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Abstract

Urban Green)j).Spacels ddJGHSaake, whddvdd pgrabretdet nssd, r afsoerg vy
Mg anfpir 0o gu mbpattoespheiir@abmesphere and ethowiervoenrme ntthals heal t h

study revaal £ xtalwammamegl evel s under certain conditions, as demonstr

September 2017 study in Guangzhou, China. Utilizing the Weather

Model of Emissions of GaseME GAN) Aasenrdo stohles Tornmonmu nNattyu rMu | (tWRsFc a | e
Quality (CMA®Qh moddldh riecsnil z1¢diwen askelsmed -tdleatiebact of UGS

bi ogenic volatile organic c¢Oxnpuoru nfdi n(dB WQy@)hUiGrddi i scsaitoen st hoant ur ban
BVOC emissions in GbadGyzhpou—naamd Wnyt &.duiotihcs o0& ene (| SOP)
antderpgmemed e PERR—F)heseoent rérhartkiohgy h & GBYO&LIMi ssi ons
eontribute +3O0P obnaukmtamampani son to antamméeogeni c VOC ( AVOC)

—hrecorporaBM®h se nijos BIBMBOGE e mi ssi ons acc8ud nf drheapprtogxi matel y
center. Il megiroor aBtVIiOiICg elhGS si omoedeil nt i gindidfuicccatoled y

under es bgmeotf 5§ DINSOP | evelobsenvibleée esls udby shows i mprovements in
simul ati on gy b if@&s&s 230 glremNoB—=20 g8/ 1m papnba, f forre#@—330 gb/8m

1—60-°00097/5m pWEBSOC and UCGBand use domveergr @haimoegoal ity

modmbdredt ably enhmomdend apspurr & daiccel i-3648-s—0-b3D g p( p+h38.5%)

and cont ri-bui-26um dtidot © %MDAMBU r@zpe | | epi sodes. Additionally,

UGB VOC emi s siimarse ad e0o mehadsl morets32ypdygF-n. 4 (g 2DH. 2i%)

urban areas a®d3c®ONDiFBLI3R)MPAZvEUrsispy | Oapi sode s .

These ¢ aepxatcetnsd t ossbuour banaraenas rtulrrad w @ Im, s pwiggttdims ht i ng

of accurately -B¥OOCuami 1g9i d g WE&GSbetter understand and manage t hei

air quality.

Keywor ds

Urban green space; BVOC; Ozone,; Land use cover; CMAQ; ME GAN
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1. I ntroducti on

Exposure—to—ai+r—pottution—noviudbeecrocuuntoss—ifsor+—amodr eHIfVa/tAallD S iceosmbtihnaend ma |
tetlieveld—eAsad—+es20P2t0)—t-he Wort d Health —Organization has decl ar
j j j i ‘ : e heetd | gtlho b a | heal th burden

an N e n-\ on-mé WH 6 P ANR bty

l'icy focus predominant

heasBO@&9)to curb anthro
emi—sssi+bheineidence—of ozone episodds—iedt—adecagl £t0i2r0g &liongesi de rapi
j i i )6 e@fufaécty of | and use c

udies conclude that u

| 2G10%)

from reducing ant!l

air quality is sub
services

scholarly circles

media—and—+s—echoed—+n—international—standards and policy framewc

B p rveeageelt at @ on as a natu

ributes to air poll uti

Il ves the absorption of

pottutants—onto—vegetative surfaces—whitle—dispersion refers to t

tetspteirem on effects are

eexadedi @ 0ilt) by an ol

Exposure to air pollution now accounts for more fatalities than mal

(Lelieveld eAs ad .res2wl2t0,) the World Health Organization has decl ar

significant environméwH®| .P BNdktaabltyo, houvnearn 7hBetd |gtlho b a l heal th burden

air poltlemtsi dm-mand o uen@iNsS si ons, |l eading to a policy focus predominant

emi sgiChmwdhury et al . | 20PBspleki pvebhdteveameasf®@&9)to curb anthro
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emi ssions, the incidence of ozone dpiusedesalis e9edHI, atyimgeal ongsi de

al . ,. 2RUuM®érous studies have investi(glauGeah) tahe @fufa¢cty of | and use c

dur unbaniuzatnigonhumeaind&lt mnmaogodeli sy of t heusreb amti wchite osnconcl ude that

exacerbateéséQaiurepobal uti 02 HowWasegydtsdegpléonnd RO@m@en)i c al

modelssdlaiccecar egol uti on | dndni Wshai eeav earl .daw2ed 2, | 2&@HS)

these tsétruaddleesnt | yp ac sebnaddoeonke na approach distinct from reducing ant!l

souboaemely, the cultivdatUGitohfenurebharmlgr,e&rdlsspaces

The widely accepted notion that UGS can enhance air quality is sub

including @EBbinet theat ubbhan ( RWOHBmMongaBO0Bxosystem services

(Lohmann et Talis, c®P@bt@épt is not only prevalent in scholarly circles

media and is echoed in international standards and policy framewc

System of Ebhcvoi nroomminte nAc@dounting advockhaseed f@opprveageht at o on as a natu

mitigate (aieag Paodd uvettVeagle.t,at20In5)pri marily contributes to air poll uti

t wo mechani sms: de@dlindeoinl .Detg cali s peh@iDdwol ves the absorption of a

pollutants onto vegetative surfaces, while dispersion refers to t
through aerodynamic dfTfievatrs aaws Kd may ,veadeWwat aNminyang et al ., 2019a
Ramanat han redpoarltdeidé gtéhDadt) on ef fects are significantly more i mpactf
exceeding it by vaa padeat bfembhgnciodemodel i ng met hod

However, the efficacy of di-lJpirsi oadwedifregtai mepoal tuhigorfriosn WGS
straightforward. These effects can, under certain conditions, even
These conditions are influenced by several factors, such as the ¢
prpdeg e. g., height, |l eaf density), the site context (e.g., street
sources), and prevailing meteor ol dgiacrelnadeimei teitomd . (,e .2¢.0,1;wi nd spe
Sotomon( Ji2l00&gt) al . | 2017: Toms.Fomretexampl e2028&nséang eet calnopi 2620)
mi ght i mpede ventilation in urban spematd sa@nyaomg,s whiulled porous veg
potentially intensify réadsidesadrtpgrbwmti(me@on€Centnations., 2017
et al . | 2021:FuXitrh e®dmomfeetd28¢lidaf el d (hd&)r scof €398 )he

compl exi tiyntoefr atchttdagresnonamn d at ed cbbléde rvtegred mltii memar effects on

met eorol ogi cal processes. These effects are particularly evident |



110 Layer Hei ght (PBLH) and the turbulent transport and advection of

111 di spersion conditions.

