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Introduction 
 
Under certain conditions vertical profiles of cloud condensation nuclei (CCN) spectra can be retrieved 
from ground-based measurements.  Surface measurements of the CCN spectrum are scaled by the ratio 
of the backscatter (or extinction) profile to the surface backscatter (or extinction).  The backscatter (or 
extinction) profile is measured by Raman lidar, and is corrected to dry conditions using the vertical 
profile of relative humidity (also measured by Raman Lidar) and surface measurements of the 
dependence of backscatter (or extinction) on relative humidity.  This method should be accurate up to 
cloud base if (a) the aerosol size distribution is independent of altitude, and (b) the aerosol composition 
is independent of altitude.  The Atmospheric Radiation Measurement (ARM) aerosol working group is 
proposing an intensive operational period (IOP) to test this retrieval method.  In the meantime, 
assumption (a) can be tested using existing in situ measurements of vertical profiles of aerosol size 
distribution.  Vertical profiles of dry backscatter, dry extinction, and CCN concentration are calculated 
from the aerosol size distribution measured by aircraft on selected days during the Aerosol 
Characterization Experiment (ACE-2) near the Azores (Collins et al. 2000).  The backscatter and 
extinction profiles are calculated from the Mie theory using Wiscombe’s (1979) Mie code, assuming a 
refractive index of (1.53,0.0) and a wavelength of 355 nm (the Raman Lidar wavelength).  The CCN 
concentration is calculated from the Kohler theory using the hygroscopic properties of ammonium 
sulfate. 
 
Figure 1 shows the CCN concentration at supersaturations S of 0.01%, 0.1%, and 1% plotted versus dry 
extinction and dry backscatter for each of four days during ACE-2.  Each point represents a one-minute 
average of samples taken between the surface and about 4 km altitude.  On all days the CCN 
concentration at a supersaturation S of 0.01% (which for ammonium sulfate represents the number of 
particles with radius larger than 300 nm micron) is highly correlated with dry backscatter.  The CCN 
concentration is not as well correlated with aerosol extinction as it is with backscatter.  The CCN 
concentration at S=1% (representing the number of particles with radius larger than 14 nm) is not 
correlated well with backscatter or extinction, particularly on days with a dust layer overlaying a layer 
dominated by smaller particles.  The more robust relationship between backscatter and CCN at S=0.01% 
than at S=1% arise because extinction at 355 nm is most sensitive to particles with radius between 
100 and 200 nm (which are not activated at S=0.01%), while backscatter is most sensitive to particles 
with radius between 300-500 nm (which are activated at S=0.01%).  The CCN concentration at S=1% 
depends on particles down to radius 14 nm, so that particles with radius between 14 and 100 nm can  
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Figure 1.  Scatter plot of CCN concentration at supersaturations of 0.01%, 0.1%, and 1% plotted 
versus dry extinction (left) and dry backscatter (right) at wavelength 355 nm for each of four days during 
ACE-2.  Each point represents a 1-minute average of samples taken between the surface and about 
4 km altitude. 
 
control CCN without influencing backscatter or extinction.  If the aerosol size distribution varies with 
altitude the proportion of particles smaller and larger than 100 nm will vary, which will influence the 
relationship between backscatter and CCN at S=1%.  
 
Raman lidar measurements of the extinction/backscatter ratio can be used to quantify how uniform the 
size distribution is.  Figure 2 shows the ratio plotted versus altitude for the same samples as in Figure 1.  
On July 8 and July 17, the ratio is remarkably uniform between altitudes 1800 and 3700 m.  However, 
the ratio is much larger at the surface, which suggests that the size distribution aloft is quite different 
from that at the surface.  Moreover, since neither extinction nor backscatter is sensitive to particles 
smaller than 100 nm radius, uniformity of the extinction/backscatter ratio does not necessarily mean 
CCN concentration can be scaled by the profiles of extinction or backscatter.  Extinction and backscatter 
are unlikely to be useful as proxies for CCN at S=1% unless the distribution of number is dominated by 
sizes larger than 100 nm. 
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Figure 2.  Extinction/backscatter ratio at 355 nm plotted versus altitude for each of four days 
during ACE-2. 
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