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Abstract
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;g, PM, 5, SO, NO,, CO, and O; 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.

Due to the special terrain conditions and coal-based energy structure, air pollution in the Fenwei Plain has

A multiple linear regression model was applied 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. Results reveal that the 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, and Luoyang,
which were located at the junction of the Fenhe Plain and the Weihe Plain. The primary air pollutants in the Fenwei Plain
were PM; 5, PM g, or O3, which accounted for about 90% of the polluted days. Severe pollution occurred mainly in the
winter heating period when weather conditions were unfavorable and the emissions of pollutants were large. In summer,
O3 concentrations in the Fenwei Plain increased over the past years. The most important meteorological parameter for the
daily variations of both PM; 5 in winter and MDA8 O3 in summer was the 2-meter air temperature (T2M) with relative
contributions of 45.5% and 35.3%, respectively. T2M was positively correlated with PM;, 5 in winter and MDAS8 Oj; in
summer. The second important meteorological parameter was the 2-meter relative humidity (RH2M) for both PM; 5 in
winter and MDA8 O3 in summer with relative contributions of 41.5% (positive correlation) and 25.4% (negative
correlation), respectively. With respect to the interannual variations in PM;,s 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 the decreases in emissions to some extent. With respect to the 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 > a '), which was a smaller effect compared to the increases in O3 (7.5 pgm ~ a ') caused by the
changes in the anthropogenic emission. This study’s results indicate that air pollution in the Fenwei Plain is severe. With
the particulate pollution not yet resolved in the Fenwei Plain, 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 for the three
provinces to establish joint prevention and control to improve the air quality in the Fenwei Plain.

Keywords Fenwei Plain, AQI (air quality index), Air pollutants, Meteorological parameters
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Fig. 1 Topography and distribution of cities in the Fenwei Plain.
Cities in Shaanxi, Shanxi, and Henan Provinces are represented by e,

¥, and A\, respectively
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Table 1 Classification of Air Quality Index
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F: 2 APLAQI RESBIXI R A PMyo iR EBR1E
Table 2 API, AQI and their respective PM;, concentration

limits
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API WP /g m AQI W /g m?
0 0 0 0
50 50 50 50
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150 250
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300 420 300 420
400 500 400 500
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Table 3 Meteorological parameters considered
fi5 goyiis E:2¥ivA
CLDTOT B THAR 4 $ (total cloud area fraction)
PBLH 17 1017 )2 %1% (planetary boundary layer height) m
PREC [% 7K # (total precipitation) mmd’
SWGDN b N 545 33 38 7 (surface incoming shortwave flux) Wm?>
T2M 22K 15 % iR (2-meter-height air temperature) °C
RH2M 2K 15 5 AR AR (2-meter-height relative humidity)
WS10M 102K %5 & X3 ( 10-meter-height wind speed) ms '
WS850 850 hPaX.i# (wind speed at 850 hPa) ms
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Table4 Key meteorological parameters that influence
daily variations of PM; s concentration in the Fenwei Plain
in winter (obtained from MLR model and LMG method, see
2.6 for details)

RER EPEES LS AN
T2M 7.61 45.5%
RH2M 1.95 41.5%
WS850 -1.65 10.8%
PREC ~4.82 2.2%

ok, AR B EE F RIS P {E <0.001,
R AAREENSI ¥R . JiE (T2M), %
fE (RH2MD 5 PM, s WRFE 2 (A7 4R 55 2 35 1Y IEAH
xR, R, BEEOC, WA TRE KRR
;. BIEH S E K (Aw and Kleeman, 2003;
Liao et al., 2006; Jacob and Winner, 2009; Tai et al.,
2010; Ding et al., 2012), M FE PM, s #K 1) F+
o XUE (WS850) %f PMa.s W IS MR AR IR Ay 171
PEF, BOXGHEGER A, 6H5 G B BOE F At ek
g, WS GIR BRI o B KRR Fp A B o o SR
/1 N | I S 31 e R i b v/ LT T S T VN 1 IR
(PREC) 5 PMys ik & 2 B 2 fi A ¢ . T2M Al
RH2M J& 520 318 7 R 4 2% PM, s 9 H AR i 2
ERWANAARRER, BN TRELERTHEDN
PMy s ¥R B H A8 4k 19 5Tk 23 0 N 45.5% A1 41.5%,
WS850 K 5Tk N 10.8%, PREC M 5Tk & /N, 1X
N 22%. WEFIRE RS Yang etal. (2016) LA
J Chen etal. (2018) AL HE X (R FL45 RANA],
oM A LI [X %% PM, s W FE HARAb i 3 AR
BEE N

