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Abstract

Corrdeecstcri pheoboawnwemlar jmi Xi ng pragenporofanpart
preregandetimtgdfend maneictbmnpesim owf ants, especia
heavy pebpbisdbdepbBul ent miairng apsmadednspbtyeodf p

the turbulentwhiidh uiss odJse® hitgihdeaalglndga t heor y
newur bul ent diffusions raltatbiloshridp embpadt
and verif iHed moiBhceal teewgt ur bul ent di ffusion
represent the puobeasendf mp&i mutraebstod tssepar a
PM.goncenwariaanpooaBe 8% y( 201 3) , 17% (2014) , 11
(20il@)Eastern Chveman,whridsepectthievenleyw tur bul en
deteriorater ¢def tssmentué @1t @ lom gd ocnapl a r peadr awnetthe r ts|
boundary | ayer height, t Of bosefl epnd | Iduitfaf nutssi om
signi fHacvwaetdry,, unednecre tohfe cionniplluehxeurt mplogmtt@aph
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di ffusion proce®&xw musl aitnisoenn saft itvlee Ewol | ut an
mount ai nohues eavroelau,t i on of p o lalduvteacntti so ni st rnaonrsef
I n additioqmoncmenthadPsvba pri mary pohdsutant,
al so been i mproved, which shows that t he

critbbael variwaai ionu ®fod d dne samlt

1 Introduction

Al ong wi thhenmnsiieve ur bani zation and tremend
numer ous iarciod®nt pPodfl uti on haveAnf reetq uaeln.t,|l y
2012 Zhang ¢g®ferads.ol 2p00ll9 uti onz,soxcklcairact er i
pri mami ghhenet ary boundmboy i Fapenl (dPBAhsport
ver tdiicsdlri buti onobvVvVi @oslewt RER LD yraipxeiorre s s

associated witheddiRersi catt eWdatnugr b&utd Hadc.eest 201 8 ;
al . ,))Ta@db@ntt hhusaso a vit adt hpr exedia,ngeo otf r anlo m

heat, water vapodwglibhd | palcleuteamtiSetsulwi,t hli9m 8t)l

Moreover, the PBL height (PBLH) directly determines the effective air volume of
pollutant diffusion and atmospheric environmental capacity. With the continuous
development of technology, there amamerousmeans (e.g., radiosonde, tethered
balloon, meteorogical tower, aircraft, grounbdased remote sensing and spbased
remote sensing) antiethods (e.g., based on surface fluxes, Richardson number and
others diagnostic methods) to determine the PBLH, of course, the results are also
different (Zhang et gl.2020). However, the PBLH is not necessarily negatively
correlated with pollutant concentration (Miao et al., BO2n particular, turbulence
barrier effecttanaffect the vertical distribution of pollutanRen et al., 2021 )which

make the relationspibetween pollutant and PBLH more uncertain. The PBLH can also
be diagnosed by the boundary layer parameterization schemes in the model, but the
PBLH does not directly determine the effective diffusion of pollutants (Jia and Zhang,

202Q Jia et al., 202)a Instead, the vertical diffusion and mixing of pollutants are
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directly determined by the turbulent diffusion coefficient (TDC), and the diagnosis of
PBLH can affect the calculation of TDErevious studies have analyzed some pollution
cases by using prose analysis methods (Xing et al., 2017; Gao et al., 2018; Chen et
al., 2019). The results showed that, for a pollution event, emissions and turbulent
diffusion are the two processes that contribute the most to the pollutant concentration.
Meanwhile, the cotributions of advection transport and chemistry cannot be ignored.
The evolution of pollutants is mainly controlled by turbulent diffusion, when emissions
are unchanged for a short period. Therefore, more realistic turbulent diffusion
characteristics arextremely important for the simulation of pollutant concentration in

the model.

