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IN and Aerosol Datasets. Our analyses utilized about 300 hours of
ice nuclei (IN) data from the field studies listed below, from
which we isolated 290 sampling periods (5 to 30 min representing
sample volumes from 5 to 300 L) that satisfied our more stringent
criteria for comparing ice nuclei and aerosol populations. These
are described chronologically.

Winter Icing in Storms Project 1994 (WISP-94). During the WISP-94
(1), air was pumped from outside the National Center for Atmo-
spheric Research (NCAR) Electra aircraft into 100- to 200-L bags
fashioned from conductive plastic Velostat™ (3M Corporation)
for subsequent delivery to our laboratory for ice nuclei measure-
ments. Bags were collected in cloud-free regions at altitudes up to
30,000 ft over the Colorado region during the period from Feb-
ruary throughMarch 1994. Aerosol data were taken at the time of
bag collection from a Passive Cavity Aerosol Spectrometer Probe
(PCASP, Particle Measuring Systems) mounted under the aircraft
wing and measuring in the size range 0.1 to 3 μm. Correction for
particle losses was made based on monitoring aerosol concentra-
tions in bags in the laboratory. Twenty-one samples were used in
the present analysis. Aircraft data are archived at http://www.eol.
ucar.edu/raf/data_catalog.html#1994. IN data are available from
the lead author.

Ice Nuclei SPECTroscopy (INSPECT I and II). The INSPECT I and II
studies were conducted at Storm Peak Laboratory, located onMt.
Werner (elevation 3,210 m above mean sea level) in western
Colorado (2, 3) in November 2001 and April to May 2004 (4).
Ambient particle size distributions between 0.5 and 20 μm were
obtained using an aerodynamic particle sizer (APS, TSI Inc. mod-
el 3321) and an optical particle counter (Particle Measuring Sys-
tems LASAIR 1002) in the size range 0.1 to 3 μm. Approximately
40 hours of relevant Continuous Flow Diffusion Chamber
(CFDC) IN data were collected in INSPECT I and 20 hours
of CFDC data in INSPECT II. CFDC and aerosol data are avail-
able from the lead author.

Alliance Icing Research Study—2 (AIRS-2). Measurements of ice
nucleating aerosols were conducted in the context of the interna-
tional project, the AIRS-2 (5). The CFDC flew on the National
Science Foundation (NSF)/National Center for Atmospheric
Research (NCAR) C-130 aircraft over regions of eastern Canada
and the Great Lakes region. The aerosol data for this project
came from the CFDC optical particle counter (OPC, Climet
Model 7350 A), also used for IN detection. Aerosol particles
are measured in the size range from the lower limit of 0.3 μm
to 1.5 μm. CFDC and aerosol data are used from November
14, 2003, and are available from the lead author.

Mixed-Phase Arctic Cloud Experiment (M-PACE). The Department of
Energy (DOE)-sponsoredM-PACEwas conducted from late Sep-
tember–October 2004 in the vicinity of the DOE’s North Slope of
Alaska field site (6). CFDCmeasurements were made aboard the
University of North Dakota’s Citation II aircraft (7, 8). Aerosol
data were derived from the CFDC OPC. Approximately 20 hours
of CFDC data are archived at http://www.db.arm.gov/cgi-bin/
IOP2/selectAftIOP.pl?iopName=nsa2004arcticcld.

Cloud Layer Experiment-10/Canadian Cloudsat/CALIPSO Validation
Project (CLEX-10/C3VP). The C3VP in combination with the Coop-

erative Institute for Research in the Atmosphere’s CLEX-10 was
based from Ottawa, Ontario, Canada, and the aircraft platform
was the National Research Council of Canada’s Convair 580.
Approximately 80 hours of CFDC data were collected over a
three-month period in late 2006 through early 2007. Aerosol data
are from a PCASP (Particle Measuring Systems) mounted under
the aircraft wing and measuring in the size range 0.1 to 3 μm.
Data are archived at http://c3vp.org/data/inside/archive.html.

Pacific Dust Experiment (PACDEX). In the PACDEX (9), the CFDC
sampled aloft over the Pacific basin from an ambient inlet on the
NSF/NCAR G-V aircraft. The primary aerosol measuring
instrument was a wing-mounted Ultra-High Sensitivity Aerosol
Spectrometer (UHSAS, Particle Metrics Inc.), with a sizing range
from 0.06–1 μm and 100-bin resolution. Data are archived at
http://www.eol.ucar.edu/projects/pacdex/.

