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Summary

Several decades of remedial work have reduced the supply of nutrients from land to sea.
Despite this, large-scale eutrophication remains a significant environmental problem
along the Swedish coast and release of phosphorus from the sediments exacerbate the
problem and reduces the effect of land load reductions. Thus, there is a need to identify
where targeted remedial actions would have the most significance, and the highest
likelihood to succeed. Additionally, there is a need to map the long-term relation
between oxygen concentration and phosphate release from marine sediments in the
Swedish coastal zone, which will support the aim to provide a scientific basis for
prioritizing remedial targeted actions.

The results presented in this report indicate that there are more than 100 waterbodies
along the Swedish coast with significant correlation between low oxygen concentrations
and increased release of phosphorus from bottom sediments. However, oxygen
concentrations below 1 ml L is not the main driver for phosphorus release from
Swedish coastal sediments and only three water bodies were found to actually have a
net long-term internal source of phosphorus. The results also indicate that the number
of years and autumns with an internal net release of phosphorus in the Swedish coastal
zone seems to be decreasing, generally, and especially in late summer and autumn. An
exception is the coastal zone bordering the northern Baltic Sea where, on an annual
basis, the number of years and autumns with a net phosphorus outflux from the
sediments seem to increase instead. Finally, it should be noted that locations with a
significant correlation between low oxygen concentrations and increased release of
phosphorus from bottom sediments do not necessarily overlap with areas with a
generally high sediment phosphorus outflux. Thus, both types of areas need to be
considered for targeted actions.

Colored Dissolved Organic Matter (CDOM), is the light absorbing fraction of the
Dissolved Organic Matter (DOM) and is mainly of terrestrial origin. These substances are
highly variable in the coastal zone and absorb and scatter light at different wavelengths
and increase the light attenuation in the water column. As a consultation response from
the latest Action Program for the Marine Environment an initial literature search of
CDOM in Sweden's coastal waters and summary of the available literature and data was
completed. It showed that the Swedish coastal observations of CDOM in the SHARKweb
database are sparse and only locally occuring. However, the availiable litterature
indicates that CDOM likely has a significant effect on the light attenuation in Swedish
coastal waters. Future changes in light attenuation in the coastal zone are assumed to
be driven largely by the changes in the terrestrial inputs. River discharge is expected to
increase in a future climate, and thus also the supply of CDOM and nutrients to the
coastal zone.



Sammanfattning

Flera decennier av atgardsarbete har minskat tillforseln av naringsamnen fran land till
vara hav. Trots detta kvarstar storskalig 6vergddning som ett betydande miljoproblem
langs den svenska kusten och utslapp av fosfor fran bottensedimenten férvarrar
problemet och minskar effekten av atgardsarbetet. Det finns darmed ett behov av att
identifiera var riktade atgarder kan ha storst betydelse och stérst sannolikhet att vara
framgangsrika. Dessutom finns det ett behov av att kartlagga sambandet mellan
syrekoncentration och fosfatslapp fran sedimenten i kustzonen, vilket kommer att stodja
arbetet med att tillhandahalla en vetenskaplig grund for att prioritera riktade atgarder.

Resultaten fran denna rapport indikerar att det finns mer &n 100 vattenférekomster
langs den svenska kusten som har signifikant korrelation mellan laga syrehalter och 6kat
utslapp av fosfor fran bottensediment. Syrekoncentrationer under 1 ml L' r dock inte
den huvudsakliga orsaken till fosforutslapp fran sedimenten och endast tre
vattenforekomster visade sig ha en langsiktig intern fosforkalla. Resultaten tyder ocksa
pa att nettoutslapp av fosfor fran sedimenten i den svenska kustzonen generellt sker
alltmer sallan, sarskilt under sensommaren och hosten. Ett undantag ar kustzonen som
gransar till Bottniska viken, dar nettofosforutflode fran sedimenten pa arsbasis istallet
tycks ske allt oftare. En slutsats ar ocksa att platser med en signifikant korrelation mellan
Iaga syrekoncentrationer och utslapp av fosfor fran bottensediment inte nédvandigtvis
overlappar med omraden med generellt hogt sedimentfosforutfléde. Bada typerna av
omraden maste darfor 6vervagas som lampliga for riktade atgarder.

Colored Dissolved Organic Matter (CDOM) &r en den ljusabsorberande delen av det I6sta
organiska material som finns i havs- och kustvatten och ar huvudsakligen av terrestriskt
ursprung. Dessa dmnen absorberar och sprider ljus vid olika vaglangder och 6kar
ljusutslackningen i vattenpelaren. Som ett remissvar fran det senaste
atgardsprogrammet for havsmiljon gjordes en forsta litteratursokning av CDOM i
Sveriges kustvatten samt en sammanfattning av tillgdnglig litteratur och data. Den
visade att de svenska kustobservationerna av CDOM i SHARKweb-databasen ar fa och
endast lokalt forekommande. Dock tyder litteraturen pa att CDOM sannolikt har en
betydande effekt pa ljusutslackningen i svenska kustvatten och framtida forandringar i
ljusutslackningen i kustvattnet antas till stor del bero av fordndringarna i de I6sta @mnen
som nar kusten med flodvattnet. Flodtillrinningen forvantas oka i ett framtida klimat och
ddrmed vantas ocksa tillférseln av CDOM och naringsamnen till kustzonen att 6ka.
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Background / Problem

Release of phosphorus from sediments in the Swedish coastal
zone

This work has been commissioned by the Swedish Agency for Marine and Water
Management and financed by contract 03432-2022.

Several decades of remedial work have reduced the supply of nutrients from land to sea.
Despite this, large-scale eutrophication remains as a significant environmental problem
in the Baltic Sea, not least along the Swedish coast. Long-term deficiency of oxygen
cause phosphorus to remain in the cycle instead of being permanently retained in
sediments. This exacerbates eutrophication and reduces the effect of land load
reductions.

While only a few coastal water bodies suffer from long-term hypoxia, several of them
show seasonal hypoxia. This occurs most often in late summer and is expected to cause
a short-term, but significant, release of internally stored phosphorus that can quickly
cause algal blooms and related damage. This release is mainly expected to have a direct
local impact, but could affect nearby coastal water bodies and the open Baltic Sea
(Almroth-Rosell, Edman, Eilola, Meier, & Sahlberg, 2016; M. Edman et al., 2018).
Residence times and bathymetry within the coastal zone can also affect where the
sedimentation of phosphorus-rich material takes place and what consequences it has.
Thus, a holistic view of the biogeochemical dynamics in the coastal zone is necessary to
locate places where phosphorus dynamics can be successfully affected by management
actions.

Part of the remedial work by SWAM (the Swedish Agency for Marine and Water
Management) is to identify "hotspots" for internal loading. These can be the subject of
targeted remedial work, but the research needed to find these areas also increases our
understanding of the processes around internal load and can thus lead to improved
model capability.

