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Reduced model for gravity waves in atmosphere with deep convection.
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Governing Equations

Conservation of mass, momentum, energy (dimensionless)
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Bulk microphysic model

Qv,t +u- quv + WqQy,z = Lev — Cd
Gc,t +u- quc +wqe, = Ci — Cac — Cor

1
ar,t +u- Vqu + wWQqy,z + ; (PCIr VT)Z = Cac + Cor — Coy
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Scales

Non-hydrostatic gravity waves modulated by deep convective towers

10 km ~ hg,

Coordinates:

10 km =

D. Ruprecht

Gravity waves and deep convection, EGU 2011, April 7th

Wave-scale:
x ~ 10 km

Tower-scale:
n ~ 1km

Vert. scale:
z ~ 10 km

Time scale:
T ~ 100 s

Vert. Disp.:
& ~1km=0O(e)

Condensate:
Qreleased ™~ 0(5)
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Leading Order Saturation Deficit

@
saturation leve

vapor + cloud water

tower—scale

Switching Function
oo 1 : Saturation at O(1)  (Cloud)
@1 0 : Under-saturation  (No cloud)
Saturated Area Fraction
o:=H, ', fordqg, =O(1) due to short time-scale: D,o =0.

D. Ruprecht Gravity waves and deep convection, EGU 2011, April 7th 5)



Leading Order Saturation Deficit

cloud
————————————— saturatlon level

H

v

vapor + cloud water

tower—scale g
Switching Function
oo 1 : Saturation at O(1)  (Cloud)
@1 0 : Under-saturation  (No cloud)
Saturated Area Fraction

o:=H, ', fordqg, =O(1) due to short time-scale: D,o =0.

D. Ruprecht Gravity waves and deep convection, EGU 2011, April 7th




Systematically Small Saturation Deficit

vapor + cloud water

H, =1

tower—scale
Expansion of Vapor Mixing Ratio

o= 9 +eqV+0(?)
NG

saturation

Switching Function

oo 1 : Saturation at O(g)
@1 0 : Under-saturation
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Tracking Saturated Areas

. Eus,r <0
A ¢ _q\(g?zsus,r qA

)

g« =0 \\‘ﬂ’,' \\\ g« =0

Saturation Saturation

Shape of Level Set Function

q«(n,7) = qs0(n — / u@dr’) — ¢Dstus(r), Assume: Eus(7) ~ £(1,7)
0
Hence : g.(n,7) = 0 < qwo(n — / Odr’ )= qvg)z us(T)
0
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Model Equations

Closed model equations:
Wave-scale dynamics:
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Effective tower-scale dynamics:
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—0
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Plane Wave Amplitudes
Evolution of 6 and & for = 4. Vertical velocity.p = 4
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Amplitudes of plane wave
o(x,z,7) = qg(T) exp (ikx + imz)
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Summary

e Derived reduced model for gravity waves in deep convecting
atmosphere

e Assuming small saturation deficit leads to nonlinear interactions
between waves and clouds

e Tracking of saturated spots by level set function: Simplifying
assumptions allow to derive simple evolution equation

e Final model is extension of linearized anelastic equations
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