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Summary 
In this report we present budgets of oxygen and phosphorus for the deeper layers of 
the Baltic proper. The budgets give calculations of sedimentation, erosion and 
horizontal and vertical transports based on model simulations. The fluxes of oxygen 
and phosphorus as well as trends in contents have been computed.  
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1. Area description 
The Baltic Sea is a strongly stratified semi-enclosed basin. Its horizontal and vertical 
salinity gradients are the result of the large freshwater supply from rivers and net 
precipitation and of the reduced water exchange with the world ocean (Fig. 1).  
 
 

 
Figure 1. Overview of the model domain. The black line indicates the open boundary 
in the northern Kattegat. The color bar shows depths in meter. Monitoring stations 
are indicated by white squares. 
 
The climate of the 20th century is characterized by an average salinity of about 7.4 
and a freshwater supply including river runoff and net precipitation of about 16 100 
m3 s-1. The average in- and outflows of the Baltic Sea amount to 16,100 m3 s-1 and 
32,200 m3 s-1, respectively (applying the well-known Knudsen formulae with surface 
and bottom layer salinities of 8.7 and 17.4, respectively). 
The large-scale horizontal circulation is characterized by cyclonic gyres (Fig. 2) and 
the vertical circulation is driven by the inflow of high-saline water from the Kattegat. 
The bottom water is usually only replaced after so-called Major Baltic Inflows. 
However, small and medium-strength inflows are important as well since they may 
renew intermediate layers of the Baltic proper halocline. During inflow events the 
high-saline water spills over the shallow sills of the Baltic Sea entrance area into the 
Arkona Basin and Bornholm Basin. Both dense bottom flows and cyclonic eddies 
renew the deep water of the eastern Gotland Basin. From the Gotland Deep the flow 
continues via the Northern Deep either into the northwestern Gotland Basin or into 
the Gulf of Finland. The mean ages of inflowing Kattegat water varies from about 10 
years in the Arkona deep water to more than 40 years in the northern Baltic surface 
waters (Meier, 2007). Present knowledge about the renewal of the Baltic Sea deep 
water is summarized by Meier et al. (2006).  
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Figure 2. Schematic view of the large-scale circulation in the Baltic Sea (from  
BACC, 2008). Green and red arrows denote the surface and bottom layer circulation, 
respectively. The light green and beige arrows show entrainment. The grey arrow 
denotes diffusion. 
 
 
 
2. Model description 
 
The model system 
The model system is based on the Swedish Coastal and Ocean Biogeochemical 
model (SCOBI) and the Rossby Centre Ocean circulation model (RCO) (Eilola et al., 
2008; Eilola and Meier, 2006; Gustafsson et al., 2008; Marmefelt et al., 1999; Meier 
et al., 2003; Meier and Kauker, 2003). The model domain of the RCO-SCOBI model 
covers the Baltic Sea including the Kattegat (Fig. 1) with a 6 nm horizontal resolution 
and a maximum depth of 250 m in the present set-up. The vertical resolution of the 
model is 41 levels with an increasing layer thickness from 3 m in the surface layers to 
12 m in the deep Baltic Sea.  
 
Model forcing and setup 
The circulation model simulates the time period from 1902 to 1998. A spin-up was 
first run from 1902 with reconstructed atmospheric forcing and river discharge data till 
1998 (Kauker and Meier, 2003). The results from the end of the spin-up were used as 
initial conditions for the simulations presented here. The analysis of the results 
covers 30 years at the end of the simulation period (1966-1995).  
Average atmospheric nitrogen deposition was computed from estimates for every 5th 
year of the period 1980-2000 and distributed over the surface areas of 6 sub-basins, 
the Bothnian Bay, the Bothnian Sea including the Åland archipelago sea, the Gulf of 
Finland, the Gulf of Riga, the Baltic proper including the Bornholm and Arkona 
basins, and the Kattegat including the Danish straits, the Belt seas and the sound. 
Atmospheric phosphorus deposition was based on a constant value from Areskoug 
(1993). The rivers in the RCO model include the 30 most important coastal segments 
of the Baltic Sea and incorporate all freshwater runoff and nutrient supplies from land 
to the sea. The climatological (1970-2000) monthly mean nutrient concentrations of 
the rivers were mainly based on the data set collected by Stålnacke (1999). 
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Atmospheric and river data were extracted from the Baltic Environmental Database 
(BED) via the internet based software NEST (http://nest.su.se/nest/). Averaged point 
sources of municipal and industrial discharges (HELCOM, 1993, 1998, 2004) were 
computed from 1990, 1995 and 2000 for each country and divided equally between 
national rivers in each basin. 50% of the total supply was assumed organic for both N 
and P. In Table 1 the modeled nutrient supply to the Baltic Sea during the period 
1969-1998 is summarized. The phosphorus supply from rivers to the model varies 
from about 19 000 ton year-1 to 34 000 ton year-1 and the nitrogen supply varies from 
about 364 000 ton year-1 to 632 000 ton year-1. The 10-year running mean shows a 
periodicity of about 28 years due to varying river runoff during the period 1902-1998. 
The nutrient supply from the atmosphere and point sources are constant. 
The open boundary conditions in the northern Kattegat were based on profiles of 
climatological (1980-2000) seasonal mean nutrient concentrations from the station 
Å17 in the eastern Skagerrak (data from the Swedish Oceanographic Data Centre 
(SHARK) at the Swedish Meteorological and Hydrological Institute, see 
http://www.smhi.se).  
 
 
Table 1: Average (1969-1998) biologically available nutrient supply (ton/year) of total 
nitrogen (TotN) and phosphorus (TotP), and dissolved inorganic nitrogen (DIN) and 
phosphorus (DIP) to the Baltic Sea including the Kattegat (excluding Göta Älv).  

 TotN TotP DIN DIP 

Rivers  504 800 26 500 416 500 14 300 

Point sources 44 800 6 600 34 500 3 700 

Atmosphere 298 000 2 500 298 000 2 500 

Total 847 600 35 600 749 000 20 500 
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The SCOBI model 
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Figure 3. The SCOBI model. Sediment variables and processes are shown in the 
lower left frame. Note that in the figure the process descriptions of oxygen and 
hydrogen sulfide are simplified for clarity. 
 
The SCOBI model (Fig. 3) contains inorganic nutrients, nitrate (NO3), ammonium 
(NH4) and phosphate (PO4). Particulate organic matter consists of phytoplankton 
(autotrophs), detritus (DET) and zooplankton (ZOO). The carbon (C), nitrogen (N) 
and phosphorus (P) content of autotrophs, zooplankton and detritus are described by 
the Redfield molar ratio (C:N:P=106:16:1). Primary production assimilates nutrients 
by three functional groups of autotrophs, diatoms (A1), flagellates (A2) and 
cyanobacteria (A3). Besides the possibility to assimilate inorganic nutrients the 
modeled cyanobacteria also has the ability to fix molecular nitrogen (N2) which may 
constitute an external nitrogen source for the model system. Production of 
zooplankton faeces and predation on zooplankton produces particulate organic 
matter which together with dead autotrophs adds up to the pool of detritus in the 
model. Decomposition of detritus as well as excretion of nutrients from zooplankton 
and predator activities produces nutrients in its mineralized forms NH4 and PO4. 
Diatoms, flagellates and detritus may sink to lower layers or add to the sediment 
department while cyanobacteria are neutrally buoyant in the model (zero sinking 
speed). The sediment contains nutrients in the form of benthic nitrogen (NBT) and 
phosphorus (PBT). The sediment module includes aggregated process descriptions 
for oxygen dependent nutrient regeneration, denitrification and adsorption of 
ammonium to sediment particles. When the bottom stress exceeds critical values, re-
suspension from the sediments to the overlying water occurs. A fraction of the 
sediment nutrient pool is removed by permanent burial. Anaerobic decomposition of 
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organic matter is first carried out by denitrifying bacteria when nitrate is available and 
then by sulphate reducing bacteria which produce hydrogen sulphide (H2S) that is 
included as negative oxygen in the model. About half of the inorganic nitrogen 
(ammonium) produced in the sediments under anoxic conditions is permanently 
adsorbed to sediment particles. An oxygen dependent fraction of the mineralized 
phosphorus in the sediments is adsorbed to sediment particles while the rest is 
released as a flux of phosphate to the overlying water. The phosphate adsorption 
process may however reverse when the water turns anoxic and no adsorption 
occurs. Then some of the previously adsorbed phosphorus may also be released and 
added to the flux of mineralized phosphorus to the overlying water.  
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3. Transports and budgets 
The Baltic Sea is divided into 13 sub-basins according to Fig.4. The names of the 
sub-basins are presented in Table 1. Positive transports are defined southward. The 
present report deals with phosphorus and oxygen budgets for the Baltic proper 
(including the Arkona Sea, the Bornholm Sea, the East Gotland Sea, the North West 
Baltic proper and the Gulf of Finland). Each sub-basin is divided vertically into 4 
layers according to RCO depth ranges shown in Table 2. 

