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1 Introduction

The Baltic Sea is one the largest area of brackish water system (a mediterranean
dilution basin) in the ocean. It is connected via the North Sea to the open ocean
through a system of passages, both complicated and shallow (Pickard and
Emery,1990; Tomczak and Godfrey, 1994). It has a surface area of about 415,000
square kilometres and a water volume of about 217,000 km®. The average depth is
estimated to be between 52 and 54 m, the greatest depth (459 m) is found in the
Landsort Deep off the eastern Swedish coast (Rheinheimer, 1996). Geologically, the
Baltic Sea is very young, coming into existence only after the last ice age ~12ka ago.
Attributable to a considerable freshwater influx and a strongly restricted water
exchange, the salinity is well below the oceanic average, decreasing from the West
to the Northeast to values below 2. A two layer system, with a well mixed upper layer
and a comparatively saline lower layer, is characteristic for the Baltic Sea.

The area of the Baltic Sea has always been used intensively and versatility by man.
Since the times of the Hanseatic League the Baltic Sea was considered as a well
navigable water way with manageable distances (Kortum, 1996) and evidence of
fishing activities can be dated back to the Neolithic period (Schnack, 1996). It is
estimated that more than 70 million people live and work in the Baltic today. Together
with brisk tourism, fishery and increasing shipping activities there is permanent
pressure on the Baltic Sea environment. On the basis of the geographical setting
alone the Baltic Sea is prone to environmental stress (Duinker and Gerlach, 1996).
The largest problem is the high influx of mineral nutrients, leading to eutrophication
and thus an increasing oxygen depletion of the deep water. For example, between
1900 and 1980 the input of phosphate has octupled and since 1950 the amount of
degradable organic substances has risen by 60%.

It was not before 1970 that the threats of ocean pollution received the appropriate
awareness in science and public (Gerlach, 1996). The results were several
conventions on the protection of the sea, of which particularly the Helsinki
Convention is of relevance for the Baltic Sea. The first Helsinki Convention entered
into force in 1980 (In 2000 the 2" revised and extended, Helsinki Convention
entered into force.).The convention was a role model, taking all sources of pollution
into consideration and enabling a noteworthy well co-operation between the different
countries. Parallel to the launch of the convention the Helsinki Commission,
HELCOM was created. In 1979 the “Baltic Monitoring Programme” was established
although the importance of the environmental monitoring had been recognised much
earlier and regular campaigns had been conducted immediately following the
foundation of the International Council for the Exploration of the Sea (ICES) in 1902
(Lass and Nehring, 1996). The monitoring is recognised as essential, particularly
concerning the water exchange and periods of stagnation (for an example see
/rtebjerg et. al, 2003), developments of trends in different parameters and for the
formulation of recommendations to policy makers.

Operational Oceanography can be defined as the activity of systematic and long-term
routine measurements of the seas, oceans and atmosphere, and their rapid
interpretation and dissemination. Important products are forecasts, nowcasts or
hindcasts (quoted from EuroGOOS website, www.eurogoos.org). Acting in this spirit,
BOOS, as a formal association of institutes taking national responsibility for
operational oceanographic services in the Baltic, goes a step further with its vision to
provide an integrated service to marine users and policymakers in support of safe
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and efficient off-shore activities, environmental management, security, and
sustainable use of marine resources. The basis is a well balanced, comprehensive
network of measurements, the timely and free exchange of data, know-how and

technology.



D3.3

2 Preparatory Work

WP 3.4 (Design of a cost-effective operational coastal monitoring system)
started in November 2003. Based on the results of WP 2, 3.1 and 3.2 (Existing
conditions in the Baltic Sea, including initiatives, technology, infrastructure and
human resources; evaluation of observing platforms and evaluation of software,
respectively) alternative or new hardware and software will be proposed for
development. The tasks divides in to four subtasks which are listed below:

3.4.1 Presentation of the actual state

3.4.2 Presentation of the nominal condition

3.4.3 Design of the near-real-time upgrade

3.4.4 Dissemination of information and results
A number of approaches to the task were first discussed at the expert meeting in
Warneminde in September 2003.

The first part of the assignment, the presentation of the actual state, was mainly
performed through the implementation of the PAPA-OBS database.
For the users’ requirements of the future observing system two basic questions
needed to be answered.

at which geographical position is it sensible and significant to install a monitoring

system and

which equipment shall be chosen.
But the suggestion of a probable site for monitoring is a complex task. Thus, contact
to the EU-project ODON (Optimal Design of Observational Networks) was
established, as this project explicitly deals with this problem. After a number of
consultations, it was agreed on the PAPA project delivering relevant parameters
(position, frequency of measurements, and parameter type) and ODON analysing the
data and returning information on the spatial (and temporal) significance of the
monitoring sites. Preliminary results from ODON were presented at the PAPA-OBS
expert meeting in Tallinn, in March 2005 and later summarised in a report which was
delivered in summer 2005 (She and Hgyer, 2005). The full report can be found in
annex 2. Parallel to this approach, statistic analysis methods (Bohle-Carbonell, 1992)
were reviewed whether they could be applied to the present question. The PAPA-
partners were prompted to deliver their opinion on requirements for the Baltic Sea
operational oceanography or to consult with their national experts. To round of the
picture several aspects as shipping activities, ship accidents or tourism were taken
into account.

