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Component characteristics and variation trend of PM:s in different regions of

China during 2015-2023
LIANG Jianping', XU Yang', ZHANG Haoran', LI Nan""

1. School of Environmental Science and Engineering, Nanjing University of

Information Science & Technology, Jiangsu, Nanjing 210044

Abstract: In recent years, the concentration of PM>s in China has significantly
decreased, but there are notable temporal and regional differences in the changes of
different PM» s components. Current research on PM» s component changes, based on
numerical models and online observations, mostly focuses on single site and
representative periods, lacking high spatiotemporal resolution studies on regional and
interannual variations of PM» 5 components. This study, based on a multivariate tracer
model (MTEA) combined with grid data from air quality monitoring, establishes a
dataset of primary PM>s (PPM) and secondary PM>s5 (SPM) concentrations for 367
cities in China from 2015 to 2023. The results show that from 2015 to 2023, the
concentrations of PPM and SPM in China decreased from 15.85 ug m=and 25.86 g
m> to 10.28 pg m™ and 15.42 pg m?, respectively, with a reduction of 35.02% and
40.37% over nine years. The interannual trends of PPM and SPM from 2015 to 2023
showed different characteristics before and after 2021, with a rapid decline from 2015
to 2021 (—0.91 ug m> yr'! and —1.70 pg m yr'!), and a slowdown in the decline of
PPM after 2021 (—0.14 ug m> yr!), while SPM even showed a slight increase (+0.10
pg m> yr'). The overall trend of SPM% was similar to that of SPM, decreasing at a
rate of —0.38% yr'! before 2021 and increasing at a rate of +0.38% yr! after 2021. In
terms of different regions, the highest concentrations of PPM and SPM were found in
North and Central China, corresponding to stronger anthropogenic emissions; however,
the SPM% was higher in South and Southwest China (66.67%~68.66%), which is
related to the stronger atmospheric oxidation capacity in the south. The trends of PPM

and SPM concentrations in most regions were consistent with the national trend, except
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for the Southwest region where SPM and SPM% continued to decline significantly after
2021. This study can offer scientific and data support for future particulate matter

pollution control in China.

Keywords: Air pollution; PMas; Aerosol composition; Variation trends
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AHRRIY) (PMas) i R4 B R AS05 GeBiiia i E 45 H bR . PMas (45
BB — YR (PPMD RIS B S AR T3 Yo A0 AR L) — OBTRL A (SPMD
EAASRS, PPM EBHASMIED A (DusH). —IKEHRHER (POA) FIILEK
B (EC):; SPM W EZ i —IRTEHER (SIA, BilRER+IHIRER+HELER) M=k
BHHRIBE (SOA) 4% (Niuetal.2022; Zhangetal.2015). BE% 2013 4 (K
SIGRBHAITEN IR F1 2018 A4 (HT BRI R AR DA =47 1HRID) A Al s
i, IREFEE SR EIE R, PMos W B B RRAC (IREAESE,2020; £
£§,2022; Zhai e al.,2019) , (HAN[A] ) PMa.s 2H 502840 A7 LE 2 25 R ) [B) AN XI5

Zheng % N (2018) F5H, FRE PMas Hi#AY) SO« NOx. BC 1 OC 7E 2013-
2017 SE A5 BRHE 59%. 21%- 28%F1 32%. & T A EHTAY) 18 HE, Cao &
N (2025) it CMAQ BT b [ A [F] b X AR AE Z X TEHL IR (SO4>H
NOz) W, S5REH], 2013 4F 50 TEF MY I ZH SO~ B35 T, 1M NOsy”
K EVHE R . Geng A (2019) KA CMAQ il 2013-2017 4 [H %4
FHLIX PMos A2 o R4, G5 RERHH, 2013-2017 4F Hb [ AR 0 DX AN [F) R0kE
W TRET 0.7~4.4 ng m>, XFEMHE PPM F1 SPM 45 FFE T 16%F1 20%.
Zheng 5 N\ (2023) ] CMAQ/2D-VBS HifY, il 2005-2019 4FHIHHSIE
IR FE, S5, 2005-2019 4, HEBAEAHIERIKREH K, H X
R BT (47.08%FF % 67.19%). BT RIAEYIHEUL B AN SHU 7 1A
e, DA BUE AL PMa.s 205 A0 FEAF AR BOR 1 22 S AR R, 9 i —
sl AL LAY, i1 CMAQ (Kim et al.,2006; Zheng et al.,2015). CAMx

(Fountoukis et al.,2011) 1 GEOS - Chem (Wangetal.2013), KRIERFT SPM
FATERF IR PN ILER, X P]BE 5 BUS A P4 HEAN R 1 [X PM.s 20 53 25 S R [ A%
b EHRZE (Lu et al.2021; Ly et al.,2021;Li et al.,2023; Liu et al.,2022).

