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Abstract: After 2013, several serious haze pollution events in China have attracted wide attention from the
public. Therefore, the Chinese government has developed a series of policies, measures, and laws for air
pollution prevention and control. We select the air quality index and six key air pollutant observations in the
national air environmental monitoring station network of China to analyze the changes trend and spatial pattern
of the country-scaled atmospheric quality from 2015 to 2019. The annual and seasonal average concentrations of
these parameters were used to investigate their relationships by using the ratios and correlation coefficients
among them. The results showed that the concentration of PM,s, PMy,, SO,, CO, NO., and AQI all decreased
significantly. The annual average concentrations of them in 2019 decreased by 4.5% , 3.84% , 7.86% , 3.74%,
0.95%, and 19.31%, respectively, compared with that in 2015. Only O; significantly increased by 0.79% in the
same period. The average annual concentrations of PM,o, PM.s, O;, NO,, SO,, CO, and AQI in northern China all
are higher than those in southern China by 25.2%, 18.73%, 4.95%, 17.6%, 32.74%, 16.17%, and 28.3%,
respectively. Besides, AQI and all six pollutants showed the seasonality. The seasonal variation pattern of O,
exists with a higher concentration in summer and a lower concentration in winter, while the other five pollutants
and AQI present the inverse seasonality. In general, PM,s and O; are the most severe air pollutants in China
during these five years. Furthermore, the relationships among different pollutants were found in the study period.
The PM.;s concentration is significantly positively correlated with NO,, SO, and CO (7>0.85, p<0.01), and O is
negatively correlated with its precursor NO, and CO (#>0.8, p<0.01).
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Fig. 1 Map of air quality monitoring stations in China from 2015 to 2019

2, 0 L T HP E R 7 R T bl DX DR BRI e 22
Sto [RIS, J 1 HUAE ATk E 2 T G S X RS
ETRAERZM , 2R I 55 e K SIS v A JRE
5 X PRI 7 B9 /R ER G 2 TF X7 X0 A
[l S AT 120 DX o N R ER B 285 X7 23 301 H
ARALLRG AT IX (RARAR AL X, AT
MROCRIETE) AU LR 257 IX (T ARt x, B
WRALSEAE AT R L (LR RIS S 22 5
DX CRIFR AR X, HARAL % B VT3 (V) (gl
LR A T I (RRER 2R TR ) BT Rl 2
ZBF X (TR B P X, BARALRERPY (1o TR A
Sl RV R G 2 T IX (AR P IX, Bifg
FEWAL IR TV 2B UM SRR AT X (LT
A PRV R X, B E = S T R LT
PE) AP IL LG 257 X (R AR PE AL X, BAAf5 1
INCRENSRENILE -3¢ 98

N T T RGRAFR R P BRI, A
ST R 3 XA R 0 (Buropean Centre
for Medium- Range Weather Forecasts, ECMWF)
ERAS [ifi ] P50 4 v 8 G 0 il AT i L SR
IR I 32 B A BH ] R AR5 4 s .

22 MRAE

R S OCE R AR TS M2
SR A AR , PRHORE 1 h Sk B2 iy it 4 2
PEFLA R A B8 . T A R R SIS S
SRR (5157 i e O N1 25 ) = S e [ W R e i
SRR R4 6 kmx 6 km (1923 [AIALHIRE A% %k
Wi FEMLIEERE L, 0 HT T PM.s . PMyo, 05 NO;, SO,
CO L6 RIS YA AQI 1 H 35 Ze ) Je AR 44k
FEGS RIS A AR, [FIR, b T AP AT ST
B A I3 o o R HL T B Y W e R R, A SR
KEL T HAAAER T A HTE 2 R BT i
2.2.1 HESRWR L

R A REAE TG G IR 0N W] RS TS Y = 1] AT R
FEEI R PR R | BT EE o — 5 Y FR bt
R T5 YRR (W48 ] T AT . ARE AN [R5 e ik
F PR ] LU (205 T2 5K, T LA A7 HL S G i) i e
FEORYE, AV G HEAR T 1, —4~ Xhly
PM.s/PM, o iE8AEG , RIVHLISURL 4 75 Y 1) BT R R AR, )
T IS 32 5 YLk F VDAL KA AT e A B
KU HTFRERA T REMD IS Tl
BRE ™ HE 1 SO, L AR X488 , A I SO/NOL B Ry



