
drag on the tow cable reverse catenary when
climbing. P%ymg out more and more Cable to
meet a Stated depth requirement is only part of
the story. When specitying a vehicle/payload/
cable system consideration must be given to
not only the maximum depth required but also
the_a[oerture through which the fully laden
vehicle must unddlate and at whaf sh|P’_s
speed. With a great length of cable paid out it
iS highly unlikely_that"the vehicle would be
capable of ge_neranng sufficient lift to raise its
OWn welqh (mcludm% payload?], together with
that of the tow caple, “to t

summary, the vehicle, payload, tow cable/
fairing, ship's speed, maximum depth and the
undufation " aperture required form a highly

e surface. In

constrained system with often little flexibility
in the design Solution,

Today there are perhaps 10 - 20 commercially
available towed undulating vehicles. ~ The
ranPe of depth capabilities is from a few 10s of
mefres to 600 metres. Most are towed at
speeds from 4-15 knots, although a few can
be towed at speeds up to 20 - 25 knots. The
maximum payload available is less than Im3
the penalty “of the larger paglload IS the
associated “weight, (in air); 150Kg for the
largest in comparison to 7Kg of the smallest
vehicle. Costs of the vehicle rangT[e from 16 -
80 KECU. 'However, the costs of fairing and
winch required for the larger systems can be
twice or more than the cost of the vehicles.
The following table Erowdes a short summary
of some of the availanle systems.

Most of the madem systems display Pitch and
Roll GPS and the cable tension.  Bottom
avoidance, or perhaps should be more aptly
named Bottom Warning systems are, or can
be, included within the system. The sensor
payload 20 - 60Kg, can accommodate a full
range. of the oceanographic equipment; C, T,
Fluorimeters, TranSmissometers,  Nephelo-
meter, Nutrient Sensors, Continuous Plankton
Recorder, Optical Plankton Recorder, pH, D02
and REDOX. Indeed providing the instrument
is not more than Im n length, any recording
package could be accommodated” within the
payload, To illustrate this point some typical
system layouts are enclosed.

In the foreseeable future there is a European
Programme to develop a robust ruggedised
towed undulator independent of ship's, power
supply  for . deployment from ships of
opPortunlty_ in support of eX|st|n% long term
data gathering Eoro rammes and fhose of the
future such as EURO GOOS. It is difficult to
see_the market drive to develop Iar?e deep
diving towed undulators as the development
COSts “are sqmﬁcant and the market relatively
small. The Tuture development, if ana/ will be
in the vehicles undulatlng to 100 - 200 metres
with the aim to produce less expensive
vehicles with greater payloads. However, the
hydrodynamicS ~ of ~ vehicles  requires



compromise; a long sleek shape for stability not be in designing new vehicles but into
and minimum drag, but width is required {0 reducing the size and power requirements of
mount the instruments. The future thrust will the instiument to be deployed.

Top view of a towed vehicle

FLOWMETER DISSOLVED OXYGEN PROBE

HARDY MECHANICAL POWERLINE MODEM SERVO UNIT
PLANKTON SAMPLER

FASTTRACKA (FRRF) AQUAPACK CTD-F

Chelsea Instruments NuShuttle Towed Vehicle
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WING HOOKS

Chelsea Instruments SeaSoar Mkll Towed Vehicle

PRY SENSOR

COND SENSOR

AQUATRACKA

PUMP

ALPHATRACKA

DO SENSOR

HYDRAULIC UNIT

ESTIMATED WEIGHT IN AIR : 200Kg
ESTIMATED WEIGHT IN WATER : 140Kg



MODEL DEPTH

RANGE
m
Guildling Minibat 60
WS Oceans U Tow 100
Chelsea Instruments NuShuttle 80
NuShuttle 150
with Faired Cable
Chelsea Instruments AquaShuttle 80
Haézg%geCable 0
MacCartney Scanfish MKI 100
MacCartney Scanfish MK |1 600
Guildline ‘Batfish’ Series 8800 300
Guildline,‘Batfish” Series 8800 400
W|th Fairing
Chelsea Instruments SeaSoar 100
SeaSoar with Fairing 500

P&R - Pitch and Roll option

upto 10
4 t0 20+
5to 15
5to 15

51025
5t0 25

2- 10
2- 10
3-10
3-10

45- 12
4.5- 12

BA - Bottom Avoidance option

m

75x.13x.13

.63x.41x.18
01x.5x.2
61X.5x.2

55%.33x.2
95%.33x.2

T5x1x.13

.8xl1.6x.14
?

?

1.2x.25x.45
L2x.25x.45

PAYLOAD
KD Ve
AR kg

!
40
1
Y

66
66

34
50
80
80

150
150

HT CA%GA%_ SI

?

60
10
10

50
50

25
40
23
23

?

?

1
3

GPS - Global Positioning System Input Option

<(>/ cond

8/7c

8.217¢
8.2/7¢

8.2/7¢
8.217¢

8.21Tc
6.2 / Coax

81/7c

81/7c

100

NIS

500
350/ 150F

500
350/ 150F

200
2000
400
600F

500
1000/750F

0RO

< < X< X

y

CT - Cable Tension Input Option

00



Acoustic Tomography and acoustic

thermometry

Summary of recommendations

Acoustic remote sensing of the ocean interior
on scales of tens to thousands of kilometres
shows promise for monitoring the _ flow
th_rou?_h passages/straits, for ~ quantifying
climatic changes in deep water Mmass
structures and heat contents, and for routingly
providing mtesqral constraints _in assimilation
procedures. Since the technique has been
proven to work in practice_in a variety of
seftings, it is time to identify key regions
where  routine acoustics “networks " can
contribute uniquely and where they can be
%rad_ually installed. Such sites include the
trait Of Gibraltar, the interior of the
Mediterranean and the source regions for the
%elrmtohalme circulation in the northern North
antic.

Introduction

Acoustic  techniques like . tomography _ and
thermometry rely on transmitters and receivers
installed in fixed nplaces, either moored
autonomously or cabled to shore. Problems in
the moored 'mode are energy storage, time
keeping, and data transmittal.” All of these are
not an 1ssue when cabled Instruments are used,
but the logistics. and engineering of laying a
cable are not trivial. These are all technical
Issues which can he solved and which should
be addressed in the next years. Once installed,
tomqgraphy-h_ke techniques  wil| be able to
provide - continuous operational large-scale
mtegrals_ of flows g.e. transports)  and
strafification (e.P. heat content). In key
regions, the ~ fransports would provide
boundary. conditions for basin budgets or
model Simulations, while the temPerature
integrals can be indicators of large-scale water
mass changes and provide long-range
constraints i models.

Key EuroGOOS decisions

There is a need for 'remote sensing' systems
for the ocean interior which can SUFP ement
the surface observations via satellites and
which can routinely gi

gr've high-accuracy data
for the deep ocean. The

"EuroGOOS " Plan"

ublication no.3) recagnises this, in the
Global Pilot Project’ section and this is also an
element in the CLIVAR implementation plan.
Acoustic tomography/thermometry technigues
can fulfil this ~requirement and should
therefore be pursued, "The Strategy for
EuroGOOS" (publication no.l) cites as a
medium-term “objective to _mvestl?ate the
routine application of techniques af' present
experimental such as acoustic tomo ra%hgl.
The ~ "Science  Base  of EuroGOOS"
(publication no.6) distinguishes a hierarchy of
methods, (from “operational to innovative)
which lists tomography and thermometry aS
worthwhile candidates. omographkl IS already
an element of the second phase of the planned
EuroGOOS Mediterranean Forecasting System
see the “Strategy for EuroGOQS").” The
LIVAR implementation plan embraces ‘end
Pomt' techniques like these, which can sense
the ocean interior Dbetween two fixed
instruments/moorings.