112

113 UGS al so have a complex role in air quality due to their producti c
114 ( BVOCs) . For instancet,hd AR&SEmiesscidoinksei Hwtse Atn@g ed egyarter of the

115 secondary organic darysl ., (2012)

11p 28 )ftrhoat niart ur al Il and c
11 Atly higher, ranging fr

118 from natrseayet-anthis evidence suggests —a dual nature of UGS vegeta
1p —t+—ecan—mitigate—ai+r—pottution—uvnder—ecertain conditions, but <conve
12p wmeodetting—evidence—showrng—it—ecan—eXAddremataen dpdlinigutaimgn under di ff

121 0-0-2- B-u-—+—n-e 2 at-Mo+r2dV & Fr Coeemopblaotapdiaddadxl often encounter V
12p Vaenmgi ssi ons can | ead to r
128 et—at-Add2 01 Dpatty—uv+rban—areas typieattly—experience higher tempera
124 ot a—p-e du-e 0 HVea—sBeinaet+h-ealfe il-anidReOR&EPFgs e Iin temperature is
126 (@) concentrations

126 si+gn+fieantty—Fhis—interaection—meght—exptain why many regional |

nrecessary to accurately

1286 t+-heGBVOC e mitQsivors:—at——; 2023 Wah8ckbtaalth ®&BlPake. Wu2623al ., 2020)
120 Guent her enotaeld ,t h(a2t0 1t2h)e maj or ity of BV OWa eenti sasli.ons are from natur

13p (20RPAYicates that tiMeGEEMO® peonhii stsainonasr ecassn be significantly higher,

13 from 1 to 30 ti megssdkehwesre. fTinms neatiudearncd asnulggests a dual nature of |
13 in urban environments: it can mitigate air poll ution wunder certe
13 substanti al enopdeerleivmieyhed rad e aswnldowi ng it can exacerbate pollution un
13 circumsiAbhheasand | ngram, 2002; Burhhcerteto veetr ,alme,t rD@d;i t@mhen et al

13 areas often-léemédendt erond@€Cuoatsiony WWere even mini mal BVOC emi ssion
13 l ead to notakllPe @angpr eMldudattiigonn2ad 1 ), urban areas typically experien

13 temperatures than their surrounding (MbeBalhmétamescapes due to the

13 et al. TRiIOLIl)ncrease in tempeheGRMVECCiasmilkRiediryet oaFurther amplify

13 2015)influencing @) concentrations significantly. Thi s interactio

14 numerical model s underestimate uhribgans sluathidocresezooeet evel s, as they
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data necessary toeGBY0OCatmi(¥Ys me ted matl e , 2023; Wang et al ., 2021; Wi

al ... 2020)

in characteri zi ng(

pollutants in Teh
Chem—model—their—foeus—was—on—the i+mpaetU&S met eorol ogi cal change
J-Gce e s-atthhbG BVAoCh—e mied ot 4On —c o8¢t hlaaerth et al ., (2023a)

Aggeliemdi cate that
G BV OC—e mi—ssi+o6nrB0:bmap—i9herpodbsauringithhre 0dalylt ippeb antd decr ease

a all: Wa NS ha a a' a B cn P N R B b (R Y 6

g-hr-d 5 a d P A §8bhibERWNOE o i ons on O

eonecentrations—they dihde AHBSCIrefdxeticitggat e the I mpact of

Currently, there is a growing resear ofUGSWhet est in characteri zi ng(

ArghavafRioOlOnvesadiheatffects of UGS on gaseous air pollutants in Teh

Chem model, their focus was on the impact UGS met eorol ogical change

LUCef flectrsatthhbG BtVhiCeEnmi s eifd et ©n . coB8¢hlaserth et al ., (2023a)

addressed thelekGHMYOC emmies vifons omnB@etirnfliodi Aggeliemdi cate that

t heGBVOC emi ssi on®bmay.i9bc mpedsauring ithlye 0d adylt ipmeb arnd decr ease

ni ghes pScthel aerth dtl lalsthaf(N0gB8BbhECGBWOE emi ssions on O

concentrations, they dihde AHXBSCI rev d £tcitggat e the I mpact of

Surf gicse g®enerally formed throughi nchtehnei cparle sr@haecet ioofn ss uvonfl iVgohGts. and NO

nonlinear correlation between O and impoecémanmcat iodns of BVOC and
examining potentiatlthdGBE¥O@cteimndessd besiwbeaopogeni c emi ssions.
Furthermore, recent studi etshed alWBCSQ ieghfildi LGB A@Ct he signi ficance of
emi seifd@wgtven the rise in urban O tp WAGISWICT eof nf,e citnsv est i gating the i nf
antdheGBVOC e mieddiemn © can assist in rationalizing UGS planning an
guality mitigation strategies. Howeeempietf Hsebrcadf i s a | ack of quanti

UGdUCCand -B85C e miosmmsiOons
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cities in China since

city in the

pl aces significant
dbraena airmredaesx and esti mat e
theeBVOC e mi-ssions—utit+izing—the Model —of Emlssions of Gases and A

