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met eor ol ogi cabac rcwmnad di.inovTess t plganyed elvnow | blgeicmpaciomME€lk i dnbf
pol l uti ¢mordé agitmdsmaanrd ncgpdiads e , ckt dbedsi mul ati ons ar ev ecroshidoun
oWeat her Research a@mdpFede avd ddhli onpde ddp @lyse <sl. t sh a-ma-icrad

dornm— vl g nirhe— e uchndiraasf - nbews 0D O n h e st

omwintertsAaer cpolosiong cloud T ifetime 1 n  hunsihdo retnevni d olnimfe e
undert oboodwe t atver troposphluicfotbbeéet i sypptL&@Sy the nleTgat i
environments with weak entrainmewntongteimadelyfexierdi
shorten—i+t—+nrAdr glshedpyeme nalment suppress precipomentieos ebuw
proeesby promoting clionmdl ewdld il dsenlcandgitervsed etmeinh egle | .Tdhleo uc
coordinated variations o f cloud properties wi t h met ec

met eorlolfo@mdtcarSpeanf ACBhwiynt erndneornsoon background, t he ¢
cloud properties is modulated by variations in updraf:Ht
circutlhpat @mwi t h aer osol Memoehi t @t i ealh@snges i n at mosphel

effects of aerosols on cloud devel opment.

+Atensifieation—followed by weakening with supersatur at

1 I ntroduction
Aer oslodoud iianftAeGrigantai n one of the major sources of unc

(1 PCC,. TRO®&289mpl exity of aerosol i mpacts oMackobudbJundeéei
20%L8awar et), adl.on@O0OwRi2t h di ffi cu ionH i
FACS(Lohmann and Feichter, 2005; cMaGdmihsukheyt atadomEei habd o
AC.

d—a@rs-s-di-dnrin-atisasise deianmat—e-ti Hoenst €

Liguijpthase cl| oudcomtrrei hiuhteornsaitno t he t ot al i mpact of aer
optical thickness(Chaeand eotff tain. | o2@11; fAadoBeklem a&ddiatli.qgn
cloud is highlyCédensieti aé .2001080d rhepdhdaigaei & boaued. sp,r i mar i | y |
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mechanlesmshe Twomegeeéhtecy,of .additional aerosol into t
numberentaomaeg)i,onn (decrease in the cloud dropl et effectiwv
constant cl| o(uTdwowaet ye(R )1cOBEIpjewst ment s, consi st of the resp
and cl oud fr acdviican tthee cThiohigherseaifrfted t1989; Haghi ghatnasahb

The effecthanfsmheaereemmodul ated by mebasedl sgiudalscao
based measurements indicate that as boundary | ayer moi s
more pr qrzdhwemage ¢k tAnall.y,s exs020X) satellite and reanal ysis da
bot hetlroompospheric stability (LTS) and (rLelua teitvUmpldhryanfizdi2tsy)
the pri mameriascoluedsi—miCd Smd t e ongl .bbut2021s) infduéheeemtir e
For i nsituarecte)jadent(i2f0ield a negative correlation between
SeReutter—etdatison2an08)Neorbd rest{rdetisedd—o0n—simutati-ons haend
sensi tAiCMiot wpafraft under varyings aeFosbDhesamenibe yc icranwleantti
a gsnii ficant r A€l Dagamy etOdmaédern nt2l0e2 3gombi ned i nfl uenkCl of
form a compl exOmoead v aateiao n 3 ly sednme awl.uyf sfiesr so fs etvheirse Isyy(sfir g mpeet
et al ., 2016 ;,-iArsotlraurnmedbEtad . et 2a12.2,) 20,0h;d Alnltemr f etrdeadcte, vfe
effects of aéBakabdaartl al oud2O0tlhys Znetéejgarkaati ieogn awi.t,h 2n0Oulnd