Description of the technology

At present, tomogre%phy IS used In an
individual mode by few specialised groups
world-wide. Work s already underway as part
of a MAST-3 project which aims at” making
the analysis of tomo%raphy data more routine
and operatlonal and at transferring some of the
expertise to SMES, New instrumeénts are being
developed in various places at this time, t0
improve the efficiency and other technical
aspects of the eqmFment. A new expertise that
needs to be established is the installation of
cabled instruments. This should be addressed
in the first round of post-MAST3 proposals.
Using such support, within 5 years the first
pilot” permanent s¥ste_ms could’ be installed,
e.0. in the Strait of Gibraltar. The experience
from that could be used. to achieve first fully
operational systems within 10 years.

Actions already initiated

As pointed out above, a MAST-3 project

(OCTQPUS) has been initiated which aims at

advancing tom_ograph,y to a more routine level.

A ﬂnot éxperiment in the, Strait of Gibraltar
autonomous

wit instruments ~ has



demonstrated that the technique is feasible and
accurate.

Action Recommended

For each application planned, the availability
of suitable types of sound sources should he
explored.  Depending on  frequency, a
considerable range of sources exists already,
while new_types”are also under construction
currently. For land-cabled. applications, new or
at least modified electronics packages need to
be huilt, but these also could the “follow the
desuIJn of existing systems. The main
chal enlg_e lies in the“actual laying of cables to
shore. Fiere work is required fo find out where
n Eur(gjoe this expertise exists and_ how it can
be, used cost-effectively. Since this is hardly
scientific work, an industrial collaboration
seems to be the way to go. However, the
efforts should be quahtY-controI_Ied and co-
ordinated with the _overall goals in mind by a
group experienced in acoustic tomography, of
which ‘there are ftwo in “the ~ EU
(IFREMER/Brest and IfM/Kiel).

Meetings, travel, workshops

No meetings are currently required, since the
interested _commuth will “without  doubt
become active and start the work when the
funding time frame is known. This could be as
early as summer 1998,

Communications

The use of tomography in a routine mode
could be improved by  communicating first
successes of pilot monitoring  deployments.
This will take another 4-5 years.

Costs

No costs other than imPIementing the
technology itself, which would need to' come
from proposal funding.

Funding sources

The most likely funding source is the EC
through the 5th framework program. Strong
collaboration with industry and SMEs will he
required for the implementation,

Collaborating Agencies

There are some %roups at research laboratories
in the US which should be nvolved, since
they have greater experience from ATOC
work. A suggestion is to collaborate with them
in the framework of global GOOS or
CLIVAR.
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Acoustic listening arrays, tracking

Summary of recommendations

* Request access be Pran_ted to the military
acoustic arrays located in the Atlantic.

*  Negotiate further utilisation of operational
oceanographic  techniques . which have
been limited to military use in the past.

. Es}_abhsh a EuroGOOS Military Liaison

OlICY. . :

o Undertake a cost benefit study into the
value of having access to the acoustic
listening arrays.

Introduction

The Atlantic contains a number of military
fixed acoustic arrays from which valuable dafa
on the state of the” Atlantic could be collected
either as ATOC or in COH']__UﬂCtIOH with a
planned programme of SOFAR type float
dePonments. The routine provision of this
data would enhance the EuroGOOS planned
capability to produce timely and accurate
oceanographic torecast products for the region.

The Acoustic Thermometry of Ocean Climate
(ATOC) experiment _[_1’]y brought to the
attention, of the civillan oCeanographic
community the potential to use the “United
States Navy's fixed seabed acoustic arrays,
known then as the SOund SUrvelliance
System (SOSUS), in climate studies. The
ATOC experiment proposed. to use the, USN
arrays _located in the Pacific to assist in
deteérmining the presence and magnitude of
seasonal and interannual temperature chan(IJes
in that ocean. The new_system is called the
Eﬂtjegé?ted Undersea Surveillance ~ System

In June. 1993 Dr J Gould was invited by the
Scientific Committee on_QOceanic Research
SCOR). Working Group 96 (fGIobaI Acoustic
onitoring of the Ocean) to form a_suquoug
to investigate the need for an Atlantic ATO
programme.  One of the conclusions of the
report produced by the WG [2] was that an
array of approximately 10 autonomous
recelvers in addition to any fixed USN/USAF
receivers that may be available will be needed

to resolve the known spatial scales of decadal
thermal anomalies in the area

The mid 19905 saw a significant increase in
the interest [3] in utilising military acougtic
listening arrays. A proof of concépt project
entitled” the  National  Oceanographic
Environmental Monitoring System (NOEMS)
was put before the Department of Defence
(DOD) [4 by an industry and NGO
Partnersmp. The concept was to %am access
0 the recentgl abandoned Bermuda SOSUS
array to provide a wide range of environmental
data to the civilian community. The DOD at
the time was looking at “dual use” of defence
system technologies and as part of this review
hiad already provided access to, SOSUS data to
a small group of federal agencies. This access
showed " the department the valug of making
data collected from SOSUS available to the
wider scientific community.  The navy
subsequently agreed to provide equipment and
the necessary access to the arra¥ to allow the
partnership o pursue the proof of concept.

EuroGOOS needs to understand the Atlantic
and be able to predict its state. This_ will
enable it to produce the range of operational
oceanographic products it has identified, in,its
published strategy [5] and plan [6], as being
Leqmred by its “potential European customer
ase.

Key EuroGOOS decisions

The decisions with respect to this topic are laid
down in the strategic objectives sector 4. [5]

Overall Strategic Objective

To analyse existing technological systems
available for operational oceanographkl,
estimate the optimum technology needed fo
implement different phases of an operational
forecasting  service, identify ~ gaps i
technology, and foster the development and
application of new technology to improve
forecasting.



Medium Term Objective For
EuroGOOS up to end 2002

To investigate the practical applications on a
routine basis of techniques at present
experimental, such as tomogralohy,. new
sensors for chemical and biological variables,
combinations of sensors and" telecommuni-
cations, automatic data qualm( control and
data assimilation, and the potential use of
AUVSs. Explore the use of mid-water floats
and acoustic tracking on a routine basis.

Links to other programmes

The description of the
technology

The technology relatin% to the arrays remains
classified.  However, the following references

[11 and 14] describe the technology”required to
patch info'the data from the arrays

Actions already initiated

The Director of WOCE has already requested
%?es%_ to the military acoustic arrays in the
antic.

Action already recommended
None

Meetings, travel and workshops

»  The following meetings are suggested

o With the NATO MILOC committee

 With the national defence departments
responsible for the military arrgys N

* The formation of a EuroGOCS Military
Liaison Policy _

o With relevant defence suppliers of the
technology

Communications
None.

Costs

The main costs in developing this technology
will be in the provision of the data recording,
data analysis and the secure array interface

capability. It is recommended that a cost
benefit " study be undertaken on the
implementation of this technology by
EuroGOOS. The experience gained with the
setting up of the ATOC, NOEMs and Sea
Sentinel projects should be used.

Funding Sources

None currently identified. = However the
proposted programme of meetings would need
support.