3 Method and Data

The implementation plan demands the actual state of the observing systems
to be presented in interactive web sites, containing maps of their geographical
locations and their special properties. The databases developed for PAPA within WP
3.1 (so called “PAPA-OBS database”, containing meta data of operational stations or
measuring sites) and WP 3.2/3.3 (“QA database”, the quality assurance database,
containing information on sensors, accuracy, calibration and data processing
procedures used in the PAPA community) are linked to interactive web sites where
the information can be retrieved. The original plan for WP 3.1 was the evaluation of
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the existing coastal and off-shore observing platforms and the dissemination of the
results in co-operation with WP 6, PAPA-INFO. The information to be obtained
includes the relevant meta data, positions, technical details and the facilities of data
exchange, transfer, storage and pre-processing software. It had been agreed on
extracting the according data from EDIOS-MIFs. By November 2003, it appeared that
the database which was to be developed for WP 3.1 in combination with the
information system (WP 6) was not really under way. Thus, the database
development for WP 3.1 was peeled away from WP 6 in order to speed up the
process. In the beginning of 2004, the PAPA-OBS database was developed at the
Federal Maritime and Hydrographic Agency, Hamburg (BSH) with support from the
Institute for Baltic Sea Research (IOW), as the QA database had been successfully
been implemented there within a fairly short period of time. The database has a
structure which is based on the contents of the EDIOS-MIFs. The structure was
communicated to WP 6 to enable an incorporation of this independent module into
the information system. To account for the necessary incorporation of the information
gathered through WP 2, the PAPA-OBS database was not limited to coastal and off-
shore platforms but includes ice observing stations, a large number of ship’s stations
that qualify as observational stations, and SOOP stations (ship of opportunity
programme).

In the current state, the PAPA-OBS database is running on a server at the BSH
(http://gotland.bsh.de/papa/db_start page.html) and can be reached directly or via
the PAPA homepage. The database is password protected and the access
information was first announced at the BOOS/PAPA meeting in May 2004 in
Norrkoping, Sweden. The database surface has two main features, one is a map
based overview function and the other consists of parameter based queries. The
queries return tables containing the desired information and thematic maps can be
produced interactively.

The data base is constantly updated and extended. Since May 2004, the amount of
data stored in the database has ninefolded for stations, tripled for sensors and
comprises entries from all countries involved in PAPA. An overview on the main
parameters and a choice of parameter examples are given in table 1.

Table 1: Examples of PAPA OBS database content, only selected main parameters are shown

Stations Sensors Organisation Operators
overall 1353 |overall 328 overall 41 | overall 41
Fixed stations [206 |T 53
Buoys 8 S (incl. Cond.) |30
Ship stations 355 |Sea level 31
SOOP stations |62 Waves 9
ice stations 709 |Chlorophylla |12
other
examples:
Air temperature | 3
Total-N 9

For the presentation of the nominal condition , which is defined as the users’
requirements of the future observing system the implementation plan suggests a
similar type of style as for 3.4.1. Thus, the developed maps which are presented in
the report at hand are also on display in a website (see Annex 3). The main user
groups are modellers, scientists and operational services.
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Figure 1: Proposal from Poland (IMGW and University of Gdansk)

Three approaches were applied for the identification of target areas . Firstly,
experts from the defined user groups were questioned for their opinion, secondly a
scientific approach including the co-operation with the ODON project as well as the
review of statistical methods and thirdly socio-economical aspects, e.g. shipping or
tourism.

3.1 Experts’ Opinion

During WP3.4, the PAPA members were asked to ascertain the needs of a future
observing system with experts from different fields. The corresponding answers were
returned either in written form or in graphical form, i.e. maps. The following section
will present all statements translated into maps which are then discussed. Note that
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Figure 2: Proposal from Lithuania (CMR)

some of the features indicated in the maps are demands to a future system while
others may already be in the process of realisation.

In Figure 1 the Polish experts’ suggestions are summarised. Encircled by a white line
is the area of the Slupsk Furrow which is considered as an important area to monitor.
Here, the water balance of eastward water transport is always positive, the water is
distributed into the Gotland and Gdansk basins. Target parameters in the Slupsk
Furrow are mixed layer depth, depth of halocline and thermocline and oxygen as they
are important indicators for the ecological state of the Gdansk basin. The area of the
Gdansk Deep, which is also encircled in white, is monitored regularly (approx. six
times a year) by Polish research vessels in the framework of HELCOM COMBINE.
Especially the near-bottom salinity distribution is of interest to the scientists. It is
therefore suggested to install a fixed station e.g. a buoy in this area to ensure a
better temporal resolution of the measurements. The coverage of coastal stations



D3.3
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Figure 3: Proposal from Latvia (UL)

measuring sea level at the Polish coast can be assessed as good. With the help of
EU funding, three stations were modernised and one newly installed. Together with
the SMHI a new SOOP (Ship of opportunity) line will be run between Gdynia and
Karlskrona on a ferry operated by Stena Line. The measuring frequency will be once
a week and the measured parameters will be: temperature and salinity (thermo-
salinograph), fluorescence, chlorophyll a, phytoplankton and nutrients.

From the Lithuanian point of view (figure 2), two buoys would be of assistance to
meet future demands. For the improvement and validation of model results (wave)
buoys in the south eastern Baltic Sea and in the Gulf of Riga are suggested. A buoy,
approximately seven kilometres off the Lithuanian coast is planned to be installed
together in a collaboration with the Finnish Environmental Ministry. It was stressed
that the Klaipeda Strait and surrounding area is prone to shipping accidents during
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Figure 4: Proposal from Sweden (SMHI)

storms and/or times of low sea level. A sea level station is existing in this area and
has been equipped with a modern communication system in summer 2005.