Coloured dissolved organic matter in coastal waters

Colored Dissolved Organic Matter (CDOM), often called humic substances, is mainly of
terrestrial origin and is a light absorbing fraction of the Dissolved Organic Matter (DOM).
Other optical variables are phytoplankton, total suspended matter (TSM) and water
molecules themselves. These substances are highly variable in the coastal zone and
absorb and scatter light at different wavelength and by that, increase the light
attenuation in the water column. Light attenuation is a measure of how fast the
available light decreases from the surface and down through the water column and
consequently, how much light there is available for photosynthesis. Light attenuation is
strongly correlated with Secchi depth and the euphotic zone, in which there is enough
light for photosynthesis. In addition to the light attenuation substances, the euphotic
zone depth varies with the intensity of the incoming solar radiation, which is determined
by the latitude and season.
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In coastal waters the light attenuation is higher than the open ocean as the river
discharge transports a lot of terrestrial organic matter from land to the coastal water.
(Harvey et al., 2019). The freshwater with terrestrial CDOM is mixed with saltier water in
the coastal zone. Therefore, CDOM is often seen as inversely related to salinity and as a
proxy for light attenuation and thereby, Secchi depth (Dupont and Aksnes, 2013).

Aim

The main purpose of this report is to provide a scientific basis for prioritizing targeted
action work to reduce the effects phosphorus release from marine sediments in the
Swedish coastal zone.

The aim is to set the release of phosphorus from a water body's sediment in relation to
local conditions, e.g.,

1. The organic matter production within water bodies
2. The external load from land and surrounding waters
3. Autumn situation

to identify where targeted remedial actions would have the most significance and the
highest likelihood to be successful. The relation between oxygen concentration and
phosphate release from sediments will also be investigated since it will support the main
aim of providing a scientific basis for prioritizing remedial work.

Additionally, an initial literature search of coloured dissolved organic matter in Sweden's
coastal waters and summary of the available literature will be presented. This task was
added to the study since the consultation response from the latest Action Program for
the Marine Environment identified this as a problem along large parts of Sweden's east
coast.

Methodology

The analysis was based on results from the Swedish coastal zone model (SCM). The
simulation was performed with model version 1.1.1, which is the same version as was
delivered to the VattenWeb portal (https://vattenwebb.smhi.se/) in the autumn of
2021, with water bodies defined according to SVAR2016. The analysed period is set to
2011-2020, except when otherwise mentioned. However, the model simulation started
two decades earlier to make sure that the sediment nutrient pools were spun up. SCM
has previously been described and validated in, e.g., Almroth-Rosell et al. (2016), Moa
Edman et al. (2018), Edman (2019).

The seasons were defined to capture different biogeochemical regimes, since that was
assumed most valuable for evaluating sediment fluxes. Thus, spring and early summer
were combined and set as Mars through June, autumn includes late summer and covers
July-October and winter were set to November-February. Spring is then, in a generalized
way, the beginning of the growing season with uptake of nutrient in surface waters and



sinking of biomass into the coastal sediments, while autumn is the late growing season
with remineralization and re-flux of nutrient from the sediments with increased
potential for oxygen deficiencies and autumn blooms. Winter is the least
biogeochemically active period of the year.

Relation of low oxygen concentrations and phosphorus release

Modelled oxygen concentrations ([0,]) were given in ml L™ with a daily temporal
resolution and a vertical resolution of 0.5 to 1 m. The model’s oxygen concentrations
include “negative oxygen” equivalents to account for hydrogen sulphide

1 mlHS L:=-2 ml O, Lwhen oxygen is depleted (Fonselius, 1969). The negative
concentrations can be seen as an oxygen “debt”.

From the model output a subset of oxygen concentrations with values of, or below,

1 ml L't was defined. The time and depth associated with those values were then used to
find the associated phosphorus outflux from the sediments (Psiux_out). Phosphorus flux
values were converted to ug m2 by dividing the flux with the discrete sediment areas at
each depth (dA). No regard was taken to the type of bottom substrate as this is not
implemented in the model. The dataset for this analysis thus contains paired values of
[O2] and Psux_out for different depths and times, within different coastal waterbodies. No
regard was taken to if the data points were consecutive or not.

The pairs are used to search for situations with high likelihood of causality between the
outflux of phosphorus from sediments and the oxygen situation in the water over the
sediment. To find such situations the correlation coefficient (r) for subsets of the data is
used. At least 10 data points are required for a correlation to be calculated. Large
negative correlation coefficients identify location were mitigating low oxygen
concentrations is likely to combat high internal phosphorus release.

Relative importance of internal phosphorus release

Different perspectives were used to evaluate the sediment phosphorus release. Each
perspective highlighted a way in which the internal release could be problematic or
significant. As each perspective was analysed, each water body were ranked from 1-10,
where 10 means that the release in that water body is most likely to either be
important, problematic, or at the highest risk to become problematic.

The rank is created by normalising with the worst value to come out of each analysis,
e.g. the highest net flux or the largest fraction, and then multiplying with 10 and round
to the nearest integer. The rounding is done to remove undue separation between
water bodies, since the methods should not be seen to give that level of detail.

When no rank can be assigned, e.g. if a property is negative for a water body and only
positive values are of interest, the rank is set to 0. A mean rank (MR) is then calculated
and the highest scoring coastal water bodies are assumed to be most likely to benefit
from targeted activities.

6 Report Oceanography No. 79, 2025



Relative to sedimentation of organic matter

This perspective evaluates if the sediment is acting as a long-term net source of
inorganic phosphorus in the coastal zone. Thus, the phosphorus added to the sediment
as part of the organic matter falling down to the seafloor (Pi,) is subtracted from the
phosphorus outflux, giving the net phosphorus flux (Psux_net). This difference is then
summarized over each year and normalized by the water body’s area (A), i.e.

Ezgizzl(Pflux_out_Pin)day
Priux net = 1 (1)

and then averaged over the analyse period.

Since this balance between input to, and outflux from, the sediment can shift from year
to year, the number of years with a positive Psiux _net, i.€. years when the sedimentis a net
source (Ysource), Will also be used separate from Prux net to rank water bodies.

An increased number of years with a net sediment outflux of phosphorus between the
two ten-year periods (2011-2020 and 2001-2010) (dYsource) Was defined as a risk factor
for future problems with internal phosphorus release. Thus, also dYsource gives a rank
separate from Pryx net and Ysource.

Ranks assigned from Priux net, Ysource aNd dYsource calculations can be found in Table 2 and
Table Al.

The same analysis was performed for the autumn period and ranks assigned from
PAfiux_net, YAsource and dYAsource Calculations can also be found in Table 2 and Table Al.

Relative to external phosphorus loads

The phosphorus release from the sediment was set in context of the external loads to
evaluate if what is added internally is a significant contribution to total load, or not.

The evaluation uses average values for the analyse period. The external load is divided
into a direct local load (Loadgirect) and an indirect load from the inflow of nutrients over
sounds from other water bodies in the coastal zone, or the open sea (Loadsounds)-
Loadgirect is the sum of the nutrient load from deposition on the sea surface, river
discharge and point sources, e.g. industries and sewage treatment plants, which
discharge directly into the water body. Priux_outis compared with the external loads as

_ Pflux,out (2)
(Pflux,out"'Loaddirect+L0adsounds)

P flux_frac

where Prux_srac is the importance of the internal phosphorus release expressed as a
fraction of the total load. Ranks assigned from Py frac, calculations can be found in Table
2 and Table A 1.



