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Ab st .r The development of lowost sensors and novel calibration algorithms pravidew hints to complement
conventional groundbased observation sites to evaluate the spatial and temporal distribution of pollutants on hyperlocal scales
(tens of meters). Here we use sensors deployed on a taxi fleet to explore the air quality innteéevar&df Nanjing over the

course of a year (Oct. 2019Sep. 2020). Based on GIS technology, we develop a grid analysis method to obtain 50 m
resolution maps of major air pollutants (CO, N@nd Q). Through hotspots identification analysis, we findeth main

sources of air pollutants including traffic, industméghissionsand cooking fumes. We find that CO and Nf©Oncentrations

show a pattern: highways > arterial roads > secondary roads > branch roads > residential streets, reflecting traffic volum
While the Q concentrations in these five road types are in opposite order due to the titration effect of NOx. Combined the
mobile measurements and the stationary stations data, we diagnose that the contributionrefatatfiemissions to CO and

NO. are 42.6% and 26.3%, respectively. Compared to th&€@ID period, the concentrations of CO and Ndring
COVID-lockdown period decreased for 44.9% and 47.1%, respectively, and the contribution ofdtaféid emissions to

them both decreased by more than 50%. With the end of the G@Zkdown period, traffic emissions and air pollutant
concentratins rebounded substantially, indicating that traffic emissions have a crucial impact on the variation of air pollutants
levels in urban regions. This research demonstrates the sense power of mobile monitoring for urban air pollution, which
provides detailé information for source attribution, accurate traceability, and potential mitigation strategies at urban

micro-scale.

1 Introduction

Urbanair pollutionposes a serious health thredth >80% o f t h erbawresidentBxXpased tair pollutionlevels
that exceed th&/orld Health Organization (WHO) guideling/HO, 2016).The global urban air pollutiofmeasured by
PMio or PM:s) alsodeterioratedy 8% duringrecent years despite improvemgintsome regions (WHO, 201&xtremely
large spatial variabilityexists forurban air pollutants [g., carbon monoxide (CO), nitrogen dioxide (BiGndozone (Q)]
over scalefrom kilometerto meters as a result otomplex flow pattern, netinear chemical reactions, andhevenly
distributedemissiors from vehicle and industriahctivities (Apte et al., 2017;Miller et al., 2020) Here we illustrate an

approach to obtaiahigh-resolution urban air quality map using lmwest sensors deployed on a routinely operating taxi fleet.

High spatietenporal resolution air quality date critical to urbanair quality management, exposure assessment,
epidemiologystudy, and environmental equity (Apte et al., 2011, 2017; Boogaard et al., 2@iB¢rdusmethodologies have
been developed to obtaimbanair pollutantconcentratios, including stationary monitoring netwosl{Cavellin et al., 2016
nearroadway sampling (Karner et al., 2010; Zhu et al., 26@@IroMartinez et al., 2012 satellite remote sensing (Laughner
et al., 2018; Xu et al., 2019and use regressidhUR) model(Weissert et al., 2020and chemical transport models (CTMs)
(Li et al., 2010) However,the stationary monitoring stations (including neaadway sampling) are sparse and uneven, and

the ability to reflect the details oftan air pollution is limited, especially at remote communities (Snyder et al). B8ote
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sensing and CTMs agenerallyspatially coarse (~km resolution), and cannot resolve species that are inert to radiative transfer
(e.g. mercury and lead) or without known emission invenemglor chemical mechanism&éUR model can estimate
concentrations at high spatial resolutior, ibprovideslimited temporal information, arithe predicting power is poar areas

with specific local sources (Kerckhoffs et al., 2016).