To dat e, there are stild]l some probl ems ne
turbul ent diffusiosimprcodawuas ssga aclt vrlelammadalr ar
dealt wnhitmaedaeaanehseo sroadl®d laf ew sh awWe eshown

t hmpaoi nt edneadwtortolHe gi cal darlle amangped | by aa
t hnei ni mum VRC BavibfarviwWaetg @it . Rd 210 2011.8,;, 202
Liu et)iahcrdaa®9ibiud ent kinetic energy (TKE) |
and mondgk prger@tx pr es ga lojnsanNduSood, 2010; Huang
Recentl vy, Jo) cab teati nEeDd® ft (h@2 11 cl e-se Dyl wtsii g

verti cdalt af lox particl egntptb eAldhdeiotritomiemd iy x i n
rel ati ons hinpdkdidrst ob etebe WRModel to calcul at
mi Xxi ng process of pol |l utant sii ragpalpyarreadt etl tye
overestimation of polilmutwinnti ebf@s2 @Inénr aCthii o .
However, a series ofhahveeawvyr rpeod | @and oat t madc
attenti ofMisaionceet).2a0llh3er 20 d ® eas ew eseismouwldatcit @ rl

for the heaivoyd spoiln uwiinotne ripefrrt dnT h12e@ 1d3i dty oe r2e0nlc7e
bet ween this study and previous work is th
observati ons mawhillye etilmlfsd msetswedeyr b ul enmt di f f

poll utant concentration in the mesoscale m
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2 Data and methods

2 .Dlat a
I n this study, the aerosoloupdlyl ustuirefna clee vPe
concent hataivaars If a mtintee of ficial website of t

Environment al Mo mimt olr iJnagn uGenyt e2013P Mo 31 J
concengtrattiioms i ncrease(d |[AouGsH ras edi by r ed
I1pt o 78 ci(tiilelsudtnra®tWelBfiogy nh ik a s t.énr m d@hitna n

to 2PAMbservati onsgnrtantei dimsurdfy C@nwat eoaadqui r e
Ai Qual i ttyi mrék a kb gptliadcdrmot m: ( / 106 . 37 .12a0s8t. 2a83c3c €290s

20 May MeG2Wh.ihlee hourly meteorol ogical 0bse
temperature, pressure, relative humidity, v
wetaher stations (AWS) provided by the Nati ¢
of China Meteorol ogi cdli |Adunsitrriastterda thiyo g r(aNMI
l1h) The time period of the data seletned i s
adtdiiarh,e turbul ent di ffusion off reguencles
turbul encebdgdartvagt iaonndalartebt Buhedcér dmt a he P
County Meteorological Bur eau ( Ghi.filLe5oANN , 116
27 December 2018 to 8 OmnamgewngDe&e9i (i IFli gs
|l denticalvaeddpce systems wediemempeiranald, som
anemotheetremomet er (1 RGASON, Camp/bi®| bp8oi enti i
pat h gas anal-CoRry UBAY500r,hete i nstrument ¢
componentssp ecefd ,wipmd ent iwalt etr e mmeoroacteunrmal a€ © o n
with a freqlkebyuendd Oddgkpl nt-oni B30 segment s.
Acontinuous parti cl-seamelbestuyQnaegd-i aslingment E
sampling visibiCampbelelns&c)i e€GtdalnizdOiAe s(e dJ StAo o
PM mass concentration eovVerlyhHmi caft eu-laatdi ovon s
min verticalg sflbuaxs eddf oMMt he nonl i pnear rel

concentrati onReann de tv.isdit.kgii l12edd0ackgr ound anc
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princtplile méthod were presented in Ren et
steps. Firstbgonwe ng)e paanida nhvei (sPiM)i liinttyo dnaetaans e
and turbul entc=cdewinat=ivo®'y . (Seeondly, we get

coefficients by usi (@ .aexn,@ometnwd ear > tchoa r B Ma

concentration Cafﬂw’)"v'hisictbirryb,iitny n(gi .ten.e, first t

can gtwar 4wleent f Izuetbrmaembms:'t:m@’n\ﬁ'(Mi_c.)e.. :

Finally, we use fl uct uapt iaonnds2 oosb nRRM Nt r ati own

(icP.to calcul at e st@ie.vece,r.ti cal flux of PM

Td |l | utshe aitref |l uence of t he 2PsBoLl lhuetiigohnt, (sPoBuLnHI
coll ected satt et Ne32EEy4dd gt he AnqgNngl&)b58 (30.
(i1llTusyelafewWls dy in Fig. 2ON7f werehanpéyized .
t wo shadeqwinppetbawdt hatdi osbinaleetsyaglt ewthaZh2 1c
prowatedne resolution (1 Hz) profiles of ter
speed twoanmidm@®000BAIT) daoday idniumiang wihret er .
by the difference of calculation methods o
to calculate the PBLH inThetRi oihasredsyarnt i mmnm!

