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Response to reviewer #1

-The authors would like to thank the reviewer for the comments that helped to improve this
manuscript. Please find below a poibly-point reply to all of the issues raised and the
corresponding changes

The paper by Kalivitis edl. presents long term measurement of particle size distribution from
Finokalia (eastern Mediterranean region). The main focus of the study is on nucleation mode
particles and characteristics of new particle formation (NPF) events, including frequency of
occurrence as well as particle formation and growth rates. The last part of the paper is dedicated
to a simulation case study of NPF with the MAL-BBx model.

| recommend the publication of this paper, as it is well written and describes a valuable dataset
which allows for the investigation of NPF over 7 years, thus contributing to our understanding
of the process.

| would however suggest some revisions before final publication of this study. In particular,
some of the observations/conclusions reportedutiinout the manuscript should be slightly
balanced.

-We have tried to balance the conclusions throughout the manuscript.

Also, | am not fully convinced by the modelling part in its current form: it is in my view missing

a clear presentation of the strategy/sensitivity
and it would also benefit from a quick discussion on thevesce of the values finally used for

some of the key variables (e.g. monoterpenes concentration).

-We have now addedformationin the modelling part regarding the simulation tests the led
to the adequate agreement with the observations regardinguitieation coefficient and the
changes in the monoterpene concentrations.

Moreover, it is not clear to me how the analysis reported in Section 3.5 of the present paper
differs from that of Tzitzikalaki et al. (2017), as | cannot access this source.

-The Tzitzikalaki et al., 2017 publication refers to COMECAP 2016 conference proceedings
where the contour plots of the simulations were presented and briefly described. The contour

tests

whi ch
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plot has been completely removed and only number and volume concentratiomsware
presented.

Detailed comments are listed below.

P3,L1316:1 woul d suggest to clearly mention fionly when accumul ati
neutral 0, as with the current form of the sentence it i s

are preexisting particles or the newly formed ones.

-The sentence was changeztording to suggestion.

P4, L21: | would suggest to remove fAfrom the early stages of

cannot be investigated when measuring particles larger than 9 nm. Such statement would better
suit to AIS measurements or to measuremennducted with instruments such as the particle
size magnifier (PSM, Vanhanen et al., 2011), which allows for the detection-bb~1im
particles (charged + neutral).

-The sentence was chawgaccording to suggestion as the SMPS operated at Finokaha
measure particles larger than 9 nm.

P5, L910: Please refer the reader to Mirme et al., (2007) for AIS measurements. Also, could
the authors give more information about the uncertainties reported et5_{ehlculation
method or reference to a pager)

-The reference Mirme et al., 200Asadded and for more information for the calibration and
uncertainties of AlS we added the reference to Manninen et al, 2010.

P5, L2231: Several short/minor comments about the description of the calculations:

bi f

L22: instead of fAparticles with diameter DO (should at | east

is not calculated for different particle diameters, | would clearly mention Dp = 9nm, otherwise
one has to wait until Section 3.2 to explicitly get this infation (and it would also be more
consistent with the description of the terms of Eq. (1));
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-We modi fied the sentence in Line 22 s (). Formation rates of
thisstudly9nm) were calculated. . 0

L25: fCoagS i oftpartobafgebatiinon hi sopswhiche rangeo (should be Coag
(lowest) particle size was used to calculate Cos®3 would suggest a more accurate

formul ati on,ppissucthheascofe@auadgsS i on sink of XX nm particles on | arg

-The sentencevas modi f i epdis thescoagulatmm gf Onm particles on larger
particleso

- L27: Please refer the reader to Dal Maso et al. (2005) for the mode fitting method;

A reference to Dal Maso et al., 2005 was added

L31: For this first occurrence, insted of At he sul furic acid sinko, | woul d suggest t
something more explicit |ike 0 C#8xslingaetodnle condensation sink caus
popul ation and was calculated using the characteristics/ proper

-We modified he sentence as ACS i s t heexigtigaetasalsati on sink caused by t
population and was calculated using the properties of sulfuric

P 6, L11: firel evant chemical react i olavange | would recommend to a
of the reactions, at least mention they are related to sulfuric acid production.

-We also used reactions for the productioligfanic compounds except of sulfuric acid so the
sentence was c¢ hange dchanial fedctionseldvantdo the predsciomt st udy ,

of condensing species from the Master Chemical Mechani sm. . 0
P6, L262 7 : what i s nfree form nucleationo? | woul d suggest t o
parameterization which is wused i n tohe Inmotdeerl and introduce the

discussed in Section 3.5 (P16, L16 & E28).
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-We introduced the nucleation <coefficient and changed the sen
simulated new cluster formation using the activation nucleation parameterization, so that the

nucleation rate has énear relationship with sulfuric acid concentration, depending on the

nucleation coefficient &°

P6,L293 0 : iAl Il these compounds were treated as sul furic acid and
sentence mean? Also, on L27, if ELVOCs are considered peeasdd 120 extremely | ow

volatility organic compoundso, otherwise change to ALVOCs. 0
-The word fAextremelyo was added since we actually refer to ELVC
were treated either as sulfuric acid if inorganic or organic compounds and thsngnade

clear in the text anAl I condensing compounds were treated eith:
compounds and. . o0

P7, L67: 1 am a bit confused with this sentence: only the patrticle size distributions are used to
initialize the model (as reported or6 PL24-25), which then calculates a CS based on the
simulated distributionsjght? If the purpose of the abovementioned sentence is only to precise
that SMPS data were used dalculate the CS, | would strongly recommend to move it to
Section 2.1 (P5, L31as Section 2.2 dedicated to model description.

-The sulfuric acid condensation sink is calculated based on measured size distributions and not
the simulategthis is correctly stated in the text.

P8, L1113: | am a bit confused with the use of TUV: was the parameterisation used instead of
TUV, orimplemented in TUV?

-The parametrization from Mogensen et al., 2015 was used which provides improvement to the
calcul ation fr oamnddséivn tWee a thalahddf tiedentence.

P8, L2127: | am somewhat sceptical about the values which are reported in this paragraph; |

think theydo not give much information since the shape of the particle size distribution is highly

variable withrespect to seasons, event vs+om e n t days, time of the dayé | woul d thus
suggest to either provideraore detailed description/comparison of the concentrations in the

different modes and their contributioto total concentration, or at least provide
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guatiles/standard deviation for all reported values (not dolynucleation mode particle
concentration).

-We have added standard deviation to all reported mode concentrations.

P8, L31: are the times local or UTC?

-Thank you for pointing out that the tirdescription is missing. All times are UTC+2 and this
has been added to the captions ofigures.

P8, L32- P9, L1: iSuch an observation suggests that t he nucl eati
concentrationic ontrol |l ed by NPF epi sbydefisiton? Whishndt it what we expect
other sources would tlaithors expect for particles in this size range? This comment also refers

to P2 L1617, P9 L25, P11 L222, P15 L2223. Moreover, concerning the statement P11-L20

22, | am not sure if the linear relatibetweenk and nucleation mode particle concentration

(Ns-25) can be considered as a strong supportNiBF being the main source of nucleation

particle, since according to Eq. (&dalculation includes qN2sin two of the three terms.

-Werefer to conbustionsources of nucleatiomode particles that may play significant role in

polluted areas. At Finokalia we claim that there are no such sources and therefore all

nucl eation mode particles observed wthene from nucl eation proces
than otler sources such decal combustion processes i n t he text to make it clear. I f othe
sources than regional NPF contributed significantly that would be evident both in the diurnal

cycleand the scatter plot oband Nuc.

