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Abstract. We investigate the formation and growth of periods when the atmospheric station is out of clouds. The
charged aerosols clusters at Jungfraujoch, in the Swiss Alpsole of ions in the nucleation process was investigated and we
(8580 mas.l.), the highest altitude site of the European EU- found that the ion-mediated nucleation explains322 of the
CAARI project intensive campaign. Charged particles andparticle formation. The NPF events frequency is correlated
clusters (06— 1.8 nm) were measured from April 2008 to with UV radiation but not with calculated 2304 concentra-
April 2009 and allowed the detection of nucleation eventstions, suggesting that other compounds such as organic va-
in this very specific environment (presence of free tropo-pors are involved in the nucleation and subsequently growth
spheric air and clouds). We found that the naturally chargedprocess. In fact, NPF events frequency also surprisingly in-
aerosol concentrations, which are dominated by the clustecreases with the condensational sink (CS), suggesting that
size class, shows a strong diurnal pattern likely linked toat Jungfraujoch, the presence of condensing vapours proba-
valley breezes transporting surface layer ion precursors, prebly coupled with high CS are driving the occurrence of NPF
sumably radon. Cosmic rays were found not to be the majorevents. A strong link to the air mass path was also pointed out
ion source at the measurement site. However, at night, wheand events were observed to be frequently occurring in East-
air masses are more representative of free tropospheric corrn European air masses, which present the highest conden-
ditions, we found that the cluster concentrations are still high.sational sink. In these air masses, pre-existing cluster con-
The charged aerosol size distribution and concentration areentrations are more than three time larger than in other air
strongly influenced by the presence of clouds at the stationmasses during event days, and no new clusters formation is
Clouds should be taken into account when deriving high alti-observed, contrarily to what is happening in other air mass
tude nucleation statistics. New particle formation occurs ontypes.

average 15% of the measurement period and shows a weak
seasonality with a minimum of frequency during winter, but
this seasonality is enhanced when the data set is screened fgr

Introduction

Aerosols play an important role in the Earth radiative budget

Correspondence tal. Boulon through their direct (Charlston et al., 1991) and indirect effect
BY

(i-boulon@opgc.univ-bpclermont.fr) (Twomey, 1974). In fact, the influence of aerosols represents
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the highest uncertainty in understanding and modeling theéng the EUCAARI (European Integrated project on Aerosol
climatic system and its future evolution (IPCC, 2007). One Cloud Climate and Air Quality interactions) intensive obser-
of the actual challenges in aerosol science is to describe acration year 2008—2009 (Kulmala et al., 2009; Manninen et
curately how new particles are formed from gaseous precural., 2010).

sors. The formation of secondary new particles have now

been studied for several decades, but the degree of our knowl-

edge on the theoretical mechanism (gas — particle conver? Methods

sion), is not sufficient to accurately predict where, when and
with which intensity new particle formation events will take

place in the real atmosphere. Among other uncertainties, thgungfraujoch is situated on the Northly crest in a saddle

role of ions or neutral species remains unclear. _ between the mountains dch (4099 ma..) and Jungfrau
lon-mediated nucleation (IMN) involves the condensation 4158 m as 1), and belong to the glacier accumulation zone.
of vapors on positive or negative ions. The attractive po-agrosol measurements were performed at the Sphinx labo-
tential between ions and ions and between ions and the,sory |ocated on the southern side of the Jungfraujoch at
dipole moment (induced or not) of the condensable vapor ré3580 masl. (46°32'51" N, 7°59'6" E), Switzerland, 100 m

duces the thermodynamic barrier for nucleation and hencey oo\, the main crest of the Bernese Alps. Jungfraujoch is

enhances the condensational growth (Lovejoy et al., 20043 siation of the Global Atmosphere Watch (GAW) program.

Nadykto and Yu, 2004). Conflicting views about the rela- therefore, among other parameters, the total aerosol number
tive importance of IMN subsist between modelling studies ¢,ncenration, light absorption and scattering coefficient at
(see for example Laakso et al., 2002; Harrisson and Carslaw,ious wavelength are routinely measured at the site (Col-
2003; Yu et al., 2008) which assess that IMN should be ang,q coen et al., 2007). Additionally, the size distribution be-
important source of atmospheric particles and field measureg,cen 16 and 570 nm is measured by a custom built SMPS.

ments (see for example Eisele et al., 2006; Manninen et al.\eteorological parameters are monitored at the Swiss Na-
2009) who show that the contribution of IMN to new parti- jona| Monitoring Network for Air Pollution (NABEL), lo-

cle formation in planetary boundary layer (PBL) is less than .4¢ad within a horizontal distance of 150m, at the top of

10% in average. In any case, the charged fraction of clusterg,q crest (3580mal.). The monitored parameters include
and particles is a good indicator of the presence of neutra{hirty minute averaged concentrations of NO, N®Oy and
clusters and particles. o O3, and daily averaged concentrations of S@erosol sul-
_Long-term aerosol measurements in different types of ey, ang particulate matter with aerodynamic diameter below
vironments is still a valuable approach to better understand um (PM10). Neutron measurements were performed on
which conditions promote the new particle production in the i terrace of the Sphinx laboratory with an IGY neutron

atmosphere. New particle formation events have been obq,onitor which is composed by 18 counter tubesi@Kiger
served in various environments (¢€gimala et al., 2004, for ;4 Hitikofer, 2009).

a review) from polluted area @neri .et al., 1996; Harrison The campaign dataset is composed of 309 days starting
et al., 2000; Woo et al., 2091; Stanier et al., 2004; Du_nn €% om the 9 April 2008 to the 5 May 2009 with 83 days of
al., 2004) to c[ean or rural sites (Weber et al., 1998KBB  jyierryption due to instrumental failures. The measurements
etal., 1997, O'Dowd et al., 1998; Suni et al., 2008), polar ar- 516 performed with an instrument which classifies total par-
eas (Weber et al., 2003; Asmi et al., 2010) and high altitude;cjes (charged and neutral), and negative and positive atmo-

sites (Weber et al., 1995; Venzac et al., 2007; Shaw, 2007gperic jons according to their electrical mobility.