Collaborating Agencies

NATO
ONR (Europe)

There are a number of defence contractors
who work in the area of producing fixed array
systems that it s recommended that

uroGOOS try and collaborate with. How-
ever, due to the sensitive nature of this subject
it is not intended to list these at this stage.
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Autonomous Underwater Vehicles

Autonomous underwater vehicles have been
under development by the military and civilian
research commuth since the. 1970’s. Bushy
compiled a comprehensive review of progress
up until 1987 ?1], Over the last three years
significant advarices have been made, in
particular, vehicles are now completing
missions as well as actm% as test-heds for
technology development. AUVS are no longer
engineering curiosities.

Major projects underway in several countries
are” now " at the stage of de_mons_tratm%
autonomous missions of real scientific an
commercial utility. A survey of coastal fronts
in - Hero Straif, British™ Columbia was
completed in June 1996 by the Massachusetts
Institute of Technology’s Odyssey I vehicle,

2], Careful comparisons have béen made of

e temperature and salinity measurements
from Qdyssey with those from a conventional
CTD [3], knowing. the quality and limitations
of measurements”is an essential prerequisite
for the use of AUVs .in operational
oceanograghy. In April 1996, in an operational
task, a 175 Km long fibre optic cable was laid
under sea ice _in the Canadian Arctic by ISE
Research’s Theseus AUV, [4], Repeated
magnetlc and physical observations have been
made by Woods Hole Oceanographic
Institution’s ABE vehicle in the region of the
Juan de Fuca ridge in 1995 and 199 [5,6] and
trials  off  Florida by Florida ~Atfantic
University’s Ocean Explorer vehicle [7] have
shown that it was possible to reduce the
vehicle self noise and vibration to such an
extent  that  meaningful  turbulence
measurements could be made.

As storing the energy to provide propulsion
remains a problem for conventional AUVS, an
unpowered ~glider, ~ Slocum, has heen
developed by” Webb Research Corporation.
The vehicle” obtains forward motion from
control surfaces that utilise part of the energy
obtained from a buoyancy change engine
‘fuelled” from the temperature gradient in the
ocean [8]. Slocum has already been used to
survey fhe physical _oceanography of the
Sargasso Sea, completing 113 profiling cycles

between October 1995 and June 1996, albeit
using a powered buoyancy change engine [9].

Recent developments in high-capacity disk
storaPe devices and in fibre-optic” cable
spooling. and high data rate acoustic
communications from underwater vehicles
have led to AUVs carrying extensive and
complex sensors including an advanced laser
line scan imager [10] on Applied Remote
Technology’s "XP2L ‘vehicle "and a swath
bathymetry sounder for a survey of Oslo Fjord
by HUGIN I, an AUV froni a Norwegian
overnment - private sector consortium El
he consortium are already marketing HUGI
services to the offshore oil and gas industry.
The MARTIN AUV from Maridan has
demonstrated the use of a sophisticated
collision. avoidance sonar and processing
system in real time to navigate the vehicle
through a series of obstacles [12], This
successful demonstration brings the concept of
an AUV routinely navigating in confined
waters one step Ccloser. “The” UK Autosub
vehicle has completed over 140 missions (up
to November 19 82 and the vehicle technolo?(Y
fiﬁ]been licensed to Chelsea Instruments Ltd.

Transnational projects supﬁorted by the EU
have helped to accelerate the development of
AUVs within  Europe and haye greatly
increased the cohesion and information
interchange between national gz_roups. A seven
member, "three nation consortium conceived,
designed and built the Marius vehicle, which
included several technological innovations in
the areas of command “and control [14],
Another major EU project undertook generic
systems research for AUV tackling isSues in
acoustic navigation, composites for pressure
vessel and command and contro), as well as
exploring common science mission scenarios
across a number of European laboratories [15]
AUVs have been also, proposed as a key
component of multi-institution, multi-platform
underwater  surveillance and.  monitoring
systems [16] and initial feasibility trials have
taken place involving moored and free
swimming constituents” communicating with



each other and with scientists ashore using
acoustic and radio communication [17].

Even with these tremendous achievements a
number of issues still need further
consideration before  AUVS can become
routine  platforms, ~ for operational
oceanography. These issues include:

o reliapility of hardware, software and
mission_ " definition. The reliability of
electronic hardware and even underiater
connectors is now sufficiently high (or
sufficiently well known) to enable mission
duration Of over a hundred hours to be
performed with low probability_of failure
due to, hardware problems. “The _ latest
generation of AUV that utilise distributed
network architecture and h|%_hly modular
software have a high mean Time between
irrecoverable software crashes. Perhaps
the area that currently limits reliability ‘is
In mission definition. Some vehicles "use
very simple mission scripting languages
but" most use complex sequences of
commands and parameters that cannot be
formally  verified.  Research  and
development is required to apply formal
methods to the design and implementation
of AUV mission scripts.

* on-hoard energy storage, This is still the
m@\o/r limiting™ factor™ for long . range
AUVs. Even using low  weight-to-
displacement  ratio ~ pressure  vessels,
today’s batter¥ technology  puts _ a
Erac ical/cost-effective limit 0f about 500
m on AUV endurance. ~ Recent
experiments with semi fuel cells, fuel cells
and sea water batteries suggest that this
barrier could be overcome by the year
2000, but several safety and ‘operational
(uestions would need” to be tackled.
Lithium ion secondary hatteries would be
an attractive option, If their cost was to
decrease by an order of magnitude. This is
not impossible given the interest of some
automohile companies in developing cost-
effective electric vehicles with significant
range between recharging.e

o legal issues. International maritime law
does not, at present, acknowledge AUVS.
Their status is uncertain. An” working

roup of the International Research Ship

erators  Meeting 15 at_temptmg/ 0]
aadress the issues of operating AUVS in
coastal, EEZ and international waters.
Allied to legal status is the third party
liability of ~ AUV qperators. ~ Liability
insurance can be obtained for AUVS, but
the author is not aware If contingent
Ilab|l|y_can be insured, that is, if an AUV
is used in an operational context and fails,
then it may be difficult to insure against
the repercussions of that failure for the
customer.

o« (ata telemetry. OPeratlonaI_uses of
AUVs  will " usually require data
transmission in_near real time. For
distances of 10°s of km then radio
telemetry when the vehicle is on the
surface "is a proven solution. Acoustic
communication, should not be relied upon
in an operational scenario unless a
network of acoustic Systems has been
installed in the working area. Spooling
bare optical fibre from an AUV has heen
demonstrated, while offering a very high
communication bandwidth ™ there " is "a
significant cost and the range is Rrobabl
limited to less that 200 km. The cosf-
effective option is probably to use the new
generation of low earth orbiting satellites
such as ORBCOM or STARSYS.

In summary, many of the aspects of the use of
AUVs for operational oceano%raphy have
already been demonstrated over the population
of AUVs designed and used by the research
community. No one AUV yét has all the
attributes " that are necessary. Undoubtedly
such an AUV could be constructed and could
see service in the first few years of the next
century. European industry, in association with
Europgan research institutions, is well Placed
to deliver a famlly of vehicles adapted to
specific requirements,
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Fixed profiling instruments, pop-up

systems

Summary of recommendations

Fixed. ("eulerian”) in situ CTD (or density)
profiling obgervations, achieved throu?h a
network of either anchored or pop-up systems,
are ideal to supply data for the” ocean
circulation numerical” models, being a natural
complement to surface satellite observations.
é% éléch, they are a key technology for the

They offer um(iue advantages to the model
designer and to the sea operator, which makes
them important_ for identified application
sectors of the GOOS ocean basin and climate
module observations.

