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Short Abstract:

The distribution of mineral dust aerosols that originate from the Saharan Desert and
sweep across the tropical Atlantic Ocean can significantly impact climate processes in the
region. The Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO)
mission was launched in April 2006 as a part of the A-Train constellation in order to gain a better
understanding of the role that aerosols and clouds play in the complex climate system [Winker et
al., 2006, 2007]. The ability to assess the vertical and spatial transportation of dust across the
Atlantic Ocean using CALIPSO aerosol retrievals provides valuable insight into the effects of
dust aerosols on the Earth’s climate system. This study couples in-Situ observations of dust storm
events with aerosol optical depth from the polar orbiting CALIPSO ground track and the GOES
East Pathfinder Atmospheres Extended (PATMOS-x) geostationary cloud dataset to constrain
the processing, transport and redistribution of dust aerosols over the tropical Atlantic Ocean
before and after the passage of convection. Cloud top temperature, cloud optical thickness, and
cloud top size are further used to quantify the sensitivity of wet deposition to the intensity of
tropical convection. Identifying the removal impacts from convection on the dust aerosols will
allow for the interpretation and understanding of processes that transport and redistribute the
dust. It is conjecture that when there are more convective clouds present, more dust will be
removed from the atmosphere. Preliminary results provide evidence that convection both reduces
downstream dust optical depths and occasionally transports dust to higher altitudes than the main
Saharan dust layer. These redistribution and scavenging effects have implications for direct and
indirect impacts of dust on radiation balance both locally and downstream of the
convection. Further analysis of these complementary datasets may offer new revelations into
aerosol-cloud climate interactions.
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Why Dust Aerosols?

Dust aerosols from the Saharan Desert account for
60-70% of global dust emissions.

Significant climate impacts:

Act as CCN, or IN, altering cloud microphysical
properties.

Impact radiation budget through scattering and
absorption.

Connected to marine biogeochemical processes.
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Tropical Atlantic Dust Budget
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Science Questions

How does convection impact
the dust layer?

How much dust is removed L
from the atmosphere due to D, B
precipitating storms? "

Where do the convective / //ﬁ//

storms redistribute the dust A: Precipitation, wet and dry deposition.
B: Dust in hydrometeors.

in the cl’rmosphere and how C: Dust returned following evaporation
does the vertical distribution and sublimation.

D: Horizontal Advection
of dust change?

: More dust will be removed when
convective clouds are present.
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Outline

Datasets
Collocation

Tropical Storm Debby Case Study
Composite Analysis

Conclusions
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Datasets

Pathfinder Atmospheres Extended (PATMOS-x)

CloudSat

Cloud Aerosol Lidar and Infrared Pathfinder
Satellite Observations (CALIPSO)
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PATMOS -X

Suite of cloud products derived from Advanced Very High Resolution Radiometer (AVHRR)
sensors.

Processes level 1b data from satellites to obtain cloud products including cloud and aerosol
information.

On NOAA instruments since 1978. Variables Used:
Cloud Top Temperature

* Cloud Optical Depth
* Cloud Top Height

Cloud detection using a naive Bayesian cloud mask algorithm.

Hourly Data
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CloudSat and CALIPSO
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Matching GOES-East/Meteosat to CloudSat

Determine day and time of CloudSat overpass.
Find GOES-East/ Meteosat pixel closest to CloudSat.

Retrieve cloud top temperature, cloud top height, cloud
optical depth from PATMOS-x.
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- Tropical Storm Debby Case Study
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Before Storm Overpass
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During Storm Ove
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After Storm Overpass
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Dust Budget Analysis

Using the AOD from CloudSat and CALIPSO, the
mass column concentration of dust can be found.

M,, = (2.7 g/m?) * T * Area

Comparing the mass concentration of dust before
convection and after convection indicates amount of
dust scavenged by the storm.

Kaufman et al., GRL, 2005
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TS Debby Budget Analysis
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Conclusions

Dust aerosols are lofted and redistributed to upper
and middle levels of the atmosphere due to
evaporation and sublimation, particularly around
anvil regions of the storm.

With respect to large, individual, convective storm
systems, dust aerosol concentration decreases and is
redistributed to higher levels in the atmosphere,
relative to pre-storm amounts.



Introduction ¢ Motivation ®* Methods ¢ Results ¢ Conclusions

Ongoing and Future Work

A composite analysis has been started by splitting

Atlantic Ocean into 5° longitude bands from 10°W to
80°W.

Convection is identified, an all CloudSat/CALIPSO
overpasses in the same location are found.

Reconstruct the composite evolution of dust AOD over a
typical convective lifecycle.

Combine these results with CSU RAMS model runs and
NAMMA aircraft data.

Use a cluster analysis for identifying convection.
Indirect and direct radiative impacts.
Ocean Fertilization.
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Area Footprints

Cloud Top Temperature Rings
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ldentifying Convection
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Hurricane Helene Budget Analysis
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Time Dimension to Composite Analysis

a) Instantaneous observations
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