Ice in Clouds Experiment—Layer Clouds (ICE-L). CFDC IN data were
collected from onboard the NSF/NCARC-130 aircraft during the
ICE-L study over Colorado and Wyoming in late Fall 2007. IN
data were collected on 13 research flights (3–6 h each). A
wing-mounted UHSAS instrument was used to characterize aero-
sol concentrations. Some data from ICE-L used in our analyses
are from a counterflow virtual impactor (CVI) inlet (10) to sam-
ple the residual particles from cloud droplets in orographic wave
clouds. The CVI separates individual cloud droplets and ice crys-
tals from interstitial aerosol and gases, collecting and concentrat-
ing them within a small flow of high-purity dry nitrogen heated to
50 °C. Condensed water is then evaporated, leaving the nonvola-
tile residual particles and water vapor in the sample line. The re-
sidual particle stream was dried and then sampled by the CFDC.
The minimum cloud particle sampling size at C-130 altitude and
airspeeds is about 8-μm diameter. This provides for a potential
low bias of CFDC IN concentrations when sampling from the
CVI due to omitting up to 50% of all cloud droplets in these wave
cloud cases and the possibility that not all aerosols activate to
form cloud droplets. However, in most ICE-L wave cloud cases
the dynamic forcing (updraft) of clouds was strong enough to fully
activate aerosols into cloud droplets. Downstream of the CVI in-
let, a Lasair Model 1001 OPC (Particle Measuring Systems) mea-
sured residual particle size distributions between about 0.3 and
5 μm. CFDC data are archived at http://www.eol.ucar.edu/raf/
data_catalog.html.

Amazonian Aerosol Characterization Experiment from January–March
2008 (AMAZE-08).CFDC measurements were made in the Amazon
Basin as part of the AMAZE-08. Measurements were conducted
at a ground site within a pristine rainforest, at Tower TT34 (02°
35.675′S, 060° 12.557′W) in the Reserva Biologica do Cuieiras in
Brazil. All measurements fell within the wet season in this region,
when winds come predominantly from the ENE across 1,600 km
of forest. The inlet was at 38.75 m, and the canopy near the tower
varied between 30 and 35 m. Approximately 40 hours of IN data
were collected along with aerosol data from an APS instrument
with UV capabilities (11). Data are available from the authors.

IN Parameterization Development. nIN;T was plotted vs. the number
concentrations of ambient particles larger than 0.5 μm for 3 °C
intervals using the overall database. This is shown for three of
the temperature intervals in Fig. S1. Within each regime, power
law fits gave the best value for the coefficients of determination
(r) overall compared to observed values, with r from 0.6 to 0.8,
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lowest at the warmest temperatures. The prefactors of these
relations were then quantified as a power law dependence on
temperature with an r2 ¼ 0.95. The exponents of the tempera-
ture-interval fits (Fig. S1) were quantified as depending linearly
on temperature with an r2 ¼ 0.90. This determined the final form
of the parameterization as shown in Eq. 1 of the main text.

IN Measurement Uncertainties and Goodness of Parameterization.
Since IN detection by the CFDC can be approximated by a
Poisson arrival process (12), uncertainties in our reported mea-
surements scale with the square root of the IN counts during
sample periods. Uncertainties are thus quite large at number con-
centrations below a few per liter. A selection of measurement
uncertainties (1 standard deviation) are plotted in Fig. S2A, re-
peating Fig. 3B of the main text. This is a plot of the predicted
vs. measured IN number concentrations using the parameteriza-
tion. Aside from the uncertainties plotted in Fig. S2A, a lower limit
of quantification of 0.3 L−1 has been experimentally determined
for 5-min sample periods (13). This is similar to what may be
calculated from Poisson statistical considerations for the 10-min
sample period typical of most of the analyses in the present manu-
script. For example, for a 10-min period while sampling at 1 L per

minute, the lower detection limit (or condition of 95% probability
that a nonzero concentration has been measured) is three times
the minimum count, or 0.3 L−1. These conditions were used to
identify below detection limit data before fitting relations between
nIN;T and naer, and these data points are omitted in Fig. S2A. This
lower detection limit is extended to lower concentrations for sam-
ples collected via the CVI inlet. For the CVI inlet cases (27 sample
periods), the lower limit is closer to 0.01 per liter because aerosol
numbers from cloud-residual particles are enhanced by a factor of
25 or more. Likewise, for some of theWISP-94 samples represent-
ing more than 30 L, lower detection limits were used.

Other panels in Fig. S2 show the predicted values of the other
parameterizations discussed in the paper that depend on tem-
perature alone, all demonstrating various inadequacies compared
to the parameterization that accounts for both aerosol size and
temperature dependencies.

Model Results Summary Plots. Fig S3 shows the zonal mean inte-
grated cloud liquid water path and shortwave cloud forcing in
5-year simulations using the CAM3 model, as described in the
main text.
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Fig. S1. IN number concentrations from the nine projects as a function of temperature (nIN;T ) vs. number concentrations of aerosol particles with diameters
larger than 0.5 μm (naer;0.5), both at standard temperature and pressure conditions, for three specific 3 degree temperature intervals (in °C) centered at the
values indicated. Correlation coefficients squared for the power laws are also shown.
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Fig. S2. Additional comparisons of the performance of the IN parameterization form suggested in this work with parameterizations that do not
include links to aerosol properties. A is the predicted vs. observed nIN;T for the developed parameterization, B is for the temperature-dependent parameter-
ization of the new compiled dataset (Fig. 2 of main text), C includes the prediction of the Cooper (1986) relation (1), and D is the prediction based on the
Fletcher (1962) IN formula (2).
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Fig. S3. CAM3 global model simulations using the IN parameterization of Meyers et al. (1), referred to as CAM3 (Meyers), and the parameterization given in
Eq. 1 of the main text (this study). Shown are annual zonal averages of (A) tropospheric integrated liquid water path and (B) short wave cloud forcing.
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