1986 ok 7 B R

2020 4F

U IZ X S AT ke T 1 L I Tl R e
S5 ) AT RE P K, S =z DB B >R HCAH OG5 UL AT g
FZok A 85 YL CandL sl 4 B A HE S )
5 2Z ML, PM, /SO, 8ty , W 58 B 5 i HE TR 1l A
PM.s75 Y v RE 5 = S o7, A S st B Tl kb il
AE & 1 DX 3 PM,s 1 R ZEOR RN, AN, KA1
PM.s R0 55 [ V5 Y HEC AL 42 R R L S SR
T b A = A B — R T5 G, s — A AR
REAY) . VOCs it 52 26 W 384k 2 B g ™= A 1)
RIS, CO M FEEE [ 18 T YL IR RS Bl
YLPR ) — k5 G, IR PML/CO s, i B iy —
KI5 YT B PM,s 1] B
2.2.2 MFAHTIE

AR G S TR R R AT YW e R G O
FECk R RIT P Z A (1),

n

$(x-F)1-7)
r= — (1)

n

[y 3 -7Y
Ao AR B IRAMAR I R B n Rn S 5 M
B AN B X Y 23 3 36 s 2 SR OCHE r Br i
2RI

3 GRS

3.1 ZEETS R

A 6 B R T5 B R E (812) ,PMas,
PMyo.0:.NO,.SO,.CO MR J& 435 4 37.63 pg/m? .
63.9 pg/m*,59.02 pg/m*,25.56 pg/m*.20.06 pg/m?,
0.84 mg/m?, Ifif AQL 3l 5 A HI{H K 69.53, i,
PM, s 6 7 R A7 Yy v e —— R 48 24 (R s 1Y)
KAG Gy CAF MR BEARE BB 35 pg/m?®)™, 45 Fif
KA S HT Yo X F B B W i A 25 (8] 43 5
i, Horprp EdE 5 b X ) PM.s . PMyo, 05 \NO,
SO, .CO 4= Jifi 2 ¢ &£ Il AQI 43 51| 4y 48.77 pg/m? .,
86.67 pg/m?*.61.29 pg/m*.33.65 pg/m?*.20.04 pg/m?.
1.02 mg/m*F1 101.34 , AHH T v (= R Jy b X3 531 i
25.2% . 18.73% . 4.95% . 17.6% , 32.74% . 16.17% FlI
28.3%. bz, WAL M X B RIS YR N
P, I HFEIAE SO HIPM, o 3X 2 Fh RS54

MANKEEE LT IXCEE , JLERIX I PM,s NO,
FPMo 75 Y e A 7™ B ) X 38R, 7R AT 30 S 41 9 S
1 B FH Y K 59.03.40.49.96.27 pg/m?, 43 5l 4
] SP- 2 B 1 42.28% . 42.32% . 31.46%, [RIIRFILHR

'%[4,21]0

DX A2 AQUAH S5 K1 DI, R X & AR 1) KA T
YRy, S AR A U AR AU 90.76, i A [
F-FIIK - 30.52% 0 B X & CO SO, 5 Y die
J R DX, S5 AR AR I 1,12 mg/mP A
26.1 pg/m?, 43 9 4 [P 243 B 5 23.92% .56.7%
PHAL X FIARHB X IR O, 15 Gl die Ay /™ J A DI, I 5 4
O F-HJHE 25110 66.2 png/m3F1 66.68 pg/m?, /& 4>
[ S 246 ) 10.38% . 11.18%,

3.2 BFEZSHh
3.2.1 AEB LR

MEEAR B F 6 Fh R A5 0 A 240k
AQUAR I Wi iy 2= o P e s (11 3) . A2 [
PM,s J BHeBEAE 1 12 H fes , i 5 4E % 24/
{19248 K 62.89 pg/m?, 75 8 H H19 A Fellk, it 5 4
%24 H B4 (26.99 pg/me )k 1 H AiT12 A X
24 H FA{E I 42.92%