Literature survey and data extraction of CDOM in Swedish waters

A literature survey on CDOM were performed in the Web of Science with keywords such
as coloured dissolved organic matter, yellow substances, humic substances and
brownification. In addition, observations of CDOM where extracted from the Swedish
National archive for oceanographic data, the SHARKweb database. The search for the
CDOM data were restricted to be within 1 nm from the Swedish coast. The search
resulted in total of 504 measurements from 0 to 84 m depth, but only 24 of these were
deeper than 22 m and all those were in the Gaviksfjarden in the Gulf of Bothnia

Results

Relation of low oxygen concentrations and phosphorus release

Almost 33 000 occurences of low oxygen concentrations, distributed over 181 different

water bodies, was found and used for the analys (see method section 3.1). An overview
of where (water district, WD) and when (time of year) oxygen depletion occurs is shown
in Fig. 1. Most occurences are during autumn with the maximun number of occurences

in September (Fig.1).
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Figure 1. Histograms showing the distribution of low oxygen ([02] <=1 ml L'!) occurrences
according to time of year and water district (WC: West Coast, SEB: South-Eastern Baltic, NEB:
North-Eastern Baltic, BS: Bothnian Sea, BB: Bothnian Bay).

Low oxygen occurs most frequently on the Swedish West Coast and in the coastal zone
boardering the North-Easten Baltic Proper, probably due to these areas having
archipelagos and fjords which tend to restrict water exchange and increase the risk of
stagnant water prone to hypoxia.
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Correlation coefficients for [0,] below 1 ml L't and Psyu_out Were calculated for every
unique water body in the dataset and for the 122 water bodies where the correlation
was deemed significant (P<=0.05), values are shown in Fig. 2 and Table 1.

05

Correlation coefficient
o
T
[ ]
| |
[ ]

.O
v
n
NI . h
F I . .
Lh - N N

i

1 2 3
Water district

Figure 2. Correlation coefficients for the 122 water bodies with significant correlation (P<=0.05)
between [0:] and Psux_out Shown according to water district (Bothnia Bay=WD 1, Bothnian
Sea=WD 2, North-Eastern Baltic Proper=WD 3, South-Eastern Baltic=WD 4 and the West coast
=WD 5).

In the Gulf of Bothnia (WD 1 and 2) only one significant correlation in each water district
was found and the correlations are small (Fig. 2 and Fig. 3). The largest negative
correlations (Psiux_outincrease as oxygen concentrations decrease) were found in the
North-Eastern Baltic Proper (WD 3), followed by the South-Eastern Baltic and the West
coast (WD 4 and 5). Thus, in these water districts there are very likely water bodies with
causality between [0,] < 1 ml L and increased release of phosphorus originating from
the coastal sediments. Note that there are also a few water bodies were there are
noticeably high positive correlation between [0.] and P out.
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Figure 3. Map of all the correlation coefficients for the 122 water bodies with significant
correlation (P<=0.05) between [0O2] and Psux outin the Swedish coastal zone.

The 40 waterbodies with the highest likelihood of phosphorus release from the
sediment caused by oxygen deficiency are listed in Table 1. Out of these 40 water
bodies, 8 have a correlation coefficient > 0.9; Ortalaviken, Lindalssundet, Vatosundet,
Himmerfjarden, Inre Gamlebyviken, Svardsfjarden, Igelstaviken and Tranarofjarden.
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Tabell 1. List of the 40 water bodies with the strongest negative correlation between oxygen

concentrations and phosphorus release from the sediments. The water bodies are shown in order

of the strongest negative correlation coefficient (Corr. Coeff.) first and then decreasing.

Order V\{atejr me Corr. Coeff.
District
1 3 Ortalaviken -0.98
2 3 Lindalssundet -0.95
3 3 Vatodsundet -0.94
4 3 Himmerfjarden -0.91
5 4 Inre Gamlebyviken -0.91
6 3 Svardsfjarden -0.91
7 3 Igelstaviken -0.90
8 3 Tranarofjarden -0.90
9 4 Gropviken -0.89
10 4 Halsofjarden -0.89
11 3 Hallsfjarden -0.88
12 3 Askrikefjarden -0.87
13 3 Vissvassfjarden -0.87
14 5 RassO-Reséfjorden sek namn -0.85
15 3 Fallndsviken -0.85
16 4 Marsviken -0.84
17 3 Ingarofjarden -0.84
18 5 Ljungs kile -0.84
19 5 Nordstrommarna -0.84
20 4 Kaggebofjarden -0.81
21 4 Gronvallsfjarden -0.79
22 3 Dragfjarden sek namn -0.79
23 5 Skaldervikens kustvatten -0.78
24 4 Karrfjarden -0.78
25 3 Sabyvik -0.78
26 5 Yttre Brofjorden -0.78
27 3 Avaviken -0.77
28 4 Vastra fjarden -0.77
29 5 N Yttre Tjarnoarkipelage -0.76
30 3 Stora Vartan -0.75
31 4 Inre Valdemarsviken -0.75
32 5 Askerofjorden -0.75
33 4 Pampusfjarden -0.75
34 4 Merumsfjarden -0.75
35 5 Karingofjorden -0.74
36 5 Dynekilen -0.72
37 5 Halsviken -0.72
38 5 Kallo fjord -0.72
39 3 Stadsfjarden -0.72
40 3 Kalvfjarden -0.72
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Relative importance of internal phosphorus load

Period, and autumn, net flux of phosphorus from sediments

The averaged long-term net flux of phosphorus from the sediment to the water mass is
negative, i.e. into the sediment, in almost all water bodies during the analysed period.
The only exceptions are three water bodies in the Stockholm archipelago, Strommen,
Lilla Vartan and Stadsfjarden. Only these three waterbodies act as long-term net
contributors of phosphorus and emit more phosphorus than they receive during the
investigated period. Thus, these are good candidates for measures according to the
model. However, for individual years, many water bodies can have a short-term net
internal phosphorus source. This will be further explored in the next section. Assigned
ranks are shown in Table 2 and Table Al.

The averaged long-term net flux of phosphorus from the sediment in the autumn
(PAsiux_net) is predominately positive in the Baltic Proper and along the West Coast, while
in the Gulf of Bothnia water districts there is a more even distribution between positive
and negative fluxes.

Number of years with an internal net source of phosphorus

Even if the long-term analysis in the previous section could only identify three water
bodies with net positive sediment release of phosphorus, and also assign a rank to only
these three (Table 2 and A1), many more water bodies can have a positive net source on
an annual basis (Fig. 4), i.e. these are the waterbodies that can have a net emission of
phosphorus from the sediment for certain years, but which generally act as long-term P
sinks.
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Figure 4. The years (y-axis) when a waterbody (x-axis) has positive net phosphorus flux from the
sediment are marked with thin black lines. The water districts are separated with red vertical
dashed lines. The analysis period and the previous 10 years are separated horizontally by a
division into two boxes. Bothnia Bay=WD 1, Bothnian Sea=WD 2, North-Eastern Baltic Proper=WD
3, South-Eastern Baltic=WD 4 and the West coast =WD 5.

