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Abstract

Topic 3 of the Model Inte€Comparison Study for Asia (MIG8sia) Phase Ill examines how
online coupled air qualy models perform in simulatingintertime haze evenia the North
China Plain region and evaluates the importance of aerosol radedidleacksThis paper
discusses the estimates of aerosol radiative forcing, aerosol feedbacks, and possilfier causes
the differences among tiparticipatng models. Over th8eijing-Tianjin-Hebei BTH) region,

the ensemble mean astimatedaerosol direct radiative forcingADRF) at the top of
atmosphergnside the atmosphere and at the surfacelakge?.7and-8.8W/m? during January
2010, respectively Subdivisions of direct and indirect aerosol radiative forcing confirm the
dominant role of direct forcinduring severe haze days (Januaryl®72010, the averaged
reduction innear surface temperatuie the BTH egion can reach 0-:B.6°C. The responses

of wind speeds at 10 m (WS10) inferred from different models show consistent declines in
eastern China. For the BTH region, aerasaliation feedback induceghytimechanges in
PMzsconcentrationsuting severe &ize daysange from 6.0 td2.9ug/n? (< 6%). Sensitivity
simulations indicatehe important effect of aerosol mixing states on the estimates of ADRF
and aerosol feedbackBesides,BC exhibits large contribution to atmospheric heatang

feedbacksalthowgh it accounts for a small share of mass concentration e£.PM

1 Introduction

Aerosol s change weather and climate via the
and thermaal raeli aadioat it vwe -alt arloasmpcheent@ef o styddet aela.r,
201Q9byuyu et al ., 2)01whiréhairsatdalk ecatn2dedt Bey tser v
as cloud condensdtiirmen mwall eii ((ICC)N)t anmdodi fy
is referred t oHaayswoiorddoiarnebdcety , e fZf@eBA0tssu p(pr es s i o1
convection i nduc ebds obryb i dnigr leacet rwaeshodl eskieirsge cotf eaf f e
Huang et Lalh.man2a0®@é,d )Feilcmecrease@dDObn cl oud
increase cloudnal bedoi dowaaecopsat h ( LWR), wh
firsdirect eff ecTtwoome ylwolrdle9ylee fbfueacts mal | er cl o

precipitation intensity bkuntownn calseoatsdeel dlfeeud m
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sedon ndirect Adbresdhit  ¢mOSB8@trtnkrehc A h g ecsama hanc
alter met eor ol ogi cal variables (e.g.) teamper :
further t rdainfsfpepogd ol hemi c aolf ctornavcea gl aosaehn d ol s,
c hangdsowiaasf f eccltoud -agseouabaemd swaty afe pgass 3 oan
aerosol s.

The i mpacts of met eorol ogy on chemistry hav
model ss).FoGT M x ampl e, noedmp ert eetsurc he mi carlsatreesa,ct i
affects volatility of chemical speci es, anc
determine transport and mixing, Baktdapoecieepi t
2014 Howeoetrhedouemplexity obd6f tbesmpupabicenssaks
the influences of at mospheri chaowempgbeeseent a b h g
ignored i n BrakJianwsy EIEMsadi.e,s 2e0xladmi ni ng how
withmhtwer/ climate r emakRenc enntdeyr,t aMmin hantdn el irnaipti
coupled meteorology and chemistry model s, r
investagabseothdirect and iBaklracov e€bea&leb, ad
et al Gao2@i5;al ;Gr el0ll6etH20DI1. 8t 28WODdNg2@10al . ,
Jacobson etaiale. et g ;, et2 0dldnh;g &t0 Zahla.n,g 2e01 1al
201LDn highly pol | uteerdo sroeagcikoenesd bBlni kbee Apsarat,i cau |
(Gao et al J).,HIB0d4déncrtaréatoismns wfoul d enhance

