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Summary

NOWESP has compiled a vast quantity of existing data from the north-west European shelf. Such a
focused task is without precedence. It is now highly recommended that one, or a few national and interna-
tional data centres or agencies should be chosen and properly supported by the E. U., where all available
observational data, incl. the NOWESP data, are collected, stored, regularly updated by the providers of the
data, and made available to the researchers. International agreement must be reached on the quality con-
trol procedures and quality standards for data to be stored in these data bases. Proper arrangements should
be made to preserve the economic value of the data for their “owners” without compromising use of the data
by researchers or duplicating data collecting efforts.

The Continental Shelf data needed are concentration fields of temperature, salinity, nutrients, sus-
pended matter and chlorophyll, which can be called “climatological” fields. For this purpose at least one
monthly survey on the whole European shelf is needed at least during five years, with a proper spatial reso-
lution, e. g. 1° by 1°, and at least in those areas where climatological data are now totally lacking. From the
modelling point of view an alternative would be the availability of data from sufficiently representative fixed
stations on the shelf, with weekly sampling for several years.

It should be realized that there are hardly any data available on the shelf boundaries. Therefore, one
should consider a European effort to set up a limited network of stations, especially at the shelf edge, where
a limited, selected set of parameters is measured on a long-term basis (time series) for use in modelling and
for interpreting long-term natural changes in the marine environment and changes due to human interfe-
rence (eutrophication, pollutants, climatic changes, biodiversity changes).

The E. U. could foster coordination of nationally organized measuring campaigns in Europe.

Methodologies should be promoted to collect areal distributed data sets through remote sensing (satel-
lite or aircraft-borne) techniques.

The formulations of basic physics should be improved: turbulence must be simulated in a way that more
closely represents nature. There is a need for a well validated, detailed shelf circulation model which repre-
sents the measured data properly during long-term simulations. Tides must always be included since they
are important for mixing. A detailed North Atlantic ocean circulation model should be developed to provide
proper boundary conditions at the shelf edge.

The physics of exchanges at the shelf edges, between the ocean models and the shelf models should
be studied and better formulated.

Zukunftige Anforderungen an die Messung und Modellierung unter Bertcksichtigung vorhandener
Schelfdaten (Zusammenfassung)

Im Rahmen von NOWESP wurde eine immense Menge von Daten (ber den nordwesteuropaischen
Schelf zusammengetragen, ein in dieser gezielten Form bisher einmaliges Projekt. Es wird dringend emp-
fohlen, ein oder mehrere nationale oder internationale Datenzentren auszuwahlen, die diese Daten komplett
speichern und sie regelméaRig durch die Datenlieferanten aktualisieren lassen, um sie der Forschung zu-
ganglich zu machen. Das Projekt sollte von der EU gefordert werden. Es miissen internationale Vereinba-
rungen Uber die Qualitatssicherung der zu speichernden Daten getroffen werden. Ferner sollte der wirt-
schaftliche Wert der Daten fiir ihre jeweiligen ,Eigner* gesichert werden, ohne dadurch den Zugriff anderer
Forscher auf die Daten zu behindern; auch sollen auf diese Weise doppelte Datensammlungen vermieden
werden.
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Die bendétigten Datenfelder vom Kontinentalschelf konzentrieren sich auf Temperatur, Salzgehalt,
Nahrstoffe, Schwebstoffe und Chlorophyll, die man als klimatologische Felder bezeichen kdnnte. Dazu wére
mindestens eine monatliche MeRkampagne auf dem gesamten européischen Schelf Uber einen Zeitraum
von funf Jahren erforderlich, und zwar mit einer geeigneten raumlichen Auflésung von z.B. 1° mal 1° zu-
mindest in den Gebieten, fur die bisher keine klimatologischen Daten vorliegen. Fur Modellierungszwecke
wirden sich alternativ auch Daten von reprasentativen Schelfstationen mit wochentlicher Probenahme Uber
mehrere Jahre eignen.

Da bisher kaum Daten von den Schelfréndern vorliegen, wéare im europaischen Rahmen die Schaffung
eines gemeinsamen Stationsnetzes vor allem am Schelfrand denkbar, um Zeitreihen bestimmter Parameter
fiir Modellierungszwecke und die Erfassung langfristiger natiirlicher und anthropogener Anderungen der
Meeresumwelt (Eutrophierung, Schadstoffe, Klimadnderungen, Artenreichtum) zu erhalten.

Die EU konnte die Koordination nationaler européischer MeRRkampagnen férdern. Methoden der
groR¥flachigen Datensammlung per Fernerkundung (Satellit oder Flugzeug) sollten geférdert werden.

Eine Verbesserung der Darstellung physikalischer Vorgénge ist notwendig: Turbulenzen missen na-
turgetreuer simuliert werden. Es fehlt ein gut validiertes, detailliertes Schelfzirkulationsmodell, das Mel-
daten in Langzeitsimulationen adaquat wiedergibt. Die Gezeiten mussen immer einbezogen werden, da sie
bei Mischungsvorgangen eine grofl3e Rolle spielen. Es sollte ein detailliertes Stromungsmodell fur den Nord-
atlantik entwickelt werden, um geeignete Randbedingungen fiir den Schelfrand zu erhalten. Die physikali-
schen Austauschbedingungen an den Schelfrdndern zwischen den Ozean- und Schelfmodellen sollten

besser formuliert werden.

1 Objective
Task B3 (from the technical annex to
NOWESP) is formulated as follows:

From the statistical analysis of the data sets
and the assessments of the fluxes and budgets
it will become clear what the major data gaps
are and whatproblems may be expected in mo-
delling the shelf fluxes. Through concerted ac-
tions of experts on analysis of field data and nu-
merical flux modelling the future observational
and modelling needs will be indicated.

