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Abstract. Studies of secondary aerosol-particle formation have maxima during winter. The summer minimum previ-
depend on identifying days in which new particle forma- ously found in the seasonal distribution of event days par-
tion occurs and, by comparing them to days with no signstially offsets a summer maximum in failed-event days. Daily-
of particle formation, identifying the conditions favourable mean relative humidity and condensation sink values are use-
for formation. Continuous aerosol size distribution data hasful in discriminating the new classes from each other. Specif-
been collected at the SMEAR Il station in a boreal forestically, event days had low values of relative humidity and
in Hyytiala, Finland, since 1996, making it the longest time condensation sink relative to nonevent days. Failed-event
series of aerosol size distributions available worldwide. Indays possessed intermediate condensation sink and relative
previous studies, the data have been classified as particldrumidity values, whereas both ultrafine-mode peaks and, to
formation event, nonevent, and undefined days, with al-a greater extent, pollution-related peaks had high values of
most 40% of the dataset classified as undefined. In thdoth, similar to nonevent days. Using 96-h back trajecto-
present study, eleven years (1996-2006) of undefined dayses, particle-size concentrations were plotted as a function
(1630 days) were reanalyzed and subdivided into three newvef time the trajectory spent over land. Increases in particle
classes: failed events (37% of all previously undefined days)size and number concentration during failed-event days were
ultrafine-mode concentration peaks (34%), and pollution-similar to that during the later stages of event days, whereas
related concentration peaks (19%). Unclassified days (10%he particle size and number concentration for both nonevent
comprised the rest of the previously undefined days. Theand peaks classes did not increase as fast as for event and
failed events were further subdivided into tail events (21%),failed events days.
where a tail of a formation event presumed to be advected
to Hyytiala from elsewhere, and quasi events (16%) where
new particles appeared at sizes 3—10 nm, but showed unclear |niroduction
growth, the mode persisted for less than an hour, or both. The
ultrafine concentration peaks days were further subdividedrhe formation and growth of new secondary aerosol particles
into nucleation-mode peaks (24%) and Aitken-mode peakshas been observed around the world (Kulmala et al., 2004a)
(10%), depending on the size range where the particles ocand has a significant impact on the global aerosol loading
curred. The mean annual distribution of the failed events hagSpracklen et al., 2006). The climatic importance of newly
a maximum during summer, whereas the two peak classeformed aerosols as potential cloud condensation nuclei (e.qg.
Lohmann and Feichter, 2005) propels the scientific commu-
nity to understand the mechanisms that increase their con-
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Continuous datasets of aerosol-particle-size distribution®2 Methods
are useful to study the long-term behaviour of the particle _ o _ _
source caused by secondary aerosol formation. So far, thé.-1 Site description and instrumentation

longest such dataset has been recorded at the SMEAR |l sta- ) )
tion located in a boreal forest, Hyga, Finland (Hari and The measurement station SMEAR Il (System for Measuring

Kulmala, 2005), where continuous size distributions haveFOrest Ecosystem-Atmosphere Relationships II, Hari and
been measured since 1996. The secondary particle form&ulmala, 2005) is one of three University of Helsinki stations

tion episodes, hereafter referred to as event days, and trigedicated to the investigation of the atmosphere-biosphere
days without indications of particle formation, or nonevent SyStém- The field stauo/n 1S 'Ofated in a Scots pine forest in
days, have been selected from the dataset by classifying affyytialé, Finland (6151'N, 24°17 E), 60km northeast of

the measured particle-size spectra according to the criterif!e nearest city, Tampere, and 200 km northwest of Helsinki.
devised by Dal Maso et al. (2005, 2007). This classifica- 1€ SMEAR Il station measures atmospheric gas concentra-

tion was designed to make a clean separation between eveHPnS: radiation, and meteorological variables. A 73-m mast

and nonevent days and to find the most important factors in/€c0rds continuous gas concentrations ofyNGG,, CO,

fluencing whether particles form or not. However, particle- 52 Os, and O at six different height levels (Kulmala

formation events clearly have some thresholds for appear€t @, 2001). The gas concentrations used in this study are

ance — they are not simply an on/off phenomenon. Specifmeasured ata heightof 67.2m. .
ically, deciding whether particle formation occurred or not | "€ aerosol-particle-size distributions are measured with
may be ambiguous. To reveal the formation mechanism& Pair of Differential Mobility Particle Sizer (DMPS) sys-