 

BB 

BS 

GO 

NW 
GR 

BH 
AR 

KA 

AL AS GF 

Figure 4. Division of the model area into 13 sub-basins.  
 
 
Table 1: Names of sub basins. 
Basin name Abbreviation Basin number 
Bothnian Bay BB 14 
Bothnian Sea BS 13 
Åland Sea AL 12 
Archipelago Sea AS 11 
Gulf of Finland GF 10 
Gulf of Riga GR 9 
North West Baltic proper NW 8 
East Gotland Sea GO 7 
Bornholm Sea BH 6 
Arkona Sea AR 5 
Belt Sea BS 4 
The Sound OR 3 
Kattegat KA 2 
Skagerrak SK 1 
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Table 2: Depth ranges of vertical layers. The actual number of active vertical layers 
depends on the depth of each sub-basin. Maximum depth of the RCO model is 
250m. 
Vertical box No Depth range Comment 
1 0m - 30m Surface layer 
2 30m – 68m Above permanent halocline 
3 68m – 120m In the halocline layer 
4 120m – 459m Deep water 
 
 
Model results were saved every 6th hour for the time period 1902 to 1995. The last 30 
years of the model run were analyzed. Annual average advective transports of 
biochemical substances and biogeochemical fluxes were computed from post 
processing of the 6-hourly snapshots. In order to obtain a good description of more 
complex and high-frequent processes of the biogeochemical fluxes, the 
sedimentation, re-suspension and photosynthetic production of organic matter were 
summed up in a 2-dimensional grid for each time step during the model run. Vertical 
fluxes of substances between the lower layers were obtained by means of mass 
conservation. The annual average vertical transports were thereby computed by the 
difference between the observed inter-annual changes of average contents and the 
annual average supplies from advection and biogeochemical fluxes.  
 
The lower layer oxygen dynamics are illustrated by the variability of the annual 
average oxygen concentration in the lower layers (below 68m) of each sub-basin. 
The annual average biological oxygen demand (consumption) is also computed and 
compared with the annual average supply of oxygen by advection and diffusion 
processes. For clarity, oxygen consumption is defined as the oxygen equivalent 
needed to fully oxidize the organic matter decomposed in the sediments and in the 
water of the model. In the actual model run the oxygen used for oxidation may 
become supplied from nitrate via nitrification as well as from sulphate reducing 
bacteria. The long-term annual averages (1966-1995) and the standard deviations of 
the content in the water and sediments, and the biogeochemical fluxes of dissolved 
inorganic phosphorus (DIP), organic phosphorus (orgP) and oxygen (OXY), 
respectively, are computed.  A T-test at significance level 0.05 is performed on the 
30-year dataset to investigate the possibility of a linear trend for the annual average 
contents of DIP, orgP and OXY as well as for the annual average oxygen 
consumption. The sediment content in the table of organic phosphorus includes all 
fractions of benthic phosphorus. The corresponding physical characteristics (PHYS) 
of the water volumes, sediment areas and surface areas of the vertical boxes and the 
physical transports between the vertical boxes and the horizontal boundaries of the 
sub-basins are also computed.  
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4. Phosphorus biogeochemistry and hypoxia 
 
Phosphate dynamics and sediment fluxes are much controlled by the oxygen 
conditions (e.g. Conley et al., 2002) and the correlation between these variables is 
indicated by the phosphate-oxygen diagram in Fig. 5. There is an increase of 
phosphate concentrations with decreasing oxygen concentrations and a very rapid 
increase when the water becomes hypoxic-anoxic. The figures in this section are 
from Eilola et al. (2008) who give a thorough discussion about the issue. 
 

 
Figure 5. Phosphate concentrations (μmol P l-1) versus oxygen concentrations (ml O2 
l-1) in the Bornholm Deep (BY5) and the eastern Gotland Deep (BY15). Black dots 
show model results and red dots show observations in the period 1969-1998. 
 
The spatial correlations between modeled low bottom water oxygen concentrations 
and the DIP content are shown in Fig. 6. The vertically integrated DIP content also 
depends on the depth of the water column which partly explains the very high DIP 
content values in the deepest parts of the Baltic Sea. 
 

 
Figure 6. Mean bottom water oxygen concentrations (ml O2 l-1) (left) and vertically 
integrated DIP content (ton DIP km-2) (right) in the Baltic Sea during 1969-1998.  
 
The natural increase of phosphorus supplies from land due to increased river runoff 
since the early 1970s explained much of the long-term increase of phosphorus 
content in the Baltic proper (Fig. 7). Another significant fraction of the increase was 
explained by the release of phosphorus from increased anoxic areas during the 
period.  
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Figure 7. 5-year running mean anomalies of anoxic area (103 km2) (black line), DIP 
content (blue line), and phosphorus content in the sediment (red line) (103 kton P) of 
the Baltic proper (including the Gulf of Finland and the Gulf of Riga). The thin black 
line shows the 3-month running mean of anoxic area. The simulated anomalies are 
calculated relative to the mean values of 1969-1998. From the sediment phosphorus 
content a long-term trend is removed. 
 
The short-term (i.e. interannual) variability of the phosphorus content in the Baltic 
proper is mainly explained by oxygen dependent sediment fluxes which are 
influenced e.g. by the variations of hypoxic area (Fig. 8). 
 

 
Figure 8. Anomalies of hypoxic area (103 km2) in the Baltic proper (including the Gulf 
of Finland and the Gulf of Riga). Black lines show model results (3-month running 
mean) and grey squares show results (average January-March) from Table 1 in 
Conley et al. (2002). The simulated anomalies are calculated relative to the mean 
values of 1969-1998. 
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5. Results 
 
The results for the Arkona Sea (5), the Bornholm Sea (6), the East Gotland Sea (7), 
the North West Baltic proper (8) and the Gulf of Finland (10) are presented. The 
temporal evolution of the oxygen demand and the oxygen supply of the lower layers 
of the basins are first discussed, and then the budgets of physical transports, orgP, 
DIP and oxygen are presented for each sub-basin. Note, the maximum depths in the 
Arkona Sea, Bornholm Sea, and Gulf of Finland are smaller than the lower boundary 
of the third box level (120m). 
 
   5.1. Lower layer oxygen dynamics 
Oxygen dynamics and the development of oxygen concentrations in the deeper 
layers of the sea are determined by the oxygen demand by the oxidation of 
decomposed organic matter and the oxygen supply by natural oxygen transports by 
advective and diffusive processes. Oxygen concentrations in the water may change 
when the supply and the oxygen demand differ. This is illustrated by periods when 
the yellow area and the purple areas differ in the figures 9-12. The difference is 
quantified by the blue area. For example, when the oxygen demand is larger than the 
oxygen supply then the blue area is negative and this causes the oxygen 
concentrations to decline. Hence, in these cases the blue area indicates the extra 
oxygen needed to combat an oxygen deficit in the model. The opposite situation 
occurs when the blue area is positive. A trend in the oxygen concentrations is 
obtained if the long-term average of the blue area is non-zero. 
From the results one may also note that during stagnation periods the halocline layer 
in the Baltic proper is ventilated better causing an increased oxygen concentration in 
that layer whereas the lower layer is characterized by oxygen deficiencies. 
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Figure 9. Oxygen concentration (black line), oxygen consumption (yellow area) and 
oxygen supply (purple area) in layer 3 (left) of the Bornholm Sea (Basin 6). The 
difference between the oxygen supply and oxygen consumption is shown by the blue 
area. Units: Oxygen concentration is given in kton O2 km-3 and the rate in kton O2 yr-1 
km-3. 
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Figure 10. Oxygen concentration (black line), oxygen consumption (yellow area) and 
oxygen supply (purple area) in layer 3 (left) and 4 (right) of the East Gotland Sea 
(Basin 7). The difference between the oxygen supply and oxygen consumption is 
shown by the blue area. Units: Oxygen concentration is given in kton O2 km-3 and the 
rate in kton O2 yr-1 km-3. 
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Figure 11. Oxygen concentration (black line), oxygen consumption (yellow area) and 
oxygen supply (purple area) in layer 3 (left) and 4 (right) of the North West Baltic 
proper (Basin 8). The difference between the oxygen supply and oxygen 
consumption is shown by the blue area. Units: Oxygen concentration is given in kton 
O2 km-3 and the rate in kton O2 yr-1 km-3. 
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Figure 12. Oxygen concentration (black line), oxygen consumption (yellow area) and 
oxygen supply (purple area) in layer 3 (left) of the Gulf of Finland (Basin 10). The 
difference between the oxygen supply and oxygen consumption is shown by the blue 
area. Units: Oxygen concentration is given in kton O2 km-3 and the rate in kton O2 yr-1 
km-3. 
 