2 Introduction

During the NOWESP (NOrth West European
Shelf Project), a large observational data set on
different hydrographical, chemical and biological
parameters has been compiled for the N. W. Euro-
pean Shelf from the NOWESP partner institutes and
from other authorities (van Leussen et al. [1996],
Gekeler and Radach [1996a], Radach et al
[1996c]).

The North-West European shelf covers the
area within the 200 m depth contour, including the

French shelf, the Irish Sea, the Celtic Sea, the

Channel, the North Sea, the shelf west of the British
isles, the Norwegian Trench, the Skagerrak, the
Kattegat, and the westernmost part of the Baltic
Sea.

For about ten key parameters, namely tempe-
rature, salinity, phosphate, nitrate, nitrite, ammo-
nium, silicate, particulate suspended matter and
chlorophyll, data on long-term changes (20 to
30 years) and geographical distribution have been
collected.

Another source of data is several (real time)
operational numerical models available in Europe
to predict North Sea tides, surges, waves, currents
and water fluxes and, to some extent, temperature
and salinity (Yu et al. [1995], Smith and Damm
[1996]).Wherever possible, also data of the mo-
dules for additional biological (nutrients, primary
production), chemical (metals, oxygen, organic pol-
lutants) and sedimentological parameters and pro-
cesses have been taken into account.

The capability of using these models operatio-
nally to determine both natural and anthropogenic
changes on short and long terms and to make as-
sociated future predictions depends not only on the
correct description of parameters and processes
but to a large extent on the accuracy and coverage
of data for initialisation, forcing and assimilation

(continuous corrective up-dating).
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The NOWESP observational

tended to serve mainly three purposes:

1. determination of temporal and spatial variability
on short and long time scales

2. the (direct) assessment of fluxes and budgets,
and

data set is in-

3. providing the necessary inputs for numerical mo-
dels, and data for the initialisation, calibration
and validation of (and assimilation into) the mo-
dels.

By assessing the available data for these pur-
poses, specific data gaps have been identified and
are detailed in this paper. In addition to the model
data requirements described above, there are cor-
responding needs for
1. better implementation of algorithms for a number

of processes

2. high performance computer techniques (re-
ported separately (Stelling et al. [1996]).

The inter-relationship of these factors with
model performance is considered.

3 The NOWESP observational data set

The many (mostly interpolated) data sets from
different sources (Radach et al. [1996b/c]) for the
same parameter were merged into one comprehen-
sive data set (Geketler et al. [1996a]). The merged
data sets for the ten NOWESP parameters were
then used for interpolation of monthly distributions
over the north-west European shelf to provide an-
nual cycles of spatial distributions (Gekeler and
Radach [1996b])

Here the data sets are discussed with respect
to coverage of the shelf during the annual cycle.

3.1 Spatial and temporal distribution of climatoio-
gical annual cycles

There are not enough data available to cover
the whole western shelf sea by “climatological”
annual cycles derived from the NOWESP data
set. For the North Sea, however, the annual cy-
cles are sufficiently well represented. Most data

are from coastal areas in the southern North
Sea. Fewer data are available from the north-
ern part of the North Sea (incl. the Northern At-
lantic input), while very few data are available
from the Irish Sea and hardly any west of Ire-
land.

The variability of different parameters over a
period of at least 20 years has been shown by
the temporal distribution at only 7 locations on
the shelf. One time series was stopped. Others
will be stopped in the near future.

To calculate concentration fields per month, all
available data are utilized, disregarding the specific
years, i.e. projecting all data into one “climatolo-
gical” year. This is necessary to provide adequate
data for this interpolation procedure.

Using the ERSEM model with 130 boxes, the
number of observations per box goes down consi-
derably in many boxes, ranging for phosphate, e. g.,
from 76 (box 93, north of Shetland Islands) to 15676
(box 70, German Bight) observations. The spatial
heterogeneity of the sampling frequency is much
larger than for the coarse resolution of the ERSEM
setup with 15 boxes, where the mean observational
coverage (1953 to 1995) is 975 data per box for
phosphate, 628 data for nitrate, 319 data for ammo-
nium, 674 data for silicate and 1014 data for chloro-
phyll.

The data coverage of the shelf is calculated
using the constraint of having at least one observa-
tion in five different years with a spacing of less than
100 km.

The basic hydrographic parameters tempera-
ture and salinity are needed
(i) to describe the environmental influence on the

ecology
(i) as boundary conditions for models
(iii) for (hydrodynamical) model calibration and va-

lidation
(iv) for monitoring the natural or anthropogenic va-
riability on different time scales

It has been found during NOWESP that suffi-
cient temperature and salinity data for these pur-
poses (i-iv) are not available in the NOWESP area.
Although the sea surface temperature (SST) data
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coverage has improved due to satellite IR images,
subsurface temperature data as well as salinity ob-
servations in general are still scarce.

The spatial and temporal resolution for (i) de-
pends mainly on nationally planned research and/or
monitoring cruises, the international coordination of
which is still insufficient. Only the IYFS (Int. Young
Fish Survey (ICES)) provides more or less sufficient
data coverage for the North Sea in February each
year. Closer international coordination of research
and monitoring programmes could solve this pro-
blem to a large extent.

Synoptic temperature and salinity boundary
conditions, independent of model boundaries, are
not available presently. Use of “climatic” boundary
conditions on a yearly, quarterly or monthly basis
causes problems because interannual variability in
the eastern North Atlantic and adjacent regions of
the Northwest European Shelf is strong.

The installation of a set of permanent stations
in the eastern North Atlantic and/or the North
Sea entrances is encouraged.

