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Summary

The ECOSUPPORT-project aims to help policy makgrsupplying state-of-the-art research
on the state of the Baltic Sea under different ages of nutrient supply, pressure from
fisheries and impact of climate change. In ordenéke the research results accessible, a new
form of scientific communication has been testedsentation of research data and physical,
chemical and biogeochemical processes on landratie isea were made using a special
visualization platform, Uniview, which was projedtento a cupola-shaped screen inside an
inflatable, enclosed dome. The visualization hanlested on different audiences including
policy makers, politicians, researchers and unityestudents. Overall, the response has been
overwhelmingly positive with the audience expreggime view that the used visualization
technique enhanced their understanding and rees@ss. This view was shared with the
scientific presenters.

Sammanfattning

ECOSUPPORT-projektet syftar till att ta fram forslgsresultat om Ostersjons miljostatus
under olika scenarier av belastning av naringsanoeérfisketryck i ett framtida klimat.
Resultaten kan ligga till grund som vagledningliéslutsfattare. For att forskningsresultaten
skall kunna goras begripliga och tillgangliga hamg form av vetenskapskommunikation
prévats. Presentation av en stor mangd data saskititr@ing av fysiska och biogeokemiska
processer pa land och i havet gjordes med hjagmaspeciell visualiseringsplatform, Uniview,
som visades pa en kupolformad filmduk inuti en uggbar domteater. Visualiseringen visades
for olika typer av publik, t.ex. for beslutsfattapmlitisk ledning, forskare och studenter.
Overlag s& har responsen varit mycket positiv acHebsta som tagit del av visningarna menar
att den har formen av kommunikation gor det lattdorsta och ta till sig komplexa data och
sammanhang. Denna asikt delades ocksa av de vapigskpresentatorerna
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1 Introduction

The objective of the ECOSUPPORT project (Advancedetiing tool for scenarios of the

Baltic Sea ECOsystem to SUPPORT decision makimgy.baltex-research.eu/ecosupp9rig

to use state-of-the-art models of the Baltic Sestesy to help understand the combined effects
of climate change, nutrient supply and fisheriesvater and ecosystem status. The outcome of
the project will serve as policy information andyniee used as a tool for decision making as it
will indicate how changes in catchment managemeattiges and fishery pressures will impact
the Baltic Sea in a changing climate.

The Baltic Sea is one of the largest estuarieséntorld, with a surface area of about 370 000
km® The catchment area is about 4 times the sizecoBaltic Sea surface area and includes 14
countries and some 85 million people. Extensivécatjure is practiced in several countries,
especially in Denmark, the south of Sweden, GernaemtlyPoland resulting in large nutrient
loads to rivers downstream of these agriculturgiams. Another source of large loads to the
sea are point sources from urban wastewater treajplents, particularly from large

population centres such as Warsaw, St Petersbigg, 8tockholm and Copenhagen. The large
loads of nitrogen and phosphorus to the Baltic eraontribute to large phytoplankton blooms.
One sign of the large-scale eutrophication is ttieresive summer and autumn blooms of the
nitrogen-fixating cyanobacteria, with its precoiatiing of none depletion of phosphorus while
being able to use the gaseous form of nitrogeneR@g countries around the Baltic Sea have
pledged to reduce anthropogenic loads to the Ba#a under the Baltic Sea Action Plan
(HELCOM Secretariat, 2007) which apportions nutrieductions to each country; however,
the effectiveness of measures to decrease thed® mzch as changed agricultural techniques
and improved wastewater treatment, is unknownuturé climate conditions.
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Integrated Biogeochemical Model System

Fig.1: The integrated biogeochemical system iretheosphere, land and sea.

