Measur ementtontgepmr variations in carbo

background stéatYaonngtizne Riivhear Del t a

Yijingt5ChQinmAal iweNMd i Miiancdbi hi XuWweo* Gao

ICollege of Life and Environment al Sciences, Mi nz
2Lietmn At mosphere Background Nationa@&nOB4d4B30at i on
Hangzhou, China

’Key Laboratory forCAtmesphacade@fiemi smeyegorol ogi
100081, China

‘Shanghai Key Laboratory of Meteorology and Heal't
200030, China

School of Environmewnwt BdsjhguadaOWUa84er €hi na

*Correspondi ng nawlt@nmourc,. eedma.icln:



mailto:linwl@muc.edu.cn

Abstract

This study anal mzedrité&hti tmngin carbon monoxi de (¢
2006 to Deae¢ mhdaen ArQelg/i on al at mospheric backgroun
119. 73AE, 138&mYangtlze) Ri wve€ChiDmata (YRD) region.
at their highest (0.69 N 0.08 ppm) and velwest (0.
The average daily variapeapmdofer€@QO wkbhhbiperadsaido
and eveaiwnaglnlaaythe afternoon. A 81lgpfhbf/iycranof d®OQvnwaast
observed from 2006 to 201" actcbhdabAN weahi ohe w
of the average CO mixing ratios atntde tMd ad urcemhamins
of Pollution I n Th)e oilverpotsipdneYRD MOFPI TT during t
average annuat i @O ami xtihnreg LAN station in 2017 was
significantly | ower than that (0.71 N 0.12 ppm)
autumb. ¢ ppb/yr), flol. owepgb/by0 )sGunmppebri (g9 .(7 and wi n
ppb/yr). Moreover, the CO |l evels under relatively
decl i nmadreviapgi dl ,ppiB/ pBO<. C5)om 2006 (0.91 ppm) to
ppm) and the CO | evetlhse nuamlad d ry cSljeha pwee cdtrednitdid eme al i
evidence but not siaQt@gistsi oL O®Yyglsoghhlddregarpe a( s . =
decline-tamdn wlhaaoihizet COnsniixnng ratios at the LAN st
to themempation of the anthrdomodérei aRfod Irteayti tiolmer cC
events | ike Sh@anghmdg zHExyp oGAd h Tidre 2ACE6lcms e |

i nfl aemospheriocv ecrhetnhi® erreagviedcrmge OH reactivity of

statsoastsmgheé Giroepntf rom M. 20ND6 7ttien 32OND . 3 s

Keywo€@®s: Henmgn trend, Background | evel, the Yangt



1. l ntroducti on

Carbon monoxispaaik®@®t he at mospheric carbon cycl «
In the troposphere, CO is one of the important a
mi xing ratios of CUO(Kbhalrkaeh ah.pad®®@dft COce sg:
t hat considerably affects health, ecology, and
At mosphere Watch ( GAW) of the Worl d Met eorol ogi
observation. Fossi l fuel c oimbpitsd ri @)n, (bmad md sys i mon
(mostly in the southern hemisphere), and natur al

such as metamadcei §CpHr ene) are the main sources of

et al ., 1986 ; AMawv elalei aetd aMe.r,] ex1 998,001, Bakwin et
for CO is its reaction with OH radicals in the t
1986 ; Novel i et al ., 1998; WMO, 2003) .ksThe | ife
to months, which makes it an ideal tracer for atr

1998; Worden et adnd Q@ 1c3an rBeeaccatu swei tchH OH r adi cal
Daniel and Solomon, 1988)|ndertathyC@Gamdeingdeat:i
i ncrease Tihmr@®or e, CO is recognized as an import
COcanabei mportant precursor for tHhe ephatradh eamiecaa

(Demer jil®ry 29t al .,

Continubesmlobgervation i s-s& amet ICOd sfoaunr cetsy d i |
| oWgstance transport. This method all ows the CO [
scale (Fang et al ., 20d#4gs havehextphat eccheatnbgeee b mn

CO Il evel s t-hraiurgdo rgfrdcaredd | obeer vati ons (Yurganov

et al ., 2013; Ahmed et al ., 2015; Cohen et al .,
reveddrwlard trends for CO concentration. For exal
the CO tot al column over China decreased by 1.6%9

(2015) antbéymed@Ol obgervations at tdvoa uddwemweasrid es



trend of CO from 2004 to 2013. Wang et al. (2018
amount of CO over Beipilnd4tndl PMosSdewydeandased 39
respectively. Cohen et GQ .i n( 2tOhle8 )u papnearl ytzreodp ot shpeh etr
2013. In their study, almost all observed trends
fram 8390. pPb/ yr. The CO data recorded in the Arc
mi Xxi ng r adgioocsn ichedrhdassead after the 1970s (Petrenk

