Ambient Aerosol Cloud-Forming Potential:
CCN Closure Analysis in Boise, Idaho
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1.

Introduction Cloud Condensation Nuclei (CCN) are
ambient particles that water condenses onto in order to
form cloud droplets when there is a supersaturation (SS)
of water vapor in the air. Knowing what properties affect
the ability of particles to act as CCN is important to help us
understand how cloud properties will change with the
changing properties of the particles in the atmosphere.
This is particularly important because changes in cloud
properties have a great effect on climate change. In this
project we compared predicted and observed CCN number
concentrations to conduct a closure analysis. The data
collection for this project took place in Boise, Idaho from
November 2008 to January 2009.

4.

CCN Predictions We used Köhler theory (eqs. 1 and 2)
with particle size distribution data from a scanning mobility
particle sizer (SMPS) to predict the diameter (Dp) a particle
would need to have in order to act as a CCN at each SS
value. We initially assumed all particles were composed
completely of ammonium sulfate. Using the calculated
diameter and the size distribution data, we calculated the
number of particles with sufficient size to act as CCN.
These predicted values are plotted on graphs 2-7.

1.

Objectives

•

Determine how well we are able predict CCN properties
from other aerosol parameters during urban wintertime
environments.

•

Understand how our predictive capabilities depend on the
specific history of the sampled air mass.

Sc is the SS value, A is estimated by 0.66/T, T is the temperature in
Kelvin, ms is the mass of a particle of ammonium sulfate, Ms is the
molecular mass of ammonium sulfate, and υ is the van’t hoff factor,

Figure 2 – Once we
calculated Dp for each
SS value, we
integrated the size
distribution data
starting from that
diameter to obtain our
predicted CCN value.

5.

Results The observed CCN values were consistently lower
than the predicted CCN values when we assumed that
each particle was composed of 100% soluble ammonium
sulfate. This is shown for a fairly typical day in graphs 2-4.
This particular day had a wind shift in the afternoon, which
brought air masses from the southeast. This occurred at
about the same time as when there was a large increase in
particle number concentrations. There was a highway
about 300 meters south of the measurement site.
Graph 2 – Observed and
predicted CCN number
concentrations as a function of
time. Solid lines represent
predicted number
concentrations, while dashed
lines represent observed
number concentrations.

Figure 1 – CCN Counter

3.

CCN Measurements Ambient air was continuously
introduced into a vertical column with varying
supersaturations of water vapor within a CCN counter
(Figure 1). Water vapor condensed onto particles that
were the right size and had the correct composition, and
the optical particle counter counted the particles that
formed droplets.

Graph 1 – Time series of
observed CCN data at 5
different SS values. The
CCN counter measured at
each SS value for 12
minutes at a time, and we
removed 2 minutes of
data during the transition
between SS values.

Graph 5 – Observed and
predicted CCN number
concentrations as a function of
time when we assumed 90%
insoluble represent material.
Solid lines represent predicted
number concentrations, while
dashed lines observed number
concentrations.

2.

which is the number of particles into which the solute dissociates.

2.

Results (cont.) We made the assumption that 90% of
each particle was composed of insoluble material to try to
obtain better agreement. This assumption increased Dp
and brought our predicted values much closer to the actual
value. This assumption seemed to be more effective for
periods with a lower number concentration of particles.

Graph 3 – Observed CCN
number concentrations vs.
predicted CCN number
concentrations for the morning
through the afternoon, a
period with relatively low
particle counts. This shows
that we are greatly over
predicting CCN numbers.

Graph 6 – Observed CCN number
concentrations vs. predicted CCN
number concentrations when we
assumed 90% insoluble material,
for the morning through the
afternoon, a period with relatively
low particle counts. This shows
much better agreement than
Graph 3.
Graph 7 – Observed CCN
number concentrations vs.
predicted CCN number
concentrations when we assumed
90% insoluble material for the
evening through the night, which
included a period with higher
particle counts. This shows better
agreement than Graph 4.
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7.
•

•
Graph 4 – Observed CCN
number concentrations vs.
predicted CCN number
concentrations for the evening
through the night, which
included a period with higher
particle counts than the
morning period. This shows
less agreement than Graph 3.

8.

Conclusions
For selected days we saw some change in the agreement
between predicted and actual values with changes in
number concentration of particles.
Although the agreement between predicted and observed
values varies with particle number concentration, there is
consistently a large disagreement not explained by this
variation when we assume 100% of every particle is
soluble.
In order to obtain results nearing closure, we needed to
assume a certain percentage of insoluble material, around
90% for selected days.
Future Work
In order to more accurately predict CCN properties, we
will need to more rigorously examine the chemical data
that we have.
Examine the effect of separate estimates of insoluble
material for various cases.
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