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Anthropogenic Long-term changes of CO2 

abundance in the upper atmosphere

Emmert et al., Nature Geo, 2012 

Keeling curve:

CO2 trend on the surface



Radiative Cooling of the upper atmosphere by rising 
anthropogenic CO2

Roble and Dickinson, 1989

Doubled CO2 
in model



Trend in SABER CO2 (2002-2014)

~2 ppmv/year below 80 km or 5% per decade, 

the same as the trend on the ground
Yue et al., GRL, 2015
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Figure 1. Time series of SABER CO2 VMR averaged over 60 days (the SABER yaw 296"

cycle) and over the latitude range ±54° at 80 km (pink), 90 km (red) and 100 km (blue). 297"

The time series of CO2 measured at Mauna Loa Observatory is denoted in black. The 298"

uncertainty is the 2s standard deviation of the VMR data within 60-day periods. 299"

  300"



Cross-validation of CO2 trend in both SABER and 
AIM/SOFIE at high latitudes (2007- )

Courtesy of Mark Hervig



Multiple linear regression (MLR) of deseasonalized

SABER CO2 (separating linear trend, QBO and 
solar cycle)

• Linear trend

• 80 km: 20.6 ± 3.0 ppmv per decade

• 90 km: 19.5 ± 4.5 ppmv per decade

• 100 km: 19.9 ± 5.5 ppmv per decade

• 110 km: 12.8 ± 3.7 ppmv per decade



CO2 trend depends on altitude

faster than any model predictions,

but WHY?

SABER: 2002-2014; ACE-FTS: 2004-2014; SD-WACCM: 2002-2012



Emmert et al., Nature Geo, 2012 

If increase the eddy diffusion in the upper atmosphere by 30%, can 

achieve larger CO2 trend [Emmert et al., 2012; Garcia et al., in 

preparation]. But is it realistic? 



Hemispheric asymmetry  of trend

(trend in northern hemisphere about twice of southern 

hemisphere)

SABER WACCM



Operational SABER v2 T: cooling at all heights
2-channel retrieved T: cooling and warming at ~90 km

(K per decade) (K per decade)

Different SABER temperature trend in 2-channel 
retrieval and operational data (with WACCM CO2)
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Conclusions

• Long term trend in CO2 below 80 km is 

consistent with lower atmosphere 

(surface) measurements.

• Larger CO2 trend above 80 km in 

observations compared to climate models

• Faster CO2 trend in the NH than in the SH

• Long live SABER and TIMED