The coupling of operational Atlantic models to
shelf models could also solve the problem, but it will
take 5 to 10 years until such models are validated
and operational.

Several data sets are available (e.g. FLEX
1976; NERC North Sea Programme, SKAGEX)
which are used to check and calibrate models. Cer-
tain models are calibrated with tide gauge data or by
hindcasting the transport and spreading of tracers
(e. g. 137CS) (Prandle and Beechey [1991])

As long as no scientifically accepted rules exist
on how to calibrate and validate models, the
definition and creation of larger data sets for
modelling use will have to wait.

Of all parameters, mean monthly temperature
shows the densest data coverage, especially in the
southern North Sea and the eastern Channel. Also
the Skagerrak and, for a few months, the Kattegat
can be covered by observations.

For the whole of the North Sea and partly also
the adjacent English Channel, Skagerrak and Nor-
wegian Sea in most months (except for January,
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April, October, December), computed mean
monthly salinity concentrations are available. The
quality of these data is good.

The data coverage for mean monthly concen-
tration of phosphate is irregular over the year.

The coverage of the North Sea by silicate ob-
servations shows a pattern which is very similar to
phosphate.

Nitrate is also measured nearly as frequently
as phosphate, and the North Sea shows a similar
coverage with data.

Only in November are nitrite concentrations
sufficiently frequent to cover the whole North Sea
(> 45 observations per grid point). Good coverage
elsewhere is restricted to the southern coastal
areas (all months), the northern area west of
Norway, Skagerrak and parts of the Kattegat.

For ammonia the data coverage is relatively
good along the continental coasts, from the English
Channel to the German Bight, with 30 to 40 data per
grid point. However, the German Bight is less well
covered than the Belgian and Dutch coastal strip,
being widely devoid of data in January, October and
December.

Likewise, the chlorophyll concentration can
only be determined in restricted areas of the shelf,
in the continental coastal strip and in the north-we-
stern North Sea during most months.

For particulate suspended matter the data
density is sufficient only in the southern North Sea
close to the continental coasts, with 35 to 45 data
per grid point. The area extends to the Dogger Bank
only in May.

The temporal distribution of observations is
very heterogeneous except for the data sets that
were obtained in long-term monitoring programmes.
Good examples of long-term time series (more than
20 years) are the monitoring data from Rijkswater-
staat off the Dutch coast, the long time series at Hel-
goland, the data from Stations E1, E4 and E7 in the
Channel and from Port Erin on the Isle of Man (Ge-
keler and Radach [1996a]). The NOWESP data set
has a sufficiently fine temporal resolution for the
creation of time series of monthly means at only
eight sites for the years 1975-1993 (Radach et al.
[1996c]). One of the series (E, in the channel)
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stopped in the nineties, and other series are under
pressure to be stopped as well.

The analysis of the data with respect to tem-
poral resolution shows that a temporal resolution of
less than one month is possible only in very special
cases, e. g. the Helgoland time series and the Fla-
denground experiment.

4 The NOWESP model data

Additional data (to be used in modelling exer-
cises) may be necessary for two main pur-
poses:

- to improve estimates of fluxes and budgets
on the basis of the (collected) field data and
existing model data (over annual cycles on
the scale of the whole North West European
Continental Shelf).

- to improve the quality of the numerical mo-
dels by providing data for model calibration,
validation, data assimilation and boundary
conditions.

Within the ecosystem modelling MAST project
ERSEM, the semi-baroclinic general shelf sea cir-
culation model HAMSOM was used for simulating
circulation on the north-west European shelf over
nearly forty years (1955-1994). The resulting cur-
rent fields and derived transports (Patsch and
Radach [1996b]) were used to simulate the eutro-
phication of the North Sea (Patsch and Radach
[1996a]), and they were used in NOWESP for esti-
mating the advective fluxes across the shelf bound-
aries (Laane et al. [1996Db]).

An overview of the different models used by the
NOWESP partners is given by Yu et al. [1995] and
an intercomparison is given by sSmitn et al. [1996].

5 Observational data needs

5.1 Fluxes and budgets

The acquisition of shelf data by NOWESP
should by no means be stopped. More hidden

data must be brought to daylight and made
available to all interested researchers.

It is recognized that atmospheric deposition is
an important source ofa number of parameters
in sea water. The uncertainty concerning the
amounts of atmospheric deposition of com-
pounds on the shelfis high as compared to the
other sources.

At the current stage, the calculation of fluxes
and budgets for the North-West European shelf is
based on seasonal means of the concentrations
and long-term records of water flow from models
(1955-1993). Fluxes (‘rates’ of processes) are a
more stringent basis for model calibration than pool
sizes (‘states’). Unfortunately, process rates are not
often measured in routine programmes, while more
dedicated research programs all use different meth-
ods and techniques. For modelling purposes there
is a strong need to define key processes in nutrient
turnover and to establish techniques that can be
used in routine programmes. As a promising tool,
nutrient sensors with a high resolution in time com-
bined with high analytical precision could be used to
detect the effect of rapid transformations from
which, in turn, actual process rates could be esti-
mated.

The EU should promote the development of
such reliable ‘smart sensors’ to be applied in
permanent mooring arrays or in combination
with, e.g., continuous plankton recorders (CPR).

The variability of fluxes caused by variable
water flow can be described in this way. However,
little is known about the long-term variability in the
concentration of different parameters. This aim
could possibly be reached by combining all existing
data that are presently held in different data bases
with hitherto undiscovered data in institutes and la-
boratories.

