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Reducing eutrophication crucial to
prevent coastal methane emissions

A large part of the anthropogenic emissions of carbon
dioxide have been absorbed by the oceans. However,
many Swedish coastal areas are currently affected by
eutrophication, making them a source of greenhouse
gases, mainly in the form of methane. Reducing
eutrophication is crucial for limiting methane emissions
and thus mitigating climate change.

The latest reports from the International Panel on Climate
Change (IPCC) show that reducing greenhouse gas emissions is
becoming increasingly urgent if the Paris Agreement’s target of
limiting global warming to well below 2 degrees is to be met. This
makes it particularly urgent to reduce methane emissions, as these
emissions have an especially large impact on the climate in the
short term. At the UN Climate Change Conference in Glasgow
in 2021, participating countries adopted a joint target to reduce
methane emissions by 30 per cent by 2030.

Methane is a shorter-lived but much more potent greenhouse gas
than carbon dioxide. Methane emissions caused by human ac-
tivities are small compared to the corresponding carbon dioxide
emissions (only around 3 per cent in terms of carbon), but are
nevertheless estimated to have contributed more than 20 per cent
to global warming over the last 250 years. This makes methane
the second most important greenhouse gas for climate change af-
ter carbon dioxide.

Methane levels in the atmosphere have more than doubled since
the beginning of the 20th century and the increase has accelerated
in recent years. However, there are still large knowledge gaps re-
garding the contributions from anthropogenic as well as natural
processes and how these may change in a warming world.

Research now suggests that eutrophic coastal environments may
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offsets the uptake of carbon dioxide.

RECOMMENDATIONS
» Include eutrophication issues in climate action.
+  Reduce nitrogen and phosphorus inputs from land.

«  Develop a system to account for greenhouse gas
emissions from oceans and coasts.

be important, but previously partly overlooked, sources of meth-
ane. According to preliminary calculations made by researchers at
Stockholm University Baltic Sea Centre, methane emissions from
the largely eutrophic Swedish territorial waters could amount to
as much as 30,000 tonnes annually. This corresponds to just over
800,000 tonnes of carbon dioxide equivalents on the 100-year
scale (where one tonne of methane is estimated to be equivalent to
28 tonnes of carbon dioxide), or 2.5 million tonnes of carbon di-
oxide equivalents on the 20-year scale (where one tonne of meth-
ane is seen as equivalent to 84 tonnes of carbon dioxide). These
numbers can be compared with Sweden’s total reported territorial
emissions of greenhouse gases (excluding land use and forestry),
which are estimated to amount to just over 45 million tonnes of
carbon dioxide equivalents per year on the 100-year scale or just
over 54 million tonnes on the 20-year scale.

Blue carbon — a small part of the carbon cycle

Through gas exchange between water and air, the ocean absorbs
some of the carbon dioxide released into the atmosphere. If there
are nutrients in the water, the carbon dioxide can be used for the
growth of plants, algae and bacteria, and ultimately by organisms
higher up the food chain. This allows additional carbon dioxide
to be absorbed into the water. When organic matter sinks to the
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The figures are rough estimates and indicate annual flows
converted to carbon dioxide equivalents (20-year scale, IPCC; AR5).

bottom, some of it will be buried and can thus be stored for a very
long time — sequestered.

Some marine environments are seen as particularly effective at
capturing and storing carbon, such as mangrove swamps and sea-
grass beds, but macroalgae — such as the Baltic Sea bladderwrack
— can also be effective. The carbon stored in these ecosystems is
known as ’blue carbon’. Restoring these types of environments
can be an important nature-based measure to mitigate climate
change.

However, new calculations show that in the Baltic Sea, the eco-
systems that store blue carbon hold a relatively small proportion
of the total carbon stock. The proportion of vegetated bottoms
in Swedish territorial waters is estimated to be less than 5 per
cent. Instead, the seabeds in the Baltic Sea are dominated by veg-
etation-free bare sediments. This is partly due to human impact
in the form of eutrophication and exploitation, but the extent of
vegetated bottoms is also limited by natural factors such as the
physical characteristics of the bottom and the lack of light and/or
oxygen in deeper areas.

Reducing pressures on habitats such as seagrass beds and bladder-
wrack forests is important for several reasons. It improves water
quality and marine biodiversity and strengthens ecosystem resil-
ience, and can also increase carbon uptake. However, even if these
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Carbon dioxide is
produced when organic
material is decomposed. Under
oxygen-free conditions, methane
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Carbon dioxide is
continuously exchanged
between water and air due to
differences in partial pressure, which can
vary greatly over a year in a eutrophic sea. In
summer, carbon is fixed in the water by growing
organisms and more carbon dioxide can be
absorbed from the atmosphere. In winter, carbon
dioxide formed during decomposition is released to
the atmosphere. In coastal areas, carbon inputs
from land also contribute to emissions. Over the
year, more carbon dioxide is likely to be
emitted to the air than absorbed by water.
However, greenhouse gas emissions
from the coasts are dominated
by methane.
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Methane released
from the seabed is mixed
upwards in the water column,
but is also used by microorganisms
in the water. Depth is therefore
crucial to whether or not the
methane reaches the air. Abundant
methane production also creates
bubbles that rise more quickly
to the surface.

produced.

areas were to double in size in the Baltic Sea, they would absorb
relatively small amounts of carbon, as most of the seabed will
continue to consist of vegetation-free sediments. More significant
for the climate are methane emissions from shallow coastal areas.