WL R Uy T T SR A ZE PM, s WP H ARk B
FIPATRE K, Bl T2M 1 RH2M, fE 2015~
2019 FEAZESL 452 d IR IEAT TP, 1B RISS
REXMEAEZTFHMHE. XRERXLEXFTN
PMys Ei5 4R (PR P31 PMys W H #51{E
E T EE SR 75 pgm ) 3£298d, HFAE
PR R B FRAT EG YR B (1) Y AE 53 0 v 2
A ZEBME, BRI ZMH: AT2M. ARH2M.
B 114 H T % iE PR 2015~2019 5 4 2 T2M.
RH2M Z=3{H A V5 44 R IH )& AT2M. ARH2M
P2 (8] o3 Ao U IE PR A ZFERM 2 m RN
—8°C~4°C, 2 KAHXEE N 60%~80%. PM,s &
YN, AR BERK, 5AFETFHRSE
ME, T2M B T 0.4°C~2°C, RH2M i 1
3%~6%. {5 4B E B P S5 5 Uy R AS S Ak,
T RA4EPEME, EREGRRTME, s
RURE R MR EEROK I
332 AREZMHIE-FRESF MDAS O; H &4t

8% 7m)

KA MLR #7, SRR E R E R
2015~2019 4 H % MDAS O3 H &b gm, I
M LMG %521 &R E R AT Tk, 45580
K SFR, BUEARET 4 M EERENER
B, RR==057, Hixe %8R0 LMEE %
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Fig. 11

Spatial distributions of T2M (2-meter-height air temperature, first line) and RH2M (2-meter-height relative humidity, second line) in the

Fenwei Plain in the winter (DJF) of 2015-2019: Winter average (left column); average over the PM; s heavily polluted days (middle column);

differences of meteorological parameters in heavily polluted days (HPD) relative to the winter average (right column), the black dots indicate that the

difference on this grid pass the 0.05 significance level for 7 test, the same below

x5 ZMHBEEHEEZE MDAS O; HEUNEESERE
% ( B MLR #E% LMG 752, %K1 2.6)

Table 5 Key meteorological parameters that influence the
daily variation of summertime MDAS8 O; in the Fenwei
Plain (obtained from MLR model and LMG method, see 2.6

for details)
RERER EVEER AT TR
M 4.65 35.3%
RH2M —-0.50 25.4%
SWGDN 0.08 22.0%
WS850 -3.51 17.3%

MDAS_0; HAE{LH 57%, it T 0.05 &3 K
e ke, B ER S EVE F RS P E<0.001,
B BAWMRENG I FE L. ART O3 LA
RAFKMRTE. @R, HERE. 33X, XS
RFEAT AT LU B O3 B AR BRI 2 05 HIE
% (So and Wang, 2003; Wang et al., 2017) . i
(T2M) . KFH%E % (SWGDN) 5 MDAS 0; 2
) 28 E M IEMASS, mEE (RH2M) . XE
(WS850) N5 MDAS Os 2 [l 2 A%, <K

F JGIRRERE, R T B R A, R
B O3 MTERG, T 4IB B BORRS, RERIKESS
S K BRAR S RO OB, KRECRI, A
FIF V5 e 8. T2M 2 520 vy 8 O JR 2
MDAS8_O; HB i FEMAZER, HYTAR
TR W] AR I MDAS_O3 H AL I 5Tk N 35.3%,
H R & RH2M (25.4%) F1 SWGDN ( 22.0%) ,
WS850 HyoTmikiR /N (17.3%).
L0 T T TR 2= MDAS O3 H ARk i 1%
=S558 %, Bl T2M. RH2M. SWGDN, fE
2015~2019 FH Z=3k 460 d MEHEIAT 1774, 15
B[R RERNEFPIE. XEHX AFEE
1) O3 BEi5 4K (P iE-F 5 °F3) MDAS_Os = T H
K kR UE 160 pgm ) 3L 126d, K3 A EES
RELZRAE HI5 YR A 1)~ 31 2 ol s 2 L H 2=
FYE, 5B S ZEMH: AT2M. ARH2M,
ASWGDN. K& 12 45 7 % 1EF 5 2015~2019 4F
22 T2M. RH2M. SWGDN ZEH{E fI Hi5 YR
8 % AT2M. ARH2M. ASWGDN %5 8] 534 ¥}
TE -1 5 2 2= 31 T2M A 21°C~28°C, RH2M A
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Fig. 12 Spatial distributions of T2M (first line), RH2M (second line), and SWGDN (surface incoming shortwave flux, third line) in the Fenwei Plain

