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QG theory ...

– requires small deviations
from stable stratification

– misses strong diabatic ef-
fects at lower altitutes

QG-DL theory ...

– provides a remedy

– via a diabatic layer in

– triple-deck asymptotics
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Moist and diabatic processes in the lower
2-4 km can strongly affect the mean strati-
fication
. in the course of a day and
. on synoptic scales.
This is the scaling regime of QG theory.
Yet ...
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Das Cloud layer kann 

ziemlich weit nach 

oben reichen. Ab 

etwa 500 hPa, wo 

die graue Linie 

(Aufs#egskurve 

eines Lu$pakets) die 

rechte schwarze 

Linie (Temperatur-

pro)l) schneidet, 

wird aufsteigende 

Lu$ zwar gebremst. 

Die Lu$paket hat 

dort aber auch seine 

größte ver#kale 

Geschwindigkeit und 

kann weiter 

aufsteigen. Im 

Idealfall sogar bis zur 

Tropopause in ca.  

300 hPa.

Das sieht man auch 

im Satellitenbild

(nächste Folie)…
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Source: University of Wyoming h6p://weather.uwyo.edu/upperair/sounding.html (last access: 19-Apr-2021)
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QG-Ekman – dominant balances

– sound-proof

– hydrostatic

– geostrophic
(in the bulk troposphere)

– Coriolis, pressure gradient, friction
(in the Ekman layer)

QG-Ekman – couplings

– πQG(t,x, 0) drives Ekman flow

– wEk(t,x,∞) “pumps” QG flow
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QG – pressure Poisson equation
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QG-Ekman theory ...

... requires small deviations from a stable stratification with

... diabatic sources ∼ 3 K/day or ∼ 0.5 mm/h precipitation

EGU, April 27, 2021 4 / 5



QG-DL: Dynamics of a Diabatic Layer in the QG framework
QG-DL-Ekman theory ...
JAS, submitted; arxiv.org/abs/2104.10598

– provides a remedy

– via embedded diabatic layer in

– triple-deck matched asymptotics

DL equations

f0k × u + cpΘ0∇‖π
′ = 0
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∂π′

DL

∂η
= g

Θ′
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����∇‖ ·u +
∂w

∂η
= 0(

∂

∂t
+ u ·∇‖

)
Θ′ = QΘ

Diabatic source strength:
QΘ ∼ 15 K/day or 2.5 mm/h
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QG-DL-Ekman – couplings

– πQG(t,x, 0) drives DL flow

– πDL(t,x, 0) drives Ekman flow

– wEk(t,x,∞) “pumps” QG flow

}
∆π = πQG,0−πDL,0 = O (1)
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