Mobile monitoring is a promising approach g@arner high spatial resolution observatiomspresentative of the
community scaléMiller et al., 2020;Hasenfratzet al., 2015). Differentehicle platformsare used for mobile monitoring,
including minivan (sakovet al., 2007), cargo tricycle (Airparif, 2009), bicycle (Bart et al., 2012), taxafd Cha, 2018
Street View cars (Apte et al., 2017), and city bus (Kaivonen and Ngai, 2020). Howbeescale of deployment and
subsequent data coveragee limited by the cost of the observation instrumeBbgscheet al., 2015)This issue has been
addressed bthe developnent oflow-cost sensorthat arecalibraedwith machine learning basedgorithms (Miskell et al.,
2018; Shiva et al., 2019; Lim et al., 2018he emergence of lewost air monitoring technologies was recognized by the U.S.
EPA(Snyder et al., 20)2andEuropearCommissionKaur et al., 200y, and was also recommended to be incorporated in the
next Air Quality Directive (Borrego et al., 2013jor exampleWeissert et al. (2020) combined land use information with
low-cost sensors to obtalourly Oz and NQ concentration distributianat a resolution d80 m. High agreements are also
found between weltalibrated lowcost sensor systems and standard instntaiens Chatzidiakowet al, 2019 Haganret al,
2019.

The objective of this study is to illustrate the sensing power oftlost sensors deployed omautinely operating taxi
fleet platformin a megacityWe combine mobile observatisandgeographidnformation system (GIS) to obtain theurly
distribution of multiple air pollutantsat 50 m resolutionBy comparing tothe measurements Hyackground sitg the
contribution of traffic emission to urban air pollutienalso diagnosedVe explore thénfluencing factors of pollutarievels
includingtime of the dafweek and holidaysMoreover, our sampling periambveredhe outbreak of COVIEL9 in China. The
pandemic lockdowada tremendous impact on the seeionomic activities especially the fiafsector, and subsequently
the air quality (Zhang et aR02Q Huanget al., 2020). We evaluate how urban air quality changedfatatit periods of the

pandemic and explore the impact of traffedated emissions.

2 Material and methods
2.1 Mobile monitoring

We use the mobile sampler XHAQS308 from Hebei Sailhero Environmental Protection Higth Co., Ltd. (Hebei,
China)to measurehe air quality in Nanjing urban ar€ghe instrumenis equipped with internal gas senstwosCO, NG, and
O (dimensions: 290x81x65 mm; weight: 1.0 kgks well as two small #built sensors for temperature aradative humidity
and isfixed in the top lamp support pole-1.5 m above ground)f two Nanjing taxis (Figure 1) All three sensors are
electrochemicabasedsensorsghat can deteaseoupollutants at levels as low as pfaag et al., 2018)jtisc ont i nuous
p o we r ead extbriyal DC 12V power supply provided by a taxi batt€hg samplds refreshed by pumping air tbe
sensors. There is an air inlet at the bottom of the instrument, which is also checked periodically to avoid blockagé.iBecause
fixed in the taxi top lamp, it can reduce the impact of different wind direction airfibis. deviceintegrates compants for
dataintegration processingand transmissiorand provides data management, quality control, and visualization functions.
The monitoring data is automatically uploaded to a database in the cloud via the 4G telecommunications network. The
monitoling systenof CO, NO,, and Q areconfigured to continuous measure at a frequency of once per 10 semadchdseir
limit of detection (LOD)are0 . 01 e mol / mol , 0.1 nmol / moTbhxsfuaed dithdectrddty ancho | / m
liquefied natural gasreselected taeduce the impact afmissions from the samplinghicles themsebs.We continuously

measued the concentration of CO, NOandOs in the street canyon in the urban area ahjihg (with the center located at
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80  32.07N and118.72E) for a wholeyear(Oct1, 2019- Sep30, 2020) The sampling routewererelatively randonduringtaxi
operationsmainly onthearterial roads. Generally, tlsampling campaigis conductednbothweekdays and weekenfiem
6:00A.M. to 10:00P.M. Occasionallythe taxi drives work for the night shift, and the instrumsrrerun from 10:00P.M. to
6:00A.M. The collected data cove83 3 kn? with a population of 6 milliorffFigure 1).
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ecol ogical park and New orbéedhntarE8&8RIreepectivel y.
2.2 Sensorscalibration and validation

