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Abstract Precipitation extremes are increasing globally due to anthropogenic climate change. However,
there remains uncertainty regarding impacts upon flood occurrence and subsequent population
exposure. Here, we quantify changes in population exposure to flood hazard across the contiguous United
States. We combine simulations from a climate model large ensemble and a high‐resolution
hydrodynamic flood model—allowing us to directly assess changes across a wide range of extreme
precipitation magnitudes and accumulation timescales. We report a mean increase in the 100‐year
precipitation event of ~20% (magnitude) and >200% (frequency) in a high warming scenario, yielding a
~30–127% increase in population exposure. We further find a nonlinear increase for the most intense
precipitation events—suggesting accelerating societal impacts from historically rare or unprecedented
precipitation events in the 21st century.

Plain Language Summary Heavy rainfall is increasing globally due to human‐caused global
warming. However, it is still unclear how these increases in heavy rainfall might affect flood risk.
In this paper, we investigate how global warming and population changes together may be affecting the
number of people at risk from floods in the United States. We combine simulations from a climatemodel and
flood model—allowing us to consider a wide range of heavy rainfall events. We report a ~20% increase in the
size and a >200% increase in the frequency of very heavy and rare rainfall events, which leads to a ~30–127%
increase in the number of people at risk from floods. Finally, we find that the heaviest rainfall events
increase by the widest margin—suggesting the possibility of major increases in damage and disruption
caused by severe floods in the 21st century.

1. Introduction

Increases in heavy precipitation have long been a predicted consequence of global warming. Multiple lines
of evidence—from basic thermodynamic arguments to simulations using complex coupled Earth system
models—agree that the exponential increase in the water vapor‐holding capacity of the atmosphere should
enable a substantial increase in global precipitation extremes (Trenberth et al., 2003). Recent evidence has
increasingly borne out these predictions, and increased occurrence of heavy precipitation events has now
been observed both within the contiguous United States (Wright et al., 2019a) and globally (Du et al., 2019).
Using newly developed climate attribution frameworks (e.g., Diffenbaugh, 2020), the detected regional and
global increases in precipitation extremes have been directly linked to anthropogenic climate change (CC).

The spatial and temporal characteristics of precipitation are also expected to change in a warming climate.
While global mean precipitation is projected to increase by 1–3% per degree centigrade of warming (Kharin
et al., 2013), extreme precipitation is projected to increase at a much faster rate—5–10% per degree and
locally higher in some regions (Pendergrass et al., 2017). Moreover, substantial changes on the dry side of
the precipitation distribution are also plausible. Previous work has shown that the frequency of dry days
is likely to increase across most continental regions (Polade et al., 2014) and that increases in extreme wet
day frequency will largely be counterbalanced by decreased frequency of light to moderate precipitation
(Thackeray et al., 2018). Collectively, these shifts are expected to result in an overall increase in hydrocli-
matic intensity (Giorgi et al., 2011) and an attendant increase in “precipitation whiplash” in some regions
(Swain et al., 2018).
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Key Points:
• Population exposure to flood hazard

is increasing due to both
climate‐driven increases in extreme
rainfall as well as demographic shifts

• There is a wide range of plausible
increases in population exposed to
flood hazard, depending strongly on
climate and growth scenario

• We find a nonlinear increase for
most extreme events, suggesting
accelerating societal impacts from
historically unprecedented rainfall
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