
Parameterization of 
atmospheric turbulence 

Fedor Mesinger 
NCEP Environmental Modeling Center, Camp Springs, MD 

Earth System Science Interdisciplinary Center, Univ. Maryland, College Park, MD 

fedor.mesinger@noaa.gov 

CPTEC Eta Workshop III – WorkEta III!

Cachoeira Paulista SP, 24–29 outubro de 2010 



Contents  (“wish list”, most, not all in fact included … ) 

•  Turbulence?  Turbulence transports/methods used;!
•  Turbulence closure.  Example: Mellor-Yamada (MY) 2.5; !
•  Realizability and master length scale issues of the MY 2.5;!
•  The surface layer: Monin-Obukhov (MO) similarity;!
•  MO issues: free convection/the Beljaars correction, the 

Zilitinkevich extension for the stable case, BL "structures”;!
•  The molecular sublayer;!
•  Horizontal diffusion: do we need it, if so why/ what is it?!



Turbulence? 

Exists (an observed fact!)  
Results in important transports 

Transports: 

•  Advection/ transports by model-resolved 
motions; 
•  Turbulence transports: transports by 
turbulence eddies; 
•  Near the ground surface: molecular transports  



* 

__________________ 
*  Scanned pieces from an ICTP lecture, 1999 (or 2000?): “Boundary layer, 
turbulence transports, horizontal diffusion”, updated!









Mellor-Yamada “level 2.5”:  reduce the problem to just one 
prognostic equation (“M-Y 2.5”);  very popular – many models!







A summary of the problem described in Section 4 of!
Mesinger, F., 2010: Several PBL parameterization lessons arrived at running an NWP 
model. Intern. Conf. Planetary Boundary Layer and Climate Change, IOP 
Publishing, IOP Conf. Series: Earth and Environmental Science 13 (2010) 012005 doi:
10.1088/1755-1315/13/1/012005. (Available online at !

http://iopscience.iop.org/1755-1315/13/1/012005).      No charge      !!




How was this discovered ?  Mellor-Yamada clipping: 

Recall: 

and: 

with the Blackadar length scheme  

 but the more recent code had above the boundary layer 

€ 

l =min(lΔ ,lD ,kz),

€ 

lΔ = csΔz

€ 

lD = crq /N



Blackadar scheme all the way into the upper troposphere: 

The model wanted to generate turbulence, but the GM, GH 
were apparently clipped and on top of it the TKE total 
production was being divided by a large Blackadar l !! 

No turbulence above the boundary layer   :(  

Switching to the above PBL scheme (bottom line of the 
previous slide):  nicely looking upper troposphere 

turbulence !    : )


Serendipity  ?










usually, iterations to solve (10), started with first guess fluxes.  First guess 
fluxes obtained form first guess "bulk" exchange coefficients (coefficients of 
the finite difference forms of (11)).  From the first guess fluxes, obtain first 

guess L.  Several iterations. !



What about very close to the ground? 
Molecular transports take over !! 
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What about very close to the ground? 
Molecular transports take over !! 

In the Eta: 
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Over land (and ice): 
Account for roughness 

elements: 
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Over water: 
Molecular sublayer 

Liu, Katsaros, Businger 
(1979, “LKB”);!
Janjic (1994);!

also: “An upgraded 
version of the Eta model”!



Molecular sublayer: 
according to measurements of Mangarella et al. (1973): 

Three regimes:  smooth, rough, and rough with spray; 

The flow switches from one to the other according to the 
value of “roughness Reynolds number”, Rr 

Seems to work well, an example: 



Typhoon 
Yancy 

(Aug. 1990) 



Without 
molecular sublayer: 

With 
molecular sublayer: 



“What have you done for me lately?” 





Used in the “standard” Eta!



As opposed to having ζ constant, a relationship resulting 
from experimental data (Brutsaert 1982, Fig. 4.1) can be used:     !

 A question can be!

One obtains!



The model knows what is Rr :!

Thus, ζ can be calculated as a function of Rr = u* z0/ν !
using the Brutsaert relation (previous slide)!

Experiments done by Josiane Bustamante, CPTEC: !



Difference, 
accumulated 

precip,!
mm/24 h,!

initial condition !
27 Apr 2009!



Verification not easy …!

Changes (day 5) do not appear to be random:!
• Atlantic ITCZ narrower/more intense;!
• Pacific ITCZ off Central America: shifted 

!northward;!
• Rainband in the Caribbean, off Nicaragua; 

!much reduced;!
  . . . !

To be continued (hopefully !!)!



Two WorkEta III relevant sites:!

http://www.youtube.com/watch?v=agusq6xfefI!

http://letras.terra.com.br/hyland-brian/18617/!
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