The effects of the nutrient loads transported ésba is further complicated by the unique
nature of the Baltic Sea itself. The entrance &Bhltic Sea consists of the shallow and narrow
Kattegat area with the sounds between Denmark aediéh. The restriction of the entrance
area hampers inflowing North Sea water. The messhfwater discharge to the Baltic basin is
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about 15 000 fifs and hence the Baltic Sea is strongly stratifigt a permanent halocline at
about 60 m depth in the Baltic proper. The renesfiaeep water occurs intermittently and the
inflowing water undergoes strong mixing with amhiemter. As a consequence, the density of
the inflowing water is decreased and the inflowesssgldom large enough to enable renewal of
the waters at the deepest parts of the Baltic Beaoxygen in the stagnant basins is consumed
due to decomposition of organic material. This tetdlarge areas with anoxic or hypoxic
conditions at the bottom (i.e. oxygen concentratiare below 0 or 2 ml/l respectively). A
review of the Baltic Sea system can be found inffMailal. (2001) and an assessment of the
impact of climate change on the system in The BAG&hor Team (2008).

Globalclimate ST
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biogeochemistry I ~
i A,
Al | EwE & BEM | WP3 )

food web -

Gulf of Finland . ——
VistulaLagoon ‘ Case studies & socioeconomic impact | (ngl 3
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Fig.2 Models within the ECOSUPPORT project. Thepotbf the Global Climate Models are used as
boundary conditions to the regional climate moB&AO. This model in turn gives forcing to the
hydrological and atmospheric chemistry models H¥WRHE MATCH. These force the coupled physical —
biogeochemical models BALTSEM, ERGOM and RCO-SCOBie output of these models give input to
the ecosystem models (e.g ECOSIM/ECOPATH).

In order to capture the complex physical, chemaeal biological interactions in the
atmosphere, on land and in the sea (Fig. 1), a widge of models are used within the
ECOSUPPORT project (Fig. 2). This chain of modelsemable process understanding as
well as give possibilities to run different climatautrient load reduction and fishery scenarios.
By making use of historical data and future prag of the climate, transient model runs
from 1850 to 2100 are made possible. The futureatk scenarios are prescribed by the IPCC
and downscaled to regional scale from global clenmabdels.

Visualization techniques are used within the projeorder to find tools for communicating
extensive project data. The visualizations wilivedboth as educational science communication
of process understanding, as a platform for cormpasg and discussions of scenarios and their
uncertainties, and to give a scientific grounddecision making. In collaboration with
Norrkdping Visualization Centre Quivw.visualiseringscenter.sesnvironmental research
results from the ECOSUPPORT project have been shusing a portable GeoDorte
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(www.geodome.info/ Fig 3). The dome is fully enclosed, inflatablelaabout 20 adults can
take place inside, preferably lying down on pillogvsthe floor. The scientific data is then
projected onto a cupola-shaped screen. We havethisadhiview visualization platform
(www.scalingtheuniverse.cgra 3D astronomical environment, where we fly tlgtogpace,

from the moon towards the earth. We then circlestim¢h and start the show by looking at data
of population densities around the earth (FigT#ereafter we zoom in on the Baltic Sea and
start conveying ECOSUPPORT data and results. Aggiat part of the show, is the presence of
scientific experts who narrate the data shown. Ehigecessary both to guide the audience
through the show and also to enable the audieniceaiact with the data and the experts. This
in turn leads to more informative viewings and di&gions. In addition, technical support is
needed in order to safely put up the dome andrtdire visualization platform.

Fig 3. The GeoDonl¥, with scientific researchers and presenters P#fakman (hydrological research,
SMHI) and Helén Andersson (oceanographic rese&fetl) (photo I. Gudmundsson, SMHI).

Fig 4a. Inside the dome: World population densityjgcted on the Earth (photo H. Andersson, SMHI).
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Fig 4b. Some of the data of population density fetnf) behind the dome projection in Fig 4a. Source
of data and figure is the website of the Unitediddet Environment Program
(http://maps.grida.no/go/graphic/population_dengitythe baltic_sea_drainage_basin).

2 The Storyline

Before the show, a manuscript was compiled whialeed the main conclusions that could be
drawn from the presented projections. Since ECOSMHPPis only about half-way through the
project time, the main focus so far has been onge® understanding, present-time model
simulations of flow, nutrient processes in the Badea catchment and the biogeochemical
processes in the ocean. A few scenarios of botlidudlimate and future management practices
were also shown, and as the project will producesnob these, and also of hindcasts, the focus
of future shows will naturally move toward thesetiBunderstanding of the past evolution of
the state of the Baltic Sea and future scenarigmss$ible outcomes of e.g. nutrient reduction
can serve as support and background for policysd®at. The model simulations shown are
produced with the Balt-HYPE application of the SM#ydrological model, HYPE (Donnelly,
2010, Lindstréom, In Press) and the 3D coupled maydiiogeochemical ocean model RCO-
SCOBI (Meier et al., 2011, Meier et al., 2003, Eilet al., 2009).