P9, L10623: | think that even itleep investigation of night time events is not in the scope of

this paperslightly more detailed description could be provided. In speeitid0-12: Even if

similar night time concentrations are observed during all seasons, they seesultdrom

different processes based on Fig. 2a. Indeed, there is an increaseaidbetrations after

18:00 in summer and autumn, which may suggest evening time new plantickgion, but

during spring and winter the concentrations keep on decreasing until tbbyreaight time

value, suggesting that evening events are not frequent during these seasousl thus

suggest to balance the sentence from-120and maybe provide frequencieoo€urrence of

such events for each season, which will also help duanii ng fiFr equentl yo (L13).
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-We have modi fied the second sentence of this paragraph AThis s
particle production mechani sm at night, especially in summer
prefer not to go into further detail as this work in progress and these events lack the

characteristics of regional NPF that are the focus of this study. There is a description of such

events in Kalivitis et al., 2012 that is already cited here.

L17-1 8 : I woul d al so a dcHarattér af these avents,avpichméy parttye Al ocal o
explain the limited source of condensing vapours (and therefore particle growth), the absence

of photochemistry during night time most likely strengthen the lack of vapours needed to

sustairparticle growth.

-This is a very important remark and we appreciate this comidémtadded at the end ofeth
sentencédand that the | ack of photochemistry during night | imits th
vapors driving particle growtho.

P10,L318: | woul dedtssayhehamtjorooxidant in the at mosphereodo, espe
focussing on daytime NPF events, during which OH is expected to play a significant (major?)

role. Also,| dondt think that based on the variables included in this
tostatethatNPFisot sensitive to Aatmospheric chemical compositiono; co

ozone such as for e.g. NGB, monoterpenesé would be needed to draw such conc

-We have rephrased the sent encinportasitoxidattint fAozone concentrations
the atmosphere)o and witéeéiNPFegdgar dnotto stemesi tomel uwi olnosc afl
meteorological conditions, preexisting particulate matter and ozone levels in this environment.

P11, L3: fAthe particle ghrevihvaheptobabiwliintyerodeemdhet ault hors hayv
the dataneeded to actually test their hypothesis and provide a more robust conclusion, and even
quantify thevariations of the survival probability in different seasons.

-We calculatedhe CS/GR ratio for all {&ss | events ande found it to be smaller in winter
than spring and autumn but surprisingly larger than in summer. This was included in the text.

P11: While they peak at slightly different times of the year, the maximum of the NPF frequency,
particle formation and growth rates are all attributed to enhanced biogenic emissions and/or
photochemistry

(P10 L27, P11 L147 and P11 L2226, respectively). This hypothesis seems plausible as all
maximaare observed during spring/summer, but could the autibonsnent on the different

7
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seasonal variationsf the abovementioned variablels?contrast it can be seen from Fig. 1a
and 6b that the GR and CS have similar seasonal patterns: is it then realistic to think that CS
and the vapours involved in particle groitts har e t he same origino?

-NPF frequency is maximum in niidpringand early summer. The biogenic activity and the
onset of intense photochemistry seem to play a key role in the formation of new patrticles.
During summer however, despite the fact the Giserved to be the highest for new particles,
transported pollutants accumulating in the atmosphere due to the lack of precipitation result
to the highest CS, suppressing the formation of new partieées. season in southeastern
Europein early autumnéads to gradual CS decrease, and as a result a local maximum in NPF
frequency is observed in October. In the revised version of the manuscript that three more years
of analysis have been included it was found that the average formation rates have Higieer va
during December, January and March, when the CS is lower. This observation changes the
above mentioned general remark that photochemical activity and biogenic emissions are the
drivers for the formation ratethe preexisting particle population scagamg precursors is
probably defining how fast the new particles fettre lowest formation rates are observed in
summer until early autumithe exact opposite is observed for GR, higher values are observed
in summerand September and lowest in wintnd March. Photochemistry and biogenic
emission are probably driving the growth process. However, transported pollution may
contribute except of CS to GR as well, transported anthropogenien@Pplay a role in the
growth process as indicated later on whescdissing trenddn any case, the minimum values

of GR are observed in months that both biogenic and photochemical activionest, and

hence condensing vapors are scarce. These informatiamoavéncludedn the text.

P11, L2728: Itis true thabased on Fig 2a the average duration of NPF in summer seems to be
shortercompared to other seasons, but also the maximum of the concentration is lower. Since
the CS (andconsequently CoagsS) is also higher during summer (Fig. 1a), | would think that
both he CS (CoagSand the GR are affecting the variation of nucleation mode particle
concentration (should be checkeddajculating the survival probability).

-The survival probability for nucleation megarticles for Class | events was calculated. It

was found that on seasonal basisitiedian survival probabilitis higher h summer, however

varies within 5% and therefore no safe conclusions can be made. On monthly basis the
variability was within 13%with higher values observed in Novembéeverthelessye agree

that the CS (and hence CoagS) may also affect the maximum concentrations observed. We
hence modi fi e dThe dveragesderatipreof theeNPR im sufnmer seems to be
shorter and the mamium concentrations of nucleation mode particles during the summer
events are lower as shown in Figure 2a. These observations may be explained by the higher
GR and CS during summer. 0

P12, L1, L5: I would slightlyfichdleamnceeche asti ag@me mtss
in my opinion the reported observations are not as obvious as suggested.

- We have modified the whole paragraph since we included additional years in our analysis. In
any case, we use modest expressions for our statements regarding the trends.

P12, L533: | am not fully convinced by the conclusion reported on L30, which suggests that
decrease@®: concentrations related to the economic crisis in Europe may explain etbserv
variations of GR andccurrence of class | NPF events. Main reasons for this are listed below:
The lack of S@measurement in Finokalia prevents from any direct evaluation of the SO
concentration decrease at this site;

Based on previous studies mented in the present work it seems that decreasing SO
concentrations can lead to contrasting observations, thus pointing to the fact that robust
conclusions cannot be inferred from the analysis oféfde;

(Anotabl e



While the important role of ¥Q:in early nuckation stage has been reported in different

studies, the need for other species to explain observed GR has also been evidenced, and the
present paper itself tends to emphasize the role of organic species in NPF at Finokalia. Indeed,
maximum of NPFoccurrence,ahnd GR are all attributed to enhanced biogenic emissions, and
best agreement between model simulation and observation is achieved when adjusting
monoterpenes concentration in the model. | would thus think that®@hg the observed
variaions of GR and NPF occurrence is not fully consistent with the aforementioned
observations/results.

-Given the objections of the reviewén the revised version of the manuscript heve
rephrased the sentence, so thaimplyprovides to the reader ¢hinformation that since the
outbreak of the economic crisis we have observed changes in the atmospheric composition that
could influence the vapors invotl& NPF processes.

P13, L1214: Does this sentence mean that instrument malfunction was affectagurement

ofpositive ions? If not, it is fine to focus on negative

based ortheir better ability to represent NPF events. Indeed, it is in my opinion complex to

assess which polaritgi ves t hreepiiksenénti on of NPF event so,
observations from the two DMAs mastead reflect the signature of the nucleation

mechanism.

No, it does not indicate malfunction of the AIS instrument. The observation of NPF was more
evidentin the negave polarity andthis has been reported in earlier work (Kalivitis et al.,
2012) that was cited.

P13, L1726: | would have expected the Atierived NPF frequencies to be more often higher
(or atleast equal) than SMP&rived ones, while the opposite l#n on Fig. 10. Does it
mean that thevent day illustrated on Fig. 9 is only representative of a rather limited fraction
of the events observed Finokalia, while the majority of them is actually not visible from the
AIS smallest diameters? In ord@ermake the most of the FRONT dataset and provide more
information on the nature of the evedttected in Finokalia during this period, | would suggest
to also report for each month (on Fig. 10ifstance) the number of events detected by each
instrument ad the number of event days they haveammon. This will help assessing the
fraction of events with very limited growth only visible in Atfata, the fraction of regional
events detected by both instruments and that of events only visible in &S

-We have modified the Figure 12 so that the event days are mentioned on top of each month
that present NPF for AIS, SMPS and the common dlagsed the NPF events are less in AIS

than SMPSThis has been reported in thepgszta station in Hungary (i-Juuti et al., 2009),
probably because AIS detects only naturally charged particles while SMPS all paiftodes.
reference was introduced in the manuscript.

P14, L633: | have several comments/questions regarding model simulations:

L15: WhatF d eesse | ™DNFnean?

as

-This was wrong expression ,we replaced it with ANPF

L22-26: Could the authors briefly summarize the strategy they adopted to finally reach fair
agreement between model simulation and observation? For instance, which setestisity
were performed, were parameters other than nucleation coefficient and monoterpenes
concentration also tuned?

-The approach was quite simplistic: to adjust the nucleation coefficient and the monoterpene
concentrations so that we simulate efficietitly nucleatiorand growth rate observed during
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the second day of the fievent weeko whhsn the most pronounced NP
is now also described in the manuscript.

L25: are the levels of final simulated monoterpenes concentration reatistibes for instance
in agreement with observations from 2014?

-Yes, the values are realistic and they compare well with the fiadinQebevec et al., 2018
that measured monoterpenes during NPF events in eastern Mediterranean (CYhisis3.
now stated in the text.

L27-2 9 : I would slightly balance the conclusions (fiwell <capture
agreewith the fact that the reported results are very encouraging, one can observe some

discrepanciebetween model and obsetiem (e.g. NPF event from day 243 in not visible in

model data);

-We have tried to balance the conclusions by removing these expressions.

L29-31: Do the authors also consider the possibility to test other nucleation mechanisms in

future simulations?

-Yes, we plan to continue simulating NPF at Finokalia and introduce actual VOC

measurements within 2019. We addeahd daC t he | ast sentence i, n
measurementwill further provide insight in the nucleation mechanisms, the growth process

andt he factors controlling NPF in the eastern Mediterranean atm
References:

Mirme, A., E. Tamm, G. Mordas, M. Vana, J. Uin, S. Mirme, T. Bernotas, L. Laakso, A.
Hirsikko, andM. Kulmala: A widerange multichannel Air lon Spectrometer, Bordatviron.
Res., 12, 24i7264,2007.

Vanhanen, J. ., Mi kkil 2, J. ., Lehtipal o, K., Sipil?, M. , Manni ne.
andKulmala, M.: Particle size magnifier for Na#&N detection, Aerosol Sci. Tech., 45, 533

542, 2011.

-References

10



e

P O OO~ OO WN P

-Debevec C., Sauvage, S., Gros, V., Sellegri, K., Sciare, J., Pikridas, M., Stavroulas, I.,

Leonardis, T., Gaudion, V., Depelchin, L., Fronval, |., Seedat e v e , R., Baisn®e,

B., Sawvides, C., Vrekoussis, M., and Locoge, N.: Driving parameters ggnimovolatile
organic compounds and consequences on new particle formation observed at an eastern
Mediterranean  background site, Atmos. Chem. Phys., 18, 1U305,
https://doi.org/10.5194/acfh8-142972018, 2018.

-Yli-Juuti, T., Riipinen, I., Aalto, AR., Nieminen, T., Maenhaut, W., Janssens, I. A., Claeys,
M., Salma, I., Ocskay, R., Hoffer, A., Imre, K. and Kulmala, M.: Characteristics of new
particle formation events and cluster ions ap¥szta, Hungary. Boreal Env. Res. 14:1683
698, 2009

11

D.

Bonsang,



1 Responseto Reviewer #2
2




13

14
15
16
17

18

19

20

21
22

23

24
25

26

27
28

29

30

31

32
33
34

- Response to reviewer #2

The authors would like to thank the reviewer for the comments that helped to improve this
manuscript. Please find below a poib-point reply to all of the issues raised and the
corresponding changes

"Formation and growth of atmospheric nanopartigteshe eastern Mediterranean: Results
from longterm measurements and process simulations" reports long terifincoiata Station

in South Europe. Whilst the data are of good quality and worth publidddiog term smps
data are scarce) the analysis is &aid does not add any neesult. The increasing trend (and
decreasing trend) or NPF and GR (respectively) sudfer from lack of data at the beginning
of the period (2002012) relative to the lagiart of the period (2022015)- the trend may be

a sinple artifact.

-In order to address this issue we chose to expand our analysis until 2018 in order to have ten
years of data. As you can see in the Picture 1 at the ghésaBsponse, indeed there were less
data available at the beginning of period endtudy. Nevertheless, there was always at least
70% coverage of each yeand total coverage 82%

line 8 abstract : biogenicmarine or land or both? specify

-The terrestrial biogenic activity is expected to contribute more efficiently to NPEhant
now stated in the text.

line 11-13 Do not uderstand what the sentence means. please reprhase and specify simply you
see NPFuring night time (seen elasewhere too).

-The sent ence Twauwhou thaperpé uhdet studyfinucleation whserved
also during the nighd.

sentence 122 not very clear maybe concomitarion size distributions suggests

-We have r ephr as E@labssifitatioa of deFretventsibased dn @n sSpectrometer
measurements differed from the correspondinigssification based on a mobility
spectrometer, . 0
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pg 3 perhaps report the study of Da#itoet al (2018, Sci. Rep.) reported by sameuathors
showing south Europe is differeinom Central and North Europe.

-We have adde dthasbeen shosvn thtienpooeesses responsible for particle

formation and growth differ substantially across

2018) .0

pg 8 line 1620 I think this is not correct, likely tHengest SMPS size distrubutions akely
in Barcelona and regional areas of Montg&n Querol s group).

-We changed the sentence to fAone of the |l ongest

Increase NPF events and decreased @f is interestingit makes sense if the CS is lower
over time, there is likglmore NPF events, and thigkely grow less cause likely you have less
condensing material.

-As explained at the following comment this trend is not observed in the updated ten year
analysis. However, we consider the observation for the period-2008important given the
measurements availability.

Figure 8a. | thinkhe whole conclusion may simply be noise. If looking at figure 8a, you see
20082010you have less datapoints (perhaps in sprsygnmer) that causes the trend you may
have. It looks ifyou remove the 2008009, the trend to me is not existing. | wobklcareful

to say there is a trend (and so | would remove and change all abstrectjsually clear that
years 2008010 have smaller data coverage that 220B5.

-The trends actuly disappeared while including the additional yearsthat the time series
covers form 2008 to 2018. If we remove the first two years as suggested, an opposite trend is
revealed that it statistically significant and it is described in the manuscript, a clear decreasing
trend in the period 203@018.The alditional years added in the analysis shovleat 1) we

had a period of increasi NPF frequency in 2022014, 2) there is a decreasing trend since
2010 until today 3) the decreasing trend of GR did not contimugever for the period 2008

2015 it was sttistically significant These are all now stated in the manuscript. Since however
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they cannot be expanded for the whole timeseries they are removed from the abstract and the
concluding marks as recommended.

Considering the above, | see this study doesaddtmuch additional novel resul&dthough it
is worth publication cause you clearly see a long SMPS time trend shgpving nucleations
(different from typical summer ones).