defined as foll ows:

riy = 9(%- 9)(z -2)

ao(u,- u) 4v, vy’ (1

wheries the height abovedgmsounhde, vg ritsal he
temper atuanedar eentdhe component of wind. The
surface | evel. The height at which the Ricl

PBLH which is consistent with the definitio
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2.2 Numeri cal simul ati on

Lonrgerhm-dte mensi onaée x e rmamearttequfsa mged he Weat h
Research and Forecasting m&helm veupli @h Bi ©O
(Grell eitn atthi,s 29t0bdy from the winter of 2|
frequexmtelrysevnee@ and persiste@ie amér mtsiho | pol
eawhnter fromwazs@l gattate d200tla7l of €onof i mmetdhs
whi ch are January 2013, Decdambemar 2020817 D
respedheawephoygoeni ¢ emi ssi ons NOPRICPMOL, CO,
volatile organic compoundbatim@@ah) yarMul s et
resolution Emission Fnoven 2D0IA7*peraorv i Glhei dn ab y( M
Tsinghua Universit §25%0.8bF {hht t @ : f £ se,llasthndo dal .odr

access: 20 May 2021The model domain was centered over Eastern China with a
horizontal resolution of 33 and 6.6 km (Figy). The model top was set to the 50 hPa
level, and 48 vertical layers were configured below the top. To resolve the PBL
structure, 2lvertical layerswere setbelow 2 km Above Ground LevelAGL). The
physics parameterization schemes selected for thdg staluded the Morrison double
moment microphysics schem®@rrison et al., 2009 RRTMG longwave/shortwave
radiation schemes (lacono et al., 2008))5 similarity surface layer schemaéithénez

et al., 2012, Noah land surface schentéhen andudhia, 200}, Singerlayer UCM
schemeKusaka et al., 20Q1CLM4.5 lake physics schem8uybin et al., 2012; Gu et

al., 20B), ACM2 planetary boundary layer schenidefm, 2007, Grelk3D cumulus
scheme(Grell and Devenyi, 2002)And the chemical mechanisis the RADM2
MADE/SORGM schemeAckermann et al., 1998; Schell et al., 2R0he initial and
boundary conditions of meteorological fields were set up using the National Centers for

Environmental Prediction (NCEP) global final (FNL) reanalysis daith a resolution

of I~ @ (https://rda.ucar.edu/datasets/ds0§3axt access: 20 May 2021). And the

initial and boundary conditions of chemical fields were configured using the global
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model output of Mdel for Ozone and Related Chemical Tracers (MOZART)

(http://www/acom.ucar.edu/wsdhem/mozart.shtmlast access: 20 May 2021).

Simulation using abovementioned configuratiamseferred to as theriginal runs.In

the originalPBL parameterizatioachemeTDCsof heat and momentum are different
(i.e.,KnD Km). The turbulent mixing process of pollutantesidered to bgimilar to
that of heatwhich supposetheturbulentdiffusions ofparticlesand heat are identical

(i.e.,Kn=Kc). While in theimprovedschemetheturbulentmixing proces®f pollutants

is calculated by th€DC of particles(i.e.,Kc), which is different fronTDC of heat (i.e.,
KnD Kc). These improvedxperiments are regarded as tiew runs hereafter. All
simulation included a total of eight months. Thetfdimulation is conducted beginning

from 0000UTC of three days ago for each @ag., 248 simulation experimentgnd

first 64-h of each simulation is considered as the-spiperod.
2.3 Calculation principle of turbule

Considering that the pollution is wusually
(SBamd the simulation results of pollutant
Thuwse, mariodliyf y the program of the stable bou
boundary | ayer, we stil]l use the default pi
The TDC is parameterized by he mi xi g alnen g theef (fRiincchta rodns on
numbf&kj based on Mixi,ngdg hlagngtsh t heory

K =0.01 +/ss FOf (B)) )
whes®es the winse&=(@h¥a F),0.01 refers to the
val ue iof (TD&dhmodeki ng | enlgtka(l rhr)pud)a (i .e.

propodB8edci(laddpar and wi dehyt bddadaud s, 1979, Li
al ., 2008; Pl ei m, 2016) . Many previous st