Nishita et al., 2008; Rodriguez et al., 2009). It has been re-

cently proposed that nucleation was promoted at high altitudez 2 The Neutral cluster and Air lon Spectrometer

(Venzac et al., 2008). During the day, Jungfraujoch is influ-

enced by injections of air parcels from PBL; Air masses from The mobility distributions of atmospheric positive and neg-

alpin valleys and the Swiss plateau from lower altitudes areative ions are measured with a Neutral cluster and Air lon

transported to the site by thermal convection (Nyeki et al.,Spectrometer (NAIS) developed by AIREL Ltd., Estonia

1998). Thus pronounced diurnal cycles are observed for var{Mirme et al., 2007). This instrument provides alternatively

ious aerosol parameters (Lugauer et al., 2000). Data acquiretthe electrical mobility distribution of both negative and pos-

in such a site gives valuable information on both the PBL anditive ions and of total particles in the mobility rangel8 to

the FT, but it requires a careful analysis which should take0.0013 cnfV~1s~1. The NAIS sampling principle of atmo-

into account the PBL dynamics and the local meteorologi-spheric ions of each polarity (negative and positive) is based

cal parameters such as the frequent presence of clouds whiamn the simultaneous selection along two differential mobility

further complicates the picture. analyzers and their subsequent simultaneous detection using
In the present paper, we report and analyze nucleation andl isolated electrometers in parallel. The conversion from

new particle formation events detected at the high altitudeelectrical mobility to diameter is calculated according to the

site Jungfraujoch, located in the Alps (3580mla dur- Millikan mobility diameter. For the mean local pressure and

2.1 Measurements
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temperature, the NAIS can collect ions in the diameter range - Ib: these events are not as strong as class la events and

0.5to 49nm. sometimes cluster or intermediate growth are not clearly
For the detection of total particles, an additional pair of visible on the size distribution but the growth rate cal-

unipolar charger and electrostatic post-filter were added to  culation remains possible.

the inlet section after the ion offset section of the NAIS de-

vice. Particles are charged by ion currents using a corona — !l @ clear event is identify but the growth from clus-
discharged and analyzed according the same process as the t€rs to large particle is not regular and the shape of the
ion measurement mode. The role of the additional electro- size distribution is unclear. Further analysis of the new

static post-filter is to cut off the concentration of coronaions ~ Particle formation characteristics are complex.
used to charge the particles in the charger. Previous study de-
fined the limit of the total particle detection down+a2 nm. B
Below this size, particles measurements are not relevant
since the post-filtering process also filters the sampled newly
formed particles (Asmi et al., 2009). The NAIS sampling
is performed through a specific inlet (leng#800 mm, di-
ameter= 32 mm, flow rate= 10° cm®s™1), directly through

a window of the station. The design of the inlet was opti-

mized to minimize diffusion losses and ion recombination. The new particle formation process can be described by dif-
The size-cuts of large charged or neutral particles samplegerent steps. Four different boundary diameters (1.3, 3, 7 and
through the NAIS inlet are respectively 10pum and 2Um 20 nm) were determined as representative of different growth
for wind speeds of 2nTs' and 5ms™. As a result, few  gteps, as usually chosen for GR calculations (Hirsikko et al.,
droplets could enter the inlet, except at wind speed smallegoo5), due to the evolution of growth rates during new par-
than 5ms*. This phenomenon could lead to an overes-icje formation events. Hence the growth could be described
timation of ions number concentration since impaction of 55 follows: First, the smallest particles (1.3nm) concentra-
droplets could lead to ions production. Furthermore to avoidijon increases until a local maximum, then it decreases fol-
the freezing of the inlet a heating system was adapted to thgyying a gaussian shape. While this population concentra-
inlet, automatically switching on when the temperature wastion decreases, the next one (3nm) starts to increase until
below 0°C. _ _ reaching a local maximum etc. The growth rate between two
The intrument was calibrated at the same time than otheg;jze classes were computed by calculating the time needed to
instruments (AIS and NAIS) involved in the EUCAARI  gyjitch from the lower size class local maximum concentra-
project before and after the field campaign, where an interyjon, to the nearest higher size class local maximum concen-
comparison was performed in order check the quality of theyation, as proposed by Hirsikko et al. (2005). In the present
measurements. The total particle concentrations measuragjork, a normal distribution is fitted to the different size class
by NAISs weret+50% of the reference CPC concentration at concentration maxima using a trust-region algorithm (Byrd
4-40 nm sizes (see Asmi et al., 2009; Gagnal, 2010). et al., 1987) by minimizing the least square residues. Thus
the growth rate was computed using the fitted parameters as
follows (GR.—y =y —x/10,y —t0.x). GRs were computed for
class laand Ib NPF classes. However, for some class Ib days,
the GRs calculation was not possible due to local pollution

A new particle formation event, as previously described by€vents, changes in air masses or NPF interruption by clouds.
Dal Maso et al. (2005), must present four criteria: “1. a dis- Those days were not taken into account in the growth rate
tinctly new mode of particles must appear in the size dis-analysis. Furthermore, the effect of coagulation on the size
tribution, 2. the mode must start in the nucleation mode, 3.€volution was not included in the GR analysis since its effect
the mode must prevail over a time span of hours and 4. thés negligible (Manninen et al., 2009).

new mode must show signs of growth”. The classification
of event days was performed visually using the daily contour

plot of the ion size distribution evolution. Data were first cat- . . . .
Ictp order to characterize the new particle formation events, it

egorized into three main classes: undefined, non-event an : . ;
) . . . IS also important to determine the rate of particles formed
nucleation event days. Since different types of nucleation can

e . during the event, i.e. the formation rate of particles which
be observed, event days were classified into different Classe(%ameter is of nm (J; [em~3 1), and especially during the
(la, Ib, I and Bump) according to their quality and their ap- ! ! P y 9

o : . . first steps of particle’s growth, from 2 to 3 nm (Kulmala et
plicability to a growth rate analysis (Hirsikko etal., 2007): al., 2001). The formation rate can be calculated from particle

— la: continuous growth of clusters.@nm) to large par-  concentration in the size range from 2 to 3 n¥p(3), the
ticle (= 20 nm). growth rate of 2 nm particles which is assumed to be the

Bump: a burst of clusters is detected but it is not fol-
lowed by a significant growth and particle formation.
Different explanation are possible such as the total con-
sumption of the condensing vapors or a change in the
air mass.

2.3.2 Growth rates estimation

2.3 Data analysis

2.3.1 New particle formation events classification

2.3.3 Formation rates calculation

www.atmos-chem-phys.net/10/9333/2010/ Atmos. Chem. Phys., 10, 9333-9349, 2010
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same over the whole size class 1.3—-3nm {@R) and the

J. Boulon et al.: Charged aerosol measurements at Jungfraujoch

678#cnt3 for negative ions and 709 # cm for positive

loss of particle by coagulation scavenging of 2 nm particlesones. From 06:00 LT, the concentration of both polarities

on larger pre-existing particles Coags 1] (Kulmala et al.,
2007).

increase until reaching a maximum of 825 #chand 875
#cm 3 respectively for negative and positive ions at 13:00

LT. Then the concentrations decrease rapidly from 15:00 to

dN>_3 f
= TrmCrua-3N2-3 (1) 18:00LT to reach the level of night time.

