
Seven years ago, Björnöfjärden in Värmdö 
Municipality was one of the most eutrophic 
bays in the Stockholm archipelago. Oxygen-free 
“dead zones” were widespread and nutrients 
were leaking from a number of different sour-
ces. After the implementation of restoration 
measures, Björnöfjärden is now a healthy bay 
with clear water and rich plant and animal life; 
it is on the way to having a natural fish 
community and oxygenated  
bottom waters.

Returning from 
eutrophication
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After seven years of restoration measures, monitoring, and evalua-
tion, the Living Coast project allows us to conclude that:

It is possible to regain good ecological status in enclosed bays!
•	 To obtain a clear effect from the measures, the water exchange 

must be limited, otherwise, the effect will rapidly diminish due to 
mixing with nutrient-rich water from the Baltic Sea.

•	 The internal phosphorous supply from the sediments must be 
addressed; but for the effects to last, nutrient leakage from land 
must also be minimised.

Restoration work is difficult
•	 Effective restoration requires clear targets, expertise, financing 

and patience.
•	 Appointing a “catchment officer” who is given the mandate to 

make decisions and financial resources provides strength in im-
plementing the measures. 

•	 The catchment-area perspective is important, but site-specific 
knowledge is also needed to identify nutrient sources and cost-
effective measures.

A higher pace of restoration requires:
•	 Clear incentives to reduce nutrient leakage
•	 More frequent inspections and better opportunities to get advice 
•	 The possibility to receive support financing for new investments
•	 Clear targets and positive examples

LIVING COAST’S CONCLUSIONS AND RECOMMENDATIONS

If the land-based measures used for the Living Coast pro-
ject were to be implemented on a larger scale, such as in 
the Northern and Southern Baltic Sea’s Water District or 
along the coast, phosphorous leakage to the Baltic Sea 
could decrease by about 200 tonnes per year, depending 
on the measure. The estimated cost is about SEK 30 bil-
lion. 

If all oxygen-free sediments in the coastal zone bet-
ween Norrtälje and Åhus were treated the same way as in 
Björnöfjärden, about 550 tonnes of phosphorus could be 
stored in sediments that would otherwise leak to the wa-
ter. The estimated cost is about SEK 3 billion. 

It is not enough to address the phosphorous that leaks 
from the sediment. The external load of nutrients from 
land must also decrease, otherwise “new” nutrients will 
accumulate in sediment and contribute to eutrophication. 

The countries within HELCOM have agreed to the joint 
Baltic Sea Action Plan (BSAP) and committed to reducing 
nutrient inputs to the sea. Implementing measures used 
in the Living Coast project on a large scale correspond to 
more than Sweden’s commitments under the BSAP.

LIVING COAST ON A LARGER SCALE –  MORE THAN SWEDEN’S COMMITMENT UNDER THE BALTIC SEA ACTION PLAN

DEMONSTRATION PROJECT ON A FULL SCALE

The BalticSea2020 Foundation initiated the Living Coast project in 2011 to show 
that it is possible to restore eutrophic coastal areas. We also wanted to assess the 
cost and effectiveness of different measures with the ultimate goal of facilitating 
and inspiring future restoration work. 

The project was implemented in Björnöfjärden in the Stockholm archipelago. The 
bay - which can be described as a “miniature Baltic Sea” with extensive eutrophi-
cation, limited water exchange, and large areas of anoxic seabed - has regained 
good water quality and the plant and animal life are recovering. 

To reduce the nutrient supply and counteract the effects of eutrophication, a num-
ber of measures were implemented, both in the catchment and in the bay itself. 
Using the experiences from Björnöfjärden, we estimated the potential costs and 
benefits implementing restoration measures on a larger scale. 

The summary that you are now holding gives an overview of the results and conclu-
sions from the project. 

We hope that you are interest in learning more; please visit our website  
www.balticsea2020.org.

– regaining good ecological 
status in coastal areas
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ONE YEAR TO PREPARE
Before the project began, we studied 
the bay for one year to obtain a clear 
picture of the initial situation and es-
tablish a baseline against which we 
could measure the restoration effects. 
At the same time, we studied a nearby 
bay with similar eutrophication pro-
blems but where no measures were 
implemented. Using a “comparison 
bay” made it possible to distinguish 
restoration effects from weather va-
riations between different years.

