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How much carbon can the coastal ocean store?

Carbon Storage in German Coastal Seas - Stability, Vulnerability & Perspectives for Manageability

B. Cahill, U. Gräwe, H. Burchard, Leibniz Institute
for Baltic Sea Research, Warnemünde

In Short

• Biogeochemical modelling of carbon pools in the
coastal ocean

• Quantifying changes in carbon pools

• Identifying potential changes in carbon pools due
to climate change

Our project investigates the stability and vulnerabil-
ity of various carbon storage pools in the Baltic Sea,
North Sea and Wadden Sea. Germany and its Eu-
ropean neighbours have a long history of exploiting,
over-exploiting and rehabilitating their coastal wa-
ters. This is a consequence of human pressures on
these coastal systems, paralleled by climate change
driven pressures. Both have the potential to alter
the biogeochemistry of the marine ecosystems. Us-
ing a coupled physical - biogeochemical model for
the Baltic-North-Wadden Sea continuum (Fig. 1 ),
our goal is to establish a budget of carbon pools
and fluxes, investigate the sensitivity of these pools
and fluxes to climate change and anthropogenic ac-
tivities and determine whether and to what extent
relevant pathways for carbon storage have or will be
impacted.

The Modelling Although the North Sea and the
Baltic Sea are a coupled system, this has been only
poorly reflected in modelling efforts until relatively
recently. The differences in the two systems are also
reflected in the approaches taken to model these.

Figure 1: Water depth of the North Sea / Baltic Sea. (Red lines
delineate the boundary of the 2nm North Sea-Baltic Sea setup
with the North Atlantic, purple lines delineate the boundary of the
Southern North Sea 600m setup.)

During the last 10 years, some efforts were under-
taken to bridge both systems using higher spatial res-
olution or vertical adaptive coordinates (e.g. Gräwe
et al.,2015a; Hordoir et al., 2019). The need for a
further developed coupled model system including a
sophisticated biogeochemical module is also moti-
vated by the results of Pätsch et al. (2017); Placke
et al. (2018) and Daewel et al. (2019), who clearly
reveal shortcomings in our present capabilities to
simulate these systems as one entity appropriately.

Figure 2: Extended Carbon Ecological Regional Ocean Model
(ERGOM, Neumann et al., 2022)).

Here, we have developed a coupled
hydrodynamic-biogeochemical model for the
North-Baltic-Wadden Sea continuum using the
General Estuarine Transport Model (GETM,
https://getm.eu) coupled to the Ecological Re-
gional Ocean Model (ERGOM, https://ergom.net).
We are working with two model domains shown in
Figure 1 : a 2 nautical mile (nm) Baltic Sea - North
Sea setup (NSBS2nm), where the boundary with the
North Atlantic is shown in red and a 600m Southern
North Sea setup (SNS600m), the boundary of
which is shown in purple. ERGOM is used and
developed since several years at IOW (Radtke et
al., 2012; Neumann et al., 2017). Some attempts
have been made to extend it to the North Sea (Maar
et a., 2011; Wan et al., 2012). In this work, we
have built on ERGOM version 1.2 (which allows for
non-Redfieldian carbon fixation, Neumann et al.,
2022; Fig. 2 ) by adding dissolved silicate and the
Wanninkhof, 2014 parameterization of the piston
velocity for air-sea exchange of CO2. We use this
updated model system to reconstruct the seasonal
and inter-annual variability in carbon pools and
fluxes in the Baltic – North Sea continuum from
1993 to 2022 (Fig. 3 ).
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Figure 3: Annual mean surface dissolved inorganic carbon (DIC), dissolved organic carbon (DOC), particulate organic carbon (POC)
and air-sea CO2 flux in 1993.
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