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2003). Simulations of radiative-convective equilibrium with cloud resolving models support the
simple CC view of precipitation extremes with surface temperature (Muller et al. 2011; Romps
2011), but there are important changes in the strength and vertical pro le of the updrafts. Fur-
ther examination of these simulations suggests precipitation extremes may be sensitive to the fall
speeds of hydrometeors, indicating important sensitivities of extreme precipitation to different
microphysics schemes (e.g., Singh and O'Gorman 2014).

In CMIP5 projections, despite considerable spatial variability, projected increases in precipita-
tion extremes are near the CC prediction, with a global mean of 6%(Kharin et al. 2013).
Accordingly, in recent decades surface stations show a global-median 5.9-7 ¥¥dease in
annual daily-maximum precipitation, depending on the method of analysis used (Westra et al.
2013). However, in the tropics, changes to extreme precipitation may exceed the increases in
moisture (Sugiyama et al. 2010). Observational evidence in recent decades shows that the most
extreme tropical precipitation has increased by 15-25%d¢er the ocean, but slightly decreased
over land (Allan et al. 2014). The different rates of increase between regions may be partly because
there is a greater rate of increase for convective than stratiform precipitation (Berg et al. 2013).
It is also important to note that different studies use different de nitions of extreme precipitation,
and different de nitions may respond differently to warming (Pendergrass 2018). In the current
study, we calculate various percentiles of instantaneous precipitation and identify factors affecting
the changes to each percentile.

While moisture is held to increase relatively uniformly around the world, depending on the
mean global surface-temperature increase (Trenberth 1999; Allen and Ingram 2002; O'Gorman
and Schneider 2009), updraft speeds depend on horizontal convergence and hence on atmosphers
circulation. The spatial variation of rates of increase in precipitation extremes indicates that re-

gional circulation changes are important for in uencing precipitation extremes (Pfahl et al. 2017).
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