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Fenwei Plain Air Quality and the Dominant Meteorological Parameters for Its

Daily and Interannual Variations

QIN Zhuofan, LIAO Hong, CHEN Lei, ZHU Jia, QIAN Jing
Jiangsu Key Laboratory of Atmospheric Environment Monitoring and Pollution Control, Jiangsu Collaborative
Innovation Center of Atmospheric Environment and Equipment Technology, School of Environmental Science and

Engineering, Nanjing University of Information Science & Technology, Nanjing 210044

Abstract Due to the special terrain conditions and coal-based energy structure, air pollution in the Fenwei Plain has been
a serious issue. In 2018, the Fenwei Plain was listed as a key area for air pollution prevention and control. This study used
the observed concentrations of PM o, PMa 5, SO2, NO,, CO, Oz over 2015-2019 and the Air Quality Index (AQI) to analyze
the temporal and spatial distributions of AQI and mass concentrations of pollutants in the Fenwei Plain. We applied the
multiple linear regression model to identify the meteorological conditions that influenced the daily and interannual
variations of PM 5 in winter and the maximum daily average 8-hour O3 (MDAS8 O3) in summer in the Fenwei Plain. We
found that air quality of the Fenwei Plain deteriorated year by year from 2015 to 2017 but improved from 2018 to 2019.
The most polluted cities were Xi’an, Weinan, Xianyang, Linfen, Yuncheng, Sanmenxia, Luoyang, which were located in
the junction of the Fenhe plain and the Weihe plain. The primary air pollutants in the Fenwei Plain were PM» s, PM;¢ or
O3, which accounted for about 90% of the polluted days. Severe pollution occurred mainly in the winter heating period
when the weather conditions were unfavorable and the emissions of pollutants were large. In summer, concentrations of
O3 in the Fenwei Plain increased over the past years. The most important meteorological parameter for daily variations of
both PM» 5 in winter and MDA O3 in summer was 2-meter air temperature (T2M), with relative contributions of 45.5%
and 35.3%, respectively. T2M was positively correlated with PM, s in winter and MDAS8 Os in summer. The second
important meteorological parameter was 2-meter relative humidity (RH2M) for both PM, 5 in winter and MDAS8 O3 in
summer, with relative contributions of 41.5% (positive correlation) and 25.4% (negative correlation), respectively. With
respect to interannual variations in PM; 5 in winter, the two most dominant meteorological parameters were T2M (43.6%)
and RH2M (31.9%), which were both positively correlated with concentrations. Changes in meteorological conditions in
winter over 2015-2019 had an effect of increasing PM» s, which offset to some extent the decreases in emissions. With
respect to interannual variations in summertime MDAS8 O3, the two most dominant meteorological parameters were T2M
(71.7%, positive correlation) and wind speed at 850 hPa (WS850, 16.3%, negative correlation). Changes in meteorological
conditions in summer over 2015-2019 had an effect of increasing O3 (1.2 pg m= yr"), which was a smaller effect compared
to the increases in Oz (7.5 pg m yr!) caused by changes in anthropogenic emission. Our results indicate that air pollution
in the Fenwei Plain is severe. Which the particulate pollution has not yet been resolved yet, it now also faces new challenges

of ozone pollution. Considering that the Fenwei Plain is under influenced by Shaanxi, Shanxi, and Henan, it is necessary
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for the three provinces to joint prevention and control to improve the air quality in the Fenwei Plain.

Key words the Fenwei Plain, AQI (air quality index), air pollutants, meteorological parameters
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B AU RO J B ORI H 2O E R 5 NRSGEME R, BARES MINERER
FISE, R &SRS [ OB R R — . RIS AT IR EE . ARSI, (R A R,
FINGORY T 2012 =BT I RcAn 1T A2 U ERR ) (GB3095-2012) (LR fa#kbnE) , JFLL
MRIERIT MR T (AEE AR ERE (AQD HAME (AT ) (HJ 633-2012)  (BARFEFIME) |
BT T IREE SR R AR A SER R AR, BARER A S, AR MERR T . BUE R, AR ER
% (Air Quality Index, AQD & BT m BRI L EN TR A EAR & b 329 JoS RbsiE R =05
gy HRRY) (PMas, BN FHAEEA/NTET 2.5 pm FPERAD « FTIRABURY) (PMio, 230 1%
YEEA/NTET 10 pm PERYD « ZHMER (S0 « ZEMK (N0 « —F bk (CO) RRE (03 .