For other apFIication sectors of the GOOS
climate module, they must be considered as a
Botenhal complement to_ profiling drifting
uok/s, but are presently limited bg (1) their
relatively high "cost per profile", H the fact
that their tec nolog}/ does nat benefit from the
experience V%amed hrough former large scale
programs (WOCE).

We recommend the continued engmeerlng
development, field trials and, based on the
experience of trials, the deployment of YoYo
and pop-up devices in the prototype observing
systems of GOOS,

Introduction

Moored proﬂlmq systems have been well
known as a method to obtain uEper-ocean
time-series data since the '70s (van Leer et al.,
1974, Eriksen et al., 1982). "Recently there
have heen several efforts to extend the de%th
range of these instruments from 1000m
Provost et al., 199(2 down to full ocean depth
Doherty et al., 1996). The main advantage of
these instruments lieS in the fact that with one
set of sensors the predetermined depth range
can be continuously sampled. This allows a
better spatial resolition of the measurements
compared to fixed instruments with a
separation of about 50m.  Additionally where
multiple sensors are used the drift and the
offsets of the individual sensors are unknown
s0 that interpolated profiles from fixed sensor

chaing_are questionable. Therefore employing

a p_roﬁh_ng instrument carrier will allow new

mmght into the study of mixing processes in
e Sea.

A fixed profiling instrument or a pop-up
system is desiqned to generate time series of
ocean parameters ohServations anngi ong
water column, - and to transmit the collected
data to a processmﬁ centre via_generally a
radio link (Data coflection satellite or direct
link to shore).

Two t)g)es of fixed profiling instruments_can
be citéd: (1) "YoYq" s%stems when profiling
the water column is obtained by moving up
and down the sensors either along a rQPe for
deep sea operations) or at its extremity (for
near shore operations). (2) chains of sensors,
fixed below an anchored bioy.

In a pop-up sgstem, the time series of profiles
I5 generated by a set of free-flying I|Phter-
than-water sensors-carrym? prodes,  released
sequentially from a sea’hottom frame. Probes
are generally expendable,

When a plurality of fixed instruments or
systems are operated in a co-operative manner
from a plurality of locations, it becomes
possible to realise a 3D ("Eulerian") sampling
of the water mass.

Interest for operational
oceanography

YoYo instruments and pop-up systems operate
in a systematic, automatic, non-manned way,
ideally suitable for “operational" oceano-
?raﬁhy. The limitations of their use is due to
echnical feasibility factors which reduce the
practical lifetime "and increase the cost of
operation, such as: (1) sensitivity of the
sensors to fouling, (2) sensitivity of the
mechanical parts {if any) to weai and sea
corrosion and accidents” (inch trawlers and
vandalism), (3) difficulty in establishing the
data collection Tink.

Nevertheless, eulerian sampling instruments
and/or systems offer the following unique



advantages: (1_2 they can be operated in ocean
currents, straits, capes, etc. where drifting
buoys would be rapidly swept away, éZ)_they
IVé to the ocean circulation model designer

e possibility to clearly separate the time and
the Space com?onents of a water mass motion,
3) they operate over the whole water column

excepf for the chains of sensors).

Description of the technology

Fixed profiling instruments

Several types of fixed profiling instruments
have been proposed, either for deep sea or for
near shore applications.

Fixed proflllng Instruments movm% up and
down along a Oeep Sea anchor rope Nave. been
prototyped™and experimented. Their design i
mostly aimed to satisfy scientific investigation
using heavy analysers and to operate as a stand
alone station.

Fixed profiling instruments have also been
proposed and”experimented to cover near-
shore apphcanons. The sensors, mounted on a
lighter than water container, are moved up and
down by a winch_stored on the sea bottom.
Their Timitation is mostly due to energy
storage and sensor fouling problems.

An advanced system is the so called
"Crawler” of the WHOI (Doherty et al.). The
main advantatge of this system”is the hl%h
efficiency of  the propulsion system. To
achieve “a similar performancé with  a
buo_yanc¥ driven system calls for a special
design of the Pressure housing with the aim of
a small_ overall volume or some sort of com-
PYESSIbIlI’[y compensation. The draw back of
he "Crawler” design is the close contact to the
mooring line. There may arise problems, with
the transfer of disturbing’ motions of the line to
the sensors or failure t0 complete a cycle due
to biofouling on the mooring line. The advan-
tage of buoyancr driven profilers is that they
behave almost like free rlsm% systems. The
transfer of disturbances from the moorm% line
is negligible. This enables such systems to do
high précision current measurements.

Due to the fact that all these systems are
connected to the mooring line “they lend
themselves to the employment of inductive
telemetry as a mean  to communicate.
Therefore an on-line transfer of in situ data is
possible.

The cost effectiveness of such systems lies in
the fact that a single device covers a Iar%e
depth range. On the other hand it has tq be
proved that the reliability of such a technique
IS comparable to existing methods.

Currently there are groups in the US (Toole
Doherty, WHOI), “France (Provost) and
Germany (Waldmann, University of Bremen
see figure, Budeus, Alfred Wegéner Institute,
Bremgrhaven) engaged in pursumgrdeep sea
proﬂlmg YoYo™ ‘instruments. “The  first
successful tests have been accom?hs,hed but it
is still questionable which concept will survive
over deployment times of 6 months and more.

The  Externally Powered/Comﬁ)(ressmnny
Compensated YoYo (EP/CC-YoYo) is a
moored. profiler . designed  for " special
applications. It is originally developed to
monitor changes caused by winter convective
events in the polar regions {Greenland Sea).

Basic demands were:

* deep profiles (t pic_all)(4000 m) _

o many profiles {typlca ly 360, 1.e. 1 profile
each day for lyear) °

» self contained Vehicle (internal data storaFe
to .avoid problems with ice in arcfic
regions) L

» measure C, T and p with precision high
enough to indicate convective events ‘i
F_olar regions ,

» light construction for easy handling.

The design for the EP/CC-YoYo utilises the
Potentlal energy of weights (made from lead)
for the power réquired t0 descend. The system
i divided into two main parts: The vehicle
moving down and up, and_the control unit at
the. tOP of the mooring line, c_ontamlnrq the
weights and supplying” them in prese
time intervals.

ected
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Deep Ocean YOYO-Profiler(MARUM, Bremen, 1998)

The control unit contains one we|?ht for each
Eroflle_ (360 weights). Each welgh amounts to

90g in air, of which about 470g are used to
drive the downward movement of the vehicle.
Such a weight is placed onto the vehicle at the
time a cast shall start, and it is removed when
It reaches the ocean bottom. The vehicle itself
is balanced to possess some buoyancy and to
ascend by itself, finally reaching thé control
unit agaln. The upward speed is'much slower
than the downward speed (0.7 to 1.0 m/s), and

measurements are performed only during the
downcast. _
EP/CC-Y0Yos have already heen moored, in the
Greenland, Sea, demonstrating the principal
functionality of the system and” providing some
experience about their Rerformance. Somewhat
more than 20 profiles show that the vehicles can
be halanced correctly and that the planned
speeds are reached, Refinements are necessary,
however, to make the system fully operational.



Further developments should include:

* communication between vehicle and
control unit to download data and allow for
flexible time schedules _

o communication between control unit and
ship to access data without recovering the
mooring _

* tests about the hehaviour of the EP/CC-
Y0Yo In stronger currents.