T TR PMos A s 32 292 %7 (Lai et al.,2016; Wang et
al2016; Liu et al.,2025; Yu et al.2022). Zhao Z5 N (2019) FKEEFF il AL HE
#2013 F1 2017 4 PMas ML 73 R E AL, S5 3KH], 2017 AT 2013
4, HEHE PPM A1 SPM 435 R4 T 52.13%F01 31.74%. Liu 5 A (2018) J@idx}
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FE 20 AN T AR 12 NSNS 2012-2013 4E PMo.s A 20 43 (00 0 7 37
CARE-China %%, X A[EG 5 Ao MR AIREREAT 20 HEl, ©fF 20
A 5 I LI 25 A BB AR AT, PM.s A4 257 18040 e 0 DX 4% 5560 PML.s A [R12H 45k
705 1B A2 [R) AR AL #4 34 0F 7T (Zhang et al.,2012; Xin et al.,2015; Snider et al.,2016;
Dao et al.,2019), {HZ B TARGRMEul Bl By, O RAT Y KIS B AN [F] (X
) PMa.s 470 22 AG LI FE AR TH A A2

A B BNBE & T 5 T 0 £ 4 1 2 oo R BE ALY (Multi-Tracer Estimation
Algorithm, MTEA) (Zhang et al.,2022), 5{&5t4H 5 WL A EUE AR A TS AH L,
ZTVETC TR VELN PMa.s 2020 WL R4k 2% R B2 4k T 5, AT ABHR I &8 57
B A SIS M PMa.s B — R4 3 F0 4 43 B RER AT X 4 [
MTEA BT 58 K PMas IR S &, HET R4S 35l sk PMa.s — k250 Al —
RGP LG . AR FERIF MTEA B8, 454 2015-2023 3R E 367 AT
[FI3f 2000 ANFREE 70T & I s cHs ,  SRASF ] s i) 25 73 7% 2 R0 1 7 i Y L 1)
PPM H1 SPM ## g, -5 T Ul B 73 At PPM. SPM L A¢ SPM 7E PMas H' 15
EU Fr) 2 1) 23 AT R ALE RN 4 B AR Ab e 35

2 |5 HFE
2.1 ZURETIER (MTEA)

NT AKX 5 PMas I — R k45, WEFEFIATT R T £ JeoR i p g

(Multi-Tracer Estimation Algorithm, MTEA) (Zhang et al.,2022), #5785 F Rk

FEY) CO RIS TIURIY) PMC (PMC=PM1o-PMas), I HE B & 10 2 %
PPM FXFTTHR, HEEREER X, Al (2-1) Fis

X=ax*CO+bxPMC (2-1)

Hr, a fl b 453K R CO 1 PMC % PPM A% 5k, a F1 b MIEH TR (2-
2) 5.

a _ Eoa+Egc _ 1.2«Egc+EECc

(2-2)

b Epust EPM2_5_(1-2*EOC+EEC+ESO‘2}—+ENO§)
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ﬁ':':' EOA\ EEC\ EDust\ EOC\ EPMZ ~ E 02 %DENO i%T OA\ EC\ ‘//IQ:\;\ OC\

PMas. SO H NOs HHEME . FFTRM, #EhFERE ZRAER, — R
A EEAC, PUHAH IR 2N AT (Pan et al.,2014). HRAESCERE L, FK
ITE K POA HFBCEIRLL 1.2 AR REOkHE— P55 POA HilE (Seinfeld
and Pandis, 2006 ).