We at her Research and

rr Quality model versio

avratt ea dchees s ed : June 3, 2

sawlvsddering UGS

i onvpearc t
Guangzhou—by—e€onfiguring sensitivity scenari os.
Situated in SoutFhi gllpiienrme dfuanlgehoapi dly expanding cities in China

initiation of tithe pcelfiocyn awmmddearpdatog easnwd fHBahgg 202 3)

a _key cGuang-tho nokdbancgao Gr eat er Bay Area, Guangzhou places significa

UGS developmbns.study, we aim to reconstruct the | eaf area index (

est itmMdBGEBV OC emi ssions utilizing the Model of Emi ssions of Gases |

versi DMEGANY(3Guenther et SalbseqwdrtOlay), empl oying the Weather Resear

Forecast mo del ver(S$SalnamManrcad i CoWMREAIlvA. 12 AMULU) ti scale Air Quality

model version hbt.td4p s(:OMAzQvN50.d40). o(r g/ recor dN72 w807, elnas t accessed: Ju

testimate thet hOsMAQ vseinmeunitast ioofn per f or maCcCe afnrdomGeSonsi dering UGS
BVOC bandest ihGadtUe ¢ fhfea chié¢&S BV OC e miesfsfieccrttshdei r combi ned

i mpsont O over Guangzhouchgesonfiguring sensitivity

2Met hods and dat a

2.lleaf aremadi hded cover dataset

Theefaul t LAl ddeE@s Ehieo dethi ch caMEGANWBadieder i ved

from the enhanced Moderate Resoluti onHilmMmazyd 3y vpiptelctT or adi ometer (M
km spati atMrresmiludiMyaleni 2e0AHd MODI 3D MOD15A2H assigns an LAI
value of 0 to urhampensesatesMBGANES8riagi ngethwieciiAilityabfsu the urban
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area. However, this approach hientersd J@@EI\EO@noerodii sdseiroarbsl.e uncertainty i

Hence,edver ophea®Gluothalce Satellite (GLASY)Nn RAIL7pmwidithct for MEGANvV 3
50 spatial, rdegdlvetdi dnmrsom MODI S surface refl-ectance data wusing the
term me+#w®&ITW) ( Briowlileitwler ages exi st i{nMda—gdmdadi MaAda npr AdAU)ct s
Liang,and0x2d)f ectively incorporates the temporal and spectral inform
Consequently, the valid values of this dtahUsGSextend to urban areas,

BVOC emi ssions.

I'n $shidWGS are vedé tawteitassn wa & hi pantllhee uwrbbaann ggriidds are deri ved

from MODI S/{M

perwbth—500—m spPpatiaeldl MemdlsBwil d®@P0ADT, which corresponds to the
simul atiwdrt hp é&r0i0o dn s.Fat it &le r mersees,oulfalt@hilneyyhd c ovier dat aset

D-¥— whi+eh—eco6+r+esponds to the simul af

2017 wabtalesed from the Geographic RemateesSeinkliemgattcol ogi cal Net w
http://www. gisrs. cn90d3Ae8 @ etrf7dadt4ab?ei 6dd-84840 8 82z & €ssed: 20/ 11/ 2023)

anWdas employed to depict the spatial patterns of UGS. The process:
Fi gurMe anlwhhkeus e esfolhiitglton | and use cover data is pivotal for acclt

intricate set@aokespetibbhg un areas bresdlytcbasdafae@di as. urban by
MCDl12@hhis refined approach all owsUGSSmpeai,mecal pyecise differentie
mai ntain a consistent Ul had e ardeat edeftisni tainocnh oa erdo sbsy btohteh ur ban
delineation provided by theaMEB1IPOIMCHDLEREQALt | sHoOweswuérf,jcileat

for det adHeerdactpHrtiila@3.i otlho addr ess t hhéisgllsioniuttaitoino nd,a twaes eetmp | oy

to refine the c-habaont swuirfatcieen woft {horet e UGlBda@anbpoundari es
MCD12Q1l. This approach yi el dwsi tld sno pshpiasttitabla treedseotlauntdisocnover dataset
the urban extent delineated by MCD12Q1l while incorporating detaile
ori gi nado ndsaetgauseertt.l y, whil e both datasets encompass identical wurban

representations of -U&Sol umhi condatbaset o whiechiighcludes detailed dep

22MEGANv®onfiguration

The calcul ation of BvoC emi ssi ons 1(waacsc e pkirlfloe mead utilizing ME

https:// bai .,eslsasutc ia cecdeus/snegdg—a#H2H G Adhviecntb eirs 2a0 2n3e wl v updated version



http://www.gisrs.cn/infofordata?id=1c089287-909e-4394-b07f-c7004be60884
https://bai.ess.uci.edu/megan
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MEGAW3 eé&ti mates BVOC emissions as the product of an emission factol
(Guent hexo 1220 d .
EmissWoROFODT | (Eq. 1)

tar thisUmAmtlidm Y )y denotes an emission factor representing the em

eon-diytsiogansifies—the —produetion—and——ecordsummaisoemwi t hin the canopy, t
E is the nedg 'éhif) s sEaFo di sf Ituhxe (wei ght ed awer@de of the emission factor

for each cal culEantiesds iboyn Fa(EtFiPTh € remiessioond)acti vity factor (

considers emission responses to chapngesdintenvalrommenitanh and pheno

as—fal |ICowsp:aeraer Y wiretshioon SMEGANv 3.1 adds quantifications for responses

|l ow temperature, hi gh wi.nd speed, and air pollution (O

a=—c@AAPop fori foniPosmbPoci 1 000 r r r r r r

r [ (Egq. 2)

- n t hi o e oua
—h +—1+—S egua

t+on—+theaetivity faetor—forospach compound class (i)
t—e-mp-eroa-t—ui-epif—asgoe—-bs ypp—E B f e Afea—tndex—aAIT)he and CO inhibition (
cah-ep-yi—Fonmentcgecoledfassiegpred Sa—wvndd-eure—stthaantd-aernds ucroensdi t i ons and
fBsa YJaspep | i cati ons of

