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The tropopause is the boundary between the troposphere and the stratosphere

e The tropopause separates two regions with qualitatively different heat budgets

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

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

e The tropopause is important because it is a boundary condition for CO, forcing, hurricane
intensity, CAPE, the water vapor feedback, stratospheric water vapor...



Vertical motions are linked to radiative cooling and water vapor
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Vertical motions are linked to radiative cooling and water vapor

radiative cooling (contours) across the globe
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Diabatic Mass flux (shading) linked with temperature
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Anvil clouds are thermodynamically constrained — perhaps the tropopause too?

Fixed Anvil Temperature (FAT) Fixed Tropopause Temperature (FiTT)?
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Water vapor is thermodynamically constrained — perhaps the tropopause too?

Questions:
1. Can we make make the FiTT hypothesis quantitative?
2. Can we predict tropopause temperature and its change with warming?

3. Canwe see and explain FiTT in a hierarchy of models?



Thermodynamics is not enough, we need spectroscopy

When does water vapor stop cooling to space? How little water vapor is too little to emit?
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Thermodynamics is not enough, we need spectroscopy

When does water vapor stop cooling to space? How little water vapor is too little to emit?
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Thermodynamics is not enough, we need spectroscopy

When does water vapor stop cooling to space? How little water vapor is too little to emit?
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d) Spectrally resolved radiative cooling to space
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Thermodynamics is not enough, we need spectroscopy

When does water vapor stop cooling to space? How little water vapor is too little to emit?
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The thermospectric constraint can predict T and its change with warming

When does water vapor stop cooling to space? How little water vapor is too little to emit?
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The thermospectric constraint can predict T and its change with warming
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The thermospectric constraint can predict T and its change with warming
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The thermospectric constraint can predict T and its change with warming
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The thermospectric constraint can predict T and its change with warming

When does water vapor stop cooling to space? How little water vapor is too little to emit?
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Testing the thermospectric constraint

Use the Isca Single Column Model (SCM)

Control simulation
(T,=290 K, RH=70%, x scaling = 1)
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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 CO,,. No O3.
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Testing theory against simulations

c) Vary surface temperature d) Vary relative humidity ~ e) Vary absorption coefficients f) Vary surface temperature
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Moisture is essential for a fixed temperature; Spectroscopy is essential for getting the right temperature
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Moisture is essential for a fixed temperature; Spectroscopy is essential for getting the right temperature
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Moisture is essential for a fixed temperature; Spectroscopy is essential for getting the right temperature
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Testing the thermospectric constraint and comparing tropopauses

Use the Isca General Circulation Model (GCM)
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Testing the thermospectric constraint and comparing tropopauses

Use the Isca General Circulation Model (GCM)
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Insights in the radiative tropopause carry over to the lapse rate tropopause

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

¢) Radiative tropopause temperature g) Lapse rate tropopause temperature
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g) Lapse rate tropopause temperature
Absorption coefficients are varied

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

Questions
e 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
e Ahierarchy of climate models exhibita FiTT

e |tisthe combination of water vapor thermodynamics and spectroscopy that
allows a quantitative understanding of the tropopause.

e This constraint limits the vertical extent of Earth’s general circulation, showing
that small scale physics has large scale impacts.
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The connection between H,0 spectroscopy, radiative cooling, and the tropopause
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Main takeaways

: The radiative tropopause exhibits :
: aFiTT (Figure 3a) :
1

: The lapse rate and radiative tropopauses’ :
1 responses to perturbations are similar :
: (Figure 3b,f; 3c,g; and 3d,h) '
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Testing the OLR constraint
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Ty, = (OLR/26)"* (OLR constraint),



