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This document describes a new technique for estimating the maximum water supersaturation in the Wyoming static thermal diffusion cloud condensation nuclei (CCN) instrument.    There are three differences between the approach described here and that documented in Snider et al. (2006).    First, the CCN instrument is operated in supersaturation scanning mode and the test particle size is fixed.  Previously (Snider et al., 2006), the supersaturation was fixed and test particle size was varied.   The new technique is similar to that developed by Bilde and Svenningsson et al. (2004).  Second, the activation function, i.e., the fitted relationship between the CCN/CN ratio (activated fraction) and supersaturation, is described by three fitted parameters.   Previously, two parameters were fitted.   Third, measurement error associated with activated fraction is assumed constant.   This differs from the error analysis of Snider et al. (2006) who derived a statistical error for each value of the activated fraction and applied this as a weight in the statistical procedure used to derive the activation function.
The Fitting Equation -

Three fit parameters (
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 and 
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) were derived by fitting  measurements of activated fraction (
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) and nominal supersaturation (
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).   The fitting model is a cumulative Gaussian.   
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Here
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 is the value of 
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 corresponding to activated fraction = 
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, 
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is the standard deviation of the Gaussian function and 
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 is a scaling factor.  The fitting algorithm is coded in IDL (Research Systems Inc., Boulder, CO).   Results for mobility-selected ammonium sulfate aerosols prepared at 0.30 and 0.58 μm are shown in Figure 1.
A fitting function complimentary to Equation (1) is
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Where
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and
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Uncertainties in the Fit Parameters – 
Uncertainties in the fit parameters are computed as described in Press et al. (1988; pages 518 to 528).    It is assumed that activated fraction error is constant.   An additional assumption, common to the least-squares minimization technique used here, is that the measurement of
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is associated with no error.
The Effective Supersaturation –

Values of 
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 (in Equation 1, or in Equations 2, 3 and 4) are derived using measurements of temperature of the top plate of the CCN chamber, measurements of the temperature difference between the top and bottom plates and a model of the CCN chamber (Katz and Mirabel, 1975).  In Snider et al. (2003) and Snider et al. (2006) we demonstrate a ~40% discrepancy between the Katz and Mirabel prediction of 
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 and the maximum supersaturation derived by challenging the CCN instrument with aerosol of known size and composition.    This discrepancy is thought to arise because the effective plate temperature difference is smaller than measured, or because the H2O vapor pressure at the plate boundary is less than that over pure water.  An empirical parameter 
[image: image18.wmf]k

 accounts for the supersaturation discrepancy.  
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The value of 
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is set by laboratory calibration studies; for the time interval November 2004 to July 2006 the value is 
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=0.71 
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0.07 (
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=12) as shown in Figure 2.    Results from a second Wyoming CCN instrument (CCN108) are presented in Figure 3.    The values of 
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presented here are in good agreement with those derived by Snider et al. (2006) via the technique discussed in the first paragraph of this report.
Correction for Doublet Particles –
Since the laboratory test aerosols were selected using a differential mobility analyzer a fraction of the particles originate with two charges (i.e., the doublet particles).   These are physically larger than the singlet particles and hence activate at a lower value of 
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.    In the case of aerosols with appreciable doublet-to-singlet concentration ratios, a distinguishing value of 
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is identified (
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) and used to correct the activated fraction values prior to fitting.   The corrected activation fraction, symbolized as
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Figure 1 – Laboratory calibration results for the CCN104 instrument.     The test aerosol is ammonium sulphate, mobility selected at 0.30 μm (left-hand panel) and 0.58 μm (right-hand panel).
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[image: image31.wmf]Figure 2 – Summary of results for CCN104.
Figure 3 – Summary of results for CCN108.
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