2013 4E 9 AESRERAT T (RRIGHFIETERD (URFERR “S+47 ), “S+4&7 RAims i)
T E KSR EG QB TAE, MIET 2013 4, 2017 4E4 [ 74 AN S 07 B o i X8 (Rt s, K= Mk
ZSH) 1 PMaos A PM o SE-T IR I B B, B R R BB D, KB T R BIRE R, EZARM
TEANS R AWM MU TP X PMs IR FE R AR S (T RRIBZE, 20200 o 2018 EE S BL R A (F1 hil KA~
TR AEAT BRI K Dy I T SRR A R AT PR R XA, RI3E PMs IR EEAOR T Rt B3, R PMLs ik
JEE i XA, [ SR SO MR B B e 0 DX 450, WV T ER LML B 7 3 0 1) 4 T ORS00 T 7 ST (K R X 3k

AT LAY P SRR B S0 QAT A OG- 2 SUR R R FE, 3 D U P IR R T YR g, 34
H GHURL A5 G B T T V2 I ORTE . PMas IR BEEBR ARG ARG 706 - B 5R%E (2018) BETINE KIU/RZE MK
FRABITHNATHI A IR PMos B8, 13 2006~2015 FUHEF IR PMys iR LI (E A 2N B mgit: s/
MIEE (20190 FET- SN i I FNRE IR S s, 45 H U3 V8 T J5 PMLs R FEEAE 2015~2017 fE[RIIZAE BT . PMas
WP (A Y A S ARG SRR PR U A, SRBEI (11 A~K4E 3 A PMas i 4l B AERIER (4 A~10 AD
H, JERBEI PMys IR FEL AR 50% CGGE/NNISE, 2019) 5 2017 42575 Y 3iR], T R 45 PMas Al PMo
IR B AR ARHE RS 2 A R BAMIRHORAE (BETE4E, 2020) 5 PMays WL 5375 S5 A by YT 25~ J5 ) 795 00 1 1. 3
BB, T YD AR AE S AR S AL, PRI TS R (B AR, 2018; HUNRISE, 2019; FR%,
2019) o U PMos V5 MR RA ML, iR A, BeVRE e BRI N DR BRI, 4RI K
MO FEADAREE . WA o6 B A SR OG, R A1 F R I Al PML s V5 3, Pl asb) . Suri. BUR S H %
FABARXT PMos V5 YA M (XIHG 45, 2017, M aB%E, 2018; #/hNISE, 2019) .

FANER KT VHET IR SO, Al NO, BT 7T, A TR AL B I I B0 v 81 J5 SO ARk AR 7E 2008~2017 4F:

LA RBE T REAES, FWRURELRIE, dsfIKIOonEZ3 KFE FF ZF, ZRa A0
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AR RGEEUC, TR BB R R, ML . U EF R BT R =R BB EON ROE X, 3l
NE DAl s & o A 4, I REVREE M LARER v T, ARk, £RA0. RUMAn A5 B T OV BEURTE AR 3=
M, HEMBRE, BIRERE (FETE, 20200 , Frolis e HEEoC . i Bhme 2 5w v 18 -7 R 2 U5
EENT— AR BEMRE, REA PMas. SO2. NOx. CO KR TAERIEN, PMas. SO, NKIE
WIE S5 3y, O NARKRBRYIE 254 (FX£5%, 2019) .

A X 28 56T U TE - JE R 5 GRS L ORI 78, 22 B PMas A, RASCDEBE I8 )3 1 SO,
NO2, AQI BLK O3 1 PMyo FIAHIRHF FAR D o 10 56 T- 52 M R 3R K 04, H AT ORI I8 22 /2 AL 22 200 A BEEAT 70 47
MG UHE R AU B RS R R 2 —, MR TEED o B DA SCREE R 08 P SR
TARBTEMN AQL KON KARMER S5 VI MAEE, RGHo r HI [ A2 (8] 73 A RRAE, IR BN GAT A
PRV FOOT U T SR 5 Y 2

2 BB/ EITE
2.1 BHF X

IR TR IR B =FATsh iR MAE, Wil R A SR E 2 h . ). EXm. B . 8
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Fig. 1 The topography and distribution of urban cities in the Fenwei Plain. Cities in Shaanxi, Shanxi, and Henan Province

are represented by @, ¥¢, and A\, respectively.

