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Summary 
Newly developed ecosystem model NEMO-Nordic-SCOBI was applied to Skagerrak - Kattegat area to 

investigate the variability of some indicators of the ecosystem. Also, two sensitivity runs were 

performed to investigate possible effect of the Baltic Sea Action Plan (BSAP) and a river loads 

reduction scenario on the Skagerrak - Kattegat area. The performed investigation could be used “to 

provide a basis to assist with the interpretation of measurement data before the Intermediate 

Assessments Eutrophication status assessment”. Comparison of simulation results with observations 

indicates acceptable model performance. Modeled sea surface salinity, temperature and dissolved 

inorganic phosphate (DIP) are in good agreement with observations. At the same time, the model has a 

bias in certain areas of the investigated region for dissolved inorganic nitrogen (DIN) and dissolved 

silicate during the winter season. However, the model in its current state shows good enough results for 

the performed investigation. Results of the two sensitivity studies show a decrease of sea surface 

nutrients concentrations during winter period in both regions. In the Skagerrak area the decrease is due 

to reduction in river nutrient loads in North Sea. In the Kattegat area there is a decrease of dissolved 

phosphate due to the implementation of BSAP. At the same time, in both scenarios, no significant 

changes were obtained for near bottom oxygen or surface layer Chl-a. 

Sammanfattning 
Den nyligen utvecklade ekosystemmodellen NEMO-Nordic-SCOBI användes för att studera 

variabiliteten av några indikatorer för ekosystemet i Skagerrak-Kattegatt området. Även två 

känslighetsstudier gjordes för att undersöka möjliga effekter av Baltic Sea Action Plan (BSAP) och en 

reduktion scenario av närsaltstillförsel på Skagerrak-Kattegatt området. Den utförda studien kan 

användas som underlag och stöd vid tolkningen av observationsdata inför utvärderingen ”Intermediate 

Assessments Eutrophication status assessment”. Jämförelsen mellan modelldata och observationer 

indikerar att modellens resultat är acceptabla. Modellerade ytvärden av salthalt, temperatur och löst 

fosfat (DIP) visar god överenskommelse med observerade värden. Samtidigt har modellresultaten 

avvikelser i vissa delområden vad gäller löst oorganiskt kväve (DIN) och löst kisel under vitertid. Dock 

visar modellen i sitt nuvarande tillstånd tillräckligt goda resultat för den aktuella studien. Resultaten 

från de två känslighetsstudierna visar en minskning av näringskoncentrationer i ytan under vintern i 

båda havsområdena. I Skagerrak är minskningen orsakad av reducerad närsaltstillförsel i Nordsjön. I 

Kattegatt minskar lösta fosfatet på grund av genomförandet av BSAP. Ingen av scenarierna visade 

någon signifikant påverkan på syre vid havsbotten eller på ytkoncentratiner av Chl-a.  
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1. Introduction 
The Skagerrak and Kattegat (Fig. 1) are situated in the transition area between the brackish Baltic Sea 

waters and the more oceanic waters in the North Sea (e.g. Rodhe et al. 2006). The physical conditions 

vary because of large differences in salinity, tidal stirring and topography. The characteristics of the 

North Sea and the Baltic Sea are separated especially due to the shallow sills at the Danish Sounds with 

a maximum depth of about 18m. The Kattegat is quite shallow (mean depth of 23 m) while the 

Skagerrak is deep with much higher salinity (mean depth of 230m and a deep trench in the northern 

parts) (eg. Leppäranta and Myrberg, 2009). The Baltic Sea is characterized by a long water residence 

time while the water exchange in the North Sea, Skagerrak and the Kattegat is much faster.  

 

The outflow of fresher waters from the Baltic Sea takes place at the surface mainly along the eastern 

parts following the Swedish and Norwegian coasts and the salinity of the outflowing water increases on 

the way to the North Sea due to entrainment and upwelling of high saline waters from the deeper 

layers. The large salinity gradients between the Baltic Sea and the North Sea and the shifting 

atmospheric conditions cause frontal movements and large variations in the hydrographic conditions in 

the transition area. The preconditions for biogeochemical processes are therefore different in the 

different areas and the importance of the main sources of nutrients (supplies from land, upwelling or 

the open boundary) may differ as well (e.g. Rodhe et al. 2006). 

 

In a previous model investigation Eilola and Sahlberg (2006) used a box model to represent the 

Kattegat and Skagerrak area. They followed largely the COMP (OSPAR common procedure) and 

assessed the eutrophication status in the Skagerrak and the Kattegat coastal and offshore areas and the 

following long-term effects on the ecosystem for nutrient reductions as suggested by the PARCOM 

Recommendation 88/2. In this case the open boundaries towards the North Sea and the Baltic Sea were 

forced by a combination of model data and observations. The volume transports were forced by model 

data while the concentrations were based on observations. Hence, the possibility to investigate the 

detailed spatial variations was limited.  