 
5.3 Introduction to section 5.3.-5.7 
The contents of the tables are defined below. The sign of the vertical and horizontal 
flows are defined positive in the direction from the right to the left, and downwards in 
the figures. Flows in the opposite directions are defined negative.  

 
For each vertical layer the PHYS table shows: 

1. Water volume in km3. 
2. Surface area of the upper interface between the vertical boxes in km2. 
3. Surface area of the sediment in km2. 
4. Horizontal inflow (from the right in the figure) in km3 yr-1. The number of the 

corresponding up-stream basin is shown. 
5. Horizontal outflow (to the left in the figure) in km3 yr-1. The number of the 

corresponding down-stream basin is shown. 
6. Vertical inflow from the upper layer in km3 yr-1. 

 
For each vertical layer the orgP table shows: 

1. Average water layer concentration of orgP in mmol P m-3. 
2. Water content of orgP in kton P. 
3. Long-term trend of annual average water content in kton P yr-1. 
4. Sediment content of orgP in kton P. 
5. Long-term trend of annual average sediment content in kton P yr-1. 
6. Phosphorus sedimentation of orgP in kton P yr-1. 
7. Phosphorus re-suspension of orgP in kton P yr-1. 
8. Phosphorus burial in the sediments in kton P yr-1. 

 14



9. Phytoplankton production of orgP in kton P yr-1. The vertically integrated 
production is accumulated in the surface layer of the table. 

10. Pelagic mineralization of orgP to DIP in kton P yr-1. 
11. Horizontal inflow (from the right in the figure) of orgP in kton P yr-1.The number 

of the corresponding up-stream basin is shown. 
12. Horizontal outflow (to the left in the figure) of orgP in kton P yr-1.The number of 

the corresponding down-stream basin is shown. 
13. Vertical inflow of orgP from the upper layer in kton P yr-1. The vertical inflow 

includes physical diffusion and advection as well as the sinking of organic 
matter.  

 
For each vertical layer the DIP table shows: 

1. Average water layer concentration of DIP in mmol P m-3. 
2. Water content of DIP in kton P. 
3. Long-term trend of annual average water content in kton P yr-1. 
4. Release of DIP from the sediment in kton P yr-1. 
5. Phytoplankton production uptake of DIP in kton P yr-1. The vertically integrated 

uptake is accumulated in the surface layer of the table. 
6. Pelagic mineralization and release of DIP in kton P yr-1. 
7. Horizontal inflow (from the right in the figure) of DIP in kton P yr-1.The number 

of the corresponding up-stream basin is shown. 
8. Horizontal outflow (to the left in the figure) of DIP in kton P yr-1.The number of 

the corresponding down-stream basin is shown. 
9. Vertical inflow of DIP from the upper layer in kton P yr-1.  

 
For each vertical layer the OXY table shows: 

1. Average water layer concentration of OXY in mlO2 l-1. 
2. Water content of OXY in kton O2. 
3. Long-term trend of annual average water content of OXY in kton O2 yr-1. 
4. Consumption of OXY in the sediment in kton O2 yr-1. 
5. Long-term trend of OXY consumption in the sediment (kton O2 yr-1) yr-1. 
6. Consumption of OXY in the water in kton O2 yr-1. 
7. Long-term trend of OXY consumption in the water (kton O2 yr-1) yr-1. 
8. Horizontal inflow (from the right in the figure) of OXY in kton O2 yr-1.The 

number of the corresponding up-stream basin is shown. 
9. Horizontal outflow (to the left in the figure) of OXY in kton O2 yr-1.The number 

of the corresponding down-stream basin is shown. 
10. Vertical inflow of OXY from the upper layer in kton O2 yr-1.  
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   5.2. Arkona Sea 
 

Phys Basin: 5
Water flows, volumes and sediment area
Depth 0-30m
Surface area 14000 Inflow from basin

Outflow to basin
No.6 1100 260

260 110 No.3 Water
260 92 No.4 Volume 340

Sediment
Area 7200

Depth 30-68m
Surface area 6900 From upper layer

610 250 Inflow from basin

Water No.6 -610 250
Volume 90

Sediment
Area 6900

Units: Volume in km 3 . Areas in km 2 .
Water flows in km 3 /yr. Standard deviations in italics.  

Figure 13. Physical characteristics and transports of the Arkona Sea. 
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OrgP Basin: 5.0
Organic phosphorus
Depth 0-30m

Outflow to basin Inflow from basin
Sedimentation Re-suspension

0.8 1.4 No.3 34.9 7.7 31.3 8.4 Water No.6 9.0 2.4
2.5 1.7 No.4 AvConc 0.2 0.1

Content 2.5 0.6
Sediment Trend (p-value) 0.0 0.18
Content 35.3 0.7
Trend (p-value) 0.0 0.08 Production 40.1 11.2

Mineralization 26.4 10.5
Burial 0.6 0.1
Depth 30-68m

Sedimentation Re-suspension Inflow from basin
44.6 24.5 34.8 28.1 Water

AvConc 0.2 0.1 No.6 -3.6 2.1
Content 0.7 0.2

Sediment Trend (p-value) 0.0 0.79
Content 60.9 3.4 Mineralization 6.6 2.7
Trend (p-value) -0.2 0.00

Burial 1.1 0.1

Units: Average contents in kton and rates in kton/yr. Standard deviations in italics.
Trend in kton/yr. P-value at significance level 0.05 in italics.
Production may take place in 30-68m but is accumulated in 0-30m in the table  

Figure 14. Organic phosphorus budget in the Arkona Sea. 
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DIP Basin: 5.0
Dissolved inorganic phosphorus 
Depth 0-30m

Outflow to basin Inflow from basin
Release

1.2 1.8 No.3 3.1 0.3 Water No.6 12.7 5.5
2.4 2.1 No.4 AvConc 0.3 0.1

Content 3.1 1.0
Sediment Trend (p-value) 0.0 0.71

Uptake 40.1 11.2
Release 26.4 10.5

Depth 30-68m

Release Inflow from basin
9.3 1.1 Water

AvConc 0.6 0.2 No.6 -12.5 4.8
Content 1.8 0.4

Sediment Trend (p-value) 0.0 0.88
Release 6.6 2.7

Units: Average concentration (AvConc) in mmol DIP m -3 .
Average contents in kton and rates in kton/yr. Standard deviations in italics.
Trend in kton/yr. P-value at significance level 0.05 in italics.
Uptake may take place in 30-68m but is accumulated in 0-30m in the table  

Figure 15. Dissolved inorganic phosphorus budget in the Arkona Sea. 
 
 

 18



OXY Basin: 5
Oxygen 
Depth 0-30m

Outflow to basin Inflow from basin

3600 1300 No.3 Water No.6 14000 3100
3100 1000 No.4 AvConc 7.8 0.2

Content 3800 75
Sediment Trend (p-value) -1 0.63
Consumption 500 29
Trend (p-value) -1 0.01 Consumption 3800 1492

Trend (p-value) 48 0.13

Depth 30-68m

Inflow from basin
Water
AvConc 6.9 0.3 No.6 -6100 2800
Content 890 44

Sediment Trend (p-value) 1 0.47
Consumption 1400 140
Trend (p-value) -12 0.00 Consumption 940 380

Trend (p-value) 6 0.44

Units: Average concentration (AvConc) in ml O 2  l -1 .
Average contents in kton and rates in kton/yr. Standard deviations in italics.
Trend of content in kton/yr. P-value at significance level 0.05 in italics.
Trend of consumption in ( kton/yr)/yr. P-value at significance level 0.05 in italics.  

Figure 16. Oxygen budget in the Arkona Sea. 
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   5.3. Bornholm Sea 
 

Phys Basin: 6
Water flows, volumes and sediment area
Depth 0-30m
Surface area 40000 Inflow from basin

Outflow to basin
No.7 -560 390

1100 260 No.5 Water No.8 1500 340
Volume 1000

Sediment
Area 14000

Depth 30-68m
Surface area 26000 From upper layer

Outflow to basin -130 240 Inflow from basin

-610 250 No.5 Water No.7 -530 350
Volume 690 No.8 300 53

Sediment
Area 17000

Depth 68-120m
Surface area 8400 From upper layer

250 75 Inflow from basin

Water No.7 -250 75
Volume 120

Sediment
Area 8400

Units: Volume in km 3 . Areas in km 2 .
Water flows in km 3 /yr. Standard deviations in italics.  

