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One -year Simulation of Air Pbllutlon in Central Chlna Characteristics, Dlstrlbutlon

Inner Reglon Cross-transmission , -and- P@tlrway Research in 18 Cities

LIU Cuang 4in' %, SU Fang-cheng'?, XU Qi-xiang’* , ZHANG Rui- qin>?, WANG Ke***
(1. College of Chemistry, Zhengzhou University, Zhengzhou 450001, China; 2. Research Institute of Environmental Science, Zhengzhou University, Zhengzhou 450001,
China; 3. School of Ecology and Environment, Zhengzhou University, Zhengzhou 450001, China)

Abstract; Air pollution in Henan province is serious and is significantly impacted by pollution transmission and interactions with surrounding areas. The emission sources in 18
cities in Henan province were labeled and applied to the WRF-CMAQ traceability model for simulation in January, April, July, and October of 2017. The pollutant distribution
results showed that due to the combined influence of emissions and meteorology, the concentrations of PM, 5, NO, , and SO, in Henan province were the highest in winter and
the lowest in summer. The seasonal variation in O,-8h concentration was the highest in summer, followed by spring, and the lowest in winter. There was a large difference in
pollutant concentrations between different seasons. The average concentrations of PM, 5, NO,, and SO, in winter in Henan province were 4. 17, 4. 12, and 6. 24 times those
in summer, respectively, whereas the concentration of O-8h in summer was 2. 24 times that in winter. Since PM, 5, NO,, and SO, are closely related to primary emissions
and have a certain homology, the distributions of high values of these three pollutants were higher in the north and lower in the south, and the seasonal trends were more
consistent. The seasonal distribution of O,-8h varied widely, with high O,-8h values mainly distributed in the northeastern region of Henan province in summer, when
meteorological conditions contributed to O5 production; in winter, spring, and autumn, high O, -8h values were mainly distributed in the southern part of Henan province due
to the suppression of meteorological conditions and NO_ consumption. The results of the study on the transport of pollutants showed that extra-provincial transport and natural
sources contributed the most to the concentrations of PM, 5, 0;-8h, NO, , and SO, in winter, with 36. 20% -72. 32%, 77. 96%-96. 08%, 49. 45%-78. 80%, and 59. 05% -
88.85%, respectively. When considering only local emissions and intra-provincial transmission, the contributions of emissions to local concentrations of the four pollutants in
summer were the highest in all cities of Henan province. The contributions of intra-provincial transmission to PM, 5 and O5-8h in spring were the largest, with 25.63%-
74.69% and 30.21%-80.01%, respectively, and the contributions of intra-provincial transmission to NO, and SO, in winter were larger, with 26.02%-76.96% and
20.30%-82.34%. The transmission paths of PM, 5, NO, , and SO, were more similar in Henan province, with more transmission from north to south in winter, from west to
east and southwest to northeast in spring, from southwest to northeast in summer, and from north to south in autumn; however, the transmission of PM, 5 was more
complicated. The O,-8h transport path was more different from the others, especially in autumn when pollutants were mostly transported from north to south, but the 0;-8h
transport path from southwest to northeast was obvious.

Key words: Henan province; WRF-CMAQ simulation; emission traceability ; regional transport; transmission path

B HE: 2021-11-12; fE{THHA: 2021-12-30
E&WE.: ERE AL TRIIHE (2017YFC0212403 ) 5 Hrk 5] Sl r BH & SR 5T 4710151 H (HN 2016-149)
EHERAY . XERE (1997 ~ ) 2 A-EAREE A, FEERFFE 7 ) A KA TS Y& % , E-mail; Liuxiaohuajxq@ 163. com