Below is a synopsis of the storyline and data kabkire projections that have been shown in the
dome so far. The extent and order of the shownnmaateas differed somewhat between the
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different presentations. It was also emphasisetdathahown simulations are preliminary and
that intensive project-research is ongoing.

In 1969 humanity received for the very first timeimage of the earth seen
from space. The ‘earthrise’ photographed by theolippl from the moon
was a turning point in our perspective on the easth system, and the blue
marble is still a strong iconic visual supporting ainderstanding for the
earth as a planet with certain boundaries.

This fragile system has however been object torsestgallenges over most
importantly the last two centuries: Global popuathas expanded
significantly over this period— from 1 billion irB00 to over 6 billion today
— (the prognosis for 2050 even reaching 9 billion).

What we see here as red dots is the populatioritdeoday over the globe
(see Fig 4).
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Fig. 5. Agricultural distribution (percewge agricultural area in each subbasin) in theBaka
catchment.
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Fig. 6. Mean annual nitrogen (ug/l total N, top gluand phosphorus (ug/l total P, lower
panel) concentrations for the period 1971-2000.

Not only are we increasing in number, but an insirggaconsumption of
resources per person is leading to both degradatidrscarcity of natural
resource as well as pollution of for instance stefand groundwater as well
as increased emissions to the atmosphere. Wennvilti$ presentation focus
on the Baltic Sea which we fly towards now.
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This is the Baltic Sea basin. All rain that fallsré that isn’t evaporated or
transpired by plants eventually makes its way &RBRhltic Sea. But it isn’t
only freshwater that makes its way to the Baltia 8em this basin, the
water carries with it environmental pollutants imtihg toxic substances
such as heavy metals, and excess nutrients thaticamate algal blooms in
the Baltic Sea.

As you can see, the discharge from wastewatemtedtplants and rural
households and excess nutrients from agricultuedves important sources
of nutrients. These next two pictures show how patjan (Fig. 4) and
agriculture (Fig. 5) are distributed throughout basin. Remembering the
regions with most farming and the largest popufatientres, note where the
largest loads of Nitrogen and Phosphorus to thédB&éa come from. The
two following pictures show the distribution of M&P over the basin (Fig.
6).

The processes that affect nitrogen and phosphmansformation and
uptake in the ground and in water are climate dépet) as well as the
runoff generation itself. Consequently, changedimate can affect how
much nutrients are transported to the Baltic SeairBhmental goals of
reduced nutrient loads will thus have to considienate change. Here we
show one climate scenario which demonstrates ossilgbty for how we
might expect things to change. This is the A1B acerrun using the
ECHAMS5 global climate model (of the Max Planck ihgie, Germany) and
downscaled with the RCA3 model run at the Rosshyti@eat SMHI. Even
though precipitation is increased everywhere, ridischarge sometimes
decreases and that’s because of increased evagpitedion (not shown in
the present report).
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Fig. 7. Future change in total nitrogen concerdrei(ug/L).
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So let’s see how these climatic changes affectemnations of nitrogen
and phosphorus both on land and to the Baltic Biga7(and Fig 8). Note
that here we have assumed that we haven't madeteamges to what we
grow, how we manage the land, handle our sewagkthan we don’t
assume any changes of our population.

What would happen today if we decided to cleanwpact? To make sure
all cities had tertiary sewage treatment and thdaans used best
practices?iscussion of changes/result — how much do we dserBl/P —
relate to “Best practice scenarjo

If society is going to spend the money to do thws,need to know if it will
still be effective in a future climate. So here st®w the improvements for
a future climate scenario and assuming all citas tertiary sewage
treatment and that all farms used best practicatssfrown in the present
report). Note that we haven't taken into account@manges in population
or farming density. This is an ‘uncertainty’ in a@sults and should be
modelled as a scenario when possible.
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Fig. 8. Future change in total phosphorus conctotrs (Lg/L).

