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Understanding the relative importamdd¢ig@ghtswowohfaoatfe hfio
pollution in China. However, Tthhsr emapmumescaenhot aofedy
comprehensive examinatebnantofe acmpenliapde amfd ¢hlef at
during winter haPzleaiinm. tThhee Nroerstuhl tCshienlauci date t he dy
chemical sruelgfiantees hoefr mati ceoamt i fTc i mportance and prese
bustome details need to be added befbrstbdihglpwblis]
We thank the vreewvwileuwaebeloef ©arncdd dntmic mewvdh i ch hel phes t o 1 mj
study and mPalfienaasdproadpoint € dbd patdhe corresponding 1 e
(bl uét gthadlco w.

1. Page 4, line 1: in the North China Plain
Response:

ThiakasWe hmnoweised it accordingly

“regimes for sulf at-ex ifstohNemiantiho i”Chmay iiPldidaed c o

2. Page 4, line 18: Sulfate 1is used 1ikeopheonplatesnt.

Response:
ThanWes have r espllapchebdt dtwhsel® 0t thoruvosu ghout the manuscript.

3. Page 58:1Thes 5s heterogeneous uphekeaqfiedO2 phasau
chemistry. I's there any recalseoanr .t o include 1t? The »p
Response:

Thanks for thoisnliisssgheosutst udy haeeonzo Ifopsdlbonasl ed

me ¢ h anfiosrhssul f & r ena(tt ithoen r e |l e vraantlte sgrhelayc td oemendi mon aer os

aerosolnwetder t o obseotltiepmHe me s draceptyr otdam c e d dairro sodbls er ved
l oadf asgusl fnaitten,ad e her compdamehave testheedt etrlogtene bug he
formation of nitrate was 1gnored, Cointsn altedchicagnd dmattr a
explibatismmbaeqfuoecrous phase production Hefr romatnma teet aarle
1999; Herr manmn eatn da lb.e,y o 20df0 Stohuer rsetayodpych a v e adopted

parametschemtimudhhete¢ er ofenmats of ZhELngi etawd ., 2015
al., W20haye clariftilkidr dhposfr aSgekcatH Hoienv imsheedi s cr i pt :

“The CTnRdr isac ei s expected o reprosdiutcliemmshwed lofpgtea,ved f
nit,mantme ni ucnhl ori de and) camd tgds cphmpsoer emdls] ut ant s, a |
predict -ttehmep osrpadt ido s t r i bsuutli foant eo fp rpoHd u cAtWiCo ma n d

4 Page 7,-1Tinks tHere any obser vat i onF SoFfE 3d+i sasnodl ve d
FSMN2 +. In Wang et al. (2016), ITabsier vnaotti ovnesr yo fc oFnev i:
adjust FSFE3+ andf &6 dMNEblsebracs.e tli on s ul
https://www.pnas.org/content/ 113/ 48/ 13630
Response:

Very good sugS$celsu iMnm olha & rn f koeftti eonn smenads urreepsdd rutdei & s
focusingvemde dgi.s,t Takahashi et al ., 2011-P8hezeetal.
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a.l, 2 However during the urbanhaze episodeshe concentrations as well asusces for Fe/Mn

ionsin aerosol wateremain not well constrained and understo@thoughth e obs er ved concentr
of ofel Mhe memt bPAM have beens oapproervticodu iensg u di 8sn et al
2006; Wang et al.,.VRAD0O®atClsa mud 2 /& Midi. oFnes2 0iln7 )aer os ol wa t
indbedtittehea bk o f soibns eoruwrN dsitoundiyeel ehsasv,e tthamparmdl at e d
soluble Fe/Mn cohecabsatveodWadmd adcht eploArst @2hOoiwin) i n Tab
R1, the simul aftofrd/Mc®éantc etnhter aBeiiqm#hh¥ea A’Sd/d wadtthee

saem or @1 diéntaagonfi ttuhdeb s # ¥ vaatt iaounkKsbsaimame t ¢t HXh dtan site 1s

outside of ouy & mdtuhlee tseidmudloantaeidn d o ma i n, Yan’an city
Table RI1. Coo meplaw ti/lsbandFrecfe nit nateons ol water

This studqThis stud|{Wang et al. (

Ti me Jamry 20/Jamry 20 1Nove nbeecre @blelr2

Site 1oBeijing Yan’ an Xi’an

Sol ubl e]/ / 1 .-156

(ng /*m

Sol ubl e]/ / 141

(ng /*m

Féng />m [3. 2 0. 6 /

Mr? (ng /3m | 36 3.3 /

In this study,% wen dhar®e% n dvovb, S e silpe.cTthebsbyakdes for
FSrandwwh®t h show a | d10ge avwadr%2abrielsipeypte(nldd hg) ,on

miner athabtgnyos phe(@licurangeitnget al ., 2008; Schroth et al. |,
al. 2; CDdquin et al ., 1999; Meskhidze et al . | 2003; Ta
al ., 2006; HOwretadoabt ewWl2t0hhidn etshWabheevwnd amgest i gated t he

potential changes in prediactdd vaatoswdlt hp H handncwel ff a
¢ o n ¢ e n tSensitivity destsindicate that sulfatéormationis rather sensitive to the availability of