This study e@mleBnBM M &SaM/RELt ,alwhj cA0®uUuphemi shey owneéi s
We at her Research and-CHreo@edrnm wtitmg t hed eslpieCWBRREHh Yy Dii ns c( DRIN
analyze th&ACdensmiet iewiromydoigmhi cdnlsf f er e nltn etne/ri msecnlamgennia &t 0 g 0| ¢

with physyi pserturbation of aerosol, thistmodelghenthanoat
of aerosol properties (such as concentrateloatedipgleydiacs
(such as emission, deposition, and ther modyncaanhi cpraoncde sds
as -marsti cle transition, heterogeneous reactions, and pl
effectively reduces the distortion of ACI siganat setaak
Hodzic et al., 2023) and compeneoal gs perotutbbbhl apkmbdf atk
mi crophysics, compared with bul k, which cannot agecaranmnte
handling the CCN budget (Fan et al . | 2012) , (2) reduce
adjust ment approach, and (3) the simplified treatomertaloc
velocities (Khain et al., 2015; Fan et al ., 2016) , t he
applicable only to relatively smal/l domains f{f lmeheohe@rti
understanding of cloud mi crophysics, i s physically mo
outperforms bul kirannreprodutaorpepg ahdude{sodni2abtd 6AIC.I, ( Khali

ThEastern China &dtjeaame n(tECtO) dbaet eorf n ttei nvao r(lEIC)s maj or
cendrecei ves abundant aerosols from the continent. Mo r ¢
|l and puoitc&&das et, all.lACWON2Me) exami ned more clearly than
studgt seEE€O as t hePrreevsiecaursc hACd o nmeoidre.l i ng EC@ Siaéeebgorduc
Bennattal ., 2011) and in other regions (Liu et al . 2 C
extensive quantitative and qualitative insights intdo AC(
t he fiancftlouresnci ng ACI . Building on this foundation, our
WRFChe3BM in si muilcdtoiurdg i mdredasaalti ons over both EC and th
high freqgueudy 6€Chaoww el al ., 2021 ; Niu et al., 2022) .

and i nfl ueonvcéi ga fdactli®dne nd t t hkseelaa ncdolda lrlacswisngthe hobj wot ky
present studydiasetodohfucomept eal danadr msbwlbudne gt ment bygr ey e gy
how met eorol ogi cal conditions influence ACI under di f f e

i n ACI mo ddes u cnhg aes &(ple)h sientoefr ext er nal factors (e. g., aer
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(2) the limitedbdegdrnfdrcalqiutaynwtaft adasvee and qualitative con:
to-vaog ying inflatehtckeiss asgnondy fiantroduces i mprEfveluneenhs i bn
assimilation and d, sepamigohé midg eadtiiveen edff ezt csase-akceatsol
cloud wvari at i cenxsp earrachnrean §1ddf regpee dicrathearl v $iexampprooaolm of ACI
cowariation of different meteorol ogical afsadtedras |.@emdd i mf S

This paper i s sStercud tonrreotlaiacsmestidl | owgdt he obssrsauidgnal
processi nSge cnid tahrodcesr.i bes the case analyzed inSedthispsesen
t haenal ysi s anAlCldilsasiecmstdiloomn .8reecdbi Ilggnsotvhsed mmaf vyt hd Fanmnuey. al
Fan et i i ! il : i

et—alanpd2634)ativeeffectHClenabling explicit analysis
2 Methods and dat a

2. Modal r io dWMRRChe®BM—model

This study uCh éInzM smd dBeelo WRtF , alwh,i chA0 Xk®upl es the Mode
I nteractions and Chemistrlyi f MOSACICH m alW& Beslo]l amad dtuhe $BM
aeredolud s.iTmel MOSABOC!l aenma@ul e treats the mass and numb
species (sul fate, nitrate, chloride, ammonium, sods alm,
particles are assu(meaverni bdaheidmtterrs of 200 foubinsainxgeed f 00 h 5G.; 0 D9
0.624;2.0B. caehMen®P . Pespectivel y. The module trepastpchbeess
coagul tlioaun;phiarngei ¢ hemi stry, dry deSphaas ietti aan,. ,amd 1WB M SSca

scheme in this model is the fast version, which sol ves
ice/ snow, and graupel) and CCN, by numerically digcgoaredi
into FTDdumhdsisng bins, whe#tdi sitzlee binas s swityvhicki hhaThivst B¢
cloud mi crophysics processes such as aerosol activat.i
deposition/ subl i mantdlr opdred ice (@gdhliincitessnl ., 2004)