Excess nutrients from the land end up in our rieard lakes and eventually
flows into the sea. What acts as a fertilizer ardlalso works as a fertilizer
in the sea. It is therefore also very importaninderstand what impact the
land loads have on the state of the Baltic Sea.
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The Baltic Sea is one of the largest estuariehefitorld. The entrance
consists of the narrow and shallow sounds betweerd&n and Denmark.
The topographical restriction hampers extensivdnange with the salty
waters of the North Sea. In the sounds the watathde about 10-15 meters
while the deepest part of the Baltic proper is ald&@d meters. Large
amounts of freshwater enter the Baltic Sea fronritregs and the result is a
highly stratified, brackish sea, where it can takeng time before the
waters in the deeper parts get renewed. Theréaiga range in salinity:
from about 25 psu in the inflowing Kattegat wateabout 3 psu in the
Bothnian Bay.

The movie (Fig. 9) shows an inflow of high salinitsater from the Kattegat,
through the straits between Denmark and Swedeinamthe southern
Baltic Sea. What we see is the salinity near thoboof the sea. When the
salty water enters it gets mixed with waters ofdowalinity. The salinity of
the inflow plume therefore decreases on its way ihe Baltic. To be able
to renew the deeper layers of the Baltic a largdylad water of sufficiently
high salinity needs to enter the straits. Theseniaflows occur seldom, it
can take one to several years between them. Siigerily saltwater

inflows that can ventilate the deepwater, the motieater meanwhile
becomes stagnant and oxygen levels get reduced.

Wed 1 Jan 2003 002

Fig.9 Snapshot from the movie of a simulated inflfhigh-saline water from the
Kattegat (courtsey of Anders Héglund, SMHI).

Often a substantial part of the Baltic Sea bottaaewsuffers from low
(hypoxic) oxygen levels or no oxygen at all (an@xikhis picture (Fig. 10)
shows the situation in the autumn of 2009 wherg godours are hypoxic
and black colours anoxic areas.
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The seldom occurring major inflows of oxygen ricortth Sea water
contribute to part the problems faced by the BaFlee other part is due to
the nutrient rich waters within the Baltic that bles large algal blooms.
Algae, an organic matter, uses much of the oxygehe bottom-water as it
decomposes. The following photos, which are takethbé Swedish Coast
Guard, show summer surface blooms of cyanobadf€igall). These can
cover large parts of the Baltic proper.

Extent of hypoxic & anoxic bottom water, Autumn 2009
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Fig 10. Anoxic and hypoxic areas in the Baltic &saeen from measurements
during the autumn of 2009 (source: SMHI).

Earlier we saw model simulations of nutrient lo&dsn the Baltic Sea
catchment area. These nutrient loads enter thecEsdta from the rivers,
together with nutrients from atmospheric depositmmastal wastewater
treatment plants and industrial releases and geillited within Baltic Sea.
Here we see the modelled distribution of nitroged phosphorus in the
winter-time surface waters. The simulations arenftbhe SMHI modell
RCO-SCOBI (Fig 12 a-b). With available nutrientghe water, a
phytoplankton bloom can start in the springtime mitee light condition
become sulfficient (Fig 12 c). The bloom is largaghe south-eastern part
of the Baltic Sea, as are the wintertime nutriemoentrations.

The springtime bloom uses a large part of the gémoin the Baltic proper,
while there is still some phosphorus available (ER).

This is a prerequisite for a summer bloom of cyaubéria (blue-green
algae) in the central parts of the Baltic Sea (E#), as this species can
assimilate nitrogen by fixation, i.e. it can use gaseous form of nitrogen.
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This is an advantage over the other algal groupshwireed their supply
from the water in the form of dissolved inorganittagen. The
cyanobacteria blooms occur during summer and autsimce warm water
conditions is another prerequisite.

Scenarios of future sea-surface temperature chahgesthat there is a
warming in all seasons, with the largest changemgithe summer season
(not shown in the present report). The scenannddelled at SMHI with
downscaled results from the Hadley Centre ModedEM3) of the IPCC
scenario A1B.