boundardyuel aywerreducti ons i n ,awhiadhc amaushetnr
further | nooamasesbriamtg PMt al ., 2016; Gao et a
Aerosol feedbacks during haze events in Chi

coupl ed meh eoir o onryy model-€hen hé¢l WMkiat dh e WRRe s
Forecasting model Chiegntl eal w,i t@aOdCheetm2 &1, 8,y ,2 0 1 ¢
20%1,9ai u e, aWwRFA Qo0mMnbuni ty Mul t iWaanal etAiarl . Qu &
Nevertheless, | argemadelelritmg ndfi etsthtgeamapanok ac!
direct obsstrrvaihd boanlallenncgpensepd iopteiraigreosk lnd fse t
incemparicooampl|l etd mehemir ot oy yowoesldety si i iec dred ¢ er
under st and ,t hcea udsiefsf,eraenndc eusncer t.ai nti es withi
Topicgdalaty and climate cOGammgar iwddrhi 8t u dye
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Phase |I-Abi dMpB8se |1 19dadwaess si ntiGteicadeitizsagpdu et,so Z 0
Results from seven applmectaeto rodhleargmybtdiew migy so n |

har moni zed emi ssion and chemical bo@Gaa aety ccC
al . ,a.Zhéeés8e modiednsapipindlciade t wo-Clagml|l bygatdi bher
institutions, two applications iosft rtante oNha t(iNoAr

Uni fied -WRF) ( Mmbdel with different model r e s
Regi onal I nhmgniat dadd&€iniving oSyst eitGhwihah €E€heml s
2010 one application of the codollieg R®yWS toe
(RegCCMS), and one appCMA@bd@hookttt hMaoxce 2P &
det ainlfeodd maéei par bf cit paantdi nign fnoordiead tvsi ,d h ea lexipte r i
wer e deshagmedes apéedrafveer meenGaethavagd( 2618

I n thisapapgree wWwhbe results tm@addrtthises fpoalrlitoiwciir
gaesti(dns:how | arge is the aerosepi siade@hii rwa

and how differently @mwmaddelosolkstiiemathiacdk s
met eorol ogi cal dvoauri addtels £ feasntdii nihaotve man B £ 3 e (

hodamer osol cfoenetdrbidbbuktseevol uaeoos off dadmda mtgr at
wi nter hdadasawllegpti saortiee gtshtei nbaét $efse rf @ptrd nndohdget! )sa r e

t he major caenexmorig tthhrPeSedmd dells descri bes br
experiments were desi g9hedp rasmde mtosw tmpea ed st ipmea
direct r adinafteirvree df ofrrconmgmul ti pl e model s, inc
indirect nefSeedclasscuss ddfe darpaAsalti ononf eedbe
met eorol ogi cal. cwanita @fte& nalnuds tPriMat es t he sens
forandgf etdbdaickfser ent processes in the model

6.

2 Overview of MICS-Asia lll Topic 3

Thpartici praenqese sweuw €®e common emi ssions to si
Januargn®2040bmd medalesyY @arair & b kcneopdaetlilsh gi ncl ude

application of the Weather Research-Chemecast
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Fast etGradltl, a2)0 Qbey2 OPOuss an Nati onal University
of t h€hwhddel by the University of l owa (UI
domai ns: 45 and 15 km horizont al resolutio
Admini sNASRA) odni(f i eMRFRBRE-EIK dl&Jr d e)t mddel 20yl 5t
UniversiReesarSplachkssoci at ssonGo(dUWRR AI) Sgpmd eNAS A
(M3 and M4); one application of the Regional
Chemi sEMEheRlan et ))alhy t2el0l nstitute of At mc
Chi nesemyAcafl Sciences ( M5) ; one applicatior
Chemistry ModelindVaBygseemaf RegnC®EH;) i ng Uni v
and onetiapplott t heMAEQuPCemdmWRIFt y Mul ti scal e

by the yUnofveTresnnessee at (KabkAmiell) eAs(i @ThK)e mi M7
inventory was dAesviehllo pbeyd ifnotod gvteeGdS ngt sbaak or
i et olbii est ()al whi @B 1Was providedaltonglinwicmbdei
emi ssi ons, bi omaegs$ c IBu muilmrdmwemigs ®ibams ,c hemi ca
model s (eChgem (GIEWNGS Goddard Eart-@h ©miy €tammydn g

