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Quantifying the aerosol optical depth (AOD) is important
for a wide variety of applications such as studying
correlations between air quality and adverse health
effects and determining visibility of a particular area.
Central Connecticut State University conducted a study
to see if particulate matter data obtained using an
inexpensive direct sampling sensor at ground level could
be used to provide an estimate of the AOD in the region
over time. In the study, data were obtained using a PA-II-
SD air quality sensor manufactured by PurpleAir. As the
air passes thru the sensor, laser light scattering is used
to measure particulate matter of various sizes (1, 2.5,
and 10 microns). Data were collected every 2 minutes
for many days. These measurements provide particulate
loading in the atmosphere at ground level. AOD is a total
atmospheric column property, thus assumptions of
uniform convective mixing in the atmospheric boundary
layer and height of the boundary layer (where most
aerosols reside) are needed to estimate AOD from the
measurements. Balloon-borne radiosonde data launched
from regionally nearby sites were used to estimate
boundary layer height on the days data were collected,
and AOD estimates were derived. The average derived
AOD were compared to AOD estimates from satellites
and ground-based photometers using data obtained
from MODIS and AERONET.

The sensor used in the experiment was
manufactured by PurpleAir and consists of a dual
PMS5003 laser particle counters. The sensor draws
air in with a fan to the detection chamber where a
laser irradiates the aerosols. The light is scattered
onto a photodiode detector which sends an electrical
signal proportional to the intensity of the scattered
light. In order to determine the size of the particles
the sensor uses calibration points of known size
calculated using Mie scattering theory, where the
duration of the scattered signal is related to the
particle size and the number of pulses corresponds
to the number of particles. The sensor gives an
average of the particle count of each size every two
minutes. According to the EPA, PM is a mixture of
solid particles and liquid droplets found in air. PM10
includes particles smaller than 10mm such as dust,
pollen and mold. PM2.5 includes particles smaller
than 2.5 mm such as combustion particles and
organic compounds.
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AOD is a measure of how much sunlight is prevented
from reaching the ground due to scattering and
absorption by aerosols within a column of air
between the instrument and the top of the
atmosphere. These experiments seek to determine if
measurements of PM at a single altitude (ground
level) with an inexpensive instrument could be used
to estimate AOD. Estimating AOD from PM requires
the assumption that the boundary layer (BL) where
most aerosols reside (the layer of the atmosphere
closest to the surface) is convectively well mixed and
thus ground level data are representative of other
altitudes within the BL too. Above the BL aerosols are
assumed to fall to zero. The mass scattering

The average AOD estimated from the PM2.5 and PM10 were:

PA-II SD Dual Laser Air Sensor
Experiments were performed in a suburban area of West Hartford from over
a nineteen-day period to obtain PM2.5 and PM10.
The mass scattering coefficient ranges from 1 to 6 in suburban
areas ! . In these studies we used a value of 3.
In order to determine the boundary layer height, Δ𝑍, we used radiosonde
data obtained at Chatham, Massachusetts. Radiosondes are balloon-borne
instruments that take measurements through various layers of the
atmosphere twice a day, at noon and midnight (UTC). For our experiment
we are interested in the relative humidity and potential temperature, which
we can use to determine the boundary layer height. By plotting the relative
humidity and potential temperature versus height, the top of the boundary
layer can be found when the relative humidity drops sharply and the
potential temperature levels off after a sharp increase. Typically, these
locations coincide providing a clear result, as can on January 1st.
Sometimes, in a situation where one transition is unclear, we can use the
other, as can be seen on January 5th.

Results and Comparison

The corresponding data was cross-referenced using data obtained from the
AERONET website to provide objective qualifying evidence. AERONET uses
solar radiometers to measure the amount of sunlight at different wavelengths
which passes through the entire atmosphere in order to calculate the aerosol
optical depth. Data were obtained from the nearest available site at Brookhaven,
New York, and averaged over the same period.

We also compared to MODIS, a space-based remote sensing instrument, where the
aerosol optical depth can be estimated from a color map. For most days, the AOD was
estimated to be less than 0.1.
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Where, 𝜏 is the AOD [unitless]
PM is the particulate matter [𝑔/𝑚!]
Δ𝑍 is the boundary layer height [m]
𝑀" is the mass scattering coefficient [𝑚#/𝑔]
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The estimated aerosol optical depths obtained using PM 2.5 and PM 10, were generally in
agreement with the MODIS and AERONET measurements.
Averaged over time these measurements appear to be a useful tool in providing aerosol
optical depth estimates with a very inexpensive sensor.
In the future we hope that with more data and comparisons with AERONET and MODIS we
can better pin point the mass scattering coefficient ratio.
We also plan on to compare with a local handheld sun-photometer.
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Coefficient, also needed to estimate the AOD, is a measure of the rate
of scattering of radiation. The process is summarized by the formula:
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