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[Whv study the planetary boundary layer?

The planetary boundary layer (PBL), also called the
atmospheric boundary layer, is the lowest part of the
atmosphere, and its behavior directly affects the surface
of the earth. Convection, driven by heat from the surface
rising through this layer can drive large scale motions
and mixing in the PBL. PBL dynamics can affect
transport of pollutants like smoke or dust. The transport
of pollutants like smoke, which is made up of harmful
components such as COz and CO, can have large
implications on public health. PBL height and
characteristics are also crucial inputs for atmospheric
models of climate, precipitation and weather. Most
suspended particulates in the atmosphere (aerosols)
reside in the PBL so mapping aerosol distributions with
altitude provides insights on the structure of the PBL.
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Instruments: CLidar

CLidar is a remote sensing technique that is used to study
the lower atmosphere. As shown below, a laser, located
D meters from a CCD camera detector, is fired vertically
into the atmosphere. Light scatters off air molecules
(molecular scattering) and suspended particles (aerosol
scattering). The light scattered at scattering angle 0 is
detected by the CCD camera. To find the aerosol
scattering at each altitude, the molecular scattering is
modeled and subtracted from the total signal. Converting
the resulting aerosol scattering at angle 0 to total acrosol
scattering over all angles (by assuming an aerosol “phase
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Figure 4: San Salvador Extinction Plot

Figure 4 is a time-averaged plot of extinction data collected from about 9 PM
to about 11 PM on November 23, 2019, on San Salvador island in the
Bahamas. Atmospheric aerosol extinction is a measure of how much our
laser beam’s energy is being scattered (extinction) by aerosols in the air at a
certain altitude. More aerosols in the air will yield a larger extinction,
therefore, extinction provides information on atmospheric aerosols. We can
use this information to find the top of the planetary boundary layer, which
will be indicated by a steep drop off in extinction (shown by the red arrow).
Most of the particles in the atmosphere are contained within the PBL,
therefore, the steep drop off in the extinction indicates the top of this layer.
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A radiosonde is an instrument attached to a Nov 23,2019 San Salvador Aerosol Extinction Nov 24, 2019 Nassau Radiosonde
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Figure 5: Nassau Radiosonde Plot

The PBL is often a well-mixed layer due to convection, therefore, the
relative humidity and potential temperature are mostly constant with altitude.
Above the PBL, where there is no convective mixing, the air is drier, thus,
creating a sharp drop in relative humidity.

The potential temperature is a function of temperature and pressure, with
pressure being the dominating term. An approximation of potential
temperature (derived from the ideal gas law) is given by

where 6 is the potential temperature, T is the temperature, py is standard
pressure, and p is the pressure. Therefore, the sharp decrease in pressure, and
thus increase in potential temperature, indicates the top of the PBL.
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