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1 Introduction

This is the third year joint status report for terth Sea, Skagerrak, Kattegat and the Baltic Sea
area (Fig. 1) carried out by SMHI, IMR, DHI and HRvas a part of the project BANSAI, supported
by the Nordic Council of Ministers’ Sea and Air @m The aim of the project is to integrate
marine observations and ecological model simulatioran annual assessment of the Baltic and the
North seas. The present report is mainly based odemestimates of some of the indicators
suggested by the OSPAR Common Procedure (c.f. Apperor the identification of the
eutrophication status of the maritime area (OSP205). This report serve as a basis for the on-
going discussions about the ecological qualitydathirs included in the assessment, and the way to
merge results from different models and observatfonthe assessment.
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Fig. 1. A map of the North Sea and Baltic Sea ak@nitoring stations used for model validation ateown
by red dots.

Estimations of river discharges and model resufts @wsed to describe the degree of nutrient
enrichment (Category 1) defined by the riverinediogs of nitrogen and phosphorus, and winter
surface concentrations and ratios of DIN and DIie @irect effects of nutrient enrichment during
the growing season (Category Il) are describeims of the mean and maximum chlorophyll-a
concentrations and model estimations of primarydpetion. The ratio between diatoms and
flagellates is used as an indicator of region sjpephytoplankton indicator species (Category II).
The indirect effects of nutrient enrichment (Catggdl) are discussed in terms of oxygen depletion
in bottom waters. Estimations of region specifickground concentrations and threshold values
are gathered from the literature (Helcom, 2006; AF2005) and used for the model assessment.

The four model systems used for the joint assesis(Ren 2) cover different parts of the North Sea,
Skagerrak, Kattegat and the Baltic Sea area. Retaiescriptions of the models may be found on
the web-sites presented below the figure.
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Fig. 2. Overview of model domains. The colors iatiadepth ranges (not shown).

Top Left: IMR — Norwecom model (http://www.imf+raorten/norwecom).
TopRight: SMHI — RcoScobi model (http://www.snefi.s

Bottom Left: DHI — Mike 11l model (http://www.dtoup.com).

Bottom Right:  FIMR- BalEco model (http:/iwww.firr.f

In section 2 the key messages from this assesswiktrite presented. In section 3, each country
gives a brief observations overview for 2006 aneheaeferences to other sources and reports that
might be useful for the readers. The methods oatsessment are described in section 4. Statistical
characteristics of model results and in-situ dagapsesented in section 5 and the model assessment
of eutrophication status is done in section 6. @Gwiens and comments to the assessment are
presented in section 7.
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2 Key messages

The report presents results obtained with a pralmy method of assessment. The assessment
results depend much on the threshold values usdtdalassification of eutrophication status.

The present assessment of the eutrophication staticates that the entire southeastern part of the
North Sea, the Kattegat, the Danish Straits, thié @urinland and the Bay of Riga area as well as

parts of the Arkona Basin, the Bornholm Basin aral Baltic Proper may be classified as problem

areas. The Bothnian Bay and parts of the Baltip@&rothe Bornholm Basin and the Arkona Basin

are classified as potential problem areas.

The elevated primary production seem to be theore&sr the Gulf of Finland, Gulf of
Riga, Danish Straits, Kattegat and at some ofitlez mouths being categorized as problem
areas. In the North Sea, Bornholm Basin and thdidB&roper the low bottom layer
minimum oxygen concentration seem to be the reason.

3 Observations overview 2006
3.1 Sweden

The year 2006 was in general a warm year. Howekierpbeginning of the year was cold, and the
winter long, with low temperatures all the way tigh March. From June onwards the temperature
was higher than normal for most of the time, withafl exceptions in the fall. During this time
period a majority of past temperature records vbe@en and the average temperature was 1.8 °C
above normal for the whole country (Karlstrém, 2007

In Northern Sweden the runoff to the Bothnian Bayg 8othnian Sea during the winter was above
normal. The springtime runoff was relatively moderhut in the summer the runoff was very low
compared to average runoff from the period 196101@9g. 3). In the southern Sweden the long
and cold winter was a reason for the lower runoftite Baltic Proper and to the Skagerrak and
Kattegat in the beginning of the year. Howevetthim Baltic Proper the spring flood was as much as
30 % higher than the long time average (1961-19@0he west of Sweden the runoff stayed high
during the summer months. In November and Decertit®precipitation was 15 % higher than
normal in the whole Sweden, and consequently theffincreased above the long time average, as
can be seen in Fig. 3 (Jutman et al., 2007; Kéristr2007).

A large bloom of cyanobacteria was observed inBh#ic Proper in the beginning of July. The
bloom maximum was detected in the middle of Julg aas mainly observed in the southern parts
of the Baltic. The bloom consisted mainly ®odularia spumigena(Fig. 4), but also
Aphanizomenosp. andAnabaenaspp. were present. The algae were also transploytedrrents to
the Kattegat and could even be traced as far otheaSkagerrak. On the west coast, the spring
bloom of silica containing algae was followed byblaom of the harmful alga¥errucophora
farcimen(previous nam€hattonellg. However, no toxic effects were observed in Seledvaters,
but on the Danish east coast a fish in a fish fgotkilled. Observations of some toxic producing
algae as the dinoflagellatBinophysis occurred, and the threshold for harvest musselse we
exceeded at some places. Also the toxic produclggeailexandrium spp. occurred in low
concentrations, but no threshold value was exceeded
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Fig. 3 Measured river runoff 2006 compared to Idimge average (Karlstrém, 2007).

Fig. 4. Aphanizomenon sp. to the left and Nodulagamigena to the right. Photo: Ann-Turi Skjevik-8.

The annual oceanographic report summarizing hydmge and hydro chemical observations in
the area and the monthly reports of the algal siina are available on the SMHI web-site:
http://www.smhi.se/oceanografi/oce_info_data/replagrsrapp/annual_sv.html

3.2 Norway

The year 2006 was as a whole the warmest year tegether with 1934 and 1990 (1.8 °C

above normal). For western Norway and Trondelag ntlean temperature was new record
high. Only in the spring (March-May) the temperatwras below normal (0.4 °C below). In

fall it was 2.2 °C above the normal, and in largeaa of Southern Norway (especially

along the coast), the fall was the warmest sin&¥ I8tart of time series).
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The average rainfall was 110% of the normal. The fall was relatively highest in
Western Finnmark (150-175%), while Mgre og Romsaal Trgndelag only had 75-100%
of the normal precipitation. The rainfall was lowesiring summer (90%) and highest in
the fall (120%) which is reflected in the river afh(Fig. 5).