90 Different from traditional instruments, leeostsensors have some limiions, such as dynamic bouniéar nonlinear
response, signarift, environmental dependencjesnd low selectivity so it isimportantthat calibration procedures are
applied with respect tthese limitations (Maag et al, 2018he sensors are usually trained withlocateddata collected by
reference methodsefore being deployed to actual measuring campalgisgnenand Ngai 2020; Chatzidiakou et al., 2019;
Bossche et al., 2@). The XHAQSN508is calibratedevery monthstarting from September, 20IBhe instrument iplaced at

95  the outdoor Station for Observing Regional Processes of the EarthSystem (SORPHE®) Xianlin Campus of Nanjing
University (https://as.njudu.cn/as_en/obsplatform/list.hinfor at leastsevendays before the taxi began samplinghe
collected data is calibrated agaistandardnstrumens (Thermo Fisher Scientific 48i, 42and 49iUSAfor CO, NG, and G,
respectively. The instrument precision is2ppbv for @, and £1% and+ 4% for CO and N@ respectivelywhich have been
used in many other studies and found to perform well for-teng runs(Ding et al., 2013Her r mann g.t al

100 Comparing different calibration models, we found that machine learning algorithm can improve sensor/monitor agreement
with reference monitors, and many previous studies have used this method (Qin et al., 2020; Esposito et al., 2018; Vito et al
2018). A supervised machinkarningmethodologybased on th&radient Boost Decision Tree (GBD used for data
calibration (Johnson et al., 20J8GBRT, an ensemble learning methdd,a decision trebased regression model that
implements boosting to improveodel performancasing both parameter selection antbld cross validationGBRT needs

105  to be trained by the dataset with target labéng et al.2017). It takes input variables includingw signals of sensorsther
air pollutants concentrationggmperature and humidityrhe stationary instrument data aeken adraining targets The
parameters of the machine learning moale adjusted continuously based on gradient desdgatithm The R? of the

calibration reslts are generaflhigh (>0.90) for all the threair pollutants(e.g. Figure 2a)

The success dupervisednodel trainingwith target labelgi.e. colocated with SORPES-igure 23 does not garantee
110  for its predicting powefor conditions without labels (i.e. on roadcolocated with SORPES but not feeding the station data
to the algorithmFigure 2B. We useacalibrationrvalidation methodology to evaluate the performance ofdfieratedsensors
(Chatzidiakou et al., 2019y his metha includeswo phasesfirst, the sampler wasalibrated against tfeORPES station for
10 days Jun 1-10, 2020) and the sensor data were usedstsor algorithm trainings above describg&igure 2a) second,

we continued to placie samplein the station{Jun. 11-17, 2020). However, the sensor datanot used for calibratiobut
3



115

120

125

130

135

140

directly fed in the algorithm trained in the first phase. The results@nmgpared with the station dafiee. validation phase,
Figure 2). Wefind thatthe sensor data agree welth standard instrumentatiom thesecongphaseThe sensor retrievedO,
NO., and Q concentrations are 0.584.12 mgim8 . 4 0 N 4 .3 2D3t16.5¢/ onf raspectivelynot significantly different
fromthatby standard instrument8.50#0.10 mg/ima nd 1 0. 5 R &nd32.4:202g ¢ M = ANOU/Sanalysis).
TheR? values remain generally high (0-827) for differentair pollutants (CGandQOs) except NQ (R? = 0.67) Thelower R?
value forNO. may be associated with tihégher humidity during thealidationperiod(Jun 13-16, 2020) As NO; is water
dissohable, high humiditynaylead toalow bias forsensos (Wei et al., 2018 Owing to the interaction betweers @nd NG,
the detection accuracy of these two chemieais influenced, especially for N@lvanovskaya et al., 20010 improve
performance of the NOmodel, temperature and humidity are also involirethe training algorithmThe accuracy of the
sensor generally decreases with time (aka aging) due to diperation of the electrolytdR(i beett a | ). Howevef) We
find no significant decrease in tiR8 values for the three pollutants during our campaign. It seems that the mizehitiag
algorithm could successfully compensate the aging of the sefssids calibration of lowcost sensors is still a challeng

task as it is greatly affected by atmospheric composition and meteorological conditions (Spinelle et al., 2017; Castell et al.