The model simulations cannot be completely
validated as being consistent with observations.
Compared to the riverine and Atlantic input of diffe-
rent compounds to the shelf, the atmospheric depo-
sition is less known.
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There seems to be a great potential for synergi-
stic combination of modelling and survey data to de-
termine (by inverse modelling) source concentra-
tions (P randie et al. [1996]; McManus and Prandle
[1994], McManus and Prandie [1996]).

There is, in fact, a need for “mixed" data bases,
containing both measured values (of e.g. S
and T) and long-term reliable (simulated) and
validated currents.

5.2 Boundary conditions

The results of fine-grid model shelf flux calcula-
tions will be improved by a better description (in
both spatial and temporal domains)of different
parameters at the boundaries of the shelf and
by inverse modelling.

Remote sensing of different parameters by sa-
tellites will be a powerful tool to collect a syn-
optic data set, geographically distributed over
the shelf to calibrate or validate shelf models.

Models need several categories of data: data
for forcing at the boundaries and in the interior, data
for calibration, validation and assimilation.

Different boundaries can be distinguished: the
ocean boundary at the shelf edge, the continental
boundary (inflowing rivers), the sea-bed, and the
air-water interface.

In the present models the boundaries are very
often rough, and because of lack of data interpo-
lated data are used. Since the boundary conditions
often substantially influence the model parameters
of the whole computational domain, better know-
ledge of these conditions would improve the quality
of the models.

5.2.1 Ocean boundaries

Together with wind and thermohaline driven
currents, tidal flow is one of the major driving forces
of the North sea shelf circulations. Accurate simula-
tion/ prediction of the water movements largely in-
fluences the quality of the results of other flux mo-
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dels. At the ocean boundary of the hydrodynamic
models, tidal elevation (sea level) data are normally
prescribed. Therefore, the accuracy of reconstruc-
ting the ocean boundary tides is of major impor-
tance for the shelf sea flux modeller. Presently, data
can be obtained either from the analysis of recorded
time series, e.g. 10S/ IAPSO (Smithson [1992]), oOr
can be generated by (global) ocean models,
[1983]. Although it is often recom-
mended to use measured data when prescribing

Schwiderski

boundary conditions, it is common practice either to
link the shelf model to an ocean model, e.g. the
German model (Ki1eine [1994]), or to use the results
of a global ocean model (Yu [1993]). This is attri-
butable to the paucity of tidal data along the shelf
break as compared to the relative abundance along
coasts and at offshore structures. The discrepan-
cies between results from the same model using dif-
ferent open boundary data sets (model simulations
and measurements) are not negligible (YU and Dec-
outtere [1996]).

The performance of the hydrodynamic and
transport models can be improved by more informa-
tion on (the variability in):

- inflowing water masses in the Dover Strait and in
the Fair Isle Passage

- salinity, temperature and SPM (suspended parti-
culate matter) data at the model boundaries

- Atlantic input of nutrients

- water exchange with the Baltic Sea

Long-term simulations of 13/Cs dispersion have
shown the effect of topographic steering on residual
streamlines. Pathways following the shelf edge
have been validated by drifting drogues. An effec-
tive “flushing time” of 5 years for the N. W. European
Shelf has been indicated.

Recently, net tidal and wind-driven fluxes of
sea water through the Dover Strait have been de-
termined by combining HF radar measurements of
surface currents with ADCP measurements of ver-
tical current profiles. The observations have been
compared with similar derivations from various nu-
merical modeling simulations
[1996]).

Tidal data are recorded relatively easily and,
defined as being constant through time, allow re-

(Prandle et al.
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suits from non-synoptic measurements to be readily
combined. By contrast, salinity, temperature, sus-
pended matter (SPM) and nutrients are transient,
and short-term measurements cannot be readily
combined, while long-term observations are rare.
To obtain these data, expensive measurement
campaigns and the use of rather sophisticated tools
and equipment are in fact required.

The use of recently developed remote sensing
techniques can improve the situation, especially
spatial resolution at the surface.

In those areas where exchange of water
masses with the Atlantic Ocean takes place, the co-
verage of nutrient data with respect to both time and
space is notvery dense (Laane et al. [1996b]). Since
the Atlantic Ocean is by far the largest source of nu-
trients for the NW European shelf seas, lack of data
on this oceanic exchange places severe restrictions
on any nutrient budgeting and modelling exercise.

It is, therefore, recommended to set up a Euro-
pean network of institutes which are respon-
sible for monitoring nutrient concentrations at
the Ocean-Shelf-Boundary on a regular basis,
in combination with hydrographic measure-
ments of water movement.

To explain the long-term and seasonal variabi-
lity of different parameters on the shelf, the contri-
bution of sea-bottom and land-sea interaction (an-
thropogenic compound) to the total variability must
be studied.

5.2.2 Air - sea interaction

The atmosphere and the water body form a
coupled thermodynamical system. Changes in one
system (e. g. the wind speed) will lead to changes in
the other system (e.g. wave generation). Depen-
ding on the solubility of the gas considered, the
exchange will be mainly controlled in the water
phase (e. g. carbon dioxide) or in the air phase (e. g.
water vapour). It is known that exchanges across
the air-sea interface depend on wind speed, but
cannot solely be described by parameterization as a
function of wind speed only. A complete pheno-

menological description is still lacking, but an ap-
propriate parameterization of the transfer processes
across the air-water interface will contain informa-
tion about the wind, waves, and turbulence field in
the water column. ltis, therefore, necessary to mea-
sure (and model) the different parameters affecting
the interaction. These parameters include wind
speed, wind-stress, cloudiness, relative humidity,
water vapour fluxes, air-sea temperature difference,
C02concentration, C02flux, atmospheric inputs of
metals (Pb, Al,
wave spectra, white capping distribution, and the
turbulence field in the upper water layers.