Figure 17. Physical characteristics and transports of the Bornholm Sea. 
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OrgP Basin: 6
Organic phosphorus
Depth 0-30m

Outflow to basin Inflow from basin
Sedimentation Re-suspension

9.0 2.4 No.5 96.1 28.8 78.6 33.8 Water No.7 -2.6 2.5
AvConc 0.2 0.0 No.8 4.7 1.5
Content 5.5 1.3

Sediment Trend (p-value) 0.1 0.05
Content 142.6 2.9
Trend (p-value) -0.2 0.00 Production 97.7 20.4

Mineralization 42.7 17.6
Burial 2.5 0.2
Depth 30-68m

Outflow to basin
Sedimentation Re-suspension Inflow from basin

-3.6 2.1 No.5 50.5 15.7 36.1 18.8 Water
AvConc 0.1 0.0 No.7 -1.0 1.3
Content 2.0 0.6 No.8 1.0 0.4

Sediment Trend (p-value) 0.0 0.03
Content 95.3 1.9 Mineralization 9.7 5.2
Trend (p-value) 0.0 0.49

Burial 1.7 0.0
Depth 68-120m

From upper layer
13.9 4.6

Sedimentation Re-suspension Inflow from basin
22.0 12.8 11.4 11.6 Water

AvConc 0.1 0.0 No.7 -0.7 0.7
Content 0.4 0.2

Sediment Trend (p-value) 0.0 0.05
Content 44.1 2.3 Mineralization 2.6 1.6
Trend (p-value) 0.2 0.00

Burial 0.8 0.0

Units: Average contents in kton and rates in kton/yr. Standard deviations in italics.
Trend in kton/yr. P-value at significance level 0.05 in italics.
Production may take place in 30-68m but is accumulated in 0-30m in the table  

Figure 18. Organic phosphorus budget in the Bornholm Sea. 
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DIP Basin: 6
Dissolved inorganic phosphorus 
Depth 0-30m

Outflow to basin Inflow from basin
Release

12.7 5.5 No.5 14.9 1.0 Water No.7 -6.0 4.5
AvConc 0.3 0.1 No.8 15.8 4.7
Content 9.6 2.9

Sediment Trend (p-value) -0.1 0.38

Uptake 97.7 20.4
Release 42.7 17.6

Depth 30-68m

Outflow to basin
Release Inflow from basin

-12.5 14.2 No.5 12.2 0.7 Water
AvConc 0.6 0.1 No.7 -11.9 6.7
Content 13.3 2.0 No.8 7.0 2.2

Sediment Trend (p-value) -0.1 0.20
Release 9.7 5.2

Depth 68-120m
From upper layer

-3.0 3.1
Release Inflow from basin

9.1 1.1 Water
AvConc 1.8 0.3 No.7 -8.5 2.8
Content 6.8 1.0

Sediment Trend (p-value) 0.0 0.19
Release 2.6 1.6

Units: Average concentration (AvConc) in mmol DIP m -3 .
Average contents in kton and rates in kton/yr. Standard deviations in italics.
Trend in kton/yr. P-value at significance level 0.05 in italics.
Uptake may take place in 30-68m but is accumulated in 0-30m in the table  

Figure 19. Dissolved inorganic phosphorus budget in the Bornholm Sea. 
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OXY Basin: 6
Oxygen 
Depth 0-30m

Outflow to basin Inflow from basin

14000 3100 No.5 Water No.7 -6700 4700
AvConc 8.4 0.1 No.8 19000 4300
Content 12000 200

Sediment Trend (p-value) -3 0.43
Consumption 2400 140
Trend (p-value) -13 0.00 Consumption 6100 2506

Trend (p-value) 100 0.05

Depth 30-68m

Outflow to basin
Inflow from basin

-6100 2800 No.5 Water
AvConc 7.7 0.2 No.7 -5700 4000
Content 7600 193 No.8 3400 640

Sediment Trend (p-value) 5 0.19
Consumption 1900 73
Trend (p-value) -3 0.08 Consumption 1400 730

Trend (p-value) 29 0.06

Depth 68-120m
From upper layer

3900 760
Inflow from basin

Water
AvConc 3.9 0.6 No.7 -2200 690
Content 670 110

Sediment Trend (p-value) 0 0.92
Consumption 1300 78
Trend (p-value) 6 0.00 Consumption 370 220

Trend (p-value) 7 0.13

Units: Average concentration (AvConc) in ml O 2  l -1 .
Average contents in kton and rates in kton/yr. Standard deviations in italics.
Trend of content in kton/yr. P-value at significance level 0.05 in italics.
Trend of consumption in ( kton/yr)/yr. P-value at significance level 0.05 in italics.  

Figure 20. Oxygen budget in the Bornholm Sea. 
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   5.4. East Gotland Sea 
 

Phys Basin: 7
Water flows, volumes and sediment area
Depth 0-30m
Surface area 96000 Inflow from basin

Outflow to basin
No.8 320 740

-560 390 No.6 Water No.9 4 31
Volume 2700

Sediment
Area 17000

Depth 30-68m
Surface area 79000 From upper layer

Outflow to basin 880 890 Inflow from basin

-530 350 No.6 Water No.8 -1200 480
Volume 2400 No.9 0 0

Sediment
Area 31000

Depth 68-120m
Surface area 48000 From upper layer

Outflow to basin 210 150 Inflow from basin

-250 75 No.6 Water No.8 -470 140
Volume 1600 No.9 0 0

Sediment
Area 33000

Depth 120-459m
Surface area 15000 From upper layer

0 0

Water
Volume 510

Sediment
Area 15000

Units: Volume in km 3 . Areas in km 2 .
Water flows in km 3 /yr. Standard deviations in italics.  

Figure 21. Physical characteristics and transports of the East Gotland Sea. 
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OrgP Basin: 7.0
Organic phosphorus
Depth 0-30m

Outflow to basin Inflow from basin
Sedimentation Re-suspension

-2.6 2.5 No.6 42.7 8.4 26.8 10.6 Water No.8 -3.6 2.9
AvConc 0.1 0.0 No.9 -0.3 0.2
Content 10.1 1.6

Sediment Trend (p-value) 0.1 0.11
Content 90.8 2.4
Trend (p-value) 0.2 0.00 Production 175.0 32.8

Mineralization 46.7 17.0
Burial 6.7 0.6
Depth 30-68m

Outflow to basin
Sedimentation Re-suspension Inflow from basin

-1.0 1.3 No.6 77.2 12.6 52.0 17.2 Water
AvConc 0.1 0.0 No.8 -4.2 2.0
Content 6.1 1.1

Sediment Trend (p-value) 0.1 0.01
Content 128.6 2.9 Mineralization 20.0 7.8
Trend (p-value) 0.2 0.00

Burial 9.4 0.3
Depth 68-120m

From upper layer
Outflow to basin 66.8 17.0

Sedimentation Re-suspension Inflow from basin
-0.7 0.7 No.6 85.9 19.8 46.7 20.3 Water

AvConc 0.1 0.0 No.8 -1.2 0.5
Content 3.2 0.7

Sediment Trend (p-value) 0.0 0.01
Content 132.7 6.7 Mineralization 9.7 4.0
Trend (p-value) 0.7 0.00

Burial 9.8 0.5
Depth 120-459m

From upper layer
17.8 6.1

Sedimentation Re-suspension
27.3 13.9 11.1 9.9 Water

AvConc 0.1 0.0
Content 0.8 0.3

Sediment Trend (p-value) 0.0 0.00
Content 47.7 4.7 Mineralization 1.6 0.8
Trend (p-value) 0.5 0.00

Burial 3.5 0.4
Units: Average contents in kton and rates in kton/yr. Standard deviations in italics.

Trend in kton/yr. P-value at significance level 0.05 in italics.
Production may take place in 30-68m but is accumulated in 0-30m in the table  

Figure 22. Organic phosphorus budget in the East Gotland Sea. 
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DIP Basin: 7.0
Dissolved inorganic phosphorus 
Depth 0-30m

Outflow to basin Inflow from basin
Release

-6.0 4.5 No.6 8.3 0.5 Water No.8 4.6 9.6
AvConc 0.3 0.1 No.9 -0.2 0.1
Content 21.8 5.2

Sediment Trend (p-value) -0.4 0.00

Uptake 175.0 32.8
Release 46.7 17.0

Depth 30-68m

Outflow to basin
Release Inflow from basin

-11.9 6.9 No.6 14.2 1.8 Water
AvConc 0.6 0.1 No.8 -2.9 9.5
Content 46.9 10.0

Sediment Trend (p-value) -1.0 0.00
Release 20.0 7.8

Depth 68-120m
From upper layer

Outflow to basin -37.6 12.7
Release Inflow from basin

-8.5 2.8 No.6 27.0 1.7 Water
AvConc 1.8 0.1 No.8 -21.2 10.4
Content 89.3 6.8

Sediment Trend (p-value) -0.6 0.00
Release 9.7 4.0

Depth 120-459m
From upper layer

-13.0 5.7
Release

11.2 2.4 Water
AvConc 2.5 0.6
Content 39.1 9.5

Sediment Trend (p-value) 0.6 0.00
Release 1.6 0.8

Units: Average concentration (AvConc) in mmol DIP m -3 .
Average contents in kton and rates in kton/yr. Standard deviations in italics.
Trend in kton/yr. P-value at significance level 0.05 in italics.
Uptake may take place in 30-68m but is accumulated in 0-30m in the table  

