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III...   CCCooonnnccceeeppptttuuuaaalll   IIInnntttrrroooddduuuccctttiiiooonnn   tttooo   
AAAtttmmmooosssppphhheeerrriiiccc   PPPlllaaannneeetttaaarrryyy   

BBBooouuunnndddaaarrryyy   LLLaaayyyeeerrrsss   
EEEvvvgggeeennniii   FFFeeedddooorrrooovvviiiccchhh   

UUUnnniiivvveeerrrsssiiitttyyy   ooofff   OOOkkklllaaahhhooommmaaa,,,   SSSccchhhoooooolll   ooofff   MMMeeettteeeooorrrooolllooogggyyy   

  



OOOuuutttllliiinnneee   
• Place and role of planetary atmospheric 

boundary layer (ABL) in Earth’s atmosphere; 

• Effects of temperature/density stratification in 
the ABL; 

• Diurnal cycle of the ABL; 

• Structure of convective, neutral, and stably 
stratified (stable) ABLs; 

• Interactions of ABL with underlying surfaces; 

• Interactions between ABL and free 
atmosphere. 



Place of planetary ABL in Earth’s atmosphere   



PPPlllaaannneeetttaaarrryyy   AAABBBLLL   ffflllooowwwsss   
conflate four major nasty features of geophysical flows:   

(i) turbulence,   (ii) density stratification, 
(iii) rotation,   (iv) thermal forcing. 

 
 after Roland Stull 



EEEffffffeeecccttt   ooofff   ssstttrrraaatttiiifffiiicccaaatttiiiooonnn   iiinnn   aaatttmmmooosssppphhheeerrreee   
Wallace and Hobbs (2006) 
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HHHeeeaaattt   eeexxxccchhhaaannngggeee   iiinnn   AAABBBLLL   ffflllooowwwsss   

 



AAABBBLLL   ssstttaaabbbiiillliiitttyyy   pppaaarrraaammmeeettteeerrrsss   
Convenient variable to account for combined effect of heat 
and moisture on static stability is buoyancy 

( ) /v vr cb g θ θ θ= − , 
where 0.61v cqθ θ θ+  is the virtual potential temperature. 

(Turbulent vertical kinematic) buoyancy flux is ' 'w b . 

Commonly used stability parameters: 
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represent ratio of buoyancy to shear turbulence production rates. 
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Daytime convective boundary layer (CBL) 

In its dry version: a turbulent boundary layer primarily driven 
by heating from below with a secondary wind-shear forcing 

 
after John Wyngaard after Roland Stull 

Potential temperature field in the inversion-capped CBL (DNS visualization) 

  
 

 CBL without wind shear CBL with wind shear 



CCCooonnnvvveeennntttiiiooonnnaaalll   nnnoooccctttuuurrrnnnaaalll   ssstttaaabbbllleee   AAABBBLLL   (((SSSBBBLLL)))   

after John Wyngaard 

after Roland Stull 



SSSuuurrrfffaaaccceee   eeennneeerrrgggyyy   bbbaaalllaaannnccceee   cccooommmpppooonnneeennntttsss   
Sensible heat flux: 

' 'H p p zF c w c Qρ θ ρ= ≡ . 

Latent heat flux: 

' 'L v v v zF L E L w q L Dρ ρ= = ≡ . 

Approximate form of surface (s) energy budget: 

Hs Es GsF F F F∗ = + + . 

F ∗
- surface net radiative flux; GF  - ground heat flux. 



SSSuuurrrfffaaaccceee   eeennneeerrrgggyyy   bbbaaalllaaannnccceee   

  

EEEnnneeerrrgggyyy   bbbaaalllaaannnccceee   RRRaaadddiiiaaatttiiiooonnn   bbbaaalllaaannnccceee 

Hs Es GsF F F F∗ = + +  
s s L LF F F F F↓ ↑ ↓ ↑ ∗− + − =  



PPPooossssssiiibbbllleee   sssuuurrrfffaaaccceee   eeennneeerrrgggyyy   bbbaaalllaaannnccceee   sssccceeennnaaarrriiiooosss   

From Meteorology for Scientists and Engineers by R. Stull (2000) 



EEEffffffeeecccttt   ooofff   ssstttaaabbbiiillliiitttyyy   ooofff   wwwiiinnnddd   vvvaaarrriiiaaatttiiiooonnn   wwwiiittthhh   
hhheeeiiiggghhhttt   iiinnn   ttthhheee   lllooowwweeerrr   pppooorrrtttiiiooonnn   ooofff   AAABBBLLL   

 

linear z log z 
From Meteorology for Scientists and Engineers by R. Stull (2000) 



VVVaaarrriiiaaatttiiiooonnn   ooofff   wwwiiinnnddd   ssspppeeeeeeddd   wwwiiittthhh   lllooocccaaalll   tttiiimmmeee   
iiinnn   AAABBBLLL   ooovvveeerrr   lllaaannnddd   

 



DDDeeevvveeelllooopppmmmeeennnttt   ooofff   CCCBBBLLL   

 



AAABBBLLL   iiinnnttteeerrraaaccctttiiiooonnn   wwwiiittthhh   fffrrreeeeee   aaatttmmmooosssppphhheeerrreee   

From Meteorology for Scientists and Engineers by R. Stull (2000) 

  



CCCBBBLLL   dddeeevvveeelllooopppmmmeeennnttt   iiinnn   eeevvvooolllvvviiinnnggg   aaatttmmmooosssppphhheeerrreee:::   mmmooodddeeelll   ssstttuuudddyyy   
Gibbs et al. (2011)    

 



CCCBBBLLL   dddeeevvveeelllooopppmmmeeennnttt   iiinnn   aaa   dddrrryyyllliiinnneee   eeennnvvviiirrrooonnnmmmeeennnttt   

 
12 UTC 06/07/2007 18 UTC 06/07/2007 00 UTC 06/08/2007 

 



CCCBBBLLL   ssstttrrruuuccctttuuurrreee   iiinnn   aaa   dddrrryyyllliiinnneee   eeennnvvviiirrrooonnnmmmeeennnttt   

 



CCCBBBLLL   dddeeevvveeelllooopppmmmeeennnttt   iiinnn   aaa   cccooolllddd---fffrrrooonnnttt   eeennnvvviiirrrooonnnmmmeeennnttt   

 
12 UTC 06/08/2007 18 UTC 06/08/2007 00 UTC 06/09/2007 

 



SSStttrrruuuccctttuuurrreee   ooofff   sssiiimmmuuulllaaattteeeddd   iiidddeeeaaallliiizzzeeeddd   ssshhheeeaaarrreeeddd   CCCBBBLLL   
aaasss   vvviiieeewwweeeddd   aaacccrrrooossssss   hhhooorrriiizzzooonnntttaaalll   cccooonnnvvveeeccctttiiivvveee   rrrooollllllsss   

 

OOOUUU---LLLEEESSS   (((tttoooppp))),,,   WWWRRRFFF---LLLEEESSS   (((bbbooottttttooommm)));;;   w   (((+,,,-)))   fffiiieeelllddd   
Thanks to Jeremy Gibbs (my Ph.D. student, OU) 


