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Abstract: The lack of high spatio-temporal resolution emission inventories for atmospheric fine particulate matter
(PM, 5) in the Wuhan Metropolitan Area limits the accurate simulation and control of regional PM, s pollution. In this
study, the emission factor method was adopted, integrating point of interest data from Amap as well as relevant
allocation index including population, road network and land use type, etc., to construct a high-spatial-resolution (1
kmx1 km) emission inventory of anthropogenic PM, 5 emissions in the region from 2017 to 2023. Its uncertainty was
evaluated, and its temporal and spatial evolution patterns were revealed. Results showed that the total PM,
emissions peaked in 2018 at 164.59 kt, dropped to 137.15 kt in 2020 due to the pandemic, and rebounded to 149.97 kt
in 2023. The uncertainty of PM, 5 emissions from various source categories ranged from -31.7% to 42.2%, fossil fuel
combustion sources (-13.2% to 35.8%) and process sources (-15.2% to 34.3%) have high uncertainty, while dust
sources have the lowest uncertainty (-8.2% to 15.4%). Industrial and dust sources were the main contributor,
accounting for 46.5% ~ 52.6% and 26.7% ~ 31.8% of total PM, s emissions, respectively. The emission intensity of
PM, s in urban central area was 600 ~ 800 t/km?, which was 40 ~ 50 times that in suburban and rural areas. This study
can provide reliable high-precision emission inventory data support for improving the accuracy of atmospheric
chemistry numerical simulations.
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Temporal Evolution
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R PR KRS SR HE R B KR S S E AR R PR B ST 1 R B (Xia et al., 2025),
H 3 KT RV O HER PR 5 G 0N A 2 (Jena et al., 2021), BLKCOKEHATRL
PD(PM,.)i5 G EAR KIS HERE. o0 R HETBCE RE TR 70 MR B X SR R B3 AT DX 2 Tl
ol 5L AN IR SR A HEBCE S SRTIR RRTS BB 18] 73 A5 (AR (Zeng et
al., 2024; Chen et al., 2025), ]IS FHE45 52 I TA) B A K05 G HEIUR I T80 384, IO
(RIURAHETE: 77 B S 282 VP A 42 LSS R4S (Chen et al, 2025), 5 B IR & AR 42T 2 < =
R R HECR (Jena et al., 2021). B i I 2008 L HE RS S ARS8 A2 375 HL A1 5 Ji& 7 7]

FORIF T

I

FEFRE RGP R E A X, E N2 E TR T w5 SRR RO S R g i 7. e,
B MX, Qi Z(2017)EE57 T 2013 4E 3 km X3 km [IHERUE ., Zheng %(2019)%H %} T
WPREENL T 2014 4 4 km X 4 km FIFEBOE B, X I F0AR B DAk AT THER PM, s 21X
1 PM, s HERU) 1 Bk IR, o5 IXIRHEIT) 56% ~ 59.6%. Jiang %5(2020)4 %2 T 416 F R HLEN 4
4 kmX4 km FJHEBOE R, ATF0R R /NG ER ] A R E RS R 40 PM s RIS 32 2R
U, FHEBR AR PR R RN AN R AR T vty s ANBAE PR T ORI T 40-50 R S
B R EHR T AMRAE &, 7E-6.46% ~ 7.16%2 18] A5 K =fAX, An ZQ021)HET

2017 FEiZIXI 4 kmX 4 km FIHEBUE B, B~ PM, s HECEE S 7E IR T A8 AN T X3,
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PM, s ST 28%; 15 AN E MK P AE-30% ~ 46%, FELETIHa/K-PEIE A% AT, 78
PR=fH1X, Zhang Z5Q023)HE T 44 2018 4F 1 kmX 1 km MIHEBGE ., K PMys LE
KIETH YA T2, 295 SR 63%. Wu 55(2024)F 5 1 2017 8] IR AT5 4
VIHECE B, 3 B (B 0 PR ETE B 500 mX 500 m, A I T MAAHEBON T PM, s FE ) E E
P, FEAE HE SN E M (-23.2% ~ 46.98%) W = ZLIR [ TG B /K P EUE AN 6 8. TETH s
() B FROBE R R oy, S e I 2 20 R RORS R Ry, [ R X3 LR 17 A B )5 e WD H T
B2 R Al 7% ~ 70%(Zhong et al., 2016). tHERFFIE M, (ESHIFET AN D% 5 GDP #1458
Iy BT VRS AE Tl 2 A XA Al RO AR 2 22 3 BOR I XI5 R V5 BRI 73 AT i) iR 22
(Milne et al., 2014; Puliafito et al., 2015; Qiu et al., 2014).

