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2.1 Response modelt embsHgtwmmathes etriveed sug face cor
The pr i ncniepwees pdofa Siteviteer smoaighle r e & fhtee s p mo doeil § o

adjtuhaes s upmreidor emicshsitdirms concenat cat b b.8Da pfufeetrieenttis of
previ eduwoswnt onpet hods that applying sensitivity ba
concentrati on wheiscpho npsreb v imueneset $i eoanlso f  t huen dceorn cveanrt ir
emi ssi on scena@ano makdEjhwsudrheernte sisti ons mat ch with
straightforwardly by avoidinghihe,caheuhatimonl o
an poll ut amnskslOinlice BMt h poll utants have contridt
and VOC), similar at mospheric diffusion/ advect
advantage of the new merithiong itshd omozrndtnsd ea@oritl higtiyx
precursor emissions, thus can assimilate both p

addi tion, fitdloaddnewsesr gihen problem, we toak i @acsa

for multiple pollutants, and constrained the ad
single grid cell. That means we only change of
temporal wvariatitdire tphre ogame ma s stitoants.i lBuch desi ¢

sensitivity to the change of observation sites

of emissions, which is particul areé ynatsedluwway or e
across the whole region. However, the new methc
edge of the control regi on, and may sugwWwhiech uare
unabl e t obyet midg umsdateldod ( Xing et al ., submitted
on the relative change of total €M gxitdhres d\vham
the baseline emissions, thudbdr eus sweowwh nmeg eaoidf ii s

The core el ement of the i nversion methbdt is
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original si mubaft edi x opiche@®@®ir@ B M s ul fS&t;and nitra

NQ@), as well as the fedspmpRRINXe nfgue@filapnWangret eal
et al;. ,802® 1t7hen adjust the total emjis¥OGnh @t i cC
and priogariyn PtM ve provinces of NCP (i .e., Bei j

estimate ¢ hmuluptdead edoncentrations to match wit
originally buiDl tcheamsed| onr ahsepdB8remmosdiedn thec ®ma
changing tot al emi ssi ons at cont-tfocmtnd porigi an
transformation have been considered in the assi

Based on our previooasnkeawonwt @adigen ofesemonsse onel
NQemi ssiucarms t hat RSM prels et W asteigsnBd § echoN@ at i on s
havet mloinrge a ro nravdilifg@e mi sgiXomg et. al ., 2017)

O i (0] (0] — (E1)
whe®ei she atlQesi esdd oins ptrh eoxe MN®@ sii oinss ;t hme mtd j uatt i
f ONF\Qe mi sssOi oins t he oJdtoercveend rd® iicsng;hearmsd mul ated N
concentrations.

Nexmea d j WA e missusciho ntshat RSM opbrseedbsecet di coennst rngaitt mcaha
Ozconcenfarsedlidodntyse rimy n¥0@C eamf sexieaniil® si ons are det e
previolbe sed/pluCtemi ssion r&atfiCo) (i sedetermined b
foll owi ng2equati on

w0 6 o) YYO i h (E 2
whe®eis the adjust &d isOCQ heemipsrsii cornBViOL ténee s@dino e

bet ween aobseceatdd ®&f i and Eicnwmilcetndgld a@indYs§i s t he
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simul atapigdt beB Qs &idanm i nfy ha(Zkargi edDldekbaddrogs
deficiency, we e raidg sisdresd  u dhien g3 &M atsiadb b e rtvhead S D
predicti drog hontagheerhwssidd /580 n c e n tSri atciéc BWc ent rat i ons
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assume htemad c ofuonrt¢SB0F convepatiypmwant ri batf éer eoces
observed as@/ SOnatlUotdeed t hi ssiamisiGadpgaodncent rat i o
overeshy mahedgatneadrcaot8d@a(y )concentrations(aee u
E3and)TEMe ipn@@yx oncen®r afwasre mofvrediiteot a’lc oh@ e nitmr at i
these cadewadmstmaorsys d3 @ ect | y neomi trteddataerdd t o 2ttde c

SF(see E4).

