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● shallow ground-based layer, order 100 m deep

● important because entire atmosphere interacts with surface through this layer, i.e. the ASL 

is a "valve" through which pass exchange fluxes of heat, water vapour, momentum

● horizontally-homogeneous: statistical properties (excluding mean pressure) indep. of (x,y)

● stationary: stat. properties indep. of t (pragmatically: ∂/∂t terms "small" in gov. eqs.) 

●  therefore statistical properties depend only on height, e.g. 

● vertical fluxes of momentum and heat across the layer regarded as height-independent, i.e. 

● define friction velocity 

● drag of the wind on the surface

● vertical profiles of statistics are given by the empirical "Monin-Obukhov similarity theory"

u=u(z) , σw=σw(z)

u' w '=const. , v ' w '=const. , w ' T '=const.

u*=[(u ' w ' )2+(v ' w ')2 ]
1/4

τ=ρ u*
2



Setting the ASL within the atmospheric boundary layer (ABL)
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extends from surface to 2-5 times the 
height of the roughness elements and 
includes the canopy layer. Within the 
roughness sublayer the flow is three-
dimensional... MO scaling doesn't apply.

Figure adapted from Stull, An Introduction to 
Boundary Layer Meteorology



Monin-Obukhov similarity theory

• applies in hh_ASL, at heights

• not too close to ground
• not too far from ground

• empirical

• basis for scaling observed statistics; 
provides better ordering than any 
earlier suggestions

• all velocity statistics "scale on" 
friction velocity u

*

• height scales on Obukhov length L

• imperfect, yet hard to beat for 
parsimony

• “extended MOST” adds ABL depth 
as a scaling parameter
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Dugway Proving Grounds, Utah, 2005
 – 18 sonics, 50 km fetch
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● assuming a wind strong enough to feel (but not a gale), about 0.1-0.5 m s-1

Typical values of the friction velocity

i.e. u
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Neutral wind profile – three near-neutral, 30 min runs, Dugway
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Stable stratification (L > 0):

(β≈4.7−5)
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Fractional height-variation of the heat flux is small 



Demonstration of Monin-Obukhov scaling – "collapses" data from all 18 anemometers
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The Kansas Experiment



(J. Atmos. Sci., Vol. 28, 1971)

MOST was found to organize the 
observations beautifully. However there was 
later a controversy regarding possible flow 
distortion by boxes on the tower. The 
Kansas expts. gave what is now regarded as 
an anomalously small von Karman const.

** See also Kaimal et al. (1972; QJRMS Vol. 98): “Spectral characteristics of 
surface-layer turbulence” 

ϕm =
kv z

u*

∂U
∂ z

The Kansas Experiment**

ζ = z /L





(1982; Bound. Layer Meteorol., Vol. 22)

Assumed:

and that all phi’s tend to unity in neutral limit (allowing possib. of distinct von Karman consts).

Concluded:



(1978)

QN=QH+QE+QM+QG

(QM snowpack warming + 

melt, i.e. storage)

Winter Energy Balance Elora, Ontario



Sensible and latent heat flux densities (1 Aug. 2011, St. Albert)

( Assignment 3 based on a 30 min time series 
from this experiment )



"Bulk transfer" formulae for surface-atmosphere exchange

● let "a" designate values at the lowest model level, the 

"anemometer height" (or in other contexts, a 

measurement level)

● let "0" designate surface values

U a , T a , ρva , ...

T 0 , ρv0 , ...

τ = ρCM U a
2

QH = ρ c p CH U a [T 0 − T a ]

** clearly

   for a melting snow pack

CM=u*
2/U a

2

The dimensionless constants (C's) are calibrated by 
requiring consistency with MO similarity theory**

E = ρ CW U a [q0 − qa ]

q0=q*(0
o C)



What about the "disturbed" ASL, i.e. the general case?

● statistics (typically 30 min averaging interval) now depend on (x,y,z) instead of z alone – 
and vary slowly from one interval to the next

● Reynolds' momentum equations (seen earlier) govern the 3D field of mean velocities

● Reynolds averaging provides us governing equations for "higher order" statistics, like (e.g.) 
velocity variance, but these contain further unknoiwns (the "turbulence closure problem")

● surface layer models able to compute spatial distribution of windspeed, temperature etc. 
over non-uniform surfaces (NWP on the microscale)

● this subject leads beyond the scope of EAS 372
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