
 

Lecture 2 3 Radiative convective equilibrium
Hide's theorem

This lecture Begin with assumption of no motion see the
implications

Radiative equilibrium

Suppose atmosphere nor allowed to move

Only energy transport through radiation

Assume steady state must have
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Calculation performed by Manabe Strickler 1964 far tropics
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large ST between Surf atmosphere

large lapse rate in lower troposphere

This state is convectively unstable

Expect convection to begin to stabilise atmosphere



Radiative convective equilibrium

Balance between convective 4 radiation

Qradt Qcow D

Convection is a fast process relative to radiate

convective instability rapidly removed

atmosphere organises itself into state neutral
to moist convection

Dryatmosphere

Neutral state is one in which
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Moistatmosphet

Assessing convective stability is more complicated

existence of conditional instability

Expect virtual temperature of environment to
be close to that of parcel raised from near surface

In subcloud layer
no condensation

same as my convention 8 0



In cloud

parcel at saturation

conserves saturation moist entropy
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Entropy
Conserved for reversible transformations

Not conserved for precipitation fallout
mixing
freezing 40cL melting o c
frictional dissipation

Entropy budget
heating rate

Entropy governed by Dfe it 5cm
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Integrate over atmosphere surface
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radiating Fiona
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Irreversible
entropy production

In RCE Qcool
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Entropy budget has been used to constrain frictional dissipation

Drinks relates to vigour of convection

Can be used forby convection
1h moist correction Wmix Wbkase Dprecip we all larger

what does the entropy budget tell us about moist convection

see Bester Emanuel Pauluis4Held Romps Singh Ohioman

Entropy is conserved for reversible ascent

Assume cloud is roughly neutrally buoyant
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Expect saturate entropy to be
constant with neigh



Expect saturation moist entropy to be constant
above subdued layer in RCE

Aside actual lapserate deviates from moistadiabatic
see Singh O Gorman 2013

Troprialthermodynamic structure

observations indicate that Iff yo in the tropics

This is a result of two effects

1 Convective quasi equilibrium

convecting regions rapidly adjust to neutrality to moist
convection

2 Weak temperature gradient approximation

In deep tropics f is small so strong temperature
gradients cannot be maintained
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Expect stress in connecting regions of the tropics

This value of S is propagated to other regimes
via gravity waves
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Implicated In regions of strong convection 0 in troposphere

closely tied to Oe in boundary layer

In regions where de is low convection is surpassed

Ability of atmosphere to supportconvection dependsstrongly
on subcloud entropy Oe

A solution to the largescale equations

Have seen radiative equilibrium is unstable

atmosphere must move

But what about radiative convective equilibrium as a global
solution

Hydrostatic balance

Column by column RUE

No overturning circulation v w o

No longitudinal variations

Zonal winds in thermalwind balance

Eero surface winds

inviscid flow above thesurface

Full non linear solution to primitive equations

Why is it not observed