The formation rate of charaed particles in the size ran f Baltensperger et al. (1997) showed that diurnal variations
€ formation rate of charged particles € Siz€ range oyt aerosol parameters such as surface area are due to ther-
2-3nm, i.e. the charged formation raL§ for both polarity

can be calculated from the charged aerosol size distributio mally driven vertical exchange. In their article, Lugauer et al.
. : . 2 hav monstrated that during winter th ngfrau-
obtained from the NAIS. To take into account the loss of ions: 000) have demonstrated that during er the Jungfrau

by ion-i binati d the attach tofi ¢ joch is most of time decoupled from the PBL and, during
y lon-lon recombination and the attachment ot 1ons o NeU, summer, air from the PBL is transported to the site by
tral particles, two terms were added to Eq. (1) :

thermally driven convection. Zellweger et al. (2000) were

Jo=

+Coag$3 x No_3+

n N3, n f n more restrictive and showed that during summertime, night
Jo =—, +Coagg x N~ 3+ Tnm anR1~3*3N2—3 time measurements with northwesterly advection are consid-

ered to represent FT conditions according to the, Sfeci-
ation. Another study made by Forrer et al. (2000) confirms
whereNgt_3 is the ion number concentration (positive or neg- the transportation of some gases (e.g. CO) is made by ther-
ative ions)[#cm 3] in diameter range from 2 to 3nm and mally driven vertical transport which occurs during daytime.
NZ_ is the ion number concentration belownm. Coag$ Finally, night time measurements from 03:00 to 09:00 were
is the condensation sink of 2nm particles!] (derived  considered representative of FT conditions for Jungfraujoch
for NAIS data), GR3_3 is the growth rate for the 1.3— (Weingartner etal., 1999) but also for other high altitude sites
3nm size clasgnmh1]. « and g are respectively the ion- in Europe (puy de bme, Venzac et al., 2007, and high alti-
ion recombination coefficient and the ion-neutral attachmentude Himalaya, Venzac et al., 2008). Here, we calculated the
coefficient and were assumed to be equal respectively tagliurnal variation of CO, CS, neutron flux and wind direction
1.6x 10 8cmPs L and 1x 108 cm3s~! (Tammet and Kul- ~ and speed averaged over the measurement period (Fig. 2).
mala, 2005). The factof represents the fraction of the ion The clear diurnal variation of the CO concentrations and CS
population in a size range from 2 to 3 nm which are activatedwith a maximum at mid-afternoon and the positive correla-
during the growth. In this study we assumed this factor totion between these two variables= 0.7373) confirms the

+ax Ny gNF— B x No_3N%, @)

be equal to unity. The time derivative @f,_3 is directly
obtained from the NAIS measurements.

2.3.4 Air mass analysis

influence of the PBL at the measurement site during the day.
This is also confirmed by the typical wind pattern of valley

breezes shown on Fig. 2c. Considering the pre-cited stud-
ies and the diurnal variation of aerosol and CO concentra-

] ) o ) tions, CS and wind direction observed at Jungfraujoch over
The impact of the air mass origin and trajectory on the ihe measurement period, the data set has been segregated into
charged aerosol concentration and on the potential of nuy,o sub data sets composed of night time measurements on

cleation is studied after calculation of three days air massype hand. and day time measurements (from 09:00 to 18:00
back trajectories using the HYSPLIT transport and disper—LT) on the other hand.

sion model (Draxler and Rolph, 2003). Three days prior The total ion concentration measured at night (Fig. 1) can

sampling were chosen based on the turnover time of aerosqye considered as a FT ion nighttime background, while the
particles, evaluated to be from 1.6-1.7 days for nuclei siz&ncrease of ion concentrations during the day is likely due to
ranges, to 2.4 days for 200 nm particles (Tunved et al., 2005)gqyection of ions or ion sources from the planetary boundary
The calculation is performed over the whole field campaign|ayer. |ons are classified in three different size classes: the

period every 12 hours at 00:00 and 12:00 Local Time (LT). clyster ions from @ to 18 nm, intermediate ions from 2to
Since the air mass origin and path to the measurement sitg g n,m and large ions from 8 to 47 nm.

do not differ significantly between 00:00 and 12:00, only re-

: ' : e Clusters are considered as embryos for new particle for-
sults for 00:00 will be included in our analysis (Fig. 6).

mation and growth, they are found to be ubiquitous in the at-
mosphere (Kulmala and Kerminen, 2008), intermediate ions
concentrations usually increase only when a NPF is occur-
ring (see Venzac et al., 2007, 2008), lastly large ions can
be disconnected from the new particle formation events and
be linked to external incoming of polluted air parcels. Total
The yearly median total ion concentration (Fig. 1) presentsion concentrations are dominated by the cluster ions concen-
a diurnal variation pattern. During the night, the concen-trations, which drive the observed diurnal variations. The
tration of ions is quite stable with a mean concentration ofknown sources of ions are either radioactive species such as

3 Results

3.1 Ultrafine charged aerosol climatology

Atmos. Chem. Phys., 10, 9333-9349, 2010 www.atmos-chem-phys.net/10/9333/2010/
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Fig. 1. Median diurnal variation of positive ion size class concentrations from July 2008 to April Z8D&luster ions(b) Intermediate
ions and(c) Large ions. Summer: July—September 2008, Fall: October—December 2008, Winter: January—March 2009.

radon, or cosmic rays (CR). Due to the local cosmic raystween them) to low concentrations during summer (Fig. 1).
anisotropy, regular daily variations of the CR flux is esti- This result is in agreement with the analysis performed by
mated to be on average 1% (Usoskin and Kosvaltsov, 2008)Weingartner et al. (1999) who pointed out that 10-18 nm to-
Other variations of CR fluxes could be more important buttal particles concentrations showed a maximum during win-
on timescales larger than the day. As a proxy of atmospherigertime. A closer look at the diurnal variation of cluster ions
ionization and CR flux we analyse the neutron flux using shows that summertime cluster ions are lower than winter
neutron counter measurements (Aplin et al., 2005). Theime cluster ion concentrations especially during the 15:00—
observed diurnal variation of neutron flux during this field 24:00 time range. Hence, it is likely that the high concen-
campaign was 0.16%. Since the observed diurnal variatiortrations of larger particles drifted up the station during sum-
of charged cluster concentrations (average 22.5%) is highemertime around this time of the day represent a significant
than the one of CR flux proposed by Usoskin and Kosvaltsowcondensational sink for the cluster ions.

and higher than the diurnal variation of neutron flux mea- The seasonal variation of intermediate ions is also showing
sured during the field campaign, we assumed that cosmi@ minimum for summer time. During winter, intermediate
rays are not the major ion source at the measurement sit@ns strongly peak between 12:00 and 15:00. This peak could

and that radiocative species such as radon is mainly respome linked to the presence of clouds, which effects will be
sible of the ion production at this altitude. In the PBL, pre- studied in the following section.