Growmdked background measurements are cruci al

observation dat a, reflecting the impact of human
eval uwahtei nef f ecti veness of pollution control measu
emetitn very |l arge quantities. For example, the em
in 2010 (Li et al ., 2017)coUlotfyghthsagaphemenhed
emi ssion control measures in the recent decade.

verified by observiae i dbantad fdraecm,batmhkpaochadkigaveand

observationg aver rel adaticael y scartcer m nbaChkigra.unlde

observations of CO are very I|Iimited in the I itere
2004; Zhang et al ., 2011) and noneaofdetclaelm. pMMdeer
Yangtze River Delta (YRD) is one of -tbhemmost d
observation of atmospheric background CO all ows

and sink cycle in this seaqiron.f rlom t210i0Ka ¢ é0od 2y0,1 7We
observations of CO at a background $tami €O i n t
variations and their det emeritma@hisnad.n Tte rbeaswkigtro
functi on aisdesncciee nftoirf iecvaelvuati ng the effectiveness

reference for formulating practicable air poll ut

2 . Monitoring site and data coll ection

The CO mixing ratiyoswearealcyozZldde citre dt Hirso ms tJuachuar y

2017 é&amn WIiLAN) 4d8B8Mti ad®BA3.0688s ), a regional at mo

background moni torZhnegj isaintge pirmo v@ micrea t fiskeev elnAN st a



at mospherictbhaoanlsgropendtsetda by the China Meteorolo

me mber station of the World Meteorological Or ga
( GAW) progr amme. The measurements at tBsi s static
at moscp hbearcik ground composition ( Qi et al ., 2012) .

50 km west of Hangzhou (the capital city of Zheji
I't is influenced by a typical tshuwebtsremapsiocnaall maarrs caa
temper aaiur epn d&isnud es pfePedd (WS), and relative humid
direction (WD) frequency at the LAN station from
the regular metoenosr odtogtilctal LAMsetraaiton. As displ a
temperature trend at the LAN station was of a co
occurred anAGubpd(2&8&04@r,y r(eds.plecti vely. I n opposi
change in temperature, the seasonal schhoamegde i n at
concave shape, with the | owest &rid. MiBgheasntd pr es s
Januargell1880, respectively. The seasonal patter
station were not as clear as those of air temper
| owest (ilmQuilng)erand hi ghOsml/ si)n. sTphrei nRgks (MBansé rh i ghe st
(2®B%) and | owe s £%)i.n Tshper iwiign d(s6 8at t he LAN station
northeast and sout hwest, as shown in Fig. 1d. @
accounted for 29.2% and 22cal%n owWi ntdchef rwa qnudesn, ¢ yr evsas
A gfaisl ter correlation infrared absorption anal
was used to measure the surface CO mixing ratios
ppm. I nfrared r adasasdd nt hrso ucghho pai erdo tdbredivshgg c Hgaalsf
filled whaWwiftCl®O mintdr ogen. Thus, reference and mea
alternation. The beasrsantdh dmtpeasfsertehnrcoeu ofh la enra rarnodv
thGO in the sample cell can only absorb the meas:!
both beams, the measurement signal of CO coul d be

bet ween the reference and measur ement beams.



The measuremen@O sanganlagz fre oonr d b every 5 min. Ze
check were conducted every 6 and 24 hours, respec
once a month using standard C@ dgae miextourpeoi (nN€O ©
instrument drifted with ti me, we performed | inea
to obtain the zero signals for given time point
used in the corredei prey fofr melle ré®@podatsa correctio
of multipoint calibrations as well as the zero an
the data according to the quantity Itirdain®sdted and
data were used to calculate the hourly mean mi xi I
any given hour &&omcaliogl abéi bhaMi Bsung data were
of the instrument ¥romnBebromrgybhot mall3med®80r e me

May 30 to July 17, 2009.
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3. Results and discussi on