6 - 6 ( E3)

6 1 i 6 6 (E4)
¥

1 T ( ES5)

Thadj usieamd sS$S0 on) riags i®st{i matedfi bgbsalvEdg i BMud at ec
SO )mul it ébgyl, whi ch accounts for the model defi ci
of 8@ 4#°SFor si mpHevie castiipmati et m¢g a domain and t
(i . e., acdeonstsi ctahe space and ti me), thoudhssuthe
pri majscyonE@ntrations wer &hjisss usmeadl Ixeoc abuel acnotriree ca
S@/ $0s usually greater thahgqmbhg sempl aheonespPbae

the under es;eimmasi omsof SO
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emi ssiuems t hat RSNQpEpmeacdieatmadns eafs observations
W) 0 o) o) YYO i A A A ( 6
wheire O O ,0 is the awdmuste@Ondlt ptrihese mNEdsi ons

Af tueprd amtgheemi s sitohfee unf gaseous prepor s oPoMh waté he
correslppeatde mmi ned, including the seconédar gsopobga
Fi ndlhley pr i2mamri ysssRWenr e adj usted t o sirmwli altee ddagarmedken
toPbdMlgoncenstration
Wwbdg 6 g 6 g YVY0D gi KR R R Hh s (ET7)
where g ©O g ¥O g, O gi S thepadmasgend®bdMsi Ons,; and
i s t hper ipmasogmiPMs i ons.

The prior emissions usaea@p hevenwverg d&ivedier e d;
study focuses on permwieodsries pliGEe|tdtred2 @ B0 StsS i tom e
i nvent or y hoebos emavtacthitoves udyr Pple@ | Dtds sy wmer idoedli ned
Janu8MWwarzh11d® capt uirre adtatnkgeetsgpduerg Festival. T
was defined as the same t h@@\wHDBsohrutt hdsaNvhfP wWhoi2cOh
overl apped the 202WeS¢gef ngueqffeersive dtalianh e les cham t dha c
yeaprseshut qPoewnl sthut qPoewn2 pd a-sbdup dPeetvrB e daeyxect ed
forpeubodsi diZGe9 eandi 2020 edmdasatd nilsarddet H he. s hut
For ,dveldeRFdamleti2 9 a @ alyBer 229d ainl. & e 0d ayvweh i cah wese k
bef ore affdlafmtaer Ntelwe Ye abre dhdobl @ dre8yidda rd.1 (dl&kps 2020,
we defineld22Pae&nm.i od22:days)5MaPer i(qeh i2Zkthyaids ek tdnaatt
Chinese baghortoarrgspeduatadowansl umumdn activities
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emi ssions are corr echaendge yr aatpipd yti ;m ge aac hu np o li leuwdt a
the temporal variations such as hourly.profiles

The RSM was developed wusing ambi emd Commuwemitt
Mul t iIAssccalQual iver iCiMroQ@he l2,, 1whi cmet roodp edatshd r or
Weat her ReseairrfdWR&red skFoma®@dBH)eCMWRBY siwvasmonfdgur e
asi nour previ,awnsho d§ pledif ®3 fmamectee o r oV aorgii ahalgpeod | ut an
concentwaatievmasuated . The nBSMEMtwad .derdll®Ped follo
our previous 20)Juzdyi n( X\whnigc he tt haed .p, o0 ¢$fyodeo mP 8HRIM e s p o1
component sywéd 0 & hofrictee eCAMABQ .S p emuil fait é aslalsyn,i ndge etpe ¢ h n «
used to fit response surfaces for the three mon
and -aqwdrno s ciomrmds (s een&i gliirreg 220 h@The response sur
devel opedasrpsechnfi ¢ masemVREdiongwl ataiccrount d f erenc e
meta owrgi cal condDfiPoasdbebd@éen

Me asur ementtceonntc e nsb f a2NIOS@a nRIM . we roebt ai ne dChifar o m
National Environmental Monitoring Centre (http://106.37.208.233:200388asurements oPMzs
chemical componentincluding NG and S@*, wereprovided by thairbanPM data analysis platform
in the2+26 citiesof Beijing-Tianjin-Hebei and surroundinggions http://106.37.181.120:9011/BfAll
monitoring dataveregivenashourly-averaged concentratisrat the monitoringitesshownin Figure2.
As in our previous RSM studiesatly daytimeOzsconcentrati ons were analy
averages6(Q@@pm0pmc alz etoinntee)n,t raantd oMM weo er bavemrda
(Xing etOnmlly ,d&2t0d 839t moni toring sites thaSti nccoev e |
t he moemimpdoredsat amt scr et eed vwrad meoo@mtsa adnrdd neatf oal la
sitpgsvinci al average toordaent n dtait @nwa dyeal rf¢o me sedl d

each st udyprpoevriirrdaalel hamo nweeernet rcaatlicosnpsat edl Ugi agd |



206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229
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2.2 Hypetmh s sviidmout shutdown effects