more clearly, clear event days and clear nonevent days weriemS (Makek et al., 2000; Aalto et al., 2003), consisting of

identified, leaving the remaining data to be classified as un@ Differential Mobility Analyser (DMA) to size-classify the

defined days (Dal Maso et al., 2005, 2007). However, the ul-sampled aerosol particles, followed by a Condensation Par-

timate aim of scientists investigating particle formation is not ticle Counter (CPC) to count the number of particles in each
only to describe the formation mechanism qualitatively, butSiZ€ Pin. The DMPS systems measure at a lower- (3-10nm)
to estimate the influence of particle formation on the atmo-2nd Upper-size range (10-500 nm) every 10 min.

sphere quantitatively. In other words, how many particles are,
created during particle-formation events, how is this number—

influenced by other particles present, and what factors proThe ¢jassification scheme devised by Dal Maso et al. (2005)
mote or inhibit new-particle formation and growth? has been used to classify 11 years of particle size distribution
Although almost a third of the days have been labelled asy, from the SMEAR Il station to identify and separate new-

event days, approximately 40% of the data is classified a$picle-formation event days from nonevent days as reliably

undefined: neither event nor nonevent days. By not considzg nossible. The established classification scheme labels a

ering undefined days, we risk making a quantitative error.yay 45 g particle-formation event, a nonevent, or, if ambigu-
Do particles form on some undefined days? If so, how of-, " ndefined. The classification scheme by Dal Maso et
ten? Do such days produce the same number of particlesg (2005) was based on analyzing daily DMPS plots and vi-

If not, why? Furthermore, does a comparison of undefineds 51y deciding if a day is a new-particle-formation event.
days to event and nonevent days tell us more specifics abouthe criteria for a new-particle-formation event were a dis-

the characteristics of days when particle formation occurs? inct new mode appearing within the nucleation-mode size

To find answers to these qugstions, we giye a renewed_ Iootg,jlnge 25 nm), persisting for more than an hour, and grow-
to those days that were previously classified as undefinedng (o |arger sizes within several hours. A nonevent typically
Eleven years (1996-2006) of particle-size-distribution dataghqyed particle concentrations at sizes larger than nucleation
was analyzed._ _Our analysis shows_that distinct Caftegorleﬁqode and lacked the appearance of a distinguishable new
could be identified among the undefined days, leading 10 gnqqe (i.e. particle formation). A day that clearly showed an
new classification scheme that further subdivides the undej,crease in concentration in the nucleation mode but occurred

fined days. The new classification scheme includes three caty, 1, sts throughout the day, showed no growth, or whose
egories based on the different physical characteristics of th%ctivity began near or at Aitken-mode size range, remained

particle number size distribution. inconclusive and was binned in an undefined class. Previous

The rest of the article is as follows. The data and the egearch has focused on comparing event with nonevent days,
new classification scheme are described in Sect. 2. S.e.ctlo.n But the abundance of undefined days in the dataset (40%) en-
presents the frequency of occurrence of these Class'f'cat'OEouraged this study. To better understand the processes act-

schemes over the 11-year period and the mean annual cyclg, on undefined days, this study aims to classify them. This

Section 4 presents a discussion, further analyzing the differg5ssification was performed using manual analysis of DMPS

ences between the classes. Finally, Sect. 5 summarizes thfﬁots and NQ and SQ concentrations
article. '

2 Classification of undefined days
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Table 1. The new classification scheme for previously undefined days. The characteristics are determined through visual inspections of
DMPS plots and time series of particle-number,S&nd NG, concentrations.

Class Characteristics

1. Failed events

a. Quasi events A new nucleation mode at geometric particle dianee8s-10 nm, but the mode fails to
achieve clear growth, the mode lasts for less than one hour, or both.

b. Tail events A new mode appears at particle diameters greater than 10 nm and grows for several hours.

2. Pollution-related concentration peaks  Peaks in particle concentration coinciding with elevated concentrations of
SO, (>1 ppb) or NQ(>5 ppb).