In the beginning of the year the temperature in Noeth Sea was 0.5-1.0 °C above the
normal in most areas. A cold spring lowered thdaggr temperature, and the temperature
was normal towards summer. However, an exceptipnarm summer and fall gave rise
to temperatures of 2-4 °C above the normal duffiegsecond half of the year. Relatively
highest temperatures were detected in southerly emstlerly (Norwegian) areas. These
were the highest temperatures observed since negasats started 100 years ago.

m3/s Runoff from the river Glomma m3/s Runoff from the river Drammenselva

A
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R 300 4
200
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200
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Fig. 5. Measured river runoff 2006 compared to ldimge average. River runoff data are from Norwegian
Water Resources and Energy Directorate.

In Skagerrak the winter concentrations of inorganitoogen were low, both in the Norwegian and
Danish part. This indicates a low inflow of watenrh the German Bight with the Jutland current.
Also the N:P ratio in April was low compared to yimus years (since 2000). The spring bloom in
Skagerrak started approximately one month eartian thormal (see Fig. 6). Also, in 2006 the
recruitment of many important North Sea fish sto¢sandeel, Norway pout, cod, haddock and
herring) was unsuccesful. Further information armbtier overview with detailed descriptions can
be obtained from the web-sitettp://www.imr.no/produkter/publikasjoner/havetssgarser/200.7
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Fig. 6. Monthly means of chlorophyll-a in the up@&m outside Torungen lighthouse near Arendalifstat
201) and the upper 25m outside Hirthals (statio)2s 2006. Dotted lines show the value for 2006 tre
solid lines show the long term mean for the pefi®80-1995 (st.201) and 1988-1995 (st.257). Foriatat
257 chlorophyll values are missing for november dadember (from Naustvoll and Skogen, 2007).

3.3 Denmark

As shown in Fig. 7 the Danish runoff from the catemt area in 2006 varied around the long time
average value for the period 1991-1998.

. 1991-1998

m3/s Monthly runoff - Denmark )
—@—ar 2006

800
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700
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Fig. 7. Runoff from the Danish catchments compéoedtie long time average. Data from the Danish
National Environmental Research Institute.
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3.4 Finland

In Finland, year 2006 was warmer than long-ternray®e The mean air temperatures in Southern
(Helsinki-Vantaa), Central (Jyvaskyla) and Northé8odankyld) parts of the country were 6.1, 4.1
and 0.6°C. This is 1.1, 1.2 and '@ above the 30-year (1971-2000) average, respéctivae
monthly mean temperatures were lower than the geeita February and March, and above the
average for the rest of the year. The greatestrdifice between the long-term monthly average and
the monthly mean temperature in 2006 was detecteBeacember in all parts of the country
(Finnish Meteorological Institute).

The total rainfall in 2006 was, in general, lowean the average (1971-2000), so that in Southern
Finland the rainfall was 558 mm (-92 mm), in CehEialand 508 mm (- 130 mm) and in Northern
Finland 408 mm (-99 mm). The month with the highestl rainfall was October in Southern and
Central Finland, and September in Northern parthefcountry. In comparison to the mean of the
monthly averages from years 1971-2000, the decr@assinfall was greatest during the summer
months (Finnish Meteorological Institute).

Summer and autumn surface temperatures of Finladja&ent sea areas (Gulf of Bothnia, Aland
Sea, Northern Baltic Proper and the Gulf of Finjawere, in 2006, commonly above the average.
These temperature values were exceptionally higimgi©ctober in the Gulf of Bothnia, Aland Sea
(2-3°C above the average) and Northern Baltic Prop&C (8bove the average) and during the
whole autumn (excluding mid-September and the lméggnof November) in the coastal areas of
the Gulf of Finland. In most areas, due to cold tweg the water temperature dropped down to an
average level in November, but rose again{@-above the average) in December (Olsonen, 2007).

The winter nutrient conditions of the Gulf of Botarand the Gulf of Finland, in 2006, were typical
for the sea areas in question. In the Aland Seltosphate concentration was slightly above, and
the nitrate+nitrite (N@-NO,) concentrations slightly below, the long-term age. In the Northern
Baltic Proper, the phosphate concentration wasiersame level as during the last decade, and the
NOs;+NO, concentration corresponded well with the obseovatifrom the last five-year period
(Olsonen, 2007).

In 2006, the phytoplankton spring bloom peak wasched in early April, in both, the Gulf of
Finland and the Northern Baltic Proper. The blooaswnost intensive in the Gulf of Finland and
the spring bloom maximum detected at the Northeaiti®Proper was only half the one in the
previous. All in all, the intensity of the 2006 sy bloom was around the 1992-2005 average
(Olsonen, 2007).

Cyanobacteria started to increase in the Northaitid®roper and the Gulf of Finland at the end of
June. Despite the warm weather, only occasionatayacterial blooms were detected within the
sea areas surrounding Finland before August, wiganabacteria abundance increased especially
in the Eastern Gulf of Finland. Small-scale cyambd@al blooms were detected also in the
Southern Bothnian Sea and the Archipelago Sea. mibst abundant cyanobacterial species
observed were non-toxisphanizomenon flos-aquaad potentially toxiAnabaena spfOlsonen,
2007).
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4 Methods

For the evaluation of results the following defimits will be used.
1. Surface layer = Average for the depth interval @16or the model results we use the 5m
model value to represent the surface layer.
2. Winter = Average for the period January-February
3. Summer (production period) = Average for the peiarch-October

Observational data for the period 2001-2006 froatighs situated in the North Sea, Skagerrak,
Kattegat, Great Belt, Oresund, Arkona Basin, BohmhBasin, SE Gotland Basin, E Gotland Basin

and N Gotland Basin (Fig. 1, Table 1) are usedch@gresent comparison of model results and in-
situ data. Mean values and standard deviation f®lected set of variables from the year 2006 are
computed and compared to the 6 year average 2008.-20

Table 1. The stations used in the comparison ofetmedults and in-situ data, their positions and gource
from where the data is extracted.

