
Eliassen–Palm (EP) flux
1. Can be easily derived from 

Rearrange into the form of divergence

Zonal average



×（                                    ）

independent of t

For plane waves

Wave activity density 波作⽤用量量守恒                  

变化时 Rossby 波波能密度不不守恒

2. The Eliassen–Palm relation 

With group velocity of Rossby waves



3.1 Buoyancy, stream function and thermal wind balance

3. To understand 



3.2 QGPV and E-P flux in different forms

Vallis

Holton

刘式适
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3.3 Understand terms in EP flux



eddy heat flux eddy momentum flux

Eliassen–Palm flux divergence
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4. Distribution of EP flux and its terms 



动量量输送改变 u


热量量输送改变 T


热成⻛风关系

Zonally-averaged Eulerian Boussinesq equations with QG scaling

5. From EP flux to mean flow 
5.1 Physical meaning

jet
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5.1 Physical meaning

x

z

y

z



transformed eulerian mean (TEM)

(change of…)

5.2 Mathematical aspect

PV inversion

5.3 Equations to link them



6. An observation of wave-mean flow interaction 

Zonal wave number

Stationary                                     transient
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Hartmann et al, 1984



Dwyer and O’Gorman, 2017

Hartmann et al, 1984
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7. More realistic forms 
Spherical coordinates and moist effect



Thank you


