
SESSION 7: BOUNDARY 
LAYER VARIABLES 



Surface Variables
 Roughness (z_0)

Thermodynamic Variables
Virtual (Potential) Temperature
Water Vapor Variables

Kinematic Variables
Gust Factor
 Turbulence Intensity 
 Friction Velocity



Most of these are forms of temperature: 
 Potential temperature (altitude-corrected 

temperature)  𝜃𝜃
 Virtual Potential Temperature  𝜃𝜃𝑣𝑣
 Virtual Temperature  𝑇𝑇𝑣𝑣

Virtual temperature accounts for water vapor in a 
parcel of air. 

 Since water vapor reduces air density, a correction 
is needed. 



Virtual Temperature – the temperature a dry 
air parcel must have to maintain the same 
density as a humid air parcel: 

𝑇𝑇𝑣𝑣 = 𝑇𝑇 1 + 0.61𝑟𝑟

Where r is the mixing ratio (in grams / gram) 

 The virtual temp is the same as the regular 
temperature in a dry air parcel. 

 In a humid parcel, the Tv can be 2-3 degrees 
greater than the actual T



Gust Factor
 The ratio between the peak wind over some time 

period and the mean over the same time period. For 
example: 

𝐺𝐺𝐺𝐺 =
𝑈𝑈3,𝑚𝑚𝑚𝑚𝑚𝑚
�𝑈𝑈600

 The result describes how different a gust is from 
the mean wind.  

Different averaging times can be used for either 
and will yield different results. 





Can be 
especially 
important for 
offshore 
turbines in 
hurricane 
regions or 
during intense 
thunderstorms. 



Gust Factor
Also used to convert between different 

averaging times  “Durst Curve” 



Turbulence Intensity (TI, I) 
 The ratio between the standard deviation and the 

mean over the same time period. For example: 

𝐼𝐼𝑢𝑢 =
𝜎𝜎𝑢𝑢
�𝑈𝑈600

 The result:
 describes the variation in the wind speed about the 

mean.
 Is usually expressed as a % 
 Decreases with height

Different averaging times will yield different 
results. 







Friction Velocity (u*) 
Describes a measure of the drag force per unit 

surface area of the ground (Stull 2017) 
 The square is also called the kinematic stress –

same idea. 

Computed by: 
𝑢𝑢∗2 =

𝜏𝜏
𝜌𝜌

OR



Combo Variables 
 Fluxes
 Sensible Heat 
 Latent Heat 
 Momentum

Obukhov Length 

 These combination variables help to describe 
properties of the flow, e.g.,  whether turbulence is 
being generated by shear or buoyancy 





 Fluxes are generally computed as covariances:

Where theta is a measure of temperature (potential 
temperature) and w is the vertical velocity. 
 This is an example of surface heat flux

 Sign indicates direction (up or down)



 Warm air rising and cold 
air sinking produce the 
same sign. 



 Stable BLs have a negative 
heat flux 

 Buoyancy being counter-
acted by turbulence 

 Wind shear mechanically 
generating turbulence. 



Covariance between two turbulent components of the 
wind:

𝑢𝑢′𝑤𝑤′

𝑣𝑣′𝑤𝑤′

 A little unit magic proves that these are also a form of 
surface stress. Hence, 



 L is referred to as the Obukhov Length: 

Where F is surface heat flux and Tv is the virtual 
temperature. 

 L has units of meters: 
 Positive in stable atmosphere 
 Negative in unstable conditions. 



 Using the data in the table 
and the definitions 
provided, compute the 
surface heat flux for this 
data set. 
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