AR 2 H AR T 258, YHE P S5O T5 Gt ol SR 2 (B — € S &R, P LAE 1 has th 1 vHE PR e .
VHEE IR ER ) 500 K, PERSRLE O Lm B, RUORAT LK, FAKZR IR LK, B3] 5 VR T e AT B
DYR-P IR B LT AN RHE o AT AT O, R CAE- 74 R i BB 7 AN R TG B 9T
2.2 SRR

UHIESF IR 11 AN 58 B8 0075 Sk B I A 2015 SRR ZE 4>, #B ) WA BRI 458 W 00 A ol 110 4 A T 25 /<,
J & S R AT 65 (http://106.37.208.233:20035/ [2020-06-291) 3K HL o 575 HH 25 <75 4445 2L (Air Pollution Index, APT)
oSS BT E (Air Quality Index, AQID) ##i [ 5 H Y 2001~2013 £EFB20 38T PMo W JEHE, LAK 2014 £E3%
ST PMuo YR EE LI Hed LGS Ui T J5L PMo W2 2001~2019 45K 1] JRUBE 48 PR A AU AR AEREAT 2047 -

HMH PMio. PMas. SO2v NO». CO JiiE MR EH) HEIME K Os BTESE M H ok 8h #3141 (MDAS_03)
THE A FE FHME. SRR, 8 H A SR RIS AL T 23 R RN, MEs
FHESE (MAM) « B3 (JJA) . BZF (SON) . &7 (DIF) 75l 441 3 ~5 . 6 A~8 A, 9 A~11 A.
12 A~RAE 2 Ao BFFCEARAIS, R 80 K3>250 RIEH . PMo v B B DLIFG 42 7 I 1] B 1, A
2001 EFFERRIA, 2005 FFFUREHTHIIN T BRIE A AR TT ABE, 2011 LA G HTHE I L7 2 A0 RS A — LE 4
[iELOE-C/ap
2.3 AQI WIiHH. 2K EES YN E

FIF 2015 4E LR YHE PR 11 178 PMios PMass SO>v NOay CO SR BV () H M8 K O5 B ik FE Y H ek
8h1F 8~ F¥M{E (MDAS 03 , ¥l (FEHERE (AQD HiAME (i47) ) (HIJ633-2012) HEEHK
AQI.
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AQI =
Q (C,, -Cij- 1)

«(AQL -AQL ) +AQL (1)
AP AQLRIGHMIH i SRR REL C RISHRMTHE i KRR, CytS Cm HIEHTS R
FERRAE R R AAE, Cipr 7215 Co ML AGS G FE IR ARALAE, AQL, /& Ciy MR E R R 64 AQL, 72
Cijor WL 2SR S FE 2
AQIL R RAEEN N AQI:
AQI = max (AQI;, AQL, AQl;, ...) )

WA (REE AR =R A (AQD HiARME (iR47) ) (HI633-2012) , AQI M4 RN 1. 4 AQI>50 KY,

R UL SR, B AQL R AEL TR L S S
£ 1 BAREIRBUN K

Table 1 Classification of Air Quality Index

TR EIE AR =R H G AR AR HE
0~50 —% R
51~100 =R K
101~150 =% BIE Y
151~200 V42K ENEREES
201~300 Eik HIEG Y
>300 NK P E G G

2.4 H API 5 AQI H0E S PMyo IR SR
2001~2013 4] PMo WSS 0 dfa i 22t APL 5 AQI EdladhAT [ 545 1)
API J& AQI FIHT &, FHAp 5%t L) PMao W FEFRAE W3 2. LEECR L, API 2| AQI AL ANFE I PM o #KFE X
B, FTRAR S R A R AT 228 APT AT AQI R IX 3 6
K 2 AP, AQI S 7 5% B PMyo < B FRAE

Table 2 API, AQI and their respective PM o concentration limits

APL  API KR PM o iKJE (ug m™) AQI AQI XF N[ PMyo #E (ug m™)

0 0 0 0

50 50 50 50
100 150 100 150
150 250
200 350 200 350

300 420 300 420
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25 SEEREE

2015 FLIRIIAR R E R B s kK H MERRA-2 (The Modern-Era Retrospective analysis for Research and

Applications, Version 2) , J&H NASA GMAO (Global Modeling and Assimilation Office) #ill1F i 55 Kbt
VoRl. RGEEMARI R 1h 8K 3h, 4 H A 1h 88k 3h gt 1775, A B HIM. a0
N 0.5° % 0.625°, EPEITE TG A 34 DB sOS BB LT XY, B TIRE MR ER B
M HBME . ASCHTIER 8 M RERWNE 3 Fir,

£33 RRER

Table 3 Meteorological parameters considered

a5 2R Li¥A
CLDTOT ST 40 (total cloud area fraction) %
PBLH ITEIN S )ZEE (planetary boundary layer height) m
PREC [%/K & (total precipitation) mm d!