TMI species,an® MI concentrations nie dfotbosuebrev abteitotnearl caonnds tnroa
stasVe have ffied tthheirs cilsasruie in the third paragraph of
“Our resul ts indicate t hat sul fate produwuction is r
Unfortunately, the concentraadiionsi msaevedslolaswastoeurr c
episodes remain not well constrained andamndderstood
MY n PaM t he Beijing TS séespetsidelyagndnd. 6regismall
concentfroat isconsu bl e -1Fe aanddd DIiflg / miels . pSe ¢ triavte l @ ) Xii nanP Ms i t e
(Wang et al ., MPIi6o)n s Nwlhtweo thawe ¢#geni c source, and w
accoun30fecoi nl BeijingFaaShaheremorel .t h204%8)]uble Fe/ Mn
FéitFréT MMié*Micycling) depends on dust mineral ogy, pa

redox reactions (Takahashi et al . , 2011, 8§caddot h et
Al s o the activ?h Miicoonesf fuincdieern ttsh ef ori gFhe i oni ¢ st rengt
(Cheng et al ., 2016) . The treatment of TMI pat hway
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5HVSRQMHRWW RXV 5HIHUHH

7KLV VWXG\ LPSOHPHQWHG D QHZ DHURVRO ZDWKMPFRR BHWOW DQBR G X
DLPHG WR XQGHUVWDQG WKH PHFKD QLY FB\D RW KPX 9 DR U RIRWHL FOP [RQHH WV
UROHV RI PXOWLSKDVH FKHAWBO R 6 SDUMRLAK QQ VDM WRORDWH SUR G X
UHODWHG WR WKMHURNRWLRQV PERXGYHVWLIDWHG WKH VSDWLDO DQ
DURXQG %HLMLQJ ZLWK WKWM WRGEHOD GG SIRKEG WIKRQ RI VXOIDWH
PDLQWDLQHG ZLWK WKH78tWDWQIHYRHU\ LQWHUHWWLBQ WG FICPBR\U W\
LV VWLOO XQGHU GHEDWH 7KH DQDO\WLYLREH®RIGHOR DIV X OWVIL G ¢
VRPH TXHVWLRQV DERXW WKH XJREHUMDLHOW\ ARII FRHQVRXEXW\L. RDQQ GO RVKHH
FODULILFDWLRQV DUH QHHGHG EHIRUH SXEOLFDWLRQ

‘H WKDQN WKH U} HINHY®HXD BRBH-WDKHE RPWH MY FK KHOS XV WR LPSURY|
VEBX DQG PDQIVHADUSER W\SRLQW UHEVDEFE@BKH FRUUHVSRQGLQJ UHYL
EOXH WRBHPRZ

6SHFLILF &RPPHQWYV

$V WKH DXWKRUV DOVR DJUHHG WKH S+ PD\$EHE& BQRFHVWKM NH\ |
+RZHYHU XQIRUWXQDWHO\ WKHUH LWYQTROBDWHRW PE&XOMNKHUGIW 810 W R
XVHG WKH PRGHO WR FDO F X\XIMWSH WRK/MV 5P D WK REX GPHDNHYG HQW RQ PR
FRXSOH ,625523,% ,&KIQRVREXDY ZHW WKXOOB RX@QWKH GHSHQGHQFH RI S
RQ WKLV RRGEXHP WKH H[LVWLQJ PRGXOH IRU S+ FDOFXODWLRQ L
HVWLPDWH WKH S+ ZLWK 026%$,& DQG FRPSDUH MRV YDWMNBWZLWK ,62
5HVSRQVH
*RRGTXHVWMRINY ,Q WKH RULJWKMHP :BRGHO 9HUVER®/K
0$'( 625*$0,625523 BHURVREPHG 026$,& VIFK RFRXEHGXVMGPWa&DWH
WKH DHURVRO WKHUP RG UG Z0Q MHUG B R DERMHAEWF DPVBPE 16 V
KDYH XV,6G5%X3H$P,RGHO WR VLPXODWH WKH DHURVRO WKHUPRG\QDP
KD]JH SHULRBVWK KK DD G AWMHSRUWHG UHDVRQOEQH H\R ®HO SHUGBKWUP D
HW DO /LX HW DO 'LQJ HW+B®@H YW KH YORS SIOWIRIBSL. & LW\ R
DHURVROVSARHA®DAGXODWURYROKWKHUPRG\QD P BOUKP BMKHV 1R UW K
UDUHO\ WKSRUWKIG/ VWXG\ ZHOKNYaR FHsRY6LE 52 R BHURVEREPH
DQG IXUWKHU XS G,B¥3b6@ 3WHRIG HEM (VO WW BDWK WKH LPSURYHG YHUYV
JRXQWRXNLV DQG 1HQHV 7KHERRXIOBW SDERRHBQIIHUHQW VFHQDULRYV
VWXOD\YEHWZHIPQG LQ WRHWK &KLDQ@G3DOWIFRPSDUDEOH ZLWK WKH PHD
UHSRUWHG U8B OSHWHIWQGRDEW /LX HW DO 6KL HW DO 6RQJ HW D

Q WKH 026%,& |UDPHZRIUMNW MMXOWLFRPSRQHQW (TXLOLEULXP 6ROYH
0(6$ LV XVHG WR DHRRYRW HVK KDFYRIG\Q BWLB 0 D =DRHIUL HW DO

DOJRULWMKEB RRCHOIHUV VLIQLMWRKDMBAEB2BYRPLQFOXGLQJ WKH FKHPLF
VSHFLHV LQYROY HID JIRWDMEOXGBEQGQ 0(6$ GHWHBRPMQBEWHAQY RI D

DQRIW XDO GHOLTXHVFHQRHs ¥ H DM\ELW K KK WRILHDLWR HQW RI SKDVH VWD W
3\H HW DOKDV FRPSDUHG WKH S+ YDOXHRGHODWLHPDWRE® R\ WEEH EBR P Q
,625523,$ZLWK WKH LGHQWLFDO PRGHOLQJ LQSXW DQG WKH\ IRXQG



