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Tropical upper tropospheric temperature



Discrepancy in models and observations according to IPCC AR5 

(IPCC AR5, WG1, Section 9.4.1.4.2, Flato et al., 2013)

„In summary, most, though not all, CMIP3 and CMIP5 models overestimate the
observed warming trend in the tropical troposphere during the satellite period
1979–2012. Roughly one-half to two-thirds of this difference from the observed
trend is due to an overestimate of the SST trend, which is propagated upward
because models attempt to maintain static stability. There is low confidence in 
these assessments, however, due to the low confidence in observed tropical
tropospheric trend rates and vertical structure (Section 2.4.4).“



Model projections of zonal mean tropospheric temperature change 

(IPCC AR5, WG1, Fig. 12.12, Flato et al., 2013)



Lapse rate profile changes in CMIP3 models and a cloud resolving model 

(Romps, JAS, 2011)



Discrepancy between CMIP models and radiosondes 

(Santer et al., Nat. Geosc., 2017)



Satellite IR brightness temperatures (yesterday) 

(www.star.nesdis.noaa.gov/GOES)



Tropical convective clouds 

(climate.nasa.gov)



Typical tropical profiles of !, !e, and !es

(Holton & Hakim, 2013)



Gravity waves resulting from convection 

(www.cora.nwra.com/~alexand/research.html; Stephan and Alexander, JAS, 2014)

Radar observed rain (colors) and
vertical velocities near the
tropopause (gray shading). 

Simulated temperature at ~40 km 
altitude at the Australian coast. 



Temperature responses to CO2 increases in 1D RCE models 

(Manabe & Wetherald, JAS, 1967; Kluft et al., J. Climate, 2019)

Manabe & Wetherald (1967) calculated a warming of 2.7 K 
for a doubling of CO2, Kluft et al., a warming of 2.8K. 



Dependence of TTL temperatures on surface temperature in the 
1D RCE model “konrad” 

(Dacie et al., J. Climate, 2019)

Assumptions in these simulations:
• O3 profile constant in time
• Relative humidity fixed in 

troposphere, stratospheric H2O
vmr set by cold point temperature

• no mean upwelling



Effects of artificially shifted ozone profiles in the 
1D RCE model “Konrad” 

(Dacie et al., J. Climate, 2019)

These are idealized ozone profile shifts. However, in 4xCO2 
simulations where a profile shift from a complex model is prescribed
the increase of the cold point temperature decreases from ~7K to ~5K. 



Effects of different upwelling velocities at the tropopause in the
1D RCE model “Konrad” 

(Dacie et al., J. Climate, 2019)

mm/s



Trends in tropical tropospheric stability 

(Sohn et al., J. Climate, 2016)



Walker circulation trends

(Sohn et al., J. Climate, 2016)

The PWCI (Pacific Walker 
Circulation Index) is based
on the strength of easterlies
in the lower WC branch.

All trends are for the period
1979-2012, except HOAPS
(1987-2008).



SST trends in the tropical Pacific 

(Sohn et al., J. Climate, 2016)

All trends are for the period
1979-2012.



Trends in tropical tropospheric stability 

(Sohn et al., J. Climate, 2016)



Model projections of zonal mean tropospheric temperature change 

(IPCC AR5, WG1, Fig. 12.12, Flato et al., 2013)



Response of T(k) and u (m/s) to idealized upper tropospheric heating

(Butler et al., J. Climate, 2010)



Deviations from a moist lapse rate in radiosonde observations 
and CMIP5 models 

(Figure courtesy from Paul Keil)