For Latvia the observation system would greatly improve if there were high-frequency
vertical profiles from the centre of the Gulf of Riga available (figure 3). Additionally,
the water exchange between the Gulf of Riga and the Baltic proper should be
monitored, at least in the larger of the two straits between the island of Saaremaa
and the main land, the Irbe Strait. The provided data would be assimilated into local
3d circulation models of the Gulf of Riga. So far, the water exchange for local models
are retrieved from lager, basin wide models with coarser resolution and thus do not
present the reality faithfully.

11
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Figure 5: Proposal from Germany (IOW)

The matter of the nominal conditions of the observational system in the Baltic Sea
was discussed in Sweden by the “reference group for oceanography” at the SMHI
and other experts. For a future observation system a vision has evolved where in
each major basin of the Baltic Sea, which would sum up to 5-8 moored buoys
system. These measurements should brace hydrography, meteorology and biology.
In figure 4 this vision is represented by the circles. As a first step to reach the goal of
one NRT system in each basin, the SMHI proposes one position in the central south
east Baltic Sea (red circle) and one in the Sound (red line across the Sound). The
south east Baltic Sea area, at the entrance to the Gotland Deep is of great interest as
it borders several of the PAPA countries, is an area of intensive ship traffic
(especially oil tankers) and fishing activities and an area that is important for offshore
environmental monitoring including movements of water masses and inflows. There

12
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Figure 6a and 6b:
Proposals from
Finland (both FIMR)

is a lack of NRT-data and time series in this area to verify prognoses and warnings.
Oceanographic modellers want data from the area for assimilation and verification of
model data, wave height measurements in particular. For marine biologists the data
would serve for the monitoring of harmful algae bloom and verification of biological
models. The technical equipment of the NRT-system would thus be comprehensive,
measuring the following parameters: Air temperature, humidity, wind speed and
direc-tion, visibility, precipitation, solar radiation, water level, waves, water
temperature, salinity, currents, oxygen, chlorophyll, turbidity, nitrate, light attenuation
and phyco-cyanin. The equipment of an NRT-system in the Sound would be less
complex, aiming mainly at monitoring water exchange in this area of intensive vessel
traffic.

13
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Figure 7: Proposal from Estonia (MSI)

In closing, it is to add that a short while ago two wave rider buoys were deployed in
the Southern Central Baltic and the southern Bothnian Bay by the SMHI.

A better monitoring of the water exchange through the Sound (Q@eresund) and the
Kadet Trench/Darss Sill has a high priority for the German scientists (figure 5).
Although there is a fixed station existing on Darss Sill, it has become obvious that the
spatially punctate sampling does not allow to draw conclusions on the entire current
section across the strait. A SOOP solution with an ADCP for the ferry line between
Sassnitz and Trelleborg is thus suggested to calculate budgets and transports.
Additionally, the general lack of hydrographic profiles was criticised.

14
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Figure 8: Comparison of existing sea level stations and points needed for modelling . The red dots
indicate the existing stations, automatic or non-automatic and the yellow dots denote the station
distribution needed for the support of the operational model.

From figure 6a and b, it can be identified that the Finnish experts see the necessity
for more measurements in the basins, especially profiles. The exchange between the
major basins within the Baltic Sea and through the Sound and Belts is also
considered as important and not well resolved yet.

The red dots in figure 6b denote the need for wave measurements (preferably by
buoys) in order to follow storm tracks and support the storm surge warning
procedures and/or assist the traffic in busy areas, for example in the Gulf of Finland,
between Helsinki and Tallinn. It is also identified that the Gulf of Riga is an area not
represented yet by NRT-systems (compare to figures 2, 3 and 7).

The map that was handed in by the Estonian representative (firgure 7) displays an
ideal distribution of fixed stations. In the vicinity of some of the positions indicated in
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Figure 9: Comparison of existing wave stations and points needed for modelling. Red dots indicate
existing buoys, yellow ones the suggestions. The new Swedish wave buoy are marked as red triangles.

the map stations are already existing. In figure 7, the transition zones between the
basins themselves and the sub-basins are in the focus of interest, next to the main
paths of possible water inflow in the south west and the Gulfs of Riga and Finland.

3.2 Input from the Modelling Group

For the PAPA-OBS expert meeting which was held in Tallinn in March 2005 the
PAPA-MODEL group (WP 5) had prepared suggestions of station positions to
ensure or enhance model performance or verification. They provided information for
three kinds of data: sea level, wave data and hydrographic profiles. In figure 8
existing sea level stations are plotted together with station positions that are

16
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Figure 10: Suggested positions for hydrographic profiles, needed for modelling

considered as important for the Baltic Sea models. Red dots represent the existing
stations, the ones suggested by the modelling group are plotted in yellow. The
coverage of the Baltic Sea coast with sea level station can be considered as good.
Most of the the “nominal” stations coinside with existing stations. The next step to
take to satisfy the needs of the modelling community would be to ensure the
availability of the data in near real-time. So far, around 40 sea level station are
delivering NRT-data into the BOOS/PAPA FTP-network (stations are presented on
the BOOS web site, for the address refer to annex 3), which sums up to

about 70% of the station distribution the modelling community would need. Figure 9
holds the equivalent information for wave stations. The new wave stations from the
SMHI which were deployed in autumn 2005 are indicated as red triangles. As with all
off-shore installations, the number of existing wave buoys is only a fraction compared

17
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Figure 11: “Hot spots” of ships accidents in the Baltic Sea, source: HELCOM statistics, 2000-2003

to those stations at the coast. For the optimisation of model results the number of
buoys should be increased and placed in comparatively areas of open sea where the
waves are more developed than in sheltered areas and the main ship routes
(including ferries) pass (figure 12).

A completely different picture can be identified in figure 10, holding only yellow dots,
marking the positions where data from high frequency TS profiles would significantly
improve the model efforts. The position of the desired measurements are bordering
the basins or are right in the centre of the straits in order to monitor the important
fluxes.

