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Particle size spectra are approximated in the model using histograms composed of bins whose position and N e | AWWIRTTEEET b . o o
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model runs with adaptive size spectrum discretization toggled off (a) and on (b). The plots to the left depict ammonium sulphate sodium chloride by I L (14 bins added) RH [%]
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concentration to be about 15% higher than in the model run without adaptivity. The evolution of sizes of all respectively. Model was run with different initial aerosol size e o - T
particles (i.e. unactivated and activated) is summarised in the plots to the right by plotting the evolution of the spectra (left and right columns, tri-modal lognormal " 000
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scale corresponds to the difference between the drop and air temperatures. The evolution of the relative aerosol composition and vertical velocity of the air parcel (key b0  [EERERRIIiiiiii] AR ___________gwp 1
humidity (RH) is plotted with the green line (bottom x-axis). above ), and different initial number of bins (x-axis). The total 0k I-/’I“"""I/I_ SIPPT SOON

concentration of cloud droplets, and the width of the cloud 4 1 o988 99 992 994 996 998 100 1002 100.4

droplet size spectrum at the end of a model run is given on the wet spectra (every 18 s) time [s] / height [m] RH [%] T AT
y-axis. Toggling adaptivity on results in suppression of the N — N [1/mg] CEN s 50 ° \F/{Vﬁt radii (every 50 steps) EEENI T ——
O B S E RVA I I O N A L DA I A sensitivity of the model results to the discretization parameter. B [V (for N > 30/kg) 0.05 0 005 0.1
A Enmaaaas
case A case B o o _ _
EUCAARI IMPACT RF49 (1900-2200 m) EUCAARI IMPACT RF51 (450-550 m, longitude -1° ... +.5°)  Current analysis is based on the in-situ aerosol observations made on the SAFIRE ATR-42 aircraft

during the EUCAARI IMPACT field campaign (see Crumeyrolle et al., 2010, for details). The

1 aerosol size spectrum within the 10-250 nm radius range was measured using a scanning mobility
1 particle sizer (SMPS), larger particles of radii up to 0.65 ;tm were measured using an optical

i spectrometer (OPC). Two sets of model input parameters are derived from the aircraft

E observations during research flights RF49 (May 13th, flight over Cabauw) and RF51 (May 15th,

1 flight over the North Sea ). Data from these two flights were chosen, for they represent distinct

Wmmban: aerosol characteristics of relatively polluted and pristine air masses. The figures to the left present
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-\ 1 size spectra obtained with SMPS and OPC when the aircraft was flying below cloud base (vertical
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A 1 bars indicate minimum-maximum ranges of measured values). The red dashed lines correspond to
1 g | | \ i | Whitby,lm:l;ain? 1  measurements obtained with an additional pair of SMPS and OPC connected to the aerosol inlet
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102 10 100 102 10 100 through a heater set at 280°C. The black curves are the trimodal lognormal distributions from
paricls dameter fuml - Whitby (1978) used in the simulations discussed above.

M O D E L VS ) O BS E RVATI O N S Figures to the left present results of simulations run with the measured aerosol size spectra used as model input (Spectra

averaged over ca. 200 s.). The initial layout of the histogram bins in the model corresponds to the layout of SMPS and

2509 case A (RF49) OPC size classes. Aerosol is assumed to be initially in equilibrium with the measured ambient humidity, and the initial
spectrum of dry aerosol is found by inverting the x-Kohler curve. Simulations were run with different values of k and
2000 different vertical velocities leading to different maximal supersaturations. All simulations were run until reaching about 150
m above cloud base where the concentration of activated droplets does not change anymore. The final concentrations are
5 oL plotted as a function of the maximal supersaturation reached during the air parcel ascent. Consequently, one CCN
5 activation spectrum (i.e. cumulative number of CCN as a function of supersaturation) is plotted for each value of .
Z.1000 /./‘ffﬁ( 2 The ranges of CCN concentrations measured at the single supersaturation of 0.21% on the aircraft are indicated with
‘ : turquoise bars representing 7 percentiles of the frequency distribution of measured values (1/s, 2/s, ... 7/8 of data points,
500 ; / /,a/fz thickest line ~» median). In the case of polluted air (flight RF49 over The Netherlands) the best agreement with
4+///¥/T j'/// measurements is found for k between 0.16 and 0.32 — typical values of x for continental Europe (Pringle et al., 2010).
0 /%| Much lower values of k are needed for agreement with measurements in the case of marine air (flight RF51 over The North

0 01 02 03 04 05 06 07 08 Sea). However, marine aerosol is expected to be characterised by higher hygroscopicity and thus higher values of x than
for the continental one. One reason for this discrepancy might be the invalidity of the implied assumption that the aerosol
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case B (RF51) WWﬁM is internally mixed and may be described by single value of hygroscopicity parameter  in the whole particle size range.
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(where CCN concentrations were measured at several supersaturations)
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Z// droplet concentration, cloud droplet spectral width at cloud base, etc, expressed as a function of the
/ supersaturation, the x parameter, and aerosol size spectrum parameters

» assessing the closure among model-predicted and measured parameters of cloud-droplet size spectrum
» synthesising parcel model results into LES-suited parametrisations of cloud droplet spectrum parameters such as

/
//// D// / | » performing the comparison using data from other flights as well as ground-based observations at the Cabauw tower
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