4 PM H MR BEETE 1.3 .4 12 A&, i 5 4F
X 44 A B E N 89.84 ng/m?, 75 8 A 19 A %
%, 3 5 4R 24 A 19 F391E (54.03 pg/m?) (U 1,
3.4 12 AX 440 H AR 60.13%. 2= 0, 71
WeREAE S A6 H e, 30 5 475X 24~ H XA N
79.5 pg/m®, 76 1 H 112 A 5%, 35 5 455X 24~ H 1°F
KI{H (36.59 pg/m*) AN 1 A F112 H 19524 {EH i
46.03%, =ENO, H¥REAE1 A 12 A e, i
SAEX 24 A (48 K 38.6 pg/m, 16 7 A F1 8 H #ix
%, 3 5AFEIX 24 H 19 FH41E (19.98 pg/m*) {Uh 1 H
12 Ak 24 A YE ) 51.77% . 42 [E SO, Al
CO M A ¥ BEARAE 1 H d5eimn , 7 H &AR, Hirp SOy ik
S54E1 A B E K 2891 pgm?, 7 H i
(10.28 pug/m?) L 1 HFI{H 35.57%; CO T 5 4F 1
HWPEIE R 1.28 pg/m?3, 7 H #9F-141E(0.72 pg/m?)
I T H B AR 56.18%., MAE AQIKA , H
e 1 H e, 8 H ik, 8 H I FH{E (49.63) 1A 1
H AR 49.09%

RS YL Pk B B R R SRR T L SO, CO
PM.;s . PM,, 2 LI 25 B #a 45 (p<0.05) , 2019 4F4F
Y5 5 A58 2015 4F 23 91 R [ 7.86% . 3.74% . 4.5% Fl
3.84% ,NO, I AN, 2019 4FAF 29k B4
2015 4553 51 F % 0.95% ; O S8R t 3 B FH#a s (p<
0.05),2019 4 Os4F ¥k i 48 2015 4F F 7+ 0.79% -
AR, AQI L 2 I 2 2 T [ 34 (p<0.05) , 2019
AR 20154F T F%19.31%



101Y] AT G BT P R KA IREE W, A5 20152019 4F KA B R 28 A8 Ak 4B

1987

PMz.smg/ (ug/ mz)
w 107.579

9334

Eix
— AN

O E/(pg/m?)
w 98.975
36345
—ER
—EBR

SO EE/(ng/m?)
o 60.621

3354

— ER 0

— AR

PM, KRB/ (ug/m?)

e 321.012
21179 0
—Er s

— 56.902
7621

—ER
—BR A

CO¥eJE /(mg/m?)
e 2.031
0255
— EH#

1000 km

(8 A

TR ZEIIET 1 AR GRS b R IR 45 13 204 5 115 GS(2019)1697 5 (bR M T 4F , IS I TEAG B, oy T4 AR IR R, AR YR

TR G RIR T,

2 20152019 4F [ 6 FhR TG Y A AQL 244 JS B S 25 [A] 43 A
Fig. 2 Average mass concentration of six key atmospheric pollutants and AQI in China from 2015 to 2019



1988 HoBk 5 BBk 2 R

2020 4F

PM, s ] BB R BE /(ng/m?)

15

%

2

n N

gss V\ \_ :
0 55 / [ \
HEC

R3y

=

3

2015 2016 2017 2018 2019

\
(a) PM, R

2015 2016 2017 2018 2019
() R

A

of [\
200\ /

st ) NVAY

2015 2016 2017 2018 2019
(©) SO, R

SO, A ¥y e B /(g
N

NO,H ¥ Bk /(ng/m®) PM,oH ¥ B /(ug/m?)

COA ¥ B E M /(mg/m?)

