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Moist Heat Extremes
• During moist heat extremes, near-surface moist static energy (MSEs) frequently surpasses 

the moist convective threshold defined by MSE500
∗ , implying a breakdown of moist 

convective neutrality over extratropical land in summer [Li & Tamarin-Brodsky, (2026); Duan 
et al, (2024)]

• The breakdown of moist neutrality has been attributed to entrainment of dry air and CIN-
related energy barriers during moist heat extremes [Nicolas & Hotz, (2025); Li & Tamarin-
Brodsky, (2026), Jha & Byrne, (2026)]

• Here we combine observations, reanalysis, global coarse-resolution models (CMIP6), and 
global storm-resolving simulations (IFS and ICON) to diagnose extratropical moist heat 
extremes in the historical climate and assess how their thermodynamic structure respond to 
anthropogenic warming
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IFS: Changes in Static Energy Profile

Inter-model differences in moist-heat extremes (WBT) are driven much more by near-
surface thermodynamics than by variations in the free-tropospheric saturation, MSE*

500

Across the GSRMs (IFS, ICON) and CMIP models, future changes in peak WBT around 
extreme events are largely driven by increases in near-surface temperature and humidity

Future extreme-WBT events are consistently associated with increases in both 
MSEs and MSE500

∗ , but IFS stands out by showing a reduction in coincident rainfall

In IFS, static energy increases throughout the column during future extreme-WBT 
events over both Eastern North America and Northern China, with the largest absolute 

increases in the lower to mid troposphere and a modest enhancement near the surface

During extreme-WBT events, MSEs > MSE500
∗ , with an unstable boundary layer causing 

increase in WBT and is quickly followed by increased rainfall

Amplified moist heat over Eastern North America and Northern China emerges where 
enhanced low-level MSE* co-occurs with substantial changes in LCL height, but the 

sign of the LCL response differs between regions, implying distinct controls on 
boundary-layer humidity and convective efficiencyIGRA2 Radiosonde data suggests JJA maximum wet-bulb temperature hotspots 

coincide with positive boundary-layer instability with varying level of CIN values
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