PRI, AT SR TSGR SR A A5 (8] 0 FE 3, O TR ST SGTE 1. Zhang 55(2020)45 &
W iE B RFEE 1A 5GP B, R =AM XA PM, s HEBC N 25 70 2 52 T+ 2
30 mX30 m A1 HARA, KICEIABEE R SR B HEBOIRE,  HLARE I =5 38 2 X 3O LR
PM, s 1 HHE E R MBI PMy s HEBE R 1%, Lam 55(2021) FIA 14 H408 LEEUR, 46
Bt oy R AR PR (R T DAV, DA A TR R A BE iR s, BAR T 4%
GRET N VBRI, K DM HESE R 0 N 27 km PERZ R 3 km, HRGETH T
TV RAERE L. Li 55(2024) K 1 i 70 He R UM pe AR L A= 48 A0 = i f) P S 354l
HARYE AR R R BN AR A2, g BT AV R R PM, s (175 8] 73 R e 42
THE| 250 m, FHRIVRIEDIRATABEFIARAR K R A2 PMy s FEHIIR, 5 SHAFBEER 26% ~
73%. HEBCH B FESR T TR YAk BEARSCIE 0 M ol AL 3 T S Bl (R . 3RS
(202 1)WF 7T A LR B 5K RUBES HU(MEIC, 0.1° *0.1° Y& HON 2 0T @ J R i s, Bafe
FH) PMy s ARG T IIR ZBEIK T 28.8%. Zheng Z£(2021)WF LR, FRHHR @ km) ATk
B MEIC i 55, PMys B ZEIKR T 22%, H0IRIX PM, s BEAUE 5 I IIE AR 1
0.37 327+ 0.56. Gu 5(2023)FF 7T K, A 3 km 73 HF3F REARE ZRUZ 10 km i H#
J&, PMy s ARALIRA — 4 P E1R 22 M 53% K% 2 43%.

U TT BB 3 I K05 ey 28 R B Xz —, (B2 XK 075 G T S
WEFURE R . AL SCEF 02 ) EE T AEE AN VOCs HEUE B, #7517 2009-2018 471
) L2 AR5 VOCs HFBURHIE R A ka3, B A (2020)d S HE R %45 & GIS 2143 i,

X AEE 19962016 £ 10 FRANIRAVEHBOEAT 2047, KILHAL S B HCR FE K
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S T BB 5 59 PM, s HERGH 5B, S0 7E— e RRRE_EBI20 T RHZIKIR, PMy s 15 ek
MEFO VRN A AR V38

ST, ABF ORI 2017-2023 4RI B 17 05 3k T 5, 6T HE A T
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S, WD TSR K IR % 2 R KA 2, LN FIBSFERE o 2017-2023 4EELET B, ol
R E A e
1 MRS 5
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Figure 1 Classification of Anthropogenic Emission Sources of PM, 5
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Figure 2 Indicators for Estimating Activity Level Data of Secondary Emission Sources
1.2.2 (A R Be AN T 2 i
WA AEHA R IR AL FE B ik Tl P A B R GE BOHETs, e rb e g AL H g
DIRR AT FAR ROV HRG B BRI i BAE AR 3 v 48 A 25 R4 BRI HE I
ARG & TAVAT ) S b A is AT I I HEG. T2 AR M. A ST, @6
AHAR TV IHETR 53 AT S AT VAR AL =R IR PM2.5 HE,  He HAth b ARG 7K Ve
FRINGT LG TAAT . THE AR
E = AXEF @)
AR, ENHIGE: AR EF 08 7. 3G 8K 3 B A R
TR REHEFE R . PR Bt BOR BN YA il it 1) L PR AR . UK 2 AR IR 7 i ™
SN AR P TS GRS I 25 R AR, ZHRANTIT,  ARIEORLR A 7 b A e BT

