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Scale-Dependent Models
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Scale-Dependent Models
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Anelastic Boussinesque Model
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Quasi-geostrophic theory
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EMIC - equations (CLIMBER-2)
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Scale-Dependent Models

Compressible flow equations with general source terms
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How do all the simplified models relate to this system?
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Scale-Dependent Models

Earth’s radius a ~ 6-10° m
Earth’s rotation rate QO ~ 107* st
Acceleration of gravity g ~ 981 ms?
Sea level pressure Dt~  10° kemls™?

H>O freezing temperature Tt ~ 273 K
Latent heat of water vapor L, ~ 4-10* Jkg 'K!

Dry gas constant R ~ 287 m%2K™!
Dry isentropic exponent v~ 1.4

Dimensionless parameters:
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[y, = Lo 1.5-107! where Gt = VR = \/ghe ~ 300m/s
Cp ref
R
[I3 = Cret ~ 4710_1 cp = L

Qa v—1



Scale-Dependent Models

Earth’s radius a ~ 6-10° m
Earth’s rotation rate Q ~ 107* st
Acceleration of gravity g ~ 981 ms?
Sea level pressure Dt~  10° kem ls72

H,O freezing temperature T ~ 273 K
Latent heat of water vapor L, ~ 4-10* Jkg 'K™!

Dry gas constant R ~ 287 m%2K™!
Dry isentropic exponent v~ 1.4
Distinguished limit:
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Is there a unique limit solution fore =6 =02
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x[m]

mx’+kxX+cx= F0 * cos(Q t), Exact Solution

mx’+kxX+cx= F0 * cos(Q t), Exact Solution
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The limit is path-dependent!
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Scale-Dependent Model Hierarchy

Nondimensionalization

1 ! Uref 4

_ — /
(x, 2) W (', '), -
1 I /RTre
(ww) = (W),  (@T.p) = (p, ’ )
uref pref ﬂef pref
where
2 gh,. A© . .
Upep = J (thermal wind scaling)
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Scale-Dependent Model Hierarchy

Compressible flow equations with general source terms
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Scale-Dependent Model Hierarchy

Classical length scales and dimensionless numbers
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* distance which an internal wave must travel until influenced at leading order by the Coriolis effect



Scale-Dependent Model Hierarchy

Single-scale asymptotics

m

Ult,m,ze) = > di(e) UVt @, 2 6) + O(dm(e))
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Remark

Generally, m < oo, and the series would not converge !



Scale-Dependent Model Hierarchy

Recovered classical single-scale models:

U = U“)(é, T, Z) Linear small scale internal gravity waves
UYD = Ut x, 2) Anelastic & pseudo-incompressible models
UY = UY(et, %z, 2) Linear large scale internal gravity waves
U = U (%, e, 2) Mid-latitude Quasi-Geostrophic Flow

UY = U9, %z, 2) Equatorial Weak Temperature Gradients
U = U2, e L ¢(e?x), 2) Semi-geostrophic flow

U = UW(3%, 522,52y, 2)  Kelvin, Yanai, Rossby, and gravity Waves

... and many more



Scale-Dependent Model Hierarchy

L =7~
|
SR P Boussi- )
nesq L | | Obukhov |
O N | | scale
& | 5 | VAL
. ., 0
6 | i | | |/€ |
€ 1 1/e 1/62 1/63 (]
SC
b.L‘lk convective meso synoptic planetary
micro

R.K., Ann. Rev. Fluid Mech., 42, 249-274 (2010)



Motivation
Scale analysis & distinguished limits
Model hierarchy for atmospheric flows

A puzzle



Scale-Dependent Models

Compressible flow equations without source terms
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Scale-Dependent Models

Leading orders
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