 

Previous COMP (OSPAR Common Procedure) calculations of Good Environmental Status (GES) are 

based on observations that are available today (data 2001-2005) and new values for GES will be 

produced again at the next evaluation round of 2018. The uncertainty or confidence of these assessment 

numbers, based on discrete spatial and temporal data in the highly dynamic transition area, is not well 

known today. The aim of the present investigation is based on an agreement between the Swedish 

Agency for Marine and Water management (Svenska Havs- och Vattenmyndigheten HaV) and the 

Swedish Meteorological and Hydrological Institute (SMHI) to explore these uncertainties from results 

produced with a newly developed coupled physical-biogeochemical ecosystem model called NEMO-

Nordic-SCOBI. The model covers both the North Sea and the Baltic Sea with high resolution and 

includes several of the components used in the COMP. More specifically we will check if there are 

spatial confidential errors based on the model reality, find information on data variability (assuming the 

model data is the reality, rather than the measured data) and perform sensitivity analyses based on 

proposed scenarios. 
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The work is divided into two main parts: 

 

1. Describe statistical measures of available variables that give information on the OSPAR COMP 

causative effects, direct effects and indirect effects.  

2. Cause and effect studies are used to explore if it is possible to detect changes in COMP 

assessments in specific areas following suggested reductions in the North Sea or a Baltic Sea 

that reach the state suggested by the Baltic Sea Action Plan. 

 

The results from the investigation will mainly be provided as maps. More details and the proposed list 

of outcome are listed in the methods. 

2. Methods 
The ecosystem model NEMO-Nordic-SCOBI used in this study consist of two main parts: physical and 

biogeochemical models.  

2.1 Physical model  

The nucleus for European Modelling of the Ocean (NEMO) ocean engine is used here as the physical 

model. The setup of NEMO for the coupled North Sea - Baltic Sea system (called NEMO-Nordic) was 

developed by the Swedish Meteorological and Hydrological Institute. The model setup was well 

validated and the results were published by Dietrich et al. (2013) and Hordoir et al. (2013 a, b; 2015). 

The model has open boundaries in the English Channel in the south-west and in the section between 

Norway and Scotland (see Fig. 1) in the north-west. The model has a horizontal resolution of about 2 

nm (3.7 km) and 56 vertical levels. Detailed description of the physical setup can be found in Hordoir 

et al. (2013 a, b; 2015) and Dietrich et al. (2013). Results of a downscaled ERA40 reanalysis by RCA4 

atmospheric model were used as atmospheric forcing Wang et al. (2015). The river runoff forcing was 

provided by E-HYPE model (Donnelly et al. 2015). 

2.2 Biogeochemical model 

The biogeochemical model for this study was the Swedish Coastal and Ocean BIogeochemical 

(SCOBI) model (Marmefelt et al. 1999). The SCOBI model is a continuously developing model, see 

for example Eilola et al., (2009), Almroth-Rosell et al., (2011, 2015). At SMHI the SCOBI model has 

been used for many years in different physical model configurations e.g., the RCO (e.g. Almroth and 

Skogen, 2010; Eilola et al., 2011; 2012; 2013; 2014; Meier et al., 2012; Skogen et al., 2014), HIROMB 

(Eilola et al., 2006) and PROBE models (Sahlberg, 2009). The present NEMO-Nordic-SCOBI model 

has also been developed to include the dynamics of silicate. The present SCOBI model therefore 

describes cycles of nitrogen, phosphorus and silicate. Oxygen dynamics are also included and hydrogen 

sulfide concentrations are represented by ‘‘negative oxygen’’ equivalents (1 ml H2S l
-1

 = –2 ml O2 l
-1

). 

Inorganic nutrients are represented by four state variables: nitrate, ammonia, phosphate and silicate. 

Nutrients are assimilated by three phytoplankton groups representing diatoms, flagellates and others, 

and cyanobacteria. Bulk zooplankton grazes on phytoplankton. Dead organic material, represented by 

separate variables for nitrogen, phosphorus and silicate, accumulates in detritus in the water column 

and in the sediments.  Particulate organic matter can sink and resuspend from the sediments due to 

strong currents and waves.  For detailed description of the SCOBI model see Eilola et al. (2009) and 

Almroth-Rosell et al. (2011, 2015). 
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2.3 Reference run 

All model runs were performed from January 2007 to the end of 2012. Several data sets were used to 

force the biogeochemical model. Nutrient loads reconstruction from Savchuk et al. (2012) was used as 

a forcing for the SCOBI model in the Baltic Sea region. It includes atmospheric deposition, as well as 

loads from rivers and point sources. To force the model in the North Sea data from Morten D. Skogen, 

Institute of Marine Research (pers. Com.) were used (see Fig. 2). Initial conditions for 2007 were 

derived from previous hindcast simulations (1961-2007) (Kuznetsov et al., 2015 (in preparation)). The 

boundary conditions for biogeochemical model were extracted from the ICES data base (ICES, 2009) 

and interpolated on the model grid.  