vious studies of ion diurnal variations showed that radon is
the main ionizing agent responsible of the cluster ion forma-3.2 Cloud effects
tion (Horrak et al., 2003). &ggeler et al. (1995) showed that

radon concentration at Jungfraujoch is dominated by transcjouds are known to have a significant effect on ion clusters
port and not by local production since the ground is mostand intermediate ion concentrations and on NPF occurrence
of time covered by snow. According to those previous re-(venzac et al., 2007; Lihavainen et al., 2007). Consequently,
sults and to the diurnal PBL injection of air parcels at the we chose to further separate potential cloudiness conditions
measurement site (Figs. 1 and 2), we can assume that thgom clear sky conditions and analyze them separately to bet-
diurnal variation of the cluster ions concentration is mainly ter characterize the cloud effect on aerosol. Unfortunately,
due to the vertical transport of high radon concentration airp\wC measurements were not available during the field cam-
parcels from the planetary boundary layer during the day angajgn, and we used RH data to segregated in-cloud from out-
to atmospheric ionization from galactic cosmic rays (GCR) of-cloud conditions. The limit value of RH used to distin-
or residual radon during the night. However, a deeper stud;guish out-of-cloud and in-cloud conditions (i.e. RHD6%)
is needed to investigate the respective role of radon and GCR35 validated using LWC data for the puy déme sta-
in ions formation at this site using direct correlations. tion and Nepal station (unpublished data). Mean and median
A weak seasonality of total ions concentration, largely ion concentration variations are reported on Fig. 3. In or-
dominated by clusters, was found, opposing high concender to determine if differences are statistically significant be-
trations during fall and winter (no significant difference be- tween our sub-classes (nighttime/daytime, in-cloud/out-of-

www.atmos-chem-phys.net/10/9333/2010/ Atmos. Chem. Phys., 10, 9333-9349, 2010
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Fig. 2. (a) Mean diurnal variation of carbon monoxide (blue) and condensational sink (gte&mane), (b) neutron monitor count rate
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cloud, positive/negative polarity), a T-test was performed oncentrations are different from median in-cloud ion concentra-
the data set (Table A2). For the cluster size classes, ion cortions, indicating that intense sporadic events are taking place
centrations decrease by a factor db 10 25 when the con-  under cloudy conditions. From the comparison between me-
ditions change from out-of-cloud to in-cloud (Fig. 3a). Inter- dian and mean ion concentrations in cloud, we conclude that
mediate ions concentrations are, on the contrary, surprisinglgloud conditions favor the production of sporadic high con-
increased by the presence of a cloud, especially for the negasentrations of cluster and intermediate ion positive and espe-
tive ions. The effect of clouds that we observe on cluster ionscially negative ions.

is in agreement with the results reported by Venzac et al. at Clouds have a complex effect on ions, particles and gas
the puy de @me station (Venzac et al., 2007) and Lihavainen concentrations. Consequently, in order to understand the im-
et al. (2007), who argue that the cloud is a powerfull scav-pact of other parameters on nucleation and NPF, it is impor-
enger for cluster ions. Cloud effects on intermediate ions,tant to segregate in-cloud from out-of-cloud conditions at al-
however, are different according to the measurement site : intitude sites. This will be done in the following sections.
clouds, the intermediate ion concentrations decrease at the

PBL forest site of Hyy#la (Lihavainen et al., 2007), but re- 3.3 New particle formation event analysis

main unchanged at the altitude site of puy dini (Venzac o

etal., 2007) and increase at the high altitude site of Jungfrau3-3-1 Event statistics

joch (this study). Further studies are necessary to understanfi
this phenomenon especially the role of cloud microphysics
which should be investigate deeper.

he 309 days of data were analyzed and classified into event,
‘non-event and undefined days (Sect. 2.2.1). Undefined days
(25 days) represent onlyB% of the data, 7.8% of observed
Concerning the large ion mode, as expected for this sizedays were classified as non-event days (228 days) and among
negative and positive ion population are close to equilibriumthose days, 59% (135 days) were classified as “in cloud” con-
under clear sky conditions. In the presence of a cloud, thalitions. NPF events were observed on5P% of days (54
two populations are increased by a factot (41%) and 12 days). Monthly statistics are shown on Fig. 4 and class oc-
(20%) respectively for positive and negative ions. Figure 3bcurrence of NPF event according ittirsikko et al. (2007)
is showing the mean ion concentrations (as opposed to thare presented Table 1. New particle formation frequencies
median ion concentrations shown Fig. 3a). The mean out-ofpresent a clear seasonality with a minimum of events dur-
cloud concentrations are not significantly different from the ing winter and maximum from spring to autumn. The max-
median concentrations. However, the in-cloud mean ion conimum of events occurred in April 2009 (&6 of observed
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[ Clusterons Table 1. Statistics of nucleation events.
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Fig. 4. Monthly frequencies of nucleation/new particle formation
events. Grey bars: events according to the total number of days;

Fig. 3. Yearly mediantop pane) and meanlfottom panélconcen-
g y ©p pane) & pang blue bars: events according to the number of clear sky days.

tration cluster (blue), intermediate (green) and large (red) ion con
centrations from July 2008 to April 2009 on daytime and nighttime

under clear sky and cloudy conditions. NPF process we confirm that cloudy conditions inhibit the

new particle formation process. This phenomenon has to be

linked with 1.- the lack of production of condensable species

days present an event) and the minimu_m during Decembe{)y photochemical processes, 2. the scavenging property of
2008 (36% of observed days). An especially high frequency cloud droplets which could remove clusters or/and condens-

of nucleation event (highest number of Ib events) was 0b-pp, 0 \anors from the atmosphere (Baltensperger et al., 1998)
served during January 2009. Meteorological parameters angy, 3 the significant increase of the CS (due to the high
air mass origin analysis do not show significant dlfferencessurface area droplets offer for condensing). However, even

compared to other months. A longer study of nucleationy, i clouds seem to affect the frequency of NPF events,
events at Jungfraujoch is needed to statistically characterlzghey do not drive their seasonal variation. Indeed. the maxi-

this seasonality. At other sites where a NPF events seasonﬁgum of cloud frequency is observed during summer. Hence
variation could be studied, the maximal occurrence was USUg e seasonal variation of the frequency of NPF events is even

ally observed during the spring and autumn seasons as Wefl, e hronounced when considering only out-of-clouds con-
(Manninen et al., 2010), and during the summer season fOHitions (Fig. 4).

