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            Abstract
Nearly 50 years ago Bjerknes1 suggested that the character of large-scale airâ€“sea interaction over the mid-latitude North Atlantic Ocean differs with timescales: the atmosphere was thought to drive directly most short-termâ€”interannualâ€”sea surface temperature (SST) variability, and the ocean to contribute significantly to long-termâ€”multidecadalâ€”SST and potentially atmospheric variability. Although the conjecture for short timescales is well accepted, understanding Atlantic multidecadal variability (AMV) of SST2,3 remains a challenge as a result of limited ocean observations. AMV is nonetheless of major socio-economic importance because it is linked to important climate phenomena such as Atlantic hurricane activity and Sahel rainfall, and it hinders the detection of anthropogenic signals in the North Atlantic sector4,5,6. Direct evidence of the oceanic influence of AMV can only be provided by surface heat fluxes, the language of oceanâ€“atmosphere communication. Here we provide observational evidence that in the mid-latitude North Atlantic and on timescales longer than 10â€‰years, surface turbulent heat fluxes are indeed driven by the ocean and may force the atmosphere, whereas on shorter timescales the converse is true, thereby confirming the Bjerknes conjecture. This result, although strongest in boreal winter, is found in all seasons. Our findings suggest that the predictability of mid-latitude North Atlantic airâ€“sea interaction could extend beyond the ocean to the climate of surrounding continents.
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                    Figure 1: Spatial pattern of correlation between the AMV SST index and anomalies of surface turbulent heat fluxes for the long-term and short-term components.[image: ]


Figure 2: Time series of AMV SST index and anomalies of sensible plus latent heat flux in the mid-latitudinal North Atlantic.[image: ]


Figure 3: Cross-spectral analysis of the AMV SST index and anomalies of surface turbulent heat fluxes.[image: ]


Figure 4: Changing correlations between the AMV SST index and anomalies of surface heat fluxes with the length of the filtering window.[image: ]
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        Editorial Summary
Long-term climate effects of the oceans
In 1964 the Norwegianâ€“American meteorologist Jacob Bjerknes conjectured that interactions between the atmosphere and the ocean have opposing effects, depending on the timescale of the interaction: at interannual scales, the atmosphere controls the sea surface temperature, but at multidecadal scales, the ocean is the main driver of atmospheric variability. The former is now accepted and modelling work has been used to support the latter, but until now no firm observational evidence has been offered in support of oceanic control of the atmosphere. Sergey Gulev et al. have now assembled the available observational evidence and demonstrate that, at least in the North Atlantic, the ocean does drive multidecadal variability in surface heat fluxes.
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