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The tropopause is the boundary between the troposphere and the stratosphere

● The tropopause separates two regions with qualitatively different heat budgets

○ Troposphere exhibits a balance between net radiative cooling and 
heating from convection and eddies

○ Stratosphere is close to radiative equilibrium (zero net radiative cooling)

● The tropopause is important because it is a boundary condition for CO2 forcing, hurricane 
intensity, CAPE, the water vapor feedback, stratospheric water vapor…



Vertical motions are linked to radiative cooling and water vapor

Hartmann and Larson, 2002

Convective outflow linked with sharp 
decline in radiative cooling profiles

Hartmann and Larson, 2002

Convective top linked with zero point of 
radiative cooling
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Diabatic Mass flux (shading) linked with temperature 
(contours) and water vapor (blue) across the globe

Thompson and Bony, 2017



Anvil clouds are thermodynamically constrained — perhaps the tropopause too?

Hartmann and Larson, 2002

Fixed Anvil Temperature (FAT)

Hartmann and Larson, 2002
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Water vapor is thermodynamically constrained — perhaps the tropopause too?

Hartmann and Larson, 2002

Fixed Anvil Temperature (FAT)
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Fixed Tropopause Temperature (FiTT)

Questions:

1. Can we make make the FiTT hypothesis quantitative?

2. Can we predict tropopause temperature and its change with warming?

3. Can we see and explain FiTT in a hierarchy of models?
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The thermospectric constraint can predict Ttp and its change with warming

When does water vapor stop cooling to space? How little water vapor is too little to emit?

thermo spectric

} }

(from pressure broadening)

4 K to double 𝝆H2O



Testing the thermospectric constraint

Use the Isca Single Column Model (SCM)

The model is configured with a correlated-k radiation 
scheme (RRTM), a boundary layer turbulence profile, and 
a simplified representation of moist convection (the 
simple Betts-Miller scheme).

Prescribed SSTs and RH. 280 ppmv CO2. No O3. 

Vallis et al, 2018
https://execlim.github.io/IscaWebsite/index.html 
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Moisture is essential for a fixed temperature; Spectroscopy is essential for getting the right temperature

No FiTT without moisture*, and 
wrong baseline temperature

*For the global warming driven by insolation or prescribed SSTs

There is a FiTT, but the 
baseline temperature is wrong 
without spectroscopy



Testing the thermospectric constraint and comparing tropopauses

Use the Isca General Circulation Model (GCM)



Testing the thermospectric constraint and comparing tropopauses

Use the Isca General Circulation Model (GCM)

Partially explains the 
rising tropopause



Insights in the radiative tropopause carry over to the lapse rate tropopause



Insights in the radiative tropopause carry over to the lapse rate tropopause



Insights in the radiative tropopause carry over to the lapse rate tropopause



Insights in the radiative tropopause carry over to the lapse rate tropopause



Conclusions

Questions
● Can we make make FiTT quantitative? Can we predict tropopause temperature 

and its change with warming? Can we see FiTT in a hierarchy of models?



Conclusions

Questions
● Can we make make FiTT quantitative? Can we predict tropopause temperature 

and its change with warming? Can we see FiTT in a hierarchy of models?

Yes, the thermospectric constraint, constrains the tropopause temperature 
in a single column and general circulation model.



Conclusions

Questions
● Can we make make FiTT quantitative? Can we predict tropopause temperature 

and its change with warming? Can we see FiTT in a hierarchy of models?

Yes, the thermospectric constraint, constrains the tropopause temperature 
in a single column and general circulation model.

Takeaways
● A hierarchy of climate models exhibit a FiTT



Conclusions

Questions
● Can we make make FiTT quantitative? Can we predict tropopause temperature 

and its change with warming? Can we see FiTT in a hierarchy of models?

Yes, the thermospectric constraint, constrains the tropopause temperature 
in a single column and general circulation model.

Takeaways
● A hierarchy of climate models exhibit a FiTT

● It is the combination of water vapor thermodynamics and spectroscopy that 
allows a quantitative understanding of the tropopause.



Conclusions

Questions
● Can we make make FiTT quantitative? Can we predict tropopause temperature 

and its change with warming? Can we see FiTT in a hierarchy of models?

Yes, the thermospectric constraint, constrains the tropopause temperature 
in a single column and general circulation model.

Takeaways
● A hierarchy of climate models exhibit a FiTT

● It is the combination of water vapor thermodynamics and spectroscopy that 
allows a quantitative understanding of the tropopause.

● This constraint limits the vertical extent of Earthʼs general circulation, showing 
that small scale physics has large scale impacts.



To learn more

The Paper
● Explores the thermospectric constraint in more detail and 

compares to other longstanding constraints based on TOA 
energy balance and gray radiation

About me
● Looking for assistant professor / lecturer positions






