I n this coupled model, aerosols from MOSMWSC caarle adnidst
properties and are then processed t-dhirowd hwdther eammawalo! p a
SBM, which not only impact <c¢cloud microphyBhesadtuis atlisa
parameterization in this model is based on tqhe akK® hlher Dbtc

sizes for each CCN bin. When the progmn&®dfi ca sgipwers aliium,
that bin are fractionally agifrcecampeldedted@Mtierd, | avhg ¢ re KCICN

not under ddcGaacteitvatliqgn 2016)
3
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23. Experiment setup
I n tmel ations, nested grids with 48 vertical |l ayer s e

outer domain (all colored areas in Fig. 1, including t
with a gridfni®mbl 125, while theghhnehteddmhynspaensebloEgi
123il@HFARP4and I®iAiAANMEst h a grid ndmeersioful b2ibh2peri od
1 2019 t o 20001 90,0 iomn WTe®d.. Tohe i niti al 1u haonudr sa raer en octo ni.
analysis. The model outputs once per hour.
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periods LWiken nt it O b(yh reehdl ibdplixd di (s>21, a and c¢c) and | ow (

experi ment .

Met eor ol ogi cal initial and boundary conditionEPpar ENE
reanal ysis with a temporal and sp@fEP®tlal., P25 oChemonalf ik
boundary conditions are from the (CGMbhueaBodghholzétal.nP0IlEpnhnmeornes N
et ,aR02Anthropogenic emigxismdutame Emomst ba MolkWentory
devel oped by TsliinghualUni v2e0rl1d7m ¢ yZahyeonigd eitn taelmfl, e r?e0milc8e) | fo u @ n

feedback on ACI signal s, aerosol and cloud radiative €
provided i ¢ ia-id-O-1at-3-v38 a-dwict o utdIs €
of ATChle. model parameterionatioprrisméent ngsefbi sthédd CiCprailale
continent@ihncé mids nigomsnt hr opogenic, dust, and biogreadilto s

conditi onsChfermnomr@ANMI sabl ed.

Tabl Model par ameter i zantigood es eilhtemiigsf ¢ vg tCGhest MCen awikeFl i s t <
Process Number Name

Cl oud mi ¢ 34 SBM( Khai n e RRFNGMaweRed 0
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Longwave radiation ak-1997)
Longwave radiation 4 RRTMG (Mlawer et al., 1997)
Shortwave radiation 4 RRTMG (lacono et al., 208)
Surface layer 1 MMS5 Monin-Obukhov(Pahlow et al., 2001)
Land surface 2 Unified Noah(Chen et al., 2010)
Boundary layer 1 YSU (Shin et al., 2012)
Cumulus 5 Gr e3l(@rell et al., 2014)
Chemistry angerosols 9 CBMZ and fourbin MOSAIC (Sha ¢ al., 2022)
Photolysis 2 FastJ (Wild et al., 2000)
Sea salt emission 2 MOSAIC/SORGAM(Fuentes et al., 2011)
Dust emission 13 GOCART (Zhao et al., 2010)
Bi ogenic e13 MEGANGuenther .et al .,
I n additiddmmentsheonfadurassi mil ation method ilsi tuys etdo isni nb
met eor ol ogi cal field and thus enhancel bthd ¢heerodeitismdo | i
160 et al ., 202@¢CEZhldw ett all . 202FR);t hitdut certp arlat, e L 0r2e2l)ax at i on
errors at observational stations(iwhiedD. adEdac H2@0Ssyesrt veantait
aswedrefined radius of influence, &cotlilneec twivnedloyw, d eatnedr nai nrie
wha't extent the observatioagriaddj codltlee nt Hea |l Mo dvdalin lyseas! uothieonn
obsersyatmimdmsuch cases, the contributions are Wkbéegaseidmbl
16 uses observations of altitude, wind direction, wind sp
oper at bahabk(NGPetale2004 nd u p(Patelite Fervices Divisionetal., 200@b s er vati on su
2320bservational dat a

I n order to evmbttebeotbgi salmutaneidti ons, aerosol s, c
170 datasets, ai @chaidd ®wmeer at ur e, dew poin{atepgpiepsiecgsur and
tempor als paantdi a2l. SfAesml theoMse) eorol ogi cal I nformation Con