altitude sites (Venzac et al., 2008) while the minimal occur-  po o aters influencing the new particle formation fre-
rence frequency is always observed during winter (Venzac e&uency was further investigated considering different at-
al., 2008; Manninen et al., 2010; Boulon et al., 2010). Themospheric components such as,S@; concentration,
seasonal variation of the frequency of NPF events is OppOSit?-I2504/CS, UV radiation and UV/CS (Fig. 5). Since no
to the seasonal variation of ion cluster concentrations MeNt. s, direct measurements were conducted during the field
tioned section 3.1. Hence, the concentration of preexistinq:ampaign’ we calculated the proxy proposed by 4Reet
cluster ions is not necessarily linked to NPF events at theal., 2008) with Hyytala's parameters (Eq. 3 wheke= 8.8 x
Jungfraujoch station. 10" m?W~1s1). Hence HSQy real concentrations could

The presence/absence of a cloud during NPF days wage very different from our calculations, but their time varia-
checked for all the NPF days and it appears that clouds reacfions should be respected.

the measurement site during the NPF process for only 4 days

(7.1% of NPF observed days). Furthermore, when a cloudproxy([H,SOs])=k x [SG] xUVB (3)
occurs during the event the nucleation/growing process is CS

stopped. Considering the low frequency of nucleation dur-We show that even if a slight positive correlation between
ing cloudy conditions and the fact that clouds interrupt theH>SO, concentrations and nucleation frequency exists (
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0.067), this proxy cannot explain the observed nucleationfrom Eq. (4), assumingz rec=0cm3s—1. 1IN contribu-
frequency. Furthermore, the nucleation frequency is anti-tion to nucleation event at Jungfraujoch is&b. This value
correlated with HSOy/CS and UV/ICSK = —0.419 andr = is higher than the one computed by Manninen et al. (2009)
—0.227 respectively) and hence positively correlated withfor the boreal environment suggesting that 1IN is more im-
theCS (r =0.471). In fact, the strongest correlation is found portant for nucleation events at Jungfraujoch than at lower al-
to be the one with UV radiation alone £ 0.552). Those titude sites. The median value:bf, J, andJ; at Jungfrau-
results suggest that 1. other compounds tha8®4 such as  joch are respectively.09, 028 and 203 cn3s~1. Accord-
VOCs must be involved in the new particle formation pro- ing to Manninen et al. (2010);" found at Jungfraujoch is
cess as previously shown by Laaksonen et al. (2008) andimilar to theJ;* computed for many other sites in Europe,
Paasonen et al. (2009) repectively in the boreal forest enyhile it is the J, found at Jungfraujoch which is significantly
vironment and at a forest high elevation site (Hohenpeis-ower than the/, found at other places in Europe. The frac-
senberg, 980ma.s.l.), and in smog chambers by (Metzgefion of ion-mediated nucleation is hence higher than at other
et al., 2010), and, 2. the new particle formation process akjtes because of the lower neutral nucleation detected at this
Jungfraujoch is linked to polluted air parcels incoming since high altitude site. This finding is conflictual with the results
the events are postively correlated with the condensationagrom Mirme et al. (2010) who found no sign of an enhance
sink. role of ion-induced nucleation toward the tropopause. It is
worth mentioning that out/, calculation is a higher limit,
since 3 nm particles concentrations detected with the SMPS
technique were measured to be lower than the 3 nm particles
detected from the NAIS. According to those results, we can
as previously shown by Arnold (1980); Yu and Turco (2001). assume thgt io'n—mediated nucleation is a significant source
In order to quantify the role of ions in the nucleation proceszsOf new particle in the troposphere as _p_rewously showiby

at Jungfraujoch, we computed the charged cluster formatior‘iat al. (2008) for boundary layer condiitions.

rate, the total cluster formation rate and the ion-mediated rat
for 2 nm particle.

Ihe analysis of the 2nm charged particle formation ratesg owth rates were calculated for la and Ib events (detailed
(V7. Table A1) shows that negatively charged particle forma-grqth rates and formation rates are reported Table Al).
tion rate is always higher than the one of p_osmve particles™ GR can vary over different size ranges of nanometer sized
whatever the class of event (la or Ib). Within the accuracy,icles because 1. the condensable surface do not grow lin-
of the method, the total particle formation ratés(EQ. 1) eanly with size and 2. the condensable gases concentrations
were estimated from the data provided by the particle mode 5y yith time (with the intensity of photochemistry for in-
qf mea§urement of the NAIS. Thlslwas donein prdgr to QUaNstance). These reasons usually lead the analysis of nanoparti-
tify the importance of the ion-mediated nucleation in this en- 1o growth rates to be split in several size ranges. In fact, we
vironment. We fognd that the medidawas 8.8 imes bigger  ¢5,nd that given the uncertainty on the calculated GR, they
than the mediaa’y” (Table Al). In other environments such 4 ot vary significantly from one size range to the other, but
as the boreal forest; is at least one order of magnitude big- yecided to still split our results in usual size ranges for GR
ger than the charged particle formation rate (Manninen etal. .o ey jations. The mean growth rate values for class | events
2009). This indicates that ion-mediated nucleation (IMN) iS ;, a5ch size class are [541.7, 5.3+ 3.5, 5.7+ 2.2] respec-
relatively important at Jungfraujoch. In order to investigate tively for 1.3-3, 3—7 and 7—20 nm size classes, showing that
the role of ions in nucleation, we have calculated the fractiony, o growth was rather constant from 1.3 to 20 nm. No signif-
of IMN according to Eq. (4): icant differences were found between the class la and class

3.3.2 Charged and neutral particle formation rates and
the role of ions in nucleation at Jungfraujoch

lons significantly contribute to new particle formation events,

$.3.3 Growth rates analysis

J2+ +J5 + J2rec Ib regarding the mean growth rates.
IMN = T n Concentrations of condensable vapors and source rates
_ were calculated from GRs values according to Dal Maso et
where Jprec=38xa x N;” x N; (4) g

al. (2002). Gaseous source rates at Jungfraujoch are rela-
wheres is the probability that a collision between two ions tively low (5.1243.8 x 10° cm~3s~1) compared to those ob-

of both polarities leads to the formation of a stable neutralserved in the boreal forest or in coastal environment (from
cluster (here we assume that 1), « is the ion-ion recombi- 1.1 to 52x 10°cm~3s~1). This difference is not surprising
nation coefficientNl.i is the concentration of ions which size since boreal forests and coastal environments are known to
range were selected in order that the diameter of the resulthouse high biological sources of condensable vapours, such
ing neutral diameter was in size range 2-3 nm. IMN showsas VOC emitted from the vegetation or iodine compounds
a large range of values depending of the event day with @&mitted from exposed sea weed fields.

median value of 23%. Manninen et al. (2010) have com-  In Hyytiala, growth rates are respectively9l 3.6 and
puted ion-induced nucleation rate (IIN) which can be derived4.2 nmh 1 for the size classes 1.3-3, 3-7 and 7-20nm

Atmos. Chem. Phys., 10, 9333-9349, 2010 www.atmos-chem-phys.net/10/9333/2010/



J. Boulon et al.: Charged aerosol measurements at Jungfraujoch 9341

30 30
[ ¢ ¢ ¢
r =0.067 2 ¢ =:0.419 =-0.227 ¢ 2 ¢ oss2
¢ ¢ ¢
20 3 ¢ o 4 . 20 . ¢
=
Sl —m ¢ 'y ’
% 1 1 1 1
g
H 0 ¢ ¢
£ 0 ¢ ¢ X
1 1 10| 1
[ ¢ L ¢
[ ¢ ¢ ¢
(‘15 20 25 30 35 40 0 10 20 30 40 50 60 70 80 9 0 250 300 350 400 450 500 1 2 4 6 8

H,S0, [x10" molec.cm™*] H,S0,/CS [x10° molec.s.cm™] UV/CS [W.s.m~?] UV radiation [x10~* W.m 2]

Fig. 5. Relation between events frequency and atmospheric components.