3. Ultrafine-mode peaks

a. Aitken-mode peaks Particles appear at sizes between 10 and 100 nm, but does not grow. Low concentrations
of SO, (<1 ppb) and NQ(<5 ppb).

b. Nucleation-mode peaks Particles appear at sizes between 3 and 30 nm, but does not grow.
Low concentrations of S©(<1 ppb) and NQ(<5 ppb).

4. Unclassified Not suitable for any of the above classes.

5. Missing Data DMPS data missing partly or completely.

To create an initial classification scheme for testing, the anvdogD, [cm]

10 100 1000 10000
B ]

year 2004, arbitrarily selected, was studied by collecting and .
comparing examples of DMPS plots from event, nonevent, —
and undefined days. The aim was to identify the similar-
ity between undefined days and event days that had causez
the ambiguity and prevented them from being classified as=" 1’
nonevents; in the same way, we looked for traits in the un-
defined days that were missing in nonevent days. Previous
observations (e.g. Bkela et al., 2000; Dal Maso et al., 2005) e
detected growth in the Aitken-mode size range during the '”
evenings, as well as sporadic fluctuations in size concentra-
tion within the nucleation mode, which make the days dif- _
ficult to classify. These observations were considered when: -
constructing the classification scheme presented here. Base

on the analysis of the 2004 data, five classes were created ti * - e
subdivide the previously undefined days, and this classifica- .5 B T W00 T200
tion scheme was subsequently applied to all 11 years of data ocattime 1

(Table 1). The data were initially classified by one personFig. 1. Examples of failed events at the SMEAR |l station, Hi4j

and further validated by a panel of three researchers, d'ﬁeri:inland: Upper panel: Quasi event (1 May 2004); lower panel: Tail

ent from those that created the scheme. event (12:00 Local Time 14 October 2006 to 12:00 Local Time 15
October 2006).

107

2.2.1 Class 1: Failed particle formation event days

The first class includes the undefined days that closely re- Tail events are davs where the later half of a presumabl
semble, in part, an event day as described by Dal Maso et Y P y

al. (2005). This class was termed failed events, for reasongewIy formed, growing nucleation mode or the late-evening

that will be developed throughout the rest of this article. Two growth of new particles are observed at H suggesting

o . . e 1 ) that the new particles formed elsewhere and were advected
subdivisions of the failed events were identified: quasi event e e . )
io Hyytiala. The classification criteria for a tail event are that

and tail events. Figure 1 shows two examples of falled—evena new mode appears at particle diameters greater than 10 nm

days.
Quasi events are days that meet the criteria for new particleand grows for several hours.

formation with a new nucleation mode at geometric particle
diameters D) 3—10 nm, but the mode fails to achieve clear
growth, the mode lasts for less than one hour, or both.

2.2.2 Class 2: Pollution-related concentration peaks

The days with pollution-related concentration peaks feature
an increase in particle concentration at any size range, herein

www.atmos-chem-phys.net/9/667/2009/ Atmos. Chem. Phys., 966672009
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Fig. 2. Undefined day reclassified as pollution-related concentra-F19- 3. Undefined day reclassified as nucleation mode peaks (31
tion peaks (14 December 1998) at the SMEAR || station, Hyfsti December 2004) at the SMEA_R Il station, Hyjl#i, Finland. (a)
Finland.(a) DMPS data(b) SO, concentration (ppb), an@) NOx DMPS data(b) SO, concentration (ppb), ant) NOx concentra-
concentration (ppb). After 12:00 Local Time, N@oncentration tion (ppb). No apparent relationship exists between the gas con-

increases at the same time that a mode in the Aitken size appears.centrations and the noisy nucleation-mode particle concentrations
in the DMPS data during the morning (before 09:00 Local Time)

and night (after 21:00 Local Time).

referred to as a peak in the DMPS plot, coincident in time
with either elevated Sfor NO, concgntranons greater than day is classified and not discarded as missing data. When
or equal to ppb and 5 ppb, respectively. These concentra- o . oo .
. . ; . the data indicate a day potentially classifiable either as a
tion thresholds were loosely defined after noting that conti- . : X

. .pollution-related concentration peak or ultrafine-mode con-
nental air masses usually surpass these values. The median : . . :

. . Centration peak day, but no gas concentration data is avail-
concentrations of Spand NG during the dataset are 0.2 . .
: ; able, the day is labelled unclassified.

and 1.4 ppb, respectively. Figure 2 shows an example of a

pollution-related concentration peak day. 2.25 Classifying the data

2.2.3 Class 3: Ultrafine-mode concentration peaks The data were analyzed using multiple-days views, where

, ) ) two full consecutive days were plotted together as a 48-h time
The ultrafine-mode concentration peaks class includes thgeries, allowing for recognition of possible night formation

days with peaks, but without growth, in the nucleation-modeg,ents The transition from one day to another was analyzed

size range or Aitken-mode size range, respectively termeq,. oyery day. Based on the classification devised for the
nucleation-mode peaks and Aitken-mode peaks. The peak§ngefined days and the established classification of events,
coincide in time with low S@and NG concentrations, Sep-  gach day was accordingly classified as an event, nonevent,
arating this class from the pollution-related concentrationgyjjaq event (quasi or tail), pollution-related peaks, ultrafine-
peaks clasg. Figure 3 shows an example of an ultrafine-modg, e peaks (nucleation- and Aitken-mode), unclassified, or
concentration peak day. missing data. Figure 4 shows the flowchart for classifica-
tion, which is revised from the one presented by Dal Maso et
al. (2005) to include the new subdivisions of the previously
If a day does not fit one of the previous three class descrip—l“mdeﬁned days. This new classification of ?he days was com-
tions, it is termed unclassified. Doswell (1991) argued thatpared to how they were previously classified according to
classification schemes should have an unclassifiable categoﬁal Maso et al. (2005, 2007). For nearly all of the days, the

to avoid shoehorning unusual events into arbitrary categorie lew classification agreed with their previous classification as

A day is labelled as missing data when the DMPS dataevents, honevents, or undefined.

is incomplete or missing altogether. In the case where data
from just the morning or night are missing, but a clearly clas-
sifiable characteristic starts at the available DMPS plot, the

2.2.4 Unclassified and missing data

Atmos. Chem. Phys., 9, 668%6, 2009 www.atmos-chem-phys.net/9/667/2009/
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Table 2. Statistics for the new classification scheme for previously undefined days for 1996—-2006 from the SMEAR |l statidid,Hyyti
Finland.

Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 Total
Total undefined 177 178 174 183 151 158 181 159 172 158 170 1861
1. Failed events 32 48 52 52 49 55 73 52 69 61 54 597
a. Tail events 21 33 33 22 25 37 44 21 39 30 32 337
b. Quasi events 11 15 19 30 24 18 29 31 30 31 22 260
2. Pollution-related peaks 31 22 43 32 25 30 23 25 21 22 36 310
3. Ultrafine-mode peaks 4 53 60 59 48 51 55 60 63 50 56 559
a. Nucleation-mode 3 29 42 36 34 28 26 48 59 45 46 396
b. Aitken-mode 1 24 18 23 14 23 29 12 4 4 10 163
4. Unclassified 41 14 5 6 11 15 22 13 12 14 11 164
5. Missing data 69 41 14 34 18 7 8 9 7 11 13 231

3 Results
[ Are there particles of size } No 4.[ Is there a growing

<10 nm during the day? Aitken-size mode?

3.1 Statistics

Are there noise-Tike
fluctutations in particle
concetrations in the mode

Noi

Pollution
peaks
Ultrafine-
mode peaks

Yes No
Table 2 summarizes the statistics for each class and its Sub{ oo hese partictes forma
classes for all 11 years. The period from 31 January 1996 to me"edbefm? No
31 December 2006 had 1861 undefined days. Of these, 231 :
(12%) were classified as missing data and discarded from o
further statistics. Of the remaining 1630 undefined days, the
dominant class was the failed-event days (597 out of 1630
days, or 37%), followed by the ultrafine-mode peaks days [ “me™ &nce
(559 days, or 34%), and lastly the pollution-related peaks
days (310 days, or 19%). The failed events were further sub-
divided into tail events (337 days, or 21%) and quasi events
(260 days, or 16%). The ultrafine-mode peaks days were
further subdivided into nucleation-mode peaks (396 days, or
24%) and Aitken-mode peaks (163 days, or 10%). A total _ _
of 164 days (10%) were placed in the unclassified category!:'g' 4. Edited version of the flowchart constructed by Dal Maso et
The year 1996 had 69 days of missing data and 41 unclassﬁl.' (2005) to classify days as events, nonevents, and ur?def_med days
fied days, eliminating from further analysis more than 60%Wlth t_he new classe_s for the previously undeflngd days: tail events,
of the 17% previously undefined days that year. For this rea_quaS| events, pollution-related peaks, and ultrafine-mode peaks.
son, monthly distributions will consist of data from 1997 to
2006.