The actualcae mbesuddamigsed vconceannttrhaet i oresponse
However ,t ihe/mpiostdhiradea s sputed o sfhut d awre afl fseecsinseerae d
t hceh angeemsi sisni d he2 0Ot109 tamchu2 @DOEt i mate the hypoth
usitnhgee mpor al spercd foir lad 6 monih & s buopn sionmM enn tcoornyb i nt ahtei o n
der i(vaecdeurd Is)sa tom e- afnrde -plowstt d o wnWep ea s soudmsleseptr h amtg Fe st
Sshut diowng0alve negl i gi kelme s sdhubrhighegn celeecinode and af
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haldag effects d#b éereadu cheadi seectici ndooawl g oakrd wda msnHtowe,v e r
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perowokPyer ofldéhypadti meslhut cdonwrs SioonsPédmiod ®d2 RABlar e
esti mati eds rodt ieaniPsesrik@omiBle f oo d bhsaud et e mp dir.ad. ,pr
refl encotntthHey v ar i aloifont haeaurgocsitsh wehniyearyonl v ref |l ec
evol ofi emiaxgiosrss aagykeabteéib®srroughl y cdwereadgend trha
bet ween the Period 1 and 3, and the exact .val uce

This approaylpat Eed Isspgsons ft glplvawil nagh i temma wsi stihoonust

(7]

hut downmNoeée ef ethtaa t @ or al profile tBedemirssinens
rel atPiewdatdl@Riande smiios SiromsPrrotilodnd 3 te et eReeerdleddd
emi ssions

The emission chanh$sutadcanwndet ed bk di bfyer e
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emi ssiPemd odrud ithhge t empor al -uppr osfe dteo & Ih idoeoptat sosns 0 0
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3.Emi ssion changes due to the shutdown

Usitnlge r es pomesaielmp d @lf puNEOVO G, Beh d pr imamr yNERM
are estimated Z0OI9 tehirdcae Pae0inm afsd azineudd ed é h a iT2béyd e
provinces

FoRerlboedf orae ttitve t y,t dhies rup ™ @0 6B BVMOC N NERedas
bywl%2%,and b&% welk®n2@) respEteseecli getiteedbpsogress
polilocnd nthbreotlwethNA0 2a0nde mo n shter kait lei tnyo ddefd atph esrr e e mi
chanfgreassmut i ne air polThgPibbemcoesaitonst aldseacosemgreidf
Bei jTii mgHjeibrei pbwtnicmeased i n Shandeomigs gimadbec Hamaa .
dur i ng -ytelpies,i tosddolgdic® not considered in current po

Activityocecu®PeroondoRIDia anadl hd2@z2ple s huttdhoewn
SpriFagti mald0l9much s teo rCtOarr9 Dt shhauntndtoBawON2 0. T hNKEQ,e mi s ¢
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(Fi gusemi3dl)arclrye,&yOes miisnsi ahsolven by the <change
conds t(tlhmehj gher air temperaatgueare oe mit dMtelodthdre ad s
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2019 abhglBOBRIr espedh e vibiigapisres2019 aaredr2@dR@®dnt d
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accounthegr ssdobcpti omamiys 88omsmat ed owsd hmacheblot Bs pe
(FiguAeotdpber initmegtdati ndef ismanntantetdaPMons with
al | emi ssi om tcheanglkst dlawven t(red | i nePMmrkidguwrnte o:
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of the emi s sdamnd >clehllganncgeenst roamteid "sadwexlreees ma e l.y |l ev e
33Imp aotisndi vendiusasli onf rcchma@ g&k otOdaorwch 2PeMncensrati on

To further investigate the indivi dunadhdmBBct s
concenst reei coarsceumnctiédd vi tsye qaureaatdydsailndgymeya eme nt al e
changéeo the maodedalsogultheess o cihaatmig@Band 2 B ncenstrat i
By ncr emeddiand yt he i mpacts of engNQs V@ GgNdth S@®ges o
angp-PM)shetoncentrati onor ichiamaglewd irtnonu & thieonsi der at i
i mpacts (noted as 0S| M,,asllotwihmaisé&qgn g¢er \b&fdn olit eevdd-li
a®BS, shown as narr oQm el tuhei np meshtderd df ibbaur eve6 )s.c a |
i mpact of emission changes based on the ratio o
overal l i mpacts, to eliminate the smal/l di screp

aftensidering the overal/l i mpacts. Therefore, t
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the -MNORGited regime in wingeeche(Ghiamgeaentenal has2b®
compl et el y mitthsey antue dradndewautisison oof ( /Y@GEOTCe mi beot bn&O0
and .20R®i s bpeahraviiearl dieshyHenan and Shanewepegrdpe oo
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p-PM . (sp-PM)s n addi tanodh VR@G INIOt s shuegegcesd tpiPddestmiodss i o n
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Overmé¢duiongPM Band \WOC ssi enmi theylagk enti adbncPevht r at
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observed enhanced seconddy pglohlielowaiiro ng waulriibngg itn
unexpected control%® dJdhuti dagwn shteu egQ@E\sIhe ntapPtM e nt r