(MI CAPS, Hudetvedloped2®y8)X he Nati onalh oMertleyournof agcgdiadPeEMo mC e
more than 1600 seNati omalpiUo biade dieb yR@U llelaistey PReaadalf or m ( Chi
Moni toring Center, 2023), (AODRyf ebowhithlke &HODBIIn dL tdlad a'slza
17 Bl ue" algorithms wit honsenopfor5balmiam da nsdp-@itGl-akhar capsh | w@slpela $
as CER, cloud optdcoald tthhipc khneelsgsh t( G OTH) HXCE mMegdred a € L WRt) h ef r «
MODO6 L2 (dPdtadasnetckwiet hatemp@O0dadb)and spati dhe redloltnetgirsan s
calcul ated f rmams &€ TomntdheCERppr oac hBrodn cHainereftetalal .( 1(920080

O rtoovyete oy 8 (1)

180 whexies a constant Sm2(l Queada sa te tC oadif.a,l e000 @) oi bndhedsw at i pe s & b s m
wefbr relatively homogeneous, optically thick and unob
(Grosvenor and Wood,sch0142;:01B/en nidiogalv geatdarnabll 0. W a G2Q0T2sk )i fhfee m eft |
|l arge uncertainties arising ffbectasteueaenb(rZehfaonogr €aOhadn an
2011; Sour devTahli seti salt.he 2p0rliémary r atriaonsaplbeehprpiexel ad(
18% described i{niSeecettiloanl a2d ddb. tnid nie,mptom@ |l 5 resol uti on of ama@bDO

originateat érbimt ¢ he .schHowme ngrTersiqruae ¢teh efii txee dp d sosceast | owne |
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da(yit paE€@s @apemr oxi mately 03:00 UTT:, O0Wwhi @dielc atuimbe)ad @ad s
for a given | ocoyatiican | wi tdloigpse rB(@I e yerxac eseadt eflilviete e scans acr
cover t he tsheemeaecrteugplonremporatl—resolution of these dat a

Precipitattiaomedatfa oine tddmtlerdtla g rEa tReed r Mwelvtail § Hudé f mR Me
2029)of which the daily accumulated high quality preci
resolution of 1 day and 0.1A, respectively.

243Data processing

Due to the resolutieonobdefvatéonesabdt weemnl aati ons, int
I't follows the principle of inteSpeodiaftiioal Ify,onf diri gdb ger:
resolution than t henanodedt griig,i nther phlsetrevchttio t he mode

resolution than the model grid, the simulation data is

cofrrespbmdlapgionineludeed +n—the average calcul ati on.
I n addition to the above, furt-hetripewvea@ s ahn dmhsaicdew lua g

pa+r-anod toeurds p.r oFpoerr tM@B3d-&5—p-alr ame t pr ecpleorutd erseghi eehl abwiithy
using the met hdalpordro eatcetl) pfhrfogd@®ildl)oud data are chosen

parameters, anldoy®y pgiramlspar@@T mi t5)unarea tsadrneen g o ea udto rtr
in the inability to evaluate simulations with | ow COT
reliability). Whenelecadadupaltamdt gifmepasrisgeeded-dfpidcd ntienl Icases
multiple independent clouds exist at different aloudsde

as i f they are from(®isicngl et Whteogeddé&dp @y i Inagy 4 rh ert esti rnmud va

et oud—palramet pr eweerrtefeessr to t heetproewresdipalr e tspatred d ti ke
threshold mBRohodt udbwd @WEG20)hgui shing cloud phases. The

Si multédbed—palramet gr g(ple)r tcileosud optical thickness of wate
ice (COTIlI) < 0.01 for ea®hbhleayhergheasntd |(a2y)e rc oneuenini NGO TtW i s
tohe simulated COTW and COTI used in this study are
schdm@éong etofalt . h:€h22MEF6Mo d e |