in the summer (JJA) of 2015-2019: Summer average (right column); average over the O3 heavily polluted days (middle column); differences of

meteorological parameters in heavily polluted days (HPD) relative to the summer average (right column)
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PM, s FIIE 2= O SF B2, F-H LMG 77i%
RPN ESRERIA TR, 4R %R 6 Frx. [F
SRR EZRUEP R LS PM, s WS H AL 5200
(R 4) KL, vy iE R 2015~2019 442
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RH2M, HTTHR4 5N 43.6% 1 31.9%, HH & IE
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W — A ER ;5340 CLDTOT 38t 520 ) 18
(325 O3 FIJEA AR, Bk, SLREERES,
WIAFF O3 W, —FHEBNMK. KTAEL
B E ZE O3 WRFEAF PRI AR XS DTk, V8 P IR
458 AET Lietal. (2019) XF i, K=4/.
BR=A V)N S50

£ 6 HNHBEE 2015~2019 £LF PM,s REHES
MADS8_O; FREUMSKESR ( B MLR 22 LMG 75
EEE, ¥R 26) ( ZARTEFHESTH MLR 3
RAEZSKER)

Table 6 Key meteorological parameters that influence the
interannual variations of wintertime PM; 5 and summertime
MADS_O; in the Fenwei Plain from 2015 to 2019 (obtained
from MLR model and LMG method; see 2.6 for details;
blank means that the meteorological parameter is not

present in the MLR model in winter or summer)

KFPMy s HZMADS_0s

ARER " — " —
EVEES VO POT FIRE AR DTER
M 6.51 43.6% 8.57 71.7%
RH2M 1.26 31.9%
WS850 -1.66 11.1% -3.72 16.3%
SWGDN -0.33 8.5%
PREC -10.66 4.9%
CLDTOT -0.25 12.0%
40
(@)

-20| =W -4.6 yggm3a’
—MLR 3.7 ygm=3a’’

PM, 5 anomalies/ug m=3
o

—_—A -8.3ugm=3a
2015 2016 2017 2018 2019
Year

34 2015~2019 FERHBFBERRISET B

AL]ESES

K 134 1 7 2015~2019 4F ¥ 18 °F J7 & &
PM, s W FE DL K FEE AR E 3 (T2M. RH2M.,
WS850) HIIRFEAIbHaH . VHiE TR A2 PMys IK
FEAE 2015~2019 4FE £ FF#4a% (—46pugm>a ),
VAR F R st , B A HER A 2 32
HWIEE (83 ugm -a '), 2015~2019 {E R %M
A4 SR PMy s WP 2 ETHES (3. 7pgm ™ a ™),
E— R FHIES T RHEI R . (B FMAN
AL S U B T JR A 2 PMy s WREAE 2015~2018 4F
WAEBRIE BN EE R, B 2016 FFIRFEHL 2015 4F
B, 2017 £ R, 2018 4E X ETF, WBhEEZ
RPN, 2019 FEAF PR FHEA
T PMy s WPBEFH R, U BHVRCHE RS it ) 8 R AR 4T
2016 FFEAZEYTE T 5 PMa s ¥R S0 e 1) 3 2 Ji [A]
AR A&, HE 13b /R, 55EKE.
B MIERARA K.

Bl 1445 1 7 2015~2019 % iH F R E =
MADS8 O3 L &k FE MR REER (T2M. WS850.
CLDTOT) HIZFAMES. ViEFEEZE MADS_O;
fE 2015~2019 4 2 FTF#a %4 (87 ugm>ah),
NNHE AR G AR ET 58 BT, AN
HEU A R L EBRE (75gm°a ), A%
UREN S EAAL 5 A 13.8% (1.2 ugm a .
FP 14b B7%0, T2M. WS850. CLDTOT 7£ 2015~
2019 2 Z= IR R AR FEAR /N, T2M 2840 IR FE
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Fig. 13 Interannual 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 meteorologically driven anomalies
(obtained from Multiple Linear Regression, represented in MLR), and residual anomalies (calculated from observational anomalies minus MLR,

represented in A); see 2.6 for details
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Fig. 14 Interannual variations in (a) MADS O3 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 meteorologically driven anomalies

(obtained from Multiple Linear Regression, represented in MLR), and residual anomalies (calculated from observational anomalies minus MLR,

represented in A); see 2.6 for details.