T, N 50%, W 1 A% 2 s,
F VAL R TE PM, s HES R 7O

Table 1 Emission Factors of PM, 5 for Fossil Fuel Combustion Sources

BRA EF
JR AR 7.35 glkg
VERE I 2.97 g/kg
H Ay 2.97 g/kg
U 2.97 g/kg
S 0.5 g/kg
R 0.62 g/kg
sl 0.9 g/kg
KRR 0.03 g/m’
WAL RS 0.17 g/m’
HoAth =4k 0.03 g/m’

T OB [0 A5 Al S 7143 55 THERUN 7 13 B (Xiong et al., 2016; R AL, 2019; 5K 5 4%, 2022),
AHFFASE TR B R R T5 R HICHE B ] BOR T RGN — IR HE SO 5 gm i) 1R fig
B GRIT)) A (PM s HECEAZ B HORFE CRAT skIJg Dk Ay .

2 TS FRIE PM, s HEBH

Table 2 Emission Factors of PM, 5 for Process Source

PR EF
P 2.52 g/kg
KA @ 1.8 g/lkg

A ) 5.25 g/kg

el 8.26 g/kg

Ke® 21.61 g/kg

Yoy 1.4 g/kg



Hrga® 5.2 g/kg

A

JEi i A ) 0.1 g/kg
fhJE® 1.86 g/kg
Gl 1.44 g/kg

VE: OOk 7 E UK Q02D I T, D% 5 A5 Al 5 VR4 5 T H O T 1 1 B (Xiong et all,
2016; EH A%, 2022), ABFFHBATRE GRS PGS g E AR TN A (PM, s HERCRZ
BTG BT KRBT

1.2.3 AW IR
D B P IR AR AR R BEPR AL (Y PMy s HERS B IR RN BRI R ke,
PM, s HEBCE A A S A R B IR IO A 555 — 80 BV IR A i RAE R

T RS SRR TR PMys HER  HECEAL A KR
E = BL x CE X EF 3)

ARG)HBLERAFEVRIRRI R & CERRADTIERERE: EF AP ITIREER)
HEBR T HEBUR 7 AR BRI 3 fron, RS RIA FIRBERCR M HEUA T 257, HEIA

T RIRIFE R [PIAREE I 22 53 731 9 25% A1 50%(Wu et al., 2020).
3 RN UEA R TR PM, s HERCR T AR e

Table 3 Emission Factors and Combustion Efficiency of PM, 5 for Biomass Boiler Sources

and Biomass Cooker Sources

YR EF CE EYR EF CE
AR B AL 1.15 g/kg® — Feie 4.87 g/kg® 0.804®
Tk 6.87 g/kg®  0.92 e 5.26 g/kg® 0.68®
IKFE 9.14 g/kg®  0.93® 2R 3.59 g/kg® 0.804®
N 8.24 g/kg®  0.92 HisE 7.15 g/kg® 0.804®
HSHF 7.46 glke®  0.804°) PR 7.15 g/kg® 0.804%
K= 112 ghkg™®  0.68% N 7.15 g/kg® 0.804®
RS ) 7.15 gkg®  0.68° Wik 5.22 g/kg® -
14 9.05 g/kg®  0.820 Li-E (i 8.22 g/kg® 0.2®

VE: OBIEEK A Wu 5(2020) B 7T OB K B T EERQ2015) IHF 7T O%dE K B Zhou 25(2017) IR AT

A= 5 T TR b 32 N AR ARV 8 R AE BeTs G AN BR AR R IR 5, BT A 04 R
JRIATHE 772 (Randerson et al., 2012), 456 A G FIHHS HE FE#AT A (Wu et al., 2020),
THRAXIT:

