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A Brief Review of Hadley Cell Expansion

« Global climate models indicate that one of the most robust
atmospheric circulation responses to climate change is a

poleward shift in the subtropical edges of the Hadley circulation.
(Lu et al, 2007; Grise and Polvani 2016, Tao et al. 2016)

« Various observational/reanalysis data sets show trends since
1979 consistent with a poleward expansion of the Hadley
circulation, but the attribution of these observed trends (natural

variability vs. anthropogenic forcing) has remained challenging.

(Seidel et al. 2008, Johanson and Fu 20089, Allen and Kovilakam 2017; Amaya
etal. 2018)



What We Learned from CMIP5 Models

Using CMIP5 models, the recent US CLIVAR Working Group on
the Changing Width of the Tropical Belt helped to synthesize
current knowledge about Hadley cell expansion:

« Observed Hadley circulation expansion since 1979 is modest (<
0.5° latitude per decade) and consistent with magnitudes found
in CMIP5 model simulations. (Grise et al. 2018; Staten et al. 2018)

« Anthropogenic forcing alone should yield 2-3 times greater rates

of expansion in the Southern Hemisphere.
(Grise et al. 2019; Watt-Meyer et al. 2019)

« Observed sea surface temperature variability helps to account for

similar observed expansion rates in the two hemispheres.
(Allen and Kovilakam 2017, Grise et al. 2019)

Today’s Question: Have any of these conclusions
changed in CMIP6 models?




Methodology

Five reanalysis data sets (ERA-5, ERA-Interim, JRA-55, NASA
MERRA-2, NCEP CFSR), 24 CMIP5 models, 20 CMIP6 models

Poleward boundaries of Hadley cells are defined using two metrics:
« PSI500: Zero crossing of 500-hPa

« USFC: Zero crossing of near-surface
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Adapted from Grise and Polvani (2016) Latitude X PSI500 X USFC




We find two key differences in Hadley cell expansion
between CMIP5 and CMIP6 models:

1) Northern Hemisphere summertime circulation trend in
response to increasing greenhouse gases

2) Northern Hemisphere historical circulation trends
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Both CMIP5 and CMIP6 models show larger Hadley cell expansion in the
Southern Hemisphere and a distinct seasonality to the circulation trends in
the Northern Hemisphere. (Grise and Polvani 2016; Davis et al. 2016; Watt-Meyer et al. 2019)
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Annual

The Northern Hemisphere Hadley cell edge contracts equatorward
during JJA. Some CMIP6 models even show Northern Hemisphere

Hadley cell contraction in the annual mean!



Hadley Cell Edges: Response to 4xCO,
Why does NH Hadley cell edge contract equatorward during JJA?
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« Initial poleward expansion is consistent with the direct radiative forcing of CO,.
(Grise and Polvani 2014, Shaw and Voigt 2015)

« Subsequent equatorward contraction is driven by patterned sea surface
temperature warming. (Grise and Polvani 2014; Shaw and Voigt 2015)

« Uniform sea surface temperature warming would also contribute to poleward
expansion. (Zhou et al. 2019)



We find two key differences in Hadley cell expansion
between CMIP5 and CMIP6 models:

1) Northern Hemisphere summertime circulation trend in
response to increasing greenhouse gases

2) Northern Hemisphere historical circulation trends



Hadley Cell Edges: Historical Trends

Hadley Cell Edge: 1979-2008 Trends
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For USFC metric, reanalysis trends
are modest and not distinguishable
from trends in the control runs of
the models. They agree well with
the multi-model mean of the AMIP
runs in the Northern Hemisphere
and the historical runs in the
Southern Hemisphere.

For PSI500 metric, many reanalysis
trends exceed the model trends.
Trends in the PSI500 metric in
reanalyses may be biased (see
Davis and Davis 2018).

Note the statistically significant (*)
difference between the Northern
Hemisphere trends in the historical
runs of CMIP5 and CMIP6 models.
Why?




Hadley Cell Edges: Historical Trends

Hadley Cell Edge: 1979-2008 Trends
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Summary

The characteristics of Hadley cell expansion are very similar in
CMIPS5 and CMIP6 models, but we find two notable exceptions:

On average, the Northern Hemisphere summertime Hadley cell
edge shifts further equatorward in CMIP6 models in response to
increasing greenhouse gases, likely because of the higher mean
climate sensitivity of CMIP6 models.

Over recent decades, poleward circulation trends are larger in
the Northern Hemisphere in the historical runs of CMIP6 models
than in CMIP5 models. Greenhouse gas forcing alone yields
similar trends in CMIP5 and CMIP6 models, suggesting that
non-greenhouse gas forcings may play a role in the discrepancy.
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