B Data coverage 2008-2018

n (Average 82%) Annual Data Coverage
100% B 100% - .
80% 80% m B ]
2 60%- 60% 1
]
>
8 0,
g 40%- 40% -
©
o
20% - 20%
0% - 0% +— T R R P S e e T
1.2 3 4 5 6 7 8 9 10 11 12 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
a Month b eer

Picturel: Size distribution data availability at Finokalia, Greece during the period Jund@@€3018 on monthly
basis (a) and interannualy (b)
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The abstracwas changed according to suggestions
All data presented have been expended for the period 268818, so that data for

the period 20152018 was added

i Changes in paragra@8.2 and 3.3vere madeaccoding to sugestions and new
findings

1 Tables were changed

1 All figures except o2 and 12 were updatear changed.

1 Several minor edits across the manuscript
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Abstract

Atmospheric New Particle Formation (NPF) is a common phenonedhower the world In
this study we present the longest time series of NPF recordseireétstern Mediterranean
regionby analyzingenyeaisof aerosol number sizéistributiondataobtained with a mobility Deleted: seven

particle sizer The measurements were performed at the Finokalia environmental research

station on Crete, Greece during the period June 2008 . We found that NPF took Deleted: 2015
place?7% of the available days, undeéd days wereg?3% and noreventdays50%. NPF is Deleted: 29
more frequent in April and May probabHue to the biogenic activityand is less Deleted: 26
frequent in AugustThroughout the period under studpucleation during Deleted: 45

Deleted: and NovemberTheNPF frequency increased
during the measurement periogvhile particlegrowth rates

mainly because of the minimum sinks, and their averagetribution to the total particle showal a decreasing trendndicating possible changes in
the ambient sulfur dioxide concentrations in the area

night Nucleation mode particlelsad the highest concentration in winter I

. 0 . ) ) .
number concentrationwas 8%. Nucleation mode particle concentrations were loutside Deleted: we frequently observed production of particles i

periods of ative NPFand growth sothere are hardly any other local sources ab225 nm the

. " - . L . Deleted: d
particles Additional atmospheric ion size distribution dataultaneously collected for more eleted: mode

Deleted: -time, a feature rarely obseredn the ambient

than two years periodwere also analyzed.Classification of NPF events based on ion | atmosphere

measurementsdiffered from the corresponding classification based @n Deleted: 9
mobility spectrometey possibly indicating a different representation of local and regional NPF | peleted: measurements
events between these two measurement data sef¥e used MALTBox model fora
simulation case study of NPF in the eastern Mediterranean reghdanoterpenes
contributing to NPF can explain a large fraction of the observed NPF events according to our
model simulationsHowever the parametrization that resulted after sensitivitystee was

significantly different from the one applied for the boreal environment.
1) Introduction

Most ofthe atmospheric aerosol particleand asubstantial fraction of particles able to act as

cloud condensation nuclei (CCNjave been estimated tooriginate from rew particle

formation (NPFaking place in the atmosphekSpracklen et al. 200&erminen et al., 2012

Gordonet al.,2017). The exact mechanisms driviagmospheridNPFand subsequent particle

growth processes are still not fully undéosd, nor are the roles of different vapors and ions

in these processes (Kulmalaetabl4;] SKGA LI £ 2 SéG | f dXnardeme T ¢NJ &aidf Sd [ f dX Hnamc
understand how aerosol particles affect regional and global climate and air quality, it is

necessary tauartify the factorsthat determinethe occurrence oNPFandcharacterizehe

parametersthat describethe strength of NPsuch as theew particle formation and growth

rates, in various environments
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While NPF has been reported to take place worldwidalmala et al., 2004aVang et al.,

2017), observational studies on this subject are scarce in ruratmydical environments!

Several studies havevestigated\NPHn eastern Mediterraneamand found it to be a frequa
phenomenonLazaridis et a(2006) first reported NPF @he areaand correlated these events
to polluted air masses. S (i N 2 \2003 presentedNPF in Athens metropolitan areand
showed that under thenfluence of urban pollutioncondensing species leading to growth of
the new particles are famore hygroscopic than under cleaner conditiot?dPF events have
also ben reportedto be frequent at the urban environment of Thessaikir{Siakavaras et al.,
2016).Kalivitis et al(2008 showed that precursors and nucleation mode particles experience
strong scavengin@n Crete island during summePikridas at al(2012 suggested that
nucleation events occurred only when particles were neutralbeing
consistent with the hypothesis that a lack of )\iduring periods when particles are acidic,
may limit nucleation in sulfatéch environmentssuch as the eastern Mediterranean
Additionally, based on ion observatignBikridas et al. (20123howed that NPF is more
frequent in winter.By usingthe same data set from eastern Mediterraneaalivitis et al.
(2012) reportedhight-time enhancenents inion conceitrations witha plausible association
with NPF, being among the very few locatiomsere such observationfiave been made.
Manninen et al.(2010 presentedan analysis ofa full year of observations of NPF with
atmospheric ion spectrometers at various ldoas across Europe during the EUCAARI project
and showed tht NPF is less frequent in tieasternMediterranean sitehan in other, motly
continental, European siteOn the oher hand, Berland et al. (2018howed that similar
patterns arebeingobserved throughout the Mediterraneawhen comparing observations
from the island of Cretdo a western Mediterranean site in terms tfie frequency of
occurrence, seasonality, and particle formation and growth rafetivitis et al(2015)studied
for the first time the NPfECN link using observations of particle number size distribgition
CCN and higresolution aerosol chemical compositidior the eastern Mediterranean

atmosphere From the hygroscopicity of the particles in different size fractidhsvas

concluded that smaller particles during active NPF periods tend to be less hygroscopic (and

richer in organics) than larger ondsnally,Kalkavouras et a{2017) reported that NPF ay
resultin higher CCN numbeoncentratiors, but the effect on clad droplet number is limited

by the prevailing meteorology.
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In this work we present resus from the analysis ¢gtnyears of aerosol particles number size Deleted: seven
distributions and more than two years of atmospheric ion size distributi@mesentingthe
longestpublishedNPFdata set in the Mediterranearatmosphere The main questions we

wanted to address weret) How often does NPF take place in eastern Mediterranean, what

arethe characteisticsof thisphenomeron andto what extenthasit changedver the period

under study? 2) Are there featuresn NPFobserved at the study area that are not common in

other locations?and 3) How well cannumerical moded, usedin different environmental

conditions represent NPF in il subtropical environment?
2) Materials and methods
2.1) Measurements

Measurementspresentedin this work werecarried out at the atmospheric observation

aGrarazy 2% G(KS ! yAOBSNBRAGE 2F /NBGS G CAy21FtAlLZ / NBGESZI DN
over years, between June 2008and June . The Finokalia station Deleted: seven
(http://finokalia.chemistry.uoc.gr/) is a European supersite for aerosol research, part of the| Deleted: 2015

ACTRIS (Aerosols, Clouds, and Trace gases Research Infrastructure) Network. The station is

located at the top of a hill ovethe coastline, in the north east part of the island of Crete

(Mihalopoulos et al.,, 1997). The station is representative for the makaekground

conditions ofeasternMediterranean (Lelieveld et al., 2008)ith negligibleinfluence by local

anthropogent sources. The nearest major urban center in the area is Heraklion with

approximately200000 inhabitants, located about 50 km to the west of the station.

In order to monitor the NPF evenpta TROPOS typaustombuilt ScanningvViobility Particle Deleted: from the early stages of nucleation
Sizer (SMPS), similar to46MPS in Wiedensohler et al. (20M&s usedat FinokaliaParticle

number size distributions were measured in the diameter rangepb y n yeveyy Yive

minutes The systemvas aclosedloop, with a 5:1 ratidetween the aerosol and sheath flow

andit of a Kk85 aerosol neutralizer (TSI 3077), a Hauke medium Differential Mobility ' peleted: consists

Analyzer (DMA) andBSI3772 Condensation Particle Counter (CPC). The sampling was made

through a PMo sampling head and the sample humidity was regulated below the relative

KdzYARAGE 2F nm: H6AGK GKS dzas8S 2F bl FATReyt RNBESNB Ay 620K (GKS
measured number size distributions were corrected for particle losses by diffusion on the

variows parts of the SMPS according to the methodologgctdbed in Wiedensohler et al.