E\ XQUM GLITHUHQFH AR BR AROWM WLEH 2 U\WBRKBAHIU HDNM OQ W L Y H
KXPLGLW\VHHPV WKDW W KGIUVHS D) L@RY VP Y QR | LSEIHYBAEAWR G H GV R |
026%$,& D@B5523,$QGHDIJUHH ZLWK WK KV U/ YLYPHSERUDADIER DWM R H VW L Q J
FRPSDQIEB DQDO\]N WK H HIHNVW W H G R U VG F K W RIFSUD R GPIXO D W H G

LERX VWKGW VXFK LVVXH LV EH\RQG WKH UHNV@WUFKTXER SN RR QX UGHW
HIIRVU\RVFRX DHURWMKRD ZDWHU FKHPLYWWK PRGKOR6$SSEHURVRO VFK
1IRQHWKBEB®HKWDWH DGGHG VRPHDM D HDYGI\D VELRY RO KRQXBO XVLRQ 6HFV
RI WKH UHYLVHG PDQXVFULSW

*8QFHUWDLQWLHY UHOHYDQW ZLWK WKH DOJRULW KIRWW R DVROGIWW K H
RI QR®HDOLW\ VL]H HIIHFWV SKDVH VWDWH PL[LQJ VWDWH WKH LQ\
RUJDQLF FRPSRXQGV DV ZHOO DV SKDVH VHSDUDWLRQ VKRXOG DOV

JRU HYDOXDWLRQ VDAHVIR LPORBUMWDQW LQ WKLV $:$& VI\VWHP FR.
ERWK RI WKHP" ,Q )LJ , GLGQTW Q® G+WKH HYDOXDWLRQ RI 1+
5HVSRQVH
*RRG VXJJMAKIZEGBNGR U W XV HBRHEHHDY Y O IVNRRIQ D PPFRRILF H Q W U DMRILRMDK L Q WK H
&KLQD GRDLQJ -DQXPQD Y D LURKEHWHZ HOHDMH F R\PKSD V HBPPR\Q H B
FRQFHQWUDMQALRWY W KHW B BVRUECEQ LRIQAWWLIQY LWKH ZLQWHUWLPH LQ R\

/DEOH ®GRGHO® REVHU Y AMRW-DHDOL A +DQBDFWLRQRWKH SDUWLFOH SKDVH

)B1+ DW XUEDQ %HLMLQJ VLWHYV

1+ 1+ 71+ | 714 | )B1+ | )B1+
PHD| PHGL PHD| PHGL PHD({ PHGL
SSH SSH SSH SSH

0(,&B & 75
&75F
0HQJ HW DO
/LX HW DO
6RQJ HW DO

P7KRRGHOOLQJ DQG PHDVXULQJ WLPH GLIIHUV LQFOXGLQJ PRRGHKWKRIOHRMHPEHU 'HF
HVWLPDWHG HPLVVLRQV DQG REQHRIQYH & \§ K @HOIWID W DR QV RIKEMOK KBVY BICD

PLQRU GLIPRQHQ¥KHVH PRQWKYV

EORQWKO\ PHDQ YDOXH DW 7WH QHKXIDGS QIR %6 Ul I/ QLVQMMH R |

FOHDQ YDOXH DW &KLQHVH $FDGHP\ Rl OHWHRURORJLFDO 6FLHQFHV VLWH GXULQJ ZLQ
S0HDQ YDOXH DW 3HMWIHQG BOQLYHURYWP®HU DQG 'HFHPEHU LQ ERWK DQG

HOHGLDQ YDOXH DW ,QVWLWXWH RI $WPRVSKHULF 3K\VLFV VLWH IURP 1RYHPEHU WR 'H

$WKREQ 7TDEGREOLQJIJHWKWVIRQY EHWWHU PDWFK WKH REVHUYHG DI

FRQFHQWWXDWIKRH@NAGR et Hal. (2019)estimatedthat the MEIC inventory (used as the

anthropogenic emission inventoity our study)underprediced NH3; emissions by about 40%a the

North China PlainThus, GRXE O L Q JHW KWWILIRHBNJHDVRQDEOHHDNMKBSAMDER® 5

LQ WKH 6 X ®RGH PHIQWKHKIL ¥ OAVYVIXIH LQ W K H HHPMWIGR BD Q XK/IF W IK$HW

3V VKRZQ LQ 7/DEOH 6 RI 6XSSOHPHQW FRPSDUHG ZLWK WKH VFHQD!

WKH5/ VFHQDULR ZLWHKPEGEREOHBWWHU PDWFKHBP FERRQLKO WIQKS REV H L

DPPRQLXP FRQFHQWUDWLRQV DW XUEDQH®BHBLNWMWQDOVLWHV LEXXHWQ DQC
6RQJ HW DO

,Q )LJ IRU 30 B2&%7 ZK\ QRW HYDOXDWH WKH DEVROXWH YDOXHV
&$"7TKH HPLVVLRQ IDFWRU RIE2&$7 WR PROWWKSROEVHWHUYDWLRQ +RZ LV \
\RX DSSO\ LW WR WKH WRWDO GXVW HPLVVLRQ" 7KLV LV D KXJH IDFW
WKH GXVW VRXUFH UHJLRQ WR FRQILUP WKLV"