SWGDN MR A\ & (surface incoming shortwave flux) W m?

T2M 2 K (2-meter air temperature) °C
RH2M 2 KAHXFHESE (2-meter relative humidity ) %
WS10M 10 KJXGE (10-meter wind speed) ms’!
WS850 850 hPa JXli# (wind speed at 850 hPa) ms’!

2.6 TRERYMBEFIRG IR ERI G505
ASCE FA R LA VAT %, T IR 8 MIRER (R 3) WRAIGHEMIRE (47 PMys MK
7% 03) B2 . 3B 0 2R 9 H 2 8 2 62k 4 191 5 (Multiple Linear Regression, MLR) A i i 1% 20 5] A
30 BN B AR R R SR, H TR A B A VF 2 0T 7T R R A G AR K5 G 2
(Tai etal., 2010; Yang et al., 2016; Che et al., 2019; Li et al., 2019; Zhai et al., 2019; Chen et al., 2020) » MLR #2411

T

8
=By + ) Bt G)
=1

Xy AEAE, BT S 4ZE PMas BUE 25 MDAS_Os JREIREE: (xy, ..., xs) 9 8 NEEE, BITALELE
8 MARER; pPIHARL, HIE, FEDMFRZABRREN R RAIE. TR0 fo R & RIRET,
FERIH TSRS, g R (RD RoRBMEHEEE, S0 7 AT LA MLR SRR R AR B AR (LR L. )
[l YA ABE A e i) B AR B RBOEAT B E R A, P {H<<0.05 RIFIRIZ B RX R B BE M. X[ A
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BRHET REME F L, P H<<0.05 BIRRIZHABA Gt Lo

R RAH LMG J5iK 4k MLR BEALE 3 &R S 00 RS iR BRI A 5Tk LMG J5¥ H
Lindeman. Merenda. Gold = A#&Hi, JEHILE 4, RSN EEMEH ATk —, ZTikE Lkt
VAR A ] BRI AR AL 23 i N AR ok, AT R B “relaimpo” S2EL (Gromping, 2006; Bi, 2012; Xu et al., 2015;
Yang et al., 2016; Che et al., 2019) .

AL SR MLR Fl LMG J5VER ST R B 300 K5 G ik B2 ARG s . RO ORE H AR Mk,
e T BT PR EE L R 3 R 8 ANV RELER I H A AT D AL HE, B 2015~2019 4F47E PMy s,
H 7 MAD8_ O3 Je % TR BRI H B 5 H s A 28 (AP R AT A &+ IR AT 31 REPPIIMED » XRS5
PR SR ERIM MR PAERARE E, 25 7T KIEHA B (Taietal., 2010; Leung etal., 2018; Zhai
ctal,2019) ; WZEHFERHIETI N MLR AL, DLEA 8 ANMIREZ N ET 5 2015~2019 47 PM,s B
7 MADS_O; HAELIEEN, FEH LMG J7 348 3045/ R B E I otk

ASCHFIH MLR I LMG 773K 50 W1 A R0 K05 YR AR R AL R RO 75 B 5 0T e ik E L
WEHRFR 3 b 8 MR BERMIHEE T IZH FHE, B 2015~2019 FF4ZE PMas. B ZE MADS O3 %S
RERMHEIIRE L H I S M, B4 PMs B B O REMARREH, L% H B
MR B K AR % (Lietal., 2019; Zhaietal.,2019) , #5| A MLR £, DAIEALSREZRIUHEFJH 2015~2019
AT PMy s IiH 2 MADS_Os “EBR L HIRZ I, 35 F LMG J7 1543 58S R B & (A X 5Tk A F 1% MLR 4533,
KR T HEARN MLR S0 & 7588, B0 G 1075 Sk 5 e . BLILEr T ik B 53 (1 AR AL 34 mT LU A
BN RFAT AT BTG R ARG S o I 75 Gk 2 57 8 9 2 MLR L& HOT5 Gk B2 e (i
SQIREHD R BIMRAR T, HARWEA N T LLE R NGS5 R (Seo et al., 2018; Li et al,
2019; Zhai et al., 2019; Chen et al., 2020) , XFi& H K75 R EENME 7% . IR IWEIHRE . FRAH RS