Ri chardson number, w hsiicthu art el porness Henft e {t uhvele ud i ef


http://www/acom.ucar.edu/wrf-chem/mozart.shtml

180 mainly compare the similantiuribead eandddff ber

momentum, heat and particles in the model

(IFor the stablRéO)EsRdDI andfBYOK)edalggest ed
f,=(1 40RI 5R? 500 ) 0001 ®3)
f =0.8f, 40.0010: (4)
whefr@nfddenot e t $oef fhuenactt iaomd moment bmser espe

functiawmes been I mpbemgmaodadll We n a tabldeddi t am n a |l
185 functi on inft opdrhtet tmpedeil s

f.=(1 66.&Ri) " (5)
which is used to denote the tur buVNhemt mi xir
Riis greater than ~0. 2, the TDC of particl e

reduce pollutant concentration. W th the i

gradually smaller than that of Ipedtl ,utvamitch

190 concenfFoatdenail ed analysislaanadecompari son
al . bj2021
(ii) For the wunstable conditions (Ri<0)
f,=f 1 25Ri)"” (6
f =Pr@ (7
wher e t hpearTtDCc loefs i s still equal to that of
is calculated by ftuelPyl=&nt8)Prandt | number

195 There are several importamformation about the TDC of particlethat need to be
illustrated (1) Turbulent diffusion of pdicles calculatedoy theexplicit local gradient
to represent the PBL mixing process afticles which aremore suitablen the stable
boundary layer $BL) (Maht and Vickers, 2003)(2) The new scheme avoids the
inapplicability of theMo n-Ob uk hov s i m{MO&T), the devidiorhoétber y
200 PBLH in the SBL,andhigher computational efficiendyi et al., 20D), andit is easier
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to appledto theforecasting modelm the future (3) Turbulent diffusion of particless

used toevaluatethe PBL mixing process of pollutants separateliyich canaffectthe

simulation results of pollutantand not influence the simulation results of

meteorological parameters

3 Evaluation of PM2.s concentration simulation

Based on th@DC relationshipof particlesin theprevious study (Jia et al., 201 this

study apples this relationship to a lortgrm scalesimulationfor verification.Figure2

shows the average value of simulated and observed Bdmcentration at nighHtom

2013 to 2017 and the simulation results can better reproeluthe distribution of

pollutant concentratiofi.e., represented by the rddshectircle). Howeverthe PM s

concentration was overestimatedsarying degrees in &tern Chindi.e., indicated by

the greerdashedcircle), andthe meanrelative biag(RB) of the regionis as high as

11.8/6(2013, 48% (2014, 23.8% (2019 and D.%% (2017, respectively (Fig2i-l). In

addition,we also found that the pollutant concentragiare underestimated in Beijing

(BJ) and along the Taihang Mountai@slt. Taihang) (i.e., indicated bythe purple

irregular circle) but overestimated in TianjifTJ) (Fig. 2il). What are the reasons for

the pollutant concentration simulated by the same model are different in various?egions

What are the different effects of turbulent diffusion in various regions? These issues

will be further explained later, drthis section mainly evaluates thienulationresults

of the pollutant concentratianComparedto the original scheme, the new scheme

improves the situation where the pollutant concentration is overestimated at night in

Eastern Chind F i3sd). Tdreeg®f oveiremrsteimat

e ant concent

I seduaxmrdhnee arel at iovethieaniedndst 2 6,880 2 0,1 4)

12%@204B69PY.%2 (22017 es pEiBahi)v Mloy,e lnmeeeaanb s ol ut e
bi asr eddsc 8d% (b0 113% , ( 2011% ) ( 20151) %agw @0 17

respedtFiidgel w summar vy, compared with the

scheme

Chi

na,

can generally improve

whi chi mpy odefnenhor b ihledFo t

9

the overest.

rheéVvf iusu solny.
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mentioned stations where underestimated th
scheme, the pollutant concentration wil/ b
turbulent diffusdenestHomwmavieon tansot be av:
an opposite phenomenon in the pollutant <col
|l ook at the differences in (beetwectriegmn oa s

detai degeg to theeetaretmasyim the model

To betattauratee t he mi dgeds bpoewsf arhnea nfag/,l or di agr
PM.goncenandtitbe black (red) dots indicate
at al If rsotna t2i00lriBsh € os R @t [/sred scaaoint srifesstag utr lea t

i s, t htehewomuds ati on resul t sarcf, tthhe amwoirgi noabl

i mprovement obetlbh@esmeowss ¢ mame atien i|tmpe oFviegd.

