b
s thématique "
erre & Ene| s

@8

-’

rgies

Parameterizations for Non-orographic
Gravity (Buoyancy) Waves Induced Eddy
Diffusion (in Mars PCM)

Jiandong Liu'%; Ehouarn Millour!; Francois Forget';
Francois Lott!

ILMD/IPSL, Sorbonne Université, ENS, Université PSL, Ecole
Polytechnique, Institut Polytechnique de Paris, CNRS, Paris,
75005, France.

2 LPC2E, CNRS/Université d’Orléans, UMR 7328, Orléans, 45071,
France.



Context

« Introduction (simulations GWon)
Formalism (GW+mixing) BOoORING !!!

 Simulations v.s. Observations (GWon+mixin

Warning: The derivation of parameterizations can be extremely
il boring. One may only look at Introduction (pages 3 to 11), and
Comparisons (pages 30 to 33).




Sciences: I

1. Waves-tracers interactions. LD
2. H20 escapes.
3. Impacts to Mars climate and Habitability.



Non-orographic G §:Waves EP-flux 9 =

>> Divergences of EP-fluxes (Drags)
>>> Induced Turbulence/Mixing
o >>>> Mixing Fluxes Induced Drags
upper atmosphere

et , Orographic GWs:
> Drags from Blocked Flows

... >Propagating Waves from Top of Blocked Flows
middle atmosphere




Gravity Waves in Mars PCM
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How Do Non-orographic Gravity Waves Propagate ?
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Effects on Flows

zonal winds —

meridional winds=

Pressure, Pa
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Drag on Circulation
clear-sky
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clear-sky

PCM6.0 GWoff PCM6.0 GWon GW effects, K
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dausty

(c)

MCS
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PCM6.0 GWon GW effects, K
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CO2 number density:

Local Solar Time:
day/night

CO2 number densny cm-3
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Governing Equations

Momentum:
% = —% — 2Qw cos ¢ + uvtan ¢
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Mass Continuity: % +V-pu=0
DY 0Q

Thermodynamics: —=_=
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Governing Equations: Linearization vo(2 29

ox’ Oy’ 0z
Consider the shallow atmosphere @ +V.0u=0 u=(uv,w
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Governing Equations in ;< and > (Polarized Form)
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Governing Equations in ;< and > (Polarized Form)

Define Doppler-shifted intrinsic
frequency
O=w—-ku—Ilv=w-— FHE
Differential IGL and potential
temperature 6:

The gravity wave has phase speed
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Derivation of Taylor-Goldstein Equation

In x-z plane: ou  Ow b Y
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Derivation of Taylor-Goldstein Equation

V;jth monochromatic wave:
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WKB Approximation

Approximation solution to the Taylor-Goldstein equation:

Q

w;(2) ~ A(2)|m,| " exp <z /Oz mdc) W; (2u41) /W5 (2u)
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EP-Flux

Pseudo-Momentum:
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Turbulence from Waves

Assumption 1: Turbulence triggered by the wave momentum releasing, viz.
Turbulence < V(E)

Assumption 2: Non-superadiabatic Principle
4L, < T (Lindez 1981)

Assumption 3: Sysmetric Principle

Assumption 4: Linear Damping (instabilty-to-turbulence effiCienéy)




Wave Thermodynamics: m; at 2,

Assumption 2: Non-superadiabatic Principle
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Wave Thermodynamics: NSP L~y

\

n T2 _
Assumption 2: NSP |2, = T2
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Wave Thermodynamics: Saturated EP-flux

Assumption 2: Non-superadiabatic Principle a2 =17
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Wave Thermodynamics: Linear Damping

Assumption 4: Linear Damping

J u 2 J U
Deddy 022 - Dthermal

oT oT

Prandtl = Diddy/D =1

thermal —

.77 — 2 o
- b eddy -
lik(c —a) + m; Degay)6T = w'T

m = m, + 1m;, we rewrite c = ¢, + ic¢;,
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Wave Thermodynamics: Linear Damping

Assumption 4: Linear Damping: The turbulence m; and ¢;,

N|l;| c=c +1c

E(a —¢) = ke = meg'ddy m \
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Eddy Diffusion Coefficient > = 7,
Since . 4
N’k’sziddy
m; = ————>——
QZ
Saturated vertical wavenumber of turbulence,

, 2 € [surf, top]
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Eddy Diffusion Coefficient >z > 2z,

Assumption 1: Turbulence triggered by momentum releasing, viz,
Turbulence < V(E)

R S
p 0= NI R
Q* (3|1dN 1dQ 1\ k
:“effm(ma—ﬁa+ﬁ>@’ P

i o J _ 198
Deddy - aefszk’l{ p 0z (7 Z > Zp




Eddy Diffusion Coefficient > < z,

Assumption 3: Sysmetric Principle: empirical fit
ngdy =B x n;l/Q

Since we know n o< exp — 7,

Diddy = Diddy(zb)eﬁdiff(z_zb)/}[? z2 < 2




General Equation

Eddy diffusion coefficient V;jth monochromatic wave:
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Pressure, Pa

Eddy Diffusion Coefficient
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GWoff
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Temp.[K]

Tide [K]
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DD1 CO2 Number Density vs Altitude
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Thank you for your time and interest in this topic. Please feel
free to ask any questions.

Je vous remercie pour votre temps et votre intérét. N’hésitez
pas a poser vos questions.

AR, THRZE, BEE.

jiandong.liu@lmd.ipsl.fr
jiandong.liu@cnrs-orleans.fr
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