12 Report Oceanography No. 79, 2025



Fig. 4 shows that the years 2002, 2003, 2013, 2014 and 2018 are years where the coastal
zone generally leans toward a net out flux of phosphorus from the sediments. In water
district 2, i.e. at the Bothnian Sea coast, only a few water bodies experience years with
positive Prux net. However, this could be a model artefact.

If only the autumn is considered, there are an increase in the number of years with
positive Pay net (Fig. 5) relative to considering whole years. There is also a tendency for
the number of autumns, or years, with net outflux from the sediment to increase from
the Bothnian Bay towards the Swedish West Coast. At the West Coast, the majority of
water bodies have a net autumn outflux for all, or almost all, years (Fig. 5).

e

I‘HHI“I h”ll \I”II\I‘ I‘

e

WDI1 WD2 ‘WD3 WD4 WDS5
Water bodies

Years

Figure 5. The years (y-axis) when a waterbody (x-axis) has positive net phosphorus flux from the
sediment in the autumn period are marked with thin black lines. The water districts are separated
with red vertical dashed lines. The analysis period and the previous 10 years are separated
horizontally by a division into two boxes. Bothnia Bay=WD 1, Bothnian Sea=WD 2, North-Eastern
Baltic Proper=WD 3, South-Eastern Baltic=WD 4 and the West coast =WD 5.

If only the autumn is considered, there are an increase in the number of years with
positive Prux net (Fig. 5) relative to considering whole years. There is also a tendency for
the number of autumns, or years, with net outflux from the sediment to increase from
the Bothnian Bay towards the Swedish West Coast. At the West Coast, the majority of
water bodies have a net autumn outflux for all, or almost all, years (Fig. 5).

However, there seem to be fewer years with a net phosphorus outflux, during the
period 2011-2020 compared to the period 2001-2010 (Fig. 6a), especially in the
Bothnian Bay and on the West Coast. In autumn the decrease in years is even more
pronounced (Fig. 6b). However, in the northern Baltic Proper the number of years and
autumns with a net outflux from the sediment seem to increase on an annual basis (Fig.
6a).
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Figure 6. The change in the number of autumns/years with outflux of phosphorus from sediment
(v-axis) for a waterbody (x-axis) is shown with red (increasing) or green (decreasing) bars between
the two periods 2001-2010 and 2011-2020. The water districts are separated with red vertical
dashed lines. a) Annual averages and b) averaged over late summer and autumn months. Bothnia
Bay=WD 1, Bothnian Sea=WD 2, North-Eastern Baltic Proper=WD 3, South-Eastern Baltic=WD 4
and the West coast =WD 5.

Relative to external phosphorus loads

The fraction of the total phosphorus load that comes from sediments indicates the
relative importance of the sediments as an internal phosphorus source. This fraction is
variable both within a waterbody (over time) and between waterbodies (Fig. 7).
Although there are definitely occasions and locations where the internal phosphorus
load dominates, it does not seem to be consistent and the causes are not easy to
interpret without further analysis.
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Figure 7. The fraction of the total phosphorus load that is made up of an internal phosphorus load
is shown in grey-scale (white=0% and black=100%) shown over years (y-axis) and waterbodies
and water districts (x-axis). The water districts are separated with red vertical dashed lines.
Bothnia Bay=WD 1, Bothnian Sea=WD 2, North-Eastern Baltic Proper=WD 3, South-Eastern
Baltic=WD 4 and the West coast =WD 5.
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Prioritizing water bodies for remedial actions

The mean (MR) and individual ranks for the 23 highest scoring water bodies are a listed
in Table 2 and shown in a map (Fig. 8), while all waterbody are listed in Table Al in the
appendix. The 23 water bodies in Table 2 are the most likely to benefit from targeted
remedial actions.

62°N

Latitude
AN

56°N

12°B ysp gg°p 21°E 24°E
Longitude
Figure 8. Map of the Swedish coastal zone with the mean rank calculated to identify
where targeted remedial actions against internal phosphorus release would have the
most significance and the highest likelihood to be successful.

The top five water bodies are; 1) Strommen, 2) Stadsfjarden, 3) S6dra Vaxholmsfjarden,
4) Lilla Vartan and 5) Onsala kustvatten. Notable are that three of these are the three
water bodies with a positive mean flux of phosphorus from the sediment on a long-term
basis (section 4.2.1), that four of the five are located in North-Eastern Baltic water
district, specifically three in the inner Stockholm archipelago, and that one of the five is
bordering the open sea (i.e. a boundary water body on the Swedish west coast). The
boundary water bodies that are included in Table 2 seem to score high, or relatively
high, due to their high fraction of phosphorus from internal sediment release relative to
the external sources, and their tendency for outflux of phosphorus from the sediment
during autumn.
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Table 2. Individual and combined ranking of the 23 waterbodies (23 to avoid breaking
the table between water bodies with the same rounded of MR) that are evaluated as
most suitability for remedial actions. MR is the mean of the seven individual ranks.
Psux_net is the averaged 2011-2020 net outflux of phosphorus from the sediment, Ysource
is the number of years with a net outflux of phosphorus from the sediment and dYsource
is how the number of years with a net outflux of phosphorus from the sediment has
changed. Psux_fraciis the fraction of the total phosphorus load which comes from the net
phosphorus flux. PAsux_net is the averaged 2011-2020 autumn net outflux of
phosphorus from the sediment, YAsource is the number of years with a net autumn
outflux of phosphorus from the sediment and dYAsource is the how the number of years
with a net autumn outflux of phosphorus from the sediment has changed

Water % g g % g' % <§
Order District Name MR £ F = & & & 3
1 3 Strommen 571 10 10 4 1 6 9 O
2 3 Stadsfjarden 471 3 9 0 1 10 10 O
Sodra
3 3 Vaxholmsfjérden 457 0 9 10 1 2 10 O
4 3 Lilla Vartan 443 2 9 6 1 3 10 O
5 5 Onsala kustvatten 443 0 6 0 10 2 10 3
6 5 N mHallands 429 0 5 0 10 2 10 3
kustvatten
7 5 Leholmsbuktens 429 0 9 2 4 5 10 O
kustvatten
8 3 Edsviken 414 0 9 8 1 1 10 O
9 4 Inre Slatbaken 414 0 9 6 1 3 10 O
10 4 Vsydkustens 414 0 9 6 1 3 10 0
kustvatten
11 3 Rinddsundet 400 0 8 8 1 1 10 O
12 3 Kaggfjarden 400 0 6 6 1 1 6 8
N n Kalmarsunds
13 4 400 0 3 2 9 1 10 3
utsjovatten
14 3 Overbyfjarden 386 0 6 6 1 1 10 3
15 3 Brunnsviken 386 0 8 4 1 1 10 3
16 3 Kodjupet 371. 0 8 6 1 1 10 O
S Kalmarsunds
17 4 371 0 5 0 10 2 9 O
utsjovatten
18 4 Yttre Gamlebyviken 371 0 5 4 1 1 10 5
19 3 Solofjarden 357 0 3 2 1 1 10 8
20 3 Trosafjarden 357 0 8 4 1 2 10 O
21 4 Pampusfjarden 357 0 8 4 1 2 10 O
2y 4 Ootlandss 357 0 6 4 3 2 10 0
kustvatten
23 4 Helsingborgsomradet 357 0 5 0 4 3 10 3

