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SUMMARY

During the expedition, which is part of the Swedish pelagic monitoring program, the
Skagerrak, Kattegat, the Sound and the Baltic Sea were visited. In the Baltic Proper, the
annual mapping of nutrients was also carried out.

Due to severe weather during the first day of the expedition, two stations in the Skagerrak
could not be sampled. After the expedition entered the Baltic Proper, the weather was mostly
calm and all stations included in the nutrient mapping were sampled.

The concentration of nutrients in the surface water remained at high winter levels in all sea
areas except in the Kattegat where the nutrients had begun to decrease and increased
activity of phytoplankton was reflected in chlorophyll fluorescence. In the Baltic Proper, the
concentration of phosphate and silicate in the surface water was normal, while the levels of
dissolved inorganic nitrogen were below normal. In the deep water of the Baltic Proper, the
concentrations of nutrients and hydrogen sulphide remained very high. In the Eastern and
Western Gotland basins, it was anoxic from 70-80 m. In the Eastern Gotland basin,
hydrogen sulphide concentrations increased rapidly below 125 m depth to record high
levels. In the Northern Baltic Proper it was anoxic from 90—-100 m and here and in the
Western Gotland Basin the levels of hydrogen sulfide and nutrients were lower than in the
Eastern Gotland Basin, but also here above normal. Above all, the levels of ammonium were
well above normal in the deep water of the Baltic Proper.

SMHI’'s next regular expedition with R/V Svea is planned for 9 — 15 March.



RESULTS

The expedition was carried out on board the R/V Svea and started in Lysekil on the Swedish
west coast on February 9th and ended in Kalmar harbour on February 16th.

The expedition began with strong winds and two stations in the Skagerrak had to be
cancelled, A17 and P2. After the first day the winds decreased and for the rest of the
expedition the weather was mostly calm. The air temperature varied between 2 and 7
degrees.

Svea's instruments for continuous measurements of surface water Ferry box was in
operation throughout the cruise and the ADCP (Acoustic Doppler Current Profiler) were in
operation from entering the Arkona basin to the end of the cruise. Svea's profiling instrument
during transit, the MVP (Moving Vessel Profiler), could not be operated due to bad weather
in the Skagerrak and Kattegat and a technical problem was discovered once it was launched
and no profiles during transit could be collected.

During the expedition, one of two units for analyzing oxygen from water samples broke and
at all stations after this (Hano Bay) the analysis of oxygen in water samples at depths
between 5—40 m was cancelled. Measurements of oxygen concentration from these depths
are therefore only available from the oxygen sensor on the CTD. At these depths, where
there is no lack of oxygen, analyzes from water samples and measurements with an oxygen
sensor agree well.

Extra phytoplankton samples were taken at the stations Slaggé and Anholt E for a project
at Uppsala and Stockholm University.

The report is based on data that has undergone an initial quality control and is compared
against the monthly average for the period 1991 — 2020. When further quality control is
carried out, some values may change. The data is published as soon as possible on the
data host's website, normally within about a week after the end of the expedition. Some
analyses are carried out after the expedition and are therefore published later.

Data can be downloaded here:
https://sharkweb.smhi.se/hamta-data/




The Skagerrak

The expedition started with strong winds and two stations in the Skagerrak had to be
cancelled because of this, the westernmost station A17 and station P2 on the border with
the Kattegat.

The temperature in Skagerrak's surface water (0—10 m) had decreased by approx. 2
degrees in the open sea since January and now varied between 5-6°C, at the coastal station
Slaggod the difference compared to January was smaller, only barely one degree lower,
around 4 degrees was measured. Despite this, the temperature at all stations was above
normal at all visited stations in the sea area. The salinity of the surface water in the open
sea varied between 32-33, which is normal or slightly above normal.

At the westernmost stations, A14, A15 and A16, there was only a very weak stratification
around 20 m depth. Apart from the temperature, which was above normal at the surface, all
parameters were within the normal range and varied little with depth. At station A13 there
was a halocline around 10 m below which the levels of dissolved inorganic nitrogen and
silicon increased, also a small increase in phosphate was noted. At the coastal station
Slaggo there was a halocline around 30 m and there the salinity and the concentration of
dissolved inorganic nutrients increased. Nutrient levels in surface water were normal at high
winter levels. Chlorophyll fluorescence, which is a measure of phytoplankton activity,
showed generally low values, with an increased activity around the depth of the halocline at
stations A13 and Slaggé.

No oxygen deficiency was noted in Skagerrak. At the coastal station Slaggo, where oxygen
deficiency is sometimes observed in the bottom water, the oxygen situation was good with
a concentration of 6 ml/l.

The Kattegat and the Sound

The temperature in the surface water (0—10 m) in Kattegat and the Sound had decreased
since January and was between 3-5°C, warmest at the two stations in the open sea (Fladen
and Anholt E) where it was also slightly warmer than normal. There, the salinity in the surface
water was also higher than normal, 27-30 psu. In the Sound at station W Landskrona, the
salinity in the surface water was above normal, at 18 psu. In the Kattegat there was a
pycnocline at about 20 m, below which both salinity and temperature were normal. In the
Oresund, the pycnocline was somewhat shallower around 15 m deep.

In the Kattegat phytoplankton activity had started, which was seen both in the
measurements of chlorophyll fluorescence and by the fact that the concentration of nutrients
had decreased significantly since January. The concentration of inorganic nitrogen,
phosphorus and silicate was below normal in the well-mixed surface layer, down to 20 m. At
station N14 Falkenberg near the coast and in Oresund, the levels of nutrients were normal
and chlorophyll fluorescence lower, which indicates that spring is a little late there.



The oxygen situation in the Kattegat's deep water was good. No hypoxia (<4 ml/l) was
measured.

The Baltic Proper

The temperature in the surface water varied between 3-5 °C. It was warmest in the southern
basins, where it was above normal at all stations. It got colder to the north, but it was still
above normal at several of the stations. The salinity of the surface water varied between 7—
10 psu. Highest at the nutirentmapping station Stevns Klint just south of the Sound. The
salinity in the surface water was above normal in the Hand Bay and the Bornholm Basin,
approx. 7.9-8.0 psu, and in the Gdansk Bay, 7.6 psu.

The water was well mixed down to a depth of 50-60 m where the halocline began. At the
shallower stations in Arkona, the halocline was slightly shallower, around 40 m. In the deep
water, the temperature was above normal, while the salinity was within normal. In the
Eastern Gotland basin, the levels of nutrients and hydrogen sulphide increased sharply
around 125 m and were above normal from 125 m and deeper. In the Northern Baltic Proper
and the Western Gotland Basin, the concentration of hydrogen sulphide was still significantly
lower than in the Eastern Gotland Basin, but above normal for the Western Gotland basin,
also the levels of nutrients increased to above normal at the sharp transition between
oxygenated and deoxygenated water. Hydrogen sulfide was measured at all stations except
in Gdansk Bay, Bornholm Basin, Han6 Bay and Arkona Basin. In the Eastern and Western
Gotland basins, it was anoxic from 70-80 m, while in the Northern Baltic Proper it became
anoxic at 90—100 m. In the Arkona basin, the bottom water was well oxygenated with levels
between 5.5-7.8 ml/l. In the Hand bay and the Bornholm Basin acute oxygen deficiency (<2
mi/l) occurred at intermediate depths. In the bottom water the oxygen levels were higher,
just above 2 ml/l. That the levels near the bottom were higher indicates that new inflowing
water has reached the area.

During the expedition, mapping of nutrients in the Baltic Proper was carried out by visiting
16 additional stations. The mapping-stations cover spatial variation in each basin as well as
the Gulf of Gdansk and the westernmost parts of the Gulf of Finland.

Compared to January, the concentration of nutrients in the surface water had not changed
very much. At some stations, the concentration of dissolved inorganic nitrogen had
decreased slightly, while the content of phosphate had increased slightly at the same
stations. In the Northern Baltic Proper, a small increase in both phosphate and dissolved
inorganic nitrogen was seen.

The mapping showed that the concentration of phosphate varied very little throughout the
Baltic Proper. At the majority of the stations, the concentration was around 0.6 umol/l, which
was within the normal range. Only at seven stations did the concentration deviate from 0.6
pmol/l. At two stations in the eastern part of the Northern Baltic Proper (stations BY27 and
BY28) it was about 0.7 ymol/l and at two stations in the Eastern Gotland Basin (BY15 and



BY20) the concentration was instead around 0.5 pmol/l, which was below normal. The
highest concentration in the surface water was measured at BY39 Oland's sédra udde,
approx. 0.8 pmol/I.

The concentration of dissolved inorganic nitrogen, on the other hand, was lower than normal
at the majority of the stations and was between 2.4—4.6 pmol/l. Concentrations >3 umol/l
were found in the Northern Baltic Proper, highest concentrations in the easternmost part (>4
pumol/l, stations BY27 and BY28). Also at a station in the western part of the Eastern Gotland
Basin (BY15) and at BY39 Olands s6dra udde, the concentration was >3 umol/l. At a couple
of stations, the level was within the normal range and this coincided in several cases with
the stations where the concentration of phosphate was the highest (stations BY27, BY28,
BY39).

The concentration of silicate varied between 14-17 pmol/l with the highest levels in the
Northern Baltic Proper and the Western Gotland Basin. At two stations the concentration
was above normal (BY13, Eastern Gotland Basin and Stevns Klint in Arkona).
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Figure 1. Section showing temperature, salinity and oxygen concentration from the
Skagerrak, through the Sound and further up through the Baltic Sea proper according to
the map (bottom). Data is missing from large parts of the Western Gotland basin due to
rough weather.



