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LONG-TERM GOALS

The long term goal of this program is to characterize the radiative properties of aerosols over the
oceans so as to understand the factors that affect radiation transmission in the marine boundary layer
(MBL) close to the ocean surface.

OBJECTIVES

We will perform field studies in which we measure the spectrally-resolved transmission properties of
the marine atmosphere while making concurrent measurements of aerosol physical, chemical and
radiative properties. The aerosol properties are then used in a radiative model to ascertain if the model
can duplicate the atmospheric transmission measurements. The degree of agreement between the
transmission measurements and the model results is a measure of the adequacy of the characterization
of the aerosol properties and the radiative model. The comparison (commonly referred to as "closure™)
is the ultimate test of the completeness of our knowledge of atmospheric radiative properties. These
studies will be carried out in coastal and near-continental ocean regions that are impacted by
continental aerosols. Specific objectives are:
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to resolve and distinguish between the relative contribution of marine and continental aerosols to
the radiative properties of the near-shore marine atmosphere;

to investigate the sensitivity of the radiative properties of ambient aerosols in the coastal region to
changes in relative humidity and to partition the relative humidity effects to specific aerosol
components; and

to develop and validate closure models for atmospheric transmission in the marine atmosphere.

The ultimate objective is to link our measurements of aerosol radiative properties to regional/global
aerosol transport models so that we can predict the aerosol radiative environment over the oceans,
especially in coastal regions.

APPROACH

The general strategy for accurately assessing the radiative properties of ambient aerosols has been to
carry out "closure” experiments. Many in situ measurements of the atmospheric particle light
scattering have been made with nephelometers at 550 nm [Hoppel et al., 1990; Quinn et al., 1995].
More recently, a limited number of measurements have been made of aerosol light scatter and
backscatter using the TSI 3563 multi-wavelength nephelometer ( 450, 550 and 700 nm) for comparison
with the calculated radiative behavior of the aerosols (e.g., integrated light scatter and the backscatter
fraction). Although these measurements have provided important information, the use of
nephelometers for in situ radiative closure studies suffer from numerous shortcomings. The effective
viewing angle is truncated so that the full range of angular scattering is not measured,; this is a severe
problem for large particles such as soil particles and sea-salt droplets [Fitzgerald, 1977]. Moreover,
substantial losses of particles larger than about 10 um diameter can occur within nephelometer intakes.
Additional problems are associated with relative humidity changes (and hence changes in particle
characteristics) within the system due to poorly characterized internal heating and hysteresis effects.
Because nephelometers yield point measurements, any spatial inhomogeneity in aerosol concentrations
will increase the uncertainty of extrapolations from these measurements. Nephelometers only measure
scattered light; consequently, total extinction which includes absorption can only be estimated.

Because it makes use of measurements throughout a vertical cross-section of the real ambient
atmosphere, column closure has been an important component in many field programs (e.g., ACE-1,
TARFOX, ACE-2, etc.). These measurements can, however, suffer from the very dynamic nature of
the atmosphere. The temporal and spatial distribution of aerosol (and other atmospheric) properties
can change substantially during the course of an aircraft mission.

Because of these shortcomings, several recent closure studies have been based on measurements of
light transmission through the atmosphere over long path lengths using transmissometers.
Transmissometers are routinely used to monitor visibility; for example, an extensive network exists in
the national park system, IMPROVE (Interagency Monitoring to Protect Visual Environments) [Malm
et al., 1994]. Although the IMPROVE nephelometer, transmissometer and aerosol data have been
used with some success to obtain closure at 550 nm [White et al., 1994], the transmissometer and
nephelometer data could not be readily reconciled because of the severe underestimate of light scatter
by large soil particles. Similar problems are expected in marine environments where sea-salt aerosol is
usually the dominant component. Transmissometers, in contrast, permit us to measure light extinction
in the marine boundary layer at ambient relative humidities without the problems associated with
intake efficiencies for large particles and with spatial concentration variations on the scale of
kilometers.



We propose to extend our transmissometer measurements to other wavelengths so that we can
characterize aerosol light extinction as a function of wavelength. Many aerosol properties (for
example, size) are strongly wavelength dependent. These measurements of light extinction combined
with complementary aerosol measurements that we normally perform routinely in field programs, will
enable us to perform path length closure calculations. Using verified data, we will be able to refine
models of aerosol scattering and absorption as functions of aerosol composition (type) and size (for
example, in the NEPH3 model). Further, these data and models can then be used to generate and
refine algorithms used to relate satellite remote sensing data to aerosol properties in the atmosphere.

