Sources of Marine Boundary Layer Particles
VOCALS Meeting June 11, 2007
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Diagram of Free Troposphere Nucleation Through Cloud Processes
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Free Troposphere Nuclei

Number Concentration is Enhanced in FT as the
Result of New Particles Production.
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A 3D latitude-longitude distributions of DCN (3nm<Dp<12nm) are highest aloft

(above 3km) near ITCZ and SPCZ and almost no DCN particles are present in
the MBL (observations from all PEM Tropics flights).
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Subsidence from ACE-1 Profile in Tropics.
Note 90nm Hopple minimum through cloud processing in the MBL
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Cumulus Iayers (photo), vertical profile of nuclei Iayers
and nucleation from sulfuric acid at cloud edges
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Measured H2S0O4 & Nucleation H2S0O4 (Theoretical), Flight 13
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Ccrit = -.16 exp(0.1T -3.5RH-27.7); criteria for binary nucleation of sulfuric acid, A. Wexler et al. 1994



Vertical Profiles of Specific Humidity and
Sulfuric Acid (F. Eisele)during PEMT A&B
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Number Concentration, part/cm -
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MBL nucleation for over 20km off Equador at 100m alt with 94%RH
Did we measure an example of POC conditions?
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« Air highly scavenged by earlier deep convection

* Highest sulfuric in region of lowest surface area

and with no nucleation

* Nucleation evident and sulfuric drops - 0.0
*Onset associated with 0.5 deg temp drop
 As surface area increases - nucleation suppressed

» Other elevated larger nuclei near 0.6 km on descent

suggest earlier nucleation
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Clarke, A.D., et al., SCIENCE, Oct 2., 1998.



Model Predicts High SO2

and OH just after Noon '\
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POLLUTED AIR MASSES
PEMT A - South American Outflow - Fall 1996
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PEMT A - South American Outflow “Polluted”
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WHAT ABOUT SEA-SALT?
Our New Sea-Salt Source Function (# /cm2/s) at 9 m/s whitecaps
using nominal Monohan whitecap coverage
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Clarke, A., S. Owens and J. Zhou, An ultrafine sea-salt flux from breaking waves: Implications for CCN in the

remote marine atmosphere, J. Geophys. Res., 111, D06202, doi:10.1029/2005JD006565.



Comparison of Nominal SS Surface flux and FT
Sulfate Flux for various Wind Speeds and

Entrainment Rates
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FT Entrainm;nt
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: éﬁd_'ngth rates:are faster (fior fixed source strength) o redlicedlsurface area:
Growth to CCN still slow’(days) and slower as surface area increases.

Fully solublerand effective as CCN
[care needed to remove apparent fresh nuclei caused by droplet shatter]

Clean FT entrainment [Day and Night] - typical concentrations can replenish CCN

size nuclei in MBL in 2-4 days under clean conditions.
Fully soluble and effective as CCN

= Polluted ET entrainment.[Day and Night] — pollution. may be possible this time of
yearnfiom biomass burning (above inversion) andiiiem coastalipollUtionE S

—
wm&(mﬂm% soltpIeNbIermass burning)

= Sea-Salt production - an effective source but depend on wind speed over about
/m/s (can be localized near clouds) or precipitation falling on surface.

Fully soluble and effective as CCI.
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Putting This SSA flux in GCM rnodlel
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GlISS |l — orime

Models SSA concentrations and not just fluxes
Allows interaction with sulfur cycle (Adarns and Seinfeld, 2002).

Global Evaluation of CCN Formation by

Direct Emission of Sea-Saltand Growth of
Ultrafine:Sea-Salt

YT,

——
— -

# ' . _—
eff Pierce and Peter Adams

JGR-Atmospheres, 2006
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s NASA Goddard Institute for Space Studies
GCM ll-prime
— 4° latitude x 5° longitude
— 9 vertical layers between surface and 10 mb
— One hour tracer time step

= Two Moment Aerosol Sectional (TOMAS)
aerosol microphysics algorithm

— Explicitly calculates both aerosol number and
mass in each size section

— 30 size sections (~10 nm - ~10 um)
— Sea-salt and sulfate aerosols only




Sea-salt impact on cloud condensation nuclei
All sea-salt CCN(0.2%) - Percent Change relative to sulfate

S 59.22 %), (2263 %)
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Giant sea salt aerosols Jorgen Jensen
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Doesrtheropen-cell structure leaditoichanges in sea-salt aerosol amount and size distribution™?

Due to precipitation scavenging
Due to cold-air downdrafts modifying the surface wind strength
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GNI impactor and optical microscope to provide high sample-volume size distributions. Use as

part of cloud model initialization.
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