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Abstract

The Fast-J model calculates photolysis rates (J-Values) in an atmosphere with an arbitrary number
of aerosol layers. These aerosol light interactions can change the local photochemistry in the plan-
etary boundary layer. Understanding photochemical changes at the surface is critical for accurate
air quality forecasting. Fast-J calculations with pre-determined aerosol layer heights have resulted
in differing J-Values at the surface by as much as 50%. To further explore the effects of aerosol
layer heights on J-Values, we turn to NASA’s Aerosol Cloud meTeorology Interactions oVer the
western ATlantic Experiment (ACTIVATE). From ACTIVATE, aerosol layer heights are calculated
using the NASA High Spectral Resolution Lidar 2 (HSRL-2) and Research Scanning Polarimeter
(RSP). This work is part of an effort to create a J-Value product for the upcoming NASA PolCube
mission. The absence of a co-located lidar on PolCube complicates validation of aerosol layer
height retrievals. ACTIVATE provides coincident lidar and polarimeter measurements, making it
ideal to investigate how uncertainties in polarimetric aerosol layer height retrievals affect J-Values.
Insights from this analysis will guide the development of a PolCube aerosol layer height and tro-
pospheric J-Value product, as part of my work funded by the Virginia Space Grant Consortium
graduate research fellowship.

Introduction of Earth, making quantifying their long-term
effects challenging®’. Cloud radiative effects
are next in terms of high uncertainty in the ra-
diation budget. Clouds also have the ability
to interact and have their properties changed
by aerosols, increasing aerosols’ importance in
Earth’s radiation budget. Aerosols can cause
respiratory damage when breathed in directly,
but they can also interact with radiation and
other species that create secondary products
that also cause damage when inhaled*>. When
a layer of aerosols are present in the atmo-
sphere, they can absorb and scatter sunlight,
blocking light from traveling farther down as
it is added to the light above the layer. This
can change the local photochemistry observed
around the aerosol layer. A photochemical re-
action is a chemical reaction where the energy

With more frequent wildfires across the con-
tinent bringing smoke, as well as the steady
supply of sea salts from the Chesapeake Bay
and carbon from the coal piles near [-664 in
Newport News, the Hampton Roads area has
no shortage of potential for containing atmo-
spheric aerosols. Aerosols are small particles,
ranging from nanometers to tens of microns,
that get suspended into the atmosphere®’.
Smoke and soot are examples of small aerosols,
usually named PM2.5 (particulate matter under
2.5 microns), while sea salts are a larger exam-
ple and named PM 10 (size below 10 microns).

Aerosol interactions with radiation have both
climate and health effects®. Aerosols still yield
the largest uncertainties in the radiation budget
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needed to react is deposited by a photon. An
example is the destruction of ozone. Ozone
destruction usually happens high in the strato-
sphere; however, if there is a concentration of
ozone near the surface, an aerosol layer can
limit the amount of radiation at the surface to
destroy the ozone. Stratospheric ozone is vital
to human health by protecting the surface from
high-energy UV photons, but can be harmful if
breathed in at the surface’. These byproducts
of aerosols’ interaction with radiation have led
to this area of study being labeled as important
by the National Research Council Decadal Sur-
vey for Earth Science and Applications from
Space!'.

This study uses the Fast-J model to explore
how photolysis rates can be affected by aerosol
properties. Fast-J is an algorithm that calcu-
lates photolysis rates through the entire atmo-
spheric column for an atmosphere with arbi-
trary aerosol and cloud layers’®. Photolysis
rates can be used in global chemical models to
forecast air quality and gas species abundances
in the atmosphere’. Important aerosol proper-
ties the model needs are aerosol optical depth
(AOD), single scattering albedo (SSA), aerosol
layer height, etc.. This study will focus on how
the aerosol layer height affects photolysis rates.
Figure 1 shows how differences in the (urban
pollution type) aerosol layer height can result in
different photolysis rates around the layer and
at the surface for the destruction of NO2.

With arbitrarily picked aerosol layer heights,
Fast-J shows large differences in surface pho-
tolysis rates. To quantify the sensitivity of pho-
tolysis rates to aerosol layer height we utal-
ize data from NASA’s Aerosol Cloud meTeo-
rology Interactions oVer the western ATlantic
Experiment (ACTIVATE) mission. The AC-
TIVATE campaign flew out of NASA’s Lang-
ley Research Center (LaRC) from the winter of
2020 to the summer of 2022 for a total of 179
flights'>. Throughout the flight campaign, two
aircraft were flown to take observations. The
first is NASA’s HU-25 Falcon, which is spe-
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Figure 1: Left: Plot of photolysis rate profiles
for a clear day and atmospheres with ascend-
ing layers of urban pollutant aerosols from 0.5-
3km. Right: Plot of the profiles of the photoly-
sis rate percent difference of each layered case
to a clear day.

cialized for in situ trace gas, aerosol, and cloud
variables. The next is NASA’s B200 King Air
that has the capability of remote sensing obser-
vations of aerosols and clouds, along with drop-
sondes for meteorological variables'.

Aboard the flights were two instruments of
interest for what is needed to run Fast-J. First,
general aerosol properties such as type, size,
and SSA are retrieved from the Research Scan-
ning Polarimeter (RSP). Polarimetry allows for
a passive retrieval of aerosol properties, and
is not limited to a single line of sight like
other remote sensing methods. The second is
the second-generation High Spectral Resolu-
tion Lidar (HSRL-2). The trade-off of only re-
trieving a line-of-sight measurement is a more
precise layer top retrieval. Both RSP and
HSRL-2 have their own aerosol layer height re-
trievals. To explore the changes in photolysis
rates due to aerosol layer height, heights re-
trieved from both HSRL-2 and RSP are used as
inputs for Fast-J, with HSRL-2 heights labeled
as ’truth” heights.

This work is done with the future goal of
creating a photolysis rate pipeline for NASA’s
PolCube CubeSat. PolCube is an orbiting po-
larimeter scheduled for launch in 2026 to study
aerosols with higher accuracy!'. PolCube has
two separate detectors separated by a viewing
angle of 50 degrees and has a wider wave-
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