Sea Area Station name Latitude Longitude Data source

North Sea: Noordwijk70 +52 35.1 +003 31.9 Dutch datajw.waterbase.nl
Skagerrak: A17 +58 16.5 +010 30.8 SMHI database, SHARK
Kattegat: Anholt East +56 40.0 +012 07.0 SMHI datab&¢ARK
Great Belt: FYN, 6700053 +55 30,5 +010 51.8 madsw.dmu.dk
Oresund: W Landskrona +55 52.0 + 012 45.0 SMHI datab8sRARK
Arkona basin: BY02 +55 00.0 +014 05.0 SMHI database, SHARK
Bornholm basin: BYO05 +55 15.0 +015 59.0 SMHI database, SHARK
SE Gotland basin: BCS 11I-10 +55 33.3 +018 24.0 SMHI databaseA8K

E Gotland basin: BY15 +57 20.0 +020 03.0 SMHI database, SHARK
N Gotland basin: BY31 +58 35.0 +018 14.0 SMHI database, SHARK

The mean value (Mv) and standard deviation (Sd)swfface layer (0-10 m) winter time
observations (January-February) for salinity (8sdlved inorganic nitrogen and phosphorus (DIN
and DIP), and the ratio DIN/DIP are computed. The &hd Sd of chlorophyll-a (CHL) for the
production period in the surface layer (0-10m)faoen March-October. The Mv and Sd for the late
summer lower layer oxygen concentrations) (&e computed from a depth below 40 m at Anholt,
W Landskrona and BY02, from 80 m at BCSIII-10, fr@&» m at BY05, from 200 m at A17 and
BY15 and from 250 m at BY31 in the period Auguspi®eber.

To compare the model results with observations seeaucost function) which is computed from:

Eq1l

M; -D
e

whereC; is the normalized deviation (i8d units) between model results and in-situ datattier
model i.M; is the mean value of the 2006 model results foreho@=IMR, DHI, SMHI or FIMR),

D is the mean value of the 2006 in situ data, &di$ the long term (2001-2006) standard deviation
of the in situ data.

One may note that the value @fbecomes large if the modeled mean value differshnfrom the
mean value of the in situ data. The cost functiay ralso obtain high values when the standard
deviation is very small. Finally one should beanimd that the model data are sampled every day
while the sampling of in situ data may vary betweanables and between different seasons and
locations.
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The following ranges are used for the interpretatibthe cost function values of the models.

Good 0<C< 1 std. deviations
Reasonable 1< C< 2 std. deviations
Poor 2<C std. deviations

The following plots will be presented for all moslel

Salinity (winter and summer surface layer average)

Winter surface layer average DIN, Dlngol /), and DIN/DIP ratio
Chlorophyll a summer surface layer averggg Chl /l)

Annual surface layer chlorophyll a maximupg(Chl /1)

Oxygen annual bottom layer minimum (mi/l)

Annual integrated production of Diatoms/Non-Diatofoarbon)
Annual integrated total production (gCyr™)

NogakwdhpE

The average salinity from the models is computed @sed as a reference for the area specific
threshold values of ecological quality indicatdrsthe Skagerrak and North Sea only values from
IMR and DHI were used. In the Kattegat are modélies used from all models. In the Danish
Straits and Oresund are model values only used Béth) SMHI and FIMR. From the Baltic Sea
only the SMHI and FIMR model values were used. @hsessment areas with separate threshold
values (Table 2) are described by colors and basinbers (Bnr) in Fig. 8. Due to that models
sometimes show somewhat different results at diffeareas a weighted average value is calculated
and used in the assessment.

The weighted average value between models is caddldq 2.) for all the variables used for the
assessment, except for the lower layer oxygen nuimintoncentrations. For this variable the
minimum value from the models are used instead.

Since the accuracy of models differs between paenmend areas (Table 5), weighted average
values of the models have been used to calculatestivironmental assessments. The weighted
average value between the models is defined as:

2 1
ModelAverage=C M, Eq 2
Dizzi‘ ( C +01 J

where M is the value from model i and @ the cost function value (Table 5) for modehdeC is
defined as:

1

C=- Eq 3
2 W
i=1

Where W is the weight for the model i and defined as:

W = 1 Eq 4
C +01

The weighted average value was calculated forsséssment parameters and areas except for the
lower layer oxygen minimum concentration. For thédue the minimum value from the different

10
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models was used. In areas where no observatiodsthanefor no cost function values could be
calculated, a simple average between the modakeid.

68°N -

B4°N -

60°N -

56°N g

g‘

52°N

= T L . I i
0° 10°E 20°E 30°E 40°E

Fig. 8. The North Sea, Skagerrak, Kattegat andBhkic Sea are divided into 23 sub-basins with safma
threshold values for the ecological quality indma. Areas in each basin have same assessmertdfoes
values. Areas west of Great Britain are not incldidethe assessment.

The reference and threshold values for the Baléia, She Danish Straits, the Oresund and the
Kattegat are from the Helcom (2006) report. Forgekeak and the North Sea the reference values
and threshold values are from the OSPAR (2005)rtepor the N/P reference value the Redfield
ratio was used and the threshold value was takan ffable Al in Appendix and is used in all
basins. The threshold values were calculated byiphtihg the reference value with 1.5 when only
reference values were available. Reference valti€id and DIP for the central North Sea are
from QSR (1993). The assessments of the eutropdricatatus in the different basins in the model
area are mainly based on the procedure suggestethebyYDSPAR Common Procedure (c.f.
Appendix). However, the Helcom (2006) classificatie used for the oxygen status.

11
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Table 2. Reference values and threshold valuesingsbé present report with origin from Helcom (8)0
and OSPAR (2005).

