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Introduction 

Recent interest in tropical ex-
pansion predicted to occur un-
der a warmer global climate has 
led to a handful of studies com-
paring the various metrics used 
to define the edge of the trop-
ics◊. A surprising result from 
these studies reveal that the lo-
cation of the subtropical jet 
(STJ) does not co-vary with the 
Hadley Cell (HC), as theorized 
by previous work‡. In this re-
search, we perform further 
analysis of the HC and STJ  us-
ing data from IPCC’s CMIP5 to 
better understand the relation-
ship between the two atmos-
pheric features in their natural 
variability and in response to an 
instantaneous quadrupling of 
atmospheric CO2.  

Response to 4xCO2 

The HC shifts poleward ~1.6° and 
weakens slightly while the STJ 
strengthens by about 10% and shifts 
poleward ~0.4°.  

Natural Variability 

The HC and EDJ move 
together but there is little 
to no correlation be-
tween the HC and STJ 
location. 

Figure 2. Model-

mean correlations 

in time (bold, col-

ored) and stand-

ard deviations (in 

parentheses) of 

model spread for 

various metric re-

lationships. Corre-

lations were calcu-

lated with piCon-

trol data.  

Figure 1. (a) Mean meridio-

nal circulation at 500 hPa, 

(b) zonal-mean zonal wind 

(blue contours) and mean 

meridional circulation (black 

contours, solid and dashed 

lines denote positive and 

negative values, respectively), 

and (c) zonal-mean zonal 

wind at 850 hPa (purple) and 

the change in wind between 

the upper troposphere and 

850 hPa (blue) for ERA-

interim. Locations of the HC 

edge, EDJ, and STJ are de-

noted by the red triangle, 

purple diamond, and blue 

circle respectively.    

Figure 4. Time series of re-

sponse to a quadrupling of 

atmospheric CO2 for the HC 

edge (red), location of max 

eddy momentum flux* 

(purple), STJ strength (blue) 

and max meridional temper-

ature gradient (yellow). Re-

sponse is taken as the differ-

ence between abrupt4xCO2 

an piControl climatology. 

The max meridional temper-

ature gradient is converted 

to a thermal wind according 

to:  
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Figure 3. Time series of response to quadrupling atmospheric CO2 for the HC edge 

(red), strength (orange) and the STJ location (green) and strength (blue). Response is 

taken as the difference between abrupt4xCO2 and the piControl climatology. 
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Figure 5. Zonal-mean climatological zonal wind (black contours) and zonal-mean change in zonal wind 

(blue shading) for (a) ENSO forcing (El Nino minus La Nina) and (b) abrupt quadrupling of atmospheric 

CO2 (abrupt4xCO2 minus piControl climatology) for GFDL-ESM2G. (c.f. Lu et al. 2008§) 
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Conclusion 3: The HC poleward shift follows the shift of 
maximum eddy momentum fluxes* and the STJ strengthen-
ing follows the evolution of max meridional temperature 
gradient, accounting for the difference in evolution. 

Conclusion 4: The HC and STJ relationship differs be-
tween natural variability and global warming due to differ-
ent responses to narrow vs broader warming§.   

STJ strengthens 

Conclusion 1: The HC edge and 
STJ location are not correlated. 

 

Conclusion 2: The STJ strength 
shows weak correlation with 
HC, but that relationship differs 
between natural variability and 
response to forcing scenarios. 
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