The summer oxygen content at the bottom also besdoneer in large parts
of the Baltic Sea, partly due to the warmer watkwgered capacity to hold
oxygen (decreased oxygen saturation). These areagen as blue colours
(Fig. 15). In the yellow and red areas the modelgha future scenario of
more oxygen at the bottom. These areas are clbskdd to bottom
topography features and show areas with increagddgrue to a
weakened stratification strength.

Fig. 11. Cyanobacterial blooms in the Baltic profpoto: Swedish Coast Guard,
www.kustbevakningen.se)

Projections of the future show that phytoplanktonaentrations are
enhanced as compared to present climate (FigTh&.can partly be due to
increased growth efficiency in warmer water, bgbalue to the fact that
less oxygen at the bottom results in more availphtesphorus in the water,
since the oxygen free environment releases sedibmmtd phosphorus and
the efficiency of the internal sink is reduced. Tasults are preliminary and
subject to further analysis. This simulation doestake possible future
nutrient reductions into account.
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Mean surface layer Nitrate concentration (umoIN I'1)
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Fig 12.The mean surface-layer concentrations fptriod 1969-1998 for a) winter-time nitrate (Lol
b) winter-time phosphate (umol/l), and c) springgiphytoplankton (ugChl/l). Colorbar ranges frorh®-
pmol/l, 0-1 umol/l and 0-6 ugChl/l respectively.

In a warming climate it is of even greater condernnderstand how
nutrient loads to the Baltic Sea will impact therima environment as the
first simulations from land and sea do not indidgatproved conditions due
to climate change. Comparisons of scenarios ofifless as usual” and
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implementations of nutrient reductions as imposgthe HELCOM Baltic
Sea Action Plan (Helcom Secretariat, 2007), an aous program to
restore good ecological status of the Baltic maeimgironment, in present
and future climate will aid in our understandingndfat measures that are
needed to be taken. Such work is conducted in @RBS+ project
ECOSUPPORT.
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Fig. 13. Present day climatological mean (1969-)@®8pring-time surface
concentrations of a) nitrogen and b) phosphorus.
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Fig 14. Present day (1969-1998) climatological meaRCO-SCOBI simulated
cyanobacterial concentrations (ugChl/l ) during swenin the Batlic Sea.

Fig. 15. Simulation of future mean change (theqeef1060-2089 compared to the
period 1970-1999) of oxygen concentrations (mi/jhie bottom water. (Colorbar
ranges from -2 to 2 ml/l.)
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Fig. 16. Future scenario of change (the period compared to the period
1970-1999) in annual mean surface concentratiog€Il(l/l) of phytoplankton
compared to present-day climate (Colorbar ranges © to 5 .ugChl/l).

3 Accomplished visualizations as of November 2010

The first complete visualizations in the GeoDdthwere conducted at the exhibition of the

Stockholm World Water Weekhttp://www.siwi.org/worldwaterweek The dome was shown
during three days at the conference, with abowrs@d-minutes presentations per day (Figs
17-19). The visualizations attracted a large nunolb@articipants and raised a lot of interest.

Fig 17. The Stockholm World Water Week 2010. TheB@né" exhibited visualization of
ECOSUPPORT efforts (Photos: H. Andersson, SMHI).
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BalticVision is a CoOperation between the Swedish Meteorological and
Hydrological nstitute (SMHI), the Centre for Climate Science and Policy
Research (CSPR), Linkdping University and the Norridping Visualization
Centre-C.

Presentations will be held in the

WELCOME
Mon Sep 6™-Wed Sep 8*

From 10am to'S pm
/// mu.eu:“mnuon
(T-rooms)

The production is funded by SIDA's Baltic Sea Uni, and the BONUS
programme through the research project ECOSUPPONt 3nd the Baltic Sea
Region Programme 2007-2013 through the BALTADAPT project

Fig 18. The poster advertising the visualizatioStickholm World Water Week. The poster was created
by Tina Neset, CSPR, Linkdping University. (Phdtib:Andersson, SMHI).

Fig 19.At the Stockholm World Water Week. A visazalion is about to begin .(Photos: H. Andersson,
SMHI).

