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Recharge processes revisited

 Baroclinic storms (Ambaum and Novak, 2013) 

 Convective cycles (Yano and Plant, 2012)

New: Nambu (noncanonical Hamiltonian)

 Forced wave-mean flow interaction model (Blender et 

al, 2013)

 Forced Rossby wave triad (Blender and Fregin, 2020).
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Recharge cycle

Nambu Form with a Hamiltonian and two

Casimirs, a divergence factor is necessary

Flow: Discharge by waves  and Recharge by forcing f 

Waves amplification and oscillation

Nambu Form of the forced equations

Nambu (1973): Extension of Hamiltonian dynamics with

additional conservation laws

Hamiltonian

Casimir

Nambu Dynamics 

Divergence-free with two stream-functions

Nambu Bracket

Rigid body Nambu bracket

Reduces to a Lie-Poisson bracket with a Casimir C

Real Amplitude equations for a resonant wave triad

with forcing of the intermediate wavenumber (2)

The amplitude 𝑌2 shows a recharge cycle

Unforced waves: grow with opposite sign

Two conservation laws: Hamiltonian H and C

Baroclinicity

Heatflux, 

storms

Mechanism: Convection reduces the work function

Cloud base mass flux, 

Convection (solid) x

Cloud work function

(dashed)  y

Mechanism: Storms reduce baroclinicity
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