DIN DIP N/P CHL DIN DIP N/P CHL

Basin Basin Salinity  ref. ref. Ref. ref. thres. thres. thres. thres.
Nr. Names range value value value value value value value value
psu pmol/l pumol/l - pg/l. pmol/l pumol/l - po/l
1 Bothnian Bay >0 3.50 0.10 16.00 1.00 5.25 0.15 24.0 1.50
2 Bothnian Sea >0 2.00 0.20 16.00 1.00 3.00 0.30 24.0 1.50
3 gégr?t'a”d >0 200 025 16.00 1.00 3.00 0.38 240 150
4 Gulf of Finland >0 2.50 0.30 16.00 1.20 3.75 0.45 24.0 1.80
5 \évés(i;n"“a”d >0 200 025 16.00 1.00 3.00 0.38 240 150
6 E. Gotland >0 2.29 0.35 - 190 3.44 0.53 24.0 2.85
7 Gulf of Riga >0 6.50 0.40 16.00 2.00 9.75 0.60 24.0 3.00
8 Gulf of Riga >0 4.00 0.13 16.00 1.10 6.00 0.20 24.0 1.65
9 SE. Gotland B >0 2.50 0.6 10.00 - 3.75 0.90 15.0 2.85
10 Gdansk deep >0 4.25 0.25 17.00 - 6.38 0.38 255 4,50
g ek >0 500 0.30 16.00 3.00 7.50 045 240 450
water
12  Bornholm basin >0 1.70 0.34 - 1.90 2.55 0.44 240 2.85
13 Arkona Basin >0 2.44 0.29 - 1.90 3.66 0.44 24.0 2.85
14  Danish straits >0 2.10 0.52 - 1.20 2.63 0.65 240 1.50
15 Danish straits >0 1.25 0.48 - 0.90 1.56 0.60 24.0 1.13
16  Oeresund >0 - - - 1.70 1.56 0.60 240 2.13
17 Kattegat >0 4.50 0.40 11.25 1.25 5.63 0.50 14.0 1.56
18 Skagerrak >0 10.00 0.60 16.00 150 15.00 0.90 25.0 2.00
19 North SeaNE >0 - 0.60 16.00 3.00 13,50 0.80 25.0 4.50
20 North Sea <345 1500 060 16.00 6.00 26.00 0.80 25.0 9.00
Denmark
g NorthiSea >=345 1000 065 16.00 3.00 1250 0.80 250 4.50
Denmark

21  North Sea SE <345 1250 055 16.00 3.00 19.00 0.83 25.0 4.50
21 NorthSeaSE >=345 850 060 16.00 2.00 13.00 090 250 3.00
22 North Sea SV <345 19.00 0.60 16.00 10.00 2850 0.80 25.0 15.00
22 NorthSeaSV  >=345 - - 16.00 3.00 15.00 0.80 25.0 4.50
23  North Sea V <345 1550 0.80 16.00 10.00 21.00 1.20 25.0 20.00
23  North Sea Vv >=34.5 10.00 0.80 16.00 7.50 15.00 1.20 25.0 10.00
24 NorthSeaC >0 8.00 0.60 16.00 - 1200 090 25.0 10.00

12
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5 Comparison to in-situ data

In-situ data from 2006 indicate lower concentragiaf winter DIN, DIP and DIN to DIP ratios in
all the studied sea areas relative to the 6 yearage. The summer chlorophyll concentrations in
2006 are on the same level as the average valua little less. The lower layer oxygen
concentrations were improved in the Kattegat, Darss¢raits, Oresund, Arkona and Bornholm
Basins relative to the 6 year average (Table 3).

The model results from 2006 (Table 4) indicate oeable or good cost function values for most
variables (Table 5) except for a poor descriptibfower layer oxygen concentrations at almost all
stations except for at the stations in the Balda SMHI). The model results show also poor result
for salinity in the Baltic Sea (SMHI) and in the ftoSea (DHI, IMR). The cost function results are

shown in Table 5. The model results in Skagerrakkattegat area in the SMHI model and FIMR

model are affected by the open boundary.

Table 3. Observations from 2006 (above) and frof120 2006 (below). Mean values (Mv) and standard
deviations (Sd) of surface layer winter concentnasgi of S, DINgmol/l), DIP (mol/l), DIN/DIP ratio, the
production period CHL #g/l) and the lower layer O2 (mi/l).

Observations DIN DIP N/P CHL 02 S

Period Station: Mv Sd Mv Sd Mv Sd Mv Sd Mv Sd Mv Sd
N70 3.94 0.90 0.37 0.05 10.60 2.40 2.03 0.88 - - 35.16 0.05
A17 3.86 2.85 0.36 0.16 855 5.76 0.74 0.57 552 0.12 31.28 3.92
Anholt 1.27 1.04 0.43 0.17 2.49 150 151 1.24 3.37 0.60 19.29 0.88
Great Belt 6.60 1.70 0.65 0.14 - - 320 1.20 3.20 1.00 - -

2006 W Landskrona 4.10 1.38 0.76 0.08 5.35 1.44 250 352 3.34 0.57 13.00 7.29
BY02 256 0.04 0.77 0.01 3.31 0.05 2.16 1.35 3.68 1.02 7.98 0.004
BY05 1.98 0.02 0.75 0.01 2.63 0.03 2.09 1.24 0.65 096 7.36 0.002
BCSIII 2.12 0.01 059 0.01 3.61 0.03 243 145 183 1.05 7.33 0.001
BY15 2.21 0.02 0.62 0.01 355 0.04 2.47 0.99 -2.13 0.23 7.44 0.003
BY31 3.04 0.07 0.69 0.01 4.43 0.07 2.31 1.16 -0.59 0.09 6.92 0.001
N70 7.30 2.70 0.44 0.09 16.10 450 2.88 2.40 - - 35.04 0.21
A17 6.40 191 0.49 0.09 12.47 356 0.73 0.51 5.64 0.18 32.47 2.05
Anholt 5.28 2.17 0.49 0.14 1058 3.62 1.99 2.11 3.21 0.68 22.82 3.06
Great Belt 6.40 1.70 0.63 0.13 - - 320 1.20 3.20 1.00 - -

2001- W Landskrona 5.46 1.66 0.63 0.14 9.36 3.86 2.25 2.77 2.70 0.91 13.30 6.68

2006 BY02 353 1.08 059 0.14 6.30 1.99 244 1.17 366 0.91 792 0.30
BY05 298 0.72 0.63 0.15 4.99 156 247 141 -0.29 185 7.35 0.24
BCSIII 3.18 0.62 0.66 0.21 5.11 140 293 155 242 133 7.23 0.16
BY15 3.17 0.53 0.64 0.16 5.32 1.74 3.30 188 -1.26 2.24 7.22 0.17
BY31 3.70 045 0.69 0.17 590 244 257 156 -0.31 0.38 6.66 0.29
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Table 4. Model results from the IMR, DHI, SMHI &I#R models in year 2006. See definitions of the
variables in Table 3.