The visualization platform was thereafter used autithe dome but in an ordinary lecture
room. This took place at The East Sweden Regionsds’ in Norrkdping
(www.ostsam.se/en_default.asBweden. A one-day conference was held in catiom with
the Open Days in Brussels, in order to discussdfmnal situation after one year with EU’s
Baltic Sea Strategy. The theme of the day was Bvisj Challenges and Reality”. The
conference was visited by representatives fronttm®pean Parliament, the Government
Offices of Sweden, SMHI, the County AdministratBeard and other local and regional
stakeholders.

The GeoDomB”" was again shown in Sweden in November 2010, ithis &t Stockholm
University (Fig. 20). Half-a-day was devoted to stedents of the University and other
interested parties that happened to pass the demevas put up outside the University
Library. Five shows were more or less filled ancdhgneompetent questions were asked by the
students. Two shows were reserved for the aboatihtists and stakeholders from all over
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Europe that participated at the meeting of the Edjget CIRCLE2 (Climate Impact Research
for a Larger Europeyww.circle-era.eu/np4/home.htrylsee Fig. 21.

Fig 20. The GeoDonl¥ before and after inflation at the Stockholm Unsiyr. (Photos: P. Kéllstrém,
Norrkdping Visualisation Centre C)

One full day of visualizations in the dome tookqaat the Swedish Ministry of Rural Affairs
(Fig 22). Seven shows were given and they wergelllattended. Our host for the day was
Erik Arnberg from the Ministry of the Environmeithe General Director of SMHI, Lena Hall
Eriksson, was present during the morning and sheowed the visitors and introduced the
shows (Fig. 23 a). The first show of the day wagI®"-show, dedicated to the political
management of the Ministry of Rural Affairs and Mamistry of the Environment (Fig. 23 b).
The other shows were pre-booked but open to afigmerel at the Swedish Ministries. It was a
hectic and busy day where the presenting sciertiiso answer many insightful and
inquisitive questions from the audience.
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4 Conclusions

The visualizations of the Baltic Sea system peratnusing the GeoDorlé with the Uniview
platform have proven to be very successful. Theaniess and relaxing atmosphere created by
lying in the dark in the small, enclosed insideéha dome createdneasy atmosphere for

asking questions and stimulating discussion. Thieielv platform aided in the taking in and
understanding of both complex processes and of xnamd numerous data.

Fig. 21. a) Preparations to welcome CIRCLE?2 indbme, b) the CIRCLE?2 participants getting
comfortable in the inside of the dome. (PhotoK&lstrém, Norrkdping Visualisation Centre C)

There was a clear opinion from the scientific préses that the attention on the presentation
and the understanding of the shown material waarergd by the techniques used in these
visualizations compared to an ordinary lecture rgmwer-point presentation. The dome, being
a bit more spectacular than a lecture room, aksarlgl creates an enhanced interest in attending
a presentation of scientific data. There were alaay outspoken enquiries on the possibility of
having the dome and the visualization presenttaratxhibitions and conferences, e.g. at the
HELCOM Baltic Sea Days in St Petersburg and aRiElL exhibitions under the theme
“Lifestyle” at the Swedish Embassy in Washington, ISA.
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The visualizations have so far focused on presgittia background and on-going work of the
hydrological and oceanographic research perforrh&ivid| within the ECOSUPPORT
project. As the project moves on, our focus wiliadowards presenting actual outcomes of
the different combinations of management and cknsaenarios studied in the project. The
dome can then serve more as an arena of de@sjgport for policy makers than as an
educational, pedagogical tool.

Fig. 22. The dome is put up at the Ministry of RukHairs, Stockholm, Sweden. (Photos: P. Kallstyém
Norrkdping Visualisation Centre C)

With the different visualization techniques it wilé easy to give a short scientific background
to the presented material and then move on to sbomwpare and discuss the outcomes of
different scenarios. These include different IPQ@ate scenarios, different nutrient load
(management) scenarios and different fishery sa@narhe platform will then be used in a
more interactive and communicative way, where daglown more to illustrate and elucidate
the policy discussion. The scientific presentedstiven not so much present material as lead
and clarify a scientifically based discussion.
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Fig 23. Visualizations at the Ministry of Rural Affs. a) Erik Arnberg, Ministry of the Environment,
Lena Hall Eriksson, General Director, SMHI, Pat¥allman and Helén Andersson, Research &
Development, SMHI. b) the political management friv@ Ministry of the Environment and the Ministry
of Rural Affairs. (Photos: P. Kallstrom, Norrkdpingsualisation Centre C)
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7 SMHI Publications

SMHI publish seven reportseries. Three of theseRi#series, are intended for international
readers and are in most cases written in Englishtiie others the Swedish language is used.