= MIEVEH , E-mail ; wangk@ zzu. edu. cn



3954 2D 53

B 43 %

e A S AN (R N i N R e [ PR N
e O TN R A R A 2 0 K 3
T (RAIFYPiRATshIHRI). 78 2013 ~ 2017 4F
[, v A AR R Vs e i A T AR R ek, Nk
HERL A SO, /0 T 59%, NO, J8/b T 21% , PM, Ui
T 339 B {HRAE X — A Y, T E O, W
HITELL 2.14 ~ 6.42 pg-(m’-a) ' By 3 R 28 T}
Fen e T ELRER A ML DX PM, YUK B IR FR 2R AT AR AR
U7 AR T A X 8k, T R A KRS Y Ol el
FRBERRAR™ . Hovh PM,, 5 W B R 8 A /N
2017 A R 44 N 18 NIk TT PM, o 1k B AR 34 1
T EE - Yhr .m0, Y5 Yt
TN B 5 e KRB it

DX Bl A2 i 0 SRS BR B o i A AR K s ), T G
W21k i M FIE I8 Y M X, 23 S5 Gk B A
TN, Wang 251" ¥R 58 T 2015 4F 2 A JE [ 1K
PM, , F5 g F0 7 Az i S5 IR e 303k 30 ) o 2 11
PRUCHET , BERSE PM,, 727 K A o [ 1 77 1447
PR Jr , M B B ATIA2 000 km. Xing 251 i BF5Y

TF % ERSMv2, 0 BB A , Sk 1 1125 I BRSRTAT

s < BME R0, TR, 2 el L
M7 L T K T X e S 2 0%
DX 4 O BE I TR, Wang 451 %%'Tszdllz 4

FUZBI6 A 1 J] SOl B4 4 RS U5
JP(S054 NO. . PM, 1 PM,, ) MO 50, S 0

TR RCGIR ZEA S T i 75 e e A s 17
S TG QAL 5T E B TP R IS e i
T HERTHES TRG B4 1, DT 38 38 B A 75 e e 3 i
(BRI 5 e e 1 SRR H .
WEA N T EGE, 2T ENETT RS, B2
S FE B LE S E M. AR A R TS
el ™ B A HHE R TS ek e R T
A Il YL YR X a1 i e R M R IR ) T
FOT AE 2014 4E 1 AW EEE B9 — UK PM,  HI5 YL
FA AR HHE AR X AL 6T PML, 9 °F- 35 BTk
I3 R 50. 6% F149. 4% ¥ AE 2015 AEAZEHY 3 IR
WFE PM, s FI5 el fe b AR WU HEROS PM,, iR %
PRS- 25 T RS E Oh i K. T 4 A i = R IR Ok T
A6 LBONILIR, ST 23 518 20. 7%, 17. 7% Fil
18. 5% "), JAEEF XA B 48 A5 Yk AT 73 ok ik
Z B RGHINT A 18 AT K5 )
(1) 43 A FNAE RS B 25 A AR
23T HE AR R AT LUK R AR EE IS e g i HE
B, Bk RN R BR A R AT O AL 2R
20T (T s FH CMAQ BRI AL T 2013 4E KT

=AY DK U T Y R TR e 4 ]
AU TR 5 49% 2o A, Tk B 2R, 1 AR R A
AL X Fr9 5 S 2 XK I8 PM, | 9 52 kR4 3
3.5%~24.9% ., 0.14% ~30.0% F1 0. 03% ~17. 5% .
Dong 22V [ 5% Fl CMAQ #5 % % 31 T 2014 ~
2017 AFEIWIIA], 5T ES M X AY PM, AR MR FRE T
33% , Ferh AR A . X P £ X R A £
IR RET 47% . 25% F 28% . VFHa 3852 (5%
it CMAQ BExUEHL, B T 2015 4F &R T PM, |
ARSI B A b U 5T R 29 619% , 4 U TR b
39%, 1., 4.7 110 A X BAEHxHZTT PM, ik
B BT R R 42% . 32% . 38% F1 43% . Hy AT
DI i CMAQ 7R AT AR MDA 05
Y 1 43 A AL SO0 , SR B S S A S , i
4 5 S NI o T P
SET e, BRI CMAQ B0 kT A 25
2017 4755 e , 5 76 4 T A o T DA o X 5
Y I A AR, TR T 18 P ET i
PP 2 2 SR 55 S AT B I , R
o B 27 HTRE A CTV AR SFe 437 T B S
SR T 6] 415 S P il o T X S s SR )
AT DI Ly e AR T B DI
B B A A S 2T e T
A ISR T A T 0 ) A T 30 1, 0

R NI 18] 95 G W A T A LU Ol s e W e

AT i DX 2 ] R I R R 4 T — R A AL A R AT
Feas T Gy 1y DX A% i B Bt SR 2 %
TEH.