—_

A U DN X0 O
S O O O O OO
T T T T T T

20IIS 20Il6 Zdl7 20IIS Zdl9

(b) PM;o B
45
40}
35+
30+
25+
20+

2015 2016 2017 2018 2019

(9 NO,

honNwoo—whin

COOCOO i i

2015 2016 2017 2018 2019
(f) CO

2015 2016

2017 2018 2019
44y

(8) AQI

K13 2015—20194F 6 FlR“TT5 4el) A AQLH ¥y it e A2 £k
Fig. 3 Monthly average mass concentration changes of six key atmospheric pollutantsand AQI from 2015 to 2019

3.2.2 SR AR AR

MG 5 4F 6 Ff R S05 YR AQI 1) H Y53k 5 A8
fenT D& 300 2 B B 2 T M Ok A
(E13) . FIBEIAFABIESS, FHIL LA BT
B R EEAR TR IT /0T 1458 6 MR 5 )
FAQIIWZE T MR (B 4) . Horp , ASCUUIER
Z(3—5H) BE(6—8H) FKFEO-11H) &%
(12—2 F) AR T 245514

Bt PMLs oK B, B iR A 2R 1Y PMLs Wk e =
(69.21 pg/m?) , 11 B 2= ARk ZE R IO B fems , TR
JE A3 2 45.12 pug/m3F159.03 pg/m?, £ Z=3] 1 45 1)
PM. s i P 55 (60.53 pg/m?) o I REAE PUZR () PML iR

JFE 38 Ry A [ e fIK, AFF BEAUY 18.49 pg/m?, 5
PM. s AL B8 A 4 [ 7 2% PML o MR B (I = (A 10
AR B v K 220.2 pg/m?, 24k 4 EE IR BE 1 2.6
£ o (AR 20 98 PML o R Bt R 4 e iy, P 4403
4 135.59 pg/m?, 298 2 EPFEKF9 1.9 4%
44 DU ZE 1 PML, W B 3550 4 B B AIG, S 3E AU
33.75 pg/m®, Xf F Oy, H K K Z& O, ¥k B i ik
(53.48 pg/m?) , P RV Ji2 £ 155 (85.01 pg/m?) 5 5 ZR16F
A O He Ik (42.59 pg/md) , 1 2R 48 W B e v
(95.72 pg/m?®) s B ZEIL BT VR 1 AIR(38.7 pg/m?)
TR R (69.87 pg/m?) s &2 R Ok JE
ik (28.59 pg/m?) , R 44 e 4 fe 5 (65.36 pg/m?) .



101Y] EXESRIE T S L E NG €2

B W35 A5 A 2015—2019 4E KA

R 2 AR A3 1989

PM; s/(ug/m’

PMio/(ng/m’)

% EEzEs. sazomms
&

E?ﬁﬁ?ﬁ?ﬁﬂﬁ) 1] %‘Eﬂﬁ fﬂ%ﬁﬂi‘ﬁ#ﬁéﬁ' ﬁﬁ%ﬁ{ %ﬁ%ﬁ%*ﬁﬁ‘ﬁh—

(a) P
Os/(ug/m?) Mos

SO/(pg/m®)

@© so2

BRI ) | SO R SEC A B UL BRSO R HH T

Qa?'gf@%ﬁ%%%@a%g%

(b) PM,,

NO/(ng/m’)

i !m T =
H BN EEE EEE &N CEEEEE -- 2019%

|
BRI ) 1| SR 2 58 A VLY B B L PR S R E BT H T
CO/(mg/m?)

(d)NO,

-----.----- LI L
R k) | SO A UL iﬁﬁé}aﬂl ﬁéﬁ%’&%ﬂ’ﬁﬁ ﬁT?

(HCco

® AQI

E4 2015—20194F 6 i kK,

BRI AQI Z= 1 JET it e P A Ak

Fig. 4 Seasonal average mass concentration changes of six key atmospheric pollutants and AQI from 2015 to 2019

XFF NO., #5748 3 v KL 1) NO, ik i 78 Y 2
¥k 4 A, S ME o 45.91 pg/me, VRS A )
NO, i FE 7 DU ZE 355 4 R AR, P 39{E N 12.49 pg/
m’. X T SO,, INVPEE 58 il LIHEA