5HVSRQVH

‘H WKDQN WKH UHYLHZHU DRWHHYL\VIRRPE KOWFRRAHMVW.VFKHPH ZH |
WKH LPSURYHG *2&$%KGKIFRXSPKIBPELWK WKH 0$'( 625*$DKDMURVRO VI
GXVW VFKHPH KDV EHHQ G HAKDR BH/\G IRDEKHDRD OW DMCHG R Q R W
FKD@IH RI WKLV GXWWK M PKL-PRFOUMNEIVE] X Q FK DR J&IGHP SUHVFULEHYV

D VSHFLILF PDVV UDWLR Rl WKH ILQH PRGH GXVW HPLVVLRQ WR WKH
VSHFLDWLRI®UUWE& W PRIV WDO SDUWLFOHV RI . (VW BVIDD® 0J ZLWK
PRGHMVWRMRQJ HW DO+RZHYRHQJ BI& LQGLFDWHG WIK@NV SFOEMMIUFYOHGY
KDYH RQVLGKIUIKEHRA PDVV FRQWKEXW SR QDEBQGWK® FKHPLFDO WUDQV
PRGHO &70 SUHVFULEHV :LWK VHOQVLWWXHMREGEX WV VBH FR B QG RWK
IUDFWRBQV1ID &D DQG 0J E\ PHUHO\ RQH IDFWRU RI FRXOG EHWWH !
FRQFHQWUDWLRSQVLIWA %HLMLQJ 76

:H KDYH FODULILHG KRZ WR WXQH WKH 30 B2&%7 FRQFHQWUDWLRQ\
6HFWLRQ LQ WKH UHYLVHG PDQXVFULSW

3:5) &KHP SUHVFULEHV D VSHFLILF PDVV UDWLR RI WKH ILQH PRGH G
DQG ZWKKU DGRSW WKH ILQH PRGH GXVW HPLVVLRQ VSHFLDWLRQ SU

IUDFWLRQ IRU ILQH SDUWLFOH FRPSRQHQWY RI . 1D &D 0J )H DQ
30 B1$ 30 B&$ 30 BO* 30 B)(DQG 30 B0l WWWSNRWUFH@UHURPWG I
DQG UHVSHFWLYHO\

37TR PDWFK WKH REVHUYDWLRQW&L\B0OVHBEZMERH WKRHVBRPLGXVW HPLVVI
XQFKDQDH)&QJ HW DAQGLFDWHG WKDW REVHUYHG ILQH SDUWLFOHYV
KLIKHU PDVV FRQWULEXWLRQ ZLWKLQ WKH (DVW $VLDQ GXVW WKDQ '

IRQHWKHOHVY ZH KDYH FRPSDZWHIGNWKMKHW DX QB /6 CD¥2$5(521(7

$2' opGDWD GXULQJ -DQXDU\ $V OK,B Z$Q 'G@ WD) X AAHDW\ALEY ¥ H
WKH YLFLQLW)\ RRHJGERWWHDWROMFHR E L ZIKY B H WK HWPL P XGIDQWV$2' R
a WK HUWKH PRRRK® G ZHOO UHSURGXFH GINWE RE VK ORQHENSDWWHUQ L

GRZQZLQGHWR/ NMMKH BDOW LGIXRMLQJI WKH VHYHUMION ¥R O X0 RRHREHSFL'VIRG H \
RYHUHVWLP D WHGE H X MWVHANISAHEW B G O\ R YHID @MKIEQPHBDAVUKRYHU WKH
VLPXODWHG €20 DO DMKKBHGFDSLWDO RI 6RXWK*RELWH ] LQ ORQJROLLEL
DQG DWVABRZHU WKDBQE52WRH $2' GDWINWSY JVHUROWMIB JRY FJL

ELQ GUDZBPDSBGLRSODSBVKOBY VKRINWHEEW ILQH PRGH GXVW VSHFL
IUDFWLRQV IRU . 1D D& R @GRIG YORRDW WWRWHRDPWULHAVWLPDWLRQ RI $2°
(YHQ WKRXIH XQFHUWDLQWLHYV H[LVW | RMWKW KIH VK B MONVRMY. [RVD\ RAI H3/XAWW
RXU VWXG\ VKWK WKEWLXUQDO F\FOH SDWWHUQ DQG YHUWLFDO SUR
YDU\LQJ GXVWHIPQIWIKSIS. G S QRRIX\FX\LIBWH FRXOG EH PDLQWDLQHG
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FKORULGH 30 B&/

= PM25_S04

30 B&$ DQG PDJQHVLXPW3D68BUYEWH GXULQJ -DQXDU\ RI

XQLW O

30 B1l2
VRGLXPB.30OFBO¥LXIPRWDV V|



,Q )LJ DQG DOWKRXJK WKH DGGHG $:$& VLIJQLILFDQWO\ LQFUHTL
FORVHU WR WKH REVHUYDWLRQ KRZAHY RUVVYWGL P DHY\LIBHIQQWW K DKL W K
WKHUH DUH VWLOO VRPH RWKHU LPSRUWDQW SURFHVVHV PHFKDQL\
UHDVRQDEOH WR XVH WKH REVHUYDWLRQ WR FRQVWUDLQ WKH PRC
SURFHVVHWERQWWRLEKH VXOIDWH PDVV FRQFHQWUDWLRQ PRUH WKD
DQG GLVFXVVLRQ

5HVSRQVH

9HU\ JRRG TXHVHRPGRWWDAPRVRO ZDWHU SKDVHDBWERBMXQWILRMHRN VX
DFFHSWHIGY DO &KHQ HW DO =KHQJ HW DO &KHQJ HW DC
HW DO 6 KD R XHVHMWO D O *HQ HW DO &KHQ BIQVGDLH Xk