Figure 23. Dissolved inorganic phosphorus budget in the East Gotland Sea. 
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OXY Basin: 7
Oxygen 
Depth 0-30m

Outflow to basin Inflow from basin

-6700 4700 No.6 Water No.8 3800 9100
AvConc 8.6 0.1 No.9 110 380
Content 33000 470

Sediment Trend (p-value) -8 0.41
Consumption 1700 81
Trend (p-value) 4 0.03 Consumption 6600 2423

Trend (p-value) 60 0.24

Depth 30-68m

Outflow to basin
Inflow from basin

-5700 4000 No.6 Water
AvConc 8.2 0.4 No.8 -16000 5600
Content 28000 1231

Sediment Trend (p-value) 87 0.00
Consumption 2800 97
Trend (p-value) 0 0.97 Consumption 2800 1100

Trend (p-value) 44 0.06

Depth 68-120m
From upper layer

Outflow to basin 9000 2300
Inflow from basin

-2200 690 No.6 Water
AvConc 4.8 0.6 No.8 -3500 1400
Content 11000 1300

Sediment Trend (p-value) 120 0.00
Consumption 4300 180
Trend (p-value) 16 0.00 Consumption 1400 570

Trend (p-value) 29 0.01

Depth 120-459m
From upper layer

1900 560

Water
AvConc 2.5 1.0
Content 1800 750

Sediment Trend (p-value) -41 0.01
Consumption 1700 220
Trend (p-value) 23 0.00 Consumption 230 110

Trend (p-value) 4 0.14

Units: Average concentration (AvConc) in ml O 2  l -1 .
Average contents in kton and rates in kton/yr. Standard deviations in italics.
Trend of content in kton/yr. P-value at significance level 0.05 in italics.
Trend of consumption in ( kton/yr)/yr. P-value at significance level 0.05 in italics.  

Figure 24. Oxygen budget in the East Gotland Sea. 
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   5.5. North West Baltic proper 
 
 

Phys Basin: 8
Water flows, volumes and sediment area
Depth 0-30m
Surface area 73000 Inflow from basin

Outflow to basin
No.10 190 190

1500 340 No.6 Water No.11 150 150
320 740 No.7 Volume 1900 No.12 550 91
-35 27 No.9

Sediment
Area 19000

Depth 30-68m
Surface area 54000 From upper layer

Outflow to basin -820 540 Inflow from basin

300 53 No.6 Water No.10 -80 160
-1200 480 No.7 Volume 1700 No.12 -420 120

Sediment
Area 18000

Depth 68-120m
Surface area 36000 From upper layer

Outflow to basin -410 130 Inflow from basin

-470 140 No.7 Water No.10 1 50
Volume 1300 No.12 -53 27

Sediment
Area 25000

Depth 120-459m
Surface area 11000 From upper layer

0 0

Water
Volume 390

Sediment
Area 11000

Units: Volume in km 3 . Areas in km 2 .
Water flows in km 3 /yr. Standard deviations in italics.  

Figure 25. Physical characteristics and transports of the North West Baltic proper. 
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OrgP Basin: 8
Organic phosphorus
Depth 0-30m

Outflow to basin Inflow from basin
Sedimentation Re-suspension

4.7 1.5 No.6 31.4 6.7 25.4 7.8 Water No.10 0.1 1.3
-3.6 2.9 No.7 AvConc 0.1 0.0 No.11 0.8 0.6
-0.2 0.1 No.9 Content 5.9 0.9 No.12 0.7 0.4

Sediment Trend (p-value) 0.0 0.47
Content 44.4 0.9
Trend (p-value) 0.1 0.00 Production 92.7 14.0

Mineralization 14.9 6.1
Burial 3.2 0.3
Depth 30-68m

Outflow to basin
Sedimentation Re-suspension Inflow from basin

1.0 0.4 No.6 58.9 14.9 47.3 19.1 Water
-4.2 2.0 No.7 AvConc 0.1 0.0 No.10 0.3 0.7

Content 4.5 0.9 No.12 -1.5 0.8
Sediment Trend (p-value) 0.0 0.10
Content 59.6 1.4 Mineralization 13.9 5.8
Trend (p-value) -0.1 0.01

Burial 4.4 0.1
Depth 68-120m

From upper layer
Outflow to basin 58.7 31.6

Sedimentation Re-suspension Inflow from basin
-1.2 0.5 No.7 121.8 52.6 89.5 56.6 Water

AvConc 0.1 0.0 No.10 1.3 1.8
Content 3.7 1.2 No.12 -0.4 0.4

Sediment Trend (p-value) 0.0 0.15
Content 98.8 4.7 Mineralization 8.4 4.2
Trend (p-value) -0.2 0.04

Burial 7.3 0.4
Depth 120-459m

From upper layer
20.3 13.6

Sedimentation Re-suspension
52.8 33.1 34.3 26.1 Water

AvConc 0.1 0.1
Content 1.2 0.6

Sediment Trend (p-value) 0.0 0.04
Content 46.9 5.5 Mineralization 1.7 1.0
Trend (p-value) 0.5 0.00

Burial 3.5 0.4
Units: Average contents in kton and rates in kton/yr. Standard deviations in italics.

Trend in kton/yr. P-value at significance level 0.05 in italics.
Production may take place in 30-68m but is accumulated in 0-30m in the table  

Figure 26. Organic phosphorus budget in the North West Baltic proper. 
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DIP Basin: 8
Dissolved inorganic phosphorus 
Depth 0-30m

Outflow to basin Inflow from basin
Release

15.8 4.7 No.6 2.5 0.2 Water No.10 4.8 2.5
4.6 9.6 No.7 AvConc 0.2 0.1 No.11 0.2 0.8
0.0 0.1 No.9 Content 11.3 3.0 No.12 0.9 0.7

Sediment Trend (p-value) -0.2 0.00

Uptake 92.7 14.0
Release 14.9 6.1

Depth 30-68m

Outflow to basin
Release Inflow from basin

7.0 2.2 No.6 6.9 1.0 Water
-2.9 9.5 No.7 AvConc 0.7 0.2 No.10 -1.5 3.6

Content 37.0 8.5 No.12 -4.0 1.4
Sediment Trend (p-value) -0.8 0.00

Release 13.9 5.8

Depth 68-120m
From upper layer

Outflow to basin -69.6 11.2
Release Inflow from basin

-21.2 10.4 No.7 24.7 2.9 Water
AvConc 2.6 0.3 No.10 -0.1 2.6
Content 103.6 12.1 No.12 -0.8 0.4

Sediment Trend (p-value) -1.1 0.00
Release 8.4 4.2

Depth 120-459m
From upper layer

-14.9 2.8
Release

13.5 2.2 Water
AvConc 3.3 0.5
Content 40.1 6.1

Sediment Trend (p-value) 0.4 0.00
Release 1.7 1.0

Units: Average concentration (AvConc) in mmol DIP m -3 .
Average contents in kton and rates in kton/yr. Standard deviations in italics.
Trend in kton/yr. P-value at significance level 0.05 in italics.
Uptake may take place in 30-68m but is accumulated in 0-30m in the table  

Figure 27. Dissolved inorganic phosphorus budget in the North West Baltic proper. 
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OXY Basin: 8
Oxygen 
Depth 0-30m

Outflow to basin Inflow from basin

19000 4300 No.6 Water No.10 3100 2400
3800 9100 No.7 AvConc 8.8 0.1 No.11 1700 2000
-470 360 No.9 Content 24000 300 No.12 7000 1200

Sediment Trend (p-value) -5 0.46
Consumption 670 26
Trend (p-value) 0 0.88 Consumption 2100 871

Trend (p-value) 14 0.45

Depth 30-68m

Outflow to basin
Inflow from basin

3400 640 No.6 Water
-16000 5600 No.7 AvConc 8.2 0.4 No.10 -1000 1800

Content 20000 887 No.12 -5100 1400
Sediment Trend (p-value) 63 0.00
Consumption 1300 84
Trend (p-value) -7 0.00 Consumption 2000 830

Trend (p-value) 30 0.09

Depth 68-120m
From upper layer

Outflow to basin 4300 1100
Inflow from basin

-3500 1400 No.7 Water
AvConc 2.8 0.9 No.10 17 470
Content 5200 1600 No.12 -620 320

Sediment Trend (p-value) 140 0.00
Consumption 3800 280
Trend (p-value) -20 0.00 Consumption 1200 590

Trend (p-value) 30 0.01

Depth 120-459m
From upper layer

2200 330

Water
AvConc 0.9 0.6
Content 490 320

Sediment Trend (p-value) -21 0.00
Consumption 1900 240
Trend (p-value) 23 0.00 Consumption 240 140

Trend (p-value) 5 0.11

Units: Average concentration (AvConc) in ml O 2  l -1 .
Average contents in kton and rates in kton/yr. Standard deviations in italics.
Trend of content in kton/yr. P-value at significance level 0.05 in italics.
Trend of consumption in ( kton/yr)/yr. P-value at significance level 0.05 in italics.  

