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OUTLINE

» INTRO: background, overview & motivation

- Modeled SABL often over-diffused or collapsed -

RECENT FINDINGS.: comparing various models...

- An improved “z-less” Mixing Length-Scale, A\, -

GENERALIZED RESULTS

- N\ for 18t & H.O.C. turbulence parameterization schemes -
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Background & overview

Mahrt, TCFD’98,..: SABL treated

= Nieuwstadt F.T.M. ‘84 x 2
poorly...

BLM & JAS - local scaling

Zilitinkevich et al. QJ'08,... strong i _ _
& weak mixing regimes Ozmidov length-scale:
/\OZN(E/N3)1/2

=>

Fernando, Ph FI'O3,...: turbulent

A, ~ (TKE ) Y2/ N
patches in stratified shear flows m )=/

Steeneveld '07 PhD thesis - Hunt et al. ‘88, Tjernstrom
‘93, Schumann & Gerz 95,

Grisogono & Enger 04:
involve Shear in N, !

. Fedorovich &
Shapiro, Cuxart, Whiteman...

Mauritsen et al. JAS'07,... TTE

Banta, Act.Geoph.’08: LLJ
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» & weak mix. --->




= “z-less” Mix. Length, A, ...modified

or TTE eqn.- Nauman Awan

(if a sfc. layer exists)
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PRANDTL MODEL

Analytical model for the

“‘pure” katabatic flow

Balance between the Q

negative buoyancy &

turbulent diffusion
a<0

Other improvements...
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PRANDTL: CLASSICAL ANALYTICAL MODEL

» Stationarity for U & @ aftert > 1-1.5T, T = 2z /(Nsin(«)),

= |Later on: improved & calibrated Prandtl model, K(z),...

sin(ax )@ + Pri K #y

= —ysin(a)U + i(K ﬁ)

dz

dz
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MIUU MODEL & Simulation Parameters

= nonlinear, hydrostatic, f-plane

= 2.5-turbulence closure level

= S5progn.eqns:U,V, ®, g, TKE (e.g. QJ 98, ‘04)
|

e Ax=19km=const, ¢ =-2.2° C=-6.5°C

211 x 7 x 201 gridpoints (y=const), total(nk)=402

At=13s, z,,, = 5.6 km (“sponge” for z > 4.4 km)
1 m < A4z < 30 m, “staggered, terrain influenced”

Initialisation: U & V=0, y=5-103Km, B.G. & D.B., QJ)’08




MIUU model’s single change

e N, =a(TKE)"2/N
ML ( ) * Results vs. 1) old A,

 Replaced b
P 4 * Results vs. 2) Prandtl

o A, =min(A,,, b(TKE)"2/$) model solution, got ‘b

$=1|S|;inB.G. &D.B., QJ08 .
« => 3) Generalized

/\ML
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Over-diffusive (traditional: a, c) SABL VSABL (very stable: b, d)
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Prandtl model (8, U) MIUU model (6, U)
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Simplified TKE eqn & new
generalized N

OUKE) _ o 9% 8 g~ O (2 L 1kE Y |- &
Ot oz 0 Oz 0O

u|f steady, horiz. homog., insignificant transport terms (3 on the RHS), K-

K. =a,N$; =a,\(TKE)"?, or a3(TKE/N) ; K, =K _/Pr
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1/2
A = const (TKE$ ) f (Rl ,Pr)

A=A, -const - f(Ri,Pr); A, = \/TKEK

=Zilitinkevich et al., QJ'08: Pr = 0.8 + 6 Ri, f(Ri, Pr) above easy to expand

10°

Pre':
<- SHEBA & CASES99 (blue), lab (green),

10"

LES (red), DNS (large grey)

10° 5
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=Generalized Mixing-Length Scale, A:

A=A, const- f(Ri,Pr);A, = \/ﬁ%

K, N,

a,; \°$ (b/a,)’? (1 + Ri /(3Pr))
a, N(TKE)"2 (b/a,)"2 (1 + Ri /(2Pr))
a; (TKE /N) b/a, (Ri)"2(1 + Ri /Pr)

=Advantages: 6% >> 6N, 3-term balance in TKE (instead of only 2 or given a priori)...
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* Trying to include pressure- & turbulence
transport terms (the 3™ term in the TKE)

* These terms are notoriously difficult to handle. At
this point, we don’t have much hope but to treat
them with caution — as minor, corrective terms to

the already obtained N, = (TKE)"? /$
(work in progress,.. looking good,.. BW OK too...)
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SABL & A - Conclusions

e \Way to improve & generalize “z-less” mixing
length A, maybe L, too, is offered ...

e /\ sensitive to minute flow variations, smooth
& finite for SABL, even sensitive to waves...

e Refined SABL simulations (fore.g. T, fog,
wind energy, air-pollution studies...; climate
scenarios) now more accessible...
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