Decomposition on the bottoms cause methane emissions
When plants, animals and other organisms in the sea die, they are
decomposed by bacteria, partly in the water column, but also on
and in the seabed sediments. Decomposition consumes oxygen
and releases carbon dioxide, which returns to the water. Decom-
position of large amounts of organic material can result in all
the oxygen being consumed. If the sea is eutrophic, there is a lot
of organic material and therefore eutrophication can cause the
spread of anoxic bottoms, which is one of the major environ-
mental problems of the Baltic Sea. In these so-called *dead zones’,
however, decomposition of organic matter continues, including
by methane-producing microorganisms called archaea.

In eutrophic marine areas, methane production can be high, both
because of a lack of oxygen and because there may be large ac-
cumulations of organic matter to be decomposed. Recent stud-
ies show that methane production can also occur in shallower
environments that are not completely oxygen-free. For example,
methane-producing archaea have been found in anoxic pockets



between seaweed plants in bladderwrack forests and in algae
communities adjacent to the plants. It is estimated that about one
third of the carbon dioxide uptake in the vegetated areas of the
Baltic Sea is offset by methane released to the atmosphere.

Measurements from vegetation-free areas show that such areas
can be net sources of both carbon dioxide and methane to the
atmosphere. This makes Sweden’s territorial waters as a whole a
source of greenhouse gases to the atmosphere, according to cal-
culations.

From sediment to atmosphere — two routes

The methane formed in sediments can reach the atmosphere in
two ways. Firstly, it leaks from the sediments in dissolved form
and mixes with the water upwards in the water column. If it
reaches the sea surface, it can then be transported to the atmos-
phere through gas exchange. However, the dissolved methane can
be used as an energy source by microorganisms in the water, re-
sulting in its conversion to carbon dioxide and water. The depth
of the seabed is therefore of great importance for whether the
methane leaking from the sediments reaches the atmosphere or
not. Normally, coastal bottoms shallower than about 50 metres
are considered to dominate methane emissions from the oceans,
despite their relatively small surface area. This is because they are
shallow enough to allow the methane to reach the surface water
and the atmosphere before it can be used by microorganisms.

When methane production is high and sediments become saturat-
ed with methane, methane gas can also be produced. The methane
gas leaves the sediments in the form of bubbles that transport
the methane to the surface much faster and more efficiently than
the dissolved methane that is slowly mixed upwards in the water
mass — in about 20 minutes the bubbles can travel several hun-
dred metres. The methane bubbles gradually dissolve in the water,
contributing to the concentration of dissolved methane, which
can then either be used by microorganisms or released into the
atmosphere.

A recent expedition indicates that methane bubbles in the Bal-
tic Sea can travel much further than previously believed. At the
deepest point in the Baltic Sea, the Landsort Deep, at a depth of
just over 400 metres, the researchers discovered intense release of
bubbles containing methane and other substances from the sea-
bed, which travelled several hundred metres to the sea surface.
Although the emissions of methane to the atmosphere from this
specific, extremely deep area in themselves are insignificant, the
discovery could mean that methane production from a larger part
of the Baltic Sea than previously thought could reach the atmos-
phere and affect the climate.

Areas where there is a lot of accumulated organic matter, due to
eutrophication and/or ocean currents, and where oxygen condi-
tions are poor, could potentially be hotspots for methane produc-
tion. The Baltic Sea has many such potential areas, including fibre
banks caused by industrial emissions from paper mills. According
to an experimental study, the production of methane in such fi-
bre banks in Sweden could amount to 3.7 million tonnes of car-
bon dioxide equivalent per year at the 100-year scale (11 million
tonnes at the 20-year scale).

Some of this methane will probably be removed in the water in-
stead of released to the atmosphere, but the flux is still high com-
pared to what the Baltic Sea Centre’s researchers have estimated
the total methane emissions from Swedish territorial waters to be.
This shows that there are large uncertainties in the calculations,
but still supports the importance of considering methane emis-
sions from the oceans.

The territorial waters
of Sweden

baseline

Sweden's territorial waters consist of
internal waters (the area from the coast
to the baseline) and the territorial sea
(the area from the baseline and 12
nautical miles out to sea).

Warming may increase methane production
Global warming has led to an average increase in air temperature

of about 1 degree over the last 100 years , which has also affected
the oceans, that absorb much of the heat. In the Baltic Sea region,
warming has been faster than the global average, which is clearly
visible in a shallow sea like the Baltic Sea. So far, the water tem-
perature is estimated to have risen by an average of 3.3 degrees
since the beginning of the 20th century, with 2.4 degrees in the
last 30 years alone. According to model simulations, the surface
water temperature of the Baltic Sea could increase by between



1.1 and 3.2 degrees by the end of this century, depending on the
future trajectory of greenhouse gas emissions (RCP 2.6 and RCP
8.5 respectively).

With rising water temperature, methane production in sediments
is expected to increase, as the decomposition of organic matter is
faster and less oxygen can be dissolved in the water. At the same
time, the solubility of methane in water also decreases, making it
easier to form bubbles. Both of these factors lead to more meth-
ane from the sediments reaching the atmosphere. This probably
means that even with an unchanged eutrophication situation in
the Baltic Sea, methane emissions to the atmosphere can be ex-
pected to increase as a result of global warming. The same trend
can be expected in other shallow coastal seas, and the total meth-
ane emissions may in turn further accelerate warming.

Extensive research is currently underway, including within the
CoastClim research collaboration between the Universities of
Stockholm and Helsinki, to more accurately quantify greenhouse
gas emissions from the Baltic Sea, and how these may be affected
by, for example, temperature changes and reduced eutrophica-
tion. However, existing knowledge suggests that ongoing climate
change makes it particularly urgent to reduce the supply of nu-
trients to the Baltic Sea and thus eutrophication, in order to limit
methane emissions. Another question is to what extent the de-
posits of organic material in the sediments can continue to cause
methane formation even if eutrophication is reduced.

Indirect emissions from agriculture

According to Swedish climate reporting, Sweden’s methane emis-
sions in 2021 amounted to 5 million tonnes at the 100-year scale
(15 million tonnes at the 20-year scale). Agriculture accounts for
the majority of these emissions (more than 70 per cent), as meth-
ane is emitted during the storage of manure and by ruminant an-
imals. At the same time, the anthropogenic nutrient input to the
Baltic Sea from Sweden is dominated by leakage from agriculture.
By contributing to eutrophication, this nutrient leakage ultimately
also causes a large part of the methane emissions from the coasts.
If these indirect greenhouse gas emissions are taken into account,
the climate impact of the agricultural sector is even greater.

Through HELCOM'’s Baltic Sea Action Plan, all countries around
the Baltic Sea and the EU are committed to reducing nutrient in-
puts to the Baltic Sea to such a level that the sea is unaffected by
eutrophication. Since the 1980s, the input has been significantly
reduced; by 40 per cent for nitrogen and 60 per cent for phospho-
rus. However, significant reductions in emissions are still required
to achieve the goal. For Sweden, the nitrogen input to the Baltic
Proper needs to be reduced by 25 per cent from the current al-
most 40,000 tonnes per year and the phosphorus input by 30 per
cent from the current more than 700 tonnes per year. To achieve
this, continued investment in wastewater treatment is required,
not least from individual sewers, but above all extensive measures
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in agriculture, to increase nutrient use efficiency and thus reduce
leakage from agricultural land.

Coastal emissions are missing from climate reporting
Accounting for all territorial emissions and carbon sinks is impor-
tant for the development of climate action and policy. Like other
countries, Sweden is required to report its climate impact to the
UNFCCC and to the European Commission. One part is the emis-
sions and removals of greenhouse gases from land use, land use
change and forestry - LULUCE. According to the EU’s climate law,
the net storage in this sector must increase by 2030, in Sweden’s
case by just over 3.9 million tonnes of carbon dioxide equivalents,
or 10 per cent, compared with the average for 2016-2018. How-
ever, LULUCF reporting only covers cultivated land. Emissions
from coasts and seas, as well as from lakes and most wetlands, are
therefore not included. There is every reason to develop a system
to uniformly measure and report also these emissions.

The research within CoastClim aims to develop a framework for
carbon accounting in coastal areas. A variety of measurements
and sampling in sediment, water and air, together with the de-
velopment of new modelling tools, will make it possible to assess
emissions and carbon uptake with greater certainty in different
environments and under different conditions. This, in turn, makes
it possible to estimate the effects of various disturbances in the
marine environment on the climate, and the climate effects of, for
example, the restoration of a coastal area.

If methane emissions and carbon uptake in coastal environments
were included in climate reporting and emissions trading, they
would be given a national economic value. Measures to reduce
eutrophication and restore coastal areas could then be economi-
cally beneficial, while contributing to climate change mitigation,
improving water quality and increasing biodiversity, which is also
favourable for societal benefits such as recreation, fisheries and
tourism.

CoastClim is part of a strategic collaboration
between the Universities of Stockholm and Helsinki.
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Read more at www.coastclim.org.
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