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Motivaion:

 Several methods exist for acquiring remote estimates of a subset of
atmospheric aerosol particles known as cloud condensation nuclei (CCN)
or related proxies, but few are thoroughly evaluated and intercompared
using real-world observations.

« Such measurements are necessary to fill in substantial gaps in
observations, particularly over the ocean, where collecting in-situ
measurements are costly.

Goals:

» Test the skill of several published methods using in-situ measurements
from several marine boundary layer targeted campaigns.

« |dentify key sources of error for each method (possible sources: pollution,
low signal, cloud type, local climate, remote sensing resolution, method
assumptions, etc.)

Retrieval Methods:
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Satellite Proxies (Aircraft Remote Measurements):

Almost all campaigns used include airborne High Spectral Resolution Lidar
(HSRL) and Research Scanning Polarimeter (RSP) imaging instruments that are
expected to be the basis for the next generation of space-based remote sensors
and can be used as a proxy for potential future satellite.

Future Work Outline

1.Complete synthesis of spatially collocated measurements.

2. Characterization relevant in-situ, CCN, aerosol and cloud microphysical
observations, and describe the data, instruments, quality control details and
interconnectedness of data in a published data descriptor.

3. Complete implementation of all remote CCN and CCN proxy retrieval methods.
4. Assess the skill of retrievals by region, season and overall.

5. Evaluate sources of error through validation of retrieval inputs and assumptions.
6. Publish results and make synthesized dataset publicly available for future use!
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Further filtering and error source
evaluation could improve some retrieval
method results under certain conditions.
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NASA Led Campaigns

NAAMES - North Atlantic Aerosol
and Marine Ecosystem Study

ACTIVATE - Aerosol Cloud
meTeorological Interactions oVer the
western ATlantic Experiment

CAMP2EX- Clouds, Aerosol,
Monsoon Processes-Philippines
EXperiment

ORACLES - ObseRvations of
Aerosols above CLouds and their
intEractionS

Others

SOCRATES - Southern Ocean
Clouds, Radiation, Aerosol Transport
Experimental Study

CAPRICORNZ2 (ship only) - Clouds,
Aerosol, Precipitation, Radiation, and
Atmospheric Composition over the
Sothern Ocean

HSRL Retrievals:

 Vertically resolved extinction (1-2
wavelengths)

 Vertically resolved aerosol
backscatter (2-3 wavelengths)

RSP Retrievals:

* Aerosol and ocean upwelling total
and polarized reflectance at
multiple wavelengths and multiple
viewing lengths

* Microphysical aerosol properties
from polarimetry (MAPP) algorithm
using radiative transfer and mie
calculations

NASA Co-Authors:

David Painemal, Elizabeth
Wiggins, Michael Shook, Ewan
Crosbie, Francesca Gallo, Luke
Ziemba, Matthew Brown, Claire
Robinson, Taylor Shingler,
Kenneth Thornhill, Edward
Winstead, Bruce Anderson, Chris
Hostetler, Carolyn Jordan, Richard
Moore

Bennartz, R.: Global assessment of marine boundary layer
cloud droplet number concentration from satellite, J. Geophys.
Res. Atmos., 112(2), 1-16, doi:10.1029/2006JD007547, 2007.
Georgoulias, A. K., Marinou, E., Tsekeri, A., Proestakis, E.,
Akritidis, D., Alexandri, G., Zanis, P., Balis, D., Marenco, F.,,
Tesche, M. and Amiridis, V.: A first case study of CCN
concentrations from spaceborne lidar observations, Remote
Sens., 12(10), doi:10.3390/rs12101557, 2020.

Painemal, D., Painemal, D., Chang, F. L., Chang, F. L., Ferrare,
R., Burton, S., Li, Z., Li, Z., Smith, W. L., Minnis, P., Minnis, P,,
Feng, Y., Clayton, M. and Clayton, M.: Reducing uncertainties
in satellite estimates of aerosol-cloud interactions over the
subtropical ocean by integrating vertically resolved aerosol
observations, Atmos. Chem. Phys., 20(12), 7167-7177,
doi:10.5194/acp-20-7167-2020, 2020.

Lohmann, U. and Lesins, G.: Stronger constraints on the
anthropogenic indirect aerosol effect, Science (80).,
298(5595), 1012-1015, doi:10.1126/science.1075405, 2002.
Rosenfeld, D., Zheng, Y., Hashimshoni, E., P6hlker, M. L.,
Jefferson, A., Pohlker, C., Yu, X., Zhu, Y., Liu, G., Yue, Z.,
Fischman, B., Li, Z., Giguzin, D., Goren, T., Artaxo, P., Barbosa,
H. M. J., Poschl, U. and Andreae, M. O.: Satellite retrieval of
cloud condensation nuclei concentrations by using clouds as
CCN chambers, Proc. Natl. Acad. Sci., 113(21), 5828-5834,
doi:10.1073/pnas.1514044113, 2016.

S. Stamnes, C. Hostetler, R. Ferrare, S. Burton, X. Liu, J. Hair, Y.
Hu, A. Wasilewski, W. Martin, B. van Diedenhoven, J.
Chowdhary, I. Cetini¢, L. K. Berg, K. Stamnes, and B. Cairns,
"Simultaneous polarimeter retrievals of microphysical aerosol
and ocean color parameters from the “MAPP” algorithm with
comparison to high-spectral-resolution lidar aerosol and
ocean products," Appl. Opt. 57, 2394-2413 (2018)