At 2°C, WS850 G AL IE FE AT 1 ms,
CLDTOT 22 {biE AT 4%

4 Zig

A AQL Fe 75 KA #E K35 G i) /1 %
AT T E RS SREDR, XURRERNE
MRV T HEmE R, PRI, BT RS S
JR AR 2015~2017 4F B IZFA 2, 1E 2018~2019
R TR, EYT Y X B TR U P R S
WP R AL . AF RGBT ENFET, JLIF
A T TE 2015~2019 4 PN &= 175 e RANR AL
LT 40%, R R SRR S BN e oK
HET UL B AT T35 Gy B A R ORH 2D 2 1) %
Ks 2015~2016 FHRFKIR L, BFRGHER:
2017 SEFFIRE IS YR B 2, 11 MW
(75 Yo R ATV BB AE 2017 523K 54.2%, 154
BB HEKE, HEARETGYE, JFE
2018 4EA T F M (25.3%), 2019 4E X FSH T+ &
(39.8%) . %7 PMys {5 G M E 2= O3 V5 B8 3 18
PRI Y RANF I H LR RGBT
fE o VTP IR 5 Y R I B B3 o) 1 2L PM0-
PM, s 8% O3, =3 i HEZ 2] 90%.

UHEF IR PM o TSR KA BB L R,
H 2001 4 DLKRIEF L) T, Byt 5 i Fii B 2
T8 PMyo i SR FERE 57, 1l PG 4 TS AIR(H 2 %
RS BIETR PMo & PM,s B &K E
1 2015~2019 A 35 2569 5 gk a3, (HAKSR

T R bR A, R e PR3 T 4 R TR T
PR SECE R AR b A ARG R 2 U
B3 A, {H PMys PR A MK, mfEH 58
HIARTE, T2 Vb R BAIRm PMy o IR R TR S .
R Y (PMyg ik PMas) WK B A1 PMo-
PM, s AHALIRTIZE ARk S 3 T A e i, A A8 At
2 U7 B, (AARGIREE RN . L 4REURIAY) 1) 5
EIRE SR E& b PMy RERE— AL, 4
TR Ry, R ER Bk ORI 5 R
NAHEBC CHRTRA D A& PMyo 15 G4 B 2RE,
40Ok Y 1 TR IS . 2016 4E 11 A & 2017 4E
2 HBRL s Gl s e, 3 AN R I
SR 5 SO, WL RE S AR R

UriE P MDA8_O; A #3{EA b 245 “v” &Y
Oy, VEEEEHIIE 6 H. Oy J5 Y 1B B
HZE, 2015~2017 - E ZF ¥ H F i MDAS_O; &
T, TE 2018 AT R, 2019 4F XA R,
5 NO, &% —5, Hi5JXIIE 2015~2017 FiX
SEYTR, 2018 SESUAHXT A /N, EELFRIELR T
W KB R IIPEALE 2017 4F O3 J5 9L BN .

SO+ NO,. CO ZZ 5k Y5 Jeuk 05 15 4
TER B HTAY), SO, 5 NO, iR EAE 2015~
2019 £ THERE, CO REIRENNZSE TR, HAR
¥R U7 B, K2R QP RS 3 SR R HETL
BREARTRKAMA K. SO 1592 HIELL
PE48, 1 NO, V5 4 U 2 HILAEBR VG4 . NOy 1E N
O3 15 YL BRI RY), X8 ~F S5 e 1) 2 L



XM % 45%

1290 Chinese Journal of Atmospheric Sciences

Vol. 45

A R K R L AL, BT LAY T S R T I A ™
(17 O3 V5 4Pk -

AR (T2MD) AR (RH2M) S22 37 7 °F
JR 42 PMys W% H AR (i EEM AR ER,
Hot TR G R AR PMy s W H AL 5Tk
3NN 45.5% F 41.5%. Sk, AR TR
) AR A, PMos 15 4™ 8 . BELHCR, Bk
AR T IBRREIE K, Y, KURTREK
X PMy s 15 Gt B BRI FR1E A

