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This supplemental information describes the details of the processing of the DMT Fog Monitor 100 (FM100s)

principally based on the recommendations Spiegel et al. (2012), as described in Section 2 of the main text.

1. Mie Scattering Ambiguity

The non-monotonic nature of the Mie scattering function causes sizing ambiguities, which are well documented
(Spiegel et al., 2012 and references therein). These ambiguities arise because the same scattering cross section may apply to
multiple particle sizes, resulting in spurious modes in the distributions of sampled particles (Baumgardner et al., 2010).

Figure S1 shows the Mie scattering functions calculated for liquid spheres (n=1.33+0i, A=658 nm). The scattering
cross sections are calculated for the configuration of the instrument optics by scaling the particle cross section to the
normalized intensity integrated over the angles subtended by the path to the detector. These angles are not precisely known
and also depend on the location of the particle in the instrument transmission path, so upper and lower bounds are estimated
by performing a series of calculations for a range of angular pathways between 3° and 12.6°. More details about the
instrument optical configuration and the Mie calculations can be found in Spiegel et al. (2012). The grey boxes in the figure
show the 20 default particle size bins. To reduce the influence of sizing ambiguities, previous studies have suggested
reconfiguring the bin limits (Gonser et al., 2011; Spiegel et al. 2012), combining bins (Pinnick and Auvermann, 1979; Dye
and Baumgardner, 1984), smoothing distributions (Gonser et al., 2011), and more sophisticated statistical methods (Spiegel
et al. 2012). For the Summit field program, the default bin limits were used; a reconfiguration of the bins is only possible
prior to deployment. Gonser et al. (2011) proposes smoothing the PDFs with a Savitsky-Golay filter, but we find that the
smoothed PDF can be sensitive to the parameter choices in the convolution filter and therefore we do not smooth the
distributions. We instead rely on combining ambiguous bins, as described in the main text. Figure S1 indicates a large
amount of ambiguity between 4 and 10 pm, which corresponded to a persistent mode in the raw observations between 6 and
8 um. We therefore combined the three default bins between 4 and 10 um. A similar, but less influential problem occurs near
23 um, but no consolidation of these bins is applied.

The temperature at Summit is nearly always below 0 °C. Therefore, the particles sampled by the FM100 are

typically composed of ice or super-cooled liquid. In all cases, the particle size should be interpreted as a diameter for an
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optically equivalent sphere in the Mie regime. For ice, which is non-spherical, this metric is typically smaller than geometric
definitions for ice size (Borrmann et al., 2000). An index of refraction of 1.33+0i (liquid, 658 nm) is assumed by the
software for determining particle size. The oscillations in the scattering function for a refraction of 1.31+0i (ice, 658 nm) is
shifted slightly in phase from that of liquid (see also Baumgardner, 1992; Gayet et al., 1996), but this does not substantially

increase uncertainty (Figure S1).

2. Sampling Losses

Spiegel et al. (2012) also characterized the sampling losses in the FM 100 that arise from actively drawing air samples
through the instrument following previous work that calculated analogous sampling efficiencies for aerosol scattering probes
(Liu and Aragwal, 1974; Hinds, 1982; von der Weiden et al., 2009; Brockman, 2011). The efficiency calculations fall into
two main categories. The first is aspiration efficiency, which is the proportion of particles in the ambient air that are drawn
into the instrument. The second is transmission efficiency, which is the proportion of aspirated particles that pass through the
instrument. Losses in transmission occur for five reasons; gravitational settling in the wind tunnel and the contraction horn,
turbulent deposition in the wind tunnel and contraction horn, and inertial losses in the contraction horn (Spiegel et al., 2012).
These losses are functions of particle size, wind velocity, and wind direction with respect to the inlet horn (0, where 0 = 0° is
defined as directly into the inlet horn). The equations are valid for |8] < 90°. Therefore, when the wind is oriented in the
same direction as the instrument (i.e., |8] > 90°, northerly winds at Summit), the sampling losses are unknown, but expected
to be large.

Figure S2 shows the results of the calculations in a manner similar to Spiegel et al. (2012). In this work, the
calculations are used for two purposes: 1) to determine the limits of the wind directions suitable for analysis (|8] < 50° is
used for the analysis for Figs. 8-11 in the main text), and 2) to correct the number concentrations for each size bin for those
directions. In general, the sampling efficiencies are lower for larger particles and larger |8| angles. The sampling efficiency
calculations were derived assuming spherical particles (Figs. S2a and S2b). Particles in super-cooled-liquid fogs can be
assumed to have spherical habit and spherical habit may be a close approximation for ice fogs, which are typically droxtals

at the lower end of the size spectrum (Schmidt et al., 2013 and references therein). Samples composed of diamond dust,
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precipitation and blowing snow likely exhibit a variety of habits, some with large aspect ratios. Thus, these calculations may
not be a good representation for the non-spherical samples. Ice is also lower in density than liquid by about 9%. We
recalculated the results for spherical particles with ice density (Fig. S2c), indicating a slightly conservative estimate of
particle losses, but otherwise, relatively little sensitivity to assuming liquid density. To estimate the effect of habit, we
calculated sampling efficiencies for ice density using cylinders oriented with the long axis perpendicular to the direction of
flow (Hinds 1999). The results (Fig. S2d) indicated that the sampling efficiency is slightly higher than for spherical particles.
Taken together, misrepresenting density and habit in calculating sampling efficiency of ice by assuming liquid spheres is

expected to produce a conservative estimate of sampling efficiency (thus, an overestimation of losses).
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Figure S1. Theoretical Mie scattering cross sections for liquid and ice spheres, as would be measured at the detector of the
FM100. Upper and lower bounds represent uncertainty in the optical set up. Grey boxes represent the original bin limits used
by the FM100 software. Horizontal black lines represent uncertainty in the bin size assigned to a particle due to the non-
monotonic function (i.e., most scattering cross sections can be related to multiple sizes). The uncertainty includes both the

ice and liquid calculations.
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Figure S2. Calculations of sampling efficiency (fractional, colours) as a function of droplet diameter (x-axis) and sampling
angle, 0, (y-axis). Rows represent different wind velocity conditions. (a) intake velocity 15 m s' (liquid spheres), (b) intake

velocity 7.5 m s (liquid spheres) and (c) ice spheres (7.5 m s'), d) ice cylinders (7.5 m s*).