16 Report Oceanography No. 79, 2025



Literature survey of CDOM in Swedish waters

Swedish coastal waters

The Swedish coastal observations of CDOM in the SHARKweb database are sparse (Fig.
9). The longest timeserie (2017-2021) is from the inner coastal water of the Bay of
Bothnia and the Gulf of Bothnia. The highest values of CDOM has been observed in the
inner coastal water of the Bay of Bothnia in spring 2018. The CDOM is also relatively
high in the central coastal water of Ostergétland and Stockholm archipelago with a value
of 3.45 min Sjésafjarden in August 2021. In the inner coastal waters of the Northern
Baltic Sea, especially in Osthammarsfjarden, Karlholsmfjarden, Berghamraviken and
Edeboviken, the CDOM is also relativly high. In the outer coastal water COOM
measurements are even fewer than in the inner and central costal water, but CDOM
seem to be lower.

P

Figure 9. CDOM data available from the SHARKweb database at SMHI within 1 nm from the coast

Harvey et al. (2019) collected samples of Chl-a, suspended particulate inorganic matter
(SPIM) and CDOM in coastal waters in three areas around the Swedish coast from 2010-
2014, and investigated how much each of them contributes to the Secchi depth. In the
northern Baltic Sea (the Bothnian Sea) they found that CDOM absorption is very high
and in the Baltic Proper (BP) there is high CDOM absorption and also high suspended
particular matter (SPM) near the coast, while in the Skagerrak the CDOM absorption is
lower (Harvey et al., 2019). The highest CDOM absorption was found in spring in the
Ore estuary in the Bothnian Sea and in one of the sub-areas in the Baltic Proper;
Nykoping Bay (BP.4). The lowest CDOM absorption where observed in the Skagerrak
area (Fig. 10). For further figures of Secchi depth, Chl-a, SPM, SPIM and total SPM, see
Harvey et al. (2019).
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In another study in the Ore estuary, they revealed that riverine DOC had a strong
negative influence on coastal phytoplankton production, likely due to light attenuation.
However, it positively influenced the bacterial production as the supplied DOC was a
food source for bacteria. With climate-induced increase in river discharge, the bacteria
will probably be favored and thus, the pelagic food web structure and overall
productivity will be changed (Andersson et al., 2018).
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Figure 10. Boxplots of CDOM absorption (m™) for each region and sub-area. For the Bothnian Sea
(BS) and Himmerfjdrden (BP.2) in the Baltic Proper (BP), the data is separated for spring and
summer. Note, the y-axis differs between regions. Horizontal lines in the boxplots show the
median values, horizontal edges of the boxes the 25th and 75th percentiles, the whiskers the
minimum and maximum observations within 10th and 90th percentiles, open circles represent
outliers. The figure is modified from Harvey et al. (2019)

In the coastal water of Skagerrak, CDOM explained most of the variance in Secchi depth
(~70%). In the Bothnian Sea, ~46% was explained by the CDOM alone and 42% by the
interaction of CDOM and SPIM. In Baltic Proper the largest contribution was from the
interaction of all three variables (53%) with the highest unique contribution from SPIM
(17%) (Harvey et al., 2019).

Harvey et al. (2019) also pointed out the importance of taking optical variables, such as
CDOM and SPM, into account when setting reference and target levels for Secchi depth
for water quality assessment as a eutrophication indicator. Therefore, suggesting
enhanced observations of the optical variables, either by measurements or satellite
remote sensing.

Coastal waters in Norway

In a review report about the Norwegian coastal waters, they concluded that fjords are
sensitive to increased freshwater supply with high content of CDOM and TSM as they
are highly stratified (Frigstad et al., 2020, and references therein). They further
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concluded that the Skagerrak/Southern North Sea have relatively high input of
terrestrial DOM and that this will increase with future increased precipitation in boreal
regions. They also found that CDOM contributed 71 % to the Secchi depth, indicating
that CDOM is the main driver for the light attenuation in this area. Also, future climate-
induced glacier melts, as well as permafrost thaw and less land-fast ice, leads to
increased coastal erosion that will increase the supply of terrestrial matter to the
waters. This could be expected to be most pronounced in northern Sweden. Globally,
including the Baltic Sea, they found that the effects of reduced light availability, and its
drivers, are comparable around different global coastal systems with negative effects on
light demanding organism and positive effects on bacterial and filter feeders.

Future effects

In a future climate, river discharge is expected to increase as climate projections indicate
an increase in precipitation. The increase in the river discharge increases the supply of
DOM, CDOM, TSM and nutrients to the coastal zone. This means that the light
attenuation increases and less light is available for primary production. However, more
nutrients also stimulate primary production, which could further increase the light
attenuation as the phytoplankton also absorb/scatter light. Ultimately, the changes in
light attenuation in the coastal zone are assumed to be driven largely by the changes in
the terrestrial inputs.

SMHI’s climate indicator for Sweden shows that the running average annual
precipitation has increased since the mid 1970s from around 600 mm to 700 mm (Fig.
11).

Yearly precipitation in Sweden
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Figure 11. The total precipitation per year. Green bars show higher and orange show lower
precipitation than the average for the normal period 1961-1990. The grey line shows a running
mean calculated over about ten years. Observations before 1933 are considered to have lower
reliability than later observations. This is marked with a grey shadow in the diagram. Caution
should be exercised in any climatological conclusions based on this time period. The figure is from

the homepage Climate indicators - Precipitation at the Swedish Meteorological and Hydrological
Institutes.

Increased precipitation will affect the river runoff and by that the supply of e.g. CDOM.
In climate projections (RCP4.5) of changes (%) in annual average river discharge
between the period of 2011-2041 and 1971-2000, an increase in the river discharge
along the Swedish coastline of the Baltic Sea is observed. de Wit et al. (2016) estimated
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that an increase of 10% in precipitation will increase the mobilization of organic carbon
from soils to freshwaters by at least 30%. They did the estimation from investigating the
organic carbon in 474 streams, lakes, and rivers in boreal and subarctic ecosystems in
Norway, Sweden, and Finland between 1990 and 2013. Consequently, the input of
organic matter that scatter and absorb light increases with increasing precipitation.

Modelling light attenuation in the SCM

In SCM the light attenuation is modelled by a light attenuation coefficient k4, which
considers both scatter and absorption from the water itself, phyto- and zooplankton,
detrital matter and CDOM. However, the CDOM component is parameterized from
dissolved organic nitrogen (DON), which is currently inert in the SCM and only
contributed to by the fraction of river organic matter that is not in Redfield balance
(Redfield, 1963).