(2012) Three different types of calibration were performed tbe SMPS, DMA voltage supply

calibration, aerosol and sheath flows calibrations and size calibrations. Tleesiraments
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have been performed at Finokalia on a continuous basis since 20@8instrument used at
Finokaliawas audited onsite with good results in the framerk of EUSAAR (European

Supersites for Atmospheric Aerosol Research) prdjeitp:/www.wmo -gawwccaerosot

physics.org/audits.html and has successfullypassed twicelaboratory intercomparison

workshops (2013 and 2016, reports available dtttp://www.wmo -gawwccaerosot

physics.org/instrumentaivorkshops.htm) in the framework of ACTRIS projecthe

instrumenthas beerpperated following the recommendatiortescribed inWiedensohler et

al. (2012. Additional information for newly formed particles were obtained with the use of

an Air lon Spectrometer (MRAIREL Ltd., Institute of Environmental Physics, University of

Tartu, Estonjal AlS is a cluster ion air spectrometeeddo simultaneously

measure electrical mobility distribution of positive and negative air ions (mobilities in the

NI y3S 27T -Hewiiv!sh)2Thevmibbility distributions were then transformed to size

distributions in the size range 642 nm. Tle number counting threshold was approximately

10 cm® and the uncertainties of the AIS measurements were ~10% for negative and positive

ion concentrations and ~0.5 nm in si2é The diameter of the AIS inlet
tube was 35 mm and the sagie flow rate was 6Q nit. The time step of the measurements

was five minutes.

Formatted: Hyperlink, English (United States)

Formatted: Hyperlink, English (United States)

Deleted: ).

Deleted: .

These measurements have been used to identify NPF for the whole period and provide a

historical perspective for the frequency and the characteristics of NPF phenomeha in
eastern MediterranearCalculationgor formation rates of new particlgs), growth rates(GR)
in various size rangesnd condensation sinkCS)were made according to Kulmala et al.
(2012).Formation rates oparticleswith diameter were calculated

as

be— 6800Q¥ —B Y Q)

Deleted: D

w A& UKS AYyONBlIasS Ay ydzOf St dA 2 y<25iR)R&geLIr NI Deleted: Coags

is the coagulation ofinm particles <GRis the growthrate in the size range
9-25nm. Sessestakes into acount additional losses andias neglectedin this study. GRvas

calculated using the mod#tting method The aerosol size
distributions were fitted with lognormal dfributions andthe nucleation mode geometric
mean diameter was plotted as a function of tin@R wa calculatedas theslope of the linear

fit so that:
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CSis the sink caused by the aerosol populatior: Deleted: sulfuric acid

Deleted: preexisting

Deleted: with unit s?
All important meteorological parameters were monitorexvery five minutesusing an

automated meteorological station, including the temperature, wind velocity and direction,
relative humidity, solar irradiance and precipitation. Ozone concentrations were measured
with a TEI 49C instrument and nitrogen oxides with a TEI 42CTlgdratnercially availabje

with a time step of five minutes
2.2) NPF simulations with the MAL-BEx model

The simulations of NPF events in the eastern Mediterranean atmosphere here
performed usinghe MALTEbox modelof the University of Helsinki. Thisd model able to
simulate aerosol dynamics and chemical processassuccessfullyeproduced observations
of aerosol formation and growtin the boreal environmen{Boy et al., 2006&as well as in
highly polluted area (Huang et al., 2016§or the present studychemical reactions Deleted: relevant
from the Master Chemical Mechaniswere
incorporatedin the MALTEbox chemical mechanismas described in Boy et al. (2013). 3de
include the full MCMdegradation schemef the following volatitle organic compounds
(described in more detail in Tzitzikalaki et al., 20G-C, alkanes, &G alkenes,acetylene,
isoprene h- andi -pinene,aromatics methanol dimethyl sulfide formaldehyde formic and
acetic acid, acetaldehydeglycoaldehydeglyoxal methylglyoxalacetone,hydroxyacetone
butanoneand marine aminesrhe Kinetic PreProcessor (KPP) ugzsl to produce th&ortran
codefor the calculations of theconcentrations of each individual compound (Damian et al.,
2002), except for those species whose concentrations were manually inputldirge scale

modelsimulations.

The major aerosol dynamical processes for clear sky atmospreeessimulated by the size

segregated aerosol model UHM@Jniversity Helsinki Multicomponent Aerosol Model,

Korhonen et al., 2004) impended in the MAIBd model. Measured aerosol number size

distributionswere used to initialize UHMA daily, which simulateBR\ coagulation, growth

and dry deposition of particles. UHMA simuldigew cluster formation Deleted: resulting from free form

nucleation Deleted: .
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Apart from sulfuric acid, about 29 low-volatility organic compounds (ELVOCs) and

7 selected semvolatile organic compounds (SVO@&re treated as condensing : Deleted: vapours
following the simplified chemical mechanism presente#iirang et al. (2016l Deleted: these
compoundswere treated as sulfuric acid and the condensation Deleted: and organics

of organic vaporsvasdetermined by the nandohler theory (Kulmala et al., 2004b).

As input to the MALTBox model were used thebservations afFinokalia station andvhen
suchobservations were not availabléhe results from numerical simulations with tigdobal
3-dimensionalchemistry transport mode{(CTM)TM4ECPL(Daskalakis et al., 2015, 2016;
Myriokefalitakis et al 2010, 2016) for Finokalia Observational data includeemperature, Deleted: ,
relative tumidity, total radiation(meteorological inpul 21 Y BROYAGNRISY 2EARSA
concentrationsas well asaerosol number size distributions. Treerosol number size

distribution measured by the SMPS was used to calculatetinelensation sink for 13Q

vaporsDueto the lack of detailed measuremeri$ VOGit Finokaliaas a first approximation,

biogenic and anthropogenimoncentrationsof all the above mentionedvOCsesolved every

3 hourswere taken fromthe TM4-ECPImodel.

The globalTM4ECPImodel was run driveffior this studyby ECMWF (European Centre for
Medium¢ Range Weather Forecasts) Interinga@alysis project (ERANterim) meteorology
(Dee et al., 20119f the year 2012t an horizontal resolution & in longitude x 2in latitude
with 34 vertical layersip t00.1 hPaThe modelsed yearspecifiometeorology ancemissions

of trace gases and aerosoBor this studythat of the year 2012 was used, except for soil NOx
and oceanic CO and VOCs emissions whégk taken from POET inventory database tioe
year 2000 (Granier et al., 2009M4-ECPLiswlations br this workwere performed with a
model timestep of 30 minand the simulated VOC concentrations eva#yourswere used

as input to MALTE box moglelhile SQ surfacdevels at Finokaliaere taken fromMonitoring

Atmospheric Composition and Climate (MACC) data assimikyggiam (Inness et al., 2013)

For the calculations ahe photo-dissociation rate coefficiertty the MALTEBox model, the
solar actinic flux (AF) is needddnfortunately, AFwas not measured at Finokalia in 2012
therefore AFlevelswere calculated bythe Tropospheric Ultraviolet and visible Radiation
Model (TUV, Madronich, 1998rsionv.5 for cloud free conditions. The ability of TUV to
calculate the ARt Finokaliavas investigated by comparimdpservationf photo dissociation
rates of Q (JGD) andNG; (JNQ) and model calculationsThemeasurements of thesphoto

dissociation rates wer@erformed by filter radiometers (Meteorologie Consult, Germany).
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The JED wasmeasured at wavelengths325nm, whilefor INQ wavelengths<420nmwere

used

A serief sensitivity tests of Afetdifferent input parametersvasalso performed to optimize

the calculationsThe model uses extrerrestrial solar spectral irradiance (20000 nm by
0.01nm steps) and computes its propagation through the atmosphere takiogagtount
multiple scattering and the absorption and scattering due to gases and particles. TUV inputs
of interest were surface reflectivity (albedo)z €olumn, Aerosol Optical Depth at 500nm
(AOD), Single Scattering Albedo of aerosol (SSA)cd@nn,air density. Total ©column
values were taken frorDzone Monitoring InstrumentgMI)on the Aura spacecraft of NASA
(Levelt et al., 2006)Aerosol columnar optical properties were obtained from the Aerosol
Robotic Network (AERONET). AOD data were measititbé FORTHCrete statiorwhich is
located 35 km west of FinokaliBotiadi et al., 2006). Data level 1.5 was used (ckardened).