MEASURES THAT DECREASED THE EUTROPHICATION

Facts about Björnöfjärden
Björnöfjärden’s surface area is 1.5 km2 and the catchment area (the land area that supplies the bay with water from e.g. 
precipitation) is 15 km2. The bay’s maximum depth is 25 metres. At a depth of around six metres, there is a strong thermo-
cline (temperature gradient). Below this depth, there is no oxygen, which corresponds to around 50% of the bay’s area. The 
water in the bay is brackish, with a salinity that varies between about 4.0 and 5.5 parts per thousand. Water exchanges bet-
ween Björnöfjärden and Nämdöfjärden through a narrow, shallow sound, and the average water exchange period is about 
three months.

Seven years ago, the BalticSea2020 Foundation initiated the project Living 
Coast. The objectives were to show that it is possible to restore a eutrophic 
bay and communicate how it could be done, the costs, and lessons learned. 
The project was conducted in Björnöfjärden, a bay that can be described as 
a “miniature Baltic Sea” because of extensive eutrophication, limited water 
exchange, and large areas of anoxic (oxygen depleted) bottom waters. Based 
on the results from Björnöfjärden, we have estimated the costs and benefits 
of implementing nutrient-reduction measures on a larger scale. 

The objectives of the project have now been achieved. This summary pro-
vides an overview of the measures we used, results, and conclusions. Our 
website, www.balticsea2020.org, provides more information about imple-
mentation, cost and effects of the measures, improvements in water quality 
and the bay’s ecosystem, as well as our experiences and recommendations. 
We hope that you are interested in learning more and, above all, that our 
work can inspire further restoration efforts. 

/Linda Kumblad and Emil Rydin, BalticSea2020

WHERE DO THE NUTRIENTS COME FROM?
In the area around Björnöfjärden, there are about 1,000 homes, a farm, seve-
ral horse farms, and a conference facility with a cider factory. Most nutrients 
(phosphorous and nitrogen) that enter the bay from the catchment are from hu-
man activities in the form of leakage from agriculture, horse breeding, and homes 
with poor wastewater treatment systems. Nutrients also come from natural sour-
ces, such as forests and open land. Nutrients from land are called the external load. 

In this project, we chose to focus on phosphorous because it often regulates 
eutrophication in coastal areas of the Baltic Sea and because more measures have 
been developed to address phosphorous leakage. 

Before the project began, large amounts of phosphorous that had accumula-
ted in the bay’s sediments were leaking to the water column. This accumulated 
phosphorus originally came from human activities in the catchment. Low oxygen 
conditions in the sediments and bottom waters triggered natural processes that 
released the stored phosphorus; this is called the internal load.

The figures show the sources of 
phosphorous to Björnöfjärden’s 
water at the beginning of the pro-
ject in 2011 and after the imple-
mented measures had full effect 
(% per year, from the respective 
nutrient source).

PHOSPHOROUS LOAD BEFORE AND AFTER REMEDIATION

before....Larger sewers, 45 kg/year
Through a new wastewater 
treatment system at the Säby 
Estate conference facility, the 
phosphorous emissions from 
the facility decreased by at 
least 70%.

Agriculture, 38 kg/year
By liming the fields, installing 
phosphorous ponds with lime 
filter beds, and draining with lime 
mixing, phosphorous leakage 
from fields has decreased by 
around 80%. 

Horse keeping, 17 kg/year
Through daily removal of 
manure from pastures, 
storage of manure on sealed 
slabs, installation of protec-
tive zones around ditches, 
land stabilisation, and 
drainage of compacted land, 
nutrient leakage from horse 
farms has been reduced by 
about 70%.

Internal load, 600 kg/year
Aluminium binds with phosphorous 
and retains it in the sediments, 
thereby reducing concentrations in 
the water. Treating deep and anoxic 
sediments with aluminium has 
reduced the phosphorous supply to 
the water by more than 80%.

Pike wetland
Constructing a pike 
wetland can increase the 
abundance of pike, which 
in turn can counteract 
the effects of eutrophi-
cation. Pike eat small 
fish that would other-
wise eat zooplankton; 
more zooplankton 
remain and graze on 
algae, improving water 
clarity.

Outhouse in nature reserve, 
3 kg/year
Equipping the outhouse in the 
Björnö nature reserve with closed 
tanks prevented nutrients and 
pathogens from leaking into the bay.

Transplanting 
bladder wrack
Bladder wrack was transplan-
ted to several places in the 
bay. Seaweed belts are 
important for fry and small 
animals that live here, which 
in turn are important food for 
birds and fish.

Fishing ban
To increase the pike 
population, a fishing ban 
was introduced during the 
spawning period in spring. 

