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Theory of precipitation probability distributions
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Relatively simple mathematical models derived from climate model equations can yield insight into how the
characteristic form of probability distributions arise for different measures of precipitation, including event
accumulations, time averaged intensities and spatial clusters. Stochastic differential equations for moisture
and energy equations under reasonable approximations yield Fokker-Planck equations for moisture in non-
precipitating and precipitating regimes. These theoretical underpinnings can guide analysis of observations
and climate models, suggesting diagnostics that bolster confidence in robustness of climate model predictions
for changes under global warming. Methods drawn from statistical physics prove highly useful in this pursuit.
While current solutions are much more detailed than initial analogies to self-organized criticality, we point
out the ways in which those analogies have informed the current state of knowledge.
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