Figure 28. Oxygen budget in the North West Baltic proper. 
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   5.6. Gulf of Finland 
 
 

Phys Basin: 10
Water flows, volumes and sediment area
Depth 0-30m
Surface area 32000

Outflow to basin

190 190 No.8 Water
Volume 740

Sediment
Area 16000

Depth 30-68m
Surface area 16000 From upper layer

Outflow to basin -80 180

-80 160 No.8 Water
Volume 390

Sediment
Area 12000

Depth 68-120m
Surface area 3900 From upper layer

Outflow to basin 1 50

1 50 No.8 Water
Volume 38

Sediment
Area 3900

Units: Volume in km 3 . Areas in km 2 .
Water flows in km 3 /yr. Standard deviations in italics.  

Figure 29. Physical characteristics and transports of the Gulf of Finland. 
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OrgP Basin: 10
Organic phosphorus
Depth 0-30m

Outflow to basin
Sedimentation Re-suspension

0.1 1.3 No.8 78.5 20.0 50.8 20.7 Water
AvConc 0.2 0.0
Content 3.7 0.5

Sediment Trend (p-value) 0.0 0.12
Content 233.5 2.3
Trend (p-value) 0.1 0.07 Production 56.6 6.5

Mineralization 12.3 5.2
Burial 3.8 0.7
Depth 30-68m

Outflow to basin
Sedimentation Re-suspension

0.3 0.7 No.8 46.9 18.0 32.7 19.6 Water
AvConc 0.1 0.0
Content 1.0 0.3

Sediment Trend (p-value) 0.0 0.03
Content 62.5 3.2 Mineralization 2.8 1.8
Trend (p-value) 0.3 0.00

Burial 1.1 0.1
Depth 68-120m

From upper layer
Outflow to basin 5.8 3.8

Sedimentation Re-suspension
1.3 1.8 No.8 23.2 18.8 19.1 20.7 Water

AvConc 0.2 0.1
Content 0.2 0.1

Sediment Trend (p-value) 0.0 0.25
Content 15.0 1.1 Mineralization 0.4 0.3
Trend (p-value) 0.0 0.38

Burial 0.3 0.0

Units: Average contents in kton and rates in kton/yr. Standard deviations in italics.
Trend in kton/yr. P-value at significance level 0.05 in italics.
Production may take place in 30-68m but is accumulated in 0-30m in the table  

Figure 30. Organic phosphorus budget in the Gulf of Finland. 
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DIP Basin: 10
Dissolved inorganic phosphorus 
Depth 0-30m

Outflow to basin
Release

4.8 2.5 No.8 22.6 3.1 Water
AvConc 0.6 0.2
Content 13.1 4.1

Sediment Trend (p-value) -0.4 0.00

Uptake 56.6 6.5
Release 12.3 5.2

Depth 30-68m

Outflow to basin
Release

-1.5 4.6 No.8 11.9 2.0 Water
AvConc 1.4 0.4
Content 17.5 4.7

Sediment Trend (p-value) -0.5 0.00
Release 2.8 1.8

Depth 68-120m
From upper layer

Outflow to basin -4.2 2.4
Release

-0.1 2.6 No.8 3.7 0.7 Water
AvConc 2.9 0.9
Content 3.4 1.1

Sediment Trend (p-value) -0.1 0.00
Release 0.4 0.3

Units: Average concentration (AvConc) in mmol DIP m -3 .
Average contents in kton and rates in kton/yr. Standard deviations in italics.
Trend in kton/yr. P-value at significance level 0.05 in italics.
Uptake may take place in 30-68m but is accumulated in 0-30m in the table  

Figure 31. Dissolved inorganic phosphorus budget in the Gulf of Finland. 
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OXY Basin: 10
Oxygen 
Depth 0-30m

Outflow to basin

3100 2400 No.8 Water
AvConc 8.5 0.3
Content 9000 300

Sediment Trend (p-value) 19 0.00
Consumption 3700 62
Trend (p-value) -4 0.01 Consumption 1800 738

Trend (p-value) 26 0.09

Depth 30-68m

Outflow to basin

-1000 1800 No.8 Water
AvConc 6.3 0.9
Content 3500 494

Sediment Trend (p-value) 40 0.00
Consumption 1900 48
Trend (p-value) -2 0.02 Consumption 400 250

Trend (p-value) 11 0.04

Depth 68-120m
From upper layer

Outflow to basin 680 460

17 470 No.8 Water
AvConc 2.8 1.6
Content 150 88

Sediment Trend (p-value) 8 0.00
Consumption 560 41
Trend (p-value) -2 0.01 Consumption 62 50

Trend (p-value) 2 0.02

Units: Average concentration (AvConc) in ml O 2  l -1 .
Average contents in kton and rates in kton/yr. Standard deviations in italics.
Trend of content in kton/yr. P-value at significance level 0.05 in italics.
Trend of consumption in ( kton/yr)/yr. P-value at significance level 0.05 in italics.  

Figure 32. Oxygen budget in the Gulf of Finland. 
 

 35



6. Discussion 
 
The transports of inorganic and organic phosphorus and oxygen between the sub-
basins and the different depth layers are summarized in Fig.33, Fig.34 and Fig.35. 
The two upper boxes are merged into one box and cover the depth range 0-68m.  
 
Phosphorus is in general transported to the lower layers by the vertical flow of 
organic matter. A large fraction of the downward flux of organic matter is deposited in 
the sediments together with organic matter originating from re-suspended sediments. 
Re-suspension is often about 50% or more of the sedimentation with largest values 
often found in the upper layers. This indicates that the sedimented organic matter is 
on average re-suspended at least once before its final deposition.  
One may note from Fig.33 that the average vertical transports of organic matter are 
usually about an order of magnitude larger than the horizontal transports. This shows 
that the main source of organic matter in each sub-basin has its origin within the 
actual sub-basin. The horizontal transports of organic phosphorus are mainly directed 
towards the north (Basin 8), except in the south where phosphorus is transported 
from North West Baltic proper to the Bornholm Sea. There is also a net export of 
organic matter to the Belt Sea and the Sound as well as to the Åland Sea and the 
Archipelago Sea.   
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Figure 33. Average transports of organic phosphorus (kton P yr-1). The direction of 
the arrows indicates the direction of the transports. The number of each sub-basin is 
denoted by B05-B12 according to definitions in section 3. Basins 3 and 4 are not 
shown. Transports between Basin 8 and Basins 11 and 12 are merged into the 
dotted grey arrows. The dashed grey arrows indicate transports between the surface 
boxes of Basin 9 and Basins 7 and 8, respectively. Transports between Basin 8 and 
Basin 6 are shown by the curved arrow. Transport between Basin 5 and Basins 3 and 
4 are merged into the leftmost arrow. 
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Decomposition of organic matter takes place in the water and mainly in the 
sediments of the deeper layers. Inorganic phosphorus is then released to the water 
and transported upwards in the water column. It is noteworthy that there is a 
northward horizontal transport of DIP in the lower layers which accumulates into the 
upward flux of DIP in Basin 8. This DIP flux is larger than the downward flux of 
organic phosphorus (Fig.33). A large fraction of DIP is circulated southward through 
Basin 8 to Basin 6 and then back to Basin 7 again. There is also a net export of DIP 
to the Belt Sea and the Sound as well as to the Åland Sea and the Archipelago Sea. 

68-120m 

120-459m 

3.6 
0-68m 

68-120m 

0.2

3.0 

0-68m 

120-459m 

13.0 

68-120m 

37.6 

17.9

8.5 

0-68m 

21.2

B05 B06 B07 B10 

68-120m 

4.2 

 
22.8 

B11 and B12 
 

2.9 
 

0.8 

B9 
 

0.0 
 

0.2 

1.7
0-68m 

B08 

14.9 

69.6 

3.3
0-68m 

B10 

0.1

 
 
Figure 34. Average transports of dissolved inorganic phosphorus (DIP) (kton P yr-1). 
The direction of the arrows indicates the direction of the transports. The number of 
each sub-basin is denoted by B05-B12 according to definitions in section 3. Basins 3 
and 4 are not shown. Transports between Basin 8 and Basins 11 and 12 are merged 
into the dotted grey arrows. The dashed grey arrows indicate transports between the 
surface boxes of Basin 9 and Basins 7 and 8, respectively. Transports between Basin 
8 and Basin 6 are shown by the curved arrow. Transport between Basin 5 and Basins 
3 and 4 are merged into the leftmost arrow. 
 