3.1 Observed | evels and comparisons with o

Fig. 2 displays the time series of hourly mean
2006, to Decemdher 13hea20f¥7tting results of the h
ovemabhh (None standard deviation) and3¥mreadisan val
were (ND.05.22p3pmd 0. 57 ppm, respectivel yO. T8 eptminghest
hourly mean mixing ratios occurred at 17:00 on J
respectivel y. The highest hourly mean CO mixing
l evel hourly I imit (apprroxgqualtielty 8t opddr dfi n he@h
201Phe hi ¢g8pesnt) @d33ppwdstdaidy2 mean mi xing ratios
10, 2008, and August 31, 2011, respectively. The
' i mit f ort aanidrarcu a(l3i.t2y psp m) . The | owest ®onthly a:
ppm on August 2011, and the highest conaeafentrati ol
daily mean CO | evels fr@ml?3J OmBdpaprny. 2T0hOe6 otvoe r@ad d e n
comdeg ati ons amu c¢hti gg hleAN tvheameat hode oWhbeguead gl obal
statrom-208W®Md some regional back(@abledindt ataitd mg
that East China has been oThaélolf alhseo rpergd soenrst swia hc
of the seasonal average CO mixing ratios at the
world fromTh@eO6etbso2@17CO mixing ratios at the L/

than those atattihoen Shna nngodritahnezrin sGhi na ( Meng et al

higher than those at many other regional at mosph
t he-ahame Peninsula station in Korea, Yoin@amuinm i ma
the U.S., and Payerne station in Switzerland fror

values observed at the LAN station were nearly 5
stati onbasaeddgiladdd @ln i n uGhiomg. tlhre «C®Ondlevel s at the
relatively high compared to other regional at mos

ofmor e iamttehmsogpogeni ¢ emi ssions in the YRD region.
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3.2 Seasonal wvariation
Fig. 3tldoweasonal variations in Cldeumbxeirngfr ati
fire emissionsGlloRé Emieyeidorfg obhattdhlease version 4

al.,ipa0&7YRD region (22AN~ 40AN, 112AE~123AE) fr

1.0
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FigSe&sonal variations i n CO tmexwimbg rrsathitndd ret t h
the YRD region fTheml 2066 &a&aod 264s in the box ar
concenigtrreastpieccntsi voe | yowéheamadxuppéhndtibiebrtcse nrte preess e r
concentratéespsctriawngley, anwhitshkee riso tchoet %@y 2dpp e r
percentiles values.

Ascan be seen in Fig. 3(a), the average CO mixi
N 0.08 ppm), followed by the6spNi 8g0Q0ppm N Andbs5
(0.54 N 0.06 ppm). In the winter, because of the
CO in the atmosphere decreased. Al so, t he at mos

conditions were uatmovopldliec TOGewmetome)] ated eas

maxi mum concent rlant icoonm,piarr htshognhwit mtcédre.mi c al reactio

10



summer , whi ch resul ted i n an i ncrease i n t he mi

consumptnmoocsm hefr i &t CO. Moreover, the boundary | aye
summerti me, which promoted the vertical diffusior
the CO mixing ratios were the | owegdtatimnsheée nsuinr

number of fiibrhee €&'mRiDs siegrison (Fig.3b) were opposite
ratios in different months, which indicated that

at mospheric CO conscteanttirocan ifornem aZ20 dehet d ANO 1 7.

3 Diurnal variation
The daily wvariations in the CO mixing ratios Wwe
transport (horizontal and vertical), and the evol

2006) . 4Fdgsp |l aawer age daily variations,ialbomg CO n
with those (cCGdo est ShaHafgHBhang) etardad . Ha@RdPABag

et al.As 205®) ayed in Fig. dd dbeblC® pp@®sg wiath o
| evienl st he morni ng e€CrOde wene stihneg abfuterlnoowon. The peak
ratios at the LAN stati ¢idilo:s&diy aofclcBixr@BetdO)i.n t he
The | owest CwWwemé xomgemrwaed olset ween 12: 00 and 16:00
usually reached their minimum value in the after
intemrse i cal di ffusion mixing, (aFnadn gs uedf)Ti bcki.e,nt 2 0OHH
Pl anetary Boundary Layer Height (PBLH) is a key i
in Flagd &8i gt.heS PBLH was rather high during the da

around 14: 00, whi ch itnhde caattneods pthhearte twvheer e owe lult amitxs

and corresponded to the time when the | owest CO
diurnal variations in the PBLHs at 4 sites were &
(FiSpand Bi,g.thSe 1littlGOmphkasng shitfito prakhdbet ween d

l' i kely attributed to The dgeakeCOnmexingl oaal oema:
occurred duramd e¢wne@simoBhiu giss wit emtt hodser hebser ved
urban areas of Shanghai (Gao et al ., 2017), Nanji
al ., (F0y8) 4). Thus, the CO mixing ratios at the
emi sgsied msaemds gooni thrhseur r oskhawer\ger ,-vahleepeadkfference

at LAN was much small er than those found in the

11



emi ssitohtissca&aground site.

—#— Shanghai —@— Nanjing —&— Hangzhou

llnl‘frl..\‘.