WKLQ M XWKIM WKH VHY HUPSIOBMH 9 SWHRBGMAOHH KXW UHDFWLRQV LQ DHLU
PLIKWDNEM\ WHRGXFH WKH JDS EHWZHHQ PRGHOOHG VX®IWMWH FRQFHOQ
LPSOHPHA¥HEQJ WKH PRGHO $ MU URILRDROFGIW O\ L PBISR EHHWV ZBI®I@ WKH
REVHUYH® MXDBPEGWX PUENG XFHG IJRP WR +RZHYDMW SRLQWHG E\ WKH
UHYLISZNBGUH S QDB VRRIY HZKORMBVEH GXH WR WKH XQFHUWDLQWLHV L
RI HPLVVLRQ WUDQVSRUW L H DGYHFWLRQ DQG WXUEXOHQW PL[LQ
W RV K H U S\RAVDH QWY i DSSDU/P IDZDL\ R Q

2XU VWREBR Q LQYHVWLJIDW L QJWKKH VISKEDASIRFMDIOUG VAW WIEXWLRQ IRU D
ZHOO DV VXOIDWH IRUPDWLRQ EXGJHW DQG DOVR WKH XQFHUWDLI
SDUDP HOWHRBNG/ VFHQDULR ZH WXQH WKH LQSXW SDUDWPKOWMBYN UHOHY
DQRBWKHU ILQH SDUWLFOH FRP SRR E RMM\G HNL YANVDERH & BRGEAYOR Q

WKH WSBWSRUDO GLVWULEXKH BQ | RH UMHQUR WRX LBFH V R WXYRMHHOBN DL QW
BHFWLROSHFLILFBO®XWHG WKH REW XOIDWH W R RARRDWMURIDL G DVWKKHZ D \
+HUM EDYH DGGHG RQH H[W UDEWRINBHK OIDWE R QDR H 7HD/OR HEUW K H U
LQYHVWLIDWH WKH XQFHUWBREWQWHDWYRQW ZRWMWAKRAQUHYLMHGEGUH
PDQXVRXLSWR QEQXW KR QP DUH\DRULLISGAK WQKIHO F\FOH SDWWHUQ DQG YH
SDWW IDBIQ BRBEIDV ZHO O IV WWKHQFR RI PXOWLSOH VXOIBWHZUWELPH DQ
S+ ERQVLMWK®MQDULRY RI 70, 70, DQG 70,

:H KDYH IXUWKHU FODULILHG WKLV LVVXH LQ WKH WKLUG SDUDJUDSI
87KH &75/ VFHQDULR LV HISHFWHG WR UHSURGXERROKKs IREY M X ©® HIEWIH (
QLWUDWH DPPRQLXP FKORULGH DQG FUXVWDO FRPSRQHQWYV DQG J
SUHGLFW WKRSSBDMWLRBLVWULEXWLRQ RI S« 1R VEHDMHS DMVXIDIWHL R QR G X
EHKLQG WXQLQDRRMWR EHWWHU DIJUHH ZLWK REVHUYHG VXOIDWH\
UBVRQDEO\ VLPXODWH WKH FRQFHQWUDWLRRNQI&R W 2RWKKKHNUWRJHG D Q W\
GHYLDWLRQ IURP REVHUYDWLRQ FDQ EH DWWHRIL EXWSDSVR\EBBW KH XQFH
WKODQFHUWDLQWLHY LQ WKH HPLVVLRQ WUDQUVISRRWD QA K U\DGQ E FAMMR
GHSRVDWEBRQIDWH |IRRWBEBEWDRFRRXQGFBQWRILEXWH WR WKH GLVFUHSDQ
PRGHOLQJ UHYVXO W RIS WRKENCHHYV R HWRKWVDLW X0V HVWLPDWLQJ WKH H
IRU DHURVRO S+ DQG VXOIDWW KRV FRWXKEBYONVEXHGEKWUDGWWHDGHY LQ W
WHPSRUDO GLVWULEXWLRQ IRU DHURVRWSHDOEF ZB0OR WKHYXQAHUNY I
UHOHYDQW ZLWK DVVXPSWLRQV IRU LQSXW SDUDPHWHUYV



SHODWHG TXHVWLRQ DQ\ HYLGHQFH RIQV\WYQ LDMFHD G WRFRXFWL REDX WQ. RG
LQ UHFHQW \HDU "

Response:

$YHURRG DQG LOWHUHVWK®P IRHWD BEA VR XPNMWWHU SKDVH SURGXFWIL
KDV EHHQGEZVEKOWDHG HDSMGH G /L HW DO DO & KHQKHWJI HW DO &KH