2017). Our results have hidg® values compared to previous studieglicating relatively high accuracy (e.g. Castell et al.

2017).The results from the two sensors also agree with each other reasonably wé# walties ranged 0790.99 for a linear

regressionThdr dataarethuscombined in the following analyste achieve a maximumatacoverage
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2.3 Data processing
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As the mobile monitoring platform samples along the trajectories of carrying vehicles, we need to either sacrifice the

temporal information to calculate the spatial distribution of air pollutants, or the spatial informaténptoral variations

Similarapproaches have also been adopted by previous s(Bdiesche et al., 201Bpte et al., 201/Farrell et al2015. To

generate thepatial distribution of air pollutantg high spatal resolution we divide the research area igiadswith 50 m x50

m resolution andcalculate theneanvalues of the samplesollected ineachgrid. The driving condition is highly variable and

the taxi can travel more than 50 m in 10 secontiseifvehicle speed is over 18 km/Hiowever, given the complexity of the
4
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driving conditions, w ignore thevehicle trajectoryn the past 10 secondsit assign theneasured valuds thelocationof the
vehicleat the time of data uploadinghen, combined with GIS technologye calculatehe average of all the data points ove

one year that fall in the same gri@he drawback adur studyis the impact of spike concentrations on sensor performance. The
sensors keep reporting high concentrations in an approximatenionge period after exposure to large environmental
concentréion spikes.This effect would reduce the effective resolution of our dgitl concentration magsimilarly, we
average all the samples collected in differgmds butin the same hour of the day get hourly mean concentrati®of the
sampling domainThe GPS signal is missing when the taxis pass through the nine underground tunnels in Nanjing (e.qg.
Xuanwu lake tunnel and Jiuhuashan tunnel in the city center, Figure 3). We assume the taxies travel in a constanhspeed and t
sampling points are uniforphillocated along the tunn&Ve usehe Arcgis 10.2 softwarir data processing o calculate the

air pollutants concentrations (CO, N@nd Q) map of different road types and the contribution of traffic emissions to them,
we divide the urban roads Manjing area int®ix types including highways, arterial roads, secondary roads, branch roads,
residential street@ind tunnelghttps://wiki.openstreetmap.org/wiki/Key:highwajRoadsand landusedataof Nanjingshown

in Figure3 are based on OpenStreetMap (OpenStreetMap contribut@@). 20
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2.4 Traffic source attribution

The mobile platform keeps sampling in the urban road network which carries a strong signal from traffic sources. By
contrast stationarystations areftenlocatedfar away from major roads to represent a regional background air pollution level
(Hilker et al., 2019)Sevenstateoperatedair quality observation stations in Nanjiage selecte in our researchincluding
Maigaogiao, Caochangmen, Shanxi Road, ZhongkuaRuijin Road, Xuanwu LakendOlympic Sports CentdZhao et a.,
2015;Zou et al., 2017)which are far away fronmajor roads andlarge pointsources, so they are usually usedeggonal
backgroundin different functional area&ou et al., 2017An et al., 201% For exampleZou et al(2017 chose the Olympic
Center station (G, Figure 19 getthe background characteristics of CO and.NNanjing.Thereforethe contributiorfrom
traffic-relatedemissiors can bebtained bydifferencingthe mobilemeasurementsndthe stationary onegollowing Bossche
et al. (2015):

-~ “ 7 “ 7 -

00U B 00 00 ¥oU (1)

where APyaric;j represergtthe air pollutantoncentratiorcontributed by traffic emissiorfer theit pollutantat time j %; AP;
isthesensor measurer pollutant concentratig@ndAPnmin means the ambient background concentration, whicélculated
as the minimunof the measurements fraail the stations in Nanjing in the national air quality network without major sources

within a direct vicinity of 50 ml{ttps://quotsoft.net/airfFigure 3. We refer to this method @background sit¢ BS) 0 .