MEGAN—+t+he—aectivity factors for soiGuenmctibserurest aanld. ,CQR012nah;i biti on w
Sindelarova et al ., 2014)

I n this equation, the acti victay ofpayc tteermffccgmadtieseftlhademi ssi on respons
¢ ). soilf mbighutermpkrr atkeompee M(a} urkei dh fwvi)d asmlkeiean t(

CQconcentrphiidinr extcihdmaglese®posu).e Lgenadf Area Ilimdex (LAI) .

this fstwalsy, not considered in The BE®BENeampgsoaaohesanmati on.
calculate the emissions at each canopy |l evel as the product of the
each | evel

Hence, the input Jddrmaprnios as i met MEGAINV@Ii cal variables (e.g., temper

radiation, relative humidity, soil moi sture), LAI, and three types


https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/vegetation-type
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259

260

261

262

279

280

281

282

283

284

285

286

form, and relative vegetation Meoanpwtshghdoan hf drorenach ecotype/ growth
datsaisnetMEGANoBtc@insi dekfaeirgneen broadleaf forests, grasslands, and ¢
c o vaelrl types of UQSFiigu. Meutaghtgyzdloagicdaaly data are obtained from the WR
si mulraetsiamohi e, LAl dat asSettd .aisd evtaddildli édd oinral default | and cover dat a
provided byWeWEe&GANm@BI oyed.

23WRFCMA@n#8cen@aLeonfi guration

Both the WRFv4.1.1 modeell aarned ctohnep i G MAIQvabn.d4 onpoedr at ed on a server wit
enviromhmee WRFv4. 1.1 model was employed to simulate meteorological ¢
boundary conditions sourced from t hieNaNGBPrallA dentArEi falr (FNL) rea
EAvironmental—Predietton—Natt+tonral WeathéiNaSeowniate, NOAA, Uu. S. Dep.

Centers for Environment al Prediction, Nati onal Weat her Service, N
200A8 il lustr@&tetlioun kFéegued domains with horizontal resolutions of
respectively, were empl oyed.maTihnelChauhtae,r mibminleedmtnkae N encompasses
domain zoomsci,mpBGeaphyisowal par amet BVeRF2 anmu biast comf i gured for

|l i sted iICMATQbSl.e4 Ult.i | i zed meteor ol ogBO&xlonfciemltdsatdgromwsi.ded by WRF to

The initial and blCeMAdQaa dwea cen ddietrii ovresd ffarom t he default profiles repr
a clean 4dtaddspheme. we acquired anthropogenie emissions for the CMA

resolution Emission Inventory for China (MEIC) 2017 developed by

mont hly gAi 0.d8%&mi(9s Bdms mati on for aMdrhe ayweNMeAQ@i c emi ssions.

modwdas configured with the Car omneBdred ¢liemidd&aIn 2MélcOhani sm ( CBO06)

al . afAdlAER@2 et(RYe eRO0&IR),s Zidduayr,powreat ed the Modul ar Emi ssi on
Il nventory Al | od &t€ioonmu Miotoy s Md lotri s mad eMEAIKIMAQual i ty

https://github-CtMé@/aAs tr wadfa/leveslZzZ4d®)® ® al | ocate spati al and species

specific emissions withidhsthepaawi e asvpeend imeegsadrsaid atdadr asdi ng

the model ed Moarefoiveu-CMMBdAdn directly greeadptemitsei bourly model
files for CMAQ viTéhet emopdeerlals iarulladatoinoms.panned a month, from 21 Aug!l
Septembé&o @Dfli7rgate bias reanttc hdgrmifétaintiimeet e dOoldagisc @lf t hi s

simul ation wer a pdeasmidg nwetreed naost sipnicil uded viem tthe asmpaltyails for this s

heterogeneity i WUGHlte odb s tdriiffedrtiendtyt eafy @raisz est hGsangzhou into
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v+fgany ,cesmutbaur ban,

gniog Wyr werSple c i éugriclmahrid \y , acreefeieecormpr i s e

Hai zhu ( HZLDW) ,LiYwernx i u (Y XJi, s tafnide tTaiatnyh ec e(nTtH)r r egi on has mo
areas due to the higher urban | and use and | and cover frac
regiTchres . suburban areas encompass Huangpu dH®)ri 8asyun (BY),
Lastly, the rural regions include diesnTadltiasgi ( iZICat e Colngawu a
di fferentiati on bet ween the two aittes aisn HPhée HRdAr &é®i_ din,

respectivel y.

re UGS
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Figure 1 The innermost domain of WRFCMAQ with various areasand the air quality station locations map.Modiesha and Wangingsha

are the observationsites for isoprene

I'n this st usdegenddaciurasdilcaslineed ei nest ablished to investigate the i mpac
uGcsua, BG/SO C, and their c ombmread |l a fTitemtersa a gas sstoh e

focused on the performance of thae CEMAQdess muThe i GdefanN the influe
secefcarsiomsiadehedbase case, empl oys peefiddiIctallynd dasea excémnuddaga

UG ndtilLseleAl dataset with-LWlIban |anr e sacmisttdreab h(eN Gde f _ Y

is similar to Gdef _ _N but incorporatAk) t heEhiLAl adjau satsmdantt hat includ
all ows f or tthheeGBVOLs £me rstsa Wfc oafcfeedt r at | ewvwssrcaTshee Ghr _ N

mirrors Gdef _N but -detbbusibp | ahdguatiogvbhrgtdata, which encompass
use cowver calandoss t o e x alididh ee ftfhéectdsGSEmt r at i ons. Finally, the Ghr _Y
secefcareieombi nes shil gt i on | and use cover data with the LAI dataset i
thereby enablingcambiexedbe GBEEDG seonii stshieel & adpd UGS

concentrations.