Discussion

There is surprisingly little overlap between the water bodies listed in Table 1 and 2,
which suggests that the causality between oxygen deficiency and phosphorus release is
only one possible cause for an internal phosphorus load. If phosphorus has been stored
in sediments during periods of high external loads, it’s realistic to assume that this
would cause a continuously high phosphorus release from sediments for some time
afterwards, even after the external loads have abated. The results in this report shows
that this residual phosphorus release from previous external loads do not necessarily
coincide with phosphorus release during events of oxygen deficiency. To cover both
issues when implementing remedial action water bodies from both Table 1 and Table 2
needs to be considered and the ultimate decision on which water bodies to focus
resources on will also depend on what mitigation methods are considered.

The positive correlations between phosphorus release and oxygen concentrations could
be due to several different things, e.g. the main share of organic matter being
mineralised in sediments which do not stay deoxygenated for long, e.g. at shallower
regions within a water body, while a smaller fraction of the mineralisation takes place
where the water tends to be more stagnant and a larger oxygen debt can build up.
However, causation cannot be derived from this correlation and more thorough analyse
would be needed, which is outside the scope of this report.

Although a numerical model, like the SCM, is a necessary tool for this type of analyse, it
is important to remember that a model is always flawed due to knowledge gaps and lack
of observational data to force the simulations and to evaluate the results. However,
most of the basins that place high in Table 1 and Table 2 are located in monitored areas
and the model skill is overall acceptable. The model skill of the latest set-up of SCM is
available at the Vattenwebb portal (vattenwebb.smhi.se) and an extensive evaluation is
included in Edman (2019).

There are several boundary basins that got a high mean rank in the evaluation shown in
Table 2. One general reason for their high MR is that their external net phosphorus load
is not as influenced by high phosphorus loads from land, instead the internal load is
mainly compared to the load from the open sea. This can cause internal phosphorus
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load to be of high relative importance. However, they all also rank as high as possible for
their frequency of autumn net release of phosphorus. These types of boundary water
bodies also tend to have high water exchange and be highly connected to other water
bodies, which arguably means that they can be good candidates due to the high
likelihood than a successful abatement of the sediment release can spread to nearby
waters. However, this should be investigated more since the effect can also be lost to
the open sea, which, while this can of course be beneficial to the environmental state of
the Baltic Sea, is not very effective to improve the coastal zone environment.

Note that the rank calculations presented in this report are based on annual and
autumnal averages and thus effects from the timing of sediment release, e.g. in relation
to the spring bloom or if the autumn release drives additional primary production., is
not part of this evaluation.

To further improve the analyse it would be beneficial to also do model simulations with
only natural background nutrient loads, i.e. excluding the current anthropogenically
induced load, to investigate to which degree the internal load of phosphorus is a result
of human activities and to what degree it might be a natural part of how the coastal
zone functions. This would further highlight where there are anthropogenic issues that
need targeted actions.
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Conclusions

The highest-ranking waterbodies from both the analysis of the correlation between
oxygen concentrations and phosphorus release from the sediments (Table 1) and from
the ranking due to the relation of sediment phosphorus release and local conditions

(Table 2) are likely to benefit from targeted remedial actions.

The main conclusions from this report are that:

1.

10.

22

More than 100 waterbodies along the Swedish coast have significant correlation
between low oxygen concentrations and increased release of phosphorus from
bottom sediments.

The correlation between low oxygen concentrations and an increased release of
phosphorus from bottom sediments mainly occur in the coastal zone of the Baltic
Proper and on the West Coast (WD 3, 4 and 5).

Oxygen concentrations below 1 ml L' is not the main driver for phosphorus release
from Swedish coastal sediments.

Three water bodies were found to have a net long-term internal source of
phosphorus.

The number of years with an internal net release of phosphorus in the Swedish
coastal zone seem to be decreasing, generally, and especially in late summer and
autumn.

However, on an annual basis the number of years and autumns with a net
phosphorus outflux from the sediment seems to increase in the coastal zone
bordering the northern Baltic Sea.

Locations with a significant correlation between low oxygen concentrations and
increased release of phosphorus from bottom sediments do not necessarily overlap
with areas with a generally high sediment phosphorus outflux. Thus, both types of
areas need to be considered for targeted remedial actions.

The Swedish coastal observations of CDOM in the SHARKweb database are sparse
and localized.

CDOM likely has a significant effect on the light attenuation in Swedish coastal
waters and future changes in light attenuation in the coastal zone are assumed to be
driven largely by the changes in the terrestrial inputs.

In a future climate the river discharge is expected to increase and, consequently,
also the supply of DOM, CDOM, TSM and nutrients to the coastal zone.
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Appendix

Table Al. Individual and combined ranking of Sweden’s coastal water bodies.

dYAsource

Nl 8 5 %‘ _;‘ %
WD Name MR & B x s £ <
1 Norrbottens skargards 143 0 0 0 1 1 8 0
kustvatten
1 N m Bottenvikens 129 0 5 0 1 0 6 0
kustvatten
S Bottenvikens
1 029 O 0 0 1 0 1 0
kustvatten
. NnKvarkens 143 0 0 O 1 1 8 0
kustvatten
y SN Kvarkens 214 0 0 O 2 1 9 3
kustvatten
1 Haparandafjarden sek 257 0 c 0 1 3 9 0
namn
1 Skomakarfjarden 186 O 2 2 1 1 7 0
1 Katajafjarden 014 O 0 0 1 0 0 0
1 Hamnskarsfjarden 08 O 0 0 1 0 5 0
1 Knivskarsfjarden 086 0 0 0 1 0 5 0
1 Enskarsfjarden 057 O 0 0 1 0 3 0
1 Seskarofjarden 014 O 0 0 1 0 0 0
1 S. Seskarofjarden sek 014 0 0 0 1 0 0 0
namn
1 Bodofjarden 08 O 0 0 1 0 5 0
1 Repskarsfjarden 257 O 5 2 1 1 9 0
1 Torefjarden 1.71 O 2 0 1 1 8 0
1 Siknasfjarden 071 O 0 0 1 0 4 0
1 Randfjarden 014 O 0 0 1 0 0 0
1 Storofjarden 143 O 0 0 1 1 8 0
1 Batofjarden 1.71 0 2 0 1 1 8 0
1 Bergofjarden 014 O 0 0 1 0 0 0
1 Ranefjarden 271 O 3 2 1 1 9 3
1 Gussofjarden 029 O 0 0 1 0 1 0
1 N. Sigfridsofjarden 014 O 0 0 1 0 0 0
1 Tistersofjarden 014 O 0 0 1 0 0 0
1 S.Sigfridsofjarden 014 O 0 0 1 0 0 0
1 Fjuksofjarden 114 O 0 0 1 0 7 0
1 Bergnasfjarden 129 O 2 0 1 1 5 0
1 Bjorkofjarden 014 O 0 0 1 0 0 0
1 Hamnofjarden 014 O 0 0 1 0 0 0
1 Hindersofjarden 014 O 0 0 1 0 0 0
1 Degerofjarden 029 O 0 0 1 0 1 0
1 Saxskarsfjarden 029 O 0 0 1 0 1 0
1 Bastaskarsfjarden 129 O 0 0 1 1 7 0
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Risofjarden
Havsfjarden sek namn
Idbyfjarden
No6tbolandsfjarden
Dekarsofjarden
Ornskéldsviksfjarden
Gullviksfjarden sek
namn