MOZART ( Model for OZone And Rebubdddhoberdarcn
conditi onAsifalrndMle®d3 i re month of January 201

by one single simulati o@Gompmoeh emscihv ep amadodnesli p &

i nditchaatte al | model s coulsdurdamxteu rt e witplee ad wa@o\n
mi xing ratio, baudr oaee ewlithnecasced pélschware abl e t
the observed daily maxi mum dowawly dl esWwov & wa &

haze. dady®sbserved variatiogsSONOLIQr, HMlalnudt ant
PMo were reprodudiedvelvye rt,hd saeg gmodlelff.erences i
in the predemtedpdsvi ti ons.

3 Aerosol Direct and Indirect Forcing

Fig. 1 shows the monthly mean aky aerosol dect radiative forcing (ADRF) over China.
The spatial distributions of ADRF at the surface and inside the atmosphere inferred from

multiple models are generally consistent, with the largest values in easterrutdngesbern
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China. Over thé@eijing-Tianjin-Hebei BTH) region(areasmarkedin Figure S1) M7 repors

the highest ADRF at the surfacd 7.0 W/n¥), and thdargestADRF inside the atmosphere

(14.6 Wi/nt) (Table 2). M6 shows the lowest ADRF both at tBerface and inside the
atmosphere-8.6 and 3.68//m?) (Table 2). It is noticed that M6 predicts loweaerosol optical

depth AOD) than M7 Ga o et @&, lwhich coBld dagly explain the weaker ADRF
estimated by M6M6 uses anexternal assumptioof aerosol mixing staggewhichis likely to

cause waker absorption and ADRF in the atmosph@enantet al., 2@3). However, the
reported ADRF at the top of the atmosphere (TOA) vary widely, and no consensus is reached
on whether théorcing is positive or negative. The spatial pattern of ADRF at the int@&red

from M5 are consistently negative across the modeling domain, while the results inferred from
other models are patchy with positive values to the north or to the soutkRige}.(Consistent
negative ADRF at the TOA estimated by Mbrelated tahe strong negative forcing at the
surface andhe predicted high concentrations of sulfate by MEa¢ et al., 2018 Over the

BTH region,simulatedADRF at the TOA range frorr2.6to 0.2 W/n? (Table 2). L i et al
( 2 0 fepojted observatichased estimas of aerosol radiative forcing across China to be
0.3t1.6 atthe TOAChung et amdChuif @ 08 6 )estithated the2f@cing ¢ver
south Asia to be2.9 W/nt and-3.6 W/nt at the TOA, respectivelyThe magnitudes ahe

model estimatedaerosolradiative forcing values are generally in line witlese estimates
inferred from observations, while discrepan@esong models could lthie toassumptionsf
aerosomixing statsand other model treatmerffsarameterization of hygroscopicisgil dust,

etc). The discussions on how different model treatments affect the results of ADRF is provided
in Sect.5.

Fig. 2 exhibits the ensemble mean of monthly averaged ADRF at the TOA, inside the
atmosphere and at the surface. Elevated forcing inside thepitereand at the surface are
mainly located in east China. However, #resemble mean dbrcing at the TOA over the
ocean is slightly higher than that over the land. Over the BTH region, the ensemble mean of
ADRF at the TOA, inside the atmosphere andhat $uface are-1.1, 7.7 and -8.8 W/m?,
respectively. In winter, the aerosol radiative forcing in China is largely contributed by the
power sector and residential sector, but with different signs of the contrib@iaro( et al

20 18b
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M4 and M5 furthermprovide subdivision of direct and indirect aerosol radiative forcing. As
listed inTable 3, although the magnitudes of forcing estimated by M4 and M5 differ from each
other, the dominant roles of direct forcing are consistent. G\th China and during
winterime, aerosol indirect forcing is negligible due to the lack of water vapdthe stable

weather conditions.

