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Steady State — Meridional Transport
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Energies

A Kinetic energy budget

K(Q)=-[ave’ +C(P,K)=-D+W
Q

A Moist Static Potential Energy budget
P(Q):jdeQ—W Q.zl/p(gz—ﬁ-ﬁ)

A Total Energy Budget
EQ)=[av(-v-H)=-[dsi-H




Johnson’s 1dea (2000) 5%%
=\

A Partitioning the Domain (Eulerian approach) o2 <S

P(Q)+W = [dVpQ* + [dVpQ = d* +d°
QF Q

A Better than it

seems!




Long-Term averages
A Stationarity: EQ)=P(Q)=K(Q)=0 5%‘:?;

A Work = Dissipation  —-K(Q)+W =W =D>0

A Work = Input-Output  p(Q)+W =W =d* +d >

A A different view on Lorenz Energy cycle

O'+d = W = D >0
o ~~ J/ H,_J W—J
differential heating ~ conversion  dissipation
G(A) C(4,K) D(K)
— O +D — O - = ——
W=——@" = o' = n O
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Results on IPCC GCMS
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A Hor vs Vert EP in IPCC models

A Collection of (weak. coup.) vertical columns

8
A Warmer climate: Hor| Vert]
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* MoSt - Model Starter (16.00) - University of Hamburg
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=—\\farm Climate

= Snow Ball Climate
Present Climate
W-SB Transition
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Let’s alter also [CO, ]

A Parametric Analysis of Climate Change

X9
o

A Structural Properties of the system (Boschi, e
al. 2013)
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A 3D picture - EP
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Just ice
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Bistability, Efficiency, Etc.
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Conclusions

A Unifying picture connecting Energy cycle to EP;
A Simplified 2D formula for studying GCMs
A Snowball hysteresis experiment
A Mechanisms involved in climate transitions,
A Analysis of the impact of [CO,] increase
A Generalized set of climate sensitivities
A Analysis of impact of change on l.0.y.

4~ Many challenges ahead:

A Analysis of GCMs performance
A Melancholia/Edge States
A Multiscale, coarse graining effects
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