Model 2006

Station: Year DIN DIP N/P Chl 02 S

N70 DHI 700 060 126 590 3.63 34.60
IMR 510 040 128 120 543 34.30

Al7 DHI 770 060 141 450 5.73 28.80
IMR 105 050 21.0 0.70 6.19 29.70
FIMR 3.77 0.72 523 1.45 - 24.19

Anholt DHI 560 040 12.8 230 4.48 18.60

IMR 730 040 183 050 5.67 23.80
SMHI 1.76 041 433 232 850 16.20
FIMR 3.64 067 541 175 - 17.08
GreatBelt DHI 580 050 11.3 270 4.06 15.30
IMR 570 060 950 120 6.12 14.10
SMHI 192 043 449 261 6.11 16.73
FIMR 381 068 564 1.81 - 12.70
Wilandskrona DHI 710 060 125 3.90 2.66 11.80
SMHI 168 045 376 280 7.46 11.33

FIMR 340 0.66 512 1.83 = 10.16
BY02 DHI 770 050 142 310 294 7.40
SMHI 130 052 247 216 6.65 7.37
FIMR 275 0.62 4.46 1.81 = 8.08
BY05 SMHI 242 059 4.09 167 327 6.50
FIMR 2.60 0.65 4.00 1.77 = 7.68
BCSIII SMHI 237 056 420 154 6.71 6.69
FIMR 3.08 058 528 1.67 = 7.45
BY15 SMHI 242 059 412 157 -139 6.76
FIMR 3.11 048 7.29 1.56 = 6.50
BY31 SMHI 2.65 050 531 157 -1.19 5.98
FIMR 3.66 0.48 7.66 1.13 = 6.68
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Table 5. Cost function value (Ci) of year 2006. elppniddle and lower rows shows the C value when
available for the IMR, SMHI and DHI models, respeaaly. See definitions of the variables in Table 3.

Model CF 2006

Station: Year DIN DIP N/P  Chl 02 S
N70 DHI 1.13 256 044 161 - 2.67
IMR 043 033 048 0.35 - 4.10
A17 DHI 201 261 156 7.32 120 1.20
IMR 3.47 151 350 0.08 3.77 0.77
FIMR 0.05 395 0.93 1.39 - 3.45
Anholt DHI 199 020 285 0.38 162 0.22

IMR 277 020 435 048 336 147
SMHI 0.22 016 051 039 750 101

FIMR 1.09 1.79 0.81 0.11 - 0.72
GreatBelt DHI 0.47 1.15 - 0.42 0.86 -
IMR 0.53 0.38 - 1.67 292 -
SMHI 2.75 1.71 - 0.49 2.91 -
FIMR 1.64 0.20 - 1.16 - -
Wilandskrona DHI 1.81 1.12 1.85 050 0.75 0.18
SMHI 146 218 041 0.11 454 0.25
FIMR 0.42 0.67 0.06 0.24 - 0.42
BY02 DHI 478 190 547 080 0.81 1.93
SMHI 1.18 1.73 0.42 0.004 3.28 2.03
FIMR 0.17 1.09 0.58 0.30 - 0.32
BY05 SMHI 0.60 1.07 0.93 0.30 1.42 361
FIMR 0.85 0.68 0.88 0.23 - 1.33
BCSIII SMHI 0.41 0.11 042 057 368 3.91
FIMR 155 0.02 1.19 0.49 - 0.72
BY15 SMHI 0.39 0.22 0.33 0.48 0.33 4.09
FIMR 1.68 089 215 0.48 - 5.65
BY31 SMHI 0.88 1.10 0.36 047 156 3.21
FIMR 1.39 1.22 1.32 0.76 - 0.83
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6 Model assessment

The model results for the variables used in theessseent of ecological quality indicators are
presented here. The weighted average values o¥ahables computed from the model results
using the cost function values (eq. 1, 2, 3, 4)wmed for the classification of the eutrophication
status according to the threshold values (Tablea#lyl for each area (Fig. 8). Where possible, the
results of the assessments are presented.

6.1 Winter situation

6.1.1 Salinity

The average wintertime surface layer salinity (Fiy.shows increasing concentrations from the
Northern Bothnian Sea and Eastern Gulf of Finlamdere the salinity is close to O, to the central
North Sea where the salinity is about 35 in. Bogh MR and DHI models show the fresher water
coming from the southern North Sea via the Jutl@odstal current, before it is mixed with the low
salinity water coming from the Kattegat and forrhe Norwegian Coastal current. The salinity in
Skagerrak is underestimated by the FIMR model, entie IMR and DHI models simulates it good
and reasonably, respectively, according to the fomstion values.

Salinity (winter)

Fig. 9. Winter average surface layer salinity. Otveethat the scales differs;in the upper figutes $cale
goes from 10 to 35 and in the lower figures thdesgaes from 0 to 25. Upper Left: IMR, Upper RidgbHl,
Lower Left: SMHI and Lower Right: FIMR.
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6.1.2 DIP

The average wintertime surface layer DIP (Fig. ibOyeneral shows values belowuinolP/l. The
highest concentrations are found in the westerriiN®ea in the DHI model, along the Danish west-
coast in the IMR model, at the river mouths in Bedtic Sea and in the central Baltic Proper in the
SMHI model and in the eastern Gulf of Finland ie FIMR model. According to the cost function
and the in-situ data it seems that the DHI modedrestimates the DIP concentrations in the
Skagerrak and North Sea while the IMR model shagaaable and good results, respectively. The
FIMR model seems to overestimate the DIP in botag8krak and in Kattegat. The other models
show good results in the Kattegat according tods function values, and all models seems to
show good or reasonably good results in the Gre#it Bhe SMHI and the FIMR models simulate
the DIP concentrations reasonably or good in sentBaltic Sea and the Baltic Proper.

Dissolved inorganic phasphorus concentration

STON

54N %

Fig. 10. Winter average surface layer DIghfolP/l). Upper Left: IMR, Upper Right: DHI, Loweeft: SMHI
and Lower Right: FIMR.
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6.1.3 DIN

The average wintertime surface layer DIN (Fig. ibdlgeneral shows values below & 0oIN/I. The
highest concentrations are found in the westerntiN8ea, along the continental coast and the
Danish west-coast (IMR, DHI) and at river mouthstlie Baltic Sea (SMHI). There is a clear
discrepancy between all the models concerning #itéekjat. In the southern North Sea the IMR and
the DHI model are good and reasonable, respectaagrding to the cost function and in-situ data.
In the Skagerrak both the IMR and DHI models ovareges the DIN values meanwhile the FIMR
model show good results. In Kattegat it seems that IMR, DHI and FIMR models may
overestimate the DIN concentrations mean while Svidtlel shows good result. In the Great Belt
on the other hand all models somewhat under estBrthe DIN value, however, the IMR and DHI
show good results, the FIMR model reasonable goddsMHI under estimates too much and show
poor result. In the southern and Baltic Sea artiénBaltic Proper the SMHI and the FIMR models
show good or reasonably good results.