A [F B[R] AR [ HL X POAL EC 1 Dust HERU LLAE SRS RL) a F b,
045G CO Fl PMC THHE H/RERR Xo #E—BiEid 72 (2-3) 75 PPM
SPM, Hr1t PMas AALIIREE, Xt EiR AR THEIREL, SPM MiHE N R F e
PPM/X 1) H AR 2R . PPM/X [{EIEIETE 0-400 Y Rl N L 1 (B RN (1D Kt
TR, AR PPMUX EXT R SPM KEE, JfLALLREL PPM Al SPM K
JEZ LA R (RD, BUHAMSCHEA B Z B0 T X R SPM KB X [H], sRIY(H
YE N2 SPM K

SPM = PMy5 — PPM = PMy5 — " X X (2-3)

2.2 EEFRERMESE

AR TR FH ] A 25 A 58 8 2 ST ) ] P S o DY T )
(https://air.cnemc.cn:18007/[2024-09-14]) i #5 . iZM S &1L 2000 4Nk 5, 7]

LASREUNE PMasy PMios SO2. NO2v O3 Fl CO W JE . AHFFLIEE T 2015-2023
R E 32 MEPATEIXIL 367 DT PMas. PMio F1 CO IKFEXURE A
MTEA 8 DASREL PPM #1 SPM #4548, FFRIH Os MM EcHE i B f: PPM. Al
SPM Jit &k BE AR BRASAGRFAE . B U BN [ 367 ANkt O 3847 B LI 1.
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Fig.1 Geographical location of 367 urban centers and 8 different regions in China

2.3 HEHUR B YR

AW TR HE K0T R b B 2 ROBEHEBGE B (Multi-resolution Emission
Inventory model for China, MEIC: http://www.meicmodel.org [2024-09-18]), %5
B HREE N 0.25°%0.25°, Horbr A 30 5 SRR 10 Fh 32 2K 05 444 (SO2.

NO,. CO. NMVOC. NHs. COz. PMas. PMio. BC 1 OC) HIM&AEHRE, If
Rl 7 ol B, il A&k B3 T#] (Lieral.,2017a; 2017b; Zheng et
al.2018). AR 2015-2023 4E MEIC 1.4 3 14881132 H OC. EC F1 PMas
HE R . o, 2015-2020 4F 38 MEIC W3k 2 TF3REL, 2021-2023 4F
(RIHE ORI 25 & S E AT AMESREL . BT A N HERGE sE s B 12
TSR G, T PPN AR HEOE B 0 AN E X MTEA SR Em,
5t B B I 7E410% ) 70 [ P 2038 228 a A b AT ELAGAER . 25 R W] 2016 3K
= Z IR AT X, PMas IR ELBI AR SZHETBCR BRI R BE /N T+3% . R B
HESUE AT MTEA B 25 G — @ e, (ER e 25 SR U IR A K
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3 “R57ie
3.1 PPM #1 SPM X159 #543E

i MTEA #R415 2 1 rh [E 367 T 2015 4. 2023 4241 2015-2023 -1
¥ PPM 1 SPM K& 2 fizR. 2015 E4x[E 367 3 iii~F-3% PPM F1 SPM K%
43 AN 15.85 pg m™ A1 25.86 ug m>; 2023 40514 10.28 pg m> 1 15.42 pg m3,
B 2015 05 FFET 35.02%FH1 40.37%. MZEAAEGE, FIE PPM f1 SPM 78
B] 43 AR AE S AB, B ARSI ZR v PR AT, i o ) R AL 7 [ s R 20 AT 1 0L
A B A TR E ARl e X DA A TR AR X LI L AR
BRI IRAE 51X B DR R A o R BEFE 75 SRS B HF R AE s AR AL X R TT
DAFG H X 34 2 IR R B K
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Fig.2 Spatial distribution of PPM and SPM in China in 2015, 2023 and average from
2015 to 2023

K 3 Bk i T ORFSEG PPM At SPM 7E PMas (5 EL 25 (A1 AE. PPM
itk (PPM%) F1 SPM (it (SPM%) 7E 2015 4F & 2023 4F[AHEAREF, H
PPM%H 38.6%, SPM%N 61.4%. MZEIA] 734 E&, SPM% %A 52 I B = AL AR )
SR, FEJEHZ AR TAL X, B RN A A F TS5
Y — AL (Lu et al.,2019b; Sun et al.,2014).
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Fig.3 Spatial distribution of PPM% and SPM% in China in 2015, 2023 and average
from 2015 to 2023

AT, FKE SPM AT PPM R K HLAE PMa.s A o BEAR I HS B X2 1 2 7]
SEtE. SPM A PPM IR EAEGEAL . Ao A AR AT 0 X R 2 T HABIIX, 1
SPM {5 EE (SPM%) fER T X Berm, FE SR BRI AR R K.
XA [A) 3 AR S W 1 AN [R] X385 GeRYF AT B L ) 22 57 (Chen et al.,2022;
Hao et al.,2020; Sun et al.,2016; Wang et al.,2020).

