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Turbulence?  Exists (an observed fact !) 
Results in very important transports !!

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

Treatment of turbulence, PBL/surface layer, 
molecular transports/ground surface
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*

______________

* White patches up to slide about 30:  Scanned pieces from an ICTP lecture, 
1999 (or 2000?): “Boundary layer, turbulence transports, horizontal 
diffusion”, updated.  Original pdf available from FM on request.

______

________________________
_____

(References at the end)



4

ΤΚΕ-ε



5



6

__________



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

1941,

__________________

_________
_____
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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).      Open access   :)
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More:



How was this discovered ?  Mellor-Yamada clipping:

Recall:

and:

with the Blackadar length scheme (Janjić 1990) 

but the more recent code had above the boundary layer

� 

l =min(lΔ ,lD ,kz),

� 

lΔ = csΔz

� 

lD = crq /N
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A person at NCAR, A. Marroquin complained to me of no turbulence 
above the PBL.  He used the Blackadar definition of l only, thus, large l !!

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   :(

However, switching to the PBL scheme of the bottom line of 
the previous slide:  credibly looking upper troposphere 

turbulence !    : )

Serendipity  ?

12



13

Thus, Eta: Remove clipping of the GM, GH / instead,
enforce GH < 0.24 by reducing l   !
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_______
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Obukhov   



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. 17

_________

__________
__________________



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

In the Eta:

Different over land (and ice) and over water  

Over land (and ice):
Account for roughness 

elements:
Zilitinkevich (1995):

Over water:
Molecular sublayer

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

also: Mesinger et al. (2012) 
(“An upgraded version of 

the Eta model”)
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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:
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Typhoon
Yancy

(Aug. 1990)
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Without
molecular 
sublayer:

With
molecular 
sublayer:
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More recent effort:

Have molecular sublayer thickness depend on roughness 
Reynolds number, based on experimental data compiled 

by Brutsaert
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At the top of the molecular sublayer, molecular transports must be equal to the 
turbulent transports:
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Used in the “standard” (or, NCEP) Eta

Rr = u*z0/νRecall: Roughness Reynolds number :

*

*
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As opposed to having ζ constant, a relationship resulting from experimental 
data (Brutsaert 1982, Fig. 4.1) can be used:     
A question can be
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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
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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, INPE: 
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Difference, 
accumulated 

precip,
mm/24 h,

initial condition 
27 Apr 2009
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Other length scale refinements of the Eta code compared to MY82
and Janjić (1990): Mesinger, F., 1993b: Sensitivity of the definition of a cold front

to the parameterization of turbulent fluxes in the NMC's Eta Model. Research 
Activities in Atmospheric and Oceanic Modelling, WMO, Geneva, CAS/JSC WGNE 

Rep. 18, 4.36-4.38:

(3.1)
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• Horizontal diffusion: do we need it / what is it?

Jablonowski, C. and D. L. Williamson (2011): The Pros and Cons of Diffusion, 
Filters and Fixers in Atmospheric General Circulation Models. Chapter 13 in: 
Lauritzen, P. H., C. Jablonowski, M. A. Taylor, R. D. Nair (Eds.), Numerical 
Techniques for Global Atmospheric Models, Lecture Notes in Computational 
Science and Engineering, Springer, Vol. 80, 381-493:

As pointed out by Mellor (1985) the horizontal diffusivities in 
use by GCMs are typically many orders of magnitude larger 

than those which would be appropriate for turbulence 
closures. Thus, horizontal diffusion used by most models 
cannot be considered a representation of turbulence but 

should be viewed as a substitute mechanism for unresolved 
horizontal advective processes. 



•  What should we (the Eta community) do next ?

An “improved Mellor-Yamada turbulence closure model” or 
“Mellor-Yamada-Nakanishi-Niino” is gaining in popularity.  
Series of papers, 2001-2009.

Also:
Kitamura, Y., 2010: Modifications to the Mellor-Yamada-
Nakanishi-Niino (MYNN) model for the stable stratification case. J. 
Meteor. Soc. Japan, 88, 857-864. doi:10.2151/jmsj.2010-506.
“M-MYNN”
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What does the MYNN do ?

•  Generate a data base running LES experiments (resolution 
4 m in all three directions !!!);
•  Expand the MY2.5 by not neglecting several terms that 
MY neglected;
•  Update values of five MY empirical coefficients using 
their LES data base, and evaluate three new coefficients 
that MY2.5 does not have since their terms were neglected;
•  Invent prescription of the length scale dependence on 
distance from the ground, PBL turbulence, buoyancy; 
•  Check the performance of the scheme in well-known 
experimental data (Businger et al., 1971; Wangara Day 33);
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From Janjić (MWR 1990):



A1, A2, B1, B2, C1:  empirical constants 

Janjić (NCEP Office Note 437):  constants different from MY82

Nakanishi, Niino:   New values of constants, including values for 
constants within terms not included in MY82
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NN09:
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What does the MYNN do ?

•  Generate a data base running LES experiments (resolution 
4 m in all three directions !);
•  Expand the MY2.5 by not neglecting several terms that 
MY neglected;
•  Update values of five MY empirical coefficients using 
their LES data base, and evaluate three new coefficients 
that MY2.5 does not have since their terms were neglected;
•  Invent prescription of the length scale dependence on 
distance from the ground, PBL turbulence, buoyancy; 
•  Check the performance of the scheme in well-known 
experimental data (Businger et al., 1971; Wangara Day 33);
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What does the MYNN do ?

•  Generate a data base running LES experiments (resolution 
4 m in all three directions !);
•  Expand the MY2.5 by not neglecting several terms that 
MY neglected;
•  Update values of five MY empirical coefficients using 
their LES data base, and evaluate three new coefficients 
that MY2.5 does not have since their terms were neglected;
•  Invent prescription of the length scale dependence on 
distance from the ground, PBL turbulence, buoyancy; 
•  Check the performance of the scheme in well-known 
experimental data (Businger et al., 1971; Wangara Day 33);
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From Nakanishi and Niino (2009):
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