Total NQ column values were taken from GOME2 and OMI satellites. The calculations were
carried out at wavelength from 28to 650nm with a resolution of 5nm. Simulations using
surface reflectivity of 0.075 and simulation usingd®lumn taken from OMI had the best
correlation with measurementsdowever, the TUV model still significantly overestimated
JOD and JN@data. Thus, a parameterisation took place following a simple empirical

approach, according to Mogensen et al. (2015) and the ratios between the measured and

modelled (from TUV) photolysis rate were calculated Deleted: .

3) Resultand discussion

3.1) Particle size distribution and its connection with NPF

We analyzed all available measurements of number size distributions of atmospheric aerosol

particlesmeasured at Finokali@ order to identify and analyzéae NPF phenomewn in the

eastern MediterraneanThe data coverage for the period 206813 was 82 %, providing Deleted

the longest time series of size distributiomst onlyin thisregionbut also in the southern

Europeand a unique data base for aerogtiysical properties

Fird, we calculatedthe total particle number concentration(median concentration was
)rand corresponding number concentrationtihe
nucleation mode ¢,<25nm,median80 cm® ), Aitken mode Z5nm<g<100nm,
median cm®) and accumulation modedg>100nm,median cnrd
). We found that Aitken mode accowetd for 50% and accumulation mod&%of the

total particle numberconcentration whilethe nucleation node accouned only for 8%. The
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standard deviatiorof the nucleation particle number concentration wass cm?, indicating Deleted: 537
that the abundanceof these smallest particles of episodic natureThe highest monthly
average concentrations of nucleation mode partickese observeal during winter and
the lowest ones during summer (Figure lafalculating the median diurnal
variability of the nucleation modewe can see that there is a clear pattern for all seasons of
the year (Figure 2ayith a sudden burstn the number concentratiormround noon that is
most pronounced in winter and Estin summer Such an observation suggests that the
nucleation particle number concentratiois controlled by NPF episodes Deleted: .
As can be seen in Figure 2K SNB | ada@ad A OF £ 6o
& K I Ljatier of anNPFeventat Finokalids presented, the sudden burst atoois typical
for aNPF eventin summernucleation mode particles haibe highestconcentrationgduring
the night, yet another concentration relative maximupi noon can be attributed to NPF Deleted: before
(Figure 2a)The shiftin the average time of the daytime burst of nucleation mode particles
can be attributed to the annual variation of the daylight lendsimilar doservatonsto ours
havebeen reported in Cusack et £013 for the western Mediterranean whetthe diurnal
variation of nucleation mode particles pressm clear maximum at noamderboth polluted

and clean conditions.

It is worth noticing thatduring nighttime the mediannucleation mode particle number

concentrationswvere in all the seasonsThis suggests that theiessomenew patrticle Deleted: almostthe same
production mechanism at night that operates separately

from daytime NPH-requently drringthe nighttime, we observed a pronouncebpearance

of newnucleationmode particleoverseveral hours as illustrated Bygure 3While nocturnal

NPF has been reportad the literature(see Salimi et al. (2017) and references thereims

phenomenon seems to be raead it remains unclear what are the exact mechanisms leading

to it. Given thatwe observecdho or little growth duringnighttime NPFwe mayassume that

the sourcedeadngto the formation of new particleare local rather than regional Deleted: .

Observations of very localized NPF hagerbreported irMaceHead, Ireland,
whereintenseNPHrequently takegplaceunderlow tide conditions when alga&re exposed
to the atmosphere If Dowd et al., 2002)Henceforth, we will exclude thaighttime NPF
eventsfrom our further analysis. We refer the interested readeiKalivits et al. (2012) for a

more detaileddescription ofthis phenanenon.
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Overall,we observed atmospheric NPF to take pldceing both day and night at Finokalia
but no sign of any other source of nucleation mode particles in measured air masses. We
therefore hypothesize that atmospheric NPF is the dominant sourcauzieation mode

particles in this Mediterranean environment.

3.2) Characteristics of NPRle easternMediterranean

We analyzed the dataset of aerosol size distributions following the approach of Dal Maso et
al. (2005) in order to mark the available days as 1) NPF event days when a clear new nucleation
mode and subsequent growth of newlgrmed particles to larger dianters can be observed,

2) non-event days and 3)ndefined days when either new particles appear into the Aitken
mode or nucleation mode particles do not show a clear growth. The available days were

manually inspected and classified.

We used the Statisticaoftware package for Windows to carry out factor analyses, including

meteorological parameters, ozone concentrations (as oxidant in the Deleted: the major
atmosphere) and PM mass concentration (as an index of particulate pollutant levels), in

order to examinewhether any of these factorsvere associated witlthe formation of new

particles, represented by the nucleation mode number concentration. Furthermore, we

divided ourdatato night ard day time periods in order to separate daytime NRfnfthat

taking plae duringnighttime. The only parameter thabad some effect on the nucleation

mode particle number concentration was the wind velocityhen strong winds were

prevailing at Finokaljd was more unlikely to observe nucleation particl®s. the other hand,

the lack of correlation to any other parameter may indicate that the MR#ot sensitive to

local meteorologcal conditions in this Deleted: or atmosphericchemicalcomposition
environment Air mass back trajectories calculated using the HYSPLIT model shtiwed Deleted: no mapr
differenceduring NPF events fromir masses typical fahe prevailing situation at Finokalia

air masses arriving at Finokalia from the northeast were the most frequent duringWPEs

(30% against 24% adll days), followed by Deleted: 27
northwestern air masses that were more frequent than the avergg@oagainst 1%). Deleted: 21

Deleted: %) and northern directions (18% against 20
Next, we focused omletermining the maircharactersticsof daytimeNPF at Finokali@verall,

NPFevents were identified. This is the longeasnhe seres of the NPF phenomeon Deleted: 623
recorded in the Mediterraneanatmosphere,providing a representative climatology bfPF Deleted: 29
eventsin this region.NPF took place7% of the available measurement days whereas | pgjeted: 2121
no event occurred orb(% of those dayslt is worth noting that?3% of the days were Deleted: 45
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characterized as undefined, which means that while no clear NPF event could be observed,

there was some evidence of secondary particlerfation although not at the immediate
vicinity of the statior{Table 1)We found thatNPFs mostfrequent in April and May, probably
due to the biogenic activity: jrand leastfrequent in
August(Figure 4)probablydue to high wind speds occurring thesge (not shown
NPF

takes place throughout the year.

As a next stepwe classified the NPF everto Class or Class kventsdepending on whether
the particleformationrate at 9 nm () andgrowth ratesfrom 9 to 25 nm diamete(GR-2s)

could becalculatedwith a good confidenceDverall,Class | events corresposuito 8% of the
available measuring daysid 28% of the event daysnd they wereobserved throughout the
year, providing enough data faa statistical analysis gfarticle formation and growth rates

during NPF eventd-igureb).

The averagealue of} duringthe Class NPFeventsin Finokaliavas0.9 cm®s® (median 0.5

cmis?t ). Thisis well in the rangeof values reported foyl, in other locations
(Kulmala et al., 2004ahigher though than.s reported by Berland et af2017) at the Finokalia
site in 2013(0.26 cn?s?), but substantially lower than the values fouly Kopanakis et al.
(2013ing S& (0 SNY / NB (%Y. Bha mabthly vgriatiodap (FiQure 6ahows that
the highest formation rateswere observedn

and as a

result of the CS it is difficult to say which factors
determine the monthly variability ob at FinokaliaSeasonal averages &f GR..s and CS are
summarized in Table Rloreover, we found thath andNs2shavea clear linear relatio(Figure
7), which supports our earlier hypothesiigt at Finokalia the main source of nucleation mode

particles is the& secondary formation in the atmosphere.

We calculatedhe averagegrowth rate ofthe newly formed particles to be 5t

3.9nm hrl). We found that GR.zs is highest in summer and
lowest in winter and early springprobably in line with theseasonal cycle gfhotochemical
activity and biogenic emission patterns, producing condensable spzieare driving the

growth procesqFigure6b),

29
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Deleted: One would expect NPF to be stdrequent in
winter when the highest concentratiors$ nucleation
particlesare observed, however thisasnot the case. A
possible explanation for the higiucleation mode prticle
numberconcentrations in winter could be that the
probability of a newly formed particle to survive is larger
thanin other times of the year. The survival probability of
newly-formed particles is clady related to the ratio GR/CS
(Kerminen and Kmala, 2002; Kulmala et al., 2017). By
looking at the seasonal variability 68and GR(Figures 1b
and 6b), the particle survival probability seems tathe
highest in winter.
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The survival probability of newfprmed particles is closely \kd to the ratio of CS to GRt
least for cluster sizes (Kerminen and Kulmala, 2002; Kulmala et al. a&@ild) Finokalia they
present the same annual cycléhe survival probabilitypf nucleation mode particles for Class
| events was calculateldased on the formula in Kulmala et al. (2017)was found that on
seasonal basis the median survival probability is higher in surantewinter, however varies
between the seasons onlyithin 5%.The concentrations of nucleation mode particlese
lower duringsummerand theaverage duration of the NPF in summer seems to be shager
shown in Figurel and2arespectively These observations may be explained by the hig®r
and GRduring sumner. The CS (and hence CoagS) naiectly affect the maximum
concentrations observedhe slightly higher survival probability in summer explgiashaps
that giventhe high CSn order for new particles to survive the need to grow f&@st the other
hand, ane would expect NPF to be most freent in winter when the highest concentrations

of nucleation particles are observeahd CS is the loweshowever this was not the case. A

possible explanation for the high nucleation mode particle number concentrations in winter Deleted: , butthe winters 20089 and 201213had clearly

could be that thesurvivd probabilityis higher than inspring or autumn.

3.3) NPF trends during the 200818 period

Puring the period under study rgiatistically significanirendsin NPF eventaere observed

[ Deleted: 2015 }

Deleted: By boking at the interannual evolution of th&N\PF
monthly eventfrequency at Finokalitor the 85 available
months we observe a slight increaséabout1.5 % per yea
(Figure8a). This trends not
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at Finokalia for the 120 available montHs should be noted though, thagsince 2010 a|
decreasing trend is observed, which is statistically significant witvalueof 0,005, During

the measurement period undestudy, no trendin 3 was observedFigure8c), Although no/

statistically significant trendvas observedfor GR2s as well(Figure 8d)we observel a |

ecreasing trenduring the perio 150f about 0.3 nm hrtyr®. This trend can be
i curi h iod 2002015 of about 0.3 hityrt. Thi d b

consideredstatistically significapfp-value of 0.03, In order to explain this trendve need to
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emphasize the regional characigticsof the observations at Finokalias this sités greatly
affected by longange transporéd pollutantsof marine, desert dust ahpolluted continental
origin(Lelieveld et al., 2002)\Non-sea salt sulfaténssSQ?) can be considered as an indicator
of regional pollutiorfrom anthropogenic activities ($@missions), and since the beginnirfg 0

the economic crisis in Europespecially in Greeceve observel a clear decline in its

concentrationsince 200§Paraskevopoulou et al., 2QL#&hich however has stopped after

2015 We cantherefore assume B0 a regionatlecrease in SCemissions sincethe main
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decrease in the particle growth rate and frequency in the
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3.4) Atmospheric ion observations related to new particle formation

At the Finokaliatation, atmospheric ion observations relevantriew particle formatiorwere
performed during two separate periods, 202809 during theEUCAARI proje(itlanninen et
al., 2010)and 20122014 during the FRONf(Formation and growth of atmospheric
nanoparticlesproject. Here we will focus only on FRONT data, since the EUCAARI dataset is
discussed in detail in Manninen et al. (2010 ) and Pikridas et al2)(Z01ypical nucleation
event is presented in Fi§. as recorded byoth the AIS and SMPS. AIS observatioiay
provide information about thanitial stages ofnew particle formationas particles can be
observed emerging in the intermediaten diameter ange 1.67.4 nm.Intermediate ions
appear only under certain circumstancasich aduring precipitation,at high windspeeds,
andwhenNPHs taking plac® | p NNJ | ; $ainmét ét di., 20k :esio et al., 2016Chen
et al., 2017. In the followingwe will focus on NPF andse only the observations from the
negative polarity due tthe better representation of NPF everitsthose data compared with

corresponding positive iona our datase{ Deleted: Figure 9)

We classified albf the availableAlSmeasurementdaysinto event, norevent and undefined

days once agaimccording to methods introduced by Dal Maso et al. (208%) subsequently
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compared the findings frorAIS data to those from thEMPS Deleted: data
Surprisingly, the two data

sets for the same time periaghve quitedifferent results in ternsof the NPF event frequency:

inthe AIS datdhe NPF evenfrequency peakeearlierduring the yeathanin the SMPSlata

(Figure 1. Thisfeaturewasevident in both periods of AIS measuremeaitslis probablydue

Deleted: to the differentmeasurementharacteristics of

. . the AIS and SMHABstruments.For example
/it is possible

that AIS data are more regsentative of locaNPFeventswith limited particle growth and
such events may not be seertire SMPS dat®n the other handthe SMPS measures neutral
particlesbut has amuch higher detection limi{9nm), so its datanay bemore representative
of regional NPF that takglaceoverdistancesf hundreds of kilometergalkavouras et al.,
2017)

We calculated the growth rates at three different size resipr the FRONT projesimilaty

to Manninen et al(2010 and Pikridas et 42012 for the EUCAARI projedata Theparticle

growth ratesin the size ranges 1:8 nm, 37nm and 720 nmwerem ®¢c p M & p Oy ¥ n & §J
nmhrll Yy R ¢ P m FlreBpectiyely Thisddlues arelower thanthose in Pikridas et al.