 

a b 

Fig. 1. Model topography. a – whole model domain, b -  area of interest. 

 

  

Fig. 2. Nutrient river loads to the model domain. Dots indicate model rivers. Size and color of dots 

show contribution of each river and follows the color scale. 
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2.3 Sensitivity runs 

Two sensitivity runs were performed: 

1. Sensitivity to reductions in load from the North Sea  

 The waterborne load to the southern North Sea was reduced by 50% for DIN and DIP.  

 The loading from Sweden and Norway to the North Sea was kept constant. 

 The loading to the Baltic Sea was kept constant. 

2. Sensitivity to reductions according to the BSAP 

 BSAP was assumed to be achieved in the Baltic Proper.  

 Climatological DIN and DIP concentrations at Arkona station from the reference run were 

decreased to fit BSAP numbers and applied as boundary conditions. 

 

The second experiment was done by using the same model setup as in the reference run, but with an 

artificial boundary in the Arkona Basin. The nutrient concentration profiles judged from the reference 

run were multiplied by a factor so that surface water concentrations (0-10 m) were consistent with the 

goal of BSAP in the Arkona Basin (i.e. winter DIN and DIP have concentrations of 2.9 mmol N / m
3
 

and 0.36 mmol P / m
3
 respectively (HELCOM, 2013)).  Other model variables were unchanged. DIP 

from the reference run was reduced by a factor of 0.54 while DIN was reduced only insignificantly, by 

a factor of 0.96.  

 

3. Results 

3.1 Validation 

In appendix A1 figures are shown of modeled and observed time series (2007 – 2012) of surface (0-10 

m) salinity, temperature, DIN, DIP, Si, Chl a and near bottom oxygen concentration on 7 stations 

located in the investigated area.  Fig. 1 (in appendix A1) shows station locations. Black dots represent 

observed values from the SHARK database. Blue, green and red lines show model results for three 

simulations; reference run, reduction in NS rivers run and BSAP run, respectively. Depth of near 

bottom cell both from model results and from observations was chosen according to the maximum 

depth in the model. Since the model grid depth, representing average conditions in about 2nm x 2nm 

areas, may differ from the depth of specific stations, the data from observations need not necessary 

represent deepest measured values. 

 

Simulation results indicate that the model has negative bias in salinity at stations Å17, Å15 and Å13 in 

the northern part of the study area. Central and southern parts (stations P2, Fladen, Anholt E, W 

Landskrona) are well represented by the model both for sea surface temperature and salinity. Low 

observed temperature values during the winter 2010 were well captured by the model. 

 

The model shows higher winter surface DIN than observations at most of the stations with some 

exceptions (stations P2 and W Landskrona) where the model well captured winter dynamics of DIN. In 

contrast to DIN, simulated winter values of DIP represent observations well at all stations. 

 

Observed near bottom oxygen was well represented by the model. An exception is deep oxygen 

concentrations at station Å17. Here initial concentrations of oxygen were 2 ml/l too low in the model. 

However, after the first 3 years of simulations the difference between observations and model became 

small. Modeled seasonal cycle of near bottom oxygen is in a good agreement with observations. 
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3.2 Maps, reference run. 

In this section, an overview of the reference run results is presented. In figures 3-6 fields are shown of 

the mean of all years of simulation, standard deviation (STD) and coefficient of variation (CV, “=STD 

divided by the mean value”) for 4 selected parameters: winter (December - February) sea surface 

(mean value over first 10 meters of water column) DIN (Fig. 3.) and DIP (Fig. 4.), growing season 

(February - October) sea surface Chl-a (Fig. 5.) and summer-autumn (August – October) oxygen 

concentrations at sea bottom (grid cell nearest the model sea floor) (Fig. 6.). More figures from the 

model runs can be found in Appendix 2. 

 

Model results show strong lateral gradients of DIN and DIP from the North West (boundary to North 

Sea) to the South East (entrance to the Danish Straits). High DIN in the south part of Skagerrak is 

mainly caused by the Jutland current. Some higher DIN and DIP concentrations, possibly due to river 

outflows, at the Eastern Jutland coast in the Kattegat can be seen. The impact of DIN from rivers is also 

seen at some spots with higher DIN on the Swedish west coast. At the same time high DIP in Kattegat 

is determined by the outflow from Baltic Sea through the Danish Straits, especially from the Great Belt 

area. Both DIP and DIN show high relative variability expressed by the CV (about 0.3) in the region 

influenced by the Jutland current. High DIN CV is also seen in the south and south-eastern parts of the 

Kattegat. Increased DIP CV is also seen north of the Sjælland Island. However, DIP does not indicate 

high CV in the south-eastern parts of Kattegat. The model shows highest Chl-a concentrations in the 

southern part of Kattegat and along the coastal line, with low values in Skagerrak. At the same time 

model results indicate high CV values for Chl-a in the Skagerrak area. Concentrations of modeled near 

bottom oxygen, followed in general the bathymetry of the region. High oxygen concentrations along 

the coastline are obtained by the intensive vertical mixing with saturated surface waters. The deep parts 

of the area show lower oxygen concentrations because of oxygen consumption due to organic matter 

decomposition and a limited vertical water exchange. Meanwhile highest CV, up to 0.2 for bottom 

oxygen, is found in the deepest part. 
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Fig. 3. Winter (DJF) sea surface (10m mean) DIN. Mean, std and std/mean (CV) for 2007–2011 years 

of the reference run. (CV “=STD divided by the mean value”) 

 

   

Fig. 4. Winter (DJF) sea surface (10m mean) DIP. Mean, std and std/mean for 2007–2011 years of the 

reference run. 



7 

 

   

Fig. 5. Concentrations of chlorophyll-a in the growing season (February to October) at 

sea surface (10m mean). Mean, std and std/mean for 2007–2011 years of the reference run. 

 

 

   

Fig. 6. Concentrations of oxygen at sea bottom (grid cell and layer nearest the sea 

floor) during late summer-autumn (August-October). Mean, std and std/mean for 2007–2011 years of 

the reference run. 

 

3.3 Reduction in NS rivers scenario. 

In this section results of the sensitivity study with river load reduction to the North Sea are presented. 

Fig. 7 shows changes due to reduced river loads in the mean surface layer DIN, DIP, Chl-a and bottom 

oxygen. The relative change shown in Fig. 7 is defined as the ratio between results from the reference 

run and the reduction scenario run. The ratio was first calculated separately for every day and for each 

model cell. Thereafter the mean values of the ratio (Fig. 7) were calculated. The main differences 

between the two simulations are in the DIN and DIP fields in the Skagerrak region (Fig. 7). The most 

significant effect is seen in the area affected by the Jutland current. Mean winter DIN decreased by up 

to 30% and DIP concentrations decreased by about 10%. In the rest of the Skagerrak area DIN and DIP 

decreased by about 17% and 6%, respectively. In the Kattegat area, DIN and DIP concentrations 
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decreased in winter by about 10% and 3%, respectively. The strong decrease in winter DIN 

concentrations in Skagerrak does not entail strong decrease in Chl-a. The decrease in Chla-a is similar 

to DIP dynamics in the Skagerrak area with a decrease by about 6% in the area effected by the Jutland 

current, while the rest of the investigated area mostly remained unchanged. Simultaneous decrease in 

winter nutrients and Chl-a concentration during growing season does not change the bottom oxygen 

dynamics. 

 

  

Fig. 7. Relative change in 

Reductions in NS river loads run 

(reference run / current run) in 

winter (DJF) sea surface (10m 

mean) DIN and DIP, 

concentrations of chlorophyll-a 

in the growing season (February 

to October) at sea surface (10m 

mean) and concentrations of 

oxygen at sea bottom (grid cell 

and layer nearest the sea floor) 

during late summer-autumn 

(August-October).  

  

 

3.4 Maps, BSAP scenario. 

In this section we describe results of the sensitivity run with artificial open boundary conditions in the 

Arkona basin that reproduce a BSAP scenario in the Baltic Sea. In Fig. 8, maps (similar to Fig. 7) for 

BSAP run are presented. Since the results of the reference run in the Arkona basin for DIN were 

already close to the assumed BSAP boundary conditions, there were no significant changes observed 

for DIN in the BSAP run. At the same time DIP concentrations were reduced by about 50%. Effect of 

the significant DIP reduction was seen in the Kattegat area and especially in the Danish straits were the 

mean winter DIP decreased by more than 40%. At the same time, due to significant changes in the N:P 

ratio, the mean winter DIN is increased in BSAP run in the Öresund strait by about 10%.  In the rest 

area of interest, surface DIN does not change significantly. Similar to DIN, surface DIP does not 

change significantly in the Skagerrak area. However, the DIP reduction in Arkona basin resulted in a 

strong decrease of winter DIP in the Kattegat area with a strong gradient from south to north. The 
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significant decrease of DIP in the Kattegat area entailed a decrease in surface Chl-a concentrations by 

up to 10% compared to the reference run. Similar to the scenario with river load reduction in the North 

Sea, the BSAP scenario does not show any significant changes in bottom oxygen concentrations. 