...) and organic micro-pollutants,

It is important to have a number of point mea-
surements using well established measure-
ment techniques, as well as measurements
with a wider (but still high resolution) spatial co-
verage (satellites, air-borne techniques, land
based and ship radars).

Atmospheric input of nitrogen is very important
for plankton dynamics, but measurement data are
hardly available. There exist simulation models for
atmospheric nitrogen transport and modification,
but these models need validation.

5.3 Driving forces

With respect to time scale, two types of models
are used: “long-term” (“climatological”) models,
aiming at simulating long-term changes and bud-
gets (statistically averaged parameters like tidal
constituents, annual means, annual budgets) and
“short-term” (“episodical’) models simulating varia-
tions and fluxes during certain “episodic” events or
periods (e. g. storms).

Applications involving episodic events are com-
plicated by the paucity of synoptic data sets to in-
itialise, force and verify simulations. Continuous
development of autonomous sensors and the esta-
blishment of related monitoring networks should
overcome this problem. One needs:

- time series of wave spectra (wind sea and swell)
and/or integrated spectral parameters such as
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significant wave height and mean direction,
among others.

- time series of wind speed (east and north compo-
nents) in order to interpret model results, and to
produce wave data from wind data if measure-
ments are not available.

Analysed wind fields produced by meteorolo-
gical offices are available and are quite reliable. A
network of wave gauges with real-time assimilation
possibilities, however, is not available. Again, re-
mote sensing techniques offer possibilities for assi-
milation of wind and wave data. Hindcast wave data
also exist, such as those delivered by the E.U. pro-
ject WASA, which produced a data set of hindcast
wave spectra and integrated spectral parameters
for a period of 40 years (1955-1994); these data
should become available soon (end of 1996)

For ecological models, the availability of se-
veral driving forces is required: hydrodynamical
forcing, solar radiation forcing, and interior for-
cing caused by the truncation of the biological
system. The biological closure problem de-
mands fields of observations on the shelf, e. g.
of zooplankton biomass or of the biomass of
higher predators.

Remote sensing techniques offer possibilities
for assimilating wind and wave data.

5.4 Data of water column properties

Knowledge of a turbulence quantity is urgently
needed to link phytoplankton processes in,
e. g., biological oceanography to physical ocea-
nography.

A parameter largely neglected but very impor-
tant for life in the sea is turbulence and advective
mixing. These data will be essentially “model” data
obtained for episodical events. Recent advances in
instrumentation now provide direct measurements
of profiles of turbulent dissipation rates. These are
needed to calibrate and validate the models.

Higher marine trophic levels are not very impor-
tant for energy transfer and carbon transformation
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processes. Nevertheless, for a full understanding of
the marine ecosystem these levels have to be stu-
died as well. Commercial fishes have been studied
and quantified traditionally by fisheries institutes
whereas marine mammals and birds are sometimes
part of monitoring programmes, or are studied by
environmental or natural protection institutes. The
need to have these data on the same time scale as
the previous ones is less pressing or even non-
existent because of their longer generation times.
Here mortality and fertility are important processes
in dynamic models. Moreover, the explicit behaviour
of most of these species makes them difficult to
treat in ecological models, except as boundary con-
ditions/values.

5.5 Biological data

For ecological models the list of state variables
may be very long, and it is not realistic to obtain
shelf-wide data coverage from surveys for, e.g.
picophytoplankton, nanophytoplankton, bacteria,
microzooplankton, mesozooplankton and higher
trophic levels. For these state variables, also in the
near future, only selected and very specified at-
tempts to understand the system will be possible.
The greatest chance to improve the existing data
sets would lie in merging existing data sets. Al-
though “merging” has some limitations, it is by far
the cheapest way of obtaining additional data.

The ecological data in NOWESP comprise
phytoplankton and zooplankton, apart from related
chemical data. Phytoplankton data are available in
different forms: as chlorophyll-a, as species compo-
sition (occurrence of different species or species
groups in numbers per litre), or in case of CPR
(Continuous Plankton Records) data in terms of
abundance classes of the larger phytoplankton
cells, due to the mesh-size used. In a few cases
data were available as real biomass data (phyto-C)
based on cell counts and cell volumes and conver-
sion to carbon.

Apart from phytoplankton biomass data, as a
main process parameter, primary production data
are available. Due to the lack of a consistent stan-
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dard method, this data set is diverse: most of the
data are in the form of P-I relationships (Photosyn-
thetic rates against irradiance), but sometimes we
have results of in situ measurements or potential
production data (maximal photosynthetic rate at sa-
turating irradiance). Conversion of one data set into
another one often is not possible without large or
unknown errors.

Therefore, additional data are often needed to
make such conversions (vertical attenuation coeffi-
cients, or Secchi disc values, global irradiance, day
length).

The need for observational biological data is
apparent. There are large gaps in temporal and
spatial resolution and coverage. Most impor-
tant, however, is the consistency of the “eco-
logical”’ data set. There is a strong need for a
selection of ecological data at a set of stations
on the shelf without gaps in observations and
with consistency in the frequency of data
collection. A European effort should be consi-
dered to set up a network of stations where a li-
mited, selected set of parameters is measured
at exactly the same time and on a long-time
basis to be able to use them for modelling, for
interpretation of long time natural changes in
the marine environment and changes due to
human interference (eutrophication, pollutants,
climatic changes, biodiversity changes).

