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OUTLINEOUTLINE

INTROINTRO: : motivation/importancemotivation/importance & background& background

-- Cyclones filling, AirCyclones filling, Air--sea interaction, Airsea interaction, Air--pollution & pollution & 

transport, Wind energy estimates, Model validation..transport, Wind energy estimates, Model validation..

RECENT FINDINGSRECENT FINDINGS:: research models, LESresearch models, LES

-- In idealized conditions:In idealized conditions: αα00 ≈ ≈ 353500

NEW ANALYTIC RESULTNEW ANALYTIC RESULT: : in 2 stepsin 2 steps αα00 retrievedretrieved
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INTROINTRO Modeling problemsModeling problemsINTRO INTRO –– Modeling problemsModeling problems

SBL depth, H, often too high in modelsSBL depth, H, often too high in models
LLJ often too weakLLJ often too weakLLJ often too weakLLJ often too weak
excessive crossexcessive cross--isobaric mass fluxisobaric mass flux
angle between the nearangle between the near--surface & surface & 
geostrophic windgeostrophic wind αα00 too small;too small;geostrophic wind, geostrophic wind, αα00, too small;, too small;

Nielsen & Sass’04Nielsen & Sass’04 BeareBeare et al ’06et al ’06 CuxartCuxart et al ’06et al ’06 B G &B G &Nielsen & Sass 04, Nielsen & Sass 04, BeareBeare et al. 06, et al. 06, CuxartCuxart et al. 06et al. 06, B.G. & , B.G. & 
Belušić’08, Belušić’08, Svensson & Holtslag’09 (Svensson & Holtslag’09 (SH09SH09), ), B.G.’10,…B.G.’10,…
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BackgroundBackground
WSBL ~ stratified Ekman layer 

cooled from below convenientcooled from below – convenient 

approach to WSBL

Holton, textb.’92:

Pedlosky’87, Holton’92, Zilitinkevich et al.’02, Nielsen & Sass’04, SH09
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Numerical modeling of WSBLNumerical modeling of WSBL

SH’09 ← Cuxart et al.’06; 19 models in GABLS inter-

i t d
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Modeling of WSBLModeling of WSBL cont’dcont’dModeling of WSBL Modeling of WSBL –– cont dcont d

SH’09 ← Cuxart et al.’06   α0 ≈ 350 based on LES:

6666

Operational with 1st order closure = diamonds, with HOC = triangles; res. models 1st ord. 

closure = squares, with HOC = x; averaged LES (with st.dev.) = filled circle with error bars 



Models limited obs & classic Ekman layer:Models limited obs & classic Ekman layer:Models, limited obs. & classic Ekman layer: Models, limited obs. & classic Ekman layer: 
van Ulden and van Ulden and 800

MIUU model idealized 3D simulation (geostrophic wind from 2700)

Holtslag’85 from Holtslag’85 from 
CabauwCabauw tower data tower data 
got got αα 353500600
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HWSBL ≈ 250m

(finer z-resol. → HWSBL ≈ 200m)



CCLASSIC LASSIC EEKMAN KMAN LLAYER (AYER (CELCEL))
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* Small modeled α0 => (too) large H, (excessively) large 

cross-isobaric mass flux (note <u’w’> shouldn’t ~ (-z) mean(v)=const!)

* Meanwhile CEL’s α = 450 (too large)
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Meanwhile, CEL s α0 = 450 (too large)



Improve the Ekman layer analytic estimate for Improve the Ekman layer analytic estimate for 
αα00 ‐‐ 2 steps used 2 steps used ‐‐

→→ K→ K( )K→ K( )zz=0=0 → z→ zSS ;  ;  K → K(z)K → K(z)

before:before:
Now:Now:
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Choice of K(z) … Sfc. Layer Thickness: I(zS) 
l t h &… relate h & zS
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EXAMPLES:

(f K h ) (10 4 s 1 5 m2s 1 150 m 30 m) I( ) 0 75(f, K0, h, zS) = (10-4 s-1, 5 m2s-1, 150 m, 30 m), I(zS) ≈ 0.75

=> α0 = α0,NEW ANALYTIC ≈ 320
0 0,NEW ANALYTIC
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SFC. LAYER DEPTH for K = const. vs. K(z): solid vs. dashed & dash−dotted

150

200

250

lay
er 

de
pth

, z S, m

50

100su
rfa

ce
 la

y

0 2 4 6 8 10 12 14 16 18 20
0

prescribed largest eddy diffusivity, K
C

, m2s−1

IMIN(zS) = 0.75 = [f/(2KC)]1/2zS (const., solid), IMIN(zS) = 0.75 ≈ Ia(zS) ≈ [2af/K0]1/2zSMIN( S) [ ( C)] S ( , ), MIN( S) a( S) [ 0] S

=D-less sfc. layer depth (dashed & dash-dotted), h = azS, a = 5, K0 = 4KC (dashed), K0 = 

2K (d h d d)
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2KC (dash-dotted)
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THE ANGLE OF WIND TURNING VS. EDDY DIFF. & SFC. LAYER DEPTH
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Ia(K0,zS) and α0 plotted for 3 different sfc. layer depths: 20, 40 and 80 m (solid, dashed and 

dash-dotted); Ia(K0,zS) → exact tan(α0) = v(zS)/u(zS), not the approx. P2(I(zS)).
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APPENDIXAPPENDIX DISCUSSION?DISCUSSION?APPENDIXAPPENDIX--DISCUSSION?DISCUSSION?

If discussion desires, continue …If discussion desires, continue …,,

Otherwise take on Larry’s smileOtherwise take on Larry’s smileOtherwise, take on Larry s smile…Otherwise, take on Larry s smile…

& Let the others continue …& Let the others continue …

Who said ‘lunch’.?..Who said ‘lunch’.?..
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• K(z) profile: ⎟⎟
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K(z) for numerical &

analytical solutions, 

only 2 parameters!

e.g.

Kmax = 2 m2s-1, 
h = 200 m,

(JAS 2001, QJ2001,...)
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