4) . The nrdeischdhtioes | | ut ant saonalehtstatiomns ar e
to thextWmensimel ati on of pollutant concent
t heriginal scheme, s hegninfeiwcdwad ¢ mdére widlelgr e

overesti matsiomun awhdildleu ttahne icsomdceerne srtait maotne d
the original sclwemé, nohe fnewhechemeer esti m
changing and-uthidercesdr anat @f i sfenrdoet sotbavn doaursd (
devi ati on o(tnhoer mmeellaimeear)se a0s. €24 0,b $0(.22081 40 . 1 4
(204BY (02 A@F WOAs a whol e, ctase gme wi camdermeg i m
the common phenomenonntofcoveertst atmadmdi po

Eastern China (Fig.

With the increase of turbulent diffusion, t
Where do the reduced pollutants go? Did i
horizontaltaditrtkeetiupmpeor | evel in the wvert.i
deserves furlttherandibec ssexinohfer o rmdiiicguroe Dft Ip
concentration is a regional synchronous <ch
gradient in théel hreoreaMfeot ey hfsl@glo radetceé mtoinon t o t

chanigrest he dveetlTtheehh €t nc akthugribnugl en't di ffusi
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reduce the pollutant 4 @aryeent raantdi arhse nmnpeod rl utt
more fuligy tmhex verticaéesulitreectnobewsvhatcihon:
pol |l utmanthe nleaayresiughearceconcent i &tugomesr of poc
| ayAesr .we e X packtlaud ant cooendcuecmetdr laali ®ywne M sared i t
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4 Uncertainty analysis

4. 1 Met e opeorl aongd tcearl s

Dependmingh equency ,tpreD@ipcalre h &cH ueksk dietdh e
model to calcmiapprotbhest aépabCotnepcajreesd wi t h

previous studies on the iIimprovemaemtengft hppar &
o f the new scheme are that not only i mprc
concentration, but al so does e@epntparamet or s

To vehefypyewdosaehemetheafsfienmtatt ehe meteorol o
par ametteres sriensunlfattsikeen rnfesacre met eor(ol.®gi,c &l e
m tempesmatretati e 4mumwi caidtbogpaved )gli®al and ne
sc hemewse chenpmmr ed aht aeaanl heedelé&dht fartont hFel g u
correlation coefficients of meteorological
0. 99ttimgt t he new scheme doofe smenbokto gail cteaelr ftihee
which 1 s an advanAsgmemntfi @ mend de dvryls iotge mbde t u
di ffusi on c oredtf iaafnféeybte ofi mué att i on of t emper
and Kauha,bart, iaffGl®&ehnec ersepsaull It udt iamrft sa ). , 202

| mprovpagaméeeri zati on schemeakiiisit gad il fofnigc wintc
to i mprove the simul atti @nh\ae stuhlet ss ioniu laa tli opn
of mareameteenl mprovéedsesiive shout e that the sin
of otalrearnmeertee rrsot déteeairmregtoe chg t o oltohoekr at i
par ameters. Al trlaecdu gpght -wahhe f wedbaok process
consi derVwRIFC h eammot dhéelhceh angPeM ebncentcaasednby

11



radi ati on fae efdebva apgéeticsewmotnlayl ., 2017; Wu et a
285 2002) e Whfoaudwls mbeef eedback process between
antdopetievey op aadruadwl ytniceee db Soknemd diwlbari.l ent
charac(ergstit¢tsrbulecacebdatcoinasn deedhhiecd h
HP&E, refl ecting a pmooraed srgea@ll li sttarrct el wd ntomna
further clarify the relationship between peé

200 observat i esmalasddatoal ay the f oumdbateilan for t

4. 2 PBL height

Although PBL height (PBLH) is widely used to determine the effective air volume and
atmospheric environmental capacity for pollutant diffusi@riousmethods diagnose
different PBLH, whichreinforcesuncertaintyaboutthe PBLH as acriterion. When

295 there is a transport stage withhigh wind speedduring HPEs the mechanical
turbulence is strongndthe PBLH and pollutant concentratimtreaseimultaneously
(Jia et al., 2021c; Miao et al. 202Therefore, theelationship between PBLH and
PM s pollution is intricate. Thémpactof PBLH is ultimately representettiroughthe
TDC in the modelpecause thBLH is usedo calculate TDQJia et al., 202), and