06;ﬂgimgﬁg! '-“ !
|I||

- il
0.4-[1 I IITI II

L A A L A R R T
00:00 04:00 08:00 12:00 16:00 20:00
Hour

0.8

1

CO (ppm)

Fi gAvelrage diurnal vraartiiaotsi ofnrsom n2 0003 miox i2n0gL 5 i n S|
2011 to December 2011 in Nanjing, from January 2
2006 to 2017 afhet He nleAN asitdatrieadn dots in the box
concent thaet iLAANS, rsd sapf @ otni vse | lyowerhearbd xuppearnd i mi ts r
75bercentilesrespeentvalyonanvhitstke rliso ke 'rdsdp omnmpp ¢

and'h%0r centiles values.

3.4 Ltenmn trends

3.4.1 Trenmsamnmsg annual

Figshost he change in the annual mean CO mixing r
2017. The CO |l evels varied across the years. The
OctobewhafilrO,pol |l uti on pr evewerie ns tarnedn gctohnetnreod ime a
and its surrounding areas. Because of these stre

air quality reached its highesbtdwsal u®t hsaicradten e2001
averCOgeni xi n30 Wwatkowei nt han those from 2006 to 200
mi ssing for the summer of 20i080 11 Tbhuet GOn clreevaesl e dc oil

aftert \@O dhrevel decreased steadily. ChHlioma Thfefi ci a
12



Prevention and Contrwhioh AbmpPehénsiwvael yni 2048s
control eff or tpsolalnudt arnetd uecneids smuotntesiar Taef pt s tal i &
overall air qualityyapdl bugnbhi c &shteit helfu settit ase eotf e & &
aforementioned action plan began to be observed
decline sOweridlilc,antHe/.annual average of CO at LA
ppb/py0.)ldur i-2@1200Bor t-2@1 pebivedidned-1®d tpompdhgrof

Theate ofndebki €0 misxi ddotwmeat itloh dwapsBHhgtr ) reported
Liu et al. (201%9prf-2®011Dhlee smenas st @amemns of Liu e
performed us-dogwnaspacitypmeiteg, their air sampl es
height: 50 m agl ), maoki néeaer COL & teanflty ewenrosty thoagsee d o n

i mpactleodcaly events. The CO decreasing trend obta
reported by Ahmed etl 2a0lp.b/(yzxQ@apnpd wi t hespéoaesvely
urban sites i n2@wtlBa, Kgper at Mam i n@atalkrepO20t8) bwi |
val uel popfb/ yr for a regional atmospheriZxZOthlackgroun
20 larnabout a -2@acbobbr t bibns @ efgoi uonnda | at mospsienri ¢ back

Korea, J&wpbnerbadd (Table 1).

1.0 ® Annual mean
Linear fitting (weighting with the error bar,
0.9 -11.3 ppb/yr, r=-0.77, p < 0.01)
95% confidence band
0.8 +
g 0.7 1
® )
© 0.6 1
0.5 1
0.4
T X T ¥ T X T ' T Y T ’
2006 2008 2010 2012 2014 2016 2018
Year
FigVariation in the annual mean CO mixtimg ratios

errosrepaesent onecatl anud at e dddvjoant imomt hl y means
Considering the variation trend i rmnesFiaglopi ealnd
during the study period, swéeddsiaviad & otl IP@ BHtewdd yd udat

2009,7120 0aBn®O0 1260 lr7e s pexTh e efl ye que nsoy divsetrraigheu tdiadan y
13



mi xing rati os wbnt & hanrdemtrtteee cldiatve f i tting results
ApproxiasantiemMloydalofstCQ@ cftrue pueway dadbsenmrvddtfiom all t
The peataf vaiheelLoscaemagedutreoecharacterize the back
| egoefl at mospheric pollutants for apemé&citfhiec CtOi me
Lorentz cuwarddeswmi kted tatios over time and the t
fittinWgmémiweded gradual l y.e The tpenagk ccuornvcee natarsa tOi. b
from 2006 t@022DOBH2ADULE0iltYlye peak CO concentration
0.01 and 0.49 N 0. @k djppem,uemee pkodt éwadst yydhueFh e
201260 1 'ha@d 0D260 IMbO.r ero,vet he peak width wa@1280ilg/ni fi can
t hafOD260 1TSh.easreee e dirtamdecr ease over time in the reg

rati os of CcO.

=30 2006-2009
S*,28 Peak = 0.59 + 0.01 ppm
20 R’=0.954

= 15

0

2 0

=~ ' T T T T T T T T T T T T T
=30

< 25 2010-2015

> 20 Peak =0.56 = 0.01 ppm
g R =0.960

(=)

g5

— O 0—0-0-0O

=~ 0 1 & O I ¥ I 5 I > 1 " 1 ' 1 ' 1 K I L — I — L = In » 1 " I
=35

30 2016-2017

? 50 Peak = 0.49 = 0.01 ppm

15 7

B 2 R>=0.963

S

= (o]

LL‘ 0 4 1 'ol % I = I 5 1 5 1 2 1 L 1 E I L I ¥ I & 1 s I

00 02 04 06 08 10 12 14 16 18 20 22 24

CO (ppm)

FigFréquency distribution of the &€Qulilmixifngr rati o:
di fferent time intervals
3.4.2 Trends of seasonal means

The ti me seraives agfe CdOmaastd ahlef L AN st ataircen fr om
di splayediineaFi grefids wheaeesacaadwiudlhadatbsddodexi ati
of mont hly mean values beiFngmu26&@ 6sacsaosvo@iCadl Tt i nd e

14



mi xi ng r atliaorsgleerx tsinkeivieed hahasdke si ghi @Wexaridsimag<

trend wabknobds asxweedmti nfTdre .dldde glecrease (the sl ope
i n stehaes@M allevel s ocdqurlped/iym)autfwimf owvpphlhbyr s ummer
sprimgPplB/ yr ), ( appbwAyartlienrdi cated in Table 1, the
LAN st d@thieorf oium seasons between 2016 and 2017 wer

2015, witavehwegtaenpEpmwfod®curring in winter.

3 —&— Spring . —&— Summer
0.75 — Linear fitting (-10.8 ppb/yr, 0.80 —— Linear fitting (-11.1 ppbiyr,
r=-0.71,p <0.05) r=-0.66, p < 0.05)
0.704 95% confidence band 95% confidence band
0.70+
0.60+
0.50+
0.40+
045 T T T T T T 1 T T T T T T 1
2006 2008 2010 2012 2014 2016 2018 2006 2008 2010 2012 2014 2016 2018
0.90- —&— Autumn —m— Winter
’ — Linear fitting (-15.7 ppbl/yr, —— Linear fitting (-9.7 ppblyr,
r=-0.68, p < 0.05) 1.00 r=-0.49, p = 0.10)
95% confidence band 95% confidence band
0.90+
0.80+
0.70+
0.60+
0.40 . T T T T T | 0.50 . T T T T T
2006 2008 2010 2012 2014 2016 2018 2006 2008 2010 2012 2014 2016
Year Year
FigSed&sonal time series and l|linear fitting of CO

(Spring:o MBarygh Summer: June to August, Autumn: Se

December to February)

3.4.3 Trends of CO |l evels under clean and |

Il hhe annualtbéeé adbshi astihét BOpmrxaemyh d awii @oBe d a s
the ICOvels in theclman (pod dkagred@usmd)d espewcsda vely. F
these twasesqwa@®titeads under polluted and cl ean c
LAN station. HKsg.il8l u(sa)r,attehe U GtOhgeclolnwcteend radomaodi t i c
experiengedfiacant ol-22r é a@piBg yGgi&Penddr om 2006 (0. 91
ppm) to 2017t h@n &é&rcep e ) aoedsdietnidoebdu ta snowte lslt at i st i

15



signi(f tT@.a$i,=)0.tthT oughodtihts stglhgeelsg&Cadt Heevel s in pol | U
pl umes, which aranhhghbpyggeée mima cteheed sYbRyBwnise dpie@m,

reduc e dangdheakbjayoundCO eavte Itsheo $lhdANvddticateigesre vi dence

at the .Biagne & istntee @wvewage CO concentrations from
SSW and SW) and oAshecawibed séeeecitinohsg. 8 (b)), t
di fferent wind directropatgenasalahyg pt éseht é¢dtemi
(p<0.10downwar sduggetrsdatngt he CO concentamat iconsi eisn t

surrounding thealdleANeats&tdi. on have

FigTredds of CO mixing ratios at 95th and 5th perc

3.5 Causes and i mpeéimavaonatiobdbnshe | ong
3.5.1 I mpacts of Shanghai Expo and G20 in

During the Shanghai Expo iandoHangfzhom G2Maynt
(from 24 July to 6 September), the Chinese gover
control measures in the cities of the-e¥YRDtrsegi on
A s atbealsleidt(eslato d#!| . r, e PROritled t hato fGaO 1c20% cresmksr cattii com
observed over Shanghai city durinlgaetyp ealEx p(o2 clo/mp
found that the ground CO | evedlusriinmg H&2r0g zahso uo pcpiotsy
those in 2015. In order to further evaluate the

annual trends of CO concentrations at the LAN st
16