Pop-up systems

A system concept (named EMMA) using free-
flying lighter-than-water expendable probes,
carrying = sensors and  RF  transmission
equipments, to be released sequentially from a
frame stored on_the sea bottom, has been
proposed bY the BrlO Company,_to match the
requirements of an ogeratmna An situ ocean
observation network. Such a dewgn minimises
the technical limitations inherent to eulerian
systems: (1) as the sensors are used only once,
they can be protected during storage by a tight
capsule, what eliminates arly foulm(ﬂ problem,
(Zﬁ as the t|?_ht capsule can be fulfdled with a
calibration qmd, it is ﬁossLbIe o make a
calibration of the sensor chain just before pop-
up, (3) the equipment does, not include any
part subject to wear, corrosion or vandalism,
and uses commercial electronic parts subject to
cost reductions.

Due to these features, the system should offer
(1) a high quality and Teliability of the
Mmeasurenients, (2)a long storage capability,
g) "operational” conditions of use. It can carfy
& T but also optical sensors éfor example,
direct density via refractive index measure-
ments).  ItS marginal cost per profile is
estimated to be less than 2000 Euros in 2003
by quantities of several hundred buoys, and
|éss than 1000 Euros with time and inCreased
quantities.

Key EuroGOOS decisions

The_Eulerian profilers are positioned within
the EuroGOQS strategic sector 4, “Technolqgy
for EuroGOOS" (EuroGOOS  Publication
No. 1, p.58).

Links to GOOS, WOCE, CLIVAR

Profiling systems are important for gz_lobal
science ™ programmes, as for operational
oceanography.

Actions already initiated

EMMAICTD: the  development of a
demonstration Rrototype makm([;

measurements has_ "been  underfaken by
IFREMER under BrlO licence. Appropriate
resources have been engaged. First sea tests are
scheduled for late 1999 Next actions to be
defined after these demonstration tests, by the
beginning. of 2000. The German EPC-YoYo
syStem is'in the stage of acvanced trials.

Action recommended

EMMA/Optical:  the technical preliminary
studies for integrating an optical refractive index
measurm%d_ewce_ developed by the Kiel and the
Bremen University (Germany) into an EMMA
vehicle should be _encoura?ed and possibly
funded. The significance of extended use of
profiling. and YoYo instruments should be
studied "in terms of the impact of the data on
models and data assimilation.
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Data management technology

Objectives and Overall
Requirements

The importance of data mana(r;ement for
GOOS has been stressed in several documents
and will be a main comP_onent of the
EuroGOOS system. The objectives are :

* toorganise the data circulation,

o {0 insure the quaht¥ and comparability of
the data collected from different sources,

for different community of users in data

Products, _ _

0 offer fast delivery of oceanographic

data and data products for scientific

foredcastmg, industrial and environmental

needs

* 10 safeguard the collected data and meta-
data for the future.

On the long term, it aims at preparing Iong
time series ‘of qualified data for climatic an

ecological stydies which will  constitute
baseline studies for the assessment of
environmental changes. The data archived
will also be used to improve the climatological
statistics and qualify the new data.

The data management requires

* acommon data management protocol,

* 2 _dafa management structure equipped
with hardware and software facilities,

* Co-Operation between  countries _ and
training in data processing, data qualifica-
tion, archiving and commanication,

Elements of these requirements exist in most
of the European countries, however there are
needs for development and progress. These
requirements are’. discussed in “the present
document, which is based on previous GOOS
documents and the data management systems
developed for several international projects.

Organisation of the Data
Circulation
Monitoring systems, operational observations,

and oceanographic cruises result in wide
numbers of measurements and generate a large

suite of processed samples, analyses and
products. The data flow has to aSsure the
dissemination of all data acquired by the
different groups among the EuroGOOS
participants, . selected users and Pubhc USers,
and their timelines. The data flow can be
distinguished into three main categories: 1)
the réal time (or near real time NRT) data
flow; 2). the delayed mode data flow; 3) the
information (meta-data) flow. The policy to
access these data and’ meta-data has to be
defined with simple rules.

Real Time Data Flow organisation

The real time data flow will give access to
observational data and forecasts "

o in-situ data collected by the operational
system, fixed stations, drifters

o insity data collected by ship of
opportunity _

* remote sensing data (altimetry, SST, ocean
colour, wav_es? _

» meteorological forcing data

J ana(llysed and forecast data produced by
models

Delayed mode data circulation

The observational data, which have been
compressed, reduced or decimated to allow
fast transmission, should be replaced in the
database by comPIete and fully validated
delayed mode data when available. When
several levels of processing are available, the
archived data are norma_l(ljy the best available
data set, that is the validated delayed mode
data set rather than the real time data and the
hqher level of processqu. However if this has
not been transmitted, or for any other reason, it
must be decided if several levels of
processing have to be archived.

The long term archiving parameters which
have been reviewed as having a high, |mf)act
on the health of the ocean like “dissolved
OXygen, nutrients heavy metals and
ternperature  have to be ensured. It s
recommended to integrate these newly



collected data sets in an historical database of
the same type. Derived computed parameters
like densify and sound velogity which are
currently used in the off shore industry have to
be madé accessible.

Information flow organisation

It is important to have a Irzermanent visibility
of the system and to make easily accessible
generlal information (meta data) and catalogues
namely :

1 methodologlcal documentation _including
formats and instruments/sensors inventory.

ship schedule and cruise summary reports,

fixed stations and drifters inventory.

data sets mventog. , _

general EuroGOQOS information and news.

Quality Assurance

Data Quality Assurance has to be ensured in
the operational data management, at all stages
of the data collection, processing and
archiving.

» For data collected operationally, the
validation_cannot be made systematically
by scientific laboratories. This will be
made mostly automatlcalll_){ by the data
manaqement structure. However it i
important to ensure that the procedure is:

* In accordance the internationall
agreed  standards  and  well
documented.

*  Intercompared. _

» Performed as soon as possible after
the data collection.

o Supervised by guallty experts and
reqularly reviewed.e

o As the data collection represents. a high
cost in time and money, it is Very
important to ensure that the collected dafa
set is usable. Regular. cross-checking
including automatic and visual procedures,
and coniparison with other data sets, have
to be performed, and the results, of these
checks transmitted to the data orlqlnat_ors,
for possible action on the data collection.
The . temptation of avoiding to ask the
originator to change procedures, in order

to spare susceptibilities, is a potential
danger which has to be resisted.

The data processing _and qualltY checks
procedures  are sloeufled In the data
management protocol for each data type. Basic
data “like temperature and salinity have
internationally agreed standards, but this is not
the case for"heavy metals, toxic algae, and
other biochemical “parameters and these have
to be developed. = (See GOOS HOTO for
example).

The_ execution of the defined_ tasks requires
motivated and adequately trained personnel
and appropriate _ facilities. The presence of
skilled,” multi-disciplinary groups, and of
independent  assessors “from International
Organisations will ensure the qualltr of the
dafa products.  EuroGOOS should work
closely with SeaNet on these issues.

Common data management
protocol

The data management protocol has to_ensure
comparability, Coherence and communication.
It covers several items,

Archiving specifications

Archiving specifications have to be defined for
the common tools and products

Catalogues:

»  Cruises, ships, fixed stations, Lagrangian
Platforms.

o Instruments. _ _

* In Ssitu, remote sensing, atmospheric
forcing, model data sets.

Documentation:

» Methods for data collection, data
validation and archiving.

*  Experimental reports,

* Technical manuals for software and user
manuals.

Data dictionary:

*  The key words used in the meta-data.



o The reference and observed parameters
with_common names, units, number of
sqmﬁcaﬂve numbers and also control
values for the quality checks.