Does it occur once, around
midday, and show signs of
growth?
No

. - G o

with the bell-shaped distribution peaking in June—August.
3.2 Interannual and seasonal distributions of the classes Consequently, the failed events exhibit a seasonal distribu-

tion that peaks in the summer, between, and comparable in
3.2.1 Failed events magnitude to, the spring and fall maxima of the event days

as found by Dal Maso et al. (2005). Furthermore, the sum of
Dal Maso et al. (2005) found that particle formation in €vents and failed events lessen the summer minimum com-
Hyytiala was most frequent during spring (March-May) and pared to the new-partlgle-formatlon event dlstr|bu_t|on. Dur-
in September. The particle-formation event frequency ex-N9 the summer, the failed events are about a third of days,
hibits a relative minimum in summer (June—August) and isWhereas spring and September days are over 30% event days.
lowest during the winter. In light of these findings, we com- Together, the e\_/ent and failed-event days dominate about half
pare the event days to the failed-event days. Figure 5 display8f the days during spring and summer.
the mean annual distribution of events and failed events from The frequency of failed events is relatively consistent from
the total number of classifiable days per month (i.e. exclud-year to year over the 11 years, with a slight rise during 2002
ing missing data). Around half of all undefined days betweenand 2004 (Fig. 6). The events, on the other hand, follow a si-
May and September each year are classified as failed eventsusoidal cycle (Dal Maso et al., 2007), with number of events

www.atmos-chem-phys.net/9/667/2009/ Atmos. Chem. Phys., 966672009
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Fig. 5. Seasonal distribution of event days, falled-event days, andFig. 7. Mean annual frequency of pollution-related and ultrafine-

E:e tsulm ?:f. elver;t 3nd. fallleg;vezrétogays at thgthSM_EA_R ”dsiat'on’mode concentration peak classes for 1997-2006 at the SMEAR I
yytiala, Finland, during - . Days with missing data are o ;o Hyytala, Finland.

excluded from the total number of days per month and are plotteds
as a separate distribution.

luting gases or particles may be present on these days. Such
gases or particles are probably of anthropogenic origin, and
the increase in wood-burning in Finland could produce this
o winter maximum. Local traffic is also a possible source of

30% these small particles.
- A secondary maximum in the ultrafine-mode peaks class
’ /_._/»\_//\/‘\‘\, occurs in the summer (Fig. 7). The sources of ultrafine-mode

peaks in the summer are more difficult to identify — such par-
ticles might be a mixture of traffic-related local pollution and

Fig. 6. Interannual variation in the frequency of failed-event days Small particles originating from failed events. Alternatively,

per year from 1996 to 2006 at the SMEAR || station, Hgjj Fin-  this secondary maximum might not be a physical process.
land. The slight local minimum in the spring may be offset by the

maximum of event days in the spring (cf. Figs. 5 and 7), re-
sulting in fewer days in the undefined days category and thus
peaking during 2002-2004, The mean annual percentage flso fewer days classified as ultrafine-mode peaks.
failed events is 16%, compared to an average 26% of event Sometimes an ambiguity arises when classifying short-
days per year. duration nucleation-mode peaks that might otherwise be in-
terpreted as a quasi event. In both cases, particle concen-
3.2.2 Pollution-related and ultrafine-mode concentrationtration fluctuations in the lowest size ranges occur with no
peaks relation to elevated SOand NQ, concentrations. This am-
biguity could lead to some overlap of the quasi-event and
The annual cycle of the frequency of days classified asthe nucleation-mode peaks classes. However, there are some
pollution-related or ultrafine-mode concentration peaks isclear and ubiquitous differences between these classes: 1)
presented in Fig. 7. These classes both exhibit maxima durgp g quasi-event day the small particles typically appear and
ing winter, although the ultrafine-mode peaks class featuregjisappear around noon, thus resembling normal particle for-
a secondary maximum during the summer that the pollutionmation events; 2) the mean size of the nucleation-mode peaks
related peaks class does not possess. is typically larger than the mode on a quasi-event day.
Lyubovtseva et al. (2005) present $@nd NQ, annual
distributions for event and nonevent days, where both classes
have a winter maximum and summer minimum. AS eX-4 Discussion
pected, the pollution-related peaks class follows a similar
annual distribution with elevated concentrations ob%@d  The classification of days is carried out manually, by visual
NOx (more than 1 ppb of SPand 5 ppb of NQ). One hy-  inspection, and determined by the judgment of the panel of
pothesis to explain the higher 3@nd NQ, in winter is the  researchers. Although a panel of four people was used to
greater emissions of these gases, as well as the more frequesnstruct and verify the classification scheme, the scheme is
occurrence of inversions in winter to increase the concentra=- being based on a manual method — never completely free
tions of these gases within the lower boundary layer. of the influence of the individuals applying it. We believe
The winter maximum in the number of ultrafine-mode that we have produced a robust and repeatable approach, but
peak days (Fig. 7) suggests that other locally emitted pol{physical trends that clearly differentiate the classes from each