4 Impact of aerosol feedback on meteorological variablesand PM::s

concentrations

When extreme haze events happen, high aerosalings can reduce significantly the
shortwave radiation reaching the surface, modifying -sadiace temperatur@Ga o et al .,
2 0 1 Fig. 3 displaysthe aerosefadiation feedback induced changes in temperature at 2 m

(T2) from M1 (a), M2 (b), M4 (c), M5d), M6 (e), M7 (f) Table 1:M1: WRF-Chem,Pusan

National University; M2:WRFChem, University of lowa; M4:NU-WRF, NASA; M5:
RIEMS-Chem, Institute of Atmospheric Physics; M&RegCCMS,Nanjing University; M7:
WRFCMAQ, University of Tennesse€&a o e 0 &8The participatingnodels show

different degrees akductions in T2. M exhibits themost widespread areas with reductions

which includeNortheasterrChina However significant reductiogain T2 inferred from other

models are mainly concentrated southernand easterrChina Eig. 3). In Beijing (areas

markedin Figure S1)the monthly averaged reductions in T2 from multiple models rmoge

0to 0.7°C, with the greatest changes calculated fM#(Table 2). In the BeijingTianjin-

Hebei (BTH) regpn, similar magnitudes €0.8 °C) are foundWhen only severe haze days

(January 1719) are considered, the averaged redustioi 2 for Beijing (0.21.7°C) and the

BTH region (0.31.6°C) are further enhancet@igble 4). In terms of aeroseiadiation f@edback

induced temperature reduction, M1 and M2 generally report similar magnitudes, which are
lower than M4, M5 and M7Model evaluatios of PM>scomposition inGa o et al . (2¢C
reveal that M4 overpredictie concentrations ajrganic carbon, which ctd be one of the

reasons fothehigherestimatedeductiors in T2due to aerosols

Pronounced decreases in water vapor at 2 m (Q2jastly located in southern Chingig.

4), where water vapor is more abundant due to the proximity to the sea. Bxtieme haze



214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

days,theaerosolradiation feedback induced decreases in Q2 in the Bgidm from multiple
models range from 0.07 to2® g/kg, with the lowest estimate from M1 and the highest from
M4 (Table 4).

The responses of wind speeds at 10 m (W&1if@)jred from different models agenerally
consistentdisplaying decreases aastern China except MEig. 5). In the BTH region, the
monthly mearaerosolradiation feedback induced decreases in WS10 range fronic00029
m/s (Table 2), and more proounced reductions are suggested by M4 and iy, §).

Because of aerosohdiaton feedback, most models report that surface fddncentrations

are enhanced in China, with the exception of M#&).(6). It is also noteworthy that PM

concentrations drease in the Gobi desert and Taklimakan desert of western China in M5 and

M2, which is caused by the decreased wind speed near the surface due to the weakened

downward transport of momentum from upper layer above boundary layer to the ddréace (
e t 2a0l L. Bpechanges of Pisconcentrations suggested by i@ patchy over east China,
with decreases to the north and to the southwestmonthly mean Phtare enhanced by 6.1
1.4 pg/me for Beijing, and by 0.8.2 ug/m? for the BTH regionThe enhanament fractions
are generayl below 2% for Beijing, and belov?s for the BTH regionTable 2).