HW DO :DQJ HW DO 6KDR H@®/XD®/QRHH Y KB HH W DI/ RBS HV
HDUO\ WR PLGDBH®H 5 V

7DEOH 6HOHFWLRQ RI WKH VWXGLHV IRFXVLQJ W@ WHKWHKHWKHIIRIIHQ

HSLVRGHV IURP HDUO\ WR PLGGOH V LQ &KLQD

SHIHUHQFH 6WXG\ WLPH SHULRG DQG DUHD

=KHQJ HW DO -DQXDU\ L€ LB i@IMER L DUHD

&KHQ HW DO 2FWREHU LQ 1IRUWK &KLQD 30DLQ

&KHQJ HW DO -DQXDU\ LQ %HLMLQJ

‘DQJ HW DO 1RYHPEHU WR 'HFHPEHU RI LQ ;LYDQ
-DQXDU\ WR )HEUXDU\ RI LQ %HLMLQJ

/L HW DO WR 'HFHPEHU LQ WKH *XDQ]KRQJ EDVL
WR  -DQXDU\ 7 LMQNMHEMIL QU HD

6KDR HW DO 2FWREHU WR  -DQXDU\ LQ WKH ZKRC

‘X HW DO ‘LQWHUWLPH RI LQ WKH 1RUWK &KLQD 30D

+RZHYHBRQYWH L BRHW.HRQRB H Q H RUXR/ WUXHDI BW/IHRUIIRE A Q W L\RH@ WD
UHPDURWVHO\ VWXGLHG1R®Y 8 WKEIQIMLIU LBIREA 0 XKD RDQEWHHHRID UN D E O\
PLWLIDQNVUIGFH@MWQFHHD WY H LPS@BPIBQWD W L$FE @FdRA=Cal | ZD20;Zhang

et al., 2019;Wang et al., 2019;Hou et al., 2019;Cheng et al., 26®GKHQJ HW MHO/WLPDWHG

W Klrivig 2013t &KLQDYY DQWKURSRJHQLF HP20#04ahdR-G¥cBddIUHDVHG E\ a
dioxide (SQ), nitrogenoxides (NQ) and PMs, respectively 8QOLNH WKH QHJPMWXHHIHHGEDF
DHURVRO ORDGKRIWRP KB PW KB OUS U RIGX B BWARAD W LIS D FVINQ 8 ¥ WH

D SRVLWLYH IHHGEDFN PHFKDQLVP L H KLIJIKHU SDUWLFOH PDWWH
DFFHOHUDWHY VXOIDWH SURGXFWLRQ DQG &KWHWKHWLOBKHHDVHV WKI

UROH RI KHWHURJHQHRXV UHDFW LR QRU PW KE\ZL@YRHDE I WIKIYW BRI Q L Q J
GHFUHDVLQJ HPLVVLRQV

/JLQH RI SDJH 3H[FHSW IRU" WR 3EHVLGHV "
5HVSRQVH

TKDQNV IRU SRLQWDQZHR K RN HFRW W &S R

7TDEOH WKH GHVFULSWLRQ RI VFHQDULRY LQFOXGHYV SKDOYHG”
JHUR DQG GRXEOHG

5HVSRQVH
7KDQNV IRU SRLQWLQJ RXW WKLV W\SR DQG ZH KDYH FRUUHFWHG LW

’

SHIHUHQFHV



&KHQ ' J/LX = )DVW - DQG %D#QLWDBPRQLXWLE DY RHVRYFOWHG X U
WKH H[WUHPH KD]JH HYHQWYV RYHU QRUWKHUQ &KLQD LQ 2FWREHU

&KHQ 7 &KX % QJH6< OBKB +H + DQG /L 6 0 (QKDQFHPHQW R

IRUPDWLRQ E\ WKH FRH[LVWHQFH RI 12 1+ XQGHU KLJK LRQLF VWUF
M HQYSRO

&KHQJ - 6X - ;&XRQJ :/LBXQ ) <DQJ < 7RQJ ' =KHQJ < DQG /

UROH RI HPLVVLRQ UHGXFWLRQ LQ 30 DLU TXDOLWWPRBHORYHPHQYV

EDVHG GHFRPSRVLWLRQ DQDO\VLV $WPRV &KHP 3K\V

&KHQJ KHQYJ * :HL & OX 4 =KHQJ % :DQJ = *DR 0 =KDQJ 4

* 3RVFKO 8 DQG 6X + B5HDFWLYH QLWURJHQ FKHPLVWU\ LQ DHU

KDJH HYHQWV LQ &KLQD 6FL $GY H VFLDGY

'LQJ - =KDR 3 6 6X - 'RQJ 4 'X : DQG =KDQJ < ) $HURVRO

%HLMLQJ $WPRV &KHP 3K\V DFS

'RQJ ; < )X - 6 +XDQJ . 7RQJ 'GH®GHXKXORIPHQW RRGXVW HPL

KHWHURJHQHRXV FKHPLVWU\ ZLWKLQ WKH &RPPXQLW\ OXOWLVFDOF

DSSOLFDWLRQ RYHU (DVW $VLD $WPRV &RHAS8 3K\V

)DQ + =KDR & BHFBRDPOHKKQVLYH DQDAHKSERUDONKHULSBM RR RI XL

SROOXWLRQ LQ &KLQDBWRHEVQJIQYLURQ

JRXQWRXNLV & DQG 1HQHV $ ,625523,$,, D FRPSXWDWLRQDOO\ H

PRGHO HRD20J #l1+ #1D#62 '+12+&@+ 2 DHURVROV $WPRVSKHULF &KHPL

3K\VLFV

*HQ 0 6 =KDQJ 5 ) +XDQJ ' ' /L < - DQG &KDQ & . +HWHUR

6XOIDWH 3URGXFWLRQ GXULQQPLLWIHFWH R3 KRW FBOIN\VDWLDW +XPLGLW\

,QWHQVLW\ DQG WKH 3UHVHQFH Rl 2UJDQLF &RPSRXQGV (QYLUIJ

DFV HVW E

*XR + :HEHU 5 - DQG 1HQHV $ +LJK OHYHOW Bk DPARFILD GWROQR

WR \LHOG QLWRRUEGDWHGGWHXOIDWH SURGXFWLRQ 6FL 5HS

+RX : =KX % .XPDU . 5 DRQEDK® YDUDRDEHWLW\ LQ ILQH SDUWLFX

RYHU &KLQD BXUL®RROH Rl PHBMWRRWR ORMLURQ

.RQJ / 7DQJ ; =KX - :DQJ = 3DQ < :X + =X | X 4 +H <

LQYHUVLRQ RI PRQWKO\ DPPRQLD HPLVVLRQV LQ &KLQD LQ FRPELQD\

1HWZRUN DQGDIO@VPEH®MWHU (QYLURQ 6FL 7HFKQRO

.RQJ ; )RUNHO 5 B6RNKL 5 6 6XSSDQ 3 %DNODQRY $ *DXVV 0

$ &KHPHO & &XUFXHWUHUMRp@H]+LUWO 0 +RQ]JDN / *,P 8 3pUH]