300 artificial changing PBLHcan alscaffect the simulation of pollutant concentratidh.
the simulation error ofpollutant concentration isaused by the PBLHhat isthe
pollutant concentrations overestimatedand the PBLHshould be underestimated
However, the PBLH is reproduced welby the model and the model does not
underestimate the PBLKFig. 6). Anging is located in the mountain corridor, the

305 simulation results of PBLHIndex of agreement, I0OA=0.49~0.8iF) slightly worse
than that in Fuyang (I0OA=0.63~0.85herefore,various factors will influence the
calculation of PBLH. A more accurate PBLH can indeed reduce some uncertainty of
the model but how to apply the accurate PBLH through observation to the model is a
thorny problem. For example, the turbulence barrier effeanges the mixing height

310 of pollutants(Ren et al., 2021 )which cannot be reflected in the model and can lead to

deviation in the simulation of pollutant concentratibhe new scheme does not disturb

12



the simulationresultsof meteorological field thus, does not Hect the simulation
resultsof PBLH (Fig. $1). The simulation results of pollutant concentratianare
improved under theimilar PBLH, whichfurther demonstratethatthe simulation of
315 pollutant concentration is namnly controlled by the PBH, but also influenced by
turbulent diffusion In the final analysis, turbulent diffusion controls the diffusion of

pollutant concentration and the evolution of meteorologicalnpeters.

4 P fll uence of other processes

Overestimatingof pollutant concentratianhas been improved iBastern Chinabut

320 there are also some sités northern Chinawhere pollutant concentrations are
underestimate@Fig. 2il). These sites (i.e., Hebei and Beijing) an®stly located in
the east othe TaihangMountairs and the south athe Yan Mountairs (Fig 7). For
example, inDecember 2016&he pollutant concentrations of all sitesBeijing were
not underestintad Jia et al. (202) have found that the pollutant concentrations of

325 two siteslocated in the south of Béig (i.e., blue dots in Fig. &in Jia et al., 2029
are well reproducetly the modelThis phenomenon also occurred in 22087 (Fig.
7), andthe pollutant concentrations were significantly underestimatestdmesites
which are close to the mountainous ar&@ae boundaries of overestimated and
underestimated sites are pronounced in Beijiramjin-Hebeiregion (vhite dashed in

330 Fig.7), and the pollutant concentration is overestimated at somevgites, areaway
from the mountaiaus aredi.e., Tianjin and sutheast of HebeiMeanwhile, the TDC
of the new scheme is greater than that of the original scheme in Eastern China (i.e., red
dashedcircle in Fig. 8#), that is, the increased turbulediffusion reduces the
overestimation of pollutant concentratianthis areaFurthermorewe found that the

335 TDC of the new scheme is significantly smaller thiaatof the original scheme in the
mountairousarea {.e., green irregular circlia Fig. 8. Theoreticallythe reduced TDC
should increase the pollutant concentration, and improve the underestimation of
pollutant concentratiom the original schemeDisappointingly the change of TDC

doesnot improve the underestimation of pollutant concentratiothémountairous

13
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area(Fig. 7, 8tl), whichindicateghat tiechange of turbulent diffusion is not sensitive

to the pollutant concentration in the mountainous area.

In addition to the two main influencing factors of emission and turbulent diffusion,
advection transport andvemistry processes can also affect the simulation of pollutant
concentrationSince we use the latest emissions source inventory, there is no way to
use other more elaborate inventories to quantify the uncertainty caused by emissions.
Advection processs highly related to wind and®M. s concentration gradients from
upwind areas to downwind aref@3ao et al., 2018Figure9 showsthatthe simulation
results of wind speednd we found that the wind speed is overestimated in the whole
simulation area, which is also the systematic deviation of the model (Jia and Zhang,
2020). However, there are regional differences in the overestimation of wind speed,
which is more obvious areas with complex terrain (framed by purple lines in Fig. 9).
Jimenez and Dudhia (2012) indicated that the overestimation of wind speed may be
caused bythe incorrect describe stgyid surface roughness. For the purple rectangle
region, although the wid speed is overestimated, there is no obvious wind speed
gradient and pollutant concentration gradient (Figd28ad). Thus, the effect of
advection is not significant. While for the irregular purple region, we can see that the
obvious wind speed graeht and pollutant concentration gradient (Figd2&ad). In

the northwest of the irregular purple area, clean air will pass through this area under the
control of stronger northwesterly win@herefore, this area is extremely likely to be
affected by adection transport, so that the pollutant concentration has been
underestimated in this area. We should pay more attention to the improvement of wind
field simulation on complex terrain and we expect that the simulation of wind field will

be improved and #hpollutant concentration in this area will also be improved.