HAOP- YR K 88.01 pg/m?, 24 4 |6 4 %5 SO, -1
889 3.6 1%, At Jr i [X & 2= SO, ME Y 2.56 1%

TEAEA S, ILPYAE SO MR EE B S 4 e, T H ik
J&E429.5 pg/m?, 2920 4 [ SO, AR 2.1 %, At



1990

LU ISR

2020 4F

JrHLIX SO IN 1.9565% . WA fEH T FkZE .
AR SO MR B Ry 4 [ eI, T3 R 5.12 pg/m?®,
1 5 2 0b 5 T 1 SOL MR BE R 42 [ 5 1K (4.28 pg/m?) o
XFF CO, I TG 1) CO YR 7 DU ZE 45y 4 [ e s
FEIME N 1.43 mg/m?, F 2= FIRK 2R BB IT45 1) CO
W B A%, 20 5 A 0.59 mg/m3 1 0.61 mg/m?, K 2=
PG 8 CO He Ji 2 1% (0.47 mg/m?) , & Z= Wi 44 CO
W JE AR (0.7 mg/m?) . M AQI K |, 7F 4 25 it
1 AQL i K (101.316) , B 2= FFk Z= 4t 45 1Y AQI
K, 439 73.75 F1190.43 , 4 Z=30] [ 4 1 AQI #
K (149.22) .,

3.3 HELLES

KSR F , BF 5T 00 5 4E 9 [ PML/PM,,
PM,+/CO . PM, /SO, SO./NO, - 4] {8 43 5 4 0.57 .
45.05.2.68.0.61, % [ERNSMEAMFATRES N K A 4
FE TS YR AN TR R 5 Y Z [ i P AR &R R
AT FZI R AR SO 4 B 4 AN RS el A48
PRI AR T T 30T (B 5) o

PM,5CO .PM,5/PM,,,SO./NO,Z B it T B i 1Y)
AP S, PML/CO TE H 8/, A 21
5 >4 0.04, A XF H H b 2% 15 PML/CO # {H ik
22.14% , Ut AR 5 28 k05 YL B 18 PMLs 15 3
— SEWH . PML/PMo 7E B B85/ SE B H
0.48 , . HA 715 PM,o/PMo IE AR 15.37% , X 7] fiE
P S k= AV 24N PN a b 23/ G N D

0.75

0.70}
2 0.65}
E 0.60}
E 0.55}
0.50}
= 0.45|
0.40}
o3sby o o e

A SRS
D DA A AR QY
O R R R R R R

(a) PM, 5/PM,

S B QAT ARSI AT IR
w» oy

PM, /SO,
w
W

BORLEIAEE IR IR IR
R

(c) PM,5/SO,

TR YT, SO/NOTEA TN, FH(E 2 0.72,
o T H A ZEY 35.19%, AT g5 4 b 7 BUR BRI
HEBCL 22 1) SO, ELAZAN I o SRTITAF R th %
FARA T H 1 15357 S , RS el S R AR
Bdr, PRI SR AE 0 T R e 45 [ R 15 Y2 R 1) SO
NO, 7E3X 5 4F i 2 5 [ (p<0.01) , B i - 49.69%
(0.79~0.40) . PM,s/SO, 7E 5 4F P 2 3 I F+ (p<
0.01) , 5% 52.35%(2.16~3.29) , Al fE 5 SO, ¥k i 1%
AEREAS, BB SO, k¥ YL IE A 1Y PM.s A3 BT I
550 WA, N T WA XA 75 el & 22 5, AR
SCARXT LLAT AT T N KRER G AT X 4 FhoRST5
PIHEHE (R,

