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ABSTRACT

A study of aerosol optical depth measurements on the island of Hawai’i for a 19-month period is presented.
Shadowband radiometers used at Cape Kumukahi (sea level) and Mauna Loa Observaiory (11,500 ft) were used to
make differential measurements of aerosol optical depth. Separation of the boundary layer and higher atmosphere
reveal the separate acrosol climatology of the two layers. Taking the difference in aerosol optical depth and dividing
by the difference in wavelength gives the wavelength dependence of aerosol optical depth. This can be used to show
seasonal changes of the size distribution of aerosols in the central Pacific. Analysis of archived synoptic weather
charts shows a relationship between aerosol optical depth fluctuations and weather systems. This analysis provides
information on the origin of the particles.

INTRODUCTION

Visible light or the wavelengths of radiation that are detectable to the human eye are also the wavelengths in
the sun’s spectrum where maximum energy is emitted. Changes in the energy reaching the surface of the carth in
these wavelengths have many implications for its inhabitants. Variability in the composition of the atmosphere and
the particles suspended in it, are among the most important vatiables that control the energy balance of our planet.
Molecular constituents of the atmosphere and the many kinds of naturally occurring acrosols scatter and absorb light
before it reaches the earth’s surface. Man-made or anthropogenic acrosols that are injected into the atmosphere also
diminish radiation and have the capability of changing the energy balance of earth. Aerosols absorb and scatter
different wavelengths of light depending on their diameter and chemical composition. One method of measuring the
amount of aerosol particles in the air is by determining the optical depth of the atmosphere.

Optical depth is a dimensionless measurement of how a beam of radiation is depleted as it passes through a
column of air. Anything that has mass can absorb or scatter incoming radiation and increase the optical depth.
Optical depth can be derived from a simple equation. In the linear form of this equation or Beer’s law, the natural
log (In) of the intensity of light is equal to the intensity of light at the top of the atmosphere (I,) minus optical depth
times the mass of air it passes through. Or T =In (1,) / In (I) # 1/m. Tau (t) is the optical depth and the slope in this
equation, {m) is the mass of air in atmospheres and (I) is the Imtensity at the¢ measurement site. The units of
measuring the intensity of the sun are arbitrary since they cancel out. If a line is plotted of the Intensity (I) vs.
airmass {m), the resulting data line can be extrapolated to the y-axis and this provides an indirect determination of
solar intensity at the top of the atmosphere (Wallace and Hobbs, 1977). This type of plot is called a Langlcy plot and
the y-intercept is sometimes called the solar constant. A good site to measure optical depth would be one that is
representative of the largest area possible.

The Hawaiian Islands isolation from the pollution that is typically found on the continental landmasses
makes them the perfect place to shdy the atmosphere. The windward locations of Hawaii typically get air that has
been over a marine environment for many days. This air generally has the same characteristics as the air in the
whole central pacific region. This record of optical depth then can be used in any study that uses remotc sensing or
employs satellites to study atmospheric radiative properties.

METHODS

Data in this study was collected by two Multi-Filter Rotating Shadowband Radiometers. Both of the
instruments measure direct irradiance or intensity of the sun. One instrument is located at Cape Kumulkahi. This sea
level location is on the eastern tip of the island of Hawaii. Another instrument is located at the Mauna Loa
Observatory (MLO) approximately 50 miles away and at an elevation of 11,500 ft. The instruments derive the direct
irradiance or intensity of the sun by first measuring the total intensity, then an arm rotates around and shadows the
detector and a measnrement of diffuse light is made. The diffuse light is then subtracted from the total and the
resulting voltage is the direct solar irradiance. The instruments come equipped with a program (Dosband) that
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