


MEASURING THE UPPER ATMOSPHERE
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IMPORTANT VARIABLES

=Many of the same variables measured at the
surface are important above the surface:

Temperature

=Pressure (as a vertical coordinate)
= Humidity

=Wind Speed / Direction
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PRESSURE

= Always decreases with height.

=Can be used as a vertical coordinate.

=Note logarithmic shape.







TEMPERATURE

=We've been talking about surface
temperatures (1.5 m AGL).

=The temperature profile in the lower part of
the troposphere is also very important in
both weather and climate.

=Profile = Change with height.

=We can use the temperature profile to assess
atmospheric stability. @



STANDARD TEMPERATURE PROFILE

= On average, temperature decreases with height
in the lower atmosphere

= Can use the rate of decrease to compute
temperatures at different levels.
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STANDARD TEMPERATURE PROFILE

= Can describe the change in temperature as
a lapse rate:

" 0T
0z

= Average environmental lapse rate in the
troposphere is ~ 6.5 ¢/, .




TEMPERATURE INVERSION

Temperature increasing with height.

=Extremely stable; They suppress the upward
motion of air.

= Radiation Inversion

= Ground is cooling quicker than the air above it, as
we have lost our solar radiation.

= Implications for turbulence as well.
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RADIATION INVERSION
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OFTEN SEEN IN VALLEYS

- Air near the ground cools

Cold air drains down hill | ' ‘
Warmer |
ai
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Since they suppress the
upward motion of air,
Inversions can act as a
“cap” or “lid”.

This has implications for
pollution and severe
storms




PROFILES

=Profiles of different variables can be
used to divide the atmosphere into
different regions.
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THE MAIN LAYERS OF THE ATMOSPHERE. ..

= Troposphere = Mesosphere
= Boundary Layer =47 -85 km
=0-11km = Mesopause

= Tropopause

= Thermosphere

= Stratosphere = To infinity
=11 -47 km = And
= Stratopause beyonnnnnnndddddd

= Ozone Layer
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TROPOSPHERE

Where most “weather” occurs




TROPOSPHERE - 7ROPOS (GREEK: CHANGE)

*Temperature decreases with height

=Troposphere i1s heated from Earth’s
surface = the further from the surface,
the colder.

=Depth varies with latitude (greatest over
tropics) and season (greatest in
summer)
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TROPOPAUSE

= Acts as an upper boundary for thunderstorms




PROFILES

= The wind profile can be used to
differentiate the near-surface
atmosphere from the free atmosphere.

=The former is called the boundary layer
(or PBL, or ABL).

=ABL — Layer of the atmosphere where
friction 1s important; Layer of turbulence

@



free
atmosphere

atmospheric
boundary
layer (ABL)

eddies caused by
shear turbulence




ABL WIND PROFILES

= If we assume a statically neutral surface layer ( bottom
50 to 100 m of ABLt), then the wind speed increases
logarithmically with height by:

U Z
M(z) =—1In| — for z > z,
ZO

= Where:
k = vonn Karman Constant = 0.4
u_star = friction velocity
Z, = roughness




WIND PROFILES AND STABILITY

= The previous example only works in the surface layer
for neutral stability. The profile will vary slightly from
logarithmic for other stability classes.

= We have to introduce correction factors to account for

this.

= For example, in a stable surface layer:

U
M(z) =
(2)=7

In

Z

Z(}

+6=
L




WIND PROFILE MODELS

= More common in engineering / wind enerqgy is the Power Law:

U1_ Zq :
Uz_ Z7

= A similar profile can be used for peak gusts
= Replace mean U values with peak

= Use corresponding peak alpha.




WIND PROFILE MODELS

= The exponent, alpha, controls the wind shear in the power law:
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WIND PROFILE COMPARISON

Elevation [m]

150

—— Logarithmic protile (3.2.2)
=== Comected log. profile (3.2.6)
— =~ Power law profile (3.2.9)

U(z) /1 U(10)

1.8

20

Comparison of the logarithmic profils, the corrected logarithmic profile and the
power-law profile. The roughness length is z; = 0.05 m, the site at 50" latitude
and in formula (3.2.9) the exponent a = 0.16, The corrected logarithmic profile is
calculated assuming the friction velocity u, = 2.0 m/s.

[Drybye, 1990)
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