Al (T2MD 2 520 E - J5 2 2= MDAS_Os
HAM R FENRRER, HXTRRERTHRE
() MDA8_O5; HAAITTRA 35.3%, 1B (RH2MD
FUKBHEE ST (SWGDN) 2 EE K &, H
TUR 2 I 25.4% F122.0%, Sladke, KRS
R, AT RNAE O3 ARG, Os 15 44Bk™ =,
4R RS, KE AR RS2 KPR 5
N . KT O3 15 G iR B EH

U IE R 2015~2019 FF 428 PMys {5 44 2 F
Befash (—4.6 pgm > a '), =5 5 J5 PR SR g HE 1 #
Z (-83pgm’al), KEEMMNEMHESGH L
T 37pgm al), - ERRE T TR
HERRIR . 2016 AT DTEFIR PMys WRE 78 &
(1 E ZEF AR IR &M, SRR A BE
RS OB % WiEFJE 2015~2019 45
O V5 BT (87 ugm a), ANHE
WAL TR R (7.5 ugm ™ a), KRR S
) b THER G B 13.8% (1.2pgm > a ).

R, U IEP R R T PR R R N
REVRESE M, KAITY ™5, HIEABURAI5 G
] R YL AR , N O HEROR 2 e R OR RS
PR B R 2, U H B R R S5
TP RS AL, Wt 2Reras . (LiPaE . WA
A ES Y X, FEZEILES S, PGS,
UG EEPNatEE 2

KSR FCE R RS SRR AR E R
s T — @M AR, (B2 m T FIrE g
WIEHE R D, IRIIEAE 4T PMyo 3B KA (b ka4
e FH P A [ 1 2500 R 7 v mT e a7 A — SR
e s DARRAIERE SRR F TS Yk B AR A
MR, FEAFEEIES A RN E, FNE
AT A 5% 178 5 L K/ B E B B SURTE MLR
PR 2 R — RN H R M, TR S = A
X 1 2 i) ) — PR A B T R AT T

DA T R R R A TR R IR, BE
DI U NG REE L

Sk ( References )

Aw J, Kleeman M J. 2003. Evaluating the first-order effect of
intraannual temperature variability on urban air pollution [J]. J.
Geophys. Res. :Atmos., 108(D12): 4365. doi:10.1029/2002JD002688

BiJ. 2012. A review of statistical methods for determination of relative
importance of correlated predictors and identification of drivers of
consumer liking [J]. J. Sens. Stud., 27(2): 87-101. doi:10.1111/j.
1745-459X.2012.00370.x

Che H Z, Gui K, Xia X G, et al. 2019. Large contribution of
meteorological factors to inter-decadal changes in regional aerosol
optical depth [J]. Atmos. Chem. Phys., 19(16): 10497-10523.
doi:10.5194/acp-19-10497-2019

Chen L, Zhu J, Liao H, et al. 2020. Meteorological influences on PM; 5
and Oj trends and associated health burden since China's clean air
actions [J]. Sci. Total Environ., 744: 140837. doi:10.1016/j.scitotenv.
2020.140837

Chen Z Y, Xie X M, Cai J, et al. 2018. Understanding meteorological
influences on PM;s concentrations across China: A temporal and
spatial perspective [J]. Atmos. Chem. Phys., 18(8): 5343-5358.
doi:10.5194/acp-18-5343-2018

Ding X, Wang X M, Gao B, et al. 2012. Tracer-based estimation of
secondary organic carbon in the Pearl River Delta, South China [J]. J.
Geophys. Res.: Atmos., 117(D5): D05313. doi:10.1029/2011JD016
596

Gromping U. 2006. Relative importance for linear regression in R: The
package relaimpo [J]. J. Stat. Softw., 17(1): 1-27. doi:10.18637/
jss.v017.i01

BN, AR, S, . 2019, ¥3TE TR PM, s ¥R I R2 M [ 3
JzS Nl HORE [T]. o ERR B R, 39(8): 3539-3548.  Huang X
G, Shao T J, Zhao J B, et al. 2019. Influence factors and spillover
effect of PMj,s concentration on Fen-Wei Plain [J]. China
Environmental Science, 39(8): 3539—3548. doi:10.3969/j.issn.1000-
6923.2019.08.049

Jacob D J, Winner D A. 2009. Effect of climate change on air quality
[J]. Atmos. Environ., 43(1): 51-63. doi:10.1016/j.atmosenv.2008.
09.051

Leung D M, Tai A P K, Mickley L J, et al. 2018. Synoptic
meteorological modes of variability for fine particulate matter
(PM; 5) air quality in major metropolitan regions of China [J]. Atmos.
Chem. Phys., 18(9): 6733—-6748. do0i:10.5194/acp-18-6733-2018