Dissolved inorga

Fig. 11. Winter average surface layer DIph{oIN/I ). Upper Left: IMR, Upper Right: DHI, Loweeft:
SMHI and Lower Right: FIMR.
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6.1.4 DINtoDIPratio

The average wintertime surface layer DIN/DIP rdfidg. 12) in general shows values below 16
(Redfield molar ratio). Higher values are foundha rivers in Kattegat and Skagerrak in the IMR
model, and along the continental coast and the dbawest-coast in the IMR and DHI models.
There is a clear difference between the IMR, DHH &MHI-FIMR models concerning the
Kattegat. According to the cost function and thsiin data it seems that the IMR and DHI models
may overestimate the DIN/DIP ratio in this areaybeer, the DHI model not as much as the IMR
model. The DHI, SMHI and FIMR models seem to sh@sdjyresults in the southern Baltic Sea and
Baltic Proper, however, the DIN/DIP ratio seemsbto overestimated by the DHI model in the
Arkona basin and by the FIMR model in the Baltiofr.

DIN-DIP ratio

DIN-DIP ratio

E- SR S
‘w“x\‘j .

-

Fig. 12. Winter average surface layer DIN to DIRioa The contour line indicates the isoline of fReadfield
molar ratio (16). Upper Left: IMR, Upper Right: DHLower Left: SMHI and Lower Right: FIMR.
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6.2 Summer situation

6.21 Salinity

The average summertime surface layer salinity (E&).shows increasing concentrations from the
Northern Bothnian Sea and Eastern Gulf of Finlamdere the salinity is close to O, to the central
North Sea where the salinity is about 35 in. Bogh MR and DHI models show the fresher water
coming from the southern North Sea via the Jutl@odstal current, before it is mixed with the low
salinity water coming from the Kattegat and fore Norwegian Coastal current. The salinity is
lower in the eastern North Sea in the IMR and DHidels during summer compared to winter
values (Fig. 9), probably due to a somewhat higivesr runoff. The salinity in Skagerrak is
underestimated by the FIMR model, while the IMR dnHl models simulates it good and
reasonably, respectively, according to the costtfan values.

N[ 1; s 4;‘
4 ¢
o[ on B
57N 57N
4 E
54°N ,% \%\ 54“N’,% \~K>

Fig. 13. Summer average surface layer salinity Jp&loserve that the scales differs;in the uppguris the
scale goes from 10 to 35 and in the lower figuhesdcale goes from 0 to 25. Upper Left: IMR, Udpight:
DHI, Lower Left: SMHI and Lower Right: FIMR.
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6.2.2 Chlorophyll-a

The average summertime surface layer chlorophffig. 14) shows clear discrepancy between the
models. Highest values are simulated at the cadidtse North Sea and at the river mouths in the
Baltic Sea. The majority of the Baltic Sea, the tégat and the central North Sea show lower
concentrations. According to the cost function @mel in-situ data it seems that the IMR model
results are good, but in the low-end of the chlbgdlpa concentration. The DHI model results are
too high and categorized as reasonable to bacdeiNtitth Sea and the Skagerrak, but show good
results in the Kattegat, Danish Straits, Oresundl Barnhom Basin. The SMHI and the FIMR
model show good results in the Southern Baltic&@w®hin the Baltic proper.

i
30% 4
mg Chl-a/m® mg Chl-a/m®

B6°N -

60°N

.
30%
mg Chl-a/m® mg Chl-a/m®

Fig. 14. Summer average surface layer chlorophylagl). Upper Left: IMR, Upper Right: DHI, Lower Left
SMHI and Lower Right: FIMR.
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6.3 Oxygen conditions

The annual bottom layer oxygen minimum (Fig. 15y@&meral shows lowest values (< 0 ml/l) in the
Baltic Proper. There is a clear discrepancy betvtkeiMR and DHI models in the North Sea and
Skagerrak. According to the cost function and thsiiu data it seems that the bottom layer oxygen
concentrations in the Skagerrak and Kattegat, aezestimated by the IMR model and the DHI
model which show poor and reasonably results, misedy. In the Great Belt, Oresund, Danish
Straits and the Arkona Basin the DHI model show dyaesults while the SMHI model
overestimates the bottom layer oxygen concentratimnd show poor results. In the Kattegat,
Bornholm Basin, and Baltic Proper SMHI show pooreasonably results, except for in East Baltic
Proper where the model results are good.

No Data

63°N

Fig. 15. Annual bottom layer oxygen minimum corregiatn (ml/l). Upper Left: IMR, Upper Right: DHI,
Lower Left: SMHI and Lower Right: FIMR.
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6.4 Primary production

The vertically integrated annual primary product{&ig. 16) in general shows highest values along
the eastern and southern parts of the North Sethelrsouth eastern parts of the North Sea the
production exceeds 350-400 g@n’ while the production in Skagerrak exceeds 150 g@th

The central parts of the North Sea show the lowestiuction but with clear differences between
the models. The difference between the resulta@IMR and DHI models, in general, follows the
patterns of summertime average chlorophyll-a (E4).

No Data No Data

o ey
& #
o [0 on 0D
57°N 4{'/ 57°N \!
2 A ( "
SJDN% B 54N - r\{
. (.
; )
m

Fig. 16. Annual primary production (gCm-2yr-1). Téentour line indicates the 150 gCm-2yr-1 isoline.
Upper Left: IMR, Upper Right: DHI, Lower Left: SMidhd Lower Right: FIMR.
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6.5 Maximum chlorophyll-a

The maximum annual surface layer chlorophyll-a (Fig) follows closely the patterns of
summertime average chlorophyll-a (Fig. 14). Thera iclear discrepancy between the IMR and
DHI models in the North Sea. The discrepancy ie alsar between the DHI model and the other
models in the Skagerrak and in the Kattegat, theiimam chlorophyll-a concentration of the DHI
model results are generally much higher. For tkgort, no in-situ data were available for
comparison.