BAy:;j = BAucpesai(xt,j) T BAmcpiamLixt,j) 4)
n
E= Z BAy.; X CEy X BLy, X EF (5)
=

AR HBAycpesar e, jy AR EAMODIS — MCD64AATIIIRLE I (Giglio et al., 2019);
BAwmcpiami(xt,jy K E MODIS — MCD14M LI BB T A EE (https://modis.gsfe.nasa.gov/). 2

(5) B Ay g HE R B PR (R TR KRB AR s CE, s AE AR IR Bk A MR
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IABERR s BLy N Bx AL ANV BRIREHK S B EF A& BV BRI I HESR 1. HEUA 5

AR UIER 4 B, AntE(w 22 70 58 25%F0 50%(Wu et al., 2020).
R 4 HEMRTFBURBEIE PM,, s HERUE TR B R

Table 4 Emission Factors and Combustion Efficiency of PM, s for biomass open combustion sources

YR EF CE EWIR EF CE
BN 11.7 g/kg?” 0.92® g 6.79 g/kg"” 0.68®
IKF 5.67 g/kg” 0.93® Z R 6.79 g/kg!” 0.804®
Nz 7.58 g/kg!” 0.92® HsE 6.79 g/kg"” 0.804®

TSN 6.79 g/kg"” 0.804® JH L 6.79 g/kg” 0.804®
K& 6.79 g/kg” 0.68® PN 6.79 g/kg'” 0.804®

A 6.79 g/kg” 0.68® Hith 5.4 g/kg” 0.25®
piges 6.79 g/kg” 0.82® S NN 7.9 g/kg!” 0.95®
iyia 11.7 g/kg?” 0.804®

e DEAEE Wu 25(2020)FI0F 58 O e B (2015 BITT 7T,

1.2.4 B35

M IR B A8 B A2 SR AN AR TE A2 S, 8 B A ZhilTE S RN LB IR PMy s HFG
ST LN A AT B BLRE AT A 2 BLHE AR O AT A5 55 TS A T

E=2PixVKTixEF
i

(6)

~AO)F, PO SR IR & VKT, NSRRI NLE) 22 [ SR 4T Bl R

EF NN AT R A BB HECR B, 3R 5 s, AnitEm 2209 50%.

S EMB IR PM, s HECR i (g/km)®
Table 5 Emission Factors of PM, s from Road Mobile Sources (g/km)

K ZER PR Tz 1 H 2 H 3 &4
HAEH IR 0.10 0.03 0.02 0.01 0.01

I TR R 0.10 0.03 0.02 0.01 0.01

B ITREE 0.12 0.04 0.03 0.02 0.01

MR ZE 0.12 0.04 0.03 0.02 0.01

TR PNiLE - anw 0.10 0.03 0.02 0.01 0.01
IR E 0.10 0.03 0.02 0.01 0.01

NI 0.004 0.003 0.003 0.001 0.001

MR E 0.004 0.003 0.003 0.001 0.001

EEFEZE 0.31 0.17 0.09 0.09 0.09

HIMFIURE 2.00 1.00 0.40 0.30 0.06

TR IR ZE 0.60 0.60 0.13 0.09 0.02

BREIRE 0.30 0.20 0.07 0.05 0.03

o WA IR TR 0.30 0.20 0.07 0.05 0.03
REHERE 2.00 1.00 0.40 0.30 0.06

I ERIRZE 0.60 0.60 0.13 0.09 0.02

N EEIREE 0.30 0.20 0.07 0.05 0.03

M EEIRE 0.30 0.20 0.07 0.05 0.03




Vs OB GEBHLENE RS R IOE SRR GRIT))

A8 B2 Y5 AF TE R AL S AU B HEBO A RIS AT IS B PM, s FIFG R A FEIR 5
%, BT SMARER SN, MHAIERER N IRHLE R AE B 5 PMy s FFICE:, il SR
T3 EAHE R 5 5 A PRI e R ) — FL
1.2.5 #4205

B RRERELIEY A EