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Figure 3:

Main circulation pattern, drainage area and  Coastal and marginal seas are thought to act as a continental shelf pump transporting CO, from the atmosphere to the The Baltic Sea and its
topography of the North Sea. open oceans. The CO, uptake in coastal seas is triggered by high biological activity increasing the CO, concentrations drainage area.
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of their waters which finally are transported to the open ocean. The efficiency of this "continental shelf pump" will be
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e , | Table 1: Hydrography of the North Sea Table 2: Hydrography of the Baltic Sea

surface area [km’] 575300  Surface area [km’]
Water budget (Eisma and Kalf, 1987) [km’a™] Riverine input to [km’ a™]:
from the Baltic Sea 500 Bothnian Bay
from the Atlantic Ocean: Bothnian Sea

Via English Channel 4900 Gulf of Finland
Via Faire Island and Pentland Firth 9000 Gulf of Riga
Via Shetland Chanel 42000 Baltic Proper
Rivers 300 Danish Straits

Outflow to the North

after OSPARCOM, 2002

The Nrth Sea

The North Sea (Fig. 1) is located on the northwestern European continental shelf with open
northern and southern boundaries to the Atlantic Ocean. The deeper northern part reveals depth
up to approximately 150m on the shelf and down to 400m in the Norwegian Channel and 700m in
the Skagerrak. In the south of the Dogger Bank the depths are less than 50m, near the coasts
even less than 20m. The continuous water exchange across the northern boundary dominates the
water budget (Tab. 1). Wind and tidal motion is the main driver for the anticlockwise circulation in

the North Sea.
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Characterisation of C sources
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Results for the North Sea

The carbon budget is dominated by the circulation
of Atlantic Ocean water through the North Sea
(Fig. 2), which finally triggers the uptake of
atmospheric CO,. The initial carbon content of the
Atlantic Ocean water is increased from the
atmosphere (25%), the Baltic Sea (42%) and the
rivers (33%). The uptake of atmospheric CO, of

724.000*10° mol C a™” converts to a flux of 1.3 mol
C m* a” into the North Sea, whereof 10% are
transferred to the sediments and 90% to the North
Atlantic Ocean constituting the continental shelf

pump.

Sea via Norwegian Trench  -56700 Kattegat
Outflow to the North Sea

The Baltic Sea

Conclusions

The continental shelf pump operates in two different modes
mainly controlled by bottom topography. The North Sea reveals
almost no sedimentation but short flushing times. This ultimately
implies that the entire CO, draw-down caused by biological

activity is available for export to the Atlantic Ocean. The North
Sea thus can be seen as a strong continental shelf pump acting
In a bypass mode (Fig. 5a), which increases the carbon content
of Atlantic Ocean while it is circulated through the North Sea.

In contrast, the brackish Baltic Sea serves as a collector for
riverine carbon inputs, which finally are transported following a
"one-way road" to the North Sea. The stratification enables
effective export of organic matter from the surface to the deeper
layers. The atmospheric CO, replenishing the biological CO,

uptake is thus most notably exported to the deeper layers and
the sediments rather than being exported to the North Sea. The
Baltic Sea acts as an injection pump (Fig. 5b) for terrestrial
carbon, however as a weak continental shelf pump for
atmospheric CO, .

B S o o b U b BELARUS
Berlm. J
8 & Narsaw
GERMANY
2 9 nnnnnn ,
UUUUUU
aPrague
—5 1 6 CZECH REPUBLIC o IUE 20? km
SLOVAK REPUBLIC HELCOM, 2002

The Baltic Sea (Fig. 3) is almost entirely enclosed and located in the North-western
part of Europe. The brackish and stratified system is established by an interaction
between both the high annual fresh water inputs (approx. 4% its water volume, Tab.
2) and the sporadic inputs of saline North Sea water. Thus, the Baltic Sea might be
seen as a large estuary, of which drainage area is approx. three to four times larger
than the surface of the Baltic Sea.
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Results for the Baltic Sea

The carbon budget identifies the Baltic Sea as an
autotrophic sea, which provides a net transport of
atmospheric CO, most notably to the sediments and most

likely also to the North Sea. The production of particulate
organic matter and its subsequent burial in the sediments
appears to be the driver of the CO, uptake from the

atmosphere.

Continental shelf pump’s mode of operation: Continental shelf pump’s mode of operation:
Bypass pump Injection pump
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Figure 5:
Operational modes
of the "continental
shelf pump” in the
North Sea and the
Baltic Sea.
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