Phytoplankton, species composition of domi-
nant species or larger taxonomic units which use
different types of nutrients, phytoplankton biomass
by chlorophyll (there is at the moment no simple al-
ternative); primary production as the most basic
process in the sea; as accompanying parameters
inorganic nutrients should be measured at the same
stations with the same frequency (N, P and Si), as
well as a parameter to indicate light conditions in the
sea. The explanation of zooplankton distribution
and changes in abundance during NOWESP
proved to be very difficult; the scale of CPR obser-
vations is very good and the temporal resolution is
also relatively good; however, no accompanying pa-
rameters are measured at present, and the correla-

tions in NOWESP therefore are based on data from
other nearby stations at not exactly the same time.
This may strongly hamper direct comparison of,
e.g., chlorophyll and zooplankton. Moreover, zoo-
plankton comprises a very diverse trophic group
and should be subdivided to discriminate between
herbivores, carnivores and other groups. In prin-
ciple, this is already possible.

Estimates of grazing pressure due to zoo-
plankton is missing, but it is a process parameter
which cannot yet be measured in standard monito-
ring programmes. Such links between different le-
vels in the food web need to be established in order
to find out whether these links are strong or negli-
gible. The same holds also for direct links between
nutrients and phytoplankton. In the latter case abso-
lute nutrient levels as well as their ratios are of im-
portance as an explanation of observed changes in
species composition of phytoplankton. As soon as
foodweb relations, e. g. for ecological models, come
into sight, measurements of the microbial food web
are needed. Most of the energy transfer in marine
ecosystems goes through this part of the marine
foodweb which is difficult to observe and to mea-
sure. Presently new technigques are becoming avai-
lable to study this part of the food web as well.
These measurements should contain bacterial bio-
mass and activity.

5.7 Nutrients

Regeneration of nutrients through mineralisa-
tion of plankton material occurs mainly in the water
column where they become directly available to the
primary producers. A small part of the organic ma-
terial survives, however, long enough to be trans-
ported to other areas of the shelf. The transport of
particulate matter (especially coarse-grained) with
the associated nutrients and organic compounds fo-
cuses on distinct deposition areas, e.g. the inner
German Bight and the Skagerrak. Here, enhanced
mineralisation may occur, and nutrients originating
from a large area may be transported to a particular
(distant) location. As a consequence, enhanced re-
generative production may appear, particularly in
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the summer months. Alternatively, these depocen-
tres provide the main sites for burial of nutrients and
carbon in the sedimentary record which is their main
loss mechanism on longer time-scales. Without
proper knowledge of the time-scales of the repeated
sequence of transport-deposition-resuspension-
transport of suspended particulate materials and of
the transformations of associated nutrients and car-
bon, any modelling attempt to predict changes over
longer time-scales (years to several decades) is
likely to fail.

Research programs investigating the transport
of suspended matter, nutrients and carbon to
determine the relation between nutrient status
and primary production in different areas along
the main transport route on the shelf should be
strongly encouraged.

5.8 Suspended particular matter (SPM)

In order to run numerical SPM transport mo-
dels, the above mentioned boundary conditions and
the following bed and sediment data as well as in-
formation about biological activities are needed:

- the actual topography of the model area with a
sufficient resolution (1 km), presently not gene-
rally available on a shelf-wide scale;

- settling velocities of SPM. No general information
is available on their spatial and temporal distribu-
tion;

- initial 2D or 3D distribution of the SPM concentra-
tion; a rough approximation is sufficient because
the model simulation has to start some time be-
fore the time period of interest;

- horizontal distribution of the fine fraction
<20 microns and <63 microns in the sediment
(upper 20 cm): sufficient knowledge is not avai-
lable;

- biological parameters can only be estimated very
roughly, but their seasonal and spatial distribu-
tions have to be known to quantify several bottom
processes:

- filtration rate of suspension feeders,

- activity of deposit feeders,
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- bioturbation rate;

- critical values of the bed shear stress are essen-
tial to the bottom processes deposition and ero-
sion, their dependencies on the settling velocity
of SPM (for deposition) and their spatial distribu-
tion (for erosion) are not yet available;

- bedforms (ripples) influence the erodability of the
sediment; little information available;

- trawling frequency data are necessary because
of additional erosion events in some areas; data
are hardly available;

- time series of the distribution of SPM concentra-
tion and corresponding settling velocity spectra at
the open sea boundaries (essential model input);

- time series of SPM concentrations at certain lo-
cations inside the model area (validation of model
results);

- accumulation rates of deposited material (valida-
tion of model results).

5.9 Temperature (T) and Salinity (S)

6 Modelling needs

6.1 Needs for physical modelling

As the ecological model results depend
strongly on the hydrodynamical forcing, there is
a strong need for a detailed and high resolution
Continental Shelf Model(s) verified over a long
period of time (e.g. 20 years) which is fully
compatible with the observational data.

Although such an exercise has never been car-
ried out for the entire NoWEShelf, it has been done
for particular areas (e.g. Rhine mouth, German
Bight, ...). The (inter)comparison of model output
from different hydrodynamical models is very impor-
tant for understanding the extent to which ecological
model results are influenced by the peculiarities of
the hydrodynamical model used. A first attempt in
this direction was made by smith et al. [1996] who
compare the available model simulations made with
HAMSOM (from ERSEM) to the physical part of
NORWECOM and the hydrodynamic model from
POL.
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6.2 Needs for ecological modelling

Presently, there exist a number of ecological
models for the North Sea which have common
goals (Skogen et al. [1995], Mo [1995]). Although
the objectives of the models are nearly the same, a
comparison of model setup and results has never
been made.

A compilation of all substantial model runs of
the main ecological models applied to the shelf
and a comparison of their results would be a
worth-while task. Furthermore, an evaluation of
the different model outputs with respect to their
estimation of fluxes across the shelf is feasible
and should be done.

