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Surface waters in the subtropical gyres have persistently absorbed anthropogenic CO2 at a rate such that their inorganic carbon concentrations have shown a clear upward trend. 10-year time series of upper-ocean inorganic carbon observations from the North-Eastern subtropical Atlantic at ESTOC indicates significant variability in the inorganic carbon fluxes produced by variations in the Winter mixed-layer depths, induced by sea surface temperature anomalies. The flux anomalies for the entrainment and the NCP exhibit substantial variability, with peak-to-peak anomalies of up to ± 200 mmol m-2 month-1 (± 0.6 mol m-2 year-1), whereas the air-sea gas exchange and diffusive transport vary only slightly (± 0.1 mol m-2 year-1 and ± 0.06 mol m-2 year-1, respectively). These annual flux anomalies reveal that entrainment and NCP are responsible for the modifications in their respective annual mean fluxes, to a degree of 50-100%. The strongest correlations between the observed quantities and the carbon flux contributors are found for the seasonal dynamics of the mixed-layer depth, Zm, which, in turn, inversely correlates to the sea surface temperature anomalies. Moreover, the ESTOC site is also affected by the seasonal displacement of the Eastern sub-tropical gyre, which is stronger West of the Canary Islands, from October to March, while from April to September, the Southward transport is near the African coast, closely linked to the Trade Winds variability. The strong control of the mixed layer depth variations in the CO2 fluxes on both sides of the sub-tropical gyre makes the pattern of anomalous CO2 flux for ESTOC consistent, in phasing, with that at BATS. These observed anomalies together with the hydrographic and bio-geochemical properties of the surface ocean most likely reflect the NAO-related variations for both for BATS and ESTOC, with the Eastern sub-tropical gyre better correlated when a 3-year lag is considered following the NAO index delay response. Inter-annual variability in the upper ocean carbon cycles at ESTOC, and near BATS, is mainly controlled by the strength of Winter convection which controls the mixed layer depth variations. These findings suggest that the ocean carbon cycle in the sub-tropical gyre may respond quite sensitively to future climate changes, but that the ESTOC variability may be predicted 3 years in advance. 
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Time series of properties in the near surface ocean layer (5-10 m) at ESTOC site. Observations of (a) SST (ºC), (b) mixed-layer depth (m), (c) inorganic carbon variables NCT ((mol kg-1) normalized to the average salinity at ESTOC 36.8, (d) pH in total scale at 25ºC, and (e) partial pressure of CO2 in seawater expressed as fugacity, fCO2 ((atm). The long-term seasonal de-trended time series of data and linear regressions has been added to emphasize trends, and is charted in the form of smoothing splines for each property.

