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Smog over Los Angeles (Photo: A. Christen)
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Processes of absorption, reflection and scattering of radiation through the atmosphere determine the available short -wave 

radiation finally reaching Earth’s surface. 1

24 Turbulent exchange in non-neutral conditions

Air pollution over Los Angeles (Photo: A. Christen)
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Today’s learning objectives

• Describe how are eddies modified by 

stability.

• Understand how we expand the wind 

profile beyond just neutral conditions.
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Photos A. Christen

Convective conditions with heating at surface favour vertical mixing

(Exhaust plume from a chimney during late afternoon)

Stable situations with cooling at the surface suppress vertical mixing

(Early morning fog over Scotland)
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Effects on eddy-shape
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Eddy-shape under non-neutral situations
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Stability effects on profiles and fluxes.

In the neutral case we envisaged eddies as spherical 

(diameter given by mixing length,              ) and 

rotating and tangential velocity:
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Buoyancy can enhance or diminish vertical 

motion, so

Where still                                 but now w
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wunstable

neutral
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(from Topic 20)
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Making use of the similarity theory - example of σw
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σw

σw

unstableneutral

Arya J. (2001): ‘Introduction to Micrometeorology’.
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Why is σw/u* of importance?
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Vertical mixing 

controlled by σw

lateral mixing 

controlled by σv



Knox / GEOS 300

Lecture 24 - Non-neutral conditions

Impacts on air quality

neutral

stable

unstable
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Monin-Obukhov Similarity Theory (MOST)

For many situations in the atmospheric boundary layer (ABL), our 

understanding of the governing physics is insufficient to predict 

statistics from first principles.

However, field studies show repeating ‘patterns’ that suggest that 

we might find empirical relationships between various variables in 

the ABL. 

The dimensionless stability parameters (Ri, Rf, z/L) derived in topic

23 have been shown to be useful to predict a number of statistics.
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Modification of the wind profile with changing stability
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Stability effects on wind profile

We seek a way of ‘correcting’ the 
neutral form of the wind profile to 

include non-neutral (diabatic) 
situations:
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The stability function  𝜙M is 
𝜙M = 1 in the neutral case

𝜙M > 1 in stable case 

𝜙M  < 1 in the unstable case
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Correction factors depend on turbulence regime
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Correction function - ΦM
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Stable

Neutral

Unstable
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Businger-Dyer flux-gradient relationship for momentum
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Stable (ζ > 0, Ri > 0)

Neutral (ζ = 0, Ri = 0)

Unstable (ζ < 0, Ri < 0)
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Data from the same tower you used in assignment #3
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Overall OK, but does not work well 

under free convection

Data: EBEX-2000 (Oncley et al., 2007)



Knox / GEOS 300

Lecture 24 - Non-neutral conditions

Stability effects on wind profile

We seek a way of ‘correcting’ the 
neutral form of the wind profile to 

include non-neutral (diabatic) 
situations:
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The stability function  𝜙M is 
𝜙M = 1 in the neutral case

𝜙M > 1 in stable case 

𝜙M  < 1 in the unstable case
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Numerical integration of wind profile
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To calculate wind at any 

height z under diabatic 

conditions, you must 

numerically integrate

over finite layers, 

adjusting ζ=z/L as you 

move up (or down).

Download the example Excel-

Sheet on the course website
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Estimating wind under all conditions is relevant in the wind energy industry (Photo: A. Christen)
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Wind power generation
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We can estimate the power generation U (in W) by a wind turbine using 
the following equation:

Where R is the radius of the turbine (in 
m), E is the turbine efficiency (usually 

about 30 - 45%), and u is the 

approaching mean wind speed at the 
height of the turbine.

_

Stull R. B. (2015): Practical Meteorology
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Example 1

Estimate the power generation of a turbine with R = 30m, z = 80m 

and E = 40% under the following conditions: 

Neutral, u* = 0.5 m/s, z0 = 0.02 m, ⍴a = 1.22 kg m-3:
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Example 2 

Estimate the power generation of the same turbine with under the 

following conditions: 

Unstable, u* = 0.2 m/s, z0 = 0.02 m, QH = 400 W m-2

22
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How did power generation compare between the two 

conditions?

Power generation for the same turbine was higher for unstable 

conditions.

A) True

B) False
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Wind energy

26

Sensible heat flux QH (W m-2)
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Estimate the power generation (kW) of the same turbine:

*
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Take home points

• Under non-neutral (diabatic) conditions, the mixing length 

changes, and so does the vertical extent of eddies.

• As a consequence the wind gradient becomes weaker under 

unstable and stronger under stable conditions.

• A a set of semi-empirical correction functions can be used to 

predict wind profiles under such conditions.

• Such relations are for example relevant to estimate spread of 

pollutants or wind energy potential.
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