


By changing the concentration of Cloud Condensahiutlei (CCN) in the
atmosphere, humans increase cloudiness which Gowte. This phenomenon
Is known as the “aerosol indirect effect” on climat
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TheAerosol Indirect Effect is one of the largest sources of uncertainty in
anthropogenic climate change.
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Roberts and Nenes (2005); Lance et al. (2006)
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Georgia-Power Jefferson St. site (July 08)
eldeal for testing CCN prediction theory:
—Complex emission profile
—Heterogeneous aerosol
—Lots of anthropogenic/biogenic organics

Measurements needed
e Chemical Composition:
— Particle-Into-Liquid-Sampler (PILS)

 Total Aerosol Concentration:
— Condensation Particle Counter (CPC)
e Particle Size and CCN Distribution.
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Operation:

- Aerosol flows through a Differential
Mobility Analyzer (DMA).

- Classified aerosol is detected by a
CCN instrument and a total particle
counter as a function of time.

- This process is repeated over many
diameters.

Analysis and Results:
- CCN activity of particles as a
function of their diameter.
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We get

1. Aerosol mixing state
2. Hygroscopicity

3. Kinetic growth rates

... all that we need to
know about CCN!



Make measurements of CCN concentration and
supersaturation, aerosol size distribution, and
chemical composition (size averaged or size

resolved)
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Predict minimum particle size that can act
as a CCN and count particles from that
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CCN Closure
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Compare to CCN measured



« Four CCN closure scenarios considered correspond to typical
assumptions in regional models:

— All ammonium sulfate — aerosol is composed of solely (NH ,),SO,.

— Only salts soluble - only the inorganic salts present in the aerosol ar e
soluble.

— All soluble - all compounds in the aerosol are soluble.

_ — all compounds in the aerosol are soluble
and the organics are allowed to suppress surface te nsion by 25%.

 Chemical composition:

— Size averaged — all particles have the same composit  ion regardless of
size.

— Size resolved — each particle size has a particular ~ composition.
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All Ammonium Sulfate o’
Only Salts Soluble o’

All Soluble o’
All Soluble + Surface Tension o % .*

. Predicted CCN = 1.46 * Measured CCN (R =0.69)
. L’ ‘Predicted CCN = 1.28 * Measured CCN (R =0.81)
. o’ Predicted CCN = 1.32 * Measured CCN (R =0.78)
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surface tension and contribute solute.
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Best closure: when onlysaltsis assumed soluble. We know though that organics peess

Can introducing mixing state information resolve ths paradox?
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E — Internal mixture fraction



® Size Resolved Mixing State
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Introducing size resolved mixing state improtes CCN closursignificantly.
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CCN droplet size measured at the exit of growthmiber. Compare droplet sizes
from ambient CCN vs (NE),SO,.

If Size(ambient) < Size((NPLSO,)  organics delay growth.
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Atlanta aerosol exhibits mostly similar activatkinetics to (NH),SO,.

Some droplet growth delay observed at high supsatains could be due to the higher
organic fraction normally present at smaller sizes;therefore affecting their growth.



The problem of CCN prediction in global models is n ot
“hopeless”. Good news!

Size distribution plus assuming a uniform mixture o f sulfate +
iInsoluble (which can be done in models) captures mo st of the
CCN variability (on average, to within 30%, but wit  h significant
scatter).

Scatter and error can be significantly reduced when mixing state
of CCN is considered in the calculations (very diff icult for
models).

Evidence of droplet growth kinetic limitations were observed at
higher supersaturations consistent with smaller part iIcles that
tend to have higher organic fractions.

These limitations can lead to important increases i n calculated
droplet number and therefore needs to be investigat ed further.