Maximum chlorophyll concentration

STON

i i
248 30%
mg Chl-a/m?®

Fig. 17. Maximum annual surface layer chlorophylt@centrationsgg/l). Upper Left: IMR, Upper Right:
DHI, Lower Left: SMHI and Lower Right: FIMR.
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6.6 Diatoms to Non-Diatoms production ratio

The vertically integrated annual primary productimindiatoms relative to non-diatoms (Fig. 18)
shows that in general non-diatoms dominate thé phtgtoplankton biomass. Diatom production is
larger mainly in some local areas in the Kattegathe southern North Sea and in the northern
Atlantic waters. There is also an indication of @mted production of diatoms at the Norwegian
coast and in the frontal areas between coastalsvatel central North Sea and Skagerrak waters.

No Data

No Data No Data

540N % \\

Fig. 18. The ratio of annual production of diatotosnon-diatoms. The contour line indicates theimsobf
equal production (ratio=1). Upper Left: IMR, UppRight: DHI, Lower Left: SMHI and Lower Right: FIMR.
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6.7 Eutrophication status

The assessment of eutrophication status accorditiget threshold values for winter DIN and DIP
(causative factors) are shown in Fig. 19. The assest indicates elevated levels of DIP in large
parts of the Baltic Proper, the Riga Bay and in &f of Finland. For DIN eleveated levels are
indicated at some coastal regions of the southemhNsea, in the Danish Straits, in the eastern and
north Baltic Proper, in the Gulf of Finland, in tBethnian Bay and along the coasts in the Riga
Bay and in the Bothnian Sea. The N/P ratio (Fig. 2w higher values along the southern coasts
of the North Sea, in the Bothnian Bay, in the east@st Gulf of Finland and along the coastal area
of the east Baltic Proper.

Fig. 19. Assessment results of DIP (left) and Dityhf). The assessment levels are indicated byrsptpeen
(good), red (bad).

DIN-DIP ratio as

Fig. 20. Assessment results of the DIN/DIP ratioe ssessment levels are indicated by colors, digmd),
red (bad).
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The assessment of eutrophication status accorditfietthreshold values for summer chlorophyll-a
concentrations (direct effects) (Fig. 21; left)izates elevated levels in the river mouths aredisen
southeastern North Sea and in the Baltic Sea atfteiwhole Kattegat, the Danish straits, Riga Bay
and the Gulf of Finland, and in small areas sotfitBatland and east of Oland.

The assessment of eutrophication status accordiriget annual minimum oxygen concentrations
(indirect effects) (Fig. 21; right) indicates deased oxygen levels (02 < 2.8ml/l) in large parts of
the eastern North Sea and at some locations isdaiihern Baltic Sea. Toxic levels (02 < 1.4 ml/l)
are found in the southeastern North Sea, in thaliddm Basin and in the Baltic Proper. Also some
local areas in the Danish straits show toxic leirethe oxygen concentrations.

There is a lack of reference values for an asseassofethe eutrophication status for primary
production, maximum chlorophyll-a and diatoms toatlatoms ratio.

Fig. 21. Assessment results of summertime aveidgeophyll-a (left). The assessment levels arecaidid
by colors, green (good), red (bad). Assessmenttsesiiannual minimum oxygen concentrations (rightje
assessment levels are indicated by colors, gre@r=(228 ml/l), orange (O2 < 2.8 ml/l, toxic level),d¢02
< 1.4 mi/l.
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The assessment of the eutrophication status acgpriti the integration of the categorized
assessment parameters (Table A 2) indicates tbatritire Southeastern part of the North Sea, the
Kattegat, the Danish Straits, the Gulf of Finlamil ahe Bay of Riga area as well as parts of the
Arkona Basin, the Bornholm Basin and the Balticd@momay be classified as problem areas (Fig.
22). The Bothnian Bay and parts of the Baltic Prptiee Bornholm Basin and the Arkona Basin are
classified as potential problem areas.

One should note that the results in some areasbmayuestionable due to the assessment methods
used in the report. The results are based on gy poetgh division of the modeled area into diffdren
basins and threshold values are valid for areasrguy coastal as well as open water. Improving
the number of threshold values and observatiorss lezese for the assessment is important in order
to make good assessments which can be used iroemantal and political discussions.

Integrated Assessment

7
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60°N |

57°N = et

potential problem area
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x o ’, kl‘
0° 6°%E 12°E 18°E 24°%E 30°E

Fig. 22. Assessment results of integrated categdrassessment parameters. The assessment levels are
indicated by colors, green (non-problem area),gwl(potential problem area), and red (problem area)

The elevated primary production seem to be the ipiablem in the Gulf of Finland, Gulf of Riga,
Danish Straits, Kattegat and at some of the riveutins and categorize the areas as problem areas.
In the North Sea, Bornholm Basin and the Balticp@rothe low bottom layer minimum oxygen
concentration seem to categorize the areas asgpnadnleas.
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Conclusions

The present report gives a brief background desenipof river runoff and meteorological
conditions and presents results of four ecosystemdets from Nordic countries. The models
describe the North Sea, Skagerrak, Kattegat, DaBissits and the Baltic Sea area. Weighted
average values of the different parameters fromfdie models are calculated using observations
and standard deviation at different stations. Theighted average values are used to assess the
eutrophication status according to the OSPAR ComRrocedure.

The river loadings of nutrients were not computaglieitly in this assessment. The loading of

nutrients to sea is to a large extent determinedhbyriver runoff (Hakansson, 2003), the higher
runoff the more nutrients are transported to tle $ée river runoff during 2006 was on the whole
close to the long time average in the beginninthefyear. At spring, when the long and cold winter
ended and the snow melting occurred, a higher fuhaih normal was observed. The summer
period was dry and warm and consequently the nveoff was low. The Swedish rivers in the

Bothnian Bay and the Bothnian Sea are to a largenexregulated for electric power and the runoff
was closer to the long time average. A rainy endintpe year resulted in a higher river runoff than
the long time average in Sweden (also in the reégdldvers), Norway and Denmark.

The winter surface concentrations and ratios of Bid DIP showed elevated levels in the coastal
regions of the southern North Sea, the Gulf of Rigd in the Gulf of Finland, and in parts of the
southern Baltic Sea and northern Bothnian Sea.ri@an chlorophyll-a concentrations indicated
elevated levels in the river mouth areas in thalsmastern North Sea and in the Baltic Sea and in
the whole Kattegat, the Danish straits, Riga Bay the Gulf of Finland.