PPM 1 SPM HJUK E AAFAE & 2 2= 2 57, e 2 2= PPM 1 SPM M
G308 8.63 Al 13.2 pgm?, BELT HAELZMIE (PPM:16.3 ug m™,SPM:26.7
ngm>). & 4 7y PPM F1 SPM EA[RIZ=T5 R AL, B4R F, AFZ=T5 PPM
F1SPM [AEBR A& FHARLL, BARRIUNTE 2015-2021 42 N EEH, 2021 4
JG NS RE, HrhHEFNRKEE 2021-2023 FF 2 ETHEH

WEE OEF ©O%E @&F« SPII « PP Pl pgmyrt
: 70 70 70
2015-2021: 2021-2023: 2015-2021: 2021-2023: 2015-2021: 2021-2023: 2015-2021: 2021-2023:
60 1.71 -0.78 -2.50 039 036 0.75 60 1.81 -0.99 -2.80 0.05 -0.17 -0.12 60 1.69 -0.90 -2.58 039 0.52 60 171 -0.917-2.62 011 -0.61 -0.5
50 50 50 500
40 S 40 40 40
;“ o=z a D
S 30, 30 : 30 30
B oa0] e |20 e 200 o 20/ @
g e | P, i S
10 T —e—w_—w—2| 10 %:\’f’"’?»:.:)"fi_‘: 10 —e—e—2 | 1

2015 2017 2019 2021 2023 2015 2017 2019 2021 2023 2015 2017 2019 2021 2023 2015 2017 2019 2021 2023
F F o *

Bl 4 4 2015 4% 2023 4 SPM. PPM Fl PM,.s AN[AIZE T (14 fr s fb
Fig.4 Interannual changes of SPM. PPM and PM> s of different seasons in China

from 2015 to 2023
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5 NFETF A EASE X 2015-2023 4= SPM. PPM I PM, s S FrA8fL . &
RIS, 8 ANX I PPM. SPM 1 PMys 7E 2015-2023 E#B 2L T Fitah . (HZ,
TR EIAAE 2021 AT BRI E 2R, 2015-2021 FF&HLIX PPM 1 SPM i
JES PRI T, 2021-2023 FES XN A R E AR SE, PEILAIEARMIX R R
Bl BT . 72 PPM AT SPM HISERIMER R, PMas £E 2021 4 {5t 2 DA R )
AL H, HHE PPM. SPM 1 PMas 7F 2015-2021 £E 11 2021-2023 4F P A BEAE
BRASAEE S IR 22 it — 200 8 A XA I AR B AR A A5 B0 1) 43 i BT DU I o

PEALFIFEZ X PPM. SPM Al PMas %I 2015-2021 £ F M4 HEAT N
2021-2023 1) EFEH, H PMas ilRFE4r A 2015 A1) 38.01 pg m™ Al 42.63 pg
m> NFEE 2021 £ 25.45 pgm™ M 25.48 ugm>. 2021-2023 4 LL+0.89 pg m™ yr
VF140.25 pg m yr! (REE ETFE 27.24 pg m> 12599 ug m>, PPM Al SPM %8
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N A P EE A Y LI40.11 pg m™ yr! F140.07 pg m? yr! (3 E _ETE, SPM I M—1.66
ng m> yr! fl-1.74 ug m3 yr! (1 FBEAE N+0.78 ug m3 yr! F1+0.18 pg m? yr! {) L
Fto 76 PMas HIREE T FERY B R EE BB B , BIANIX 33 SPM AR (L
TUER (O3 A 78.5%A1 61.5%) HIF T PPM.