Chemistry process, i.e., the Bbconcentration contribution caused by secondary
transformation, was negligible in this study, and is not mentioned further in this paper.
Whether the simulatioof chemical components has been improitecannot be well

verified due tolack of observational dat@lthough the simulation results oPMz5
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375

380

385

390

componentsare not capable of being evaluate@O, as a representative of primary
pollutants, can be comparéa theobservationsResults from new scheme wittDC

of particles are more consistent with the observatizargthe originalscheme (Fig. 9,

which supports the improvement of Phconcetration (Fig. 4 and %). In addition,

the dry deposition process of particles is also extremely important (Zhang et al., 2001;
Farmer et al., 2021). The turbulent mixing and dry deposition processes belong to the
same main program in the mesoscale mddelvever, vith increasing pdicle size,
particle inertia and gravity cannot be neglected, but these inertia and gravity effects are
neglected for particles smaller than 10 pm in diameter (Fratini et al., 200&)efore,

we did not involve the influence of gravity on pollutant corication in this studyin

the future, we should use loigrm simulation results to verify the difference of aerosol

process decomposition in detail.

5 Conclusions and prospects

At pr eesseonstc,a |l nes nigadcenlemrgo u s , c heasl pleacni daah sy W y

pol |lepi @®odonses @fchadl | eagees titsh eb btawnri xu Ingn
proodspolAl tthamntgdh.ctamepmodeke the evolution
si mul adt uovnaarbifat i on of polt luaaedissp d@csi dlulnyd aarte
Errors i mfetoil mauttiama rpes 6 maeamutsreat iboyn def ect s
turbulent mixing oActpwdHhéstda nitlsshi@ennwatehre tmoa e
tur bud @mdport of Thhe astirresspidndaesal t weetur bul ent
di ffusion of heat TIladebfaereddi colne st hsee ptaurrabtuel |l ey
expressi oens opr opeorsteidc Ibph, Jdegpad enmomdt h @ t2e0d2 1

I mprovement of pohl uthanwi nadermrcefnt@amd 2@ h2 t

uncertainty factors are also analyzed in t|

The original scheme overestimates sluefacePM. s concentration byl1.8% (2013),
48% (2014), 23.8%2015) and 20.9% (2018 night respectivelyThe new s che me

has | mphe vewer etslie msRIM le@mo®@ént rati onmtin east
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400

405

410

415

420

ni g hdd mnee aanb s ol utteh eéb i raeagiodre r8&.du% e(d2 bly3) , 17
(2014)(,20115% and ,1r.ecPke@2ahe) Worizont al di

poll utant concentration showed regional sy
concentration is reduced near the surface s
theupaht concentrat Momebuaekewetsltpppee hevelo.
I mproves the simulation of pollutant <conce
simulation of otherAmehewglo|ltolye cRBL Ip aa fafmed te
o f paonltheiimulation of pollutant concentration is specificallycontrolled by

the PBLH,buteffectedby TDC. It is worth noting thalT DC hasa negligibleimpacton

the simulation of pollutant concentration at some sites waimplex topography

Meanwhile, advection transport may dominate the evolution of pollutant concentration

in mountainous area. The simulation result®db s components cannot be evaludte

due to lack of observational data. CO, however, as a representative of primary pollutants,

can be comparetb observationsResults from new scheme are more consistent with

the observationthanthe original scheme, which supports the improvement of M

concentration.

The newcsohdmpr omigsliiedgdacieng he aevpyi spoodlelsut i o
The turbul ent t r atnusrpboprate anreect hearnizsamh iaomd i s a
(Lemon et Caluv,y e2z@l1®028al Edwar dbse yeotn da lt.h,at2 0
ot lperocéosesvt heralpaag adnegthisgnder st andi ng an
(Zhang et SeinfekO0O0OBhaal et ; EBnelr6s;on0 leht al ., :
Therefore, more resear cepidcwrdespgedihal Ihye awtry
experi mentcaar rsgixdosi(sd .vge. ) measur ement campaigg

| i ghthteombdmi >einng amrdo d @ sasns poa ft pnelclhwatna rstmss.
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