The annual near bottom minimum oxygen concentratslowed decreased levels in large parts of
the eastern North Sea and at some spots in theesauBaltic Sea. Toxic levels (02 < 1.4 ml/l) are
found in the southeastern North Sea, in the BomhBasin and in the Baltic Proper. Also some
local areas in the Danish straits show toxic leirethe oxygen concentrations.

The assessment of the ecological status accorditigetintegration of the categorized assessment
parameters indicates that the entire southeastnnop the North Sea, the Kattegat, the Danish
Straits, the Gulf of Finland and the Bay of Rigaaamay be classified as problem areas as well as
parts of the Arkona Basin , the Bornholm Basin #ralBaltic Proper. The Bothnian Bay and parts
of the Baltic Proper, the Bornholm Basin and th&ola Basin are classified as potential problem
areas.

An area is defined to be a potential problem aréizere are increased levels of nutrients relative
the actual threshold value used in that assessareat The results therefore rely much on the
reliability of the threshold values. The assessmestilts for problem areas depend highly on the
variables that relate to direct (chlorophyll) odiirect effects (oxygen) (cf. Appendix Table 2).

Finally: There is a large need of good referenced threshold values for a comprehensive
assessment of eutrophication status for many pdeasim several sea areas. The division of areas
into large boxes could be more accurate if moreetagion data were available. Methods that even
out the sharp gradients between boxes with diftafeeshold values could also be improved.
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9 Appendix A; Comprehensive procedure

From: OSPAR Integrated Report 2005 on the Eutrophiation Status of the
OSPAR Maritime Area Based Upon the First Application of the Comprehensive Procedure

All areas_notbeing identified as non-problem areas with reg@arceutrophication through the
Screening Procedure are subject to the Comprele®sincedure which comprises a checklist of
gualitative parameters for a holistic assessmeit§(et.2.1. in the Common Procedure OSPAR
97/15/1, Annex 24):

The qualitative assessment parameters are as follow
a. the causative factors
the degree of nutrient enrichment
» with regard to inorganic/organic nitrogen
» with regard to inorganic/organic phosphorus
« with regard to silicon
taking account of:
» sources (differentiating between anthropogenicratdral sources)
« increased/upward trends in concentration
» elevated concentrations
 increased N/P, N/Si, P/Si ratios
fluxes and nutrient cycles (including across boupd#uxes, recycling within
environmental compartments and riverine, directanabspheric inputs)
b. the supporting environmental factors, including
« light availability (irradiance, turbidity, suspertimad)
« hydrodynamic conditions (stratification, flushinggtention time, upwelling, salinity,
gradients, deposition)
 climatic/weather conditions (wind, temperature)
« zooplankton grazing (which may be influenced byeotiinthropogenic activities)
C. the direct effects of nutrient enrichment
i. phytoplankton;
increased biomass (e.g. chlorophyll a, organicaadnd cell numbers)
» increased frequency and duration of blooms
» increased annual primary production
« shifts in species composition (e.g. from diatomsflamellates, some of which are
nuisance or toxic species)
ii. macrophytes, including macroalgae;
+ increased biomass
 shifts in species composition (from long-lived dpscto short-lived species, some of
which are nuisance species)
» reduced depth distribution
iii.  microphytobenthos;
« increased biomass and primary production
d. the indirect effects of nutrient enrichment
i. organic carbon/organic matter;
« increased dissolved/particulate organic carbon eainations
» occurrence of foam and/or slime
» increased concentration of organic carbon in sedlisn@ue to increased sedimentation
rate)
il. oxygen;
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« decreased concentrations and saturation percentage
» increased frequency of low oxygen concentrations
« increased consumption rate
« occurrence of anoxic zones at the sediment su(fatack spots”)
iii. zoobenthos and fish;
- mortalities resulting from low oxygen concentraton
iv.  benthic community structure;
« changes in abundance
« changes in species composition
« changes in biomass
V. ecosystem structure;
 structural changes
e. other possible effects of nutrient enrichment
i. algal toxins (still under investigation - thecemt increase in toxic events may be linked
to eutrophication)
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Table A 1. The agreed Harmonised Assessment @riiad their respective assessment levels of the
Comprehensive Procedure

Assessment parameters

Category | Degree of Nutrient Enrichment
1 |Riverine total N and total P inputs and direct dscharges (RID)
Elevated inputs and/or increased trends
(compared with previous years)
2 |Winter DIN- and/or DIP concentrations
Elevated level(s) (defined as concentration >500%va salinity related and/or regi
specific background concentration)
3 |Increased winter N/P ratio (Redfield N/P = 16)
Elevated cf. Redfield (>25)
Category Il |Direct Effects of Nutrient Enrichment (during growing season)
1 |Maximum and mean Chlorophyll aconcentration
Elevated level (defined as meentration > 50 % above spatial (offshore) / histd
background concentrations)
2 |Region/area specific phytoplankton indicator spees
Elevated levels (and increased duration)
3 |Macrophytes including macroalgae (region specifjc
Shift from long-lived to short-lived nuisance spex{e.gUlva)
Category lll _|Indirect Effects of Nutrient Enrichment (during gro wing season)
1 |Degree of oxygen deficiency
Decreased levels (< 2 mg/l: acute toxicity; 2 - @Iordeficiency)
2 |Changes/kills in Zoobenthos and fish kills
Kills (in relation to oxygen deficiency and/or toxalgae)
Long term changes in zoobenthos biomass and spEmi@sosition
3 |Organic Carbon/Organic Matter
Elevated levels (in relation to 1ll.1) (relevantdedimentation areas)
Category IV |Other Possible Effects of Nutrient Enrichment (during growing season)
1 |Algal toxins (DSP/PSP mussel infection events)
Incidence (related to 11.2)

Table A 2. Integration of Categorised AssessmerdrRaters

Category | Category Il Category Il and IV Classification
Degree of Direct Indirect effects/
nutrient effects other possible effects
enrichment
a + + and/or +
b - + and/or +
C + - - potential problem area
D - - - non-problem area

(+)=Increased trends, elevated levels, shiftsh@nges in the respective assessment parameters in

Table 1

(-) = Neither increased trends nor elevated lemetsshifts nor changes in the respective assessment

parameters in Table 1

Note:Categories I, Il and/or Ill/IV are scored ‘#1 cases where one or more of its
respective assessment parameters is showing asassxt trend, elevated level, shift or

change.
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