« Data exchange formats, which take into
account that™ real time data format and
delayed mode have different constraints:

* Real time format must be compact.

* Delayed mode format must (according to
international recommendations 10C/ICES)
include environmental data on the
condition of measurement (meta-data)r, be
auto descriptive and independent from
computer for the archiving.

Data Processing and Quality Checks

Data processing

Several levels of processing can be managed.
Raw data may be transmitted in real time, ‘and
correction for instrumental errors or methods
may be necessary. The methodological
documentation has o be detailed and widely
disseminated.

Quality checks

In _conformity ~ with __the international
UNESCO/IOC™ and ICES recommendations
for data banking, quality checks (QC) have to
be performed on the final data sets and meta-
data. As a result, quality flags are added to
allow direct use of " the™ data without
modifications. They include :

QC 0: Check of the format and completeness
of information _

QC 1:Check for date and location - check of
the navigation - search for duplicates

QC 2 Check of the observations : they are
adapted to each data type, but inclide at
least broad range checks within Sub-
basin maximum- and minimum  values,
detection of spikes, and comparison
with local climatological values when
available.

Data Products and Services

Continuous data and information services
include:

» Updated catalogues and documentation,
on WWW servers with hyperlinks
between topical  validation ~ centres,
archiving centres, modelling centres,

* Ftp anonymous Servers are very efficient
for exchange of data and documentation
'gmanuals and annual reports).

»  Forecasts on WWW.

o Observational data on_request on ftp
servers or electronic media, _

o Analysed data, climatologies and gridded
data " products. also on"ftp servers or
electronic media.

Operational data (ienerated for real time
apPhcanons IS Usua lY‘ covered by an agreed
data 80I|c for real time exchange and” use.
EuroGOOS has established a Data Polic
Panel to develop procedures in this context.
The data of oceanographic programmes, after
the confidentiality” perioa, are normall?{
released, in the ~ public domain_ throu
electronic data publishing like CDROM. for
no more than the cost of reproduction and
distribution.

Data Management Structure

A distributed Data Management
structure

It is noticeable that the exwtmgg meteorological
forecasting system has retained national
agencies and “data centres after settm? up
uropean and global collaborative systems.
Some duplication of the tasks ensures the
safegua_rdm? and  better sharm%] of the
responsibilities. An operational dafa manage-
ment system for the ocean will similarly
include “distributed topical and regional dafa
assimilation, modelling, and archiving centres.
It is likely that the Edropean countries which
will contribute to the data collection in their
economical areas, will participate also to the
data management system. A partial duplication
of the taskS will ensure quality and security.

Topical_ _centres can have a specific
responsibility for data validation, real-time
processing and preparation of the forecasts and
model outputs.. The IODE network  of
dem?nated National  Oceanographic Data
Cenfres can be developed to manage the
delayed mode data, perform the final Quality



checks and to integlrate the collected data set in
larger historical data sets of the same type.

Software and Hardware Requirements

As the measurements should be routinely
managed, and the dissemination of products
carried out on a reqular basis, hardware and
software facilities have to be available, with
performance_ and  effectiveness in  the
procedures. They will include :

«  Software development for data processing,
quality checks,” preparation of on line
catalogues  (WWW technology)
preparation of  data products and
dissemination of data.

* Hardware properly  dimensioned ~ for
running expert ‘software and handling
Iar?evol_umes ofdata. _

* Networking : the project implementation
Prereqmsnes good communication  links,
hrough electronic mail, WWW. servers,
and “anonymous ftp disk for data
dissemination. o

o Electronic data publishing facilities
delayed mode data will be published on
CDROM as a_complementary tool for a
wide distribution, ‘with exfraction and
visualisation software.

State of the art and necessary
progress

Oceanographic data management

It was reported by GOOS (UNESCO, 19%)
that the present Status of International data
management including archiving and retrieval
s Inadequate to deal with "the  demands
imposed b% GOOS, and needs to be improved.
See also the GOOS 1998 Prospectus for_an
outline of GOOS data mana(fement. The
major requirement was that all data, either
derived . from _research projects, regional
moniforing activities, fishery research or
classified “military activity, néed to be made
available. It has heen recognised further that
methods and standards for archwmg and
exchange are in use only for physical
oceanographic data, but dre_ lacking for
chemical oceanographic data. To encompass
these problems, it has been recommended, to
be develop Jarotqcol_s for data receipt,
verification and validation, in order to ensure

that the GOOS data archive contains reliable
data to assess the health of the ocean.

The pessimism of these assessments which
apply to the global ocean data management,
may”be moderated for the European Seas. In
the” frame of the UNESCO/IOC/IODE
pro%amme, several countries have established
a National Oceanographic Data Centre
NODC? or a Designated National Agency
DNA) for national archiving and internationdl
exchange. Even if there 15 a often a ?ap
between the official missions and the real state
of the national data m_ana%ement, these centres
do archive observational data and can be
developed for the needs of EuroGOOS.
Marine meteorological data are managed
routinely in real time by the major European
Meteorological Offices,” and increasingly the
Met Offices and Environmental . Agencies
collaborate to run operational marine models
in real time.

In addition to the observational data archiving
gridded statistical cllmatolofqles of good
quality -have been ﬁroduced Or temperature
and salinity, up to the monthly time scales, at
Iar(ie (basins) and small (coastal areas) space
scales. Cllmatolo?ms are also available for a
limited number of hio-chemical parameters at
large (global ocean) scale. They make use of
advanced methods like variational inter-
polation and kriging, which have been
successfull% applied™ and  intercompared.
However the quality .of these climatologies
depends on the availability of observations and
therefore on the geograpfical area. They have
therefore to be ‘Updated when an important
number of new data are released.

Al the European countries have intermnet
maﬂmP facilities, but this is not yet the case
for all’ the neighbouring countries. This is
more crucial forthe WWW server technolo?y,
the situation is improving very fast, and The
centres already eqmpﬂed can offer a site for
web pages for those who do not have them yet.

Transfer of Knowledge

The development of National Information
Systems and the management of the coastal
data is a hasic requirement of the system. The
use of a common formattmg system, and
common quality control procedures has to be



ensured. It needs to improve co-ordination, co-
operation and exchange of information among
data managers transfer of expertise an
knowledge.

Expert systems for quality assurance have
been developed by several “data centres, with
different versions dePendlng on the hardware
platforms. Some of these Systems have been
Inter-compared to confirm that they provide
identical ~ control of data.  Transferring
methodology and software will ensure a
comparableé level of quality in the operations.

Priority has to be put on job training, through
visits “to the regional “data centres. This
exchange of visitors will help to  avoid
misun e_rstandm% and usual communication
difficulties, which can raise at any step of the
prQ{ect implementation, even with the best
written specification manuals. More advanced
regional centres must be _encoura%ed to offer
facilities for visiting scientists of other centres,
ﬁnd release their Software tools and know-
ow.



Operational models,
supercomputers, data assimilation

Summary

The existing capability in real-time operational
ocean forecast miodelling at ~ National
Meteorological ~ Centres and  operational
Oceanographic Institutes should be built upon.
Links. with 'non-real-time running at other
agencies and institutes should be developed.

e need for a wider coverage of reliahle
quality controlled, co-located observations of
physical quantities Eelevatlon [T, S/ current
profile / wave spectrum / surface fluxes) for
assimilation into, and verification of, existing
and planned models should, be assessed. The
existing communications  infrastructure - and
protocols for meteorology should be taken
advantage of, for distribufion of observations
and model data.