B PM.s/PMuo K, AU Hi X Y PM,Ls/PM,, LU RS
J7 K 15.7%(0.54~0.60) , JLHZPGILIX , PM,s/PM,,
25 0.4, 15 BH 33 56 1l 5 (14 R UK 40 75 Yt BT kR A
K, FZHPEFEATGERE AP LRI REXM
PM.s/PM,o ¢ K (0.64) . "1 [E m 75 53677 1) PM..s/
CO JCH] B 25 5%, PM,s/CO 7E b #B IX xR (53.44) ,
Ui B IZ b X ks Y IE RY PMLs il BB A &, T
TE R B IX PM,5/CO /) (33.48) o XF F PM,+/SO, H
FE Jb 5 # X A PML/SO, H 7 7 H X A% 12.63%
(0.69~0.53) , H: b3 X (1) PM,5/SO, fix K (3.39),
Ut BHIZ i X 22 S HEBOE B PM.s 15 4 BT RE b7
SHER], RAC X /N (2.15) , BB Tl ke vl fig &
Z X3 PMLs 1 R VR . rp [ 6 J7 HL X 9 SO/
NO, F g 7 #iL X 55 30.19% (0.54~0.60) , B H1 X A
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Fig. 5 Seasonal average changes of four combination indexes of key atmospheric pollutants in China from 2015 to 2019
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Tab.1 Comparison of the combined ratios of four key
atmospheric pollutants in eight major comprehensive

economic zones from 2015 to 2019

PM.s/PM;, PM,/CO  PM,J/SO.  SO./NO,
AKX 0.574 43.189 2.150 0.723
LRI 0.611 53.441 3.390 0.471
HRABIX. 0.638 52.997 3.332 0.388
MHBIX 0.600 33.483 2.793 0.478
X 0.518 43.647 2.188 0.778
KX 0.626 46.903 3.060 0.605
P RG X 0.604 40.197 2.584 0.551
[iits |4 0.395 44.871 2515 0.667
Ly 0.540 45.760 2.517 0.690
TR 0.601 44338 2.835 0.533

SO./NO, fiz K (0.78) , 15 B H [ 5 15 L 4 ( Tl HE
O AR TR ST Y i (2238 ) 3™ FE, AR IX
SO./NO, £z /N (0.39) , Ui W HAL 2l 175 YL I AH 2 T [
SRR 3/ i A

34 FEIXSSEMZEHIHEXRE

FIF 2015—2019 4 BR4F 6 Fh K S5 S 1 1 H
BHE, TR 2] B A [F] RAT5 Y i K R b A
KEB(E2),

ARSI T, HE PM,s  PMyo 5 PR 8 35 1EAH 6
X % (1=0.86, p<0.01) , PM, s Fl PM,, ¥ F 5 Y 1) 5
NO.,.S0,,CO Z [A] 4 24 . F IEAH XK R (7>0.85,
p<0.01) , i B3 26§75 Yo SR 1) e ] ofe Y52 b A 1%
ARG RPN £ RS . 0.5 NOFI CO 25
SRAAH IR (70.8,p<0.01) . X2 X HZ O,
FE A A . CO BAE R AP (VOCs) i
TR AE — 5 1 451l e Ak 27 N AR AR i
A MINKEEA 205 X Y B2 IR b AH 56 2R B0 245

=

RAF , RALIX A CO FiT SO, NO, . PM, s ) S Bl 51
IEFIZER R (70.9,p<0.01), CO FEH K A [FHE 5
YR FNES Bl 5 YL R 10— Uk 35 G, 156 BH A= 4 ek e
(LAREFFREE N 32) XHAR AR IX CO M BT il T 3 KR
M2 A AR e 23 ) KA HE K 5 9 SO, NO,
PM.,s. IKAb, 8 X (1 SO, Fl CO 2 ¥ i 2 1F 47 56
PE(7>0.95, p<0.01) , b A BREHIR B JE SO, Fl CO 1Y
LFPRIE 2 — , AbF 37 h FUERE IR AL T IX
SR 7 X AR T BB IR FR AT b A e S A G
PR IX IR AT Y = A TR ™, 534, M
BT HA X B, PEALIX ) PM,, 5 NO, . SO, CO & 31
G IE R (NO, . SO, 43 515 PM,, BUAHIC R ECH
0.38.0.39, p<0.01,CO 5 PM,, Y # 5 R UM 0.25,
AIE Ao b E PRI ) | W] 8 SR A i PM,, U S
Py RIS DA 58 ) 52, HAb A7 BREHA BT PMo
B BT RR AR X A