Backfjarden
Natrafjarden
Mjaltofjarden sek
namn

Naskefjarden
Ullangersfjarden
Norrfjarden
Dockstafjarden
Omnefjarden
Edsatterfjarden
Gaviksfjarden
Gronsviksfjarden
Norafjarden
Storfjarden
Hemsosundet sek
namn

Ramofjarden sek namn
Kramforsfjarden sek
namn

Bollstafjarden

Norra sundet

Sédra Sundet
Alandsfjirden
Avikebukten
Sundsvallsbukten
Klingerfjarden
Alndsundet
Sundsvallsfjarden
Draget
Svartviksfjarden
Bjorkofjarden
Agofjarden sek namn
Hudiksvallsfjarden
Gardsfjarden
Njutangersfjarden
Siviksfjarden
Halsdangesfjarden
Endngersfjarden
Langvindsfjarden

1.43
0.14
1.57
0.14
1.00
2.29

0.14

0.14
0.14

0.14

0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14
0.14

0.14
0.86
0.57

0.14
0.14
0.29
0.14
0.14
0.14
0.57
0.14
1.29
0.14
1.00
0.14
0.14
1.86
1.71
1.14
0.14
0.86
0.71
1.29
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Skarsafjarden sek
namn
Midsommarfjarden
Sandarnesfjarden sek
namn
S6éderhamnsfjarden
Vallviksfjarden sek
namn

Ljusnefjarden
Kusofjarden sek namn
Axmarfjarden
Skutskarsfjarden sek
namn

Yttre Fjarden

Inre Fjarden

Avan

Avafjarden
Sannafjarden
Ultrafjarden
Alldviken

Tennviken
Avikfjarden

Yttre Gaviksfjarden
Sorleviken

S Hoga kustens
kustvatten

Inre Tynderdsundet
Juniskar-Bergsfjarden
Salen

Yttre Bjorkofjarden
Lubban

S S M Bottenhavets
kustvatten
Norrsundet
Farholmen

Hamnskar
lggdsundet
Hilleviksfjarden
Harkskarsfjarden
Oregrunds kustvatten
Osthammars
kustvatten
Stockholms skargards n
n

Stockholms skargards s
n

Stockholms skargards
m kustvatten

1.14
1.29
1.14
1.29
0.14

2.14
1.29
1.43

1.00

0.57
2.57
2.43
1.29
0.71
1.71
0.71
0.14
2.29
0.14
1.00

0.43

1.14
0.57
1.86
1.14
1.14

0.29

1.71
1.71
1.43
1.71
1.57
2.14
1.86

1.71

1.14

1.43

1.86
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Stockholms skérgards s
kustvatten
Krabbfjarden
Krankfjarden sek namn
Lovstabukten
Karlholmsfjarden
Oregrundsgrepen
Kallriga Fjarden
Gallfjarden
Angsfjarden sek namn
Kasfjarden sek namn
Norrfjarden
Raggarofjarden
Osthammarfjarden sek
namn

Galtfjarden
Hargsviken
Edeboviken
Singo6fjarden
Ortalaviken
Havssvalget

N Lidofjarden sek namn
Bjorkofjarden
Vatosundet
Norrtaljeviken
Tjockofjarden
Séderarms skargard
Granhamnsfjarden
Uddjupet

Natfjarden
Vidingefjarden
Graskofjarden
Alandsfjarden sek
namn

Langfjarden
Akerofjarden
Stenfjarden
Lokharfjarden

No6 Kobbfjarden sek
namn

Kobbfjarden
Svartlogafjarden
Blidésund
Yxlaomradet
Bergshamraviken
Skatfjarden
Norrfjarden sek namn
Gadlnan

2.14

2.43
2.29
3.14
3.43
1.71
2.71
2.14
1.57
1.71
1.71
1.71

0.43

1.71
1.71
3.29
2.00
1.71
2.29
1.71
1.71
1.71
1.71
1.57
1.71
1.71
3.14
2.00
1.57
1.57

1.57

1.71
1.57
2.71
1.86

1.86

0.57
1.57
0.86
1.71
3.43
1.57
2.71
1.71
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Hogfjarden
Ormskarsfjarden sek
namn
Kallskarsfjarden
Gillogafjarden
Bjorkskarsfjarden
Moja vasterfjard
Moja séderfjard
Traskofjarden
Skagsfjarden
Sollenkrokafjarden
Sandofjarden

Ostra Saxarfjarden
Vastra Saxarfjarden
Lindalssundet
Kanholmsfjarden
Rodkobbsfjarden
Ekndsundet
Getholmsfjarden sek
namn

Breviken
Algofjarden
Brandfjarden
Bullerofjarden
Norrfjarden
Kalkkobbsfjarden
Namdofjarden
Tranarofjarden
Vamfjarden
Lagnostrom
Grisslingen
Kolstrom
Torsbyfjarden
Soléfjarden
Tralhavet
Rinddsundet

S6dra Vaxholmsfjarden
Norra Vaxholmsfjarden
Kodjupet
Overbyfjirden
Sabyvik
Tallarofjarden
Askrikefjarden
Stora Vartan
Kyrkfjarden

Lilla Vartan
Strémmen
Edsviken
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2.29
1.71

1.14
1.71
1.71
0.14
0.57
1.57
1.43
1.14
1.14
0.14
3.00
3.43
0.29
1.71
0.43

2.00

2.14
0.86
2.29
2.00
1.71
1.71
0.57
0.29
0.29
1.29
2.29
2.00
3.43
3.57
3.00
4.00
4.57
3.43
3.71
3.86
2.71
3.43
3.43
3.29
3.14
4.43
5.71
4.14
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Skurusundet
Baggensfjarden
Erstaviken
Ingarofjarden
Bjornofjarden
Granofjarden
Avaviken
Vissvassfjarden
Allmorafjarden
Kalvfjarden
Jungfrufjarden
Biskopsfjarden
Norstensfjarden
Hanstensfjarden
Faglarofjarden sek
namn

Sandemars fjard sek
namn

Mysingen
Horsfjarden
Gardsfjarden
Nynasviken
Dragfjarden sek namn
Konabbsfjarden

S Konabbsfjarden sek
namn
Svardsfjarden
Fallndsviken
Himmerfjarden
Kaggfjarden
Hallsfjarden
Naslandsfjarden
Stavbofjarden
Galofjarden
Fifangsdjupet
Askofjarden
Fagelofjarden
Trosafjarden
Gillsviken
Hallsviken
Skettnefjarden
Gunnarbofjarden
Gupafjarden
Bergbomradet
Ringsofjarden sek
namn

Tvaren
Dragviksfjarden

2.86
0.86
0.29
0.43
2.00
1.14
1.71
1.14
0.57
2.57
0.43
2.00
2.29
2.29

1.71

1.57

1.43
0.29
2.14
0.14
0.29
2.71

2.14

1.86
1.71
3.29
4.00
3.00
2.71
2.00
1.71
2.14
2.29
2.00
3.57
2.86
2.14
2.14
2.14
2.43
2.57

