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Anthropogenic carbon in the arctic ocean in the context of global change:

inventory evolution, driving mechanisms and future challenges
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Abstract: The Arctic Ocean serves as a critical sink in the global carbon cycle. However, rapid sea ice retreat
driven by Arctic amplification has sparked extensive debate over the future evolution of the Arctic carbon sink.
This review synthesizes current understanding of Arctic carbon sink characteristics and the spatiotemporal
distribution of anthropogenic carbon, and examines the regulatory mechanisms through which sea ice loss
modulates Arctic carbon cycle. Existing studies indicate that the total anthropogenic carbon inventory in the
Arctic Ocean is approximately 2.5-3.5 Pg C, with a spatial pattern characterized by higher concentrations on
continental shelves than in deep basins, and markedly greater accumulation in the Eurasian Basin relative to the
Amerasian Basin. Anthropogenic carbon is predominantly accumulated within intermediate waters. Sea ice loss
reshapes the pathways of anthropogenic carbon uptake, transport, and storage by altering air—sea gas exchange,
water-column stratification, ocean circulation, ventilation, and biogeochemical processes. Consequently, its

impacts on Arctic carbon sink capacity and anthropogenic carbon budgets exhibit pronounced regional
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heterogeneity and dual effects. Overall, the Arctic Ocean remains an important anthropogenic carbon sink under

ongoing sea ice loss, yet considerable uncertainty persists regarding its long-term storage efficiency. Future

research should strengthen sustained observations and investigations of coupled physical and biogeochemical

processes to improve predictions of Arctic carbon cycle dynamics and their climate implications.
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Fig. 1 Bathymetric map of the Arctic Ocean
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