TP RIS RIFEIE, XS 2015~2019 ST R R R AL 2w KR BEAT 204 -

3 HER5R
3.1 WEFRZESRERRL
3.1.1 AQI HJIZ4EAR L,

K2 451 T 2015~2019 3378 T IR S 38 117 LA RT3 AQT 43 4% 5 Lu 2 A8k . R 38 IR 11 i Je
I 2015~2019 FF& V5 Gk B R H &R, 1HE AQL R4k, 45 REIR: W FEFIERE, BiE-FIEARM
AR R 5 PRI R RIS A R 2.7%~6.0%. “ 7 48.2%~73.2%. “ERFEIT R 14.2%~35.1%.
CRIEITHY” 4.4%~9.9%. “HEETTH” 3.6%~6.3% AL “TPHEIGH” 0.0%~1.6%, HH R T hlRe, “
EGY” D . MR ARG, P, . B % SR ERZE, H AQIS100 K ¥

i ECBIR 5 R IMEE N T UHE PR EFME, T AQI>200 REUIT & ELBIH I KT Ui ¥R F Il B3
8
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STREA 1 MR, XAER “7 . “R7 HHZ R 65%, HiX 5 ERHA 2017 F1 2 KRBT ™
HiGR” , X EHARRAMELA B A G XY, I PR AR RS, B, SN R . B
THF IR AQI AEHAMELE 2015~2019 4054 : 89.81. 103.49. 111.21. 96.39 1 99.54, 2015~2017 &4 & 1,
2018 FAHPTir %, UiHI 2018 FIFREMINTE P I DO U E TR RS T EEMA (REERSE, 2019) , 2019 4
MR, BT S R A DA SRS I SE i, 2015~2017 4ERIKASTG Y NN HERCE R (Zhai
et al, 2019) , {HREIX =4F YR TR A2 R BN R AL B A B S, XR RN UR & ERR R A
S5 NAHTBAE A 5%, RN E PR BT 52 AR KM RN, R RIS B A AR B AR v

] O 2 S A o SR ) R B A 22 Y (Mu and Liao, 2014)
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Fig. 2 Year-by-year changes in the percentages of AQI classes in the Fenwei Plain from 2015 to 2019

3.1.2 V5 R RATAR N 25 53 Afi

3451 2015~2019 FFVHEF IR 11 175 GL RAA K =15 200 S 2% (0] 73 A o 223 S B 470 G d M= BN 2=
JUTFTE IR IEIX 5 4N K75 Y KA AL T 40%, {54 B — N4 2016 42, 11 AN
15 P RANZR [P35 G RANZEH T T 50%, I T HEEREIE 91.1%. {F 2015~2016 4, FHRKIG GG HEE F™HE,
HI 2017 SETTAR, BFVGYBEERE . N 11 DT TS BRI B R, UHE VIR 2 21075 G R
2015 A (16.5%) , BETHELE 2017 SR B (54.2%) , IR 2017 SEE TR M5 Y RANHE Fik 82.6%,
2018 fEPE A 25.3%, 2019 FE XA THE (39.8%) o VHE V- J5T5 Gudn 1K X 38 3 224 TR 72 U] ~F IR 5 R Tl J )
AZFAL, BB R TG PH . TE R I LA S U] U A 2 R A T v e
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Fig. 4 Monthly variations in the frequency of polluted days (AQI>100) in the Fenwei Plain (average of 11 cities) from
2015 to 2019
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Fig. 5 Year-by-year changes in the percentages of primary pollutants in the Fenwei Plain from 2015 to 2019
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5, AEARAREAT IS B E K bR LTE4 3 T PMao TG Yk F e, (HbAABIE X = briE, HAEA
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IEF] T 204.3 pgm>. 206.4 pg m>. 212.3 pg m> Al 163.2 pg m

Kl 7(b)iE7Rn, 2015~2019 FUHEF IR 11 MBI PMo s W F S5 E AR AR A B K —JbriE (35 pgm™)
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TAIREEERUN, BARMI A2 6~9 H, 1~5 AR 10~12 AWKERE, HFD A5 A FHUEURA) B 2k R 4 2%
PRI A R BT B FE R, /3R 2= PMyo IO EZORIE. 2016 4F 3 . 11 A LLK 2018 4F 4 H fRUBR
VREE S, N RGZ LA PMo R I 57 6 e