4 $hHE
41 FEXSSLSHTEHHE S

AR5 G ) I AQI Y I 25 4 A 45 RSk B
(FE2), AT LA o A [R) R A0S e P 0 2 8] 43 A
L L A BT Y PML 75 et N TR, 5 ARESE
Bk B Ry 59.45 pg/m?, 5 4 EE R EE 42.57%
1 3 PMLs/PMuo 6 b Ry 4 [ B (IR (1 0.38) , 33X i3,
HH L PM,, 75 Y2 1] fig 32 B2 A2 X3 Vb A2 KA
VYL Y DX VA K AAAT g2 SO SR 15
YT B R BRI, S Ak, e PM.sfE P RS
e AT B A AR I S X e A T B LAY
B A HIE R AR T35 Je 9 1L, AT R i s E
W R E R, [EE e AQI AR K, 7
WFFEIA 5 4R AQIF-Y{E K 95.63, iR i 4 P14k
F-37.52%.,

R2 20152019 FHREFRRA KSR Z EREX R
Tab. 2 Correlation coefficients of key atmospheric pollutants in China from 2015 to 2019

CcO SO, NO, O; PM,, PM:s

CcO 1 0.950" 0.822" -0.846" 0.7417 0.955"

SO, 0.950" 1 0.718" -0.729" 0.707" 0.895

NO, 0.822" 0.718" 1 -0.828" 0.799" 0.879"

(08 -0.846" -0.729" -0.828™ 1 -0.581" -0.815"

PM, 0.7417 0.707" 0.799” -0.581" 1 0.8617
PM,; 0.955™ 0.895™ 0.879” -0.815" 0.8617 1

T "R (p<0.01),



1992

LU ISR

2020 4F

PG48 & 4 [ SO 15 Y di N ™ FE A4 0y, S 4F
YU FE R 44.13 png/m?, 29 R A PR EE 1Y) 2.6
ff o AR S AL o R HE LAY SO BN k2 v [ R4
) 55 5 B A OGS PR 2P LU T R B Oy < R
BB TR B R, PR A Y SOL MR B AH X
. INTTE I PMLy/SO fi/N(1.25) , Ut B AHER T
SEEHERL , Tk BRBETE B PM. s 15 Y2 1T BE & 45 &
SER . B AMITVEE 1) SO/NO,F8 bR IR A 4 [F 45
AR E (1.21) , P IR T 248 A 2T el
e E TR A TE YR (TR RS ) .

JEHTTHT B PMLs/PModi 5 (0.77) , B B 5t L AR
Z ATV AR KA R VA RS AT
7 PMLs I 5T kA IR, 2838 4% 20 15 G 19 BTk 3R 5 5
JLET PM,/CO(60.83) \PM.,/SO.,(6.7) & A 4= [ ¢
15, 43l v A EE41 KT 33.98% . 169% , 156 HH 2 1
KI5 Y B PMLs IR AT BE S i o AHER T Toll
BRBE , A HERE ) PML s 75 JeAEdb 52 al g 5 3
FREH. 5, dLat il SO/NO, K 4 H i ik
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Fig. 6 Monthly Changes of four types of weather data in China from 2015 to 2019
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14.41% , H BT 5 14.13% , 2 Z20 7 HBIX 1) PM,s
e B LU RS U7 5 20.35% , A K Bk 3R 1R 20.78% , AT UL
NO, 1 PM.s 1 B A6 J7 19 22 5 18 B 2= 15 A8 (LR K
(<0.5%) o ATRAY BB ZE AR Fi5YL
Y8, It H5 5 ZAH LR R 0 05 Y i Bk
2z, S0 E NO, FI PM, S ARHR BE 7R A B R

A Zx b HL X A PML, W LU RS 0 R 35.43%,
HH KR 43.53%, e R At i s LR 7
59.09%, Xt FAL X FERFE LK LA mt &
AP - R A LR P T B . SR AR B
L H BT B I Y PMLo VR B (L (R 4) , X 5 e
HERTIE R R FERAA K, O EERIAEI
W R, AR BT AR (K 4) 30 N
O [ TE B R B 1 A B S AL BE S i Bl 27
P, B ZEAHR A 2R IR R (6 (b)) , K FHAR
S (Ee(d)), a2t 0 A .