—o— Events
—&— Failed events
——Events + Failed avents|

Frequency

1996 1997 1996 1999 2000 2001 2002 2003 2004 2005 2006
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© Pollujon elped peoks purlecgerd) [ L Y i s Fig. 9. Upper panel: Global radiation values for event and failed-
" Condensation Sink event classes. Middle panel: global radiation values for nonevent
and peaks classes. Lower panel: summer (June—August) radiation
Fig. 8. Comparison of daily-mean condensation sink (CS) versusvalues for event and failed-event classes. The median annual values
relative humidity (RH) for the new classes (purple asterisk) relativefor nonevent and peaks classes fall well below the median of the
to event (red dot) and nonevent (blue cross) days of 1996-2006 irevent and failed-event classes. The distinction between the failed-
Hyytiala, Finland. (a): failed events;(b): ultrafine-mode peaks; events classes and the peaks classes is evident.

(c): pollutionconcentration related peaks).

other help to validate our scheme. For example, the meai§): W€ can now recognize days classified as peaks as non-
monthly frequencies of the classes shows a clear annual cyclgvent days because they do not exhibit new-particle forma-

with the failed events most frequent in summer (Fig. 5) andtion: _ . , ,

the peaks classes most frequent in winter (Fig. 7). Additional Consistent with the above interpretation, event and failed-

physical reasoning in the previous section provides justifica-6VeNt groups have higher global radiation values than non-

tion for these annual cycles, further validating our approach €vent and peaks classes (Fig. 9). Summer radiation values
In this section, we further explore the physical differencesShow a significant distinction between failed-event and event

between the different classes. classes (Fig. 9), providing a possible reason for the less-than-

Hyvonen et al. (2005) tested numerous meteorologicalperfeCt particle-formation conditions found in the summer

variables, gas concentrations, and aerosol parameters to prBa_lled-events. The higher summer radiation values during the

dict aerosol-particle formation. Their data mining concluded €Vent days than the failed-event days suggests a reason for

that relative humidity (RH) and condensation sink (CS) weret® sglm(;ner m|n|murr;]|n the frequency g_fﬁevent days, }Nher&
the best pair of indicators for new particle formation event, he failed events reach a maximum. No difference was foun

hewhen the tail-event and quasi-event subclasses were plotted

Low values of CS and RH hinder coagulation and lower the™" =" : e
|5|d|V|duaIIy, for either CS versus RH or for the radiation val-

scavenging of small particles and condensable vapours, an
thus promote particle formation. In contrast, nonevent dayé"es' _ )

tend to have high RH and high CS. What values of RH and @pid growth rates during the summer months could ac-
CS do the new subclasses have? To answer this questioﬁoum for the summer minimum in the annual distribution of