Table 1 SeenarieCaseconfigurations

Name LC datas¢ LAI da Description
Gdef _N Def alalt ta N-L Al Base

Gdef _ Y Defaul t T-L Al UGBVOEffects
Ghr _N Hi ghesol ut N-L Al ucduCef fects
Ghr _ Y Hi gresol ut T-L Al combiedié@dct s

240b s er vDaatti aosne t

1 0encompassing 2

Gwadnm pd mmgg c al stations pr
iooonisngof O from
stations—are gathered from the China MakeiboealtEownisrohment al Monito
h-e& g b U-enlt-H-toyn & ri-ag ud-empalkattendd giama d-+ et eormdtolgdaerado dat a
t+horouvgh—guality econtrol—Subseguentty—CaQGMEQ. are utilized to asses

Weusehbhgt gd ed el met eorological -mbsempa@if@fpumd Oencompassing 2
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344

345

346

347

348

35

wind §é@W8éA)sourced from national basic meteorological stations pr

Provinci al Met € d-n @luoHp uc®adl)y Seembvii ecret comaech t™M@dmons of (0]

nat imammilt ori ng stations ar e gat hered from the Chi na Nati onal Env

(CNEMG t p: / / www. lcansetmdaescseansbsé:, ) PHOe2 4riem8 ucbgcentration of

Oswas measured by the wultraviolet absorption spectrometry method

spectroscopy atN&aeohcmohiabdbibng sretemeasured by the molybdenum con

known to have positjovxei dianttieorffDeyrmelnetaecse.Toh reaolm nH @rowWnie nt a l

operation, maint.endngeal dayacassupbpbhnwere properly conducted based

revisions of China Envi(rZdirmmegn taanld Fotmen, ét@idtbnaci s andat the s e

gualsittay i ons aFieg reedictt iemntadmd ryql oad iscnadle rdyat & hor ough quality

control. Subsequentl!l vy, they are uCMAQ.zed to assess the model perf o

For itsho@t S®@v gl uati on, we use obsef23ati1bANdaatda3 f3IDAE) he Modi esha

Wangin@22a71AN, sisi(i goulhE) wher e an onl i nena sgsa s chromatography

spectrometry/flame ioRIBPAMEDN @dEHt B800Br Wybaem (&Cused to measure V

in the ambient at mosphere. The system has a sampling rate of 60 m

sampling frequefMeyngoét olnlce, IRO@RHeoat & o un dygeoy gaulsi t y

contrwhich can be used for eval tatiisngvogitmuB®Readchgl SORtcdrhceent rati o

observational data for the Modiesha site covers September 2017, wh

from September 7 to September 30, 2017.

3. Reswul tds scussi on

31 Model Evaluation

Evaluati onCMAQtrmh®deNRFperformance is under tlakweldl t hrough compari son
observations and the evaluation metrics of meteorological paramet e

the meteor owé denii ¢ &lf uflil ¢l d ® pamodhuinc etk o iud rddivie s dqnbdleit ty y

Fhe—pBV@EsyYy ar e solue ciesagpoifS P& nmonotempremteefT EB-Rear e

BVOogQsrendering the assessment of their concentrations a pivotal m


http://www.cnemc.cn/

=

o J o O

accuracy of BVOCTehlidesi oeact¢edi waté@sn this study presents the mean
of lash@PTdEeR R ved fsrecoemsaaaraisotusposed with the observed average concent

Thi s compar atni el eanveokdg seissnlas st h &t aft eh@@®EOC ncor porati on of

emi ssions, there is an augmeOaddadDHDOBIiHPppPbt readdlSOBMcdncentrati on from
pp2Bt o2®Wppb under distiésaoebtaadsee®BdefusandoGbrobserrevieadti ve to an
concent r3a3t—idpnp bbefanOwhi Il e, the evaluation at the Wangingsha site, whe

| SOP concentration was 0.45 ppb from September 7 to September 30,

concentrations increased from @WOnd®@&r tai Ot i3rdctpplbarmd dude oanoWe 2 7c d ve 9 .

(Gdef and GBVPODCwekemn sYdGSn.sThwer @ nicrelmemdd si gni fies a substantial din

in t he di screpancy bet ween the modeltendBGBVDCobserved concentratio
emi ssions. Anal ogoubtG$,V OtCh ee mii rstse gomat iyamrelafs a refinement in the es

accuracy of | S 6kt dvondc eensthlaat-i-oHsdbiggiaca s evi denced by a reduced bias.

These findings reveal that | S2GBP 1899486 Wt atndns84are underesti mated
the Modi esha anwh éNa rRBIBE@QSs haar es—ieSkpeslcuidfeideatt—y—t hi s range represents
p+oportion—of—1+SOPeopeé gliuigmdelisy g ngr 6UNEB V @mmitsasnitonrsol e o f

i n_ modolrieoor.er, numerous studies hogtDhféeogrhma ttihoen swigtnhiifni cant r ol e of
the Pearl River Delta (PRD)Y i efShbtcamgcedtnthhiddg ng?2 Ga®w)ngzhou.
(20demonstrated that | SOP has the higheéedteretone, formati on potent
incorpor8WviOCg UB80 | SOP concentration estimates is crucial for ac

ozdleevel s.