5 %5

AR SCHE T [ oy i R WA A T
20154F 1 H 22019 4F 12 A i [ KA 75 YL 3k, oF
55 KA V5 Y ) (PMas. PM,,. Os. NO,. SO,. CO) Fil
AQI A 273 AR Ak DL B KA 5 Gy AR G . B
ELIRIT

(1)PMs sz 6 Ff K05 Yty Hh AR (I — B A
O NEREEL Y/ I (BB RES(J3 R IE NS I SR
I SAERRIR R 4.5% . Os VR IR 6 P RS HU
SRS ME— LT RIS, 2019 4F 2k B 4
2015 4R IE ETHT 0.79%. Oy 6 Fh RS54
i — AR HAT W EE R R s e, 5
PEIRIA , PMLs T O A5 Yl 22 (8] M AFAE—RE 28
HE , BFFE AR PML s T LA BR 7= 4 O, I &l
Ak (HO,) A AL A H 3k, i JLAEH [E 0.5
e R AT BE 5 E ) PML YR B R A 56, R
FEFE ] PMLs R BE 1% [R1BsF, 98045 2 PR HILAY VOCs
KREACDHECA REA RN H] O: 75 %4 .

(2)PM,0.SO,,CO FINO, ¥ JE 2 T [, 2019 4
W7 o5 A 2015 4F 2o B2 43 50l 1 A 3.84% . 7.86%
3.74% .0.95%, #4K I 2019 4E 1 AQI 4% 2015 4E
[%19.31%.

(3)H[E CO SO, NO, ,PM. s, PM, - #1 J& il
AQIE L EINA T f i, B AR 2 AR LRI

o X FERE A TR DL R TG Y
BRI A R A M s A, O U S B 5 2Rk i
15, AR 2T AL A, T R 5 B 2R i
SRR T Os Bk R R IR HIHEL R .

(4) 3T, i B b7 b XRS5 Gk e L
B 7 L IX ™ 5, PMy, . PMas . 05 \NO, . SO, . CO F¥ Jfi
O M AQI 4y B b U7 b Xt 25.2%
18.73% . 4.95% . 17.6% , 32.74% . 16.17% 1 28.3% .
JEHB X S PM, s \NO, 1 PM,, 5 Y f5c oA 7™ 1 1 [X 38,
YAV FE S il v R A PS4 VR B 42.28% . 42.32%
31.46% . [F]Hf b3 XA 2 H 1) AQI die R iy IX 3k
B2 b X R AT Y AR g . B P IX 2 CO
F1 SO, V5 Yo fie hy 7™ H R DX 38, - 273 o ) o o) 4
] - 25 4k B 23.92% . 56.7% P AL X R 2R BB IX &
Os 715 Yl dpe Ay ™ B8 14 DX 58, P40 B 4 il oo 1 4
BI7KF-10.38% (11.18% . BRAE 1M 7 , B /2 PM,,
15 Yt o ) X, U HAE RS A, B
FAHBAY PM,s75 Jethl 70 5, AQI A K, dbtth
BARAZA T U AR R A ™ 5, (R YDA KA
7 PM.s I BT PR, 2830 #4215 L 1Y STk % nl g
o ACETT Tl RGeS WA AAOR B, (H /UL
Pl A R sk, WPk R R4 7 LI PE A
— B SO, 75 e dpe ™ 8 14 Xk, B4 ZR R J R 4
PG &5 T8 X BRI RN A7, 8 RS be
i) T AR SOL TS5 Y o T 48 A6 4
= AQLE K 2444 1y, JoH /& PMas . PM,, Fll NO,
15 YA 2 E AL TR E K.

30 3 [ty i SRR ) 6 A RSO S HUE
P, ABEFEXT HE A 13T 5 4R A KRR AR
T, IR T RS Qe Z AR DG . SR,
T [ 45 b 0 5 e D HERICRRAE S ALY R e (R
HE %, 5SRG5MMHXH RIS R AL ST
KARTTEHN— L5,
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