Li K, Jacob D J, Liao H, et al. 2019. Anthropogenic drivers of
2013-2017 trends in summer surface ozone in China [J]. Proc. Natl.
Acad. Sci. USA, 116(2): 422—-427. doi:10.1073/pnas.1812168116

RN, 2R, WEE, 5. 2020. 2017 AEUHE TR AR BRI
YRR IE S MY (0], SRBERL A0 T, 33(1): 63—72. LiY Y, LiJ, Zeng
S L, et al. 2020. Analysis of atmospheric particulates in the eastern
Fenwei Plain in 2017 [J]. Research of Environmental Sciences, 33(1):
63—72. doi:10.13198/5.issn.1001-6929.2019.06.16


https://doi.org/10.1029/2002JD002688
https://doi.org/10.1029/2002JD002688
https://doi.org/10.1111/j.1745-459X.2012.00370.x
https://doi.org/10.5194/acp-19-10497-2019
https://doi.org/10.1016/j.scitotenv.2020.140837
https://doi.org/10.5194/acp-18-5343-2018
https://doi.org/10.1029/2011JD016596
https://doi.org/10.1029/2011JD016596
https://doi.org/10.18637/jss.v017.i01
https://doi.org/10.3969/j.issn.1000-6923.2019.08.049
https://doi.org/10.3969/j.issn.1000-6923.2019.08.049
https://doi.org/10.3969/j.issn.1000-6923.2019.08.049
https://doi.org/10.1016/j.atmosenv.2008.09.051
https://doi.org/10.5194/acp-18-6733-2018
https://doi.org/10.5194/acp-18-6733-2018
https://doi.org/10.1073/pnas.1812168116
https://doi.org/10.1073/pnas.1812168116
https://doi.org/10.13198/j.issn.1001-6929.2019.06.16
https://doi.org/10.13198/j.issn.1001-6929.2019.06.16
https://doi.org/10.1029/2002JD002688
https://doi.org/10.1029/2002JD002688
https://doi.org/10.1111/j.1745-459X.2012.00370.x
https://doi.org/10.5194/acp-19-10497-2019
https://doi.org/10.1016/j.scitotenv.2020.140837
https://doi.org/10.5194/acp-18-5343-2018
https://doi.org/10.1029/2011JD016596
https://doi.org/10.1029/2011JD016596
https://doi.org/10.18637/jss.v017.i01
https://doi.org/10.3969/j.issn.1000-6923.2019.08.049
https://doi.org/10.3969/j.issn.1000-6923.2019.08.049
https://doi.org/10.3969/j.issn.1000-6923.2019.08.049
https://doi.org/10.1016/j.atmosenv.2008.09.051
https://doi.org/10.5194/acp-18-6733-2018
https://doi.org/10.5194/acp-18-6733-2018
https://doi.org/10.1073/pnas.1812168116
https://doi.org/10.1073/pnas.1812168116
https://doi.org/10.13198/j.issn.1001-6929.2019.06.16
https://doi.org/10.13198/j.issn.1001-6929.2019.06.16

6 34 ZRELLSE: DI R A AU R BN L H AR AR BRAS A R 2
No.6  QIN Zhuofan et al. Fenwei Plain Air Quality and the Dominant Meteorological Parameters for Its Daily ... 1291

Liao H, Chen W T, Seinfeld J H. 2006. Role of climate change in global
predictions of future tropospheric ozone and aerosols [J]. J. Geophys.
Res. :Atmos., 111(D12): D12304. doi:10.1029/2005JD006852

XS 4x, B2, SO, 4. 2017, BT BRoR S AU 4
TR AR PP A R R AR AR A o v [ 2R 3 S JR VAR B 1 5
[J]. KAFRI2, 41(4): 739-751.  Liu R J, Liao H, Chang W Y, et al.
2017. Impact of climate change on aerosol concentrations in eastern
China based on Atmospheric Chemistry and Climate Model
Intercomparison Project (ACCMIP) datasets [J]. Chinese Journal of
Atmospheric Sciences, 41(4): 739-751. doi:10.3878/j.issn.1006-
9895.1612.16218

Mu Q, Liao H. 2014. Simulation of the interannual variations of
aerosols in China: Role of variations in meteorological parameters
[J]. Atmos. Chem. Phys., 14(18): 9597-9612. doi:10.5194/acp-14-
9597-2014

Seo J, Park D S R, Kim J Y, et al. 2018. Effects of meteorology and
emissions on urban air quality: A quantitative statistical approach to
long-term records (1999-2016) in Seoul, South Korea [J]. Atmos.
Chem. Phys., 18(21): 16121-16137. doi:10.5194/acp-18-16121-2018

So K L, Wang T. 2003. On the local and regional influence on ground-
level ozone concentrations in Hong Kong [J]. Environ. Pollut.,
123(2): 307-317. doi:10.1016/S0269-7491(02)00370-6

Tai A P K, Mickley L J, Jacob D J. 2010. Correlations between fine
particulate matter (PM; 5) and meteorological variables in the United
States: Implications for the sensitivity of PM, s to climate change [J].
Atmos. Environ., 44(32): 3976—3984. doi:10.1016/j.atmosenv.2010.
06.060

2k, PRiER, IVETN, 45, 2019, UHEFJEURBRIN S AERBR IR A3
i 5 & S AR RRAEOE R D] MBS g 5 B G, 41(12):
1451-1458. Wang S, Xu J X, Sun X L, et al. 2019. Spatial-
temporal variation characteristics of air pollution in Fenwei Plain
during heating and non-heating seasons [J]. Environmental Pollution
and Control, 41(12): 1451-1458. doi:10.15985/j.cnki.1001-3865.2019.
12.013

Wang T, Xue L K, Brimblecombe P, et al. 2017. Ozone pollution in

China: A review of concentrations, meteorological influences,
chemical precursors, and effects [J]. Sci. Total Environ., 575:
1582-1596. doi:10.1016/].scitotenv.2016.10.081

TRRSE, A0, i CEE, %, 2020. 2013-2017 4R o E H 5 X80k
Wy B B AL 22 B AR A B (7). b R 2 Bk 2, 50(4):
1857-1871.

T, ERE, B, %2018, BT OMI #¥E % 1§ T J& K SO,
I 2 AR AR S BT [0]. AR B4R, 27(12): 22762283, Wei
W, Wang L J, Jin Z H, et al. 2018. The spatio-temporal distribution
characteristics of atmospheric SO, in Fenwei Plain based on OMI
data [J]. Ecology and Environment Sciences, 27(12): 2276—2283.
doi:10.16258/j.cnki.1674-5906.2018.12.013

Xu L, Pierce D W, Russell L M, et al. 2015. Interannual to decadal
climate variability of sea salt aerosols in the coupled climate model
CESM1.0 [J]. J. Geophys. Res.: Atmos., 120(4): 1502—1519. doi:10.
1002/2014JD022888

Wy iR, BN, AR, 2018. ¥y TE 1 IR 55 5 I 2 AR AR A R FL R
WL [I]. IELFWIIT, 3(3): 75-87.  Yang L C, Dong X L, Xu B.
2018. Spatial distribution and spillover effects of haze pollution in
the Fen-Wei Plain [J]. Journal of Environmental Economics, 3(3):
75-87. doi:10.19511/j.cnki.jee.2018.03.006

Yang Y, Liao H, Lou S J. 2016. Increase in winter haze over eastern
China in recent decades: Roles of variations in meteorological
parameters and anthropogenic emissions [J]. J. Geophys. Res.:
Atmos., 121(21): 13050—13065. doi:10.1002/2016JD025136

Zhai S X, Jacob D J, Wang X, et al. 2019. Fine particulate matter
(PM,5) trends in China, 2013-2018: Separating contributions from
anthropogenic emissions and meteorology [J]. Atmos. Chem. Phys.,
19(16): 11031-11041. doi:10.5194/acp-19-11031-2019

kLR, FIARHL, 7, 45 2019. 2016-2018 4F ¥ 1E ¥ X i 2 NO,
FEAR FE I 25 AR Ab 18 A I [J]. SR8 352, 1(4): 67-73. Zhang L
H, Zhou C Y, Li Q, et al. 2019. Remote sensing monitoring of
spatiotemporal changes of tropospheric NO, column concentration of
Fen-Wei Plain in the year of 2016-2018 [J]. Environmental Ecology,
1(4): 67-73.


https://doi.org/10.1029/2005JD006852
https://doi.org/10.1029/2005JD006852
https://doi.org/10.3878/j.issn.1006-9895.1612.16218
https://doi.org/10.3878/j.issn.1006-9895.1612.16218
https://doi.org/10.3878/j.issn.1006-9895.1612.16218
https://doi.org/10.5194/acp-14-9597-2014
https://doi.org/10.5194/acp-18-16121-2018
https://doi.org/10.5194/acp-18-16121-2018
https://doi.org/10.1016/S0269-7491(02)00370-6
https://doi.org/10.1016/j.atmosenv.2010.06.060
https://doi.org/10.15985/j.cnki.1001-3865.2019.12.013
https://doi.org/10.15985/j.cnki.1001-3865.2019.12.013
https://doi.org/10.15985/j.cnki.1001-3865.2019.12.013
https://doi.org/10.1016/j.scitotenv.2016.10.081
https://doi.org/10.1007/s11430-018-9373-1
https://doi.org/10.1007/s11430-018-9373-1
https://doi.org/10.1007/s11430-018-9373-1
https://doi.org/10.16258/j.cnki.1674-5906.2018.12.013
https://doi.org/10.16258/j.cnki.1674-5906.2018.12.013
https://doi.org/10.1002/2014JD022888
https://doi.org/10.19511/j.cnki.jee.2018.03.006
https://doi.org/10.19511/j.cnki.jee.2018.03.006
https://doi.org/10.1002/2016JD025136
https://doi.org/10.1002/2016JD025136
https://doi.org/10.5194/acp-19-11031-2019
https://doi.org/10.1029/2005JD006852
https://doi.org/10.1029/2005JD006852
https://doi.org/10.3878/j.issn.1006-9895.1612.16218
https://doi.org/10.3878/j.issn.1006-9895.1612.16218
https://doi.org/10.3878/j.issn.1006-9895.1612.16218
https://doi.org/10.5194/acp-14-9597-2014
https://doi.org/10.5194/acp-18-16121-2018
https://doi.org/10.5194/acp-18-16121-2018
https://doi.org/10.1016/S0269-7491(02)00370-6
https://doi.org/10.1016/j.atmosenv.2010.06.060
https://doi.org/10.15985/j.cnki.1001-3865.2019.12.013
https://doi.org/10.15985/j.cnki.1001-3865.2019.12.013
https://doi.org/10.15985/j.cnki.1001-3865.2019.12.013
https://doi.org/10.1016/j.scitotenv.2016.10.081
https://doi.org/10.1007/s11430-018-9373-1
https://doi.org/10.1007/s11430-018-9373-1
https://doi.org/10.1007/s11430-018-9373-1
https://doi.org/10.16258/j.cnki.1674-5906.2018.12.013
https://doi.org/10.16258/j.cnki.1674-5906.2018.12.013
https://doi.org/10.1002/2014JD022888
https://doi.org/10.19511/j.cnki.jee.2018.03.006
https://doi.org/10.19511/j.cnki.jee.2018.03.006
https://doi.org/10.1002/2016JD025136
https://doi.org/10.1002/2016JD025136
https://doi.org/10.5194/acp-19-11031-2019
https://doi.org/10.1029/2005JD006852
https://doi.org/10.1029/2005JD006852
https://doi.org/10.3878/j.issn.1006-9895.1612.16218
https://doi.org/10.3878/j.issn.1006-9895.1612.16218
https://doi.org/10.3878/j.issn.1006-9895.1612.16218
https://doi.org/10.5194/acp-14-9597-2014
https://doi.org/10.5194/acp-18-16121-2018
https://doi.org/10.5194/acp-18-16121-2018
https://doi.org/10.1016/S0269-7491(02)00370-6
https://doi.org/10.1016/j.atmosenv.2010.06.060
https://doi.org/10.15985/j.cnki.1001-3865.2019.12.013
https://doi.org/10.15985/j.cnki.1001-3865.2019.12.013
https://doi.org/10.15985/j.cnki.1001-3865.2019.12.013
https://doi.org/10.1016/j.scitotenv.2016.10.081
https://doi.org/10.1007/s11430-018-9373-1
https://doi.org/10.1007/s11430-018-9373-1
https://doi.org/10.1007/s11430-018-9373-1
https://doi.org/10.16258/j.cnki.1674-5906.2018.12.013
https://doi.org/10.16258/j.cnki.1674-5906.2018.12.013
https://doi.org/10.1002/2014JD022888
https://doi.org/10.19511/j.cnki.jee.2018.03.006
https://doi.org/10.19511/j.cnki.jee.2018.03.006
https://doi.org/10.1002/2016JD025136
https://doi.org/10.1002/2016JD025136
https://doi.org/10.5194/acp-19-11031-2019