To further understand how aerosatliation feedback contribigeo the formation of haze
event, we calculate the mean incredsengextreme haze days (Janudi19). For the BTH
region, the contribution of aeros@diation feedback to PM concentrations are lower than
4%, and the enhancement are below 8.5 ighm 0 et ddmonstiat2shtiegderosol
radiation feedback inducethanges in Pl are negligible during nighttime, so we further
calculate daytime mean changes, as listedahble 4. For the BTH region, M2 reports the
largestenhancement (12.9gfm°) of PM.s concentrations during daytim@ther models
except M6,report similar magnitudesf enhancement, ranging from3 to 6.6 ug/me. The
enhancement fractioremains lesshan 6% for the BTH region, and below 8.3% for Beijing.
Table 4 also displays the maximum enhancement of, PMiring haze days owle BTH
region. M7 suggests the larg&l, senhancement (up to 60.9 ughmfollowed by M2 (up to
55.4 pg/n). Other thre models, M1, M4M5, and M6 indicate the aerosidiation induced
increase in Piscan reach up to more than 20 pdimthe BTH regior(Table 4).

The contributions o aerosolradiation feedback tdiaze formation in China have been

8
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investigated in many previous studi€&si(ng et al ., 2016 ; Gao et al
Liu et Wdng et0g&a®dlang 20 Ibdal Wang2Oelt®Wualet, ad015;2¢C
Zhng et al ., 2015 ;ZhZomagn gp bat tlzelrapioried Z/d)ae8Bdiverge.

Ding et ,Wang (@0 lagandZh(Oh@1 4et inditate thét 2h® deBool

radiative effects can increase Py more than 100 pg/fr(maximum hourly changes) or
+70%.Gaot eal . Wag@9 183} ,ba,l . wWd(p2l@eibhrdahang et al . (
suggest that the contributisrare generally within the range of -B0%. Thesereportsare

different from this studyin terms ofstudy periods, region and pollutionlevels Most of

previous reports focused on the January3®baze episodesMa n g et a)awhilethe 201 4
monthly meanconcentrations oPMsin January 2010 areearly 50% lower than thaof

January 2013According to thefindings in this study, the contributionf @erosoiradiation

feedback to haze formatiaturingJanuary 201@re generally below 10%Jncertaintiesstill

remainas suggested ke errors irthe simulated chemical compositiofGao et al ., 20
Concentrations fosulfate and organic aerosol agenerally underestimated by magtthe
participatingmodels,andM4 overestimate the concentrations ofganicaerosd(Gao et al . |,
2 0 &).8 These model errorswere attributed to theincomplete multiphase oxidation
mechanismsf sulfate and differentreatments ofecondary organic aerosol (SOA) formation

inthesemodels§ao et apl ., 2018

5 Sensitivity to Different Processes

To explpotenthaesdif off et dhrero@ & calamstio njdoera entab B &
infl aenogadli at ack, feedbkr al sensitivwtthei mul :
RI EMCS remp deMiFHan et )alThe2@® 19Di mul ati ons aim to
mi xi ngo fs taagrechsyglrsoscopi ¢ grewdhst bl ack carbon
5.1 Aerosols mi xing state

| hhcentsrionhul, at in@m gani ¢ aaaesr soldmdiddn ¢aenrdn aBAd y mi x ed
a homogeneouBhanixdfurrd&E&dt isv asieis i ddena i t@fgeo | u me