. 

  

Fig. 8. Relative change in BSAP 

run (reference run / current run) 

in winter (DJF) sea surface (10m 

mean) DIN and DIP, 

concentrations of chlorophyll-a 

in the growing season (February 

to October) at sea surface (10m 

mean) and concentrations of 

oxygen at sea bottom (grid cell 

and layer nearest the sea floor) 

during late summer-autumn 

(August-October). 

  

 

4. Discussion and Conclusions. 
High DIN concentrations in the modeled Skagerrak area are caused by the influence of the Jutland 

current. Model DIN bias in in the Wadden Sea (in south-eastern part of the North Sea) causes a 

significant effect on the dynamics of DIN in Skagerrak. At the same time the seasonal cycles are well 

captured by the model for DIN and DIP. In contrast to DIN and DIP, the model is not good at 

reproducing the seasonal cycle of Si in the Skagerrak – Kattegat area, while dynamics of Si in the 

North Sea were well captured by the model. Less variability of Si in the model could be due to a 

systematic error in spring bloom phytoplankton dynamics for Si. To solve a similar problem in the 

coupled North Sea-Baltic Sea ecosystem model Maar et al. (2011) included a function describing the 

increased silicate uptake by diatoms with increasing SiO2:DIN ratios to match the observations. In the 

current investigation it would not be possible to use such an approach since mass conservation is 

important for the investigation of possible scenarios to answer main question for changes in sinks and 

sources. 
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The model in its present state shows good enough results for current investigation. To bypass the effect 

of bias in DIN, we use the coefficient of variation (the ratio of the standard deviation to the mean) that 

gives a better approximation of surface winter variability than the absolute value given by the standard 

deviation. 

 

Model results indicate that one of the significant sources of DIN in the investigated area is the open 

boundary to the North Sea. High concentration of DIN in the Jutland current produces high DIN 

concentrations in Skagerrak. Together with the low DIN in outflow from the Arkona basin this 

produces a surface DIN gradient in the Skagerrak-Kattegat area (with higher DIN in the North). As 

opposed to DIN, the gradient of surface DIP has an opposite sign, defined by high surface DIP in the 

outflow from the Baltic Sea. Analyses of the variability of modeled winter surface DIN and DIP shows 

high CV values, up to 30%, mainly in the Skagerrak in the area affected by the Jutland current and in 

the southern Kattegat. Also, model results indicate high CV values of DIN along the Swedish west 

coast, but not for DIP. According to model results highest Chl-a concentrations were found in the south 

part of Kattegat and along the coast. Unlike nutrients, Chl-a CV values are higher in the regions not 

affected by the Jutland current and the Baltic Sea outflow. On the other hand, Chl-a CV values varied 

between 1 and 1.3 which means much stronger variability than winter nutrients (up to 0.3). As it was 

mentioned before, near bottom oxygen fields follow the bathymetry of the area with lower oxygen 

concentrations in the deep parts of the area. At the same time there is no significant correlation between 

Chl-a fields and the near bottom oxygen fields. 

 

Both sensitivity studies (reduced N and P river loads in the North Sea (NS run) and BSAP in Baltic Sea 

(BS run)) show significant changes in surface DIN and DIP. At the same time each scenario indicates 

changes that are mainly regional, in one area in Skagerrak for the NS run and in another area in the 

Kattegat for   the BS run. Applying a reduction scenario in the North Sea rivers resulted in decreasing 

winter DIN and DIP in Skagerrak, but not in the Kattegat. Opposed to that, the BS run resulted in a 

decrease of DIP in Kattegat and an insignificant effect in the Skagerrak. It should be mentioned again 

that in case of the BS run, mainly the DIP concentration was significantly reduced to achieve the BSAP 

values in the Arkona basin. Reduction of DIP and the following relaxing of DIN caused slight increases 

in DIN concentrations in the Kattegat. In contrast to winter nutrient concentrations, Chl-a 

concentrations changed insignificantly, although following the nutrient changes. A comparison of the 

CV for Chl-a from the reference run with results from the sensitivity studies indicated minor 

alterations. Changes in surface DIN and DIP and minor changes in Chl-a in both sensitivity studies do 

not change the distribution of oxygen in study area. All changes in near bottom oxygen concentrations 

are insignificant compared to the variability in the reference run. 
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Figure 1: Stations map.
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Figure 2: Station Wlandskrona: Reference – blue, Reductions in NS river loads – green, BSAP – red
run.
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Figure 3: Station fladen: Reference – blue, Reductions in NS river loads – green, BSAP – red run.
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Figure 4: Station a17: Reference – blue, Reductions in NS river loads – green, BSAP – red run.
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Figure 5: Station a13: Reference – blue, Reductions in NS river loads – green, BSAP – red run.
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Figure 6: Station p2: Reference – blue, Reductions in NS river loads – green, BSAP – red run.
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Figure 7: Station anholtE: Reference – blue, Reductions in NS river loads – green, BSAP – red run.
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Figure 8: Station a15: Reference – blue, Reductions in NS river loads – green, BSAP – red run.
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(g)