We also adopa methodsimilar toApte et al. (201 7jor traffic sourceattribution This method includes peak detection
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algorithm to calculate the contribution of local traffic emission sources-toauhpollutantconcentratioa We calculate the
mean and minimum odir pollutantconcentratioai n each gri d as t hespediyelgE&dfferanned @b
between the two isonsidered athe contributionfrom traffic sourceswWe r ef er to this method a

Matlab 2019b is used for such data calculation.

3 Results and discussion
3.1 Effect of spatial resolution on reproducibility

Ther e iosf fa btertandeeen daip® | i1 &d @aind t ic @anncde fnittrsa trieopnr omaeps o but i ©
maps subject to |l arge randomness dwuieWet oi ntvleestli igmitteed hreu
spati al pat treersnosl(ueli cochivg f eakbotil ate themesamaswdafdsampbeso
(SEM)and thehea®dEdMagaldl grid cell s

YOO ATvE (2)
wheiland n saraen dtalreda mdce vii lathieorn of s ampl edWei hi edc h her fcidr sctu €
decagpwdhlty the Ilyuttiedtdsplae iing a r e qif naee roefs ol la prperaorx BdGebCtaeyl vy

al | t léeprotl hlryetfea gtu¥ tee rdef or e, we cCchoqgs ewhdsaornessiosltuetnito nwiotfh 5p0r
(Bossche et al . .2O0Flo5; &%pateep heet, eails.easlp. @ 1(V2p0l 1o ébsOo | N ttico nma p
air quality and identify hotspots. Apte et al. (2@17) f
NQ, and black carbon c&2b bepedndrn athesd i my aatspeeadlti cd g reec
10
Cco
c 8f \
o 6 S;)ati;?re;i)lutgi%n,l Or;
i T,
n 4+
2+
0 o o o e o o o o o
0 20 40 60 80 100

Spatial resolution, m
FiguRel 4ti onship bet ween gaviedr argeesdo | suttai nodna radn de rtrhoer doofmatihne me an
NQ asnd O

3.2 Road network coverage
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3.4 Spatial distribution
3.4.1 Hotspots identification
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Nanjing

ID

Specific No CcoO, mhg . NQ, g£3m Description/Potentiatources
A Al,A2 6535 0.600.82 4.045.9 Nanjing railwaystation, gasoline vehicle emission
B B1,B2,B3 4177 1.2441.74 16.6£26.1 Exit andentranceof tunnel, gasoline vehicle emissior
C c1,c2,Cc3 1002 0.730.39 0.90#12.5 Subway entrance, gasoline vehielaission
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295

ID

Specific No CO, rg. NQ, gé3m Description/Potentiasources

D D1-D6 4333 0.4640.61 6.10#5.0 Overpass on ring road, vehicle emission

E E1,E2 5354 1.4743.04 15.8226.8 Crossroads, vehicle emission

F F 4664 0.28#.71 2.3046.5 Residential area, with higher H/W ratio

G G 1052 0.55.53 13.544.2 MoonlightPlaza/ vehicle emission

H H 92 0.1946.11 3.1(9.79 Cooking emissions

| | 4967 0.524.59 5.40#15.3 Nanjing HiTech Industry Development Zone

J J 4229 0.600.62 5.30t14.9 Olympic Sports Center, vehicle emission

K K 3957 0.3340.46 0.90#14.3 The memoriahall in Nanjing, vehicle emission

L L 6160 0.91#1.31 11.821.0 Maigaogiao subway station, diesel vehicle emissio

M M 6231 0.664.74 15.A#23.5 Hospital, vehicle emission

N N 2386 0.3640.49 5.60414.0 Petrochemical enterprises, Industrial emissions
NoObservation points within 300 m near the hotspots.