 
Air-sea interaction transfers oxygen from the atmosphere to the surface layers of the 
sea. Diffusive and advective transports bring the oxygen to the lower layers where it 
is consumed by the oxidation of decomposed organic matter. The net deepwater 
transports depend on the strengths of horizontal and vertical oxygen gradients. 
These are mainly set by the rate of decomposition of organic matter and the physical 
transport capacity why the average transports of oxygen (Fig.35) follow much the flux 
pattern of organic matter. The negative trends of oxygen in the deepest layers of 
Basin 7 and 8 (Figs. 24 and 28) however suggest that the average oxygen supply 
during the investigated period is slightly less than the demand by oxygen 
consumption.  
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Figure 35. Average transports of dissolved oxygen (103 kton O2 yr-1). The direction of 
the arrows indicates the direction of the transports. The number of each sub-basin is 
denoted by B05-B12 according to definitions in section 3. Basins 3 and 4 are not 
shown. Transports between Basin 8 and Basins 11 and 12 are merged into the 
dotted grey arrows. The dashed grey arrows indicate transports between the surface 
boxes of Basin 9 and Basins 7 and 8, respectively. Transports between Basin 8 and 
Basin 6 are shown by the curved arrow. Transport between Basin 5 and Basins 3 and 
4 are merged into the leftmost arrow. 
 
Oxygen concentrations in the water decline when the oxygen supplied by advection 
and diffusion is less than the demand by the decomposition of organic matter. This is 
illustrated by periods when the yellow area is larger than the purple area in Figs. 9-
12. In order to combat the oxygen deficit, which usually occurs in discrete time 
periods, the amount of extra oxygen needed to support the modeled oxygen supply is 
0-2.5 kton O2 yr-1 km-3 depending on the actual sub-basin and the actual depth layer. 
In order to further improve the oxygen conditions the oxygen supply has to be larger 
than the oxygen demand for a time period. The time period of improvement is defined 
by the rate of supply and the anticipated level of minimum oxygen concentration. 
Thereafter it is necessary to continue to keep an oxygen supply that on average may 
meet the oxygen demand. Gustafsson et al. (2008) simulated with two models a 
number of engineering methods to improve oxygen conditions in the Baltic proper. In 
one of the cases oxygen was added to the deeper layers with an artificial source. 
Their simulations required about 2-6 x106 ton O2 yr-1 to keep the concentrations 
above 2 mlO2 l-1 which is a desired oxygen minimum level from a biological point of 
view.  
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S M H I  P U B L I C AT I O N S

At SMHI there are six series of reports. Three of these, the R-series, are mostly directed towards interna-
tional readers hence are often written in English. The remaining series are mainly written in Swedish. 

Name of series       Published since

RMK (Rapport Meteorologi och Klimatologi)   1974
RH (Rapport Hydrologi)     1990
RO (Rapport Oceanografi)     1986
METEOROLOGI      1985
HYDROLOGI       1985
OCEANOGRAFI      1985

In the OCEANOGRAFI serie, earlier publications are:

 1 Lennart Funkquist (1985)
 En hydrodynamisk modell för spridnings-  
 och cirkulationsberäkningar i Östersjön
 Slutrapport.

 2 Barry Broman och Carsten Pettersson.   
 (1985)
 Spridningsundersökningar i yttre fjärden   
 Piteå.
 
 3 Cecilia Ambjörn (1986).
 Utbyggnad vid Malmö hamn; effekter för  
 Lommabuktens vattenutbyte.

 4 Jan Andersson och Robert Hillgren   
 (1986).
 SMHIs undersökningar i    
 Öregrundsgrepen perioden 84/85.

 5 Bo Juhlin (1986)
 Oceanografiska observationer utmed sven 
 ska kusten med kustbevakningens fartyg   
 1985.

 6 Barry Broman (1986)
 Uppföljning av sjövärmepump i Lilla 
 Värtan.
 
 7 Bo Juhlin (1986)
 15 års mätningar längs svenska kusten   
 med kustbevakningen (1970 - 1985).
 
 8 Jonny Svensson (1986)
 Vågdata från svenska kustvatten 1985.

 9 Barry Broman (1986)
 Oceanografiska stationsnät - Svenskt 
 Vattenarkiv.

11 Cecilia Ambjörn (1987) 
 Spridning av kylvatten från    
 Öresundsverket

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

13 Jan Andersson och Robert Hillgren   
 (1987)
 SMHIs undersökningar i    
 Öregrundsgrepen 1986.

14 Jan-Erik Lundqvist (1987)
 Impact of ice on Swedish offshore   
 lighthouses. Ice drift conditions in the   
             area at Sydostbrotten - ice season 
 1986/87.

15 SMHI/SNV (1987)
 Fasta förbindelser över Öresund - 
 utredning av effekter på vattenmiljön i   
 Östersjön.

16 Cecilia Ambjörn och Kjell Wickström   
 (1987)
 Undersökning av vattenmiljön vid 
 utfyllnaden av Kockums varvsbassäng.
 Slutrapport för perioden 
 18 juni - 21 augusti 1987.
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17 Erland Bergstrand (1987)
 Östergötlands skärgård - Vattenmiljön.
 
18 Stig H. Fonselius (1987)
 Kattegatt - havet i väster.

19 Erland Bergstrand (1987)
 Recipientkontroll vid Breviksnäs 
 fiskodling 1986.

20 Kjell Wickström (1987)
 Bedömning av kylvattenrecipienten för ett  
 kolkraftverk vid Oskarshamnsverket.

21 Cecilia Ambjörn (1987) 
 Förstudie av ett nordiskt modellsystem   
 för kemikaliespridning i vatten.
 
22 Kjell Wickström (1988)
 Vågdata från svenska kustvatten 1986.

23 Jonny Svensson, SMHI/National Swedish  
 Environmental Protection Board (SNV)   
 (1988)
 A permanent traffic link across the 
 Öresund channel - A study of the hydro-  
 environmental effects in the Baltic Sea.
 
24 Jan Andersson och Robert Hillgren   
 (1988)
 SMHIs undersökningar utanför Forsmark  
 1987.

25 Carsten Peterson och Per-Olof Skoglund   
 (1988)
 Kylvattnet från Ringhals 1974-86.
 
26 Bo Juhlin (1988)
 Oceanografiska observationer runt 
 svenska kusten med kustbevakningens   
 fartyg 1987.
 
27 Bo Juhlin och Stefan Tobiasson (1988)
 Recipientkontroll vid Breviksnäs 
 fiskodling 1987.
 
28 Cecilia Ambjörn (1989)
 Spridning och sedimentation av tippat 
 lermaterial utanför Helsingborgs hamn-  
 område.

29 Robert Hillgren (1989)
 SMHIs undersökningar utanför Forsmark  
 1988.
 

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

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

32 Cecilia Ambjörn (1989)
 Oceanografiska förhållanden i Brofjorden  
 i samband med kylvattenutsläpp i   
 Trommekilen.

33a  Cecilia Ambjörn (1990)
 Oceanografiska förhållanden utanför 
 Vendelsöfjorden i samband med 
 kylvatten-utsläpp.
33b  Eleonor Marmefelt och Jonny Svensson
  (1990)
 Numerical circulation models for the 
 Skagerrak - Kattegat. Preparatory study.

34 Kjell Wickström (1990)
 Oskarshamnsverket - kylvattenutsläpp i   
 havet - slutrapport.
 
35 Bo Juhlin (1990)
 Oceanografiska observationer runt 
 svenska kusten med kustbevakningens   
 fartyg 1989.
 
36 Bertil Håkansson och Mats Moberg   
 (1990)
 Glommaälvens spridningsområde i 
 nordöstra Skagerrak
 
37 Robert Hillgren (1990)
 SMHIs undersökningar utanför Forsmark  
 1989.
 
38 Stig Fonselius (1990)
 Skagerrak - the gateway to the North Sea.

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

40 Cecilia Ambjörn och Kjell Wickström   
 (1990)
 Spridningsundersökningar i norra 
 Kalmarsund för Mönsterås bruk.

41 Cecilia Ambjörn (1990)
 Strömningsteknisk utredning avseende   
 utbyggnad av gipsdeponi i Landskrona.
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42 Cecilia Ambjörn, Torbjörn Grafström och  
 Jan Andersson (1990)
 Spridningsberäkningar - Klints Bank.

43 Kjell Wickström och Robert Hillgren   
 (1990)
 Spridningsberäkningar för EKA-NOBELs  
 fabrik i Stockviksverken.

44 Jan Andersson (1990)
 Brofjordens kraftstation - 
 Kylvattenspridning i Hanneviken.

45 Gustaf Westring och Kjell Wickström   
 (1990)
 Spridningsberäkningar för Höganäs 
 kommun.
46 Robert Hillgren och Jan Andersson   
 (1991)
 SMHIs undersökningar utanför Forsmark  
 1990.
 
47 Gustaf Westring (1991)
 Brofjordens kraftstation - Kompletterande  
 simulering och analys av 
 kylvattenspridning i Trommekilen.

