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2. Atmospheric Boundary Layer
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Fig. 1.1 The troposphere can be divided into two parts: a boundary
layer (shaded) near the surface and the free atmosphere
above it.
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2. Atmospheric Boundary Layer
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Fig. 1.9 Typical daytime profiles of mean virtual potential temperature

Ov , wind speed M (where M*=T7+V*), water vapor mixing

ratio T, and pollutant concentration €.




2. Atmospheric Boundary Layer
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Fig. 1.11 Mean virtual potential temperature, EV , and wind speed,
M . profiles for an idealized stable boundary layer in a
high-pressure region.
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2. Atmospheric Boundary Layer
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2. Stability Parameters
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. Stability Parameters
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2. Stability Parameters
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. Stability Parameters

R = v Flux Richardson Applied in the
f ouU. Number Surface Layer
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location in the Surface Layer




2. Stability Parameters

0,U3 2 ¢ < 0, unstable

L —
KY (w"@L)S L ¢ > 0, stable

“L’ is the Obukhov length Surface Layer
stability
parameter

“z" is the measurement
location in the Surface Layer




2. Stability Parameters

Ri 4 Riw2(0744470) o ohie BL

(1+477) 2

>

_ 2z
=T

Fig. 5.23 Variation of z/L with

The dependence of the Ri (Gradient Ri)
Richardson number on z/L in

the surface layer. Solid lines

corrESﬁond to the equatluns

.10 while the shaded region

indicates the range of values

observed in the data. After

Businger, et al. (1971).
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2. Stability Parameters

- 13
gz ( 0 ) Convective Velocity Scale
w, = b
o

9 s zi is the height of the top of the ML

=1 v =

w'6! > 0, convective i.e. heat flux upward from the surface

— Z _ kz W,,.S Surface Layer stability parameter in
C = —I: AN terms of convective and shear
Zi U, velocity scales
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2. Stability Parameters

Stull

Diurnal variation of
= o o § e w* and U*

Night

—0.05

w,(m/s)
u.(m/s)

Local Time
Fig. 4.1 Sam&e variations of the friction velocity, u., and the convective scaling velocity,w. , with time for the O'Neill, (Nebraska)
and

angara (Australia) field programs.




3. TKE Budget in the ABL
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3. TKE Budget in the ABL
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3. TKE Budget in the ABL
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3. TKE Budget in the ABL




4. Surface Layer Similarity Theory

What is the Surface Layer??
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What is the Surface Layer??
Close to a horizontally homogeneous surface,
* mean wind speed is small so that advection is negligible




4. Surface Layer Similarity Theory

What is the Surface Layer??
Close to a horizontally homogeneous surface,

* Still one is sufficiently away from the surface so that divergences
of viscous momentum flux and diffusion heat flux are negligible




4. Surface Layer Similarity Theory

What is the Surface Layer??
Close to a horizontally homogeneous surface,

* Horizontal pressure gradient forces are weak, generally




4. Surface Layer Similarity Theory

What is the Surface Layer??
Close to a horizontally homogeneous surface,

* Therefore, the divergences of turbulent momentum and heat
fluxes must be negligibly small OR the fluxes must be constant

I




4. Surface Layer Similarity Theory

What is the Surface Layer??
Close to a horizontally homogeneous surface,

Surface Layer is the lowest few tens to hundreds of meter of the
ABL where the turbulent momentum and heat fluxes are constant




4. Surface Layer Similarity Theory

Surface Layer closely corresponds to the Overlap Layer in
Laboratory Turbulent Boundary Layers where the turbulent shear
stress OR momentum flux is constant with respect to z
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4. Surface Layer Similarity Theory

Surface Layer closely corresponds to the Overlap Layer in
Laboratory Turbulent Boundary Layers where the turbulent shear
stress OR momentum flux is constant with respect to z
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ou _ U oy 1s dimensionless wind shear
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4. Surface Layer Similarity Theory

Surface Layer closely corresponds to the Overlap Layer in
Laboratory Turbulent Boundary Layers where the turbulent shear
stress OR momentum flux is constant with respect to z

Overlap Layer Surface Layer
ou _ U oy 1s dimensionless wind shear
0z 52 9
kz OU - - Proposal by Monin
kz OU = ¢n = f(C) and Obukhov

x U< f(¢ =0) =1 recovers the overlap layer scaling




4. Surface Layer Similarity Theory

Dimensionless gradients in
the Surface Layer
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4. Surface Layer Similarity Theory

Dimensionless gradients in
the Surface Layer pifferent Classes of Similarity Theories
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4. Surface Layer Similarity Theory

Dimensionless gradients in
the Surface Layer pifferent Classes of Similarity Theories

kz oU * Monin-Obukhov (Surface Layer) Similarity
M U gz

Mixed Layer Similarity

Local Similarity

—
§;= = 0. * Free Convection Similarity
H BSL oz
* * Rossby-Number Similarity
§. = kz daq For Surface Layer Similarity
Sogh o Or, OH, @ universal functions of ¢




4. Surface Layer Similarity Theory
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Figure 10.3 The M-O functions for mean wind shear (left) and mean potential
temperature gradient (right), Eq. (10.12), from the 1968 Kansas experiment. From
Businger et al. (1971).

“Scaling” of
Surface Layer data
over a variety of
stability conditions

(Wyngaard)




4. Surface Layer Similarity Theory

“Scaling” of
Surface Layer data
over a variety of
stability conditions

(Wyngaard)

“Curve Fit” equations
for different portions of
these universal curves
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Figure 10.3 The M-O functions for mean wind shear (left) and mean potential (Stull, pg. 355+)

temperature gradient (right), Eq. (10.12), from the 1968 Kansas experiment. From
Businger et al. (1971).




4. Surface Layer Similarity Theory
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Fig. 8.9 (a) Range of dimensionless wind shear observations in the surface K 0z 1/
layer, plotted with interpolation formulas. (b) Range of dimensionless = 2 |1-— for ol < 0 (unstable)
temperature gradient observations in the surface layer, plotted with K L L
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5. Prandtl’s concept of a mixing length

Prandtl’s concept of
mixing length

v is property of the “fluid” and K,, is property of the “flow”
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Prandtl’s concept of
mixing length

—ulw! = U?

v is property of the “fluid” and K,, is property of the “flow”




5. Prandtl’s concept of a mixing length

Tturbulent = —U' W' = T
Prandtl’s concept of
mixing length
8U U
—ulw! = U?
KZ

v is property of the “ﬂmd” and K, is property of the “flow”




5. Prandtl’s concept of a mixing length

Tturbulent = —U' W' = T
Prandtl’s concept of
mixing length
8U U
—uw’ = U? 5 o OU

K2 [Km AT
v is property of the “ﬂmd” and K, is property ot the “flow”




6. Turbulence Closures or Parameterizations

Page 197, Chapter
6 from Stull
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