Name of the series Published since
RMK (Report Meteorology and Climatology) 1974

RH (Report Hydrology) 1990

RO (Report Oceanography) 1986
METEOROLOGI 1985
HYDROLOGI 1985
OCEANOGRAFI 1985
KLIMATOLOGI 2009

| serien OCEANOGRAFI har tidigare utgivits:

1  Lennart Funkquist (1985) 9 Barry Broman (1986)
En hydrodynamisk modell fér spridnings- Oceanografiska stationsnat - Svenskt
och cirkulationsberakningar i Ostersjon Vattenarkiv.
Slutrapport.
10 -

2  Barry Broman och Carsten Pettersson.

(1985) -
Spridningsundersokningar i yttre fjarden 11 Cecilia Ambjorn (1987)
Pited. Spridning av kylvatten fran

Oresundsverket

3 Cecilia Ambjérn (1986).
Utbyggnad vid Malmé hamn; effekter for
Lommabuktens vattenutbyte.

12 Bo Juhlin (1987)
Oceanografiska observationer utmed
svenska kusten med kustbevakningens
fartyg 1986.

4 Jan Andersson och Robert Hillgren (1986).

SMHIs undersdkningar i Oregrundsgrepen
perioden 84/85. g g grep 13 Jan Andersson och Robert Hillgren (1987)

SMHIs undersokningar i Oregrundsgrepen
1986.
5  Bo Juhlin (1986)
Oceanografiska observationer utmed

svenska kusten med kustbevakningens 14 Jan-Erik L_undqvist (19.87)
fartyg 1985. Impact of ice on Swedish offshore

lighthouses. Ice drift conditions in the area
at Sydostbrotten - ice season 1986/87.
6 Barry Broman (1986)
Uppfoljning av sjovarmepump i Lilla

Vartan. 15 SMHI/SNV (1987)

Fasta forbindelser éver Oresund -
utredning av effekter pa& vattenmiljon i
7  Bo Juhlin (1986) Ostersjon.
15 &rs matningar langs svenska kusten med

kustbevakningen (1970 - 1985).
gen ( ) 16 Cecilia Ambjoérn och Kjell Wickstrom

(1987)
8 Jonny Svensson (1986) Undersdkning av vattenmiljén vid
Vagdata frdn svenska kustvatten 1985. utfylinaden av Kockums varvsbassang.
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20

21

22

23

24

25

26

27

28

Slutrapport for perioden
18 juni - 21 augusti 1987.

Erland Bergstrand (1987)
Ostergotlands skargard - Vattenmiljon.

Stig H. Fonselius (1987)
Kattegatt - havet i vaster.

Erland Bergstrand (1987)
Recipientkontroll vid Breviksnas
fiskodling 1986.

Kjell Wickstrém (1987)
Beddmning av kylvattenrecipienten fér ett
kolkraftverk vid Oskarshamnsverket.

Cecilia Ambjorn (1987)
Forstudie av ett nordiskt modellsystem for
kemikaliespridning i vatten.

Kjell Wickstrém (1988)
Vagdata frdn svenska kustvatten 1986.

Jonny Svensson, SMHI/National Swedish
Environmental Protection Board (SNV)
(1988)

A permanent traffic link across the
Oresund channel - A study of the hydro-
environmental effects in the Baltic Sea.

Jan Andersson och Robert Hillgren (1988)
SMHIs undersokningar utanfér Forsmark
1987.

Carsten Peterson och Per-Olof Skoglund
(1988)
Kylvattnet fran Ringhals 1974-86.

Bo Juhlin (1988)
Oceanografiska observationer runt svenska
kusten med kustbevakningens fartyg 1987.

Bo Juhlin och Stefan Tobiasson (1988)
Recipientkontroll vid Breviksnas
fiskodling 1987.