wei ghted aver ageHoifndihwi dwedlTheesiwite d midst ur e

prescribed to be t leeah enmaoxs onfuantesn tzeex aonfip Iteh,e tnhi ex
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t he mixture afs ssueltf attdeh lmen sk gBefa dotfal @i s gna | | BC
particle sticking to a | arger sulfate partic
Anaddi tsii anmud la tcioonnd uigtsehde aer o s o lase xwedriyai etfir e at e d
and the correspondiRigg9rFedsu letxst eaarses |ludmmsit@lacamge d
aereaompoinegnctonsi der, ednidn dihvei cdiaubaid aellgg MAaOsDs il o f
extinbcyti @®amch aer o€omparoentplbavenbsuhter nvalt hmi x|
assumpti ovm ekt eguwmlatls mi xi ng eaxshiabniptte aber génega
ADRF at the surface (~15%), (aa59tormagear a( deg
(powiet)y ADRF in t heFiad .9fo%kp.h elelgror 8@ %PDRA et o
assumpaeonosof wsamxe ngomrsdGanceamt etiHddWwe Cefm2®©i0 3)
et al repP20dawedDvi §t ht erxnanlg misshmpeR odber nal mi X i
assumpfuoni etaafl os wWsOMa3sst ni besednumer ous paeé
| arsgiszre As d emweg ulstc,a tatnedr il nogw ear g eArXPs iwmat e d

Aer os ol tseedmatksdo btye Mb tadi tbhe ewxetaekremnra l mi Xi n
than with inter fcaHamges nmontesoardigdgEi camlz. svari al
concenitFrgti dras P TOhro8ngt, h layddahvBenrgbeeS Ldin d » B M

ar-@ C;0 .40/ s 2amgn®f arhe BTHvirtehgiionnmt ernal , mvkieng a
t he cor rveaslpuoensd i e@gh, et 8 BmgIm* Wi t h external r
assumptTihoense e@emphh &@sieme etfdnute hicaer osolsomi xi ng
t he e s tADRaFt easnrdoeseodl s &fo kv e veerro s aal nsia x ie nvgairsyiga t e

wi tth me andMelaoscuarteiméanrttsh ihi nlaatsuggessol s ar e
i nternalaihy mihxeedr acti on soefdr iomatne dtreoa | h anleiiex | pnegr i
et al).., 2014

52 Hygroscopic growth

Gi v een atphp reefcfieacbtl eof aer osol hygr eesc adi.a n qrOlledt
simulation waslecpaedsetede(lWaH)hive thimFdNdt yppul a
nudgwaag p laib@lheeundarty Ireydices rRtHur bati on of RH
on the Mbhawterebhélmatiese humidity ((Gad eet valpuo,
201LWi tFINL nuBHi wgs reti0%edthey BTH and by ~25U%

10
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ad | ower reaches of tlhoeweYra nadlee sR.aonféle a k ¢ © a d i
ADR&t the sur(Fiage @adafgd@ anoowedro he BTH regi o

53 Soanddusada sal't

M5( RI1 EGIBSe mh c | uadtewsr al Isypd éanndlet e adshaitlhee ot her mod
excep(tWRMH e m, Uni vedsi o@n ssfaddlmwa )} heir model
Il n an additional sensitivity simulation, soi
to examineohDRFi ahmd uaeercd@siogl. f9ede)d.Pdlcikasid nUrar y
significant amount sfrodmstohd Takslti meekraen ednrei stetr
areaChidefa. esti maanest hhabREaat t he swamfdace adu:
s ail sb oalt2 /MAlo v e rTatkhlei ma k dn6We’s er t he mi ddl e r ea
Yel |l ow Ri ver Rdrmkeerlt ha,bbvardd tiwvevehe BTHOvemgi on.
the BTH region, the contribution oHh5~dles%. and
Tab2l e | Isusgthpa edibichegest (negative) radiative
regi eabovéeeamalhysreduced mnéel pteirverbami odinsy i a
salt suggest t hat the imcobusirehabfveaubutmiadic

important reasons.