The ship traffic in the Baltic Sea, which is already one of the busiest fairways in the

world, is expected to grow significantly in the next years. By 2017 a 90% growth in
the volume of trade, compared to 1995 figures, has been estimated (Tiuri, 2002).

18
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Figure 12: Distribution scheme of annual ship traffic (red lines) and major ferry connections (white lines)
in the Baltic Sea. Compiled after Kortum (1996) and Berg (2001).

Figure 11 gives a coarse overview over the most critical areas for shipping accidents.
In the past four years (i.e.2000-2003) the numbers of ship accidents were between
60 and 70 with a slight tendency to grow. Thus, high quality data, near-real time and
forecasts are crucial for the shipping safety. As a number of “hot spots” concerning
ship accidents can be pinpointed, it is evident to consider these areas in the process
of identifying target areas for monitoring. To improve the safety of navigation an
extenxive package of measures were adopted in the HELCOM Copenhagen
Declaration in 2001. Among the postulations are the demand of hydrographic
surveys of the main shipping routes (figure 12), regularly carried out to provide
updated information on water depths and the monitoring of shipping activity based on
the automatic identification system (AIS) which became mandatory for ships lager
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than 500 GRT in July 2005 (Tiuri, 2002; Dottermusch, Vessel Trafic Service Centre
Warneminde, 2005, personal communication)

3.2 Statistical Methods

One of the theoretical approaches to the task was the revision of statistical
methods which had been applied to the North Sea in the framework of a project that
was conducted at the BSH in 1992, by Huber, Bohle-Carbonell and others (Bohle-
Carbonell, 1992). In this study, different statistical methods and procedures were
tested on different data sets to optimise the management of marine monitoring. The
comprehensive study tested methods of :
- Analysis of simulation by “Principal Oscillation Patterns”

Analysis of data sets with parameters free statistic methods

Evaluation of data quality by “resampling techniques”

Reduction of samples by sequential statistical analysis

Avoidance of aliasing by unequal distribution of samples

Data procession via Lomb-Scargle spectral analysis

Data assimilation with bayesian kriging

Optimisation of monitoring strategies with regard to economic boundary

conditions.
which were applied on

Current patterns

Sea level data

spatial coherence of T and S
After thorough consideration it became obvious that the formulation of the problems,
the provision of appropriate data and application of the described methods on the
Baltic Sea would be well beyond the scope (and manpower) of the PAPA project.

3.4 Co-operation with ODON

Additionally, it seemed that by doing so an overlap with the ODON project would be
evident and should thus be avoided. Because of the concurring aims the projects
have, a co-operation was established.

ODON (Optimal Design of Observing Networks) is a 3-year EU project which aims to
provide cost-effective sampling strategies and technology synergy of the observing
system for operational weather-ocean forecast in North Sea and Baltic Sea. The
fundamental research in the project is to develop quantitative and practical methods
for assessing the gaps and redundancies in existing observing networks. For the
research a so called “proxy ocean” was constructed using daily gridded SST
observations from 2001. With this data the HIROMB model was run and the
constructed proxy runs were assumed as representing the reality. The output
comprised hourly temperature and salinity data from all depths, which were averaged
into a daily 10 km grid. For this data set several statistics were calculated, e.g.
temporal and spatial correlations.

On the basis of the station assessment conducted within PAPA (for PAPA-NOW and
PAPA-OBS), lists containing station positions (fixed and ship stations) and measured
parameters were submitted to ODON. The calculations concentrated mainly on two
parameters, temperature and salinity. A quantitative assessment method had been
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developed for the estimation of the effective coverage of the given observing
network. It combines the meta data with the characteristic scales calculated from the
proxy ocean. The thus obtained ratios can be used as a management tool for the
identification of gaps and redundancies in the observational network. To correctly
interpret the information given by figures 13 a and b, one should keep in mind that
the station lists that were at hand, lacked a considerable number of stations in the
north western Baltic Sea. Thus, no statements can be made for the area concerned.
In another step, a case study was conducted to locate the optimal positions for the
sampling stations. Both, the temporal (how often should be measured) as well as the
spatial (where to measure) aspect were considered (refer to report in annex 2).

Figure 13: Effective coverage ration of Baltic Sea temperature (a) and salinity (b) monitoring networks at
24 m depth.

For a given number of stations (i.e. sampling locations) and a given number of
sampling frequencies a maximum effective coverage can be yielded applying a
Monte-Carlo method. For PAPA, two regions, the Baltic-North Sea transient waters
and for the ice-free Baltic basins, the maximum effective coverage was calculated in
regard to the salinity in 8m depth. Currently, nine stations are installed in the
transient waters, explaining about 41% of the total variance in this region. In this
experiment, shifting the stations to other locations can enhance the sampling scheme
to an explanation of 59% of the total variance. This is an increase in efficiency from
the existing sampling scheme by 44%. For the other region, the ice free Baltic basins
an experiment with 14 buoys was calculated and resulted in an improvement of the
coverage from 55.9% to 64.1% showing an increase in efficiency by 14.7 % (for more
detailed information and figures please refer to annex 2).