3.4.2 Air pollutant concentrationsin different types of roads

Wef i nddaiprol | u¢ aealt vy add rhd/elseitxy pes Pk ODo&@8&s with . FHNOEVAN met
COand ;&N®ncentfrodtl ioovn sthuinsn etl rse n(d2:22a 81 408 7 Mg OrmeZs pOxgby tnigdise | y )
11080.68PrPran29N@. BHP)marteri @0.NMmaBMDB a mg /65 OWPWPAm secondary
(0. D5 4@ BPann21NB. BPPmbr anodd( 00 82AB&Pamgl/ 07 9 ROgk mi dsetnrteieatls
(0.(08.32ng ¥ann d N189. B M ( Tabbwe 2@¢me aQtcheenc enst matdiidrd erenar éype
opposite to txhateoifdc ®5RBDED DHYOnbereatnsod(d( A2.. 2N)Ogt mondary r
BINDOOWPM > art @9NBl GeHradcs h( 2dWa.YsPP)gn tunnel s (35.7K7.85

Thdi fferences coofn caingtarmp twliglofuftearnetn t foadttypasfaceéadt by
emi ssi oni nxduvddhrigenlgdenxd awblit cla ifsanctiahfiod fl ow and .speed
(Sahanavin Tehte gle.n,eradl&8)ecreasing tr,aneés cwaistohb sternavfefdi cf of
congestion index Tabl|lRaj,ehgatbrbal204adv7éa Apte egctonacle.n t(r2altli

decreased in turn on highways, amidne rgioaold raogardesesneeandd lewd s ih
obseOxwdhcentrati ons have oxwpddi than gtleree rirdast docofn sC @ (na arloel séil @2e)
AsOsproduction in Namjited regkood/OCl oevéuc eNQiatngl tiutbrsa&tgiue
incr@aseaecenti Danigored al ., 2 0Tlh3ez c@&n € e rett r hablgub, n s2t0alnée)e | s , W

associ at evde asgku hhi dHhte i(Awatnhge ettu)nmlerlt h rOmdbr e due to the

conditions i;cnohbentouahebnsN®re accumul at ed?3t,o whircedl atiitw

The tunnel al so blocks srhehrapkenirelauadh ¢ smtrr antuinabiveegt Hx
(Kirtbhstet .al., 1996)
TablMuldtol | utant cenxgyeretsr otfi amsa disn

Vehi ¢ Traffi

Road types Road numbers spee conges CcO, rhg/ NQ, g£3m Os,eg /3m
km/ h i ndex

Tunnels 9 B B 2.22+1.18 40.7+ 29.7 15.7£7.85
Highways 168 60~80 2.18 1.10 £0.594 29.2 £8.66 23.319.12
Arterials 443 40~60 1.78 0.958 £0.309 25.0 £6.90 29.7 £7.53
Secondary 419 30~50 1.70 0.855 £0.401 21.8 £8.89 31.9£10.0
Branch roads 349 20~40 - 0.818 £0.216 20.3£6.79 32.7£12.2
Residential 152 <20 - 0.783 +£0.230 19.6 £8.35 35.1+155

a: The traffic congesthbhpsnberxepgdattn. amaproomGdetdamhpdo?citys=
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3.5 Temporal variation