Additilmnalhley,evial uati on, the medi B3od hes esd mteo ac ait et ia dues
Ng. I n the analysis b6 tHheest myl aanken feemlthe -pMoadseel col uot
are strictly defined as c¢cloud liquid water content (CL'
smul ation results at evaluaBbBewrdi ®snnbhkongeul isedfi hhel
thgvaNl ues derived from both tthhee edmpriercitc anho)dffedl e nowsdoiaiiegta tl (cku

empicall ygvdadruiesede xMi bit broadly consistent trends with
stable ratio of tha&fteenpidiivciadil gn-adey pveldOWNever t ha snpsiteér
e xi sdg s¢lnotuhd gheaom Mi rect model output is approximately
because the model employs a more inclusive criteriaorms fo
(with CbWwW@ €LWC > 0) that are typically excluded by sa
vertical averaging process lgeadgrthhemmeyest efmat i el gall
empiricahowsrmulteandencywy( FiSdtd v eraesftiinmatneg M hat alignmns w
retrievals cited in Section 2.3 and is consiWhemtanaltyh:
simul ated AOlgecsdllgenuallast,edusby Eq. (1) woaf dfNolre addli adtuod gls e w e

introducing significant uncanthAoMd yowdvint IACHh ssamfdRil y¥e S]1 fume
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t hese optical |lcyo mphrionmicsleo utdhse wcoounhpdr e hensi veness of dt loen a
simul ati on moedseullt tpsti,h alle iussedi rectly correlated wida bkbeéewmel

of consistency tahcahti ecvaendn outs ibneg rtohbeu setmpyi ri cal for mul a.

When comparing the spatial di strreitlruteiveerd ofatsi mwleataigeer
it i s unreasonable to directly computeribd due rtoegneptolrta
di scontinui-rtatersi efed adetld.i teher ef or e, troe tmai keev etdit el ag @am @ d
matching is performed for the simul atvem draitda.c eSlplecdarfd
corresponding model out putt heatsatkeél e a& dd sted hizcthautiREe & a |
calcubDationag.the study period, the numbelrs ofwivtahl itdh eMGaDvles
each cell corresponding to O to 6 records.

It shoul d tbhee nnoetaend vtahlaute o f CER is easily disturNed,

conditions, which max |l biundder| andalonsds pdhbaddade®ls mbas,
shown in the figures | afdet Bii snud mtdhbeyd gCaAERI, wcaht ioonn yo fi nci mu |

intsgdeNi ved from CER and COT) is calculated by first sunm
(across space, ti me, and vertical l evel s) , and then apfg
60Y -— (2)

wherries the rigdi bs nofoft lkdNo usd tdhreo peloertrse spmodndi ng t ot al numj

We employ multiple statistical metrics to s-dppbrpethe
range, meanb matdeaguarti |l es Peaanrgseo rn(il@dyR)r, eslaansledutt d i @s ses
variabl es. For datasets with campel aetoanpugetdd-giiie damicehh e c a
of mualyteir dataset s, values are inskeaped adirden soincenoamhmoanr r
from bottom to top. For dat ase{s$ewetrhthiamioctredosfpataiges @r
of—t hedomemdene apply the uneceneonneenrte dc oPeefafirastoene sppraot douaclgtw & t r |
ponnt dmecaensRel ati ve differences betthwe eNo rpmaa laineee de.r e aarr eB i

BExperi ment design and model evaluation

3.Clase description

This study aims to investigate hopah atshee celAduedostl sa nodi i fcfc
pollution regimes respond tfohimghliogol odiloalt Eondttli dop!
(1) d eos iegxnp ety @ amretnrt csl (polluted regi mema riiermeel susdiionngs )b oatnhd c
regi me, i mmalr iedmensgditoaamlg)ual i t ati vely and quaA€Ctbamewvebyoh
condiitni odn & fwirreon naenndt s( 2N eé rtElms et cdhar acteri zed by substan

aer osocthbodahdpalramet e bp-pbhdes cl ouds over ECO f b @ImanFceibn
computational cmptelwendi aameéysi s c
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Fig. 2 presents tLM¢gs aleumpran aRHevobmtti loem odr face to 130
of ¢l oud drhopelxeptesr iimenbe and is wused for all met &@) ol o
a&er osol numbe(Nsp)@anmc €CdoWPa tf E@Br e t wo ebgprertitmenhesteorolo0gic