XFECRE . AHRTRL DU BE v DL I, R AHRORL) RSB R B AR A ST 04T S PMyo FEAR 3, ZE IR
IR SAR E25 15 PMuo FRRIRZ ) — Ay, AHRTRIVING 1, 2 50~60%, HBTRIYIZ) 40~60% (& 7(d)) . 4
R ) AR E R SR A HERL,  RLRUORLA SR U5 3 B R VD A K B RS i, R PMo V5 K SR YA,
SISO () TR B K o ZHURIAY o LR ) 2 MR IR IR ANIZ I, S AETEE N 60.8%F1 59.3%; UHET
J& (11 TP PMys 5 EUAE 2015~2019 SRR TE A 51.7%~56.3%. 2015~2019 AR (1 4HRTRIA) iR K
M HILIEAZE, 2019 4F 2 ARANE (72.9%) ; RHEAIBURIAD & iR IME, B3R HUBTRY) & EL iR,
BULE 4 el s H, X5 AR & U B9 — > H 4 2018 4E 4 1, ik 65.8%.
3.2.2 MDAS_O; HIR 25 AL REAE
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Fig. 8 Monthly variations in MDA Os3 in the Fenwei Plain from 2015 to 2019
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Fig.10 Left column: Year-by-year variations in annual mean concentrations of (a) SO», (b) NO», and (¢) CO in the
Fenwei Plain from 2015 to 2019 in 11 cities and in the Fenwei Plain (average of 11 cities). Right column: Monthly

variations in concentrations averaged over the Fenwei Plain (11 cities) for years of 2015-2019.

Kl 10(b) o il EFR NO: IR ETE 2015~2017 FFHRA I ETHES, 2017 4F 11 TEBMEFE
445 pg m?, T ESEME (. 9PN 40 pg m3) , 2018 X EREFFMEM LT (39.8 pgm?)
2019 F4REL T . BRPUEIITE 2. TE R JBPH Y NOL i [ i (1 =N, B 17 2015 4598 B AUSRH 1) NOo iR [
EIEAMNR, 2015~2019 FIX =AM AT NOL IR EAFEIIE I T FAG. ML 16V BRI TUF I NO, ik
[EEBME—HMAR, BT EGTE 2017 FMET 40pugm? (413 pgm™>) , X PYAMIRTTEX FFERFESE—H
AR LA B RTAE 2015~2016 472 11 1 B NOL ik FEAFE A BRI T, WRBEAE 732 26.2 pg m>
24.7pgm?, HRIXAAFER 11 AT FEME &R 2 ME, 52017 FEHKEEA & HilEbr (45.7 ugm™>) , 2018
SR BRI R BEEKAR AR IERR (409 pgm™) , 2019 FEXTHE 45.1 pgm?, & HEMRT L (477 pgm™) 15—
FfE . UHET IR NOLIRIE R H AR “V7 BUopAn, RFERAMEEIAE 7 5, 2015~2019 FEi TR 7 H K NO;
WL G 22.4~28.8 pgm, SR {E—MOHILTE 12 H . NO2 & Os 15 QB E R4, BT 6~8 HMZAF
AL 5 HTSCHE R H H 2= MDAS8_O3 ISR XS B

SO, 1 NO2 2 JE BRI O3 B ZERTHEY), WLl BE R 5, BRVGE /& NOL V544 5, (LPEH 2 SO2¥5
G H, XA E SRR A B B, FTUARRIE A BTG R B LR 2 NOy HIREIECR, L %
SO SEMARER, ELLITEA 1) NO2 {5 QAT B W E A S, 5 Os 5 YLZBAE I EARXT N ; TR 2 1Y) SO2 A1 NO»
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WREAY, (HMEAREBRE , SO MIIKEN T Ebs—. gz i, HIRE N, £ 2018 FFEHGAT] T —LibniE,
i NO < EAE FARMA L V23N, Ll NO sivFRASKIK I =11k 2 i35 M EZ AT, HILFE 05 V5 44l

