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            Abstract
Instrumental records, proxy data and climate modelling show that multidecadal variability is a dominant feature of North Atlantic sea-surface temperature variations1,2,3,4, with potential impacts on regional climate5. To understand the observed variability and to gauge any potential for climate predictions it is essential to identify the physical mechanisms that lead to this variability, and to explore the spatial and temporal characteristics of multidecadal variability modes. Here we use a coupled ocean–atmosphere general circulation model to show that the phasing of the multidecadal fluctuations in the North Atlantic during the past 600 years is, to a large degree, governed by changes in the external solar and volcanic forcings. We find that volcanoes play a particularly important part in the phasing of the multidecadal variability through their direct influence on tropical sea-surface temperatures, on the leading mode of northern-hemisphere atmosphere circulation and on the Atlantic thermohaline circulation. We suggest that the implications of our findings for decadal climate prediction are twofold: because volcanic eruptions cannot be predicted a decade in advance, longer-term climate predictability may prove challenging, whereas the systematic post-eruption changes in ocean and atmosphere may hold promise for shorter-term climate prediction.
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                    Figure 1: Observed and simulated northern hemisphere temperature and Atlantic multidecadal oscillation.[image: ]


Figure 2: The role of external forcing for Atlantic multidecadal variability.[image: ]


Figure 3: Simulated North Atlantic oscillation and Atlantic meridional overturning circulation.[image: ]


Figure 4: Simulated responses to volcanic forcing.[image: ]
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