54 The effect of BC

Twoset simbl,atmawmst Fout BC and cwintcle nsfivoearbd e d E

conduot eedkamine the influences of BClmnt her o
comali mul,attih@n aerosol i ndluVMSddo tdaR@&ESCFn mont
040/ s 2amygm’f otrhe BTHrespgeonWhehyBC is not i n

scattering aerosol saamadsdlst nduveile@-0cd@@nsgemon
and.m@/3m respectively. When B®ecsen oveard tuddst ichman
C-05mMm/ s 3apgd/®m respectively. Theorwmmplkltrmson b
addi ti onaclassesnsitifiditvcisttyaucslednogsBE are compar
scatt er i.fhge aceornoterBiCosa tor 6 B @ ldslwaarc kruepa ctho 40 ~5 0 %.

al so fouindfltihan 8€ hen aegwisiont efrenead b sanui kxpi$sni go n

| arger wthed&n etrimeebls gumpti on (Figure not shown)
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333 Large uncertainties she IrlolrearmasionB&ddr atdheet ievsd i
334 to scatteGapngebaemdstugqlen®rd)t bef i Bipacndary | ay
335 heiagmd RV centoena account for as high as 60%
336 i n Noheg h Chatna?z Ppadmimh oounglhy iaccountodP M arn a es mesl
337 ofmass con®emnt reat iadni ¢20@a@pinlcanmtPMti onhdd aver :
338 Nor€thi na Plain incredasedt dysdabde 8edr, saenggp d.c B e |
339 I tshoul dotheddanto sparti ci pa,tiinncgl urcho d-@ h gRtl &£k

30 under predict the total mass conceaedt roatgiaons
341 aerosol s) by upovteo d h#adttesardy onfigeertawmdtdi nnhae f

342 contriolhuBiCon

343

344 6 Summary

345 Topic 3 of MICSAsia Il (Gao et al., 2018afocuses on understanding how current online
346 coupled air quality models perfarin capturing extreme aerosol pollution everitiorth China

347 and how aerosols interact with radiation and weatBeven applications of different online

348 coupled metemlogy-chemstry models were involved in this activit§ao et al. (2018ahas

349 demonstreed that main features of the accumulation of air pollutants are genesllly

350 representedwhile large differences in the models were found in the predicted &Mmical

351 compaitions.These inconsistereswould lead to differences in estimated ADRF aerosol

352 feedbacks.

353 The spatial distributions of ADRF at the surface and inside the atmosphere inferred from
354 multiple models are generally consistdmif the spatialdistributionsof ADRF at the TOA

355 estimated by these modeeeatly differ. Over the BH region, the ensemblaean of ADRF

356 atthe TOA, inside the atmosphere and at the surfacé.ar&.7 and-8.8 W/nv, respectively.

357 Subdivisions of direct and indirect aerosol radiative forcing confirm the dominant roles of
358 direct forcing.

359 Duringsevere hze days (January 418), the averaged reduction in & the BTH regiorcan

360 reach0.3-1.6°C. The responses of wind speeds at 10 m (WS10) inferred from different models

361 show consistentdeclinesin eastern China. For the BTH region, aerasaliation feedack
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363
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366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

induced changes idaytimePM.srangefrom 5.3to 12.9 ug/m? (< 6%). Our findings differ

from previous studie®©i ng et al . , 2016; Gao et al ., 201
Wang et aaqvang 260bd4lWang20lt4 adl.., , 2Bhadidg; aMu &It . ,
Zhang et al ., 2 0 Inh 8rms dfdtudypeagioderégioraangollutiof Ievels

The monthly meaoncentrations oPMz5 in January 201Qcurrent study periodgre about

50% lower than thsein January 2013.

Sensiytisvimul ati onwi wdree RCEdMBU enoeldd (rMber st and
influences of sermyenl ¢as cro pxiicn gg rsasnaitihd, s tb. | aTchke

results I mpgocaaet tbkefect sohf @leeecoss ADREMA &M ch g

aer beeldsblackvas alBO dxhinmi t haltarge contributi
and feedlbatcksncertainties remain in estimati
observed aerosol c hemi eatsli ynoinihwaerelgpt stSwalk e
separated the contributions of different aer
highlighting the Frudluese oft uRIC eanmprrssuMad] egtaeerda ec
of aerosol @emhdmi saenpda @ @tme oinh ¢ | |afel ®mastlod @fo mpone

aer osol feedbacks.
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