1 #B57EE

1.1 Edliki

EN TR N R ¢/ S L ESEZS A
o (Chup://113. 108, 142, 147 20035/
emcpublish/ ) &4 () 2017 4 1, 4. 7 110 H 3
R4 B R B 2 S 4 (75 A a50) WA A
& PM, 5, 05, NO, #0180, (/N v BB, FHT3F
Fl R AU BTN 1L
1.2 Healcsds

AWFFE TR TR HE R B i 8 2 i B 1 7
PR Y. REAS2 I T [ DA SR ) 1 DX Do 4 3
HEE R 36 km; MEIC B HF X4 1, XI5 2 F1 3 30
FA AN A3 1T R A B HEOR SR T LA S
MRCH ) 7 R HERORAE CMAQ 78 LB A= 1
(. A SR I HEROR: f 18 AR BT I HE s A
B (MEGAN)2. 10 it > 35309, 5 T HE A — 2 41
AR b T AR LR BRI ST R 30 e HE



8 1 XEEEAE .

TR 18 NI KA YWy oA AL |

DX ol Sf AT A% i s A 3955

WO A B AR R TR 18 NI B HERCE 2 S AR
() A AT BE T T A L R T R 4 18
BT 22 ) A5 e A i LA T 45 ST WP L X 23 R T
YLy k. IR 18 ANIRTT A 24 Bk B (22) | &
FHCAY) |, #5BE(HB) . SEVE(JZ) . BRIR(IY) | FF&
(KF) 83 (LH)  3&BH(LY) . BB (NY) | SETI
(PDS) | #EFH(PY) | =1k (SMX) | B F.(SQ) | #i
Z(XX) | fFB(XY) |, B (XC) ., M (ZK) fgE
s (ZMD).
1.3 RAEISHL

AWFFEAFH WRF 4. 1.3 B0 R A5 0 k4T
BRLAEL, A b2 A i A A 4 (I R < IR 8l 3, I 10
x 143 PRI FNL 4Bk 150 B 5080 S 155 A 4 4t )
ARG RSG5 B BoR T =HiRE
DX, 2 E K 43 e R 36, 12 T4 km 1Y XI5,
P A 35K,

BT I CMAQ Bk 5.3, 1 J%ﬁZIi’" h‘ﬁ
A B T I LRI 5 PN 5 e
HeAk. A CMAQ 13% — ib%ﬁ%ﬂﬁiﬂﬁ% lmr“

(28’11%%%%13\ AERO7 m/"’ﬂif
M3 ry m/ffﬁ DL SGHT Y STA

5
‘_-:r
%ﬂ: ‘ 1 ] ‘{/ g‘ I- f
! r}ﬁ}iﬁﬁ%ﬁ“%ﬁﬁ)ﬁl* ,ifzii?ﬂ‘ RF/ |

: ugﬁ{fﬁﬁ’?fr%ﬁ%ﬂmﬁf"

