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Supplementary information

1 Comparison against another parcel model with corghsation process

The details of the numerical model used in Ghaal.€R011) can be found in Abdul-Razzak et al. @9%%escribing
the condensation process in an air parcel risimgpatically at uniform speed. For comparison ht#tvre, DCPM is tested with
a constant updraft velocitgV/dt = 0, see Eq. 3 in Sect. 2.1) and both collisioalkescence and entrainmenty 0) processes
excluded. Hence, the condensation process detesmawtivated particle numbers and corresponding mmaxi
supersaturation in both numerical mod®& also applied the same initial conditions andstn@e baseline case with a single
lognormal aerosol distribution, as specified in Gleaal. (2011). The number fraction activatedafird as the fraction of
particles with wet sizes larger than their criticalues (Nenes et al., 2001) when maximum supeetain is achieved. Figs.
S1-S6 demonstrate that the simulated maximum safpeasion and number fraction activated from thePMCare in good
agreement with the numerical solutions in Ghan let(2011) for a wide range of updraft velocitiegr@sol number
concentrations, geometric mean radii, geometriadsted deviations, hygroscopicity, and condensatoefficients. As
discussed in Sect. 4.2.1, collision-coalescenadonid droplets is ineffective at early stages efdbserved cloud due to small
drop sizes developed and the condensation procesmdtes droplet growth in the 12 June case-stliigrefore, we can
conclude that this comparison supports the validftthe present model and justify the findings frisnapplication to the

IPHEX case-study.

2 Details of the WRF model configuration

A 5-day simulation (see the WRF domain configuratioFig. 10a) over the SAM was performed usingdtieanced
WRF model in version 3.5.1 (Skamarock et al., 2d6&n 00:00 UTC 08 June for the first domain (06t00C for second,
third, and fourth domains) to 00:00 UTC 13 JuneZfait all four domains. The simulation was set m@imanner similar to
Wilson and Barros (2015) and Sun and Barros (2008g-way nested domains are configured with hotaagrid spacing
of 15-, 5-, 1.25-, 0.25-km. This corresponds ta grizes of 147x121, 267%x288, 552x552, and 555xb6b%hE first (DO1),
second (D02), third (D03), and fourth (D04) domainsspectively. A terrain-following vertical gridithh 90 layers is
constructed with 30 levels in the lowest 1 km AGiddhe model top is at 50 hPa. Initialization aatédal boundary conditions
are updated every 6-hour using the National CefeefSnvironmental Prediction (NCEP) Final OperatibGlobal Analysis
(FNL) with 1°x1° horizontal resolution (Kalnay dt,&996). The Kain-Fritsch cumulus parameterizasoheme (Kain, 2004)
is used in the DO1 (15 km) and D02 (5 km) domadnsl convection is resolved explicitly in the D028 km) and D04 (0.25
km) domains. Other physics options include the Tipeon cloud microphysics scheme (Thompson et 28R @& new version

of the Rapid Radiative Transfer Model radiationesole for longwave and shortwave (lacono et al., 20@& the unified
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Noah land-surface model (Tewari et al., 2004) deedll four domains. The Mellor-Yamada-Janjic ptary boundary layer
scheme (Janjic, 1994) is selected together withvthain-Obukhov (Janjic Eta) surface layer schentee $oil temperature
and moisture fields are also initialized from the P FNL data.
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Figure S1: Maximum supersaturation (a) and number faction activated as a function of updraft velocitycalculated by the DCPM

(red lines) compared to the numerical solution in @an et al., (2011; blue lines) using the same irati conditions and aerosol
properties. In the baseline case, the aerosols havember concentration of 1000 crd, geometric mean radius of 0.0pm, a geometric

standard deviation of 2, and a hygroscopicity of @; the condensation coefficient is 1.0 and the umifm updraft is 0.5 m s,
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Figure S2: As in Fig. S1 but as a function of aero$ number concentration.
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Figure S7: Diurnal cycles in local meteorological ariables: wind speed (a), wind direction (b), reldve humidity (c), and ambient
temperature (d), measured at MV during the IPHEx IOP. The blue box represents the interquartile rangglQR) from the lower
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5 black lines (“whiskers”) extending from the centralbox denote the +1.5 IQR interval, and red plus sigs mark outliers that fall out
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Figure S8: Diurnal cycles in total aerosol number ancentrations from the SMPS (Nn,smps, a) and PCASP (Nn,pcasp, b), and in

hygroscopicity parameter f, ¢) and CCN concentration (Ncn, d) at three supersaturation (S) levels measured 8V during the

IPHEX IOP. Mean values are denoted as solid circlesnd sample variability is indicated by short verttal bars, representing plus
5 and minus one standard deviation.
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Figure S9: Variations with height of the parcel suprsaturation (S, black lines) and droplet equilibrum supersaturation (Sgq,
coloured lines) for six representative diameters oflry aerosol particles (Rero) for four simulations: a) a, = 0.002, b)a, = 0.01, c)

a, =0.03, and dja, =0.06. The horizontal dashed line depicts CBH.
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