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Introduction
An important element to keep track of global change is the atmosphere–water exchange of CO2 in the
ocean as it provides insight in how much CO2 is incorporated in the ocean (i.e. the ocean as a sink for CO2)
or emitted to the atmosphere (i.e. the ocean as a source). To date, only a few high-temporal-resolution observation sets in the Greater North Sea and neighbouring regions are available to quantify the spatiotemporal variability of air–sea CO2 fluxes. The dynamic nature of the Belgian Continental Shelf (BCS) in terms of
annual CO2 fluxes, which were often based on short term measurements and simulated values in past studies, highlight the necessity of high-resolution robust CO2 observations. Therefore, in the present study,
we monitored the local dynamics of CO2 flux using high-temporal-resolution data of both partial pressure
of CO2 in the sea (pCO2, sea) and in the air (pCO2, air) at the ICOS station Thornton Buoy.

Partial pressure of CO2

Air-sea CO2 flux

The pCO2, air fluctuated between 389.4 µatm and 464.7 µ
atm (Fig. 1). The pCO2, sea had a large range (126.9 µatm
– 525.6 µatm), and reached its lowest value in May and
highest value in August (Fig. 1). In the present research,
we observed a seasonal trend of pCO2, sea, which increased in the summer–early autumn and decreased in the
winter–spring.

Fig. 2: The daily means of air–sea CO2 flux measurements (grey) and monthly means (black) for the study period of February to December 2018.

Fig. 1: The observed pCO2 of seawater (black) and atmosphere (grey) from
February 2018 to December 2018.

Atmospheric pCO2 (pCO2, air)
Our atmospheric CO2 data was validated with atmospheric CO2
data from land-based atmospheric measuring stations, i.e.
Cabauw, Tacolneston and Mace Head. Our pCO2, air data was in
range with the pCO2, air data of the land-based atmospheric stations.
Seawater pCO2 (pCO2, sea)
We observed that the pCO2, sea data deviated in the second half of
the year. This deviation was caused by biofouling on the measuring sensor. After cleaning the sensor, its performance increased
again up to the preferred quality. The pCO2, sea data was corrected with a linear regression.
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The daily means of the CO2 flux varied between -2.99
and 0.37 mmol m-2 d-1 (Fig. 2). We calculated monthly
means (-0.95 ± 0.90 to 0.08 ± 0.13 mmol m-2 d-1) and
distinguished a clear seasonal pattern, i.e. a sink in the
winter–spring months, a source in the summer and back
a sink in autumn (Fig. 2). In 2018, we found a sink for atmospheric CO2 of 130.19 ± 149.93 mmol C m-2 y-1.

Conclusion
We revealed a large temporal variability of the air–sea CO2 flux and observed a seasonal pattern. In
2018, we observed a carbon sink for atmospheric
-2 -1
CO2 of 130 ± 150 mmol C m y . We advocate for
long-term deployment of automated sensors that
provide high-temporal-resolution data about one
location and work complementary to spot sampling based cruises with a large spatial coverage.