B 10(c) o, UHE TR 11 T CO Sk B S48 1T SME 7E 2015~2019 2 R, M 2015 1) 1.7 mg
m? B4 TR 2019 4F19 0.9 mg m?. ABIMEMARLHATEE, BR 2017 4F 7~12 HBAFRSL, B A E#H 2 W
BT BARRE . X FAER], P RIS T — B2 CO WRBER R MR, J 2015 E[MAEIIME A 11 AT
M5 —mfE (24 mg m™>) , 2016~2019 FHA 11 HifkE{i. SRME 2015 FMELMEN 11 HidHEE (2.8 mg
m?) , X5ZAT 2015 FSRMEES R CO H MR, HILEVIERIREREE. CO WkEHZLE
JREEE N “U” B0, BERIG, B KIRZ, £FiRE, B CO FZR A TR R R A 78 2Rk .
3.3 SRERXNVHETFEAZE PM.s MEZFE 0; H RS R0
3.3.1 AR EFNUHET R A PMos i Z H AL 520

K MLR B2, S0 REZUE TR 2015~2019 442 PMos ik FE HARLI M, JFF LMG J7i%15 2
BERRERIMF TR, ARWEK 4 PR, BAURARE T 4 MR ERENALE, R2=049, HIXELSRE
A UURRERTE PMas iR IE ALY 49%, #5385t 7 0.05 ACTFHIEENE 136, BALLIAEEY FARRK P
<0.001, MALHAMEE WGIFE . <R (T2M) B (RH2M) 5 PM, s i E Z 7R B35 10 IEAH 6,
A, SREEEOR, B AT RE IR R IR R . AR AL (Aw and Kleeman, 2003; Liao et al., 2006;
Jacob and Winner, 2009; Tai et al., 2010; Ding et al., 2012) , Ml T3 PM,s I E T E. KiE (WS850) X PMa s
B IR PRI SR, BIDRGEGERCR, o5 Je P (AR BOPE P B, DY S vk B e o B A 2 vl e B
HRTBURL R, A AT BERUR A BB UTRE, BTLAREIK (PREC) 5 PMys i EEZ 18] £ M <. T2M Al RH2M
SO VB PR A TR PMos W H AR 2 2 MARER, HW TR ER AR PMys WK H ARG 5T
BR73 5N 45.5%F01 41.5%, WS850 15Tk A 10.8%, PREC HITTHR IR/, XN 2.2%. ¥iE RIS RS Yangetal.

(2016) LLJ% Chenetal. (2018) Xf#JLHLIX B AL RAE, semtedbih[X 478 PMos ik S H AL i EE AL

R4 LWPHETJRAZ PMos i HARM I EZA R E R (i) MLR M1 LMG 1538, 1 2.6)
Table 4 Key meteorological parameters that influence daily variations of PM» s concentration in the Fenwei Plain in

winter (obtained from MLR and LMG, see 2.6 for details)

SRRER BIHRE AR

T2M 7.61 45.5%
RH2M 1.95 41.5%
WS850 -1.65 10.8%
PREC -4.82 2.2%
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9 PMas W H B T [ K bivtE 75 ng m) 3£ 208 K, #% 2 A 1B R BR AR E G YR P 10T 9 1E 4>
R BT, BRSANEM: AT2M. ARH2M. B 11 41 79 PR 2015~2019 4£47F T2M. RH2M
FH A5 P RIE KAT2M. ARH2M [FZ%5 [ 43 A o Dy R A& P30 2 KRIERA-8~4°C, 2 KAHXHEE N
60%~80%. PM,s Hi5HIA], REm . ERK, SAFTRPRAEMLIL, T2M 0 1 0.4~2 °C, RH2M $E1
T 3%~6%. V5 YHBLE BT RS Y TR AL, TR AT THME, SREGRR TN, HEh REK

NI £ ONIDERI

T2M-DJF
40N

H2M-DJF-HPD

35N

30N
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11 ¥E PR 2015~2019 4478 2 KRS (T2MDL 2 KAHXHRE (RH2MD 040, 5 —FIAA T
fi; % IR REZRIE PMys iYL R (Heavily Polluted Days, HPD) HH[EAJIME; 2B =3 NS R BRI PMas

