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2. Stability Parameters 

Surface Layer 
stability 

parameter

“L” is the Obukhov length

“z” is the measurement 
location in the Surface Layer



16

2. Stability Parameters 

Variation of z/L with 
Ri (Gradient Ri)
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2. Stability Parameters 

Convective Velocity Scale

zi is the height of the top of the ML

Surface Layer stability parameter in 
terms of convective and shear 

velocity scales
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2. Stability Parameters 

Stull

Diurnal variation of 
w* and U*
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4. Surface Layer Similarity Theory 

What is the Surface Layer??

Close to a horizontally homogeneous surface,
● mean wind speed is small so that advection is negligible. 
● Still one is sufficiently away from the surface so that divergences 

of viscous momentum flux and diffusion heat flux are negligible
● Horizontal pressure gradient forces are weak, generally
● Therefore, the divergences of turbulent momentum and heat 

fluxes must be negligibly small OR the fluxes must be constant
● Surface Layer is the lowest few tens to hundreds of meter of the 

ABL where the turbulent momentum and heat fluxes are constant
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4. Surface Layer Similarity Theory 

Surface Layer closely corresponds to the Overlap Layer in 
Laboratory Turbulent Boundary Layers where the turbulent shear 
stress OR momentum flux is constant with respect to z

Overlap Layer Surface Layer

Proposal by Monin 
and Obukhov
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4. Surface Layer Similarity Theory 

Dimensionless gradients in 
the Surface Layer Different Classes of Similarity Theories

● Monin-Obukhov (Surface Layer) Similarity
● Mixed Layer Similarity
● Local Similarity
● Free Convection Similarity
● Rossby-Number Similarity

For Surface Layer Similarity
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4. Surface Layer Similarity Theory 

“Scaling” of 
Surface Layer data 
over a variety of 

stability conditions

(Wyngaard)

“Curve Fit” equations 
for different portions of 
these universal curves 
are the Surface Layer 

Parameterizations

(Stull, pg. 355+)
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Prandtl’s concept of 
mixing length

5. Prandtl’s concept of a mixing length 
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6. Turbulence Closures or Parameterizations 

Page 197, Chapter 
6 from Stull
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