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Future Projections of Global Pluvial and Drought Event
Characteristics

E.R. Martin'2

' School of Meteorology, University of Oklahoma, Norman, OK, USA, South Central Cimate Adaptation Science Center,
Norman, OK, USA

Abstract This study assesses projections from 24 CMIPS models of number, duration, and severity of
pluvial and drought events utilizing 6-month standardized precipitation index. Increased variability of
standardized precipitation index is projected globally. More frequent, longer lasting, and stronger pluvials
are projected in wet regions, and the same for droughts in dry regions. Worsening pluvials and droughts
are most apparent in the Northern Hemisphere midlatitudes and the Americas, respectively. Uniguely, this
study investigates pluvials and droughts in locations where the precipitation trend is of the opposite sign.
In drying regions, 40% of grid points project an increase in number and 65% project an increase in duration
of severe pluvials. Projections for severe drought events in wetting regions show similar projections. As
precipitation trends alone do not provide information about pluvial and drought characteristics this study
has important implications for planning and resilience.

Plain Language Summary The variability of precipitation is projected to increase globally in

the future, which has a multitude of impacts including on water resources, agriculture, public health, and
fire outbreaks. This study uses future projections from global climate models to evaluate how the number,
duration, and severity of extended wet periods (pluvials) and dry periods (drought) will change in the future
for the first time. More frequent, longer lasting, and stronger pluvials are projected in wet regions of the
world, and the same for droughts in dry regions. The Americas, including Central America, the Caribbean,
and the Amazon, are a hot spot for worsening droughts, and northern North America and Europe are hot
spots for worsening pluvials. Uniguely, this study investigates pluvials and droughts in locations where the
precipitation trend is of the opposite sign. For the most severe pluvial events, almost half of locations with a
drying trend showed an increase in number of pluvials and 65% of locations showed an increase in duration.
Projections for severe drought events in wetting regions show similar projections. As mean precipitation
trends alone do not provide information about pluvial and drought characteristics this study has important
implications for planning and resilience.

1. Introduction

Pluvial and drought events have large socioeconomic impacts around the world. Impacts from excessive rain-
fall, or pluvials, include human and agricultural loses from flooding, waterborne disease outbreaks, and the
buildup of vegetation that can be afire hazard in later seasons (e.g., Auld et al,, 2004; Bronstert, 2003; Govender
etal, 2006). Impacts from drought include reduced surface and ground water resources, crop fallure, and tree
mortality (e.g., Anderegg et al,, 2013; Epule et al, 2014; Li et al, 2009). With increased precipitation variability
in a warmer climate (e.q., Pendergrass et al., 2017; Raisanen, 2002; Rind et al, 1989), changes in character-
istics of pluvial and drought events (e.g, number, duration, and severity) might be expected. In order to

increase resilience to these events, it is necessary to understand how these wet and dry periods will change in
the future.

Much prior work has focused on changes in drought characteristics. Recent studies, including those using
models from the Coupled Model Intercomparison Project Phase 5 (CMIPS; Taylor et al, 2012, show increasing
drought frequency, especially for the most extreme droughts in subtropical regions (e.g., Cook et al,, 2014, Dal
& Zhao, 2017, Hunt, 2011; Orlowsky & Seneviratne, 2013; Touma et al., 2015). However, there has been much
less focus on how the characteristics of extended wet periods, or pluvials will change in the future. While we
expect the most intense rain events to increase (e.g., 0'Gorman & Schneider, 2009), it is not known If this will
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Abstract This study assesses projections from 24 CMIP5 models of number, duration, and severity of
pluvial and drought events utilizing 6-month standardized precipitation index. Increased variability of
standardized precipitation index is projected globally. More frequent, longer lasting, and stronger pluvials
are projected in wet regions, and the same for droughts in dry regions. Worsening pluvials and droughts
are most apparent in the Northern Hemisphere midlatitudes and the Americas, respectively. Uniquely, this
study investigates pluvials and droughts in locations where the precipitation trend is of the opposite sign.
In drying regions, 40% of grid points project an increase in number and 65% project an increase in duration
of severe pluvials. Projections for severe drought events in wetting regions show similar projections. As
precipitation trends alone do not provide information about pluvial and drought characteristics this study
has important implications for planning and resilience.

Plain Language Summary The variability of precipitation is projected to increase globally in

the future, which has a multitude of impacts including on water resources, agriculture, public health, and
fire outbreaks. This study uses future projections from global climate models to evaluate how the number,
duration, and severity of extended wet periods (pluvials) and dry periods (drought) will change in the future
for the first time. More frequent, longer lasting, and stronger pluvials are projected in wet regions of the
world, and the same for droughts in dry regions. The Americas, including Central America, the Caribbean,
and the Amazon, are a hot spot for worsening droughts, and northern North America and Europe are hot
spots for worsening pluvials. Uniquely, this study investigates pluvials and droughts in locations where the
precipitation trend is of the opposite sign. For the most severe pluvial events, almost half of locations with a
drying trend showed an increase in number of pluvials and 65% of locations showed an increase in duration.
Projections for severe drought events in wetting regions show similar projections. As mean precipitation
trends alone do not provide information about pluvial and drought characteristics this study has important
implications for planning and resilience.

1. Introduction

Pluvial and drought events have large socioeconomic impacts around the world. Impacts from excessive rain-
fall, or pluvials, include human and agricultural loses from flooding, waterborne disease outbreaks, and the
buildup of vegetation that can be a fire hazard in later seasons (e.g., Auld et al., 2004; Bronstert, 2003; Govender
etal., 2006). Impacts from drought include reduced surface and ground water resources, crop failure, and tree
mortality (e.g., Anderegg et al., 2013; Epule et al., 2014; Li et al., 2009). With increased precipitation variability
in a warmer climate (e.g., Pendergrass et al., 2017; Raisanen, 2002; Rind et al., 1989), changes in character-
istics of pluvial and drought events (e.g.,, number, duration, and severity) might be expected. In order to
increase resilience to these events, it is necessary to understand how these wet and dry periods will change in
the future.
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Figure 1. Multimodel mean trends (RCP8.5 2006-2100) in (a) precipitation and (b) 9-year running standard deviation in
SPI. Stippling indicates regions where at least 18 of the CMIP5 models agree on the sign of the trend. SPI = standardized
precipitation index; RCP = representative concentration pathway; CMIP5 = Coupled Model Intercomparison Project
Phase 5.
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