We must establish user requirements for
model forecast products, especially identifying
viable commercial applications, or identifying
a 'public good1 to encourage funding from
central Government agencies and elséwhere.
This will allow further development of
operational oceanography.

We must identify which requirements are
needed in 'real time" and which are needed
‘offline’, possibly using the latest monthly. or
seasonal values of meteorological and physical
oceanographic parameters,

Introduction

Numerical models are an essential tool for
forecasting hydrodynamic and oceanographic
variables,” and for studying the complex
interactions between motions and processes on
all time and space scales.

Present status of real-time
operational modelling

Sea state forecastin?, (using  spectral wave
models) is well established and in widespread
operational use, A range of wave models (both
second and third generation) is aPplled both
%Ioball and regionally. For coastal waters the

WAN model is available (public domain) and
has been adopted by the US Navy ONR as the

best tool for transforming forecasts of sea state
from offshore up to the surf zone.

For shelf seas, depth-averaged hydrodynamic
models of storm surge elevations and currents
are also well established in operational use. 3D
current profile models are also available, but
not yet run operationally in real time as a
viahle commercial market has not yet been
fully demonstrated, These models are valid
only on the shelf, in waters of around 100m
depith or less that are generally well mixed.
Coupled wave-tide-surge models are available
but need careful tuning and setting up to
perform as well in all Cases as the™ present
operational surge models. For that reason
operational use is not wicespread at present.

The principal shortcoming, which is alread
being addressed by research and development,
is the inability of present operational madels to
cope with conditions on the shelf edge.

Deep ocean gz_lobal forecast models, including
data assimilation, are becom[nq available for
oFeratlonaI use - an example isthe one deﬁree
obal FOAM FForecastm Ocean Atmogphere

odel) model at the UK Meteorological
Office. Present operational real-time madels
are not eddy. resolving, but future
developments will include nested eddy
resolving regwnal .models, and. more
sophisticated Clata assimilation techniques to
capture. mesoscale features of the ~ocean
circulation.  An ocean scale operational
modellin R/lro%{amme under development is
the French MERCATOR project.

Data assimilation and
observations

For wave models, techm?ues to assimilate co-
located observations of wave height and
windspeed (e.g. from satellite borie radar
altimeters) ‘are . well developed and in
operational use in global models. Data from
in-sity buoys are not as widely used for
assimilation, except in some regional wave
models, because of the sparse coverage.
Techniques to assimilate spectral observations
are heing developed, but are not in widespread



operational use. Spectral observations from
satellite borne SAR are available but need
costly ?rocessmg before use. In-situ observa-
tions of the wave energy ﬁ)ectrum are Sparse.
There are few co-located measurements of
‘offshore" and ‘onshore" wave conditions.

For shelf seas models a range of techniques for
assimilating tidal elevation™data are available;
some more developed than others. These are
not in widespread operational use. In UK
waters the main tide gauges are located in
P_orts, on the coast. There dre few, if any, real
Ime _in-Situ  observations of Sea surface
elevation in open water. There are few real-
time observations 0of surface currents or of
current profiles available.

Global and regional sea surface temperature
(SST) analyses are already carried out for use
b% oBeratlonaI numerical weather prediction
( WCP models. For use in shelf seas models
the detail of how the SST influences
temperatures at depth needs further study, (i.,
is the water mass well mixed or strat|f|ed) and
the ability to assimilate temperature soundings
in shelf Seas models needs to be developed.
For example, correlation scales need to be
established, and the use of feature modelling
could be explored further.. Some of these
issues will be addressed within the planned
European Shelf Ocean Data_ Assimilation
Experiment  (ESODAE) project of the
EuroGOOS NW Shelf task team.

Surface  observations  of _meteorological
parameters and fluxes are required, to compare
with NWP model predicted surface fluxes.

Description of the technology

There needs to be a hierarchy of models
starting from the deep ocean models (Global /
Atlantic / Mediterranean) prowdm%_boundary
conditions for shelf-wide models which in turn
provide boundary ~conditions to high-
resolution local madels (fe.g. southem N Sedor
English, Channel), Surface fluxes from an
appropriate  resolution  NWP  model are
required for each ocean model.

Experience in NWP has shown the need for a
range of types of model, employed in a range
of “applications, to assist in identifying

?riorities_ for ~ development of  model
ormulation,

Model formulation

Trials of global coupled wave-atmosphere
models have been "run, particularly, at
ECMWF, demonstrating a small but positive
impact. However coupled wave-atmosphere
models are not in widespread operational use.

Coupled waveltide/surge hydrodynamic shelf
models are under development, and some
Institutes have _already implemented them
operationally.  The extension  to coupled
wave/baroclinic shelf models is also under
development. However improvements in
a_ccuracr of surge residual P_re Ictions are most
likely fo come in the first instance from
improved use of data assimilation, and also
from the use of higher resolution (& more
accurate) forcw NWP winds and_ pressures,
and for the NW" Shelf from including a deep
ocean houndary forcing at the shelf edge.

Extended range d(10 day to 30 day) forecasts
from NWP models may be prepared using
ensemble forecasting techniques. These have
not yet been appliéd in forecasting the sea
state” or the ~ meteorologically = induced
circulation on shelf seas, and development of
%pproprlate techniques would be required.
his would allow probabilistic_forecasts to be
made, in addition to the deterministic forecasts
made at present, although this is some way
into the future.

Running models/computer
requirements

Real-time fully coupled complex models
almost  certainly = require | supercomputer
processing capability, even if run at modest
spatial resolution.

Supercomputers are replaced or _upgraded
every 3-4 years. They need full-time” shift-
wor |ngf support for ‘operational' use, and need
to be Tully utilised to justify the cost of
overheads.

Offline non time-critical models can probably
be run satisfactorily on available workstations.



Communication methods and Brotocols need
to he discussed and _agreedero ab!iv based on
a

existing Meteorological WMO standards.

Key EuroGOOS decisions

Previous EuroGOOS decisions have not
reflected all the points discussed above. There
has been some attempt to call for setting up a
'European_ Centre' for oPe_ranonaI ocean-
ography, The. resources, for this would need to
be carefu%bé_ltemwed, including an allocation
of costs. This approach could place the costs
differently to an incremental aﬁpr_oach
building,” for example, on existing National
Meteoro'logm_al Services and  Operational
Oceanographic Institutes.

Actions already initiated

The following planned programs are directly
relevant to the development of operational
ocean_forecast models: GODAE; NW Shelf
Task Team ESQDAE proposal; Mediterranean
Forecasting project (EuroGOQS): the Baltic -
BO_OSt task team; the French MERCATOR
project.

Meetings, travel, workshops

Many of the above points are bem? covered by
EuroGOOS Task Team meefings under
proposed concerted actions. These “concerted
action pr%posals should be strongl(}/ supported
by EuroGOOS. For wave modelling, the

ISE meeting for shallow water " wave
modelling has™ become established as the
Prmc_|pal forum. At present this relies on
unding from the attendees host institutes to
cover fravel and subsistence.

EuroGOOS  could usefully help  the
development of operational ocean modelh_ngi

_supporting _ studies  of . commercia
application, hosting and arranging seminars
which bring togethér customers Ezfrom industry
and Government) and the  operational
agencies, to allow d|alo|gue and  the
development of products. A clear statement of
need for forecasts of particular variables will
drive the operational implementation, as is
already happenmgi for currents on the shelf
slope Wwest of Shetland.