Table 2 Evaluation-ofThe evaluation results for the monthly meadSOP concentratonsThe fGdef No, fAGdef Yo, AGhr _No, and AGhr _Yo

columns show the various metrics from comparing the hourly observation and simulation values during September 2017 for thedisha

site and7 September 2017 to 30 September 2017 for the Wangingsha site
Loca Obs pbse Refer en
ASi t e ad
name¢p-er eonc
dMe 1 ati
ric ¢ppl

Gdef _ Gdef _Y Ghr _1I Ghr _°
(ppb (pphb) (ppb (ppb




Mo d i 0—7Z Meng—c¢
ha . 202
]
b 20—No\ 0339 02385 0323 0229
23N 20-$i7 m.
113 T
E
Ob s 0. 34 0. 34 0. 34 0. 34
MB -0. 06 0.01 -0.11 -0. 05
NME 76. 0! 68. 7% 73.6! 66. 2%
NMB -16. 4 3.5% -31. 3 13, 1%
R 0. 44 0. 46 0.37 0.39
Wa-n— 8—: Meng—et—: \ \
sha \ \
sub .
ah) '
22 4 20—No\ 0429 0.31 0.27 03329
113 2057 m.
EWa n «
ngst
Ob's 0. 45 0.45 0.45 0.45
MB -0.15 -0.14 0.17 -0.15
NME 58. 9! 56. 8% 60. 4¢ 58. 1%
NMB -34. 7 -30. 6% -38. 7 -34. 8%
R 0. 35 0.39 0. 34 0. 4
379
38p Additionally, vari e s LUste@dtdiastsiecsal tmhied mpielod owabaen e o f

38|1 anNQanadcOncentr atheMAS i fmud @téeop—etEnaelr.y 2e0tl 78T h e s2e0 1 7 )

382 metrics comprise the correlation coefficient (R), normalized mean
38 ( NME) . The formulas f or t hEenrseer—ymeetirjiacisp-ab2e0-iHi)stt etdhd nmdadll e S3.

38 perftorms —aecceptably—when —NMB—and NME—o6f—hourly O concentrations

38 respeectively—and—the—ecorrehstibhulsdbelbcictdiiesnte (iRJennts tglreetat er t han
38 att+—the secenarios—exAsbodiwhab3tehpee ariofdied d nrge guersfemsmematnce f or al |

38 are reasahblly with some degree of underestimati on. Despite the
38 demonstrates sufficient ve1-U abditdhstuyp s e gdeasemecdhe effectively

38 Meanwhil e, t hesavBrso sosfc eMileAs@oiu3at e a substanti al i mpr ovement in the

39 simul at i o+BVWICe n-LUBGES, and their combined effects are considered. Sp

39 values de@er. eldbs ep pfbr oonm at BCk. 2a6d edp N i ma,stehdee m&mrs tY at i ng t hat

39 incorpor-8viofgg -LUGEC, and their combined effects can enhance the acc

39 daytismenO®entlrnataddisti on, we also evaluatien téd@chsi mul ati on perf or me
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416

secefcaraiptdhe r esul @lsl smogdgeelsst haehvae R above 0.63, and while there is so
the NMB is 15.0%, 15. 2%, GY,e0C@&hr amdl, Chedpetorvedgf |t shoul d

be emphasized t-BE4OCinnhegrahengpod&Bing paocersacyanf sl ightly i mprove
NQpredictions, r &dBgi’ing? &h@&l @B 2 ramidh&m8¢/ h. 8 6

603/ °m. 81f @rp bGde fsceemhaGwmses pElee i vebyovepmeendi citni oG i s

attributed to the ihogf@asmad iiomv oclavBmesd tleyoifts NMCOWBGES whi ¢ h

reduces sicnounlcaetnetdr aN@ ons and narrows its bias against the observati

Table 3—— —od ool e fo o b ol
Evaluation results of the simulated monthly mean hourlyOs, MDA8 Os, and hourly NO2 mixing ratios for each case during September

2017.
Cas¢ S m Ob &g/°m MBeg+m
Pol lu "7 ol mpb  (oob © )b NM B NME R
Gdef  60-28. . 66-3®B. ¢« -4-B421 6. 7% 23.6 0. 8¢
Ho u O Gdef  61-28. ¢ 656-38B. ¢« -3—-B08. -5.39 23.6 0. 82
- Ghr _ 6+-348. ¢ 65-3B. «+ -3-426' -4.89 22.5 0. 83
Ghr _ 682-383%. ! 65-—-33B. ¢« 2-—4U71 -3.49 22.4 0. 83
Gdef 60.11 62.27 2.16 -3.47 21.7 0. 8¢
Mpag, ©def. 61.04 62.27 1.23 :1.97 21.4 0.8¢
FEES3 . Ghiy 61.07 62.27 -1.20 -1.92 21.2 0.8¢
Gh r 62.0C 62.27 -0.26 -0.42 21.2 0.8¢
Gdef 532097 46207 ¢ 7.®127 15.2 45.7 0.6¢
HouNQdeef_%u:Aﬁéﬁms 6.342: 15.0 45.5 0.6¢
e Ghr 52247 ¢ 46207 "¢ 6.D98¢ 13.2 43.8 0.6¢
Ghr 52241 46-207°*¢ 6-D38. 13.0 43.6 0.6:¢

I'n tersmst b8BVDES -LUGGEC, t awdmbi ned effects have various performance:
di fferga@abkle These resul ts indi catBBVOChaetmi sbeonisncl usi on of UGS
st+ghi+f emanikmfpll eencaganMDABo Ohg et mathicomgpisbasci ty center

regamaed this effect, primarilly wibtleN Génedf vchan Nc ovmpg ehr iGhg t he Gdef
seenaad®iss | argel y idnie etdo atr ea sV Q CleHveateetnt@tien e®ula2ridg)z h o u

202 By integr atBWQ@C tehmei sdGH ns into the model s (comparing Gdef _Y ¢
seen@a) osbtirMBs of MDAB Maunl al IO regions, including a notable i mprov:
t hwertran y rceegnitoerr—fég70-3n) 6 80 . P Hdon-@ . B 6160cg/+—thB, ppb fespectively

is reduced. AdBVYOCoemil $yiobhbdesUGHhtVyMatanb damee |l R Wal ues

t hverfzdarn v acnedn tseub ur,bainn dieogd toinrsgMEaA-8mio@ &  dtcwcamdld ¢ h e
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di ur narlepcryecskeent a$t phme WBEEEHand—uvse—andelfadred tcso v ears csheaenng e )
when comparing GlhreniaaedgHe&defi i Nampyove madtdhe bi ases
combined eff eRVYGBC odnthdB®S (UGBMEGzhrri_nYg an dcGadeal ) 8s
substantially ameldtrdiieaart g ammedd eskurbbuirabsaens r egi ons