48 Gustaf Westring (1991)
 Vågmätningar utanför Kristianopel - 
 Slutrapport.

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

50A  Robert Hillgren och Jan Andersson
 (1992)
 SMHIs undersökningar utanför Forsmark  
 1991.

50B  Thomas Thompson, Lars Ulander, 
 Bertil Håkansson, Bertil Brusmark, 
 Anders Carlström, Anders Gustavsson,   
 Eva Cronström och Olov Fäst (1992).
 BEERS -92. Final edition.

51 Bo Juhlin (1992)
 Oceanografiska observationer runt 
 svenska kusten med kustbevakningens   
 fartyg 1991.

52 Jonny Svensson och Sture Lindahl (1992)
 Numerical circulation model for the 
 Skagerrak - Kattegat.
 

53 Cecilia Ambjörn (1992)
 Isproppsförebyggande muddring och dess  
 inverkan på strömmarna i Torneälven.

54 Bo Juhlin (1992)
 20 års mätningar längs svenska kusten
 med kustbevakningens fartyg (1970 -   
 1990).

55 Jan Andersson, Robert Hillgren och 
 Gustaf Westring (1992)
 Förstudie av strömmar, tidvatten och 
 vattenstånd mellan Cebu och Leyte,
 Filippinerna.

56 Gustaf Westring, Jan Andersson, 
 Henrik Lindh och Robert Axelsson   
 (1993)
 Forsmark - en temperaturstudie. 
 Slutrapport.

57 Robert Hillgren och Jan Andersson   
 (1993)
 SMHIs undersökningar utanför Forsmark  
 1992.

58 Bo Juhlin (1993) 
 Oceanografiska observationer runt 
 svenska kusten med kustbevakningens   
 fartyg 1992.

59 Gustaf Westring (1993)
 Isförhållandena i svenska farvatten under  
 normalperioden 1961-90.

60 Torbjörn Lindkvist (1994)
 Havsområdesregister 1993.

61 Jan Andersson och Robert Hillgren   
 (1994)
 SMHIs undersökningar utanför Forsmark  
 1993.

62 Bo Juhlin (1994)
 Oceanografiska observationer runt 
 svenska kusten med kustbevakningens   
 fartyg 1993.
 
63 Gustaf Westring (1995)
 Isförhållanden utmed Sveriges kust - 
 isstatistik från svenska farleder och 
 farvatten under normalperioderna 1931-  
 60 och 1961-90.
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64 Jan Andersson och Robert Hillgren   
 (1995)
 SMHIs undersökningar utanför Forsmark  
 1994.

65 Bo Juhlin (1995)
 Oceanografiska observationer runt 
 svenska kusten med kustbevakningens   
 fartyg 1994.

66 Jan Andersson och Robert Hillgren   
 (1996)
 SMHIs undersökningar utanför Forsmark  
 1995.

67 Lennart Funkquist och Patrik Ljungemyr   
 (1997)
 Validation of HIROMB during 1995-96.

68 Maja Brandt, Lars Edler och  
 Lars Andersson (1998) 
 Översvämningar längs Oder och Wisla 
 sommaren 1997 samt effekterna i   
 Östersjön.

69    Jörgen Sahlberg SMHI och Håkan   
 Olsson, Länsstyrelsen, Östergötland   
 (2000).
  Kustzonsmodell för norra Östergötlands        
 skärgård.

70 Barry Broman (2001) 
 En vågatlas för svenska farvatten.

71 Vakant – kommer ej att utnyttjas! 

72 Fourth Workshop on Baltic Sea Ice   
 Climate Norrköping, Sweden 22-24 May, 
 2002 Conference Proceedings 
 Editors: Anders Omstedt and Lars Axell

73 Torbjörn Lindkvist, Daniel Björkert,   
 Jenny Andersson, Anders Gyllander   
 (2003) 
 Djupdata för havsområden 2003

74 Håkan Olsson, SMHI (2003) 
 Erik Årnefelt, Länsstyrelsen  Östergötland  
 Kustzonssystemet i regional miljöanalys

75 Jonny Svensson och Eleonor Marmefelt   
 (2003) 
 Utvärdering av kustzonsmodellen för 
 norra Östergötlands och norra Bohusläns  
 skärgårdar

76 Eleonor Marmefelt, Håkan Olsson,   
 Helma Lindow och Jonny Svensson,   
 Thalassos Computations (2004) 
 Integrerat kustzonssystem för Bohusläns   
 skärgård

77 Philip Axe, Martin Hansson och Bertil   
 Håkansson (2004) 
 The national monitoring programme in   
 the Kattegat and Skagerrak

78 Lars Andersson, Nils Kajrup och Björn   
 Sjöberg (2004) 
 Dimensionering av det nationella marina   
 pelagialprogrammet

79 Jörgen Sahlberg (2005) 
 Randdata från öppet hav till 
 kustzonsmodellerna (Exemplet södra   
 Östergötland)

80 Eleonor Marmefelt, Håkan Olsson (2005) 
 Integrerat Kustzonssystem för    
 Hallandskusten

81 Tobias Strömgren (2005)  
 Implementation of a Flux Corrected   
 Transport scheme in the Rossby Centre
 Ocean model

82 Martin Hansson (2006) 
 Cyanobakterieblomningar i Östersjön,
 resultat från satellitövervakning 1997-  
 2005.

83 Kari Eilola, Jörgen Sahlberg (2006)  
 Model assessment of the predicted 
 environmental consequences for OSPAR 
 problem areas following nutrient 
 reductions

84 Torbjörn Lindkvist, Helma Lindow   
 (2006) 
 Fyrskeppsdata. Resultat och 
 bearbetningsmetoder med exempel från   
 Svenska Björn 1883 - 1892

85 Pia Andersson (2007)
 Ballast Water Exchange areas – Prospects
 of designating BWE areas in the Baltic 
 Proper
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86 Elin Almroth, Kari Eilola, M. Skogen, 
 H. Søiland and Ian Sehested Hansen 
 (2007)
 The year 2005. An environmental status 
 report of the Skagerrak, Kattegat and 
 North Sea

87 Eleonor Marmefelt, Jörgen Sahlberg och 
 Marie Bergstrand  (2007)
 HOME Vatten i södra Östersjöns 
 vattendistrikt. Integrerat modellsystem för 
 vattenkvalitetsberäkningar 

88     Pia Andersson (2007)
 Ballast Water Exchange areas – Prospect
 of designating  BWE areas in the         
 Skagerrak and the Norwegian Trench     

89 Anna Edman, Jörgen Sahlberg, Niclas 
 Hjerdt, Eleonor Marmefelt och Karen 
 Lundholm (2007)
 HOME Vatten i Bottenvikens vatten-
 distrikt. Integrerat modellsystem för 
 vattenkvalitetsberäkningar  

90 Niclas Hjerdt, Jörgen Sahlberg, Eleonor 
 Marmefelt och Karen Lundholm (2007)
 HOME Vatten i Bottenhavets vatten-
 distrikt. Integrerat modellsystem för 
 vattenkvalitetsberäkningar

91   Elin Almroth, Morten Skogen, Ian 
 Sehsted Hansen, Tapani Stipa, Susa 
 Niiranen (2008)
 The year 2006 - An Eutrophication Status 
 Report of the North Sea, Skagerrak, 
 Kattegat and the Baltic Sea
 A demonstration Project 

92 Pia Andersson, editor and co-authors
 Bertil Håkansson*, Johan Håkansson*, 
 Elisabeth Sahlsten*, Jonathan  
 Havenhand**, Mike Thorndyke**, 
 Sam Dupont** * Swedish Meteorological 
 and Hydrological Institute ** Sven 
 Lovén, Centre of Marine Sciences (2008) 
 Marine Acidification – On effects and 
 monitoring of marine acidification in the 
 seas surrounding Sweden

93 Jörgen Sahlberg, Eleonor Marmefelt, 
 Maja Brandt, Niclas Hjerdt och Karen 
 Lundholm (2008)
 HOME Vatten i norra Östersjöns 
 vatten-distrikt. Integrerat modellsystem 
 för vattenkvalitetsberäkningar.

94 David Lindstedt (2008)
 Effekter av djupvattenomblandning i 
 Östersjön – en modellstudie

95 Ingemar Cato1, Bertil Håkansson2, Ola 
 Hallberg1, Bernt Kjellin1, Pia Andersson2, 
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	Figure 7. 5-year running mean anomalies of anoxic area (103 km2) (black line), DIP content (blue line), and phosphorus content in the sediment (red line) (103 kton P) of the Baltic proper (including the Gulf of Finland and the Gulf of Riga). The thin black line shows the 3-month running mean of anoxic area. The simulated anomalies are calculated relative to the mean values of 1969-1998. From the sediment phosphorus content a long-term trend is removed. 
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