(2012 but comparable to thosebserved during the EUCAARI projiut the first two size

ranges, andhigher thanthose observed durinthe EUCAARJroject for the last size range
(Manninen et al., 2010). Overall, we observadchfaster growth of newlifformed charged
particles in the eastern Mediterraneatmosphereafter theirfirst growthstepsbeyond 3 nm

in diameer, reflecting probably thestrong Kelvin effectat small particle sizes preventing
condensation and hence growtandthe abundance oprecursors leading to nucleation and

condensing species contributing each growth stage
3.5) Smulationsof NPF usinthe zerodimensionaimodel MALTHox

In order to evaluate our understanding of the observed NPF events in the eastern

Mediterranean wechose tosimulate two distinct cases of one week duration each, during

which NPF events have been observeefit week) or not (no event week). The selection was

done from the summer of the year 2012, whenJOand JN®@ photodissociation Formatted: Not Superscript/ Subscript
measurements were also available at Finokalia. Tveeks in August 2012 were chosen,

28/08¢ 03/09 as event weeland 09/0&; 15/08 as nonevent week¢ KS a4 S@Sy i 6SS1¢ 61 &

described in detail by Kalivitis et al. (2015). Applying the MAokEmodel the aerosol size

distribution and its evolution over the week has been simulated for these two cases.
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the observationsThe NPF simulated using the nucleation rates as parameterized for | Deleted: , as shown in Figures 11a and11
the boreal environment overestimated the observatiomsile the simulated growth of neyd Deleted: levels

formed particles was greatly underestimatad shown in Tzitzikalaki et al. (Z91The most

likely reason for this is the very low concentration of monoterpenes, calculated byET4

global model for the Finokalia model grid box, on which the ELVOGHOC chemistry was

built on. Indeed, the TMECPL model results for Finokalia were too low compared to

monoterpenes observations in 20140t showr). Therefore, we performed a number of

sensitivity tests to improve the simulatioris Deleted: .

The best agreement between model residisd observationsvasreached by
decreasing the nucleation coefficient from#&?* (the value commonly used for the boreal
SY@ANRyYyYSy#H &l aid2incrgasing rby a factor of 10 the- and i -pinene

concentrationsWith these modifications the model resuitaproved and the aerosol number Deleted: greatly

size distributions were j as well as total number and volume concentration of | Deleted: well captured
aerosol particles (Figurés.a andb respectively) Thisvasthe first time that wewere able to Deleted: 11c
Deleted: d

simulateNPF in the eastern Mediterranean ¢ The almostive orders of magnitude
. - . Deleted: in such detail

lower nucleation coefficient used here for the stribpical setup could be related to the

contribution of still unknown compounds in the clusfermationprocess. Huang et al. (2016)

applied different kinetic nucleation coefficients at Nanjing, China, with the lowest value for a

G/ KDY Bl yé cPheReRin

Using the norevent week as our control case, we performed simulations of number size
distributions at Finokalia station using the swbpical setup and compared it to our
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last two days that were not found in the measuremenigi{zikalaki et al., 2079 but appear

to be associated with the rapid drop of CS during day five of the simulations. tNefess,

even if no NPF took place during the last two daysagapparent in our measurements that

some nucleation particles appeared (~200%rand thus the general tendency was captured

by the model. Both total number and volume concentrations weie by Deleted: well captured
the model (Figures 12, b). These results show the potential of MAHIE model to simulate

the NPF in the eastern Mediterranean and the importance of input data. Therefore, when
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more appropriate input data for Malteox will become available (concurrent detailed

measurements of @ses and aerosol distributions) at Finokaliaw simulations Deleted: detailed
will further provide insight ir Deleted: NPF phenomena
and the factors controlling/PFn the eastern Mediterranean atmosphere Deleted: them

4) Conclusions

NPFin the atmospheres arecurrentphenomenon in eastern Mediterranean. In this study

we presenedthe longest time series of NPF records in the region. We analjizeddaysof Deleted: 2121
aerosol number size distributiaatafrom June 2008 until Ju&) 18 andfoundthat NPF took Deleted: 2015
place?7% of the available daysiore frequently in springand lesdrequentlyin late summer Deleted: 29
Production of nucleation mode particleaas commorduring nighttime as well Nucleation Deleted: and autumn

mode particle number concentrations were low outside pds®f active NPF and subsequent
particle growthindicating absence of local sourc&3assificationof NPF everstbased on
atmospheric ion measurementdiffered from the correspondingclassificationbased on
mobility spectrometer measurementthe maximumfrequency of NPF events was observed
earlier in spring from AIS data than from SMPS datssibly indicating alifferent
representation of locahnd regionalNPFeventsbetween these two data setsince SMPS
measures new particles after they have grown to diameters larger than 9nm and hence

records only regional events lasting for several hours.

We usedthe MALTEbox model to simulate NPF observatianghe eastern Mediterranean Deleted: During the measurement perigdhe frequency of

. . s = , A . A P . A s ~ | NPF occurrence ineased by 1.5 % per year while the
region.Usingt  G-@ N LJA OF t ¢ SY DA NR Y ¥ tefelablddb Hhutats Wit || 5erage GR decreased g nm hrtyrt, probably reflecting

the decrease odmbientSQ concentrations due to the

good agreementthe selectedtime period. The parametrization used was significantly economic crisis

different than the one used for the boreal environmentcleation ratesvere much lower

yet monoterpenes seemdto play a key role in the mechanisms governing NPF phenomena

From the results presented in this work it is evident that the Finokalia site is a unique location
in the eastern Mediterranean for studying the processes leading to NPReirmtarine
environment. As a next step more detailed look to the precursors driving these proceises
necessarywith special emphasisn VOCsand the expansion of the available measurements
at the site in order to eliminate the uncertainties introduced in our simulations fiteenuse

of model outputs instead of observations
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7) Tables
Day classification Number of events %
Total events 837 214
Class | 232 76
Class Il 605 A19.8
Undefined 687 22.5
Non-event 1533 201
Total days 3057 100.00

Table 1) Total available measurement days and percentagdNBF events observed at
Finokalia duringhe period June 20®June?013

3 (cm®s?) GR.25 (nm hr?) CSx 108 (sY)
Mea Media Media Mea Media
n n SD | Mean n D n n SD
Winter 09 0.6 LA 3.3 26 24 43 35 29
Spring 10 08 10| A2 33 3L |58 55 30
Summer 0.7 05 09| 73 6.8 39 9.1 9.0 3L
Autumn 0.8 04 10 | 53 4.7 2.9 6.5 6.0 34

Table 2) Formation rates for 9nm particleg,(drowth rates in the size range2® nm(GR.2s)
for NPF events observed at Finokalia and condensational sipk/faricacid (CS) on season

baseduringthe period June 2068une?015 (mean, median and standard deviation).
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1) Monthly average variatiomf a) nucleation mode particle number concentrati@md b)
sulfuric acid condensational sink (@8fyinokalia station ovehe period Jun2008June?018 \ Deleted: 2015

Whiskers represent 10th and 90th percentiles, box edges are 75th and 25th percentiles, the

line in the box is the mediathe solid square is the mean
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2) a) Average drnal variation of nucleation modearticle number concentratiorfhourly

values) at Finokalia over the period June 2008e2015 b) New particle formatin event {Dmeted; 2015

captured at Finokaliaro29/08/2012(time in UTC+2).
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7) Scatter plot offormation rate of 9nm particle$b) versusthe number concentration of
nucleation mode particledNp.2s) (hourly maximum value during the everd} Finokaliafor
eventsthat J could be calculated with a good level of confidence (Class | events).
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9) Nucleation event observed at Finokalia @
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1E+02

1E+03

[

p

dN/dlog(D ) (cm™)

as captured by AIS (left panels

54

0 2 4 6 8 1012 14 16 18 20 22 24

Deleted: Thne

Deleted: 2 December 2012




© 00 N O U b~ W

60% -

50%

40%

30%

20%

NPF percentage of occurence

10%

10-2012 12013 4-2013  7-2013 10-2013 1-2014  4-2014  7-2014
Month

v | Deleted:

10) Monthly variability of NPF even®@percentage of occurrenceelatively to available
measurement days at Finokalés determined by analysis of AIS dalaring the FRONT
experiment (Nov. 201-3uly 2014)For a direct comparison, thmonthly variability of NPF
everts as obtained from the SMPS measuremefotsthe same period is includedn top of
the columns, the NPF events observed for AIS (black), SMPS (grey) and the common events

for both instruments (dark grey) for each month are presented.
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