We currently have the capability to measure total aerosol light scattering and backscattering at multiple
wavelengths (TSI Model 3563 high sensitivity Integrating Nephelometer) as well as total scattering at
a single wavelength (Radiance Research M903 Nephelometers - 7x). We measure aerosol light
absorption at 565 nm (Radiance Research~Particle/Soot Absorption Photometers - 4x, modified to be
deployed in the marine boundary layer) and of white light (modified McGee Scientific Aethalometers -
3x). We measure light absorption as a function of wavelength using aerosol samples collected with a
Multiple-Orifice Uniform Deposit Impactor (MOUDI) in an Optronics OL 740A spectroradiometer
with an Optronics 740-70 Difflise Reflectance Attachment (essentially an integrating sphere). With
verified light extinction data, we can develop and enhance models of aerosol light extinction by
utilizing measurements of aerosol size distributions and chemical composition. We measure aerosol
size distributions using a combination of instruments (TSI Model 3025 Ultrafine Condensation Particle
Counter (UFCPC) measures total particle concentration from 3-1000 nm, TSI Scanning Mobility
Particle Sizer (SMPS) Model 3934 measures aerosol particle number size distributions from 13-850
nm, and TSI Aerodynamic Particle Sizer (APS) Model 3310 measures from 0.8-15 um). We measure
total aerosol mass concentration using a R & P Tapered-Element Oscillating Microbalance (TEOM
1400a). We measure chemical composition of size segregated aerosols collected using a MOUDI with
11 stages. Chemical analyses are performed using ion chromatography, atomic absorption, gravimetry,
and colorimetry.

We have acquired a multi-wavelength transmissometer under a recent DURIP award. This instrument
is first and only multi-wavelength transmissometer built by Optec Inc., the company that manufactures
transmissometers for the NPS program.

We plan to deploy this instrument at our laboratory in Miami, Florida, in order to make preliminary
measurements of mineral dust, sea salt, and accumulation mode aerosols. During the second year of
the project we will take the transmissometer along with our other aerosol samplers and instrumentation
to a remote location, possibly 1zafia, Tenerife, Canary Islands to make extensive and detailed
measurements of mineral dust.

WORK COMPLETED

Since taking delivery of this instrument well into the first year of this project, we have developed
remote deployment and mounting systems, transport systems, as well as instrument control and data
logging systems. The instrument is currently deployed in our laboratory in test mode. We are working
with the manufacturer to rectify a small number of minor design flaws and troubleshoot the new
electronics. We have requested and obtained permission to deploy the source half of the
transmissometer on the roof of Island Breakers. This ten story apartment building on Key Biscayne is
approximately 4.5 km with a clear line of sight from Science, Library and Administration Building on



the campus of the University of Miami’s Rosenstiel School of Marine and Atmospheric Science where
the receiver half of the transmissometer will be mounted.

RESULTS

Since we are developing a new prototype instrument, the first year of this project has been dedicated to
verifying the correct operation of the instrument and to making the new multi-wavelength
transmissometer system capable of being deployed in the marine enviroment. Instrument shelters and
weather-resistant electrical and electronic connectors have been incorporated so the transmissometer
can be safely deployed in harsh environments. In addition, we have added solar electric power
generation to enable the deployment of this instrument in locations without electrical power. We
expect to deploy the instrument outdoors and to start collecting data in Miami within the next month.

IMPACT/APPLICATIONS

The direct effect of aerosols on radiative transfer can be very significant and can affect visibility and
climate. The current state-of-the-art methods of measuring light scattering (nephelometer) and
absorption (Aethelometer, PSAP, diffuse reflectance) are compromised because of large and often
uncharacterized errors. We expect the new multi-wavelength transmissometer will enable us to make
accurate spectral measurements of aerosol light extinction of important aerosol types.

Combined with other measures of aerosol physical, optical , chemical properties, the transmissometer
data will be incorporated in closure calculations. In addition, the data generated as part of this project
will be used to improve models of aerosol properties.

TRANSITIONS

Since the new multi-wavelength transmissometer has not yet been deployed outside the laboratory, we
have not been able to generate spectral light extinction data. Nevertheless, we have received inquiries
from scientists interested in acquiring a multi-wavelength transmissometer.

RELATED PROJECTS

We plan to coordinate both our transmissometer measurements in Miami and at a remote site with
measurements of aerosol properties versus altitude made using our Light Aircraft Aerosol Package
(LAAP) as part of a NASA funded project. These coincident measurement programs should allow us
to extend the spectral measurements of light extinction made with the transmissometer to different
altitudes.
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