*®1 #ﬁ‘tﬁ’ﬁﬁé}h‘l"«*#ﬂlﬁ‘%"‘t

50° FR
40°
30°

20°

1200

1o

35°

31° E

Table 1  Model validation statistical parameters calculation formula TTONET I o - T CEETECEET] 4 115
il HEERIEA B1 ZERHREELCEE
N
SEHIR2E (MB) - 1W Z -0, Fig. 1 Three-layer nested simulation domain
M —0 ) g N . P S N T Y
FAEEISE (D) NMB - L =% 00 DB M A0, i B B A
s (i WL, n A2 VPR 0 MBS, % I A9
PRIEFBA%(NME)  NME = ? X 100% RIS AU AN W I 34 1 H 39 S
L o) '?fr%; A, X512 5 0 £
144 == it At A
PRI (M) MY =S 2 T <10 TIP3, AU IR 4T KO it
SRR [T xﬂs—mﬁm AT L0 1. 5 00 45 5
i (M, + 0, )/2 %02
P 2,0 -00,-0) AICHF WRE/CMAQ HEEUBIAY 2017 4E 6 1,
LS -0, - 9] 4.7 F10 HiWREE4 PM, . 0,-8h, NO, H1 SO, ¥k
F2 WmATESHIT
Table 2 Model evaluation statistics
TiH %@Wﬂjﬁﬁ B ”’Jfﬁ MB i NMB/ % NME/% MFB/% MFE/% R
/g m /pg m /g m
PM, 5 67.75 57.77 -9.97 -14.72 29.35 -15.77 32.59 0.81
0,-8h 96. 80 89. 54 -7.26 -7.50 19.13 -8.54 21.97 0.81
NO, 38. 00 38.85 0.85 2.25 19.23 1.05 19.97 0.82
S0, 20. 56 20. 58 0. 02 0.10 27.75 -7.45 26. 54 0.78




3956 7D 53

B 43 %

FEARARE 00 5 52 B e I 1) 17 0 AT TR LG (o
0;-8h JE48 5 H O, WK 8h M F-3{H ) , X HE 7!
BSCRIEAT A VAl AR R4 18 /N 4 Fiis e
PIRHME 5 WA i B A, 15 TR R e A 5 4
FRIVEUE , a6 2 iR, nTLUE H SO, BRI Y 45
S A 5 W0 A AH 22 B/, i 0.02 pgem Y,
PM, A28 K, 4 9.97 pg-m ™. PM, 1 0,-8h Ay
MB N FAAEL, 156 B 7E A R R 4PL 5 i b — 25 i (B AR
fii. A NMB 1 NME i3 458k A, PM, 5 . 0,-8h,

NO, Fl1 SO, #4045 5 35 78 fe i v e 2% B oy
NMB Il NME Sz 1 B LA O8I e g i s A i
AN 2 fe P St e UL {1, PRt B T T — e R |

£

AT DAk S5 (EUHT SR 1 5 e, A S e AT Tk
FERT I REHE 45 ) 52 B 7 52, SO, 1) NMB
H/IME NME (= AT B S5 A ¢, 4 Fhis 29119 MFB
I MFE Y76« HERFRUE” ( +£30% 1 +509% ) 4.
PM, 5. 0,-8h FI NO, (A REL(R)¥IRT0.8. i
AR 18 AT AR ZE Y 4 Fh KA Y vk 1
BB 5 W H 3 E R L (B’ 2) , mT LR
T B0 AR AT, A 2 ] B BIELAR B, A2 fb s
FRFXS— B, R WA A B 1 - IR RE )
BEAFF ST A SRR 00 55 0 A Sy R4, B A 1 A b
BT R 48 2017 4 4 Fhis e P i e B AR L A 95,
A LA F R 82T

e

—e— W
200 | —e— HBiftl{E
Z 150t
=
< 100
(-9
"
50 f ﬁ: [
175 | -
|
150 | ﬁ
PR
2 j00 f
% 15 ~
S
E s0¢p
25
v ' s L .
4 e
80
E 60 F
&
S wt
=
20 +
80 F e /"
70+
60 F
s S0
B
= 40f
2 30t
T a0t
10} W
v i o

01-01 F
01-21 |
01-314
04-01 &
0d-11

04-21 |

01-11 ¢

10-08 |

07-10
07-20 }
07-30 |
10-18 +
10-28 +

Hlﬁ](ﬂ H)

B2 2017 539K ERLES BNE R HEMIX L

Fig. 2 Comparison of simulated and monitored daily average pollutant concentration values in 2017
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Fig. 3  Distribution of air pollutants in Henan province in 2017
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Fig. 6 Transmission of air pollutants in Henan province in 2017
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Fig. 7 Transmission of air pollutants in Henan province in different seasons of 2017
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Fig. 8 Main transmission paths of pollutants in Henan province in different seasons of 2017
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