Incorporating the vertical dimension into the considerations, the relocation of the
buoys in the transient waters returns a amelioration of the explained variance for T
and S in all four layers that were calculated.
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4 Discussion

The sea level is the parameter in the Baltic Sea that is best monitored — according to
the number of the existing stations. The distribution of the stations though is very
uneven. The coverage of the Danish of German coasts is far better than in other
regions. But even in these areas most of the tide gauges are not transmitting data, or
the transmission technology is outdated if not impractical. Many stations do not
belong or are run by other institutions than the PAPA members which impedes the
incorporation of such data into the PAPA/BOOS network, let alone an even pan-
European network. In areas where this situation applies it could be sought after the
institutions in question to join BOOS or, to avoid the loss of competence to pass
resolutions, prompt the local BOOS members to explicitly clarify the extend of the
data usage in advance. In other words, it would be far more effective if the BOOS
partners act as intermediaries between BOOS and local (local govenmental,
municipal, etc.) station operators. In those areas, where the stations were
modernised or completely newly installed by the aid of PAPA, those problems do not
occur. The measurements and data transmission procedures have a high standard
and the data can be distributed without constraints.

The future sea level network should be achieved by

a) closing existing gaps with new/modernised stations which are of high standard
in data quality and transmission technology. Here, areas which are prone to
shipping accidents during times of high sea state or extreme sea levels as well
as where traffic is expected to increase should be taken into consideration. As
the experience with PAPA-Cap (WP 4) has shown a modernisation can be
realised with a budget of 5-10 kEuro.

b) negotiating with the institutions (local, non-members of PAPA) in question and
making the data available. The latter might turn out to be very time consuming
and progress may only be small stepped but it is worthwhile integrating
existing infrastructure

From the already existing network together with the potential, it is judged that the sea
level network is the one that can be established in foreseeable time and with viable
effort. It should also be considered to equip some of these stations with other
sensors (for measuring temperature, salinity i.e. conductivity or currents) where
these parameters are able to represent the surrounding environment so they can be
also used for model assimilation. Still, this would not solve the problem of the lack of
offshore measurements, hydrographic profiles and currents for estimating the
transports as many of the experts have expressed. Experience shows that the
maintenance of large multi-parameter fixed stations is time consuming and
expensive, while reliable and future-proof technology is in an experimental phase.

To obtain a better coverage for the sea surface one should consider to consequently
exploit satellite data (keeping in mind that the area is often overcast). Next to SST,
ice, sea level, waves, chlorophyll a and algae are important surface parameters in
the Baltic Sea to be monitored. PAPA work package 3.5 addressed the issue and
more insight can be gained from the PAPA satellite websites or the report D3.4
(Gyldenfeldt & Vainio, 2004)

More use should be made of SOOPs or FerryBox solutions. Some ferries regularly
operating in the Baltic Sea cover almost exactly the sections that are demanded by
the experts for a better monitoring of the basins, i.e. the basin entrances and the
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water exchange. Below, ferry lines which can be considered as possible
SOOP/FerryBox lines are listed together with the duration of the passage and the
sailing frequency (table 2). All ferries operate throughout the whole year. Please note
that a number of SOOPs are already in operation in the framework of alg@Iline (see
http://www.fimr.fi/en/itamerikanta/bsds/812.html), e.g. on the routes Dbetween
Helsinki-Tallinn, St. Petersburg-Helsinki or Helsinki-Stockholm. For a better overview,

the potential SOOP routes are depicted together with existing SOOPs in figure 13.

Table 2: A choice ferry lines operating in the Baltic Sea to be considered as possible SOOP/FerryBox lines. The
routes Turku-Kapellskar and Turku-Stockholm are alternative routes to Helsinki-Stockholm, not stopping in

Marihamn and thus not shown in figurel14.

Line Duration |Frequency Operator

Umea-Vaasa 3-4 hours |1-2/day RG-Line
Helsinki-Stockholm 16 hours 1/day Silja Line

16 hours 1/day Viking Line
Helsinki-Tallinn 1-2 hours |7/day Tallink

1-2 hours |3-6/day Nordic Jet

3 hours 2/day Viking Line
Helsinki-Tallinn(-Rostock) (operating) Silja, alg@line
Helsinki-Stockholm (operating) Silja, alg@line
Helsinki-St. Petersburg (operating) Silja, alg@line
Sassnitz-Trelleborg 3-4 hours |5/day Scandlines
Sassnitz-Klaipeda 21 hours 3lweek Lisco Baltic Service
Puttgarden-Rgdby 1 hour 48/day Scandlines
Visby-Oskarshamn 2-3 hours |1-2/day Destination Gotland
Visby-Nyndshamn 3 hours 1-6/day Destination Gotland
Turku-Kapellskar 9 hours 1/day Viking Line
Turku-Stockholm 11 hours 2/day Viking Line
Gdynia-Karlskrona (in realisation) 10 hours 1-2/day Stena Line
Ventspils-Nynashamn 11 hours 5/week Scandlines
Ventspils-Montu (only in summer) 4 hours 4-6/week | SKL Ferries
Grena-Varby 4 hours 1-2/day Stena Line
Gedser-Rostock 2 hours 6-9/day Scandlines

During the PAPA-project, an idea from Poland as well as from Sweden was thus to
ensure transmission of data in NRT mode from research vessels . In Sweden, the
sophisticated system is going into a test phase. The Polish plans, were the estimated
costs yielded to 8600 Euro plus software, were deferred and the money provided by
PAPA invested in the modernisation of sea level stations instead.

Yet data from satellite and SOOP/FerryBox need to be calibrated with the aid of in
situ data so it can be used in forecasts, model assimilation and up to date
descriptions of destinctive regions.

The HELCOM monitoring programme is another important source of data. The
Baltic and adjacent waters are divided into 19 sub-areas where the responsibility of
monitoring is in the responsibility of one or more countries. The defined stations are
monitored periodically, the measuring frequency ranging between once to more than
30 times per year. Here too, a direct transmission for a number of core parameters
could fill the significant gaps existing for NRT-data especially in the open sea.
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Figure 14: Alg@line SOOP routes and ships operating in the Baltic Sea are indicated in white with
names of the ships given in the boxes. The route Gdynia-Karlskrona, which is going to take up SOOP
activities is indicated by the dotted white line. Ferry routes with a SOOP potential are drawn in red. The
map is partdy compiled after a transperancy presented by Inga Lips at the SOOP workshop in 2004.