Cecilia Ambjorn (1989)

Spridning och sedimentation av tippat
lermaterial utanfér Helsingborgs
hamnomréade.

29 Robert Hillgren (1989)
SMHIs undersdkningar utanfor Forsmark
1988.

30 Bo Juhlin (1989)
Oceanografiska observationer runt svenska
kusten med kustbevakningens fartyg 1988.

31 Erland Bergstrand och Stefan Tobiasson
(1989)
Samordnade kustvattenkontrollen i
Ostergotland 1988.

32 Cecilia Ambjorn (1989)
Oceanografiska forhallanden i Brofjorden i
samband med kylvattenutslapp i
Trommekilen.

33a Cecilia Ambjérn (1990)
Oceanografiska forhallanden utanfor
Vendelsoéfjorden i samband med kylvatten-
utslapp.

33b Eleonor Marmefelt och Jonny Svensson
(1990)
Numerical circulation models for the
Skagerrak - Kattegat. Preparatory study.

34 Kjell Wickstrom (1990)
Oskarshamnsverket - kylvattenutslapp i
havet - slutrapport.

35 Bo Juhlin (1990)
Oceanografiska observationer runt svenska
kusten med kustbevakningens fartyg 1989.

36 Bertil Hakansson och Mats Moberg (1990)
Glommaalvens spridningsomrade i nord-
Ostra Skagerrak
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SMHIs undersdkningar utanfor Forsmark
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Skagerrak - the gateway to the North Sea.

39 Stig Fonselius (1990)
Skagerrak - porten mot Nordsjon.

40 Cecilia Ambjorn och Kjell Wickstrém
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Spridningsundersokningar i norra
Kalmarsund for Monsteras bruk.
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Cecilia Ambjérn (1990)
Strémningsteknisk utredning avseende
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simulering och analys av
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Gustaf Westring (1991)
Vagmatningar utanfor Kristianopel -
Slutrapport.

Bo Juhlin (1991)
Oceanografiska observationer runt svenska
kusten med kustbevakningens fartyg 1990.

50A Robert Hillgren och Jan Andersson

(1992)
SMHIs undersokningar utanfér Forsmark
1991.

50B Thomas Thompson, Lars Ulander, Bertil

Hakansson, Bertil Brusmark, Anders
Carlstrom, Anders Gustavsson, Eva
Cronstrom och Olov Fast (1992).
BEERS -92. Final edition.
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Bo Juhlin (1992)
Oceanografiska observationer runt svenska
kusten med kustbevakningens fartyg 1991.

Jonny Svensson och Sture Lindahl (1992)
Numerical circulation model for the
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Cecilia Ambjorn (1992)
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inverkan pa strommarna i Tornealven.

Bo Juhlin (1992)
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Jan Andersson, Robert Hillgren och
Gustaf Westring (1992)
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Filippinerna.

Gustaf Westring, Jan Andersson,

Henrik Lindh och Robert Axelsson (1993)
Forsmark - en temperaturstudie.
Slutrapport.

Robert Hillgren och Jan Andersson (1993)
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1992.

Bo Juhlin (1993)
Oceanografiska observationer runt svenska
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Gustaf Westring (1993)
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Torbjorn Lindkvist (1994)
Havsomradesregister 1993.

Jan Andersson och Robert Hillgren (1994)
SMHIs undersdkningar utanfor Forsmark
1993.

Bo Juhlin (1994)
Oceanografiska observationer runt svenska
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Gustaf Westring (1995)
Isforhallanden utmed Sveriges kust -
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Jan Andersson och Robert Hillgren (1995)
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1994.
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Lennart Funkquist och Patrik Ljungemyr
(1997)
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Maja Brandt, Lars Edler och
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Jorgen Sahlberg SMHI och Hakan Olsson,
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Barry Broman (2001)
En vagatlas for svenska farvatten.
Ej publicerad
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2002 Conference Proceedings
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Jonny Svensson och Eleonor Marmefelt
(2003)
Utvardering av kustzonsmodellen for norra

76

78

79

80

81

82

83

84

85

86

Ostergétlands och norra Bohusléns
skargardar

Eleonor Marmefelt, Hakan Olsson, Helma
Lindow och Jonny Svensson, Thalassos
Computations (2004)
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