Private sewers, 80 kg/year
Through more inspections, advice, and financial 
support, the phosphorous from private 
sewers has been reduced by half. 
Homeowners were compensated 
if they switched to a sewage 
solution where wastewater 
is collected and transported 
away from the area.

 

reduced by measures

remaining measures

not possible to reduce

To reduce the nutrient supply to the 
water and counteract the effects of eu-
trophication, a number of measures were 
implemented, both in Björnöfjärden’s 
catchment and in the bay itself. The 
supply of phosphorous from each of 
the various sources ranged from 3 to 
600 kg per year. All measures were 
important, but the greatest reduction 
in phosphorous resulted from treating 
the sediments with aluminium, followed 
by improving private wastewater treat-
ment systems. Aluminium binds with 
phosphorus, moving it from the water to 
the sediments. The diagrams show how 
effective the measures were in reducing 
the phosphorous supply from the various 
sources. The size of the pie chart illus-
trates differences in annual supply from 
each source.

MORE LIFE IN THE BAY

6m

 

Visual disc that 
measures water transparency

Phosphorous from sediment 
eutrophies the bay
Under low-oxygen conditions, 
phosphorus can leak from 
sediments to the water and 
contribute to excessive algal 
growth. When algae die and sink 
to the bottom, decomposition 
consumes oxygen, which in turn 
can release more phosphorus 
from sediments. This is often 
called a “vicious circle”. 

Nutrients eutrophies the bay
Nutrients from land reach the bay 
through ditches and watercourses. 
The nutrients come, for example, 
from poor wastewater treatment 
systems, farmland, and horse 
farms.

Filamentous algae dominant
In the eutrophic bay, filamen-
tous algae thrive, covering 
stones, slabs, and other 
vegetation on the seabed. 
Bladder wrack and vascular 
plants are rare.

Poor water transparency
The large amount of nutrients 
in the water promotes algal 
growth, which clouds the 
water. Poor light conditions 
prevent vegetation from living 
on deeper seabeds.

Nutrient exports
There is a net export of nutrients from 
Björnöfjärden to the archipelago. 
These nutrients come both from land 
and the sediments.

Dead seabeds 
At water depths greater than six 
metres, there is insufficient 
oxygen to support life; neither 
fish nor small animals can 
survive here.  

A large amount of roach
The most common fish in 
Björnöfjärden is roach. Fish can 
only live in the top six metres of 
water where there is oxygen.

after....

6m

Internal load reduced
After the aluminium treatment, more phosphorous stays in the sediments and 
algal growth has decreased. With less organic material to be decomposed, 
more oxygen remains in the bottom waters. In the deepest areas, there is still a 
lack of oxygen; it will take many years before conditions improve here.

Reduced nutrient export
The measures have reduced the 
supply of nutrients from land 
and the sediments. In order to 
keep the improved environment, 
the external nutrient load 
cannot increase.

Vegetation expands
Clearer water means that the bottom vegetation spreads and can live at 
greater depths. Bladder wrack and vascular plants have become more 
common. Small animals and fry thrive in these environments.

Clear water
Lower concentrations of phosphorous reduce 
algal growth, resulting in clearer water. Sunlight 
reaches deeper areas and contributes to a 
greater spread of bottom vegetation.

Reduced nutrient leakage
Measures on land have reduced 
nutrient leakage to the bay. The 
export of phosphorous from 
Björnöfjärden to the archipelago 
has been cut in half.

Seabeds are recolonised
Better oxygen conditions on 
seabeds at intermediate 
depths mean that fish and 
bottom-dwellers can live 
here again. 

More pike
There are more fish in the bay. 
The pike wetland contributes 
to increasing the bay’s pike 
population.

Directly after the aluminium treat-
ment, the phosphorous concentration 
in the water decreased. After just a 
few months, the concentration de-
creased by half compared to the start 
of the project. This reduction has im-
proved the underwater environment 
in many ways (see figure to the right).

In the long term, the measures im-
plemented on land are expected to re-
duce the nutrient leakage to the bay in 
half. It will take a few years before the 
measures have achieved full effect be-
cause large amounts of nutrients are 
stored in soils. 

Even if the aluminium treatment 
binds phosphorous in the water and 
provides a rapid effect, it is critical 
to minimise the supply of “new” nu-
trients from land. Otherwise nutrients 
will again accumulate and contribute 
to eutrophication. 

ALL MEASURES 
ARE IMPORTANT

RESTORING A GOOD ENVIRONMENT IN COASTAL AREAS


