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Compare surface temperature in ESMs and observations

• (NH + SH) / 2

CMIP-EM

OBS

Model-OBS

SST trend in 1950-2014

He et al. 2023• (NH – SH)/2

• What causes the difference between the model and 

observations?

• What insights can we gain from this bias in the model?



IHTC has dramatic impacts on tropical circulation and 
rainfall

IHTC: InterHemispheric surface Temperature Contrast (NH-SH)
ITCZ: InterTropical Convergence Zone 
HC: Hadley Circulation on the equator 2

He et al. 2026 (accepted)
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• Observed IHTC has both internal variability and 
externally-forced responses.

• CMIP6-EM is forced response

H1: Observation dominated by internal variability, so model data 
difference is internal variability.
• AMOC (e.g., Friedman et al. 2020; Thompson et al. (2010); ….)
• Internal variability in CMIP6 PI control simulations cannot 

explain the model-data diff.

H2: Observation is dominated by external forcings, so the 
model-data difference is due to their sensitivity difference to 
forcings.



 

Real-world IHTC is largely driven by external 
forcings?
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GHG: Greenhouse gases
AER: Anthropogenic aerosols
NAT: natural forcings (volcanism, solar activity)

 



 

Real-world IHTC is largely driven by external forcings!

• R2 > 0.8
• Diff in GHG and AER
• GHG or AER -> collinearity 

(|r|>0.75)
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ObservationObservations

CMIP6-EM

GHG: Greenhouse gases
AER: Anthropogenic aerosols
NAT: natural forcings (volcanism, solar activity)



Disentangle collinearity in AER and GHG: Two modes

• PC1 is normal to 
PC2

• PC2 is multidecadal 
variability

• PC1 is long-term 
trend
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GHG: Greenhouse gases
AER: Anthropogenic aerosols
NAT: natural forcings (volcanism, solar activity)

Principal Component Analysis



 

Which forcing is responsible for the model-observation 
difference?
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GHG: Greenhouse gases
AER: Anthropogenic aerosols
NAT: natural forcings (volcanism, solar activity)

 
⬇



Model is dominated by GHG, but observation is 
dominated by AER 
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PC1: long-term trend (AER and GHG)
PC2: multidecadal variability (AER)
NAT: natural forcings (volcanism, solar activity)

Observations

CMIP6-EM



OBS

CMIP6-EM

In addition to CMIP6-EM, model spread in long-term 
trend is also due to Greenhouse gases

ECS taken from Wang et al. 2020 and Smith et al. 2020
9

• ECS: Equilibrium Climate 
Sensitivity, sensitivity to GHG.

• Higher ECS, Higher IHTC Trend

• Real-world ECS is low

Numbers represent different models
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The physics of the model bias and model spread is 
because of wind in response to GHG.

Xie et al. 2010; Lu et al. 2012
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windShading: Trend of wind speed
Contours: SST trend



In addition to CMIP-EM, model spread in multidecadal 
variability is due to Aerosols

ERFaci taken from Wang et al. 2020 and Smith et al. 2020
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• ERFaci: Effective Radiative 
Forcing due to aerosol-cloud 
interaction, sensitivity to AER.

• Larger ERFaci, larger amplitude 
of multidecadal IHTC variability



 

ECS and ERFaci taken from Wang et al. 2020 and Smith et al. 
2020
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ERFaci: Effective Radiative Forcing due to aerosol-cloud interaction, sensitivity to AER.



A Short Summary

•  
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The model data difference is very unlikely to be 
explained by internal variability (H1)

IHTC
Trend of IHTC, HC, and ITCZ in 65 yrs (e.q. 1950-2014) in PI-Control 
simulations
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IHTC: InterHemispheric surface Temperature Contrast 
ITCZ: intertropical convergence zone (aka. tropical rainbelt)
HC: Hadley Circulation

HC ITCZ

Model-OB
S diff



Hypothesize the SST pattern under 
global warming is due to WES 
feedback

Novel experiment isolates WES feedback in climate 
models

The trigger is wind, WES feedback
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