The results from ODON have shown that under certain considerations a relocation of
the existing buoys or stations, the network would enhance its representativeness
concerning the monitored environment. The tools that were developed in ODON
should be granted further attention. Within BOOS it shall be discussed which regions
or sub-regions shall be taken into account and calculations conducted. Then the
benefit of a better monitoring network with costs of a relocation and the negative side
effect of possible interruption of a long term measurement (time series) should be
weighed. Within ODON cost-effectiveness of different types of measuring technology
was assessed for SST. For this parameter the FerryBox solution is the least costly for
in-situ measurements, however the quality of the observations is not as high as those
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from buoys or CTD casts. The most cost effective method for SST is the use of
remotely sensed data.

ODON recommends for further optimisation of the observational network in the Baltic
Sea a further extension of in-situ measurements, preferably by buoy systems.
Further, cost-effective in-situ measurements in coastal stations (e.g. combined with
tide gauges) should be made available (or promoted). For more details please refer
to annex 2. This judgement basically agrees with the findings from PAPA.

The use of ODON tools and methods to optimise the placement of ships’ stations can
be taken up immediately.

To set the current conditions and the nominal conditions in contrast the data basis
has to be up to date and reliable. This in fact seems to be an almost unsolvable
problem. Although the meta data that has been gathered during the project is the
most comprehensive and current collection on operational physical oceanography
meta data for the Baltic Sea region, it is most difficult to keep up with (unreported)
changes. With the installation of a user interface, each BOOS member will be
responsible for their own data but this needs a certain amount of discipline, otherwise
this useful tool will be reduced to absurdity.

To achieve a near-real time upgrade of the existing systems a lot has been done
during the project. The modernisation of (sea level) stations has opened new sources
of data and the ftp-box network represents the basic tool for the dissemination of
data and information. In the medium-term this system should be maintained and
refined.
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5 Recommendations

From the discussion, a few basic recommandations shall be derived.

Make use from the tools and methods developed in ODON together with the
maps developed by the experts. A working group shall be formed to explicitly find
an answer to the question of the benefit of relocating existing stations, which
stations qualify as well as where to place future stations.

While planning a ship cruise, a check of the desired station distribution with the
ODON tools can enhace the repesentativeness of the stations. This can be
implemented immediately.

To move towards reliable but more cost-effective solutions, technology which is
currently being tested should be kept under close observation.

For the time being, (wave) buoy deployments should be aspired, the target areas
can be defined as the Gulf of Riga, Klaipeda Strait approach, the eastern Gotland
basin and the Bothnian Sea.

Most important is the issue of making existing data available (in NRT) so that it
can be calibrated, combined with other data or used for assimilation.

BOOS member shall address local station operators and encourage them to
deliver data into the BOOS network.

To sustain the information system (OBS-database, QA-database, satellite-
database) and the data management system (FTP-box system) a contact person
from each institute has to be named, who is responsible for keeping the database
contents up to date my means of the user interface.
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7 Annex 1, List of institutes’acronyms

BSH

CMR

DMI

FIMR

IMWM

IOPAS

IOW

LEGMA

MIG

MSI

NWAHEM

RDANH

SMHI

SYKE

UL

Bundesamt fiir Seeschifffahrt und Hydrography,
Federal Maritime and Hydrographic Agency, Germany

Centre of Marine Research, Lithuania

Danmark Meteorologiske Institut,
Danish Meteorological, Institute, Denmark

Merentutkimuslaitos
Finnish Institute of Marine Research, Finland

Instytut Meteorologii | Gospodarki Wodnej
Institute of Meteorology and Water Management, Poland

Instytut Oceanologii Polskiej Akademii Nauk
Institute of Oceanology Polish Academy of Sciences, Poland

Institut fur Ostseeforschung Warnemitinde
Baltic Sea Research Institute Warnemiinde, Germany

Latvijas Vides, eolo ijas un meteorolo ijas a ent ra
Latvian Environment, Geology and Meteorology Agency, Latvia

Instytut Morski w Gdansku
Maritime Institute of Gdansk, Poland

Tallinna Tehinkailikooli Meresiisteemide Instituut
Marine Systems Institute, Estonia

North-West Regional Administration for Hydrometeorological and
Environmental Monitoring, Russia

Farvandsvaesenet
Royal Danish Administration of Navigation and Hydrography, Denmark

Sveriges Meteorologiska och Hydrologiska Institut
Swedish Meteorological and Hydrological Institute, Sweden

Suomenympaéristokeskus
Finnish Environment Institute, Finland

Latvijas Universitate
University of Latvia, Latvia
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8 Annex 2, Report form ODON

Optimal Design of Baltic Sea T/S Observing Networks
Jun She and Jacob L. Hayer

[s@dmi.dk

Centre for Marine Forecasting, DMI

1. Background

Major part of this work has been done in EU FP5 project ODON (@ptohesign of
Observational Networks). ODON is a fundamental research aitoirtpvelop quantitative
and practical methods for assessing the gaps and redundanciesing ebserving networks
and design optimal (cost-effective) monitoring strategies fouréutobserving networks.

Statistical optimal design method (a combination of charadtesstle analysis, sampling

error analysis, information analysis and optimal control theory), e@lmgy System
Simulation Experiments (OSSESs) via data assimilation and cosfibanalysis will be used
to archive the goal. The developed method will be applied to asseésseaign the spatial-
temporal sampling strategies for water temperature andtgatibserving system in North
Sea and Baltic Sea.