(Manninen et al., 2009). It is surprising that the Jungfrau-are explained by the authors as the result of high organic
joch GRs are higher than at a high volatile organic com-vapor concentration from desert vegetation associated with
pound (VOC) concentration sites such as the boreal forhigh UV-A radiation.

est. On another hand, the condensational SB&=£ 2.39+

1.56x10"4s71 for all days, and for out-of-cloud condi- 3.4 Air mass origin analysis

tions CSevents= 2.90+ 1.12 x10%4s™1 and C Snon-events= _ _ _ _ _ _
2.54+152x10~4s~1) at Jungfraujoch is so low that even In this subsection, we investigate the impact of the air mass
limited concentration of condensable vapours can triggerPrigin on the occurrence of the new particle formation pro-
new particle formation easily. To compare to other sites,C€SS. Air masses were classified according to their geograph-
this CS value is lower than the one computed by Venzadc@l origin with a resolution of 10x 10° (Fig. 6). According

et al. (2007) for the puy de @ne altitude station{s = to the Hysplit model, all air masses originate from more than

58x 104 s~1) or for the NPO-P station (Venzac et al., 2009; 2500 mas.. but since this model uses as input data meteo-
CS=15.643.6 x 10~4s71), and according to Manninen et roligical variables with 10 of resolution, it cannot describe

al. (2010), the Jungfraujoch CS value is the lowest of thelocal air mass motion such as topographical effects or con-
12 european EUCAARI measurement sites. The GR calcuvection. Assuming that, altitude outputs are overestimated
lated in this work differs slightly form the one computed in for high altitude sites and can not be discussed in this paper.
Manninen et al. (2010) (i.e. GR_3 = 3.7 nm '), due to Five different classes were created depending of the air mass’
differences in the calculation methods and to some SubjeCOrigin: Atlantic, African, Nordic, Eastern and Western Euro-
tivity on the choice of the time lap over which the growth P€an air masses. Atlantic (836) and European continental

is calculated. The difference between the GR calculated irPrigin (respectively 8% and 142% for eastern and western
this work and the ones given in Manninen et al. gives an idea=Urope origin) represent the highest proportion of air mass
of the uncertainty associated to this parameter. Mean val®rigin ending at Jungfraujoch (88) followed by african
ues of growth rates for mountain sites present a large scalé’-5%) and nordic (31%) air masses. We calculated a new
of variation due to local biogeography. Venzac et al. (2008)Particle formation event frequency for each air mass type (Ta-
have detected NPF events on Everest (5079 ma.s.l.) with afl€2) and it appears that air mass from Eastern Europe (lati-

AIS during February—March 2007 and the mean GR valuetude: ]40' N; 70° N[ and longitude: [20W and more]) have
was estimated at.8+0.7nm 2. Mean value for puy de the highest probability to lead to a NPF event, while the low-

Dome is 5+ 3.5nm hrL for the period between March 2006 €st probabilities of new particle formation events are found in
and December 2007 (Venzac, 2008), at Mt. Norikura, Japarih€ air masses from Western Europe (latitude: M0O70° N[,
(2770 m a.s.l.), Nishita et al. (2008) have calculated a meafongitude: J10 W;20° W[ if latitude < 60° N, else longitude
GR value of 2.6-3.1 nm1 between September 2001 and 10°:20° W[) and Nordic area (latitude 70° N). This is rather
August-September 2002 measurement period. Shaw (2007#fferent from the air mass dependencies found in the boreal
reports higher values of GR, 10-23 nmthat Mt. Lemmon, forest, where nordic air masses were found to favour NPF

Arizona (2790 m a&..). Those last high values of growth rate €vent as shown by Sogacheva et al. (2005). In the boreal
forest where high concentrations of condensable species are
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Field campaign Nucleation events
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Fig. 6. Three days air mass backtrajectories ending at the measurement site at 00:00 LT for all the field caighajgan€) and for new
particle formation eventddft pane). The score is the number of occurence of a given geographical position.

Table 2. New particle formation events according to air mass origin. 3.4.1 Non event days

We clearly observe from Fig. 7a, that while the cluster mode

,g:irgrirrn]ass air '::;‘;lseztr'% T rifor/z’]m %ﬁﬁﬂﬁ?ﬁ;ﬁ%my does not experience any variation according to the air mass

origin, the intermediate ion mode shows a stronger variabil-
Atlantic 58.3 154 ity. In fact, in Nordic air masses, the intermediate ions con-
Africa 125 16.2 centrations are highest (see Table 3) whereas in air masses
Nordic 2.1 10 from Eastern Europe, concentrations are the lowest. In other
Eastem europe 208 333 4ir masses, concentrations are similar one to the other. Dur-
Western europe 6.3 8.6

ing non-event days, the size distribution of charged aerosol
particles (Fig. 7a) show a weak diurnal variation in all air
mass types, with higher concentrations of intermediate and
emitted from the vegetation, the absence of a preexisting conrge jon size classes during the afternoon compared to night.
densational sink seems to be a strong condition for the occurthjs pattern permits to quantify the increase of concentra-
rence of NPF events. tions solely due to the updraft of charged particles or ion
In the case of the Jungfraujoch, which can be describedsgyrces (i.e. radon) form the valley by thermally driven con-

as a low preexisting condensational sink environment, thsection. The situation is very different for event days.
presence of condensable vapors from polluted areas (typi-