6DQ -RVH 5 BFKO*Q]JHQ . + 7VHJDV * 7XFFHOOD 3 :HUKDKQ -

$QDO\VLV RI PHANHRWRORILQWHUDFWLRQV GXULQJ DLU SROOXWLRQ

PRGHOV ZLWKLQ $49W,PBKDAMH LURQ M DWPRVHQY

/L * + %HL 1 ) &DR - - +XDQJ 5 - :X - 5 )YHQJ 7 :DQJ < &

© . DQG OROLQD / 7 $ SRVVLEOH SDWKZD\ IRU UDSLB JURZWK RI

$WPRV &KHP 3K\V DFS

/JLX 0 : 6RQJ < =KRX 7 :X = < <DQ & 4 =KHQJ 0 :X = - +

7 )JLQH SDUWLFOH S+ GXULQJ VHYHUH KD]H HS\ULNRGHK /IHW YRWW K H U
JO



OHQJ = < /LQ : / -LDQJ : 0 <DQ 3 :DQJ < =KDQJ < 0 -LC
&KDUDFWHULVWLFV Rl DWPRVSKHULF DPPRQLD RYHU %HLMLQJ &KL
DFS
1HQHV $ 3DQGLV 6 1 DQG 3LOLQLV & ,625523,$% $ QHZ WKHUPF
PXOWLSKDVH PXOWLFRPSRQHQW LQRUJDQLF DHURVROV $TXDWLF JH]
3\H + 2 7 1HQHV $ S$WHPDQ@GHADWWKS$XO & &OHJJ 6 / &ROOHW)\
0 +HQOLJDQ & - +HUUPDQQ + .DODNLGRX 0 .HOO\ - 7 .X ,
6FKDHIHU 7 6KL * / 7LOJQHU $ :DONHU -UL 5D®J DIQG HEKHD G5
$ 7KH DFLGLW\ Rl DWPRVSKHULF SDUWLFOHV DQG FORBES $WPRYV

6KDR - < &KHQ 4 - :DQJ < : [IX : +H 3 = 6XQ < /| 6KDK 9
6RQJ -6 =KDR < ;LH = 4 =KDQJ / DQG $OH[DQGHU % +HWHURJI
PHFKDQLVPV GXULQJ ZLQWHUWLPH &KLQHVH KD]JH HYHQWYV DLU TXDG
VXOIDWH R[\JHQ LVRWRSHV LQ %HLMLQJ $WPRWF&KHP 3K\V

KL * :X - 3HQJ ; ;LDR = &KHQ . 7LDQ < *XDQ :; )HQJ < <
$ * S+ RI$HURVROV LQ D 3ROOXWHG $WPRVSKHUH B6RXQFH &RQWUL
6FL 7THFKQRO DFV HVW E

6RQJ 6 - *DR 0 :X : 4 B6KDR - < 6KL * / :DQJ 6 :; :DQJ < ;
0 % )BEQHWLFOH S+ IRU %HLMLQJ ZLQWHU KD]H IDFV HTX HQWEHGE XBR P
PRGHOV $WPRV &KHP 3K\V DFS

‘DQJ * =KDQJ 5 *RPH] O ( <DQJ / [/HY\ =DPRUD 0 +X 0 /LQ

OHQJ - /L - &KHQJ & +X 7 5HQ < $DQ3 <KRXR :- /I&DR :DQJ -
7LDQ 3 @MWIHUR B6HFUHVW - 'X = =KHQJ - 6KDQJ ' =HQJ /
+XDQJ < :DQJ < =KX < /L < +X - 3DQ % &DL / &KHQJ < -L
/JLV 3 6 'XFH 5 $ .ROE & ( DQG OROLQD 0 - S3HUVLVWHQW VXC
&KLQHVH KD]H 3URF 1DWO $FDG 6FL 8 6SDV

'DQJ < /L : *DR : /LX = 7LDOD®J 6KHQQS /-LDQG 7DQJ * 7UH

LQ SDUWLFXODWH PDWWHU DQG LWV FKHPLFBOGLFHROFSRYKWQR QD WLQK
BFLHQFHYV

X - %HL 1 +X % /LX 6 =KRX 0 :DQJ 4X /& ;,V/IERWHU)MRSRU
D NH\ SOD\HU RI WKH ZLQWHUWLPH KD]JH LQ 1RUWK &KLQD 30DLQ" $V
'XH - <X ; <XDQ = % *ULIILWK 6 0 /DX $ . + 6HLQIHOG - +
RI DWPRVSKHSURGXFWMDRVH EDVHG RQ WKUHH IRUPDWLRQ UHJLPHV I

v
=DYHUL 5 $ (DVWHU 5 & DQG 3HWHUV / . $ FRPSXWDWLRQDOO
VROYHU IRU DHURVROV &(\&/% FD R XSHYHD RFKHRBPRVSKHUHYV D
=DYHUL 5 $ (DVWHU 5 & DQG :H[OHU $ 6 $ QHZ PHWKRG IRU P
RI HOHFWURO\WHV LQ DTXHRXV DWPRVSKHULF DHURVROV -RXUQDO
E