Table 4 The-evaluatiorEvaluation results of simulated monthly mean hourly O3 and MDA8 O3 mixing ratios in city center, suburban,

and rural areasfor Oz-in-varieus-regiengeach case during September 2017

Vari a MB S(gFpm)b R
) Regi o )
Regi C Gdef Gdef Ghr _ Ghr _ Gdef Gdef Ghr _ Ghr

=-+—oMen '—:734.—87C4f5721.—67CT0.7‘0.8(0.810.810.8]

A
80 centeS.62 2 24 2 11
Subur 8.-7236-9€66-—-885-—-0G¢ 0.7 0.7¢<2 0.710.7¢:
4.07 3.2t 3.21 2.31
Rural 20-—-¢240-—-110-—-49-—37C 0.6€¢€ 0.6t 0.6¢ 0.6¢
15.1 14.7 14. 8 4. 52
City -2.8¢ -2.2¢-2.0¢(-1.5 0.8C 0.8C 0.810.81
Hou©od Subur -3.1:-2.8(-2.6«-2.2¢0.82 0.82 0.82 0.82
Rura -1.1¢-1.6¢-1.3" -1.1¢ 0.74 0.74 0.7t 0.0¢t

32Esti mati eBlWOLH el3S si ons umnucdeovdifferent | and

This study compr ethhtGSB W0 ye nsi usnsmaornisz eascr o s @ gi aani ous species for all
Guangzhbo Septyeamvern t hatt HHGESB WQ ieammicsessi oinns due to different | and

use covers are relBhdh9pebypeminormi-bheopsimabyen. by the default | anc
Foer—a detaitted breakdown —of emissiofashMleetS~+but atwl eft o varied | and
the—data—reveals that —monoethyltlene (FERP)ywihhd i soprene (I SOP) ran

findings of previous

+Cao—et—alt— 2022 FuGtdeipmenrs eantt salemi sx0 bhks) dri ven by the default |

cover. For a detailed breakdown of e nmiasbhHieoASsr avitew but abl e to vari e

of the data reveals that TERP awihl piS®OPolPBivdbmmsatde highest emittin

31.9%91in this study., gmeameartiitvheltyhe( Candebhgal of RBOE2i oGsent hdries

et al ..FurOh @ma)bdreeyeal s that heB\E@@tembesions i n Guangzhou

amounted to 66%, GySRAmMBBRPRIgE &mt ri buting reBi@&ably to the total UGS

emi sslimnsomparison to antahnrdo ppWEG i,& mMNBBO @(nAsV G)si on s
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account f or 33a5p mo xihmeatceltyRege i éskulbyuergbiaonre g iegt emed t he
hi ghesBBVOIOGS mi ssi ons i n &MWEE.z hTohui, s piesa kfitolgd awerdalc| osel y by

vFtcany rceegntoenrecor di ny7-86Gy sd &g, of espectivel y.
Table 5 The summarized table of UGSBVOC emissions in Guangzhou city irSeptember2017via default land use cover (units: Gg).

YU+bGi nt ySu

Speci eAbbrevi bufika Rur(adg) Tot(aGlg)

cen(t@g)
Acetic AACD 0. 86 2. 44 1.18 4. 48
Acetal d ALD?2 3.46 11.57 5. 83 20. 86
Formal d FORM 0.95 3.09 2.17 7.02
Met han ME OH 12. 47 41. 31 20. 36 74. 14
For mi ¢ FACD 2.79 7. 84 3.79 14. 42
Et han:c ETHA 2.12 8 .04 4. 64 15. 16
Et hanc ETOH 3.63 12.13 6. 11 21. 87
Acet on ACET 6. 22 21.52 11. 63 39. 37
Propan PRPA 2.08 8. 21 4. 54 14. 83
Et henct ETH 3.97 15. 64 8. 64 28. 25
|l sopr e | SOP 470 3 117 . 3 48. 06 212.6
Monoter TERP 24. 07 74. 85 37.51 136. 4
Al pha p API N 11. 26 30.07 13.16 54. 49
Met han ECH4 0.04 0.14 0.08 0.26
Sesquit SESQ 4. 31 11.97 5.95 22.23
Tot al Tot al 125. 5¢ 367. 3 173.6 666. 4

Figxpjprovides a detail BY¥OCI emsssabnenaofosbBevdG8ous regions in Gual
City, driven by default |l and use cover dataplandowmompares these wit
l and use cover dlathteseubwhhibgle » pstbhsee nhisgBY¥OC E@GEssi ons

among the three studied regions, totaling 413.47 Gg. This predomin
i n the rseughiuoaisa rd eFpiigcbiAgedvhi h e t he udeniidsss it gnanednrireur al

regions are reported at 137.69 GglL A@@s 1i98s t6rdu neggn t arle siprect i vel y. Mo
modul ating BVOC emi ssivodishre |ceadyidncgeengsiedvemmi lue tprcekciimi t ati ng

a decline irregtilohosabluy baa slight increaseFiguselar radiation (SOL_
2{C)attributable to a reduced urban fraction in the Ghr dataset,
Concurrently, a marginal reducti orriig@beufrd aiclei ttetmpder ature (SFC_TMP
by increased vegetation albedo coBVO@Qgemifgeicdnss windleirpi ns the dec
suburban regions. Thi s phenomenon undédscoeas byhe critical rol e
vegetati on'dsi nhicguhretraialibnegd oe mi s4 U€ECs Moewmivdmg , Efr am UGS

cententext s, t he di mini shed ur ban fraction enhances SOL_RAD and



457 emi ssions, a trend mhreurroaiEidoltl oo wa nlge stsheer uepxdtaetnet oifn | and use cover dae
45 GhFig2Beoffers a clear depi cBVOE eMmi 6 he orpastaupreat bt bmeof o UGS

45 UGarea BVOC emregéofomGuamgehoh City, wBVOG emieseinamssthat the UGS

46 i Brban—-trheegicoinsggcemsteirt ut etd®7 a84BVOC emé skeoassén this region

46 of the | arger urcbrama ripyr ogeagriRodérgobpfse whi | 8e/tOICe ehGS si on

462 proportion in suburban and rural are 1®t 4cddntamidb dt iB&®W respectively
46}3 of thBVOGSemi ssipondhreincitkrgFant ber more, when examining the relatiyv
464 di ffer ehBeVe®sC ietmi ssions resulting from various | and use covers acro
465 found to ,bewtnigigtemaét eor ol ogi tatdmaldt airsat icoorvser do not maj orly

466 i nfluence thleepRBPOrdmiomsiodns emanating in Guangzhou. Thus, factor :
467 use changes might be more criti ctaHleGBnv OCh aepmimnsg itomes dinstri buti on anoc

46#5 ur ban settings.
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Figure 2 The UGSBVOC emissions of each species and relative differen@hr - Gdef) from various land use cover (a)the proportion
of emissions from urban anl nature and the relative proportion difference (Ghr - Gdef) from various land use cover (b)therelative
difference of solar radiation (C), and surface temperature (D) driven via various land use cover datasetsl values in these figure are
during September 2017

Fi g8Aen{Bjcol l ectively highkGBVWOCtdmi paiteams nacrodss di fferent | and

use cover s, pinpoint bnalatlyeacrednit & sriheaogsibcwokeifsdpl® e tsi v enl y

il lustrat e otviewf Il aehdCBY OC emi ssions in various parts of the city. A
Fig8iCedel ves into tthHeEGBIMGE aeamits seisonisn attri buted to different | and

datasets. |t reveals that the variations in emissions are predomin



48 Mor edvigrREClendi cates thaesempltopyinng amidgbover data typically results
48 hi gher esheée mBEG@E eriwistihonasn i ncr e al.e& % a AFpi gnbgE)eb et we e n

48 ane)i(llustrate that despite a marrigamiaheaalddsgtéi emt én sefdiaonradi ati on
484 a corresponding minor tempeB&OLr e mélsspateisegmwiBo addxatt| v hlkoost s UGS

485 increase in tedp€Cartausebcr tMBYBEsemiodsitbhres UGS
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488 Figure 3 The UGS-BVOC emission mapsn September 201 #rom default (A) and high-resolution (B) land use covey and the differences
489  of various UGSBVOC emissions (C).
490

491 As illustrated in Figure S1, UGS in Guamegrzbhoeermromprises three pr

492 broadl eafwHiommpadas&@&€den§r een B(EBad,| ecarfopllreereds, and grasslands. This
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classification has enabled a more nuanced understanding of how dif
UGBVOC e miFsisgidiorecg e aEBTpr rato mi nat e the urban vegetation | andscape in
and are associat ed-BwWiOtCh ehmi gslsé ronsataess tdhfei UG overage increases. Con
increase in the proportion -BYO€remliasdooerrkighkbgtwtthgredecmdnU®SI
contribution tBWOtChe miwsearn alnls W&ES Guangzhou. Grassl ands exhibit a va
BVOC emi ssions; when they constitute over 80% of the UGS, t he emis
when grassland cov&rmage inanPBV/OCbh etmivesesn 0618 surpass those from crop
the same percenBBlgsmer gagas Oher pt i gBMWGC ceomitsrsiibountso,r swittoh UGS

grasslands and croplands making | esser contributions.
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Evergreen broadleaf tree fraction (%) Cropland fraction (%) Grasslands fraction (%)
| o I e = u
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Figure 4 Ternary heat map for various vegetation in UGS with the UGEBVOC emission rateand the invalid value in this figure represents
no UGSBVOC emission

In addition to theU@BIYPErteimbrssiodbndGSn Guangzhou city are signifi
influenced by meteorological factor s{Gwerhthaes seur falc.e, t emperature
20206yuent her .etToale.l,ucd0d2atthbe) t hte & S@BavtACa le nhi estseiroongse, n etihtiys osft udy

analyzes variations in these kEygiHA)sthows t hBEhei sitmulbati em resul ts d
pattern of UGS, whi ch téuerelzarr e droesgni noanratclawh ulwdhe & toed ai rhi gher

percent ageBWdC tehrei sls@GSons compared to bBtph&Bethenterestingly, as indi
vFrtwany rceggm waelievses sol ar raedghokehytdae obhehe shading effect of wur|
canopi es. t @enwdeir\s edeege bodmsed ietvat ed temperatures attributable to the wu
island effect, | eaBMOQ etnoi sasni d msc.r eTahsues ,i nwhlidSe t he distribution of U
to the vari aBV@®Q 6emi stshheondGSagronsedmbfer sntgni fi cant factor i s the

enhance8BdvOLGE mi ssion due to higher temperatures in densely urbanize
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of thBVOGSemi ssions are sigmetieacradlacgiocsdlapsed!| by t wdi &eyon and

surffamperature. These el ements independently play a cruci al rol e i
and the inteBY$OC€ye mifSsodlire@n W.@%i ati on directly influences the rate of
and, consequently, the production of BVOCs, while temperature affe
of vegetatiwval dtuitrl dazesta fotnh eh - se-hecempednedd-——1997; Lombardozzi et al
20-t(4dBuhrer et al ., 199 M heLdmhitaricazzei ientt ealp.l,ay2 bked)ween these factor
spatial vari-BYVD@GnemiastbersUGBi th areas receiving higher solar radi

warmer temperatures typically exhibiting more intense BVOC emissio
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