Fig. 8 presents scatterplots of daily-mean values of CS ver€Vent days, as the event may be detected in ldlytoo late

sus RH for the event, nonevent, and the three new classel? Pe classified as such @keh et al., 2000a, c; Dal Maso _
Specifically, the points representing days of the failed-even€t &l 2005). PreV'Ol_JS findings (e.g. Kulmala et al., 1998;
class lie scattered in between the points representing evenfl 2keB et al., 2000a; Dal Maso et al., 2005) show a pos-

and nonevent classes (Fig. 8a). Consequently, this class cdlVe relatlonsh;]p between tempehrature. andhgrowthl rates, as
now be rightly called failed events. In contrast, the points SUMMer growtn rates are more than twice the yearly average

representing the ultrafine-mode peaks days (Fig. 8b) an@;o"vth rate. -Il—hlfjs’ why alocal minimum eIX|st5|r:1th.e numrl?er
pollution-related peaks days (Fig. 8c) overlie the points rep-O new-pg_rnc & formation events precisely at t e_t|me when
resenting the nonevent class. From the seasonal distributiofi'€ conditions are expected to be most favorable is a mystery.

(Fig. 7) and the scatterplots of RH with CS values (Fig. 8b,
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The new subdivision for the tail-event class can now pro-
vide a bin for such events where growth from particles larger
than 10nm occurs. In addition to the tail-event class, the
quasi events, which share characteristics with new particle
formation events (e.g. the initial size range of particle growth,

‘ ; L hour of occurrence), are potential indicators of atmospheric
R v conditions intermediate between a successful event and a

~ nonevent. Further research of this class can provide more
detailed discrimination into which specific parameters may
be controlling aerosol-particle formation.

The classification performed in this study is a continua-
tion of the work begun by Dal Maso et al. (2005). In addi-

: g LT L % - tion to this work, other schemes for classifying particle for-
;%; e — mation and growth from particle-size distribution data have
° 105 gy o1 000 el "0 D, ot 1000 o been presented (e.g. Birmili et al., 2003; Heitzenberg et al.,
2005). Also, Hywnen et al. (2005) is not the only study ex-
ploring the ambient conditions leading to particle formation;
McMurry et al. (2005), for instance, introduced a parame-
included in this analysis if 90% of the trajectory (86 h) occurred ter based on ambient sulfuric acid and _background pamCIe
within the northwest sector (2866°), a direction favorable for concentrations that can be used to predict the formation and

new-particle formation events at Hyti: (A) event days(B) non- growth of new particles.

event days,(C) failed-event days, an{D) pollution-related and

ultrafine-mode peaks classes. The smooth growth of particles in

the failed-events class resembles that of the events class (cf. pa’d> Conclusions

els A and C), whereas the peaks classes are similar to that of the

nonevent class (cf. panels B and D), showing the particle size and"he goal of this article is to further our understanding

number concentration for both nonevent and peaks classes did n@f atmospheric aerosol-particle nucleation. Previous at-

increase as fast as for event and failed-events days. tempts have led to the classification scheme of Dal Maso
et al. (2005), which defines a new particle-formation event

Bi . itted f f ¢ believed to b or nonevent. Their classification scheme, when applied to
__blogenic vapours emitied from lorests are believed 10 bey, o period 1996—-2006 in Hyyia, Finland, produced about
involved in particle growth while being transported within

. T detal 2006). Thei its sh | 40% of the data too ambiguous to be defined as either an
an a|r_mass( unved et al. ). Their results Show a relae, ot or g nonevent. Consequently, Dal Maso et al. (2005)
tionship between the aerosol mass and the time an air ma

d land d therefore in direct tact with thsr?amed these ambiguous days undefined days. In the present
spends over fand, and Ihereiore in direct contact with estudy, we refine the Dal Maso et al. (2005) classification by
biogenic emissions. To investigate the difference in particle

trati duri A ¢ and undefined d defining the undefined days. Our new classification scheme
conc;an r? |onsf t'urmt% event, nogeven ’Iand bur} etine hay roduced three main subclasses of the previously undefined
as a function ortime the air spends over land betore reachin ays: failed events, pollution-related peaks with elevated

Hyytiala, we applied the approach of Tunved et al. (2006)’concentrations of S©and NQ,, and ultrafine-mode concen-

using the HYSPLIT4 model (Draxler and Hess, 1998). Thetration peaks. These three classes account for 37%, 19%, and

96-h backward air trajectories ending fit H I_:mla_nd, 34%, respectively, of the 1630 previously undefined days,
were calculated every hour, and were included in this anal-

o . o with 10% put into an unclassified category.
ysis if 90% of the trajectory (86h) occurred within the The reossltsinthis article provide nevSinZi hts into aerosol-
northwest sector (2866°), a direction favorable for new- P 9

particle formation events at Hyytia (Sogacheva et al., 2008, pgrucle formation. By joining event; with faﬂgd events, Fhe
o : difference between summer and winter particle-formation-

and references within). The event and failed-events classe$ . : .
évent frequency is more pronounced, suggesting the contri-

