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Announcements  
• reading: Stull ch. 5, sections 5.1, 5.2, 

5.5, 5.6, 5.7,5.8 
• Reference: Stull ch. 9 (Similarity) 
• Homework (on website) 
Today’s Lecture 
1. Brief review  
2. Stability 
3. Richardson number 
4. Obukhov length 
5. Diabatic wind profile

Lecture 3: Stability

Jan 29 2020

Thacher Park 6 December 2015
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Conceptual Model of the ABL—review
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horizontally homogeneous
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z0 - surface roughness

latent  
heat

sensible  
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PBL Structure 
wind, T, q profiles

Turbulence

Surface Fluxes

Free atmosphere



Vertical Layers—review
Free atmosphere: pressure gradient vs. Coriolis

PBL height 
(~1km)

Outer BL:  
pressure grad vs. Coriolis vs. friction

Inner BL (surface layer):  
pressure grad vs. friction

Garratt (1994)

(~100 m)
Turbulent fluxes vary by < 

10% of their magnitude with 
height



Vertical Layers—applying stability
Free atmosphere: pressure gradient vs. Coriolis

PBL height 
(~1km)

Outer BL:  
pressure grad vs. Coriolis vs. friction

Inner BL (surface layer):  
pressure grad vs. friction

Garratt (1994)

(~100 m)

Obukhov Scaling  
applies in surface layer



 (Review) Logarithmic Wind Profile (neutral)
write as dimensionless shear

MO Similarity Hypothesis



Logarithmic wind profile (Law of the Wall)



8 Stull 1988

Stability in the Atmospheric Boundary Layer



There are other types of inversions—Trade Winds

From https://propelsteps.wordpress.com/tag/geographic-illiteracy/

Joanne Starr Malkus, 1958: ON THE STRUCTURE OF THE 
TRADE WIND MOIST LAYER 



E.g.,Trade Inversion (Hawaii)

Range Height Indicator Scan 4 March 2013 0910:05 UTC 
Azimuth = 75o

Top of the inversion

Kahuku Wind Farm (Oahu)

13796 ft (4205 m) top of Mauna Kea HI 

Cloud tops above inversion

Driving through the inversion



Mean and Turbulent Kinetic Energy

Turbulent Kinetic Energy

Mean KE

Instantaneous KE



Turbulent Kinetic Energy Budget 
(Stull Ch. 5)

Storage Advection Buoyant Production 
Or consumption

Mechanical/Shear 
Production/Loss

Turbulent 
Transport

Pressure 
Perturbations Dissipation



note higher vertical scale

unstable

slightly stable

Stability enhances or suppresses turbulence (and fluxes)—
determines the capability for buoyant convection

Stull 1988

Unstable flows …become or remain turbulent

Stable flows …become or remain laminar



Static Stability

• measure of capability for convection  
• considers buoyancy only (does not consider wind/mechanical turbulence)
• local lapse rate (stability) insufficient - need the look at the whole profile or measure the 

buoyancy flux
Stull 1988
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Stability enhances or suppresses turbulence (and fluxes)
unstable neutral stable

• TKE is suppressed during stable conditions

• confined to shallower layer near surface Stull 1988



Richardson Number, R[n] 
Dimensionless ratio of buoyant suppression of turbulence to shear generation of turbulence.

Eddy diffusivity analogy to molecular diffusion:

momentum

heat

Buoyancy

We can define different Richardson numbers….



(Gradient) Richardson Number, Ri







Introduce the Bulk Richardson Number Rb



Ri time-height section

• grey areas turbulent

• Ri >1 so stable yet sufficient shear for turbulence

• near surface turbulent stable layer

Stull 1988



Stability—introducing the Obukhov Length (L)

Don’t forget that minus (-) sign!



Obukhov Length

• L negative during daytime 
(unstable) and positive at night 
(stable)

• larger L magnitude corresponds to 
more shear and/or less heat flux

• L blows up when surface heat flux 
transitions pos/neg or neg/pos

Physical interpretation: scale height 
where buoyancy dominates over shear

meters

Stull 1988



Similarity Example— dimensionless variables to collapse curves

• soundings of buoyancy flux at different times of day
• profile structure: positive at surface, decrease linearly with height, goes slightly negative, returns to zero
• normalizing height and flux collapses curves
• seeking “universal” relationships Stull 1988



Obukhov Length—relate to TKE Equation



Monin-Obukhov Similarity, z/L
•MO Similarity accounts for relative importance of shear (mechanical 

turbulence) and buoyancy in the generation of turbulence and affects on 
surface fluxes and surface layer profiles 


• z= height above the surface


• ratio z/L is dimensionless


• can be described as a surface layer scaling parameter


•when z/L is small, buoyancy is less important


• as z increases, buoyancy increasingly important



Diabatic (non-neutral) wind profile



where



How Φ relationships are used in 
stability 

Integrate Φm(z/L) to get wind profile 



Obukhov Length



Relationship between Ri and z/L



Diabatic Wind Profiles

more shear

less shear

Stull 1988



Putting some things together….
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Sunrise Noon

Note most flux stations in grassy areas—using Schuylerville (just NE ALB) here



Tennekes 1973
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Note: most flux stations in grassy areas—using Schuylerville here (previous slide)

Can you predict when surface inversion will erode? 
A homework problem!
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Assume ! = 104 s, h0 = thickness of the 
inversion, (w’θ’)n = midday surface flux 
(in kinematic units) and Δ0 = inversion 

strength, what is t?

Note: most flux stations in grassy areas—using Schuylerville here (previous slide)

Can you predict when surface inversion will erode? 
A homework problem!