Figure 9: Oxygen concentration close to the bottom, Reference – blue, Reductions in NS river loads –
green, BSAP – red run.
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(e) (f)

Figure 1: Winter (DJF) sea surface (10m mean) DIN. Mean, std, minimum, maximum, median and
std/mean for 2007–2011 years of Reference run.
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(a) (b)

(c) (d)

(e) (f)

Figure 2: Winter (DJF) sea surface (10m mean) DIP. Mean, std, minimum, maximum, median and
std/mean for 2007–2011 years of Reference run.

6



(a) (b)

(c) (d)

(e) (f)

Figure 3: Winter (DJF) sea surface (10m mean) Si. Mean, std, minimum, maximum, median and
std/mean for 2007–2011 years of Reference run.
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Figure 4: Winter (DJF) sea surface (10m mean) DIN:DIP. Mean, std, minimum, maximum, median
and std/mean for 2007–2011 years of Reference run.
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Figure 5: Winter (DJF) sea surface (10m mean) DIN:Si. Mean, std, minimum, maximum, median and
std/mean for 2007–2011 years of Reference run.
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Figure 6: Winter (DJF) sea surface (10m mean) DIP:Si. Mean, std, minimum, maximum, median and
std/mean for 2007–2011 years of Reference run.

10
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Figure 7: Concentrations of chlorophyll-a in the growing season (February to October) at sea surface
(10m mean) Mean, std, minimum, maximum, median and std/mean for 2007–2011 years of Reference
run.
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Figure 8: Concentrations of oxygen at sea bottom (grid cell and layer nearest the sea floor) during
late summer-autumn (August-October). Mean, std, minimum, maximum, median and std/mean for
2007–2011 years of Reference run.
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Figure 9: Winter (DJF) sea surface (10m mean) DIN. Mean, std, minimum, maximum, median and
std/mean for 2007–2011 years of Reductions in NS river loads run.
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Figure 10: Winter (DJF) sea surface (10m mean) DIP. Mean, std, minimum, maximum, median and
std/mean for 2007–2011 years of Reductions in NS river loads run.
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(e) (f)

Figure 11: Winter (DJF) sea surface (10m mean) Si. Mean, std, minimum, maximum, median and
std/mean for 2007–2011 years of Reductions in NS river loads run.
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Figure 12: Winter (DJF) sea surface (10m mean) DIN:DIP. Mean, std, minimum, maximum, median
and std/mean for 2007–2011 years of Reductions in NS river loads run.
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Figure 13: Winter (DJF) sea surface (10m mean) DIN:Si. Mean, std, minimum, maximum, median and
std/mean for 2007–2011 years of Reductions in NS river loads run.
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Figure 14: Winter (DJF) sea surface (10m mean) DIP:Si. Mean, std, minimum, maximum, median and
std/mean for 2007–2011 years of Reductions in NS river loads run.
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(e) (f)

Figure 15: Concentrations of chlorophyll-a in the growing season (February to October) at sea surface
(10m mean) Mean, std, minimum, maximum, median and std/mean for 2007–2011 years of Reductions
in NS river loads run.
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(e) (f)

Figure 16: Concentrations of oxygen at sea bottom (grid cell and layer nearest the sea floor) during
late summer-autumn (August-October). Mean, std, minimum, maximum, median and std/mean for
2007–2011 years of Reductions in NS river loads run.
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Figure 17: Changes between reference and Reductions in NS river loads runs (reference run - current
run) in winter (DJF) sea surface (10m mean) DIN. Mean - (a), std - (b), minimum - (c), maximum -
(d), median - (e) and std/mean - (f) for 2007–2011 years of Reductions in NS river loads run.
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(e) (f)