ODON is supported by European Commission Fifth Framework Prografom8years
(2003-2005). ODON is a part of the EC FP5 Operational Forecadtuste€ The consortium
consists of five major marine research institutions/centresomhiirn Europe (DMI, BSH,
POL, MUMM and SMHI). The project is coordinated by Danish Metayiol Institute
(DMI).

2. Current status

Quantitative and practical methods for optimal design and asssssihexisting
observing networks have been developed. This includes:
o0 Basin scale high resolution models (1nm resolution) with advanced
assimilation schemes
o Statistical optimal design method (a combination of charadterstale
analysis, sampling error analysis, information analysis and optoriol
theory)
o A framework for OSSEs and OSEs has been made
The methods have been applied to the Baltic-North Sea T/S obseretagrk
assessment and design in following aspects:
o0 Assessment of existing Baltic-Sea and North Sea T/S observing systems
o Optimal design of the Baltic-North Sea SST observing networks
o Optimal design of T/S profile section monitoring by using ships
o Optimal design of T/S profile monitoring on basin scale
o Cost analysis of different in-situ monitoring platforms
Here we summarize existing achievements made in ODON oBdlie Sea observational
network assessment and design.

2.1 Assessment of existing satellite-in situ observing networks (conclusions)
For satellite SST, only Ol SAF (NOAA AVHHR 14 and 16 in 2001) andHBSIOAA
AVHHR 12) products were used.
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Cost-effectiveness of technology: currently in-situ SST is mainly uned$y Ship of
opportunity (GTS), buoys, ferrybox, national monitoring cruises (CTDt, cas
undulated profilers and TSG). The most cost-effective in-situ S&&sumrement
platform is ferrybox, however, sometimes the quality of ferryboxeadions is not
as high as buoys and CTD casts. Satellite is a major destie¢ instrument for SST
observations.

Data quality: For night-only data, Ol SAF SST has an error (&diation from in-
situ SST) of 0.58C while BSH product has an error of 0.68C. Day-ttedlike SST
is in general 0.1C worse in quality than the night-time SST. Mmkstu SST also
shows different quality, where national monitoring cruises and bheyes the highest
quality.

Effective coverage: in 2001, over 200,000 in-situ SST (hourly averaged box)
observations were made, where 80% were from GTS. However, thetiveffe
coverage of the in-situ SST is negligible in comparison with lgat&ST. In 2001,
SAF and BSH SST has an effective coverage of about 20% for nightdatdybut
30% for day and night data.

Product quality: by assimilating SST data into 3D ocean modelavbeage RMS
error is reduced to 0.66C from 1.2C without assimilation.

Relative importance of in-situ SST: in the Observing Systepefxents (OSES) ,
the improvement is negligible by including in-situ SST togethién satellite SST in
the assimilation. It was found that the major contribution of inS8&T is to be used
in correcting satellite SST, which can improve the satellite SST qualit$430%.
Gaps and redundancy: for the basin scale SST hourly field products in 6nm
resolution, existing satellite-in situ SST observing networks ilBdigc-North Sea is
sufficient. There is a big redundancy between different infraaddllite sensors:
results vary little between OSEs by assimilating NOAAHYR 12 only and that by
assimilating 3 satellites 12, 14 and 16.

Recommendations for further optimisation: high quality in-situ Sffa (e.g.,
measured by buoys) should be made in the Baltic Sea. 3-5 buogsificeent to
cover the entire Baltic Sea for this purpose. This will imprénvequality of the SST
field product by 15-30%. Current observing networks are not sufficienbimtoring
local small scale phenomena, such as upwelling. Cost-effectsiéuimeasurement
in coastal stations (e.g., combined with tidal gauge stations) dshmell made
available.

2.2 Assessment of the Baltic Sea 3D T/S observing networks

A quantitative assessment method has been developed to estimeffedtiee coverage of a
given observing network by combination the meta data of the netwdrkha characteristic
scales calculated from the proxy ocean. This method is applied iBahe Sea T/S
monitoring network. Fig. 1 shows a given T/S monitoring network in thigcE&ea (based on
EDIOS database) and Fig. 2 gives its effective coverageingpercentage). Figure 2 clearly
show the data availability and effectiveness in coverage indgisir. The effective coverage
ratio can be used as a convenient management tool for understaapegngl redundancies
in observational networks.

The limitation of this work is that the EDIOS meta datasetdt complete. There are some
stations which haven’t been included in this dataset. Hence theiattshbuld be paid to
when we apply Figs 1 and 2 in a practical assessment.
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Fig.1 Baltic Sea temperature (a) and salinity (b) monitoring networklmasthe EDIOS
meta database. Red: ship cruise stations; blue: buoys; green: coastad stati

Fig. 2 Effective coverage ratio of Baltic Sea temperature (a) amitygéh) monitoring
networks at 24m depth.

2.3 One dimensional optimal design

Since most of the T/S profile observations are made by natiooikaring cruises, design
cost-effective sampling strategies for these cruisegssential. For a given cruise, the most
significant sampling questions are: 1) where to sample? 2) h@n dfe cruise should be
repeated?

Figure 3 shows a case study for optimising location of the sagnptations. The coloured
areas show the distribution of the effective coverage ratio. The path of threeisrgigen from
an existing SMHI monitoring cruise (Fig. 3a). There are 15sdamstations (shown as black
dots in Figure 3). The location of the 15 stations were optimisedder ¢o reach a more
homogeneous effective coverage (Fig. 3b).
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Fig. 3 A case study of one dimensional design (sampling locatiblask dots, together with
effective coverage ratio for salinity in 8m — colours), a) SMtinitoring cruise set up; b)
optimised set up.

