
Lecture 2

Atmospheric Boundary Layer

Neutral, Convective, Stable and 

Transitional Boundary Layers

Region of the lower atmosphere where effects 

of the Earth surface are felt 

Surface – fluxes of momentum, buoyancy….. 

H. J. Fernando

Arizona State University



Atmospheric Boundary Layer (flat terrain)
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Ekman Layer Height
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Lecture 2a 

Convective Boundary Layers

And 

Convective Flows
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Formation and Breakdown of an Inversion Layer in El 

Paso





Unstable Boundary Layer 

(flat terrain)



Stable Boundary Layer (flat terrain)



Convection between horizontal surfaces
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Molecular

Thermals

31RaNu

Goldstein and Chu (1973)

Sparrow et. al. (1970)



Plumes - Convective
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Dave Fultz’s 

experiments



Irregular vortex patterns

(Higher Ra/smaller Ta)

“Geostrophic Turbulence”
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Onset  of Rotational Effects
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Sea Surface Temperature, July

-10.0                                                 33.2 ( oC )  





Non-Rotating Plume



Rotating Plume

Fernando, Dyn. Atmos. Oceans, 2000





Atmospheric Surface layer



Monin-Obukhov (1954) Similarity Theory

-- For flat terrain surface layer
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Monin-Obukhov scale

0

33 11

q

u

w
g

u
L **
* 

=

Θ

=



Non dimensional relations 
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With a slope



Thermal blob
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Convection in Complex Terrain



T-Rex Observations (NCAR)
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Prandtl’s Solutions
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Now give a perturbation, b’ and corresponding velocity u
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Environmental Fluid Dynamics 

Program

Theory - Up-Slope Velocity
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Environmental Fluid Dynamics 

Program

Experimental setup - Schematic



Balloons
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Environmental Fluid Dynamics 

Program

VTMX velocity profile
VTMX Velocity Profile
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Arizona State University                                                                              

Environmental Fluid Dynamics 

Program

Up-slope velocity
VTMX Daily Averaged Um VS w*
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Geophysical Convection 



A continuum of scales

• Large scale -- deep convection/Hadley 

Cells (~ 10000 km)

• Thunderstorms (~250mkm)

• Slope flows (10-100 km)

• Atmospheric Plumes -- Microbursts (2 km)

• CBL (100m to km)



Drivers of Environmental Motions
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Atmospheric Convection



CONVECTION OVER URBAN 

AREAS



Phoenix Metropolis

Urban Heat Island -- Urban air can be 

significantly hotter than the countryside 



UHI in satellite image of 

Phoenix



This graph illustrates 
that rapid temperature 
increases in Phoenix 
correspond to rapid 
population growth. 
Baltimore’s population 
growth peaked just 
after 1960, which 
corresponds to slight 
temperature changes. 
Notice that urban 
effects for both cities 
are most dramatic in 
minimum temperatures 

Urban-Rural Monthly Average Max and Min 
Temperature Differences for BES and CAP LTER

Brazel et al. 2000



March 19, 2008, 5pm to 10pm

Infrared imaging of Phoenix



UHI Experiment 





Variation or horizontal variance 

(normalized).  (Solid Curve --

Laboratory)

(Fernando et al., Dyn. Atmos. 

Oceans, 13,95-121, 1989)

Variation of vertical variance 

(normalized).

Convective Scaling Vs. Data



Wind Shear Found at all 

Altitudes