cally from Eastern Europe which is known to be an hotspot 0f3.4.2 Event days
non-methane volatile organic compounds as shown by Lanz
etal., 2009) seems to prevail in the occurrence of NPF eventduring the new particle formation event days, size distribu-
Eastern Europe air masses show the highest CS on NPF evetibns of ions and charged particles are very different from
days (Table 5), confirming this hypothesis. The new particlethose of non event days even before nucleation occurs (be-
formation mecanism can also be partly examined by studyingween 03:00 and 06:00 LT, Fig. 7b), but, based on a T-test
the dependency of preexisting clusters on the air mass originanalysis, considering all events, the cluster concentration
for event and non-event days. Mean size distributions areloes not differ from event to non-event days prior to NPF
calculated before nucleation occurs (03:00-06:00 LT), andso differences are observed for intermediate and large size
during the NPF events (09:00-12:00 LT), again under clearclasses. For atlantic and african origin the main difference
sky conditions, in order to exclude air mass related to cloudis observed for intermediate ions concentration which is four
effects (Fig. 7a and b). times lower for event days. The situation is completely dif-
ferent for air masses from eastern and western europe which
present a higher intermediate ions concentration for events
days (respectively 13.1 and 2.6 times more). Finally, nordic
air masses present a high concentration of intermediate ions
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Fig. 7a. Positively charged aerosol distribution of different types of air mass origin endings at Jungfraujoch at 00:00 LT for non event days.
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Fig. 7b. Positively charged aerosol distribution of different types of air mass origin endings at Jungfraujoch at 00:00 LT for event days.

www.atmos-chem-phys.net/10/9333/2010/

Atmos. Chem. Phys., 10, 9333-9349, 2010



9344 J. Boulon et al.: Charged aerosol measurements at Jungfraujoch

Table 3. Comparison of positive ion concentrations for event and non event days. Concentrations are giyemir?[#AClusters and
Alarge ions are computed respectively between (09:00-12:00) and (03:00-06:00), and, (15:00-18:00) and (03:00-06:00) LT. CS values are
given for clear sky days.

Atlantic Africa Western Europe  Eastern Europe Nordic
Event days
Clusters (03:06-06:00) 57346 578+ 76 978+ 281 2005708 524+109
AClusters 344-57 196+97 —154292 —1193+710 262+140
Alarge ions 245268 68+129 68+140 102+ 26 41433
CS[x1074s7] 2.39+132 2354233 307+3.54 380+0.67 ND.
Non event days
Clusters (03:08-06:00) 567 68 57371 730+ 55 619+56 779+278
A Clusters 36:76 21+81 —3+63 52+76 121+342
A Large ions 66: 68 41+ 74 15+184 0+219 136+260
CS[x104s] 2.28+248 343+4.34 178+1.06 269+2.45 ND.

compared to others origins for both event and non-eventration from 03:00-06:00 to 15:00-18:00 for non event days
days. This is probably due to the fact that nucleation has alwith the same increase during event days (Table 3). The in-
ready occur in these air masses which is consistent with preerease of large ions concentrations is significantly higher (by
vious work which have shown that nordic air masses favoura factor 234 1.0) on event days than on non event days ex-
NPF event and hence present the highest nucleation modeept when air masses come from the Nordic areas (Table 3).
concentration (Sogacheva et al., 2005). Those air masse3his is probably due to the fact that NPF linked to nordic
contrarily to the other, present variation for the large ionsair masses are not type | events i.e. not intense or not com-
concentration which is 2.4 times lower during event daysplete. This result reveals that new particle formation events
prior to NPF. could significantly increase the number concentration of par-
During the new particle formation process (between 09:00ticles in the free troposphere as already suggestetebiggri
and 12:00) though, the cluster mode concentration increase@t al. (2010). At the NCO-P station (5079 ns.&, Nepal),
by a factor 15+ 0.3 and its geometric mean diameter shifts it was shown that new particle formation events occur with
to larger diameters (typically from 0.8 nm to 1 nm or more) @ frequency close to 50% of observed days and that upper
in all air masses but the Eastern Europe air masses. Thigee troposphere residual layer aerosol composition could be
result indicates that in most air masses, the formation of newstrongly influenced by NPF events.
clusters does occur during a NPF event.
In Eastern air masses, the pre-existing cluster concentraA—r
tions are more than three times higher on event days com-

pared to non event days, and during the NPF event no morepe yjtrafine charged aerosol concentration variability and
cluster ions are formed, showing that it might be predomi-new particle formation events were studied using a Neutral
nantly the growth of pre-existing clusters rather than nucle-cjyster and Air ion Spectrometer within the EUCAARI field
ation of new clustlers which contribute to the NPF events i”campaign 2008-2009 at the Jungfraujoch research station in
eastern Europe air masses. the Swiss Alps. Within this campaign, 309 days starting from
These observations agree with the conclusion of the studyhe 9 April 2008 to the 5 May 2009 were analyzed.
of Lehtipalo et al. (2010), in which it is shown that in some A diurnal pattern of the total ions concentration, domi-
environments, NPF are driven by condensation of condensnated by cluster ions, was found with a maximum during the
able gazes onto preexisting clusters rather than by nucleatiofiay and a minimum during the night. This diurnal variation
of new clusters. Furthermore, this result can be linked to reas related to the updraft of surface layer air parcels rich in
sults obtained by Metzger et al. (2010) who show that thepreexisting particles and ion sources such as radon from the
concentration of condensable vapors plays a key role in thealley during the day. Cluster ion concentrations were found
nucleation and growth process as predicted by Kulmala et ako be predominantly driven by radon rather than cosmic rays.
(2000, 2006). The charged cluster concentration also shows a weak season-
After the NPF event, the intermediate ion concentrationsality with minimum concentrations observed during summer,
decrease by growing to sizes beyond the upper diametedue to lower afternoon concentrations compared to winter
bound of the instrument. The impact of NPF on the size dis-time. This finding is likely due to the high condensational
tribution can be evaluated by comparing the increase of largaink due to the updraft of large particles during this season
ion (which diameter is higher than 8 nm) number concen-and time of the day.

Conclusions
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Table Al. Details of nucleation characteristics. Atl. is for Atlantic and EaE. for Eastern Europe.

Date Classof GR3.3 GR3_7 GRy_pg I Iy Jo  Airmass
event [nmh Y] [nmh 1] [(mhl] #em3 s—?[] [#cm3 s—-z[] #em3s origin
19/04/2008 b 6.8 9.1 6.3 0.17 0.21 2.09 -
10/07/2008 la 4.2 3.6 4.4 0.18 0.28 2.08 Atl.
06/08/2008 Ib 5.7 - - 0.10 0.15 1.89 Atl.
30/08/2008 b 6.9 - - 0.21 0.21 3.84 Atl.
23/09/2008 b 2.8 1.1 4.9 0.14 0.28 0.72 EaE.
26/09/2008 Ib 2.0 1.8 2.3 0.06 0.14 1.17 EaE.
13/11/2008 la 6.1 8 5.7 0.82 1.21 1.40 Atl.
14/11/2008 b 3.2 3.3 3.6 0.22 0.38 1.05 Atl.
26/12/2008 Ib 6.6 2.3 10.3 0.57 0.78 541 EaE.
20/01/2009 b 6.0 7.1 8.0 0.18 0.52 2.03 Atl.
19/03/2009 la 5.7 11.7 6.0 0.35 0.28 7.46 Atl.