6.3 New monitoring strategies

The development of satellite and air-borne re-
mote sensing techniques (R.S.) should provide
synoptic SPM data for a large area, at the sea-
surface. In-situ buoys and bottom platforms will
be necessary to both calibrate the R.S. and
provide data on vertical gradients in the water
column.

Remote sensing: need for European cooperation

Consistent, synoptic distributed data (obtained
by remote sensing techniques) are extremely useful
for model calibration and validation (for SPM, chor-
a, salinity and temperature). However, time series
are available only at a very limited number of sites.
Through the use of modern (air-borne) remote sen-
sing techniques, nearly instantaneous data co-
verage may become available for the whole shelf
area.

Up to now, the qualitative relation with the
images of R.S. and actual field concentration is suf-
ficient. Relative gradients can be described. How-
ever, the direct transformation from images to con-
centration is still difficult.

The design of an operational observing system
involves quantification of the improvement in predic-

tability as a function of the number and nature of ob-
servations. Observational System Sensitivity Expe-
riments (OSSE) need to be formulated involving
nested models with geographical interdependency.
Although predictions within the coastal component
are ultimately reliant on assimilated data from the
external monitoring network, the sensitivity of this
network can initially be explored by substituting syn-
thetic model data (with observational ‘error bars’ in-
troduced). Such experiments will be very useful for
determining the investment plan for monitoring net-
works.

While the technical and geographical
straints of operational oceanography require inten-
sive collaboration, the requirement to develop coa-
stal observations and modelling locally will remain.

con-

Wind fields, atmospheric processes, large
scale ocean currents, oceanic heat transport,
changes of sea level, pelagic species all need
to be measured and analysed on the full Euro-
pean scale. Remotely sensed observations
from satellites are necessarily consistent
across Europe and the adjacent sea and ocean
areas. Thus, processing of remotely sensed
space data is naturally an operation to be con-
ducted on the full European scale. However, it
would be uneconomic for numerous different
agencies to run duplicate large scale models,
or to repeat observations which only need to be
made once. Thus a European design for opera-
tional oceanographic infrastructure and interna-
tional cooperation is required.

Moreover, such investment generally involves
international co-operation (satellites, air-borne sen-
sing, ships-of-opportunity (ferries), real-time data
exchanges between coastal monitoring networks
etc.), and hence requires strategic, long term plan-
ning.

New monitoring strategies
A new integrated multi-disciplinary monitoring

strategy and approach is necessary. It should
result in a set of procedures on data collection

431



Deutsche Hydrographische Zeitschrift - German Journal of Hydrography

(sampling strategies, chemical analysis), inter-
pretation (environmental knowledge, statistics)
and assessment which are logically connected
to form a strategic framework and which are
cost effective (Laane [1995]).

Monitoring water quality is an essential tool in
environmental research and policy: its purpose is to
check whether certain policy measures result in the
expected environmental changes. It is certainly
most relevant for the Oslo and Paris Commissions.

There are several international
monitoring programmes running at the moment,
e.g. chemical monitoring, the ASMO and Joint Mo-
nitoring Programme and biological monitoring, the
Joint Young Fish surveys and the ICES benthic sur-
veys. From the NOWESP data base, however, it
can be seen that every country and even every aut-
hority has developed its own monitoring strategy,

national and

taking into account its own goals, priorities and tra-
dition. As a consequence, data on rivers and seas
from different sources may be very difficult to com-
pare and/or integrate into a common database. So,
although billions of dollars have been spent world-
wide on monitoring rivers, estuaries, coastal zones
and seas, it still is not always easy to say whether
water quality is getting better or worse: we are data-
rich and information poor Laane [1990].

In the past, monitoring strategies have often
been based on relatively simple approaches, for ex-
ample on a relatively dense distribution of sampling
locations. However, the data can be used to calcu-
late the variability and precision. Today, these em-
pirical approaches are no longer acceptable. New
monitoring strategies must be developed, which
cope with the financial constraints, the nature of
(new toxic) substances involved, and with the biolo-
gical effects observed. They should also take into
account the fact that the main source of substances
has shifted from direct sources (e. g. industries) to
indirect or diffuse sources (e. g. aquatic sediments,
traffic, atmosphere and run-off).

Results of remote sensing and water quality

models must be integrated into national and in-
ternational monitoring programmes.
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Water quality monitoring data from different
countries are stored in the NOWESP data base. No
synoptic picture can be obtained from these data.
Integration of results from remote sensing images
and water quality models will enhance the quality of
the results in each respect.

Biomarkers and bioassays are essential and
cost-effective tools in water quality monitoring
to measure effects of substances.

Data in the NOWESP data base are based on
field and model concentrations of different sub-
stances. Most of the field data are from national mo-
nitoring campaigns which started in the seventies.
Up to now, monitoring has focused on measuring
the concentration of compounds. However, this
does not say anything about the effect. The causal
relation is difficult. More and more environmental
monitoring programmes measure sub-lethal effects
by means of biomarkers and bioassays.

6.4 Better knowledge of physical processes and
their interactions

Apart from a need for better, more, and more
consistent data, there is an urgent need for a better
understanding of physical processes in order to im-
prove the predictive capability of the models. The
limits to the predictability of such models, and like-
wise of linked sub-models operated locally for spe-
cific estuarine/coastal applications, will be deter-
mined by the accuracy of the algorithms and
associated parameters representing basic pro-
cesses.

The intrinsic link between operational meteoro-
logy and oceanography is highlighted by the pri-
mary user’s need identified by the US Coastal
GOOS, ie. for accurate mid-range weather fore-
casts. To understand ecological processes the phy-
sical processes should be known very well, e. g.: 3D
stratification (e.g. fronts) which, together with the
thermocline, is very important for ecological pro-

cesses. Other processes that should be known
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better are: ocean surface shear stress as a function
of the wind field, air - sea drag (due to wind and
waves), interaction of waves and currents, wave ge-
nerated turbulence/ bottom friction, effects of cur-
rents on wave propagation, and wave induced re-
suspension of SPM and related predator activity.