Figure 4 studies the relationship between effective coverage, nahbitions and number
of repeats per year for the same case in Fig. 3. This isi@fbasletermining the sampling
strategy (e.g., number of sampling locations and repeats per fpeadifferent quality

criterions. It is found that, for a given quality criterion- an aged effective coverage ratio
0.1, the optimal number of repeats per year is 4 for 25 stations,16 &iations; for reaching

Fig. 4 For the same cruise path in Fig. 3, the relationship between effectivagmvatio,
number of repeats per year and number of stations.
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effective coverage ratio 0.2, the optimal number of repeats persy@dor 60 stations, 12 for
15 stations; for reaching effective coverage ratio 0.3, one nedelssatl2 repeats per year
with 25 stations.

2.4 2D sampling design

A Monte-Carlo method is developed to reach maximum effective ocgwefas a cost
function) for a given number of sampling locations with given samgleguencies. This
optimal design method has been applied in two cases: one is far-Baith Sea transient
waters, the other for ice-freed Baltic Sea Basin. Here wegwé the example for the Baltic-
North Sea transient waters.

There are 9 buoys deployed by SMHI, FRV and BSH in the Bdltith Sea transient waters
(Fig. 5 left). The explained variance on 8m salinity by thieang scheme is also given in
Fig. 5 (left). In average, this 9 buoys explains about 41% of thevatance in this region.
The question is: what are the ‘optimal’ locations for the 9 bdioysnonitoring T/S in this
region? Here ‘optimal’ means to reach maximum effective cgeertn a 2D design, we
simplify the question as: what is the optimal locations for tH®i®ys for monitoring 8m
salinity in this region?

With the Monte-Carlo method, the optimal locations for the 9 buoyfoarel (Fig. 5 right),
together with variance explained shown). This sampling schemexpdain 59% of the total
variance in this region, shown an increase of 44% in efficiency frmrexisting sampling
strategy.

explvar SALTY, 8m, nbuoy 9, av: 0.41113 explvar SALTY, 8m, nbuoy 9, av: 0.59058
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Fig. 5 Spatial distribution of explained variance by nine buoys with existing isgmpl
locations (left panel) and optimal designed sampling locations (right panel).

The similar 2D design has also been done for the Baltic Sea. Figure 6 givesrgoiecaf an
array design for 8m depth salinity monitoring network by using 14 buoys (ieeegion).
The 14 locations selected in the reference design are based on existing bumys@cat the
Baltic sea monitoring stations (in national monitoring programs). It is shioatritte
explained variance by the reference array is 55.9% (Fig. 6a) and the desigged 64.1%
(Fig. 6b).
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Figure 6 Explained variance in a reference array (a) and an optimatipeesrray (b) for
the Baltic Sea 8m depth salinity observational network.

2.5 3D sampling design

The Mont Carlo method is applied for designing a 3D T/S arrahenBaltic-North Sea

transition waters with the same reference designs in thee2iyrd In this case, the cost
function is a sum of the effective coverage of temperature amdtyat 4 selected levels

(8m, 30m, 75m and 130m). Figure 7 shows the locations and explained vaoartbe f

transition waters. The averaged explained variance of tempeeatdrsalinity in 4 layers is

shown in Tab. 1. It is shown that the optimal designed array imprbgesxplained variance
for both T and S in all layers. The improvement is significant except for T at 8im dept

Table 1 Mean explained variance of T/S by a reference anchygtimal designed array for
the transition waters

T8m T30m | T75m | T130m| S8m| S30m S75m S130m
Ref. array | 0.63 0.32 0.14 0 0.39 0.43 0.11 0
Designed |0.68 0.50 0.40 0.24 0.59 0.60 0.56 0.41
array
(Designed|0.05 0.18 0.26 0.24 0.20 0.17 0.46 0.41
- Ref.)

3. Discussions

It should be noticed that ODON is a preliminary research on optesatjn of observational
networks. The quantitative assessment and design methods develope®h &8O very
useful and efficient. Examples for the Baltic Sea buoy arraygdeshow large potential
benefit by deploying buoys in optimal designed sites. Howevertjrexigesults are based on
HIROMB model one-year proxy run, which has some uncertaintiesr¢grin calculating
spatial-temporal characteristic scales. It is not recometeiml direct use such a designed set
up as a final solution of the next generation Baltic Sea buay.dnstead, we would suggest
to consider the buoy array design as one important factor in deitegnfinal buoy array for
the Baltic Sea.

Some other type of designs can also be made by using this Marnte rGethod, which
aiming to minimise the model error, or a conditional design (i.edetermine optimal
locations for newly added buoys based on existing network set-uppfRae work may be
included in a proposed IP (ECOOP-European COastal/shelf sea iOfarédrecasting and
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monitoring system) for the"4call of the FP6th program ‘pan-European Coastal and regional
sea forecasting system’.

Fig. 7a Spatial distribution of explained variance by the referenced artia@ansition waters
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Fig. 7b Spatial distribution of explained variance by the optimakygted array in transition
waters
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9 Annex 3, List of Weblinks

BOOS homepage
http://www.boos.org

PAPA-OBS database
http://gotland.bsh.de/papa/db start page.html

PAPA-OBS page for design of an optimal coastal observing system
http://gotland.bsh.de/papa/Design/design index.html

PAPA-QA database
http://gotland.bsh.de/papa/Qa/ga_index_en.php

Satellite portal
http://gotland.bsh.de/papa/sat rec map.html
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