SMHI marine monitoring February 2023
DIN in the surface water (0-10 m)
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Figure 2. The concentration of dissolved inorganic nitrogen (DIN) in the surface water (0—

10m). The mean value is based on February data within each basin from 1991-2020.
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Phosphate in the surface water (0-10 m)
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Figure 3. The concentration of phosphate in the surface water (0— 0 m). The mean value is
based on January data within each basin from 1991-2020.
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Figure 4. The concentration of silicate in the surface water (0—10 m). The mean value is

based on February data within each basin from 1991-2020.
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Temperature (CTD) in the surface water (0-10 m)
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Figure 5. Temperature in the surface water (0—10 m). The mean value is based on
February data within each basin from 1991-2020.
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Figure 6. Salinity in the surface water (0—10 m). The mean value is based on February
data within each basin from 1991-2020.

Bottom water oxygen concentration (mi/l)
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Figure 7. The concentration of oxygen (in ml/l) in the bottom water, about 1 m above the
bottom. Note that the value is not compared against statistics in the same way as Figures
2—6 and therefore only circles are shown in the graph. Presence of hydrogen sulphide is
illustrated as negative oxygen concentration.
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Figure 8. Temperature (top), salinity (middle) and chlorophyll fluorescence (bottom) in the
surface water measured with Svea's ferrybox. The maps show data from both the previous
fisheries expedition (IBTS, International Bottom trawl Survey) as well as SMHI’s regular
expedition. The data has undergone only a rough quality control.



DELTAGARE

Name Role Institute
Lena Viktorsson Chief Scientist, Oceanographer SMHI
Sara Johansson Nutrient analysis, quality assurance, chemist SMHI
Ann-Turi Skjevik Marin biologist SMHI
Sari Sipila Chemist SMHI
Anna-Kerstin Thell Chemist SMHI

APPENDICES
- Track chart

- Table of stations, analysed parameters and number of sampling depths

- Vertical profiles

- Annual cycles of surface water (0 — 10 m) and oxygen development in the bottom water.
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Date:
Time:

2023-02-21

15:13

Ship: SE

Year: 2023

Ser Cru Stat Proj Stat

no no code name

0140 3 FIBG27 BAS... SLAGGO

0141 3 SKEX14 BAS... A13

0142 3 SKEX15 BAS... A14

0143 3 SKEX16 BAS... A15

0144 3 SKEX17 BAS... Ale

0145 3 KANX25 BAS... FLADEN

0146 3 KANX50 BAS... N14 FALKENBERG
0147 3 KAEX29 BAS... ANHOLT E

0148 3 SOCX39 BAS... W LANDSKRONA
0149 3 SOSX00 EXT... FLINTEN-7

0150 3 BPSA@1 BAS... 441 STEVNS KLINT
0151 3 BPSA@2 BAS... BY1

0152 3 BPSA@3 BAS... BY2 ARKONA

0153 3 BPSA@4 BAS... BY3 HAMRARNE SUND
0154 3 BPSHO5 BAS... HANOBUKTEN

0155 3 BPSH51 BAS... HANOBUKTEN-KBV
0156 3 BPSBO6 BAS... BY4 CHRISTIANSO
0157 3 BPSBO7 BAS... BY5 BORNHOLMSDJ
0158 3 BPSE@8 BAS... STOLPE TROSKEL
0159 3 BPSE@9 BAS... BY7 STOLPE RANNA
0160 3 BPSG71 BAS... PL-P1

0161 3 BPSE70 BAS... PL-P63

0162 3 BPSE11 BAS... BCS III-10

0163 3 BPSE12 BAS... BY9 KLAIPEDA
0164 3 BPEX13 BAS... BY10

0165 3 BPEX14 BAS... BY11

0166 3 BPEX21 BAS... BY15 GOTLANDSDJ]
0167 3 BPEX19 BAS... BY13

0168 3 BPEX25 BAS... BY19

0169 3 BPEX26 BAS... BY20 FARODJ
o170 3 BPNX27 BAS... BY21

0171 3 BPNX34 BAS... BY28

0172 3 BPNX33 BAS... BY27

0173 3 BPNX35 BAS... BY29 / LL19
0174 3 BPNX36 BAS... BY30
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Start Bottom Secchi Wind Air Air

time depth depth dir vel temp pres
hhmm m m C hPa

1035 74 6 23 10 6 1020
1330 90 23 13 7 1020
1455 110 24 17 6.3 1015
1605 135 23 19 6.4 1014
1750 202 25 19 6.4 1013
0215 84 28 14 4.7 1023
0530 30 16 9 3.9 1025
0815 62 5 28 10 4.2 1027
1420 50 8 25 7 5.5 1028
1715 8 24 10 5.1 1026
2010 26 24 13 4.9 1024
2350 47 19 14 4.7 1022
0340 47 26 16 4.5 1021
0720 48 26 14 5.5 1017
1015 80 29 12 7.3 1018
1300 60 10 28 10 6.7 1019
1730 94 31 8 6.3 1024
2000 91 7 6 3.5 1030
2315 63 10 2 3.2 1033
0150 91 0 3 3.3 1034
lo00 110 13 22 9 2.9 1036
1345 83 25 13 3.6 1032
1710 90 25 12 4.8 1031
2240 127 29 9 4.7 1029
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Statistics based on data from: Ostra Gotlandshavet
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Statistics based on data from: Ostra Gotlandshavet
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