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Compound extreme events, such as concurrent heatwaves and droughts, pose a significant threat to

global socioeconomic systems by overwhelming the coping capacity of natural and human systems.

These compound events can trigger cascading impacts across interconnected sectors, leading to

compounding vulnerabilities and pushing systems towards critical tipping points that could result in

abrupt, large-scale, and potentially irreversible changes.

Introduction

This study compares global cropland and population exposures to compound hot-dry events

and single dry events at the end of the 21st century.

Objective

Comparison of future changes in the occurrence probability of single dry events

and compound hot–dry events.

Displayed are spatial patterns of CMIP6 multi-model median difference of the

occurrence probability of (a, c, e, g) single dry events and (b, d, f, h) compound

hot–dry events between the 2061–2100 and 1971–2010 periods for different

scenarios.

Comparison of future changes in exposure to single dry events and compound hot–dry

events.

Displayed is the difference in (a) total population and (b) total cropland exposures between

historical and future periods. Green and red dots represent the changes derived from

individual CMIP6 GCMs for single and compound events, respectively; the white dot

represents the CMIP6 ensemble median.

• The results show that while the occurrence probability of single dry events is expected to increase in approximately 50% of the global land area, the affected area significantly increases

for compound hot-dry events due to a large widespread increase in the probability of hot extremes covering the entire globe.

• Population exposure to droughts is projected to increase by 0.1, 0.3, 0.8, and 0.2 billion individuals for SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5, respectively. However, compound

drought-heatwave events are expected to result in substantially larger increases in population exposure, with projected increases of 0.7, 1.1, 1.7, and 1.2 billion individuals for the

respective scenarios.

• The exposure of croplands to single drought events is projected to increase by 0.7, 2.7, 3.5, and 3.2 million km² for SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5, respectively. For

compound drought-heatwave events, the increase in cropland exposure is expected to be even greater, with projected increases of 2, 4.1, 5.7, and 5.7 million km² for the respective

scenarios.

• The results underscore the increased vulnerability of both croplands and populations to compound drought-heatwave events compared to single drought occurrences, highlighting the

urgent need for adaptive measures to mitigate the escalating impacts of compound events.

Conclusions

Data and methods

Climate model data

❑ Soil moisture and air temperature data

✓ 18 CMIP6 GCMs

✓ Four most plausible scenarios: SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5

✓ Period 1971-2100

Exposure data

❑ Population density data

✓ ISIMIP dataset

✓ Spatial resolution: 0.5° x 0.5°

✓ Temporal resolution: Five-yearly

✓ Historical and future (2005 and 2085)

❑ Cropland data

✓ Gridded land-use data from the AIM-SSP/RCP 

Gridded Emissions and Land-use dataset

✓ Spatial resolution: 0.5° x 0.5°

✓ Temporal resolution: Yearly

✓ Historical and future (2005 and 2085)

Methods

✓ Dry events: standardized soil moisture index (SSI)

✓ Hot events: standardized temperature index (STI)

✓ Compound hot-dry events: Copula functions

• Gaussian

• Gumbel

• Clayton
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