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            Abstract
About five to four million years ago, in the early Pliocene epoch, Earth had a warm, temperate climate. The gradual cooling that followed led to the establishment of modern temperature patterns, possibly in response to a decrease in atmospheric CO2 concentration, of the order of 100 parts per million, towards preindustrial values. Here we synthesize the available geochemical proxy records of sea surface temperature and show that, compared with that of today, the early Pliocene climate had substantially lower meridional and zonal temperature gradients but similar maximum ocean temperatures. Using an Earth system model, we show that none of the mechanisms currently proposed to explain Pliocene warmth can simultaneously reproduce all three crucial features. We suggest that a combination of several dynamical feedbacks underestimated in the models at present, such as those related to ocean mixing and cloud albedo, may have been responsible for these climate conditions.
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                    Figure 1: Climate evolution over the past 5 Myr.[image: ]


Figure 2: Temperature evolution over the past 5â€‰Myr in different regions of the ocean.[image: ]


Figure 3: Temperature changes in different regions of the ocean.[image: ]


Figure 4: Evolution of SST gradients since 4â€“5â€‰Myr ago.[image: ]


Figure 5: Testing mechanisms of Pliocene warmth and reduced temperature gradients.[image: ]


Figure 6: Global surface air temperature anomalies in two experiments.[image: ]
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