=DIFUL 5 $ (DVWHU 5 & )DVW - ' DQG 3HWHUV / . ORGHO IRU
FKHPLVWU\ 026%,& -RXUQDO RI *HRSK\VLFDO 5HVHDUFK $WPRVSKH!
=KDQJ / &KHQ < ) =KDR < + +HQ]JHDXORWKYX /LX :6RQJ3ZXQ X 3
/ILQ < DQG +XDQJ % : $JULFXOWXUDO DPPRQLIXS PIOG/ VRS LQ &



GRZQ HVWLPDWHV $WPRV &KHP 3KK®
=KDQJ 4 =KHQJ < 7RQDQJ 6KDRD®QJ:< :X : :DQJ - +H + DOQ
'ULYHUV RI LPSURYHG 30 DLU TXDOLW\ LQ &KLQD IURP W R

=KDQJ 5 :DQJ * *XR 6 =DPRUD 0 / <LQJ 4 :DQQ < :DQJ
YRUPDWLRQ RI XUEDQ ILQH SDUWLFXODWH PDW®\HBKERHP Y5 HEY

=KDR & /LX ; /HXQJ / -RKQVRQ % OF)DUODQH 6 $ *XVWDIVRC
7KH VS®WMDWLEXWLRQ RI PLQHUDO GXVW DQG LWV VKRUWZDYH UDGL
VHQVLWLYLWLHY WR GXVW HPLVVLRQV DQG DHURVRO VL]JH WUHDWPH
=KDR & &KHQ 6 /HXQJ / 4LDQ +XD@®N -- SIFHUWDBEQW QA® PRGH
PDVV EDODQFH DQG UDGLDWLYH IRUFLQJ IURP VL]H SDUDPHWHUL]DW

=KHQJ % 7RQJ ' /L 0 /LX ) +RQJ & 3 *HQJ * 1 /L + < /L

/] =KDQJ < : =KDR + < =KHQJ < ; +H . % DQG =KDQJ 4 7UH

HPLVVLRQV VLQFH DV WKH FRQVHTXHQFH Rl FOHDQ DLU DFWLRQ
DFS

=KHQJ * - 'XD&X )+ 0D < / &KHQJ < =KHQJ % =KDQJ 4 +XD

&KDQJ ' 3RVFKO 8 &KHQJ < ) DQG +H . % ([SORULQJ WKH V}I

LPSDFW RI VIQRSWLF ZHDWKHU UHJLRQDO$SWRPRQV&RHW BRG KHWHU
DFS
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Abstract

Understanding the mechanism of héaenationis crucial for the development deliberatepollution control strateigs
Multiphasechemicalreactions in aerosol watbave been suggestedas important source gfarticulatesulfate during
severe hazéCheng et al., 2016;Wang et al., 200@ile thekey role of aerosol water has been commonly accepled
relative importance of differerdxidation pathwayin the aqueous phase still under debatemainly due toquestions
aboutaerosol pHTo investigate thepatiotemporalvariability of aerosol pH and sulfate formatidaring winterin the
North China Plain (NCR)wehavedeveloped amewaerosol water chemistry moduyl@&WAC) for the WRFChem model
(Weather Research and Forecasting model coupled with Ch@misging the WRFChemAWAC model, we performed
a comprehensive survey of the atmospheric conditions characteristic for wintertime in tHed®GRg on January 2013
We find that aerosolhh exhibited a strongvertical gradienanddistinctdiurnal cycle which wasclosely associated with
the spatietemporal variation irthe relative abundancef acidic and alkaline fine particle componeatsd their gaseous
counterpartsOver Beijing, he averageaerosol pHat the surfacéayerwas~5.4 andremaired nearly constant around ~5
up to ~2 kmabove ground levefurther doft, the acidity rapidlyincrease to pH ~0 at ~&m. The patternof aerosol acidity
increag with altitudepersisedover theNCP, while thespecificlevelsandgradiens of pH vaied between differentegions

In the region north of-41dN, the mean pHvaluesat surfacelevel weretypically >6 and the main pathway of sulfate
formation in aerosol watewas S(IV) oxidation by ozoneSouth of ~41d\N, the mean pH values at surface leware
typically in the range of 4.to 57, anddifferentchemical regimes an@actionpathways of sulfate formation prewedlin
four different regions, dependingnareactant concentrations aatimospheric conditionsThe NG reaction pathway



prevailed in thenegacity region of Beijingndthelargearea of Hebei Province to the soaiid westof Beijing, as well
aspart of Shandong Provincg&he transition metal ioTMI) pathway dominated in the inland region to the west and the
coastal regions to the east of Beijing, andh®©. pathway dominated in the regiextendingfurther south(Shandong
and HenarProvinces).In all of theseregions,the Oz and TMI pathways in aespl water as well as thgasparticle
partitioning of BSQy vapor beememore importantvith increasing altitudeAlthoughpH is sensitive to thabundance of
NHs and crustal particlesye show thatherapid production of sulfatim the NCPcanbe maintained over a widange of
aerosol aciditfe.qg.,pH =4.2-5.7) with transitions fromI'MI pathway dominated to N&Ds; pathway dominatetegimes

Keywords: Winter haze aerosopH, multiphase chemistrsulfate formation regime








