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Abstract

New particle formation (NPF) and subsequent
condensation nucl ei ( CN) and cloud conde|
observations have shof®R posCCNvetcbaoawrsbpe.l
negative NPF contributions werse &68teg $hmu
observiaa iomasst Qi ngdatyj ioig and Guchemwg i n N
thoroughly evaluatentbhepbsafiNbasddiCRERN Mber ng
explicit par ameter i ateimo nméa€Ng d dtelde i inni WRF
Si mulsahtoinwasm ge bi ases of partiicdlOe nmuimhar 4d0on
100 nmdj uwBsytiang t hepaprtdcocdss pafr t § hreaosnsi n g, [
accommodation <coefficient of sul furic acic
aerosol emissions and the condensational ai
particl ecegsewiyhepitly ed usveebrsetsatnitmaatles of CN.
CCN, SOA formed fromvotlhaet i d»i daantdi oinn toefr mseedm
organi c -S@A)redsd(a&Sd | mpor tAda n td esceat | ti thi goeu t Dir .
SOAi elsd t owi thitaguits i der i ng phecdodxkbEdat emnes ait ®
Lower i ng®OAhgusdldrnteR@nucl eati nasslcthemen muc
i mpr «QWCaNsli mul aobimpmas eldsaetrov®Oms t he basikrs of th
corrected nsoudbesltl, gprotsii atflii mel contri butions of
supersaturation (~0. 2%) over thempetianmg ar €
effects of increasiangepat binef-&0bBdamosabpi c
suapsing that dodcrpdreteiscbeedsdmedelr obustl| y
applicable touomhbadHSO®haemke ssacthipgome t er ms of
CN and QGOmhwhuegghdependencROA fy iGANS hodnsl kKSd il mi
due t o cphaarntgiecsl ei nElmimMpost udynhighlights the

| arger NPF contributions to CCN on a regi ol
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1. Il ntroducti on

New particle formation (NPF) is a proces
forcmi mbbatul ar clusters, foll owed by subse
condensati on (Kinldmacloaa gau uala maol,na 2dMNetal ettt 21013
2019 Newly for med particles coul d effecti
condensatiomnnmec!| eiert@CMN) supersaturation (
on the cloud microphysical(Mprokassoapt gl ot
Gordon eitKealmi,nen0 j&te nale.t,).a2n0 1a8d 2 0e2f1f a rt,i etnhl e
nucl eation and explosive growth of particl
(Guo et )alaf,f dtlidng air uwalni tty ;Ghhud ,ent@@adrd ,h
201©Qul mal a &t al ., 2021

The over egotnidmatseat o foinn nruucnheeriiicéad imoond eyl s

seen, despitectlné yNoattaseump teAtraghayva@in)l8&8t al . ,

It is a common way to reduce the nucleati on
concentrati dWatisnuiprejtp olétri ,oin2g9tl8dnc e, i n the
East Asia in the spring of 2009,giewreaal afte

mod el edheWRFapplied in their study, t he r e
particill8®9d atm I@mai ned (Mat i oe)ter@sitn gnad k&

same regional model and a si miAlrgmhamamnhodtt
al . fd@n2) particl e numb0eOr ncno nwaesnt staitlilo no vad
by nearly one order of magnitude, despite I

for the small erl@ahlhmiadaeist isar httch £t Bea Drwa the
process of particles also has a cruci al e f
di stribution. I n this process, the condens:

acid, nitrate and organi c pgaarsteisc |O&a ogpraotwti hc |

al . ,;L2el &t ;al .et 2JalAnd20b2 uncertainty of
amount may | ead to the bias of CN simulati

Inaddi tion to CN, there are | arge discrep.
numeri cal model subdnd. ofFfset Watr monal ®&ases an i

CCNMeri kant o ),ett hael .ccon220r0i9% uti on of nucl eat.i
3
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numer i cal model s is also highly wuncertain.
Fanourgaki sewal uvaat.ed( 2tOhle9 )CCN concentration
aerixcdalmate and chemistry transport model s
and Japan from 2011 to 2015, and found t
concentrations wirmehana briBstefa a@aftorimawi geder sat
(SS=0WREBehpemmodel s also tend to underesti mat
CCN, especially at |l ow supersaturation.

concentrations throiuJgthmeut2 @M goarrri 0J Hlywy t |
Finland, showed that wunder | ow SS, nucleat
at SS=0.1% and(S0d.h2% regs Pdhsteir @Il ons acquir
from July 12 to September 25, 2008, al so

increases CCN at all supersabwr dii.ens, 0e0d
and 0.26%). Thus, t he occur r erflc.e7 oafn dNP2F. 2e n
respe¢Ytuievelty)al ., 2011

