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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* = (β zi Ho)
1/3      for vertical v elocity,

Θ* = Ho/w*             for temperature ,

q* = Qo/w*              for a p assiv e  scalar,

zi                            for hei g ht,

τ* = w*/zi                 for time,











LES experiments:

• 1. Free convection
• 2. Forced convection (barotropic)
• 3. Forced convection (baroclinic)



Free-convection
 experiments











Sw = w*               for vertical v elocity,

Sθ = w* Ni  / β     for temperature ,   

Sq = gi w* / Ni      for humi dity  (or o t her  scalar),   

Sh = w* / Ni         for hei g ht,  

St =1/ Ni              for time,          



where Ni is the Brunt-Vaisala frequency
 Ni = (β γi)0.5



Hi       =   - cH   Sw Sθ

Qi      =    - cQ   Sw Sq

σθi
2   =       cθ    Sθ

2 

σqi
2    =      cq    Sq

2

Cθqi   =       cθq   Sθ Sq













Forced convection
(barotropic)
experiments







Wh e n  wi n d  sh ear is  prese nt,  statistics of t urbulen ce
at  the t o p  of the mixed  lay er are d e penden t  n ot only
on th e  tem perat ure gra dien t  γi, but als o  o n  velo city
grad ients  sxi = du/d z |i an d  syi = dv/d z |i in  t he
in terfacial la yer,  or eq u i vale ntly  o n  t he in terfacial
 dynamic R ichard s o n  n umb er :

                   Ri =  
β γ i

s xi
2  +  syi

2  



                                  Hi /  (SwSθ)  = - cH  (1  + cr /  Ri) /  (1  + 1  /  R i)1/2

                                  Qi /  (SwSq)   = - cQ   (1  + cr /  Ri) /  (1  + 1  /  R i)1/2

                                  σθi
2 /  Sθ

2      =    cθ   (1  + cr /  Ri) /  (1  + 1  /  R i)

                                  σqi
2  /  Sq

2     =   cq   (1  + cr /  Ri) /  (1  + 1  /  R i)

                                  C θqi /  (SθSq) =   cθq (1  + cr /  Ri) /  (1  + 1  /  R i)

                                  σwi
2  /  Sw

2    =  cw   (1  + cr /  Ri)













Forced convection
(baroclinic)
experiments















Conclusions:
• 1. Two different sets of convective scales are valid in the convective

ABL (mixed layer scaling and interfacial scaling)

• 2. In the interfacial layer the characteristic (peak) values of moments
are functions of the Richardson number:

                            m/Si  =  Cm  Fi(1/Ri)

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

                      m  =  cm  Sm  Fm(z/zi) + Cm  Si  Fi(z/zi, 1/Ri),



   H  =  w*Θ* (1  - z/zi) - CH Sw Sθ z/zi (1  + 8 /Ri)/(1  + 1 / Ri)1/2

   Q   = w*q* (1  - z/zi) - CQ  Sw Sq z/zi  (1  + 8 /Ri)/(1  + 1 / Ri)1/2

   σθ
2 = 1 . 0  Θ*

2 (1  - z/zi) / (z/zi)
2/3+ Cθ Sθ

2 [(z/zi)
9 / (2 . 1  - z/zi)

9] [(1+ 8 / Ri)/(1+1 / Ri)]

   σq
2= 2 . 0  q*

2 (1  - z/zi) / (z/zi)
2/3 + Cq Sq

2  [(z/zi)3  / (2 . 2  - z/zi)
7] [(1+ 8 / Ri)/(1+1 / Ri)]

    cθq = 1 . 5  Θ*q*(1- z/zi) / (z/zi)
2/3+ Cθq SθSq[(z/zi)8  / (2 . 2  - z/zi)

8] [(1+ 8 / Ri)/(1+1 / Ri)]

    σw
2= 1 . 4   w*

2 (1-z/zi)4/3(z/zi)2/3  + Cw Sw 2[(z/zi)1/2  (1 . 1  - z/zi)1/3] (1+ 8 / Ri)

an d  als o:

                    d Θ/d z  = - Θ*/zi (1  -  z/zi )
4 / (z/zi)

4/3 + γi  (z/zi)
9 / (2 . 2 3  - z/zi)

9

                    dq /d z  = - q*/zi  (1  -  z/zi )
4 / (z/zi)

4/3 + gi  (z/zi)
9 / (2 . 2 3  - z/zi)

9





The End

Thank you for your attention!