ARACFIAEFETHE X (1 PPM. SPM 1 PMas W2, 5 2015-2021 ARG, 7E 2021
SR I PR RIS . PMas IREEHH LA-2.34 pg m™ yr! F1-1.79 pg m yr! #
FE R AR N LL—0.37 ug m3 yr! f1-0.38 ug m? yr! 228 R %, BRI HLIX ) SPM
WREEAE 2021-2023 F B EFE MBS, ZEiETRE GEEA-0.02 pg
m yr''); PPM IR FE M T BB A 248 T 1 AR JbHh X A 7R AR L A2 1k,
SPM IR FETESE I B 18 N &3 G N-0.33 ugm>yr'!)), 1 PPM K E 5t
B JE AT B, 2021-2023 SEHBEARAR A 5 2—0.04 pg m™ yrl.

b, SR AN X PPM Al PMos Z8Ab a3 — 8. B R 448 N DL 22
& TR, 1 SPM I ARy Eobash . fedbh X FIAEF X PMa s,
SPM Al PPM K EAE )\ X P 440 T8 7K -F, 2015-2021 4F PMa.s 7370 LA
~3.97 pg m> yr! F1-3.83 pg m yr! WL KR T, Ho SPM R AN
—2.23 pgm> yr! fl—2.46 pgm>3 yr', J& PPM R 1.28 F11.80 1%, RIIXH
AMHBIX SPM. 1) FBEXT PMas FREMH THCRIITTIR . P 58 i b X B AR AR AL e 35
b e X —%#, H PM,s. SPM Al PPM iR B R T XA HLIX .

PH R HLIX SPM Il PPM BEARAZAVNE FE /1N, 2021 )5 SPM K FE 2218 T~ [%
(—0.6 uyg m> yr'') A PPM {1 EFF (+0.23 pg m™ yr'!) JE[FEFE T PMys 1P
o (—0.01 pgm>yrh).
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2015 to 2023
6 N 2015-2023 4EFK[E 8 4NX 5k SPM Al PPM 5 PMa s HUAE FI4EFRZELL o
SPM % FBRAR AL FEA 7] X 45k () A7 /E 235 72 53¢, IR 2021 4 SPM (5 LL AR 34 11
SRt AR Hoppad, ferh AERGRIN S HLIX (Y SPM% HUSR /K1 2 R4
K, 1B 9 AR AR EN—, B 2021 5T DUREGE R TR, b5 X DA PR
FETF. PEAbHLIX SPM%M 2015 -1 67.75% FF& 4 2021 4E 11 63.57%, i f5 X
DUEPGHE R T2 2023 1) 64.89%. W AHLIX 1) SPM%TE 2015-2021 4 LA
—0.43% yr'! ME R, 2020 FIAFIHME CH 62.79%), Bff5 EF-Z 2022 4FL
68.31%H] 7 LIS F] 9 AFUEH . AEFTHEIX ] SPMY% b =7k (66.67%), PR
HERL 2021 N5 RSERE T, SErRHbIX 9 4 SPM%IA/NT 60%, 2021 4T LA
0.61% yr'!' FIHE T, BEJELL0.58% « yr! (IECHGER ETF. AR AbHLIX SPM%AH
BUHAR XA AR 9 535 EL 290N 57.77%, 1BHATIAN 2015 4E 11 60.07 %
TFEZ 2021 411 57.48%, Bl 5 DL PROE R R4,

HAEHLIX ) 9 4135 SPM% N 8 A X i fIK (55.11%), si iz i Bt
2015-2021 4 5 ELZE18 N % (GERZIN-0.16% yr'), {H 2021-2023 FHE E T
VGG IX 1) SPMY% /KRR IR R %, HAL T2 E sk, 9 4P 54k
68.66%, 2015-2021 4 SPM 5L LA GHAEZIH-0.09% « yr'), 2021-2023
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242
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246
247
248
249
250
251
252
253
254
255
256
257
258

259

260

261
262
263

ML 1.12% yr!t BFE R ZE T . BRHIX SPM%/KF1E 2015-2023 FHEAR R
FPfa, 2021 FERTARALIE R 2N 0.06% yrts 2021 4 J5 2R LN 0.10% yr',
i B iZ L X ) SPM %7K T 9 48] JLAEANEE