However, previous numerical expatsments &

et al . qu@na@iX) ed the contributioenhenf imucl e
Beijing in August and September 2006 and f
wlen SS=0.02%, the concentration of CCN is
this to the fact that the smal.l particles
of the preeMassiungeepami iD@n®&§ X caoln.d u(c2t0eld )
NPF simul ati o@Glsemiftdr tthlee WRiFmmer of 2008 f o
of t heed Brtiatt es, and found that the nucl eati
supersaturation (SS=0.1%). Besi des, a stud
indicated that at |l ow supersaturation (e.g
CCNMat sui el Thd . comRt0rl&8st i ng effects of nuc
supersaturations in model and observations
At the stage of particle growth, second
at mospheric oxidasi @an maff oor gamitec i baporsti
CCN el at di ssiared MLt awi ,et2@DA | f 2rO2eld by mul

gener at-pbasée grse@mbiani bé and intermediate
4
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compoid IO ¢ aS O i menez gthaanlg. ,e 1)2Z060a% , 2007
et al mad20&a6comprehensive assessment of th
in SOA f orremlt i @athmashsphere in China in 2010,
that evaporated. POASAhRhYOCYO@ade a signific:
contributing up to 82% to the average SOA
t he ef fSEOAt odif ICE not been fully studied.

I n this -gapmr wa¥®WREBEpplied to simulate the
i €@hiinma February 2017. The <Lhmul aoesed sebyl t s
compared with obsBeerivjaitni go nase & i b bnegndga,ol,ar g e
i n CN. This is followed by an i mprovement
i mpactSOAf y$lel d and nucl eation on CCN is in
2. Data &asnd method
2.1 Observations

The measurements weaedibottbver sftradms wep ki
February 5 to 24, 2017 at the campus of C
120A29 Nj4 anjEWmigedha oi,s surrounded by residenti
aboukKkmilddway from the city center. Aelfast mo
3091) was applied to measure the aerosol p
5.6 nm t(boi 566t nanl The2bL#h k COaNnecacsrua eendt rbayt iao
cloud condensation nuclei counter at three
0. 6%) and each supersaturation | asts for 2
measurement dan ete afl adithredR GitrbarNnNn site i n Bei|j
the roof of the buildingoofol blgec@hi Sesenhe

39A95NjN, 116A33NJE) in the campus of the Ch
to the main road with heavy traffic. The r
|l ocated in Hebei Provinse,a gwrprewsredddhathbhwef
the severity of air pollutipamticl| BeinjuimbegrT

di stri lhtdteisen tiomfo tshiet erl8br0genno fi s4 measured by
Scanning Mobil ity Parand | enoaldai oen f b TN P St)

instruments Scheem bkea .fadund 2i0nl 8)
5
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2. Modtonfigurations
WRFChem version 3.9 is uwsietdh ttoh es immauilnatpehy

and chemical parameterization settings sum
is 36 km by 36 km with 35 verticall | ayers
model simulations at a higher spatial reso
pollution is focused. Até@bPbn2O0Addousvasumcohda

with tithetefyi retsul up asdthessprded in the an

TabllWlRFChem model configurations used
Mo d el configur a
Mi crophysicsMorri s-mmomert mi cr oph
(Morrison)et al., 20009

Pl anetary Bounde YSU boundaryHobageeretse
LongwavShoamnadvave I RRTMG | ongwave anaon s

(lacono ¢t al .,

Land model Uni f i edLaN@Buarhf ace (Glcehrer

Dudhi aaTew@00 et al ., =z

Cumul us Gre3lDl cumul us par anét e
1993

Aer osol modu MOSAI Cuhi@alveri eMatas ui,
2011

Gappghase Chemi :SAPR® -phase chemi(€ar i
20DO0

The meteorological initial and boundary c

System model vieabBaoat)Rali€xBaRydi s devel opec
Centre for Environment al Prediction (NCEP
conditi onBheoff aWRF provi ded by GCGComdmlniwiyt hA
Chemi st rGhe(fWdMhhol z Bt &Iht hr@padenic emiss
year of 201 70nmrteh eo bMwali tnierde sforl uti on Emi ssi @
(MEIhG,t p: / / www. lneieannc ¢ e (b.no rdga/t aBhee,n g2 L7 al . |,
20118
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The Model for Simulating Aerosol Il nterac
used toedalyinmmarct iggdse mass transfer to ref
growt h dZawerriosetl TaH-pgg&80dIBe partitioning o
particles is regulated by the mass transfer
coef fUYaj epratr almet er involved in the model r e

mol ecules engerdnphadel bafTkal oy i JO9WAI set t |

for all condensing spAtCegsdwearlial .t darnz.e, baC
the default -Clhedmas MODAI CWRWa s i mpl ement ed
framewor k with aerosol size distributions

to 10 Om in diameter. To nax ptlhiecigrloywtehx porfe s
formed particles, the aerosol size range i
nm team,10Wwith the number of gMatoswil et zeael .b,i n:
Mat sui el uplascuz2e@ei88ialet )BMWelS5ca0b22l ati on me
CCN concentratcihem imodthe i WRF eMatrsed ebD &he
(20.11Based eont Kéaty, CCN <concentrations

supersaturations of 0.2%, O0.4% and 0.6% we

(& of each si-zbemi modelt i wasWRERI cul ated by

T

¢x g

Y vy’
Wh e tJem| is the <coefficiens ohet kel Kmdivawne
hygroscopicity, calculated using tihsse val

droplet surface ternd¥ivoBR oher gwat eonncE0ad?6fi
(461.'0)J, KT (K) is thesiadinhteemdparsatyr eo,f avac

m 3) ]
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Table 2 Hygrosca)pmct h-8h WRKF Maoncke ler s (

Speci es Hygrosca)pi ci
Sul fate 0.5
Ammoni um 0.5
Nitrate 0.5
Bl ack carbc 16
Primary organ 0. 14
Ot her inorg 0.14
Sodi um 1.16
Chlori de 1.16
The chemical aging process of organic ae
basi s set (VBS) approach, which was widely

compl ex mixtures of t(honaslwnasediailor gatdCs s
et al;Chr2018)Thael .VBXR OmMed8t hod cl assifies comp

effective satura@t,wbnchconepnéesantenthe pr o

component i n the gas (Dphmadha et @)ttt EEpadgpiaa™0i0E] e
with ¢i goledrues are more volatile. The oxida
form relatively | ow volatile components r

consists of directly emitted primary organ
secondar yermrsd rs(SA{rSEOvAg st av d. eltn atlhi,s 290tludy
si mpl2isfpieedes VBS mappharmridsmowashe simul ati ol
which primary organic aerosol was represeni
effective satucatviadmuesorn@dant2roBairkdh@mad 1 at 1
m3(Shrivastaw®remaal. orgaii cofdgflmedles swit oh
S/1VvVOC, which is in the gas phase under mo
volatility, whot g@atioecwintchofse@@ fm mar t r eat ed
gas phase as well in the origihaloxmaael onT
of S/'1 VOC prec#dmlOAorandi ¢ healSIOAd f ®Ir med by o
precursor SSOAs namd d2as\peicmelsi ViB&S&dIM@A*h(ani s m,

8
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241

242
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244
245
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247
248
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252

of @@ "*m is formed by the oxi datcioofn®Olgle act i or
m3 and OH with an oMi d®thmo h'stTahte epuasttiamns

for controlling the oxidation of S/1VOC pr
0/ 'Cx /(93)3/1Cr ML3IB/ICH o
0O/ !Cy [/ (93)3/711Cr [( T

where POA(g) denotes pcioma@g *mryglinihc meaot
with OH SOAf(gnechawB PG >m Subeandreips esent the
nomxygen and oxygen parts eiess peeictthievreltyheo fb i
or ant hropogenic emi ssi on sector. I n add
corresponding to both anthropogenic and Dbi
on constant emi ssi onShrraitviaos t afv)aS de¢tty &ad| .¢,d 2F0(

descri psgpgecmi eosf 2BS me c haShhrsinv acsatna vhae e to uanld. |

22 3 Model sensitivity formulations
Three sets o#&trdeeesnisginteidviatnyd tleissttsed i n Tabl
the three sets of experiments are as foll ov

of ulpamrfi oleeCsh eimn mWR ke | PBPas BOCMACRACD, wi t
details in Tabl e 3) .-SOA 2y)i eHxdp | coviri eClGd\h eq nabf W e
Hi gh_Yield); (3) Study the effect of nucle
SISOA yielYyd e( diivgrhd Yi el d and their corresp
nucl eation parameterization, i.e., Low_nuc:

explained in conjunctions with the results



253 TablTéheld3 sensitivity tests
Purpose Simul a ) )
Descriptic
scenar
Adj ust Base Simulation Wi
condensat setting nwct b
process o0 coefficienfslse
particl same aas et al
Ma s s 't i s the same
accommo the mass adj u:c
coeffi (U)gf gaseous s
(MAC) adjusted from
POA emi It is the same
phase the phase of
(P EP frgmas phase to
No conde¢«lt is tRPEPE@aNE
( NOCD) no WNB condens
particles belo
Ratio nlt is tPECSE@aE
for conithe condensdl&tin
( RACD) particles belo
according to
particles t o
reporWaendg ient .al
Explore t Hi gh_YiSi mul atthlmgh o>
SISOA yi e rabée -SOIA or mat i
CCN (Expl reaction rat et!?
ef fect of c mmo |lest
process Lowi el Simul at iloomw wixt

under t he
SISOA yi €

rabé -SOA
reacti on

c mmo | st

f or ma

rat etl

10

nvol ved
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263

264

265

266

267

268

Explore t High_NU Simul ations Wi

nucl eatic parameterizat:i
on CCN wur Hi gh_Yi el d
changeSOA Low_ NUCSiIi mul ati ons Wi

yield parameterizat:i

Lowi el d

3. Resul ts
3.10bservational anal ysis
Based on (Dhle Masad etnlaanbh|l o 2B8PBE. deR2D@héEd
as an event with the emergence of a nucl ea
than 25 nm, |l asting for 2 hours or mor e, f
growth. Six NPF events were idedaydiefd 6n |
9, 10, 17, 20 and 23 (F30g% alnad) ,diysipelladyiinngg a
banamaped growth of particles in the part:.i

o a few other studies on NPFtfudgqguuemc\y oi re
arge extent consi s?eme 1B t(dhouuvheat )a,ln. t h20 I
' ightly higher thanZhu aet )anl asndn2ixin®ez2 0 1 & a(n
n spring @i u2@io0)a(hdel 2 @hhdea spriegqgeneyQi mgd

S consi stent wi t h t he obseirrvat hendlor t beu

Hemi spiNeeeniinen et al. (2018)

11
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»
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Fi yDitsr i baift ippanr ti cl e number concentration. (

size distributions (colored shading) and ¢
bl ack) in Qi ng2d4a,o .Robih é&F ebaaimrd/i br QMo vari at i
(bl ueaepoeoo@bhe) aocmddoGNeen) compdNPiFt ddodurdi hg nt
and -NMPoFn (dashed | ine34, da¥ygk7 onAlFle btriumes &r e

During the six NPF events i meadtiiufrinead i n
cycl eioppodf T4BNnm) particles exhibits triple pe
morning (8:001714r:)Q0 nloTo)n anld2 :eOWening (19:00
compar aipleaakt Hremd ur e was al so obg&@rl8ed nin e
Qi ng@ha &tORdlThe morning a@Moue vwinti mgv plelaks
~53006amcdn ~122000excprecti vely, parrienednmiyk el pnesaus
from traffic a(Wwd evbokWaggadéeijGaliit jed’d022 , 20
The occurrence of NPF starts approxi mat el
substanti aliuicmorpaa ead-NRFtG@GMygpen(solid vs. da

blue), vyielding a cpnédaukr ian@Giddlim2@ On @ dh. (26 O0GAd
12



286

287

288

289

290

201

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

| arger par tomoalnedsidgdbgo gli spCHyed a sl ow or nc

afternoon.

32Modemprovementi cl e number concentration s
Particle numbpri mancentraidiOomericgamge g1 0o f
nm, are commonly simulated witl0i4dlhange bi as
the particle number concentration i s assoc
NPF, despite diffatrieor eme @ir@dimsgs chanpes iHdoerrne d |
common pecil@d@¥®j oy et wahli.cch 2004 n (Cauffer | :
et al;MatgaatLéet lah.t he&FG4148006 namngeéhe particl
concentration is primarily affected by the
nm, which is closely related to chemical c
the evaluation of paretifdlrestnuwemadruadfen deret rc
PM.andr i t eroild uvaiarnt s2 ,PMe 5,0dS @O NPRa nshowi ng
relatively | ow biases compared to observat

the supporting information).

3.2. 1 Bctaisonc oofrremboeeanccdnret r 440 ommat 10

I n this study, as shovelbetmwdem.si2mulcamipanm
l'ine in Fig. {d D) axzkd |l o meeriwvwatFiiggns 2a) resul
mentioned isBetthieomprieni Quagdao in February
overest honawt €8 @Ban fractional bias of 48%.
affecting the particib® nmmbeucteatenhrasi gi
particl e nulclnema tpi@a'mshrcalteeh iodh i s cl osely ass
concentr.8Qi ofhorofi nHst ance, i n a commonly ap
the nucleati o rate( 8Al cNbtagcatdsh dtyheK nucl eat
coefficienthecpmyisdermil ngprtoperties and chem
process under different environment s, i ndi
included in the scheme reflected primarily

bs'Tlhased o® pr@adhes etRialp.i,nen0)0BBoNngl et 2a007
13
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(20840OMul ated NPF occurring in the summer o
NPEXPpl i cChemWRBFased on the activation mechar
particle numberie68onmemtyr anteudryatdogod | e K
decreased by one order of masghi tTher dfserte a
is |I'i kely that the overestimation of parti«

Ssize segment is probably due to the bias o

(a)
80000

—e— Base
—e— MAC

60000

40000

200004

CNyo - 40 (/cm?3)

—e— Base —@— MAC —®— proxyl —@— proxy2 —@— proxy3 —@— proxy4 proxys proxy6

H,S04 (/cm3)

“2/66:00  2/96:00  2/106:00 2/176:00  2/20 6:00 2/23'6:00
Fg. 2. Ti me swe0n edPOfdgdymsy, Clhere red and bl
MAC simulation results respectively, and b
sul furic acid gas concentration obtained b

5; green: Eq. 6; purple: Eq. 7; brown: Eq.

in |l ocal ti mes.
Measurement of sul furic acid gases in thi
the generally | ow ambi ent %lcbompd eerctuf) et icom o

Di fferent methods have been proposed to est
based on obser;fPeettiztgrts egu aldt. 3, aM2O® ONEMN9 et al
20L1 For PesftaAcetpralposed0o@9)l inear met hod
obser8@domMHc entHyyt,iodslodum heMor ¢&owndra,nda recent
byu et apr.op(o2s0eldd)a nonlinear method to con
gaseous sul furi Eq a%)b,d icnodnicceanttirnagt i tomat( c o mp.

met hoPdetidn @2 et talhe H@WIOI9Nemroviedat moms hapcu
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HS@Qconcentration in iBaerghng@Od8rpegi Bdbr uar
al so used anot her sul(fRug.i c10a)ci dd smeodn| pDned]
observations in Germany,MMiFkhdomed, ptt hal Uni 2
t his wet uddygpt the apoerxy smat modd i heafrerr ed
proxy10) ©Qiens tQimmagtdea oH

0" VP& T YO 8 2AAEADEBTY v
'0Y  quydtu2 AAEABOFD 18 0
OY  w®uv YO 8 2AAEADEWBTYE ( 8 X
oY p®Y YO 8 2AAEADEIG 8 P
0"y minpoYo 8 2AAEADE®BTYS o 8 00 8 w
oY ywppm YO & 2AAEAOQ&ITYIYO 8 p T

whel &P, gJ[ Gand] ([MdD ec'd)l er ecommesent s concent
obser v,ed®OnIO,N respectivel y) iiRagdli abRiHono a d Wwa |
(%) is the relathveshomiedicopndeasatCd®8n( si nk

based on observed particle distribution

The si meSI@Gctoemdc et rati on from the Base sim
compared with observations obtained by prc
simulations apparently overesti maS® by one
esttieeb by proxies. The overestimation has &b
over HKEMatjsswig et whic¢ch2®&4ddri bes the bias to
SQconcentration. I n a mor&SQt eciBVtt esdtuad, &
the result showsi st hraetd uecveedn twh eahne 8uénlir,e atl h es t
simul s56tGe s Kt il | more than one order of mac
value (Lai et al ., XZM2Z)e,ntgwdgdeont icmg ntoh atf u
overesti mates.

I n addition toSQ@hehpr enasts @aocam@dldaci ent
representing the probability of impaction ¢
entering the bulk Iliquid phase, I's anot her
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of sul furic acid gas. -Chremakkaen pocbbmmod &t iec

coefficient i's typically set to a |l ow val
volatility during the oS@Dawniscdyviotns pegtocalss
Zaver. e ®&RlecenlO0BG& udies indicate that t
coefficient value may not be applicable to

mean mass accommodation coefheKuenh neral aite
al . ) 20d7f act, an ear |l i erx psetrudne nt aad idrediea an
the mass accommod’SQvapocoehfsal eoti of aéli d
was measured, and t KHR° sbcehslt efltiAd @ Fvdailaudeld pwBa s |
sensitivity simul ati onmawass accochodnuntotdeadt iboyn acdg
oHSQ@Gf rom 0.1 to 0.65, referred to as MAC.
This simul at pSo@t omrcemnmghtattiloem Klsee Fig. 2b
calcul ated resahtdstthreomopresipesndi ng biases
an order of magni tude. Notabl vy, t he MAC si
sul furic acid gas concentration, resulting
simulation aldwces govéil e€sinfit migg e edd) CNand 1

fractional bias compared to observations d:

3.2.2 | mprpoavreemecnte onfumber conceiaDBODanmon si mw

The number concentr @atGGOnnmfr goraged iicd ema ii ml
by the coagulation and condensattiesindt mr oc e s
|l argely affect wultrafine parti Wuesetbealow 1
20L1 the condensation g-pamet hpcdorft iptairotniicnlge satd

1040 nm, to a |l arge extent, gover ilsOQ he var
nm particles. The condensati ogamprocese i
parti toif orcihregni c al speci es, which may <chang
particl es, such as organic compounds and

ammoni um.
Among the species contributing 1400 t he <co

nm, t hec oompgoaunnicice f WDO Pml ay t he dRineirncaente tr oalle.
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20L11n the currenvomatel eset Yo momast eowo:
f romgamipassoceur ce s, i ncluding the direct emis
( POA) and SOA for&8eOAfrocmndudiVO&Lootho conde

part Wbl Ee. the condensation of gaseous SOA

phase emissionsl emaPDA. m&prbenptabce, prev
that POA is in gas phase close to the emis
and cooling in the atmosphere away -from th

phaRel din etRoaldi,n 2e0t$ habli.v,a sz20alvlaa Ek €& al e , 20
away from the emissions source POA, being
in the growth of. nElwéwyefforenedP@PArmayx |l mret coC
growth away from the emission sobuobass ofwhi
POA compared to whenphaseva(sFiegni t33®a v <. tHieg
l ow volatility POA in the parthandeaenaghsalsep el
pat & hnlkciothnicrogni t ant growth of mewabmsafgor med
concentration of POA.

The composition analid4y0sirmsm (@gargt.i aFBecs)h erans si

model results indicates that organic compol
of tot(aslulmadses, nitratescsammont hbimssal te =
domi nant speci es i s nitrate which account
i nconsewittehnct he previous studies which in

contribution ofLinu tetatalug dF@30 & 4has)kt matc eqgqver |
Pl ain in summer 2009, organic matter accou
while the? sf@®noffNBOY accounReed nftoro bls&%.vat i
conduct ed sion i Btlihjeangp aaf#itGim| &rse amai8nl y compo
organi c matter 8 %)h amads ss U lrfaactt @ d(rBw)tf,h ma s s
while nitrate (ovarnthe nmta sis3%)l éarcy ti lgadWwn.ot h2d 2 2

study showed thatZish atatueabh@otcabtesdr Abr sit
particl &30 mamst hen Uni t gBlz Galat ety afllre 0271 2

the potentially too hiih0 ma elne dt hniist rsattued yf

associated with thiettthenspesiati onreascessex|
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The condensation of nitric acidrtinclpart.
acidity. The acidity40 nnns)matlelnedrs ptaor thiec | heisg h
|l arge particles, primari bSyQ(dw eett oaltaedd XY
particles withasni 28ds ngr batve a much weaker &
For example, dlaseshwodvnevihdhéenaei dic ul trafi
| arge proportion of ultrafine particles fr
Ho nKgoq, e. g@.r, p@5%.ifcil3ds (Wmintghiert ).=m.l 5 , 20114

I n thepmodelc)] e i s deterwhiagred ambbeni wnesol

humidity is | ower than the mutual del i que
Zaver. etZaaler 290%mhich2068in gener al Sui
domi nated byl nnbhgasitody area, the results
rel entuimvedir €eyrel atively | ow and the hpdrhtei cl e
condensation process is not affected by pa
acid on particles i s di r epcatrityi c € @l ceugluaitleidk

concen@Zraateiron et Bbwev&m,08f or particles be
compositions are | Zbhebhiett;&eBBD&é0r),gbawmhicthadt
tends to be(Minthihguoi @Oglddga set), aunder2 Ovitbi ch t

condensation of nitric acid is strongly ¢
mi srepresentation ignores tchecweaakceomidreg seft
resulting in too high nitrate therein.

To overcome this issue, we propose a rat

partition the condensation of nitric acid
of the number caocnicdeinct rpaaritoinc loef§ hneoonmat hodf i 1
i sasbed two assumptions, including: 1) ittt/
with str@amg eacigdi2t)y 2®h22 condensation of nit
proportional t o ctohnec ernattriaetcioodni tcohfe |nbounamlh € ne p
the tot al particl es, despite the existence
particle number concentration and acid part
omwWang et .alT.hel 2Calicdi)ad i ¢f praont icles bel 8% 10rn

18% for pafidi 8l @asn, atB30 %0 f 625 .planrmt,i cdred ZRI % 1
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particli8d89. 8t nmi5.(Fi g. S4) . Note that the r

acquired at a single site in Hoarge Knoenegd e dt h e
to warrant the robustness of the method. A
on particles in bins from 1nm to 40 nm i s

The simulation results based ohowhei hwo m
Fig. 3. Compared to MAC, RACD simulations 1
of particle numbeilOdo mare rstirzaet irceam gien (tFh g .4 @B
fractionaledbrioans 8d3e% rieaaa@8%ti on to the amo
condensation during particle growth menti or
number concenitlrOdt inonn g ainmet may4dbeatitoni pbuod e
More speci fiS@&Ol Y, niamyt mecHeati ost mdghani s
when the concentration of sulfuric acid ge
decrease in nucleation rate | eads to a sli
atil4000 nm rel meanmeftadBowmoena &(B %b it afsrbIAL6)t .h aAp ar
it may also be related to the Edhdniexampl eauc
using a gl obal c h e miChawn t ruckeatisnpmechanisimm d e | GE
which formation rate i s asuflunucraincdnalcafd t he
vol atiliYw etr gadniiea(s290tlisSmat ed t he concentrat
10100 nm range by 161% at nine sites in th
explanation for this overestimation was ¢
comdeag ati on of organic c o Ampeodu nd se d i mwacl | veeadt
parameterization. After themediwatted emdudIloe at
mechanism without organic matter, t he nut
obser au ieotnspl The2@k5t based on different ¢
of the study, which is therefore not inves:!

Mor eolveerqvdresti mati on ofigap@r Figl e3cyewh

have a stroonngCONf lauesmocedecrease in the RACD
fractional bias decreases from 25% 09 MAC) t c
4ot hrough the application of RACD, can be
condensation, rmmed paeratdisclteo gwecavkteh and enha
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concent rigdtdi ooirm g tFh &0 al3tagr nati ve met hod by ¢
the nitrate condensation (NOCD) yields eve
concentr ridt0iOom mo f( m&l@d nb ifarsa cotfi o3nda%) , 1 ndi cat i n
reducing the nitrate condensation. The pr oy
closer to values r gpoddle detiBhadpeaks tthbasie.r,v aZ(
while the nitrate (1%) in the scenario of
|l i mited observational i nformat RAG€Dobsaappti
in this study.

In addition to Qingdao, we evaluate the m

including one site over ur braanl Beeriga,nogf aGudc hi

yielding consistent i mprovements -Si8p . model
Mor eower sel ect anot her keinmpetriicsa,l amcdhemee
nucl eation scheme, indicating the empirica

a gopotd oon in this st-88¥y; (Ba&klte o1 S2; Fig. S

(a)

—e— 0BS —8— MAC —8— RACD —8— NOCD

80000

(fem3)

60000 4

2 40000 |
I

S
£ 20000

@

CNyg - 100 (fem?)

wu
(=]
(=]
o

CN1go - 1000 (fcM?3)

2/6 6:00 2/9 6:00 2/10 6:00 2/17 6:00 2/20 6:00 2/23 6:00
February (CST)

Fig. t3imelfheer iiw®p ¢upoaINd CNeigo@N NPF ndays
Qingdao on2&&emubatgd5from MAC (marked in r
blue) and RAgEDeédmar asdwehl as from observa

bl ack). All times are |l ocal ti me.
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33Substantial c¢eSNQA itloutCCilNns of S

Compared with the original model setting
ul trafine particl esnt(rRAtCIiDOn d thtep aduentbroedra seqtn
especially for pddrttriadliense gpaavda c4@snmbove
sourcesDasekCMLt), ailn ,t RIOH6wWay, t he&CCWNumber ¢

also tends to decline. I n addition, I n t
overesti madkred CEGWNwi th mean fractional bi as
respectivel y. After adjusting the condensa
under high 6upep sRCOCONGEMNmempabi | ity of the

reproducing the OCNMeiduciemprnhweedyeBRe@ti mat i
CCWl.gwi t h mean frekacedobhal 3DbMaand 56%, respec
over eesdtiimalt exi st (Figs. S5b, ic)e.oHoBVEN er ,
the decrease ofonnwimbe&rCNc orsc & motor altair ge, and
decreases-4f5P0mMFi%.t ®&5a), therefore the bia

Il n addition to the growth process, the r
SS and underesti m@8tesofi CENy otvverbéownfSI uen
compositions involved in the &pteicydtiican | gf
ultrafine particles can grow up to CCN si ze
This process isriinél eenicee dydblbydhr pacopi ci
is closely related to the chemical composi
2007) . Il n particul ar, i norganic compounds
i ncreasing CCN. CStOsA diras CGCGNialsi redd e it dec
hygroscopicity but al so promotes growth o
competitive with each other I(tWuafeitneal par t2i0
must grow to a critCCHDussekz ee tht SO0 b.ea calct i v aat
maj or contributor in promoting the condens
critical size, facilitating particles acti
the hygroscopicity of par tdfcl &st i Mataida mgt d

(Wu et al., 2015). These two competing effe
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of CCN. Mor eover-SOAonsi ttaei mgi hh&8OAStompon
particles (Fi g -SGAd)n, CQOCNe iesfrfedhcetr moffom$els extpu

Consi de§FOMmgi sSla product of S/ 1 VOC oxidat
S/'1VOC is tightly associated with CCN, whi
original model setup, the dixitammolhec at e i
stfor all S/1VOC. H ¢Wue veetr , a)ar,0 pdBRIb s hady t
oxidation ratsd d®mmbEe®ssuchhi gaghs d@sor pol ycycl

hydrocarbons (PAHs), c¢close to the original
2T 10 rmmotls) of the original modeling setti
PAHs-S(ODVOCs). It is notewo5 tih'yadridh a2l'0t he o x

in gener al represent(Zhéhe etpo;par e nBPlowen2hb

To delve into how oxidation rates affec
experimemt stdq Tabhvestigate the response of
S/1 VOC at three supersaturati olHisgh OYi6ed, d 0.
and LowAstiikeilsd.shown in Fig. 4, decreasing
|l eads to a reduction of ~10% of CCN at hi
compared to the High_Yield simulation. Th
decrease of parrtatcil een sn uarebsea c icaotnecde nwi t h Low
the particles cl|l osidd 0tOo ntmhe dmi ttiig &t tcthskeee t d
size domhyagt @escldnphiecanttyrast, at &GCHNQwer sup:é
CCNncreases tbhlye 42X dwvahteinon rate i s switched
whi ch itshedusematld e rS OQAr accotnitorni bauft i ilg t o part
t he bDw®rhadtaet i s [ ow. I n this case, relative t
constitasntinnoswami cs, i ncrease the vol ume
(Dusek et)whlch 2Aa06es the iIinhkirzamearmnd tCICAt
effect of hygroscopicity on CCN surpasses
supersaturations. This concl usiteendMidsy consi
et al in(20%k6)North CtWwhhahPbagge $wnetd Otk lhaet a
decrease of SS, the particles that <can be

of particl eSihmiglhassdao,poinc iatbya.emvabir bhern Chin
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summwWang et fadbund 20289 CN in 2020 is | ower
particul ate ,pohdwewvieorn, bceobnetmgpdmor el esasi ly a
attributable to t heorlgaarng er coextpeemwte doft ode mroe

|l eadi ng tpardnitd rec dayngdr onsocroep iccointdyuci ve t o act

@) (d)

s e == ; -~
05 e Low et Hign vied + 40000
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£ 40004

5
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1000 z —
o e

b
8000 2 200001

E
< 30000
4 ¥ 20000
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Fi 4Average diurnal owvar(ibat 400N ¢ 6 )ed@C NCEN
CNwmo (@9100CN figood®N NPH ndaQisngdbouahy 5017,
in Low_ _yield and High_yield simuaadi bhagcks

l'imepresent observation results.

Furthermore, compar2dA,the tSo@A I8iligehl dy ired sdu |
in a hcghc€@Nration under | ow SS and | ow C
Ther ebfootiriee under €E€CHNi@etacns fafacdfiddrRE | almidas
overesti maymesamnmff CCHNtfi &6&J) Imeads i oned above
wi mkan fr oeotOCHN an@bdNwr eaching 7% and 43%, r
(Fi g.Thias crnesult suggests that the oxidatic
the | ow val ue, abwhi d\iest twnadle.rvst2a0n2db b hd t hat
amountS/dfvO@s, which corresponds to a | ow ¢
|l arger (i .e., 20 times) than that of PAHs \

I n addition to the single site -9O®A Qi ngda
yield on CCN fabmcdqgVFHg@Ggresi stpartt with the
revealed over Qingdao, even from a | arger g

S/ 1 VOC essentially enhances;s CCONg.atbaa I|wiweh
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hi ghest | MocrtenaBChaonwmae ar ea ( Fi g. 5a), and we;
20% overTiBaHjgibenig) at a higher SS (Fig. 5c¢)
emi ssion arlda i(sFiwp.r thl Zp@teicn g st WaBtS imre cthlaen i 3
in our study, naleht 8fryVOG icml chéated based
ratio of S/1VOC to POhfrivomsalav)aseabi @aé . ¢ at
may miss part of S/ 1 VOC duer dm diifffferemt sa
(Chang et.laladdkokan, the simplified VBS me
not take i nt ostaecpc oouxnitd atthieo nmuolft ior gani c spec
some uncertainties. -sTpoe chiee smowBeS -S@écchial ntibs, m,i n

ef it saturati @) oFegddmtsr dtoironresd by t he va,

oxidation of S¢obfOMOina proerdsu cwintgh vol ati |l ity
magni tude. Th-et pp ooesdatwiforon@oes not me an
process, but to parameterize the mean effe
(Shrivastava et al ., 2011) . However, in th
undergm@emafl ati onal oxidation to form SOA

whi chprtolperti es and composi tiFoonr oifnbsg@ @A cehar
addi hfgor mat i ona scshoecnmiasttiekdieimwe t &t i o nZaha oo xeitd at i
al . fd@2@) i mproved simul at iinst hef Awmarztoinc & I

tropospmpaeed to the simplified VBS mechani

24



609
610

611

612

613
614
615

616

617

618

619

620

621

622

623

624

625

626

CCN, ., CCNy CCNyge,

50°N

40°N 4 40°N

g
=
1

30°N o

High_Yield

g
-4
|

.
L] 200N

890°E 100°E 110°E 120°E 130°E
#om®

1000 2000 3000 4000 5000 6000 7000 8000
f

50°N 50°N

Yield
&

40°N -

gh_

8

30°N

Low_Yield - Hi
g

=
e ] 20°N

90°E  100°E  110°E  120°E  130°E 90°E 100°E  110°E  120°E  130°E S0E 100°E  110°E 120°E 130°E
#cm® #com? #cm?
-900 -600 -300 0 300 600 900 -450 -300 -150 0 150 300 450 -900 -600 -300 0 300 600 900

Fig. Sypatial di stributions of CCN concentr e
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panel s exhibi tHitdghtre ieslwdatsi dm,omarndet he bott
the differebcecw_ YaerdveHingh hYei el d si mul ati ons.

3.4 Contribution of nucl el®@A oyni élod sSCCN unde
Considering the importancéyuofet nuwdl. e at2e0d2
Westervelt), ewe afturt Re&Orl3i nvestigate the inf

under diSfCGAeryenretl dSlcondi ti ons discussed abov

As shown in Fig. 6, in osderulshéttgtoinsg el d s e
when SS is |low (i.e., SS=0. 2%) , the nucl ea
~1li60%. I n contrast, when the SS is high (0.

increase in CCN in most re®iOdAns soadfChsnhed
| ower | evel, the nucleation process has a
and high SS. Especially, when SS is |low (O
(Fi g. 6a) to positive (Fig. 6d) contributi

SISOA yield, i .e., the increase iageoatentr
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1020%. The primary mechanism | i-2@A iyi d@lhd,t a
the small erSOA ayciteilodns oafn Slincrease in hygro:
the suppression effect o-8OpAaft oi maeeirgenao wk i 1
at mosphere, when the supersaturation i s us:!
(Kal kavourasHedsoan .an® NEDCN, wi2l0l1 4]l i kel y r e
i ncreasing oxidation ratOAff oSr/mavtGComa.nd c o

FigSpati al di stribution ofcaboatutlrabedi bn DbDhHe
of the difference between the parameteri z:
parameterization with-SOAckheatdeniand€éi ndi f
20147a.) , CCH)26b3, CCB)seC 3, CCR ELhes upper panel

| ower pankdighedmelstaaw_Yi el d simul ation resfg

I n additi sHe®@nou ctlheeat i o jo nnee artoarei sempi r i c al
o ki netuicd = ast iscewhiehcassenks that the nucleation rafg@portional
to the square of the concentration of sulfuric acid (J =-B[®]?),t o i nvesti gat e

effect of nucleation on CCN. Substantially
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