
Replicating the Regional Hadley Cell Response to Increased CO2 in CMIP6
Patricia Hutton1 and Molly Menzel2 

Results: 

ABSTRACT!
In response to CO2, the Hadley Cells are projected to expand 
and weaken in a zonal-mean perspective. However, this 
perspective does not allow for regional patterns and direct 
societal impacts to be studied. I re-examine this response on a 
regional scale by comparing the response of the Hadley Cell 
edge with that of the regional streamfunction. Regionally, the 
Hadley Cells strengthen where they expand and weaken 
where they contract. I test the robustness of this result across 
climate models using the pre-industrial control and abrupt 
quadrupling of CO2 simulations from the Coupled Model 
Intercomparison Project, Phase 6 (CMIP6). Looking into the 
response on a seasonal and regional basis provides the 
opportunity to better understand of the nuances of 
atmospheric circulations and societal impacts to increased 
CO2.

The results show that, regionally, the Hadley Cells strengthen in areas where 
they expand and weaken in regions where they contract. This regional 
response contrasts with the zonal-mean view of global weakening and 
expansion. The robustness of these findings was confirmed across multiple 
climate models, which displayed consistent regional strengthening and 
weakening behaviors. Seasonal variations also revealed nuanced patterns, 
indicating that the Hadley Cells’ response to increased CO2 is not uniform 
throughout the year.

➔ Hadley Cells strengthen (weaken) in 
areas where they expand (contract)

➔ Findings are consistent across multiple 
climate models

Results: 

To examine regional responses of the Hadley Cells to increased CO2, I compared 
the edge of the Hadley Cells with regional atmospheric streamfunctions across 
multiple climate models. Using simulations from the Coupled Model Intercomparison 
Project Phase 6 (CMIP6), I focused on two scenarios: the pre-industrial control and 
the abrupt quadrupling of CO2 concentrations. The analysis was conducted for 
regional scales, providing a comprehensive look at how Hadley Cell dynamics 
change with varying CO2 levels. The response of the Hadley Cell edge was 
compared with the regional streamfunction to assess local strengthening or 
weakening patterns in the circulation.

Methods: 

The regional strengthening and weakening of the Hadley Cells have significant 
implications for localized weather patterns and societal impacts. In regions where 
the Hadley Cells expand, the impacts may include shifts in precipitation patterns, 
droughts, and changes to ecosystems. Conversely, where the cells contract, there 
may be more frequent or intense storms, affecting agriculture, water resources, 
and human settlements. These findings highlight the importance of considering 
regional climate models to better predict and mitigate the effects of climate 
change. Understanding these regional patterns provides a more complete picture 
of the atmospheric circulation changes and their potential effects on society, 
allowing for targeted climate adaptation strategies.

Discussion: 
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Background and Motivation: 

Hadley Cells:

➔ Large-scale atmospheric circulations that transport 
heat from the equator toward the subtropics

➔ Play a key role in regulating global climate by 
distributing heat and influencing weather patterns

Greenhouse Gases (GHGs):
➔ Trap heat in Earth's atmosphere, enhancing the 

greenhouse effect

Impact of Increased CO2:

➔ Increased CO2 concentrations are predicted to cause 
a weakening and expansion of the Hadley Cells on a 
global scale

Zonal-Mean Perspective:

➔ Current analyses typically examine Hadley Cell 
changes in a zonal-mean context, which overlooks 
regional variations and direct impacts

Need for Regional Analysis:

➔ Understanding regional variations in Hadley Cell 
responses is crucial for assessing local climate 
impacts and societal consequences
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Changes in the Hadley Cell can have significant impacts 
on localized weather patterns and societal 
consequences.
➔ In regions where the Hadley Cells expand:

● Shifts in precipitation patterns
● Increased droughts
● Changes to ecosystems
● Effects on agriculture, water resources, and 

human settlements

Regional climate models are crucial to  predict and 
mitigate climate impacts

Discussion: 

Methods: 
Regional Streamfunction Calculation 
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The Hadley Cells transport heat from the equator 
toward the subtropics, playing a key role in global 
climate by regulating heat distribution and 
precipitation distribution. Under pre-industrial 
conditions, Hadley Cells exhibit a distinct edge that 
separates tropical and subtropical regions. 
Increased CO2 concentrations are predicted to 
cause a weakening and expansion of the Hadley 
Cells on a global scale. However, these changes 
are typically analyzed in a zonal-mean perspective, 
which does not account for regional differences. 
Understanding regional variations in Hadley Cell 
responses is crucial for assessing local climate 
impacts and societal consequences.
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