BT RREMER EA T T IEARI 2, B IZR R LR ZEEEN 1 0.05 AR ZEE thk, R
ZEHAREEREX

Fig. 11 Spatial distributions of the 2-meter air temperature (T2M) and 2-meter relative humidity (RH2M) in the Fenwei
Plain in the winter of 2015-2019. The first column is the winter average; the second column is the average over the
heavily polluted days; the third column is the difference in meteorological parameters in heavily polluted days (HPD)

relative to the winter average. The black dot indicates that the difference on this grid is statistically significant (p<0.05)
3.3.2 AR EEMNETFEEZE MDAS_0s HAR b 1) 540
K MLR A, AL R E R E TR 2015~2019 £ 5 Z= MDAS_O; HAMLIEW, 34 LMG /7115
FESRBERMAN TR, FRWE S PR, BEEARE T 4N KRERENELE, R?=057, PXESER
TR AR E 2 MDAS_Os HAEALI 57%, 58I T 0.05 ACTHIEZE M ¢ k5 . BIRLE R B F ALK P (Y
<0.001, HRHAWEZWGR IR L ART Os WERIIRTFMR T &, DAL, 8K, XEI5R%
T LA S 2 O BIEM AIFR BT O3 B4 (So and Wang, 2003; Wang et al., 2017) . iR (T2M) . K&

§ (SWGDN) 5 MDAS8 O B 2 FWIEAHSS, MigE (RH2MD  KGE (WS850) U5 MDAS Os Z [H] 2171
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M, IR JGERERRN, AR RN IR A, R O IR, T 4B ER, KEMKEIEY
Wi KRR SR T IR A 2 IR, KGRI, A R T5 B8 . T2M 2540 U381l 2 22 MDA8_0s H A2 {k
BEEPSRER, HATFARRER AR MDAS_O5 HARLI TT#k A 35.3%, H & RH2M(25.4% )1 SWGDN
(22.0%) , WS850 stk (17.3%)
R 5 MIYHETJRE S MDA8_O; HARMLI RS LT (i MLR I LMG 33, #W.2.6)
Table 5 Key meteorological parameters that influence the daily variation of summertime MDAS8_O; in the Fenwei Plain

(obtained from MLR and LMG, see 2.6 for details)

RERER BHARE A vTEk

T2M 4.65 35.3%
RH2M -0.50 25.4%
SWGDN 0.08 22.0%
WS850 -3.51 17.3%

K52 iE 1R 2 28 MDAS_O; HA i F 221 3 M 5% &R, H T2M. RH2M. SWGDN, f£ 2015~2019
FEREIL 460 RIMEBARHET 77, BRAEKERNESTHE. NHEHXERT RN 0 HITRR (UHE
P MDAS_Os 5 T B K bR 160 pg m™) 3% 126 K, $ 3 A1 BA 5B %R AE di5 ek AR 1075
SRR E R EFTHME, BRI %EM: AT2M. ARH2M. ASWGDN. K 12 451 T UHE TR 2015~2019 45 2
T2M. RH2M. SWGDN Z=H#{E Fl & 5 L K IE KAT2M . ARH2M. ASWGDN [ 25 [[] 534 o ¥ 18T IR B2 2 34 1)
2 KA 21~28 °C, 2 KIBILN 60%~90%, HIFNGHRLBHE N 250~270 W m?. Os Hy5HE, RE =,
WIERN, KRR, SEFFEPRASMEL, T2M #n7 0.8~2°C, RH2M /> T 4%~12%, SWGDN #4/1
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Fig. 12 Spatial distributions of the 2-meter air temperature (T2M), 2-meter relative humidity (RH2M), and surface
incoming shortwave flux (SWGDN) in the Fenwei Plain in the summer of 2015-2019. The first column is the summer
average; the second column is the average over the heavily polluted days; the third column is the difference in
meteorological parameters in the heavily polluted days (HPD) relative to the summer average. The black dot indicates

that the difference on this grid is statistically significant (p<0.05)
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Table 6 Key meteorological parameters that influence the interannual variations of wintertime PM» s and summertime
MADS Os3 in the Fenwei Plain from 2015 to 2019 (obtained from MLR and LMG, see 2.6 for details) (blank means that

the meteorological parameter is not present in the MLR model in winter or summer))
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Fig. 13 The interanuual variations in (a) PM» s concentrations and (b) key meteorological parameters (T2M, RH2M,
WS850) in the Fenwei Plain in winter from 2015 to 2019, represented by seasonal mean anomalies. The observational
anomalies are decomposed into MLR (i.e., meteorologically driven anomalies) and residual anomalies (A=observational-
MLR), see 2.6 for details.
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Fig. 14 The interannual variations in (a) MAD8 O; and (b) key meteorological parameters (T2M, WS850, CLDTOT) in
the Fenwei Plain in summer from 2015 to 2019, represented by seasonal mean anomalies. The observational anomalies

are decomposed into MLR (i.e., meteorologically driven anomalies) and residual anomalies (A=observational-MLR), see
2.6 for details.
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