i [ i i [ io-der A
being—dupdreaftbeing —dominat@hlanbgye sc oilnd aatdemtescp h eomatil.et oercoi | totge
conditions aosverhabEG@t erliTzSWthelmy LT §rFii sgtsl. o mtsb Ei€Odi S2pr i mar i
by sout heFlwg, wilndlesr which the | ower atmosphiesteureechi &omnd :
upd#{a&fitgs—1H1 Asnd TS( FingmaeasSeESCO becomes do miom & theveis ib(gmidgy.y .
+3) and both temperature and water vapor content @mnidh
poont & welelr ECO reveals a clear negative correlation b
(cor melcateifdr-&.i @& 0Da wrde,s pe oniitvhealppues bot h | ess thans©aldd)
subsi denmerftrhonmeisgiieeasnsur e system, a significant capping
l ayer, dgtbriampghhgyrfiBth ha®)d Howkewert, o i nt e ncsaeu bopetht cheeamiatviecrn i on
nor t hweodweerren cold air, the | ower atmosphere over BEEO e
and .j
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For aerosol sundéere molelriatgeed Nand cl ean Unadtghmepotl fedsr
experiemomdd ubhi gh,>pd4r0 HYddmc 4 tNe d hmealjoorgeca v al i mer osol ) taads
rel at ilvespioyl lludw on< p20® odiswalyNfrom. t bedprepivemgcl 2a@amos ol c
over aEG® exhibit signimacieamés viao araan gvii tdy fidPtdomw €03, 41b@g rfc fme r
by more than anNjanG@GeMP @fl smpigpaihdé wbde&éed variations in resp
and N

As mentioned above, t he ss havietd u EniC Ghge ttehoer od iomyu Icaatli ocno npde
variations in each experiment, the significant aeriosol
cl oud porbooptehr twietshi n each expPeni hmept dbssbtdugpbdeatmpE eens A Gl ma n a
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This robustly supports the comprehensiveness of the st

2004eb-se+vatd on subset s.

322Model evaluation
Mul ti pl e obseameteido rt ahlt 9d aetvaadieytast e t he si mul ated met eo
preciplheasi omol ated cl oud and grceemppvii tdétei ob siem vtadhhed ariremweln

met eor ol ogical ifn etl ds @uatde saeed ofmail rsccwenptao i bi omrd & eart Vi @tniso n
resolution and availability.

The vertical pr ofbisleeawadads i cneumait e dmenastFé g o Bd g & bse | niubl haet n e
wi t(lConé x pér)iaman twi(Gohnoturto 16 t K@D At r ol exper i men)taswi tmhbdodtthi a
reasonably reproduce otbhsee rweirttoiotnasl h éviawe rad fi eoene rotfi ctahlea pr o
enhanced the modeling of yeotmei tmdahewat daompiliacfailaetss [oeimm n sacnm e

verti callle lianyperrosv.e ment ¢ inmunedteioo md oyiizsa dalt eaa ralsys i thhd ehath § @ im
Si mulocabtsieornvati on codrrelgat BBNHh cobleéf exception of a minor
siumh at ed anthleiogbhster(veedr egi on&l mevet §amedsdbah@ase within I
significantinmpgi coubsasernvwat i o nT hceo tmard cattai bol nes .cecnchiamst enmé at i
observatiooflewpoéehbatotdtepsge sadpohraere Icil @ uwiod ¢ ihmwlna taivenm age i
and a mean relativeBeiymmrdo\ evepa mévti enbgr d ho Goivééarladdismumli & tait ¢ o |
ani mporrted nitn emestuerd rnogloongsii chael¢ mvie g e etxwoe r iamaelntesnhancing t he
simulated signals (see Section 3.3 for detailed expl anct

ap-| fi+eld—si m
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FigurTeheB.observedbl(aMIId:rAdDSs(imounltartoéldihIGE@Arol experi ment Wwi
shown JComba hdee Coxp e oWwimemt as,ssmnmw\lnaetmmndétd‘nl@éean exvvpietrhi m
assimil sh oba i g

a—n—d—@ke—a—n—%p—e—%me—n—t—s—\wh—a—s—s—%—keylmeom@)htte h(pwnau mr er @
depression (c), and zonal (d) and pmee dlishiyea anlc | ud) nwi nde
percentile range, mean, median, range with 1.5 I QR (I nt

Supported by realistically-rresprladionand eméidead iomlead@ia @g lo s
and boundary conditions, the model accuratedyr ft@mp#®ish Ms
4d),with spatial correlationsl30R22%. 8ddawdd 78%95r asde dtMiBy
observati onsovaere, Hithhev ac d mashil set e m cfyyr obne tnweeaernb yA CaDr,e &PsM  and t
simul ations suggests that the model can reasonably repr

