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Slides relating to the atmospheric surface layer



(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)



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 suggestion(s), including those 
based on the Richardson number

• imperfect, yet hard to beat for 
parsimony

• “extended MOST” adds ABL depth 
as a scaling parameter



The Obukhov length
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Dugway Proving Grounds, Utah, 2005 – 18 sonics, 50 km fetch
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Neutral wind profile – three near-neutral, 30 min runs, Dugway
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Typical values of the friction velocity (assuming a wind strong enough to 
feel, but not a gale) span about 0.1- 0.5 m s-1
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Dugway: four 30 min runs, all 
with |L| > 200 m (near neutral)
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Note the height-variation of the 
shear stress: constant stress 
layer?
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Fractional height-variation of the heat flux is small 



Fractional height-variation of the heat flux is small 
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Please read Section 1 of this paperPlease read Section 1 of this paper

Please read Sections 1,2 of this paperPlease read Sections 1,2 of this paper



MKE

1/2 U2

            TKE

1/2 ( σu   +  σv  +  σw  )222

Grav. PE

Internal Energy
(heat)

Work by
viscous
force

stable

unstable

Work by buoyancy force
Work by large-scale pressure

Stresses due to
unresolved motion
(u’) do work on the
mean flow (U)

Shear
Production

J.D. Wilson

Bulk TKE budget

Flux Richardson number (negative in unstable 
stratification)

(will later relate this to the “gradient Richardson number”                                              )

Lewis Fry Richardson Lewis Fry Richardson 
              (1881-1953)(1881-1953)  
• ambulance driver, WW1 France
• in off-duty time, embarked on test of 
his mathematical weather forecasting 
method. Had taken with him to France 
observations for 7 a.m., 20 May 1910
• by 1916, wrote Weather Prediction by 
Arithmetic Finite Differences…



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.

The Kansas Experiment **

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





“The evidence is mounting that the atmosphere does not follow the averaged laws at all 
places and all times even over an excellent site”

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

Assumed:

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

Concluded:
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