Figure 18: Changes between reference and Reductions in NS river loads runs (reference run - current
run) in winter (DJF) sea surface (10m mean) DIP. Mean - (a), std - (b), minimum - (c), maximum -
(d), median - (e) and std/mean - (f) for 2007–2011 years of Reductions in NS river loads run.
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Figure 19: Changes between reference and Reductions in NS river loads runs (reference run - current
run) in winter (DJF) sea surface (10m mean) Si. Mean - (a), std - (b), minimum - (c), maximum - (d),
median - (e) and std/mean - (f) for 2007–2011 years of Reductions in NS river loads run.
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Figure 20: Changes between reference and Reductions in NS river loads runs (reference run - current
run) in winter (DJF) sea surface (10m mean) DIN:DIP. Mean - (a), std - (b), minimum - (c), maximum
- (d), median - (e) and std/mean - (f) for 2007–2011 years of Reductions in NS river loads run.
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Figure 21: Changes between reference and Reductions in NS river loads runs (reference run - current
run) in winter (DJF) sea surface (10m mean) DIN:Si. Mean - (a), std - (b), minimum - (c), maximum
- (d), median - (e) and std/mean - (f) for 2007–2011 years of Reductions in NS river loads run.
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Figure 22: Changes between reference and Reductions in NS river loads runs (reference run - current
run) in winter (DJF) sea surface (10m mean) DIP:Si. Mean - (a), std - (b), minimum - (c), maximum
- (d), median - (e) and std/mean - (f) for 2007–2011 years of Reductions in NS river loads run.
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Figure 23: Changes between reference and Reductions in NS river loads runs (reference run - current
run) in concentrations of chlorophyll-a in the growing season (February to October) at sea surface (10m
mean) Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e) and std/mean - (f) for
2007–2011 years of Reductions in NS river loads run.
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Figure 24: Changes between reference and Reductions in NS river loads runs (reference run - current
run) in concentrations of oxygen at sea bottom (grid cell and layer nearest the sea floor) during late
summer-autumn (August-October). Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e)
and std/mean - (f) for 2007–2011 years of Reductions in NS river loads run.
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(e) (f)

Figure 25: Relative change in Reductions in NS river loads run (reference run / current run) in winter
(DJF) sea surface (10m mean) DIN. Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e)
and std/mean - (f) for 2007–2011 years of Reductions in NS river loads run.
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Figure 26: Relative change in Reductions in NS river loads run (reference run / current run) in winter
(DJF) sea surface (10m mean) DIP. Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e)
and std/mean - (f) for 2007–2011 years of Reductions in NS river loads run.
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Figure 27: Relative change in Reductions in NS river loads run (reference run / current run) in winter
(DJF) sea surface (10m mean) Si. Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e)
and std/mean - (f) for 2007–2011 years of Reductions in NS river loads run.
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Figure 28: Relative change in Reductions in NS river loads run (reference run / current run) in winter
(DJF) sea surface (10m mean) DIN:DIP. Mean - (a), std - (b), minimum - (c), maximum - (d), median
- (e) and std/mean - (f) for 2007–2011 years of Reductions in NS river loads run.
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Figure 29: Relative change in Reductions in NS river loads run (reference run / current run) in winter
(DJF) sea surface (10m mean) DIN:Si. Mean - (a), std - (b), minimum - (c), maximum - (d), median -
(e) and std/mean - (f) for 2007–2011 years of Reductions in NS river loads run.
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Figure 30: Relative change in Reductions in NS river loads run (reference run / current run) in winter
(DJF) sea surface (10m mean) DIP:Si. Mean - (a), std - (b), minimum - (c), maximum - (d), median -
(e) and std/mean - (f) for 2007–2011 years of Reductions in NS river loads run.
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Figure 31: Relative change in Reductions in NS river loads run (reference run / current run) in concen-
trations of chlorophyll-a in the growing season (February to October) at sea surface (10m mean) Mean
- (a), std - (b), minimum - (c), maximum - (d), median - (e) and std/mean - (f) for 2007–2011 years of
Reductions in NS river loads run.
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Figure 32: Relative change in Reductions in NS river loads run (reference run / current run) in concen-
trations of oxygen at sea bottom (grid cell and layer nearest the sea floor) during late summer-autumn
(August-October). Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e) and std/mean -
(f) for 2007–2011 years of Reductions in NS river loads run.
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Figure 33: Winter (DJF) sea surface (10m mean) DIN. Mean, std, minimum, maximum, median and
std/mean for 2007–2011 years of BSAP run.
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Figure 34: Winter (DJF) sea surface (10m mean) DIP. Mean, std, minimum, maximum, median and
std/mean for 2007–2011 years of BSAP run.
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Figure 35: Winter (DJF) sea surface (10m mean) Si. Mean, std, minimum, maximum, median and
std/mean for 2007–2011 years of BSAP run.
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Figure 36: Winter (DJF) sea surface (10m mean) DIN:DIP. Mean, std, minimum, maximum, median
and std/mean for 2007–2011 years of BSAP run.
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Figure 37: Winter (DJF) sea surface (10m mean) DIN:Si. Mean, std, minimum, maximum, median and
std/mean for 2007–2011 years of BSAP run.

