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            Abstract
Increasing global precipitation has been associated with a warming climate resulting from a strengthening of the hydrological cycle1. This increase, however, is not spatially uniform. Observations and models have found that changes in rainfall show patterns characterized as â€˜wet-gets-wetterâ€™1,2,3,4,5,6,7 and â€˜warmer-gets-wetterâ€™5,8,9. These changes in precipitation are largely located in the tropics and hence are probably associated with convection. However, the underlying physical processes for the observed changes are not entirely clear. Here we show from observations that most of the regional increase in tropical precipitation is associated with changes in the frequency of organized deep convection. By assessing the contributions of various convective regimes to precipitation, we find that the spatial patterns of change in the frequency of organized deep convection are strongly correlated with observed change in rainfall, both positive and negative (correlation of 0.69), and can explain most of the patterns of increase in rainfall. In contrast, changes in less organized forms of deep convection or changes in precipitation within organized deep convection contribute less to changes in precipitation. Our results identify organized deep convection as the link between changes in rainfall and in the dynamics of the tropical atmosphere, thus providing a framework for obtaining a better understanding of changes in rainfall. Given the lack of a distinction between the different degrees of organization of convection in climate models10, our results highlight an area of priority for future climate model development in order to achieve accurate rainfall projections in a warming climate.
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                    Figure 1: Joint-histograms of the centroids of the convective cloud regimes.[image: ]


Figure 2: Precipitation distributions of the convective CRs.[image: ]


Figure 3: The spatial distribution of the changes in precipitation from 1998 to 2009.[image: ]


Figure 4: The spatial distribution of the changes in precipitation from July 1983 to December 2009.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Geographical distribution of the convective cloud regimes.
The frequency averaged over the entire period (July 1983 to December 2009) in each grid box for CR1 (a), CR2 (b), and CR3 (c).

                          Source data
                        


Extended Data Figure 2 Time series of the frequencies of the convective regimes.
Monthly-mean frequencies of CR1 (a), CR2 (b) and CR3 (c), as well as the sum of all convective regimes CR1â€“CR3 (d) in the entire domain between Â±30Â° latitudes (solid lines). The linear least-squares regression slopes are also shown (dashed lines). The differences in means between the two halves at two standard deviations (95%) are 0.0043Â Â±Â 0.0008 (a), âˆ’0.014Â Â±Â 0.002 (b), 0.003Â Â±Â 0.003 (c) and âˆ’0.006Â Â±Â 0.004 (d).

                          Source data
                        


Extended Data Figure 3 Correlations and root mean squared errors of the spatial changes to change in total precipitation.
Correlations and root mean squared errors with the first panel of the other panels in Fig. 3 (a), Fig. 4 (b) and Extended Data Fig. 4 (c).

                          Source data
                        


Extended Data Figure 4 The spatial distribution of the changes in precipitation from 1997 to 2009 using GPCP 1DD.
a, Change in monthly-mean precipitation from GPCP 1DD. b, Contribution from the change in CR1 frequency. c, Contribution from the change in within-CR1 rainfall. d, Sum of the contributions from the terms of CR2 and CR3. e, Sum of the contributions from the terms of all three convective regimes. See the legend to Fig. 3 on stippling, and Extended Data Fig. 3c for correlations and root mean squared errors.

                          Source data
                        


Extended Data Figure 5 Comparison between changes in organized deep convection and changes in dynamics from 1998 to 2009.
a, Changes in grid-mean vertical motion at 500Â hPa from ERA-Interim (negative is ascending motion). b, Changes in frequency of CR1.

                          Source data
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        Editorial Summary
Cloud convection link to increased precipitation
There is a broad consensus that tropical precipitation will increase in a warming climate, but the processes driving the increase are uncertain, and thus so too are the magnitude and location of possible increases. Jackson Tan and colleagues now use satellite observations to show that an increase in organized deep convection â€” essentially a large aggregation of heavily precipitating and largely stratiform clouds â€” is behind most of the recent increases in tropical precipitation. Shifts in organized deep convection also largely explain the spatial patterns of tropical precipitation change.
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