We performed a statistical analysis of new particle for- Jungfraujoch, the presence of condensing vapours is a more
mation events occurrence and found that event days repramportant parameter for NPF to occur than a low CS. NPF
sent 175% of measured days and a seasonality pattern wasgvere also studied as a function of air mass origins accord-
pointed out with maximum of event frequency during spring ing to the HYSPLIT model and we found that NPF event
and autumn and minimum during winter. This seasonality isfrequency is strongly linked to the origin of the air mass.
opposite to the one of cluster ion concentrations. This is arFurthermore, two different new particle formation process
indication that, on average, the preexisting cluster concentrawere observed according to the air mass origin. For all air
tion is not a driving parameter for NPF events occurence. Thanasses except those from Eastern Europe, event days pre-
NPF frequency is quite low compared to other sites, includ-existing cluster concentrations are not significantly differ-
ing high altitude sites. The site is often under cloudy con-ent from non-event days concentrations, but new clusters are
ditions, which inhibit nucleation and new particle formation formed during the NPF event. On the contrary, in air masses
events, even if they promote sporadic high concentrations ofrom Eastern europe, the pre-existing cluster concentrations
cluster and intermediate ion positive and especially negativeon event days are more than three times higher than the con-
ions. When the measurement site is in cloudy conditions, wecentrations observed for non-event days, and during the NPF
showed that the cluster ion concentrations are decreased byevent no more cluster ions are formed, showing that it might
factor 15 to 25. Because cloud droplets efficiently scavenge be predominantly the growth of pre-existing clusters rather
ions and particles, and presumably because photochemistypan nucleation of new clusters which contribute to the NPF
is inhibited, NPF were observed to occur onlyl% of the  events.
time under cloudy conditions. However, even though clouds
seem to affect the frequency of NPF events, they do not drive )
their seasonal variation. Indeed, the seasonal variation of théPPendix A
frequency of NPF events is even more pronounced when co

S L New particle formation characteristics are reported on the ta-
sidering only out-of-clouds conditions.

ble below (Table Al). Only class la and Ib event were stud-
The ion-mediated nucleation seems to play an importanied.

role in the new particle formation process at this measure- A T-test was performed in order to know if the dif-
ment site since ions and recombination products explairference observed on ion concentrations between posi-
22.3% of the particle formation. tive/negative polarity, daytime/nighttime conditions or clear

Dependence of the event frequency on atmospheric condiSky/cloudiness conditions is significant. Null hypothesis
tions were investigated and a positive correlation was foundS defined as follow: the two data sets are independent ran-
between the NPE event occurrence and UV radiation. Adom samples from normal distributions with equal means
weaker positive correlation was also found between nucle@nd €qual but unknown variances. Hp is not rejected at
ation event and bSO, concentration. Those results sug- the 5% significance level, we assumed that there is no signif-
gest that other compounds than$0s, such as organic va- icant difference between the values of the mean of the two
pors, are involved in the nucleation and subsequently growtrflata sets (T-test = 0). o is rejected at the 5% significance
process. A positive correlation between the NPF eventdevel, we assumed that there is a significant difference be-
frequency and the condensational sink indicates that thesi/€€n the values of the mean of the two data sets (T-test = 1).
species are likely linked to polluted conditions and that, atResults of different T-tests are reported on Tekle
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Table A2. T-test results for “diurnal vs. FT” and “clear sky vs. cloudy” conditions for different size claasé$indicates that a significant
difference exists between the values of the mean of the two considered data sets, a “0” means that the observed difference is statistically
non-significant.

T-test Jul08 Aug08 Sep08 Oct08 Nov08 Dec08 Jan09 Feb09 Mar09 Apr09
Clust.
chearvs D(iear 0 1 1 1 1 1 1 1 1 1
(_:Ilearvs Djear 1 0 0 0 0 1 0 0 0 0
Dijegr Vs FTcl—Iear 0 0 0 0 0 0 0 0 0 0
D glearvs' Flolear 1 1 1 1 1 1 1 1 1 1
Deiear Vs Fldear 0 0 0 0 0 1 0 0 0 0
D glearvs F-Eear 1 1 1 1 1 1 1 1 1 1
DijearVS- Dejear 0 0 0 0 0 0 0 0 0 0
Dcl_ﬁarvs' Djear 1 1 1 1 1 1 1 1 1 1
FlolearVs: Flgear 1 1 1 1 1 1 1 1 1 1
FTclearVS: Flojear 0 1 1 1 1 1 1 1 1 1
FTClearVS: F-lgrlear 0 0 0 0 0 0 0 0 0 0
FloiearVs: Flgiear 1 1 1 1 0 1 1 1 1 0
Inter.
chearvs D(iear 1 1 1 1 1 1 1 1 1 1
(_:Ilearvs Dejear 1 1 0 1 0 1 1 0 1 0
Dijegr Vs FTcl—Iear 0 0 0 0 1 0 0 1 0 1
D glearvs' Flolear 1 1 1 1 1 1 1 1 1 1
DejeqrVs. FTc-;FIear 1 1 1 1 1 1 1 1 1 1
D glearvs F-Eear 1 1 1 1 1 1 1 1 1 1
DjearVs: Dejeqr 1 1 1 1 1 1 1 1 1 1
'l:) _IgIJSarVS. D|§'||?‘ar 1 1 i 1 1 1 i 1 1 i
lear clear
FTclearVS: FEear 1 1 1 1 1 1 1 1 1 1
FlolearVs: Flgiear 0 1 1 1 1 0 0 1 1 1
FloiearVs: Flgear 1 1 1 1 1 0 1 1 1 1
Large
chearvs' D(iear 0 0 0 0 0 0 0 0 0 0
(_:Ilearvs Dejear 0 0 0 0 0 0 0 0 0 0
DjearVs: FTcl—Iear 1 1 1 1 1 1 1 1 1 1
D glearvs' Flolear 1 1 1 1 1 1 1 1 1 1
DilearVs: FT:Iear 0 0 0 0 0 0 0 0 0 1
D glearvs F-Eear 0 0 0 0 0 0 0 0 0 0
Dijear VS Dejear 1 1 1 1 1 1 1 1 1 0
Dcl_ﬁarvs' Djear 1 1 1 1 1 1 1 1 1 0
FloearVs: Floear 0 0 0 0 0 0 0 0 0 0
FTclearVS: FEear 1 0 0 0 0 1 1 0 1 0
FToiearVS: Flgear 1 0 1 0 1 0 1 0 1 1
FloiearVs: Flgear 0 0 0 0 0 0 0 0 0 0
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