41



(a) (b)

(c) (d)
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Figure 38: Winter (DJF) sea surface (10m mean) DIP:Si. Mean, std, minimum, maximum, median and
std/mean for 2007–2011 years of BSAP run.
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Figure 39: Concentrations of chlorophyll-a in the growing season (February to October) at sea surface
(10m mean) Mean, std, minimum, maximum, median and std/mean for 2007–2011 years of BSAP run.
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Figure 40: Concentrations of oxygen at sea bottom (grid cell and layer nearest the sea floor) during
late summer-autumn (August-October). Mean, std, minimum, maximum, median and std/mean for
2007–2011 years of BSAP run.
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Figure 41: Changes between reference and BSAP runs (reference run - current run) in winter (DJF)
sea surface (10m mean) DIN. Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e) and
std/mean - (f) for 2007–2011 years of BSAP run.
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Figure 42: Changes between reference and BSAP runs (reference run - current run) in winter (DJF)
sea surface (10m mean) DIP. Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e) and
std/mean - (f) for 2007–2011 years of BSAP run.

46



(a) (b)

(c) (d)

(e) (f)

Figure 43: Changes between reference and BSAP runs (reference run - current run) in winter (DJF)
sea surface (10m mean) Si. Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e) and
std/mean - (f) for 2007–2011 years of BSAP run.
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Figure 44: Changes between reference and BSAP runs (reference run - current run) in winter (DJF) sea
surface (10m mean) DIN:DIP. Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e) and
std/mean - (f) for 2007–2011 years of BSAP run.
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Figure 45: Changes between reference and BSAP runs (reference run - current run) in winter (DJF) sea
surface (10m mean) DIN:Si. Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e) and
std/mean - (f) for 2007–2011 years of BSAP run.
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Figure 46: Changes between reference and BSAP runs (reference run - current run) in winter (DJF) sea
surface (10m mean) DIP:Si. Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e) and
std/mean - (f) for 2007–2011 years of BSAP run.
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Figure 47: Changes between reference and BSAP runs (reference run - current run) in concentrations of
chlorophyll-a in the growing season (February to October) at sea surface (10m mean) Mean - (a), std -
(b), minimum - (c), maximum - (d), median - (e) and std/mean - (f) for 2007–2011 years of BSAP run.
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Figure 48: Changes between reference and BSAP runs (reference run - current run) in concentrations
of oxygen at sea bottom (grid cell and layer nearest the sea floor) during late summer-autumn (August-
October). Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e) and std/mean - (f) for
2007–2011 years of BSAP run.
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Figure 49: Relative change in BSAP run (reference run / current run) in winter (DJF) sea surface (10m
mean) DIN. Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e) and std/mean - (f) for
2007–2011 years of BSAP run.
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Figure 50: Relative change in BSAP run (reference run / current run) in winter (DJF) sea surface (10m
mean) DIP. Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e) and std/mean - (f) for
2007–2011 years of BSAP run.
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Figure 51: Relative change in BSAP run (reference run / current run) in winter (DJF) sea surface (10m
mean) Si. Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e) and std/mean - (f) for
2007–2011 years of BSAP run.
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Figure 52: Relative change in BSAP run (reference run / current run) in winter (DJF) sea surface (10m
mean) DIN:DIP. Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e) and std/mean - (f)
for 2007–2011 years of BSAP run.
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Figure 53: Relative change in BSAP run (reference run / current run) in winter (DJF) sea surface (10m
mean) DIN:Si. Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e) and std/mean - (f)
for 2007–2011 years of BSAP run.
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Figure 54: Relative change in BSAP run (reference run / current run) in winter (DJF) sea surface (10m
mean) DIP:Si. Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e) and std/mean - (f)
for 2007–2011 years of BSAP run.
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Figure 55: Relative change in BSAP run (reference run / current run) in concentrations of chlorophyll-a
in the growing season (February to October) at sea surface (10m mean) Mean - (a), std - (b), minimum
- (c), maximum - (d), median - (e) and std/mean - (f) for 2007–2011 years of BSAP run.
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Figure 56: Relative change in BSAP run (reference run / current run) in concentrations of oxygen at
sea bottom (grid cell and layer nearest the sea floor) during late summer-autumn (August-October).
Mean - (a), std - (b), minimum - (c), maximum - (d), median - (e) and std/mean - (f) for 2007–2011
years of BSAP run.
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SMHI Publications 

 

SMHI publishes seven report series. Three of these, the R-series, are intended for international 
readers and are in most cases written in English. For the others the Swedish language is 
used. 
 
Names of the Series Published since 

 

RMK (Report Meteorology and Climatology) 1974 
RH (Report Hydrology) 1990 
RO (Report Oceanography) 1986 
METEOROLOGI 1985 
HYDROLOGI 1985 
OCEANOGRAFI 1985 
KLIMATOLOGI 2009 
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