1.29

0.29
2.43
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Krakfjarden
Risdomradet sek namn
Orsbaken
Sjosafjarden
Mellanfjarden
Stadsfjarden
Aspafjarden
Alsfjarden
Hasseloomradet
Edsviken
Brunnsviken
Prastmaren
Neglingeviken
Vargardssjon
Grisslehamn

Vaddo kustvatten
Jarsjoviken

Norra Hargsviken
Mijolkfjarden
Dragsfjarden
Sandikafjarden
Kapellskdarsomradet
Kapellskars
hamnomrade
Nynashamn
Igelstaviken

Inre Alofjarden
Ljungskarsflagen
Oxeldsunds
hamnomrade
Bravikens kustvatten
St Anna skargards
kustvatten

Yttre Braviken
Mellersta Braviken
Allonéfjsrden

Inre Braviken
Svensksundsviken
Arkofjarden sek namn
Bosofjarden sek namn
Arkésund
Aspofjarden
Lonshuvudfjarden
Rimmofjarden sek
namn
Trannofjarden
Merumsfjarden
Inre Slatbaken

2.14
2.43
2.14
3.00
3.29
4.71
2.43
2.71
2.43
3.00
3.86
2.00
2.14
2.00
2.14
1.29
2.43
1.71
1.86
1.71
1.00
0.43

1.71

2.43
3.00
2.14
2.71

243
2.57
243

1.71
1.71
2.86
2.43
2.43
1.71
1.71
1.71
1.57
1.43

1.71

2.00
2.86
4.14
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Karrfjarden
Halfjarden

Gryts skargards
kustvatten
Valdemarsviks
kustvatten
Turmulefjarden
Kullskarsdjupet
Haskofjarden sek namn
Finnfjarden

Orren

Korsfjarden
Lagnostrommen
Lindensfjarden
Sandfjarden
Gropviken
Ytteroomradet
Hesselofjarden
Flisdjupet
Halsofjarden

Yttre Valdemarsviken
Inre Valdemarsviken
Kvadofjarden
Licknevarpefjarden
Lindddjupet
Kaggebofjarden
Gisslofjarden sek namn
Edsviken
Erskdromradet sek
namn

Sillfjarden
Marsviken

Motala Strom
Pampusfjarden

V Gotlands s kustvatten
Burgsviken

V Gotlands m
kustvatten
Klintehamnsviken sek
namn

Gotlands nv kustvatten
Irevik

Gotlands n kustvatten
Kappelshamnsviken
Faro n kustvatten
Ajkesvik

Farésund

Faro so kustvatten

1.86
0.57

2.14

1.86

1.71
1.29
1.14
0.57
0.57
0.43
0.57
0.86
1.29
2.14
1.71
1.00
1.71
1.71
1.71
3.00
1.71
2.00
1.00
1.86
2.71

3.00
2.00

2.00
2.00
3.29
3.57
2.00
2.57

2.00

2.57

2.00
2.00
2.43
1.71
2.00
2.43
2.43
2.29
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Sudersandsviken 2.43 0

Kyrkviken 214 0
O Gotl
otlands n 2.43 0
kustvatten
O Gotl
otlands m 243 0
kustvatten
0G
otlands s 3.5 0
kustvatten
Lausvik 2.86 0
Gansviken 2.57 0
Slesviken 2.57 0
Bogevik 229 O
S Kal
;.a“marsunds 3.71 0
utsjovatten
M
v s Kalmarsunds 271 0
kustvatten
Hossmoviken 2.43 0
Vastra sjon 2.14 0
N
v s Kalmarsunds 271 0
kustvatten
o}
s Kalmarsunds 271 0
kustvatten
S Alands kustvatten 3.00 0
S n Kalmarsund 1.71 0
M
r.1"KaImarsunds 257 0
utsjovatten
Bockskars skargard 157 O
Pataholmsviken 1.86 0
Lovoomradet sek namn 1.29 0
Monsterdasomradet sek
1.57 0
namn
Odangl adet sek
dnglaomradet se 186 0
namn
N nK
nm almarsunds 4.00 0
utsjovatten
Emomradet seknamn 2.86 O
Taktd adet sek
aktbomradet se 557 0
namn
Paskallavikomradet 2.43 0
Oskarshamnsomradet 2.43 0
Fi .
igeholmsomradets 243 0
kustvatten
Fagelofjarden 229 O
Simpevarpsomradet 214 0
Arndomradet sek namn 2.43 0
Granholmsfjarden 057 O
Borholmsfjarden 286 O
N Olands kustvatten 271 0
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Grankullaviken
Misterhults skargards
kustvatten
Misterhults skargards
inre kustvatten
Gasfjarden
Vistingsdjupet
Skalofjarden
Gronvallsfjarden
Vastrumsfjarden
Lokholmsdjupet
Verkebacksviken
Stora Hokhallen
Uvofjarden
Bjorkskarsdjupet
Idofjarden

Vasterviks kustvatten
Asken

Lusarnafjarden
Skeppsbrofjarden sek
namn

Yttre Gamlebyviken
Inre Gamlebyviken
Gudingen
Bergholmsfjarden
Syrsan

Torrofjarden sek namn
Smagofjarden
Ragodjupet

Vivassen
Karoomradet

Inre
Oskarshamnsomradet
N Oresunds kustvatten
N m Oresunds
kustvatten

S m Oresunds
kustvatten

S Oresunds kustvatten
V sydkustens
kustvatten

O sydkustens
kustvatten
Sandhammaren-
Simrishamn

V Hanobuktens
kustvatten
Lundadkrabukten

1.43

2.29

2.43

0.43
1.43
0.57
0.57
2.29
2.14
1.86
2.00
2.00
2.14
2.00
2.43
2.71
2.00

1.86

3.71
3.43
1.00
0.14
2.29
2.14
1.43
2.14
1.43
2.00

243
3.29

2.86

3.14
2.57

4.14

2.57

2.57

3.14

2.71
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Lommabukten
Hollviken
Landdbukten sek namn
Tostebergabukten
Valjeviken
Sélvesborgsviken
Vastra Blekinge
skargards kustvatten
S v s Kalmarsunds
kustvatten

Inre Pukaviksbukten
Mellersta
Pukaviksbukten

Yttre Pukaviksbukten
Karlshamnsfjarden
Sandviksfjarden
Matviksfjarden
Tarnofjarden sek namn
Bokofjarden
Tjarofjarden
Jarnavikafjarden sek
namn

Ostre fjorden
Vierydfjorden
Spjalkbomradet
Ronnebyfjarden
Arpofjarden sek namn
Kalfjarden
Hastholmsfjarden
Vastra fjarden
Danmarksfjarden
Yttre redden
Lyckebyfjarden

Ostra fjarden
Gasefjarden
Hallarumsviken
Kallafjarden
Djupfjarden sek namn
Torhamnsfjarden
Mellersta Blekinge
skargards kustvatten
Ostra Blekinge
skargards kustvatten
Bredasund
Helsingborgsomradet
Trelleborgs
hamnomrade

Ystads hamnomrade

2.71
2.57
3.00
3.00
2.86
2.71

3.43

2.86
2.57
2.57

2.71
3.00
3.00
2.57
2.57
2.57
2.43

2.43
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