(Fig. 10a, c) show a continuous maximum in aerosol-particle_" - ; . : : .
. . : . bution of biogenic organics on particle formation and growth
concentrations starting from the nucleation-mode size rang ) .
. . ; : Kulmala et al., 2004b; Tunved et al., 2006). During sum-
growing to the Aitken-mode size range as the air spends mor ; . .
; . . Mmer, the high growth rates (Hirsikko et al., 2005; Dal Maso
time over land. The difference occurs because the failed- e o . .
: : etal., 2005, 2007; Kkek et al., 2000a) and high VOC emis-
event class lacks growth of the smallest particles (Fig. 10c), . :
o R _.sions (Allen et al., 2005; Lyubovtseva et al., 2005) have
which is one of the main criteria for a day to be classified

. led to speculation that new-particle formation occurs too
as an event. By comparison, both the nonevent and peaks . . ; . .
uickly, away from the observing site, or at a higher alti-

classes exhibit little growth from the smallest size-range, an ) A
fluctuations in the particle size concentration (Fig. 10b, d). (fude in the boundary layer (Kulmala et al., 1998akeR et

al., 2000a) to be detected at the smaller-size rangé&ékl

0, [}

Fig. 10. Mean particle-size distributions plotted as a function of
time the air spent over land. The 96-h backward air trajectories
ending at Hyythla, Finland, were calculated every hour, and were
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et al., 2000a). Were these conditions not present, such dayBraxler R. R and Hess G. D.: An Overview of the HYSPL4T
would otherwise be classified as events, likely producing a Modeling System for Trajectories, Dispersion and Deposition.
maximum in the summer. Analysis of our new classifica- Australian Meteorological Magazine 47, 295-308, 1998.

tion scheme shows that the failed-event class makes up foposwell lil., C. A.: Comments on “Mesoscale convective patterns
the summer suppression in the event-days distribution. By igtghf southern high plains.’, B. Am. Meteor. Soc., 72, 389-390,
combining the number of failed-event days per year (about 7™ ) . .

15% of all classifiable days) with the event dsys (26%), overtHan’ P. and Kulmala, M.: Station for Measuring Ecosystems — At-

. . . mosphere Relations (SMEAR Il), Boreal Env. Res., 10, 315-322,
40% of days during the year either produce new particles or 2005p_ ( )

have the potential to produce new particles. More impor-yeintzenberg, J., Wehner, B., and Birmili W.: How to find ba-
tantly, as a result of our classification scheme, the character- nanas in the atmospheric aerosol: New approach for analyzing
istics that may inhibit new-particle formation on days other-  atmospheric nucleation and growth events, Tellus, 59B, 273—
wise favourable may be able to be determined, which will 282, 2007.
allow a finer discrimination between processes that producedirsikko, A., Laakso, L., Horrak, U., Aalto, P., Kerminen, V., and
or inhibit the formation of new particles. Kulmala, M.: Annual and size dependent variations of growth
Both the pollution-related and ultrafine-mode concentra- rates and ion concentrations in boreal forest, Boreal Env. Res.,
tion peak classes have their maximum occurrence in winter 10 357-369, 2005. .
suggesting a very different process is operating during thesgwonen’ S., Junninen, H., Laakso, L., Da'.MaSO’ M'omOI.m’

. . . s T., Bonn, B., Kernonen, P., Aalto, P., Hiltunen, V., Pohja, T.,
days. Their abundance during winter and their hlgh_values Launiainen, S., Hari, P., Mannila, H., and Kulmala, M.: A look at
of RH and CS suggest th_at they are days where particle for- aerosol formation using data mining techniques, Atmos. Chem.
mation would not otherwise happen. Thus, these two peaks phys. 5, 3345-3356, 2005,
classes are more akin to the nonevent class of Dal Maso et http://www.atmos-chem-phys.net/5/3345/2005/
al. (2005). Intergovernmental Panel on Climate Change (IPCC), Summary for

Policymakers, in: Climate Change 2007: The Physical Science
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