emi s ainadndvaell dnced rNeQaunddtOiGmiss svioaun sl be an ef fect

—+

urther improvi i agredguality20hbh NCP

t8 30i 1 Aou AT A #11AIlI OOCEI 1

I n summary, this stbwudiynkdresvied no pneeld esd ricegsapbopnasinee d
characterize the emission changes and associ at €
the 202a@a9C@PwWnDemi.Ouebwi d eswn n diecsaptoen dehaft f & dtei v e
ad | utsht@s sumedor esnu cslsi o hat air nautadb iyt preed s et
concenthenbidehs al 5ot empdrualesv drhieata snec O eeasdnii st

met eor ol og B Thael nuodrpdiifsfocmen cer t ai nt i @ & gfiordaed edne fciad |
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506 Tab2Deai |y emi ssions of fibaspdirkewtpiomes@ nikm ddAR ) p

2019/Perl od2ays, Ja9|Per2o0d20 ®@dyos , FgPer3oldldays, Feb
NQ S@ NB VOCpPM|NQ S@ NH VOCpPM.[NQ S@ NH VOCpPM.
Beij|0O4c0.(t0.:0.60.10.:20.(0.170.20.00.¢40.(0.20.9 0.1
Tian|[O.¢t0O.:0.:0.90.00.¢0.:0.10.20.00.70.:0.212.3 0.1
Hebe|5.¢t2. (1. :3.61.93.¢41.¢(1.21.41.5/5.¢1.¢2.76.21.9
Shandl7.:3.:1.:8.50.74.¢2.¢1.%582.40.86.¢3.:3.£29.5 1.1
Henal|5.:1.:1.:4.01.53.((1.:1.70.7 1.8/4.¢1.t4.24.4 1.3
NCP ([19.6. 4. :17. 4. 411.6.(4.¢6¢5.04.2/18.7.:11.22. 4.7

507

508
2020/Perl1o@d22 days, |Per2o@d33 days, Per83o@d26 days, |
NQ S@ NB VOCpPM|NQ S@ NH VOCpPM.[NQ S@ NH VOCpPM.
Beiji{0.:0.t0.:0.60.00.:20.¢t0.20.20.00.20.(0.20.70.0
Tian|[O.¢t0O.:0.:0.80.00.¢0.:0.10.40.00.70.:0.212.2 0.1
Hebef5.:1.:212.:3.11.73.1711.:1.%81.90.8/4.¢1.¢3.¢24.7 0.7
Shandl6.!'2.!'2.:8.00.83.:22.:1.¢2.40.15.¢3.'"4.:8.40.1
Henaf4.'12.:1.:3.82.21.11.:1.:0.6 0.114.(02.:5.¢23.10.1
NCP (17.5.:4.:16. 4.88.:24.¢5.15.7 1.1/15.7.1!'14.18. 1.1
®2 0-2001(-11'-25 0% 8% 10%-29¢-22 5% 14% -73%Y-142%279-209 -759

509
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23



511

512

513
514

Tab3Tehehutdonwmacts on the emission of fi
2019 NQ SQ N H vocC p-PM. s
kt/ L % kt/ L % kt/ L % kt/ L % kt/ Di %
Beijil] 0.2 -47%] -0.0 -21%| 0.0 0% 0.5 -73%| -0.15-93¢
Tianjl 0.3 -41%| -0.0 -10%| 0.0 0% 0.9 -80% -0.07-62¢
Hebei 2.3 -40%| 0.3 -17% 0.0 0% 3.5 71%| -0.51-25%¢
Shand| 2.6 -37%| 0.4 -14%| 0.0 0% 6.7 -74%| 0.10-10°
Henarn -1.8 -38%| 0.4 27%| 0.0 0% 3.3 83% 0.3927%¢%
NCP 7.3 39% 1.3 -18% 0.0 0% |[-15 75%| -0.43 9%
2020 NQ SQ N H vocC p-PM. s
kt/ L % kt/ L % kt/ L % kt/ L % kt/ Di %
Beijil] 0.1 -30%| -0.0 -18%| 0.0 2% 0.3 59%| -0.07-85¢
Tianj|l 0.2 -35%| -0.0 -18%| 0.0 2% 0.6 -58%| -0.04-59¢
Hebei -1.9 -39%| 0.3 -21%| 0.0 2% -1.8 -50%| -0.43-35¢
Shand| 2.9 -47%| 0.7 25% 0.0 2% 5.8 -70%| -0.31-662¢
Henarn 3.1 -74%| 0.7 -40%| 0.0 2% 3.1 83%| -1.10-87¢
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