Communications

The development and use of operational ocean
modelling could be improved by access to
appropriate communications, sharmg_ informa-
tion, ‘publications, surveys, and display of
information on the EuroGOOS Website.

Costs

The major recommendation that could be
funded “by existing EuroGOQS agency
commitments is the task of ar_rangm% seminars
and _cqmmunlca_tm? information.” The cost of
providing  dedicated large. supercomEute_r
systems and telecommunications_networks is
beyond the resources of EuroGOOS alone -
this is best addressed by building on, and
sharing, existing real-time”computing capacity
at  National "Meteorological  Centres or
Oceanographic Institutes. “The provision of a
wider cOverage of relevant observations in real
time could be addressed in conjunction with
the end-users of forecast  products. Many
already provide meteorological observations,
this facility could be extended.

Funding sources

The best strate%y for development of
operational forecast products is to be close to
the market - if aqenues focus on delivering
what ‘industry’ will pay for, and incidentally
set an_appropriate value for the product, then
operational ‘ocean forecast modelling will
8row. If however the model products are
eveloped in isolation from the end user, then
the funding position will be precarious.. The
EEC may fund development of pre-operational
models and techniques, but routing operational
running requires a paying end-user.

Collaborating agencies

It would be useful for EuroGOOS to establish
contact with the offshore industry panels and
groups, for example NWAG.
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Acronyms

ACCE
ALACE
APG
ARGO
ATLAS
ATOC
ATSR
AUV
AVHRR
BITBUS
CANBUS
CANIGO
CASI
CEDRE
CEO
CEOS
CLIVAR
COARE
CSIC
CTD
DBCP
DG
DOD
ECMWF

E
EUMETSAT
EuroCLIVAR
EuroGLOBEC
EuroGOOS
EuroROSE
EUROMAR
FIESTA

GEK
GEONET4D
GLOSS
GODAE
GOOS

GPS

GTS
HELCOM
HF
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Atlantic Circulation and Climate Experiment (WOCE)

Autonomous Lagran(fuan Circulation Explorer

An Autonomous Profiling system

Array for Real-time Geostrophic Oceanography

Autonomous Temperature Line Acquisition System)

Acoustic Thermometry of Ocean Climate experiment

Along Track Scanning Radiometer

Autonomous Underwater Vehicle

Advanced Very High Resolution Radiometer

Bus interface system

Bus interface system _

CANary Islands Azores Gibraltar Ohservations (MAST 1)
Compact Airborne Spectrographic Imager _ _

Centre de Documentation de Recherche et D'experimentations
Centre for Earth Observation (EU% _

Committee on Earth Observation Satellies

Climate Varlabllltk/ and Predictability (of WCRP)

Coupled Ocean Atmosphere Response ,ExPe_rlment (TOGA-COARE)
Consejo Superior de Invesn[();amones Cientfficas, Spain

Conductivity Temperature Depth

Data Buoy Co-Operation Panel
Directorate General

Department of Defense _
Eurgpean Centre for Medium Term Weather Forecasting
Exclusive Economic Zone

El Nino Southern Oscillation

Earth Observation

Earth Observing System (NASA, USA)

European Sea Level Observing System

European Space Agen

C
North West European SYheIf Seas Ocean Data Assimilation and Forecast Experiment

European Space Research and Technology Centre

European Union _ o

European Meteorological Satellite organisation

European Climate Variability and Predictability

European Global Ocean Ecosystems Dynamics

European Global Ocean Observing System

European Radar Ocean Sensing -

European Marine Research Programme within EUREKA

Euromar data interface standar

Geomagnetic Electro Kinematograph

Multimedia Geocentric Networked Environment

Global Sea Level Obser_vm[q System (10C)

Global Ocean Data Assimilation Experiment

Global Ocean Observing System

Global Positioning System

Global Telecommunication System _ .
Helsinki Commission (Baltic Marine Environment Protection Commission)
High Frequency



HI'SWR

MERCATOR
MERMAID
MILOC
MIROS
MMS

MTS

NGO
NIVA
NOAA
NODC
NOEMS
NRT
NWAG
NWP
OCCAM
OMAR
OMEGA
ONR
00SDP
ORBCOM
OSCR
OSPARCOM
PIRATA
PROMISE
PROVOR

BA
AFOS
REDOX
RF
RNODC
SAR

High Frequency Surface Wave Radar
Health of the Ocean
Inter-American Seas GOOS o
Integrated Coastal Analysis and Monitoring System
International Center for Culture and Management
International Council of Scientific Unions =
Institute for Electronics and Electrical Engineering
International Geoscience and Remote Sensing Symposium
International Geosphere-Biosphere Programme
Information Management Center .
Intergovernmental Oceanographic Commission (Unesco)
International Oceanographic Data and Information Exchange (10C)
International Submarine En?meermg
Integrated Undersea Surveillance System
Journal of the Acoustical Society of America
Land-Ocean Interactions in the Coastal Zone
Light Detecting and Ranging sensor _ _
Mesures Automatisées en Reseau pour I’Environnement Littoral
Marine Buo?/ Network ﬁGerman coast)
A multi-cycle RAFQS float
Marine SCience and Technology (DG-XII CEC)
Marine Environmental Data Service (Canada) o _
French operational high-resolution global ocean prediction project
European Union shared cost action
Military Oceanography
Microwave Ocean Sensor
Marine Meteorological Services (of WMO)
Marine TechnologY Society
Non Governmental Qrganisation
Nor_wegmn Institute FQr Water Research, N
National Oceanographic and Atmospheric Administration (USA)
National Oceanographic Data Centre (IODE),
National Oceanographic Environmental Monitoring System
Near Real-time _
North West Shelf Action Group
Numerical Weather Prediction _
QOcean Circulation and Climate Advanced Modellin _ _
OB_eratmnaI Marine Requirements for EQ-derived data and information
0 g_ect Metadata for European Geographic Analysis
Qffice of Naval Research
Ocean Observing System Development Panel
Low earth orbiting Satellite
Qcean Surface Current Radar
Oslo and Paris Commission _ _
Pilot Research Moored Array in the Tropical Atlantic
Pre-operational modelling in the seas of Europe
AHFdro raphic Profiler

ua |éy Assurance

ound Fixing and Ranging Floats (a form of pop-up sub-surface float)
Reduction/Oxidation
Radio Fr_e(iuen% _
ResEonsm e National Oceanographic Data Centre (I0DE)

Synthetic Aperture Radar



SCAWVEX
SCOR
SCSMEX
SEANET
SMEs

SOC
SOFAR
SOSUS
STARSYS
SWR
TOGA
TOPEX/POSEIDON
UKCS
USAF

USN

Surface Current and Wave Variability Experiment
Scientific Committee on Oceanic Research

South China Sea Monsoon Experiment

Data interface group _

Small and Medium-sized Enterprises

Southampton Oceanography Centre

Sound Fixing and Ranging Tloat

SOund SUrvelliance System

Low earth orbﬂmg satellite

Surface Wave Radar _

Tropical Ocean Global Atmosphere Experiment
Joint US/French Ocean Topography Experiment
UK Continental Shelf

US Air Force

US Navy _

Very Long Baseline Interferometry .
World Climate Research Programme (WMO, ICSU)
WEIlen RAdar

Workin Gro%p o

Woods Hole Oceanographic Institution (USA)
Shallow water wave modelling ?roup
World Meteorological Organisation
World Ocean Circulation Experiment
World Weather Watch (of WMO)
Expendable Bathythermograph
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