Fi g8slkotwlse t evmaprdraalitomradoaf pall ut asdturd cmrge e rhter aotbi soenrww & thi
the hourly mean concentrations 8¢tehetberresgpamaihng osngaa
hown i M-6FThgurde f$ ermeonuodyot ineasnamplt éeof di ffewventiatypa:
ma(lAi go,r etshtkat a FBgsraot filtedfod iemcanyhway, hhwte a si m
ampWedfi nd that the meddN@i rt omw At hiviadaringdl tMba dén cC @ a6 &l by
naA7%8omparmethust hmhesupesctThel gourl y mean ¢ onscheonwt raap @ @inbsl e
attern with higheuos(bFoihgaugrnesfriatttiecinesg nt r i bruetliaotne do fe ntirsasfifoinc
0 Q 9 )wlwieveihl | el aborafTéhei nbhxzevmedaOriadomnons show a uni moda
t2PM as a result of .phMt ordhegrin ecnatOr ref oi romma i in @ Wl daute oo Isow alr
adi atN@-nhi amreatf{excite et; ali. ,ef2.0allbhes20p&tterns generally &
tationary monit®r.ing stations (Figure S

QO N T QH 0 n un

-

(7]

No sigdififeamnces are odbesreaeartdmatoisqrshieadne dtinlaring eplod tl iud r
bet ween weekdayt anFl .guEaskddns sev e nh ahdroruigrhg t p eiasklsi dihiotglhyeCrO
during Ww&ekaipewhsi cchonsi sten@OWwWBWahg A@tO4fB8dbwnd t hat NOx di s
cycilne t heliTBeiHeibred metr opohlitdhewvealr eant wave ke & da@isn g2 0 Dadl
observed a significant weekend, ef§hewtng nt saotut harn h€al
concentrationat owee&lOe rmchad We&r e about 18%Tdamred d3T%Herewer b
study and ot her ci tfil eésaelli esst raundft tilelesce ohdt if weredknh e rofut i ne of
t axi dri vigmregi & reatj eaclt.o,r 2016) .

The median ®dnCOntachadr iNkOys hol i days ar e -tolnmpthalad8red %o
owear(FOguwylen 8addi ti owht hcompaseat t@dn de retthra ltbsudiawwe ind o h d Ot h

concenstorfagtidnonXi nji ekou and, iwhesear mamiydoesrheg plpdelgic gitaelrl si |
nomol i days6) TRimgyr eb eS rtehleat keidgchiceor c eNQi ma ttihdlmag iam @ a(h4 .i &IMyG.
OgPmhanhmloind aft6 @ Arimhe hourly concentrations sholwi oy si a
nomol i day ® )T.Fé gboiencdlagdee peri ods @©®c tR,athieo nSaplr | Dafye2bd2 Bt i v a
Qingming Fe6)jvahtléeBhdayi 68aaynd 1t he Dragé¢d.eBo7ajdolFed ay vaf f
has been obsefrouredarexaeaisn gqrioarinisexyaump | a) . (2017) found tFh
significantly enhanced during the 2 lidnorvahgbDag RoOVEdape
i ndi cati fhgoltidaatyhdedffdacst rong influence areatheviddignt otif eVt
at mospther ag.e asiomn eilsfyerctdat ionb stehrivsedst udy maeyl alhe veélyatsendh | | @
duri ng .hoBlhedpalyeso s i kekccoamsll § o38hostehndotmiol i.days
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3.6 Traffic source contribution

Fi glOaaen dbslh ovhceal c wloanttedlbhyw t abdli abedmomest he observed conc
referred t oshaes ed)oWetf rtfighaitt mlelm@o nt r ickad tciud B 6 e die b ly Blld1 %54 2 S 6
generally consi st e PtDalwd d rpdi 3NAOR4)OT b bstpraitni ead faracrid mif IF& gGar € 1
vsOb)The <contirni bhuitgnhewasy st,unne|l entrances and exits (e.g.
station (Nanjing sou(dbSsaticahlpatedndbyatbehibghdr oneti oo dse
residenti dlodvetsnt aatndH2 B O fpdTsa b,lwd i Bdhonsi sttehret twietnlds i.Aiheér af
pdatesr nf oomr BOquite si m88tanm$dt oT LDl K tikepuinr econt r bbalt ¢ wina tt @d Ni
met hd@N®B.%) is |l ower than that 0oMR 89 hreids f d iofmfseBrbecnachey eids wh
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unaf faesc ttehde sensor bias are cancel Iicadasknibears eatebetat aon ng. 4