Compared to aerosol simul ations, cloud and ptraicntpi ¢
miephysical( Fp gekge/s 5 BCsk adri screpancies are f ound Nbaent@wu&v®n s
e+oud—p-anr annverttehresast er n, andesmaotbergehE€@alslty i chaNgdindheVB f |
reasonably well, wi8tlh acnodr rQe.l 7a@t fi oadms HOWINAARadM idn 8s Bar-toir¥ ecld yo u
parametatbthough t bBtehemosdpedt ireelp r@afutceewar of n MOBDé Snor td anc
anachsewrel ati ons of 0.88T&md OCTI9 wiidtspseddbdwBaltyi,cs€IMTHY by n
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an average of 53.71% compared to MODIS. This disciyaapgan
CLWP, but morfer osm odnifffiecrbeonpclegse tienc tciloonudmet hods and | i mita
cl otuodp i dent i f impdtoiyvend IhMOITIO$ Pineatt moad k, ewhialle ,0 WRr0 1s5i)mul at
tops based on COTW &andcd h@@Nl-ri n& Fd4gk d@MEFT e c t apd alsieq [CiITA c a
bel ow 2B80 1KAC), whereas thersarmblyetfead |(FE& S5KC)t hiUndetr u
parameteri zatpih@ars,e -pahnal syie creilxoeudd s e x h i Hpiwtevilehsepy-eni1- G+ Fownal U @ s
cofr+retlated—with observations gawmidt®-—&r feolratCiLOVP. coef fi ci

Fopr eci ptfhteatmoodne,l captures the observed preciphnbathea:
rai nbanhd, s Isipgahttg a | s hirfetl sa tl iospdUrlyte | iam i an (0. 57) with obs
reproduces the spatsi acdd(amadsf r o musyene mafparamestoaknsd ipnr ecclic
par ameittedrisnaccept abNe0efepouanncdangai 6ty S&3fartdercsuppoFig
bet ween simul atiTome eawal watsiearn apgri owmisd e s ab asreed i abrkaelr—y Peaudn
cloud i MtCér acti ons
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from MODt ISinewallrsf,ace obsleMEBERRG i espectindel y) and simul at e
exper i menap dAaeddDu r( faacEed Padimf)of t he out eNa@ddal o mEn,nc@®l-IWP i(n gl
)CTH -dm),n CRT, (jmandK)cumul at i gwuep riepainnmn th ehtei d ME(RG resol ut
is the cumul atFebrféepfi pheaiaerdé dwientah inn t hes aifleads bwexlels
the differences between simulations and observations (1
correlationnacromdlIfiize kbanthweaerdbsamul ati on and observiat mos)

where observations are availabl e.

334The r obustsn enuds adagfe adtl hse
The robustness of the signal serves as the foundatio

accuracy of ACI signhl ofepamat abhoandrtbesconbheomai n c

stems from extensive external intecfeudnéteedivbckh(epegc

aerosols and cl ouds alstterruicntgu rteh e aantdmowsepth edreipco stihteiromnma If e e

met eor ol ogi cal fields (such as humidity, vertical nntoet i o

of met eorol ogi cal and ekoondotliecehdpméennsmédaavoombdendot h

and (3) underlying surface influences (e.qg., effedtty .o

To mi tigat e t hese conf oumcdiirme yf aodt oAGl asnidg niarhp rsoevpea r tah &

experimental design, simulation techniques, and anal yti
Wal et —al - 20272  ocsiDadwgd nf ee dmdc k Sdriy3daoln.f oRuinrds tt, h et hAeC
aerosols and clouds exert significant i mpacts on bott
temper(aWadrlesst al ., 2022 Daganc@EehldaicttedPd28des settings
expneernit except forwiinddicdtoiuadn rsdtitaitigse) effects enabl ed
(Rad_ AER) , and both enabled simultaneously (Rad_ ALL),
wherod hb e fef edd tssa b8 ¥elfdr o(nFitgh.e r egi onal average perspective
show mini mal influence on the temporal trends of meteo

