
Atmospheric Sciences 6160: Boundary Layer Meteorology

Micrometeorology

• Atmospheric motions range in size from about a millimeter to the earth’s
circumference (40,000 km) horizontally and the entire depth of the
atmosphere in the vertical direction. [See the diagram Scales of Atmospheric
Motion.]

• The corresponding time scales range from fractions of a second to several
months or years.

• Micrometeorology deals with the smaller-scale motions within the atmospheric
(or planetary) boundary layer.

The Atmospheric Boundary Layer

• The atmospheric (or planetary) boundary layer (ABL, or PBL) is strongly
influenced directly by interaction with the earth’s surface.

• This is due ultimately to molecular viscosity (and molecular conduction of
heat) in the viscous sublayer within a few mm of the surface.
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• Viscosity causes the velocity to vanish at the surface: no-slip boundary
condition. [Draw schematic wind profile.]

• This causes large velocity gradients near the surface, which leads to turbulent
eddies.

• These eddies cannot be resolved by synoptic or mesoscale observing networks.

• The eddies transfer momentum to the surface and latent and sensible heat
from the surface very effectively, and many times faster than by molecular
diffusion.

• The ABL produced by such turbulent transport ranges in depth from 30 m to
3 km. On average over land it is 1 km deep (with a pronounced diurnal
cycle), and over the ocean it is 500 m deep (with little diurnal variation).

• The structure of the ABL is due to turbulence. In the free atmosphere (above
the ABL), turbulence is usually unimportant.

Atmospheric Turbulence

• Turbulent flow contains irregular, quasi-random motions that span a
continuous range of space and time scales. [Visualizations (3).]

• Such motions cause nearby air parcels to drift apart and thereby mix
properties such as momentum and potential temperature.

• The sizes of turbulent eddies range from about 1000 m (ABL depth) to 1 mm
(smallest allowed by viscosity).

• Horizontal and vertical length scales of turbulent eddies are similar.
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LES of passive scalar in a convective boundary layer







• Although not resolved by meteorological observing networks, turbulent eddies
on the ABL are very important and their effects cannot be neglected.

• Due to their effects, geostrophic balance is not a good approximation to the
large-scale wind field in the PBL. This diagram shows schematic surface
isobars and wind vectors.

• The ABL is also the source of air that rises into convective clouds, and is
affected by downdrafts and precipitation from such clouds.

3





Diurnal Cycle of Fair-Weather ABL over Land



The following table compares boundary layer and free atmosphere characteristics.
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From Arya (1988):
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From Arya (1988):
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