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Energy flux balance at the earth’s surfaceEnergy flux balance at the earth’s surface

RB = radiation flux balance
Q   = water vapor flux
H   = sensible heat flux
G   = ground heat fluxG   = ground heat flux

2
*uτ ρ=

** quQ ρ−=

**0,p ucH Θρ−=

ττττ = friction stress vector



Assuming:Assuming:
� Steady-state conditions,
� Horizontally homogeneous conditions,
� No phase transition processes
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Local similarity functions for the ASLLocal similarity functions for the ASL
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Obukhov number: Obukhov stability length:
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( ) ( ) ( )


 ζζΨ−
−
−

κ
=− 12q

1

2*
12 ,

dz
dz

ln
q

zq̂zq̂

Vertical profile functionsVertical profile functions
(Panofsky, 1963)(Panofsky, 1963)
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Integral similarity functions for the ASL:Integral similarity functions for the ASL:
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Customary assumptions for Customary assumptions for 
stable stratificationstable stratification

( ) ζγ+=ζΦ 1m 1 Čalikov (1968), Webb (1970),
Businger et al. (1971)

Webb (1970)
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Webb (1970)
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LogarithmicLogarithmic--linear profileslinear profiles
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Conventional ParameterizationConventional Parameterization

“stable stratification”“stable stratification”
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Assuming d = 0 and z1 = z0 yields:
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z0 = roughness length for momentum
Bq, Bh = sublayer Stanton (Dalton) number

Sublayer Stanton (Dalton) number is positive-definite.



Parameterization for the sublayerParameterization for the sublayer
Stanton (Dalton) numbersStanton (Dalton) numbers

(Garratt and Hicks, 1973)(Garratt and Hicks, 1973)

h

0

*

s01
h z

z
ln

Tˆ
B =

Θ
−Θ=κ −

0s01 z
ln

qq̂
B =−=κ −

q

0

*

s01
q z

z
ln

q
qq̂

B =−=κ −

*
h u

z
κ

α=

*

q
q u

D
z

κ
=

roughness length for heat

roughness length for water
vapor



( ) ( ) ( ) ζ−ζγ+Θ+=Θ 2* z
lnzTzˆ

( ) ( )


 ζ−ζγ+
κ

= 021
0

2*
2 z

z
ln

u
zû
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Summary and ConclusionsSummary and Conclusions

�� The parameterization schemes can reasonably The parameterization schemes can reasonably 
be applied to measured vertical profile data.be applied to measured vertical profile data.

�� The concept of the roughness length for scalar The concept of the roughness length for scalar 
quantities is physically inadequate.quantities is physically inadequate.quantities is physically inadequate.quantities is physically inadequate.

�� The conventional MoninThe conventional Monin--Obukhov similarity Obukhov similarity 
hypotheses are based on complete similarity, but in hypotheses are based on complete similarity, but in 
the case of strongly stable stratification complete the case of strongly stable stratification complete 
similarity must not be expected.similarity must not be expected.