2015-2023 F4=[F SPM K Z A 18.55 ugm=, PPM A 12.17 pgm>, SPM%%]
N 62%, 2015-2021 FRAKL BRI TRE&H, HTEEHBAE 2021 )55 H W]
BT, BRI S, 2021 4EJ5 SPM LA+0.10 pg m™> yr! /£ 45 3% FE 2218 T+, PPM
PL-0.14 ug m3yr! B8 N I%, 52 XM SPM%LA+0.49% yr-! {1358 i it
BT X AR, PMas R TS Y sk IE AR A N, i —
FIVI 6 B AN B2 (RVESE,2024; Jing eral 2020). AT 43 HT SPM%A31L
R, B 7 23 BER T SOa NO» Al O 7 2015-2023 EHIAEFRABALIE L. H
F1, SO BEAR S T FFIES, 2018 )5 T FHEFHEHTINEE, SOAF NI (S04
[V ZERTARY), FN B Sz v] e 3 SRR Eh R FE 1K N i P [R) PRk 2% (Chen
etal.2019; Chueral.,2020; Yangetal.,2015). ¥l E7E SOABER m X,
B R R B2 ] B T AS E B 2 /I | T . NO A I sl T ks, 2022
EIRIERR R 9 AR (21.39 pg » m>), O MIMREFEES: A%, SEKAEA
RE TR, RFE SO 1 NO IR U S S AT IURL A7) 2 THI ) FE I AR 52 I N
WA, BB SO NOs A, XA LAM#RE SPM WK I b T+ S HLAE PMas
5 EC ) ETF (Cheng er al.,2016; Lu et al.,2019a; Sun et al.,2022).

30 30 80

-1.9133 g m-* yr! -0.7996 pg m-3 yr-! 1.7453 pg m:2 yr-!
28 75

25

70

20 26

65

15 24

60

10 22

52015 2017 2019 2021 2023 202015 2017 2019 2021 2023 502015 2017 2019 2021 2023

Bl 72015 4F 2 2023 4EH1EFF) SO2. NO» Fl O3 fEFRAZ AL
Fig.7 Interannual changes of SO>. NOzand O3 in China from 2015 to 2023
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4 %58 (Conclusions)

AW RIET Z I0REFFR (MTEA) SZHLAIRE 2015-2023 4F 367 M
— VR R R AR DX 2%, A L s 1) o A A ol Rl 4y 8 N IX A, XX 8 A
X1 SPM. PPM LA Az SPM% I FEBRAALHEAT 00T S5 R E .

(1) 2015-2023 3% [E PPM A1 SPM ¥R EZ 537 A\ 15.85 pg m™ 1 25.86 pg m°
SRR 10.28 ugm™ A 15.42 ugm>, 9 FF43 5 FFE T 35.02%F1 40.37%. {H 2021
ERT RSB RERL, BAAT S, 2015-2021 4 PPM Al SPM HHF4E R % Gl
FE 5518091 pg m™ yr! F1-1.70 ug m> yr''), {H 2021 ££J5 PPM | &34 %%

(—0.14 pg m> yr'D, M SPM HZ FFt (+0.10 pg m3 yr!). 52Z XN SPM%t,
PL+0.49 % yr! 3 B IR BTt

(2) 2 b, AKX PPM. SPM fll SPM%ERRABE L HAAE B & 2R, B
s, b, SR S A X PPM FI SPM 7E 2015-2021 48] 2% FF%, {H
2021 %5 PPM NREAELE, H SPM W55 bAt, SaEEMEA—. S A,
FALFIERGHIX 2021 4E /5 PPM Al SPM JHF4E T &, PHALFIE AR X 2021 4E R
PPM #1 SPM ¥ 2 FFHEaH, MPirGHX 2021 /5 SPM T [#48%%, PPM #F4: b
It

(3) R Gt 3 E % G X SPM% B &, Al ik
66.67%~68.66%. 5 IX I8 SPM% IR, 2015-2021 /8] SPM%iE s
B, H161.74% N R 59.25%, 2021 5 Ja B JCBURI A AR J HE 8 R Tl 2z A
O3 FFEEBAL FEUI KR EAMAE 1158, SPM%¥E N LT, HARATIA 0.58%~1.54%
yrlo PUEFHLIX 54830 X AN ], L SPM%TE 2021 4F JE 5 HF4: T B+ .
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