6.5 Needs for detailed inputs

The quality of the model results depends
greatly on the accuracy of inputs: topography, de-
tailed wind forces (better than every 100 km?2),
wave information (wind waves and swell) for SPM
models, areal distribution of bed forms and
boundary conditions on tides, water fluxes, S, T and
SPM concentrations, atmospheric inputs

7 General recommendations for E.U. data
collection and data management policy:

Data centre(s)

NOWESP has compiled a vast quantity of exi-
sting data from the north-west European shelf, a fo-
cused task so far without precedence. However,
there may exist additional data which were not
known or not easily accessible at the time. These
“sleeping” data sets should also be compiled and
put together with all existing files. The cheapest way
to complete the compilation of data could be by fun-
ding scientists who have such data, to enable them
to provide their data in an up-to-date digital form in
collaboration with national and international data
centers.

Itis highly recommended that one, or a few na-
tional and international data Centres or agen-
cies should be chosen (and properly supported
for this purpose through a long-term project) by
the E.U., where all available observational data
are collected, stored, maintained (i. e. regularly
updated) by the providers of the data, and

made available to the researchers. Especially
data delivered to the E. U. within the framework
of E.U. projects should be made readily avai-
lable to all potential users.

Quality control of data

International agreement must be reached on
quality control procedures and quality stan-
dards for data to be stored in data bases.

For ongoing projects and all new projects, the
quality of data has to be ensured by the originator
before delivering the data sets to any data centre,
according to a generally approved quality control
procedure and quality standards. The name of
the originator and a report on the methods used
have to be provided together with the data. They
have to be stored with the data and kept at the data
centres to allow tracing back of the data. Nationally
as well as internationally funded projects should in-
clude the contract requirement to deliver the quality
controlled data sets obtained within the project to
the national (or international) data centres.

It is realized that those data have economic
and political value (e. g. for fishery policy, dumping
policies, etc ...). Proper arrangements should, the-
refore, be made to preserve the economic value of
the data to their “owners” without compromising use
of the data by researchers, or to allow for unneces-
sary duplication of data collecting efforts. The scien-
tific community could be ensured free access to the
data, e. g. two years after termination of the project.

Complementary data collection

What is really needed is concentration fields for
temperature, salinity, nutrients, suspended matter
and chlorophyll (and many more parameters) that
can be called “climatological” fields. For this pur-
pose at least one survey on the whole European
shelf is needed for each month during at least five
years, with a proper spatial resolution, e. g. 1° by 1
and at least in those areas where climatological
data are now totally lacking. From the modelling
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point of view, an alternative would be the availability
of data from sufficiently representative fixed sta-
tions on the shelf, with weekly sampling for several
years.

It should be realized that there are hardly any
data available on the shelf boundaries. West of the
British Isles, practically no information is actually
available. These data may be available somewhere,
or become available in the future within ongoing
projects. They should be integrated into the existing
data bases. Targeted projects should be set up to
collect such missing essential data.

Therefore, one should considera European ef-
fort to set up a limited network of stations,
especially at the shelf edge, where a limited,
selected set of parameters is measured on a
long-time basis (time series) for use in model-
ling, for interpretation of long-term natural
changes in the marine environment and
changes due to human interference (eutrophi-
cation, pollutants, climatic changes, biodiver-
sity changes).

Coordination of data collection

Occasionally, initiatives are taken in E.U.
member states to collect particular data in particular
areas during particular periods of time. The E.U.
could foster the coordination of nationally organized
measuring campaigns in Europe. It is particularly
important to have all data collected and quality
checked according to generally agreed procedures
and to store the data in a proper digital format in a

recognized data base.

Collection of areal distributed data

Methodologies should be promoted to collect
areal distributed data sets through remote sensing
(satellite or aircraft borne) techniques. Coopera-
tion with other E.U. programs and EUROGOOS (as-
sociation of agencies from E.U. member states)
should be encouraged.
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Modelling needs

The formulations ofbasic physics should be im-
proved: turbulence must be simulated in a way
which more closely represents nature. There is
a need for a well validated, detailed shelf circu-
lation model which represents the measured
data properly during long-term simulations.
Tides must always be included because they
are important for mixing.

Coupling of hydrodynamic circulation models
with numerical wave forecasts is recommended be-
cause wave forecasting is essential for SPM model-
ling. There may be a connection to the E.U. project
PROMISE.

Internal waves which usually are not included in
general circulation models should ideally be in-
cluded, but it is not yet clear how this should be
done (deterministic or stochastic modelling? para-
meterization?); also heat fluxes should be included.

A global, detailed North Atlantic ocean circula-
tion model should be developed to provide proper
boundary conditions at the shelf edge.

The physics of exchanges at the shelf edges,
between the ocean models and the shelf models
should be studied and better formulated.

Computational software and hardware needs
should be addressed for all purposes, but the re-
quired strategy should link end user products (EU-
ROGOOS) backwards through requisite models,
monitoring, process studies, and distinguish bet-
ween what is possible now, in the short-term, and
(possibly) in the distant future. The latter generally
translates to physics, chemistry and biology, with
chemistry staged between conservative dissolved
tracers (salt, 13/Cs) and non-conservative particle
reactive substances. Clearly the monitoring/ model-
ling requirements for these differ. Likewise differen-
tiation based on the nature of sources/sinks (ocean,
atmospheric, estuarine, etc.) should be taken into
account.
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