radi ative efflf ycbabt si gNaBfibyan nfluencing transport and

affecting meteorological and aerosol gogNdBbhdo CEWPTheCE
certain times. Ihbheéechmouadfr d€i asciyemaebfjwict h aNaeberdat bes
CLWP with RH. I n contrast, the aerosol radiative efBkect
effects results itni ntohet hRea dc |Aolsle stte satg reexehmebrit wi th the Col
to these, the relationship between clouds and LTS exhil
uncertainty, posi ngo aelsuicd diaftiicnagn tt hceh ailnifelnuggence of CTS o
anal ysi s, the quantitative deviations and enhanced qua

simul Rteil@ane.d studies also often use(Ltihui setsealt.i,ng?2 &.20 ;r
Regarwkitngdeposition diercredbtalck towr AiChg it off would negat:i

this study instead monitors its incfliehbe Bcé poairdAa@la robnys sy r
This studcwnpgentarhesr maly factor (2) through experi ment al
First, as pr evciaosues |sye |neecntviaoonn,a dti hbem ss ti rno Mage g io ¢ a&olif s fticheeld dssnentu
prowiedeat i velsw mafbersdaeapgar ating ACI undneert etohreo | iomtye rcfoevraerni
technically, disabling aerosol-diamieoxdlo uda tr esaEpspioemissi &€ f €
in meteorological fields between the two experdiem@pretr s me)
correlatfomdg (mMEiteor®l ogi cal parameters ogrewveladt ihoma | (ywict
at every qgrid cell exceeding 0.99, al |l passing theg99%
only Ob.eOtéwee n etxhpeersi wm@&mtd e r identical meteor ot wgeaoalt heo

experiments effectively avoid therdnfdimgnddmaby smedgo de
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t wbi mensi onal var i-a¢ il @ ®purdd c inpeitteantriodmgwi t h respeotogbca

fields, providing direct support for assessing thttersmrals

factor (e, sdealldegctriemipbdbtheoveéhaoceantinental aeeas effec
I n addition to the errors between the Control experi.

controlling simulation errorsexpesi nandsedieci dgembésrr ob

thathe differences between the two experiments exceed t

Beyond the teshmamrtailowsmtdmeaadthii &t @oi nt from two perspec
a

tistical a ncd loyusdi sp.

b%e—n—wke—wke—%p—e—H—#H—Ps—a—Pe—g—Peﬁa—Fe—r—k%n—Ph—éWal mu le

al.; Liu et al., 2020; Wang et al., 2020; Wall et al .,
i i Hmifni hbey pd

or t ¢

M @ igheu

8-ns al

coa n fail |
me—t—e—e—r—e—l—e—g—|—c—a—l—f—|—e—l—d—s—FbESWeenhehentwodekberemeetbetwee
using continental aerosols. According to the simulatson
dif$eby a factor of 1988, representing an extreme forec
strong external perturbation inherently suggests fillat eic
in the simulation. Second, the statisudcabeopwadysesbe obdb
and simulation4g, inndowrmties EFih@at 3 lktd odiidf fpobmpme e a etsheae wo s
armuch | arger than those between (dec€phntfiol eéixfpleel eneae :

caused by systDaumattioc tehrer orfd)setting effects ofpidatdwal ¢
Wthe 25%~75% range of t HFei g.WoSHeopwee/reirme nitns tihse srianmiglea rwi
di fferences between the two experiments are comparable
supportignoirf itcheencse of the results.

These efforts contribute to improving the accuracy
supporting the reliability of subsequent ACI anal ysi s.
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eaching 1,988 ti meBhitdh alte ads mtafooi lande ienng rsaaajdPen Bi4r8 rb as e i
d af o2.d75ri se in CLWP across thcsoudgionhheCompauedctoo
ecipitation is more heterogeneous, with both enhance
er@adnl ith.crease in preRasedtani dinf fpvreapredEeCD eisn beltoved n t h
perddenvten by comdtainmertheli raeracs@mlts ons with meteorolc

dy

nami ¢ changes and RH to represent at mofslplnemd e anfoi meé w

co

nditions on ACI .
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expemitmshows a signifi badNhdrnd hCIlgWR r ulriTdSserq wheingherseufl t i ng
combined effects of substanti al continental aer os,als tr
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