Bot tugm emi ssion invenrtomad timarnsmdretsattihoant coonntri but ed
Nanjing in 2012 (Zhao et al ., 2015) . Considering the
remained relaMiveiDy9stabhe CBS8Nri bution of tr-@0fihcesseour
values are much | ower than what we caltchud et ewlp ebsaskeldt ioomn
these regi o@a®. 0 WAId.{0Bhiea g . Tehte yaulma,kel 20 o) di stingui sh the
ofaiprol lutants within a streetthlegnvdedr e(stteinnsarta foanineotfd msn)jtad stw |

road -em \wirroonment

a), CO, BS method, %

0 20 40 80 100

Figux@ontributi omesl dtreodn @ miaffswatsi crdcy ) daeaktpgdethioadn (@l gor i COm
E OpenStreetMap contributors 2019SADListcendeted under a Creati

Tabl @o Bttriioonu oef mitsrsaifdawddQion CIO fferent roads by two met hod

Traffic emission- CO, % Traffic emission- NO2, %
Road types

BS PD BS PD
Highways 48.3 +10.4 51.0 £20.4 32.5+145 41.4 +22.5
Arterials 44,1 +9.23 59.0 £19.4 26.8 £10.6 43.6 +23.3
Secondary 40.2 +11.7 47.6 +23.9 22.8+£13.2 35.2+25.1
Residential 39.4 +14.1 38.9 +26.1 20.3 £16.3 28.6 £25.0
Branch roads 39.2+12.2 29.7 £23.9 21.5+18.1 25.5+24.4

3.7 Impact of COVID -19 pandemic

Fi guraedd8how t he a&aipmil dtud@ameé osf nadii dher ent sit% geasnTdedanitch e
spati al dif s tcroinbcuetnitonast i ons aarredl depatt ed lddannfd ighi@-@uoWa s S
divide théardatPe€®YEeb:OcRl, 2i0J1a92 32020 Ca\Wlcikxdowna2iB2l, 2020
ankHebh 7242020 Pps@OVI D MaR13, 2i102e08 02 0 2We ftihned medi anscfonC@nama
NQwere the [(FdweagteoiWmdeR2a @Damrd >dldrec e ntdre & rdbadsde. & Aod.7%f r o m
P1 t,o rPe2s pekitglvaeddy)lBhi s pattern agrees well with the ai
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NOxur i rags RIAds ceuadrshei @d di ti on, the i ncirresacsleat iPdnmperdaPQ8r al a
phot ochemicalkt Hanm (Xanei Relt oafl .Q 2016; Fu)et al ., 2015; Red

CO, P1YP2, ConcentratioCO, P2YP3, Concentratio

Pukou District 4 Qixia District

Gulou District ..o

| Xuanwu District
Qixia District

Ji District . - N
anye 'S A" e : Qinhuai District .

““Yuhuatai District Jiangning District

-100 -50 0 50 100

Fi gut@hanges of coobnsceermitendat®@@nt hree slt@agpanaddémithe KROVI@QVI @,nd
COVILb c kdown ,-C@WwldD ppoesrti od &€, Opesnbe cteiex dMlayp. contri butors 2019. Di
BYSA License.

14



395

400

405

410

415

420

CO, P1YP2, Traffic emis CO, P2YP3, Traffic emis

Pukou District Qixia District

GulouDistrict

Xuanwu District
Qixia District

Jianye District ; g
y Qinhuai District

Yuhuatai District Jiangning District

||

-100 -50 0 50 100 150
Figuzxehadnges of the croaltatiddtsonsceod tto aCdiiclh9 tphen demiece csalagel
met hod. P11, P2 ,-CGWhidD, P 3C ©a¢riked of wonr,-C favhédD ppoesrti od £, Orpen(Bd ateiew eMay. c o
2019 stbDi buted under -8ACbtieaénse. Commons BY

4 Conclusions
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