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Forms of atmospheric
convection:

1. Cloudless free convection (clear cells)
2. Cloudless forced convection (clear rolls)

3. Cu-topped free convection (open cells)
4. Cu-topped forced convection (open rolls)

5. Sc-topped free convection (closed cells)
6. Sc-topped forced convection (closed rolls)









w. =(bz H)" for vertical v éocity,

Q. = H/w. for temperature ,
g = Q/w. for a psav escalar,
Z for hei gh

t.= w/z for time,
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LES experiments:

e 1. Free convection
2. Forced convection (barotropic)
o 3. Forced convection (baroclinic)



Free-convection
experiments
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Dimensionless potential temperature flus
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Dirmensionless potential temperature yariance
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S, = W for vertical v éocity,

S,= WN; /b for temperature,

S;=9 w/ N forhumidty (or otdn scdar),
S =w/N for hei gh

S=1 N for time,



where N is the Brunt-Vasala frequency
N, = (b g)°®
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Dimensionless potential temperature flux (LES)
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Dimensionless ootential temperature flus (estimated)




Dimensionless temperature wariance (LES)
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Dimensionless concentration flux (LES)

Dimensionless concentration flux (estimated)




Dimensionless concentration variance (LES)

30000

2000

1000

[l 2000

Dimensionless concentration variance (estimated)



Dimensionless concentration variance (LES)
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Forced convection
(barotropic)
experiments
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H, (S,8) =-¢, (L+c D/@Q+R )™
Q (8,8) =-¢ (1+c D/@A+R )™

Sq- Sf = (1+c ch/(1+R ) /

q

S Sy 1= 4 L+a N/IA+R )/

ql q

Cu (8S)= (L+cc D/(L+R )

2872 /= , (lec ) R
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Forced convection
(baroclinic)
experiments



Ve,

P E T o 1
advection =
Y Fave B 25
cold
vp advection
w1000 ik '*‘K\'n
I31 cold adwection
//7WT @1 s @2.
1005 mb
i Gy ®
* P
&,
Gy x warm advection
Vil e,



15
ziz

1

0.3

Oonents 1!

~COmponents

i ::':_

C

0 3 10

Velocity, mis

13 a0



n.a

288

290 292 294 296 298

Fotential temperature, K



0.6

iz

(537D

*

£

n.os

}iwu

004

0.6

oz

n.0s

0.4

{estimated )

.-""."'."_E

P
W



0.5
04

0.3
0.z

r537) _H_I___.._I o

0.1

0z 0.3 04 0.5

~H;/H,

01

i estimated )



Dimensionless temp, variance (LES)
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Conclusions:

e 1. Two different sets of convective scales are valid in the convective
ABL (mixed layer scaling and interfacial scaling)

o 2. Intheinterfacial layer the characteristic (peak) values of moments
are functions of the Richardson number:

m/S = C_. F(URi)

» 3. Profiles of scalar variances, covariances, and gradients in the CBL
can be expressed as a sum of two semi-empirical ssimilarity functions
multiplied by a combination of mixed layer scales and interfacial

scales:
m=c, S, F.(2Zz)+C_, S F(z/z, URi),



Hw.Q (1-2z)- G § §2/z (1+8Ri)/(1+1/R*"”

GEw.g (1-22)- G S$S2Zz (L+8Ri)(1+1/RY

$=1.0°(1-2z)1 (dz)+ G S [(@/z)° ] (2.2 2/z)7 [(1+ 8/IR(1+1/ K]
3= 2.02¢1-2/z) | (Zz)** + G § [(@/2)3/ (2.2 Zz)"| [(1+ 8/W(1+1/ K]
Cu= 1.R.G.(1-212) | (Z2)"+ G, SS[(Z/2)8/ (2.2 2z)*| [(1+ 8/R(1+1/ K]
& 1.4 20-22)R @) + G S 2A@@z)12 1.k 2z)"] (1+ 8/iR

and lao
dQ/dz=- Q.J/z (1- 2/z ) (Zz)**+q (Zz)°/ (2.232/z)°

do/dz=-a/z (1- z/z)" 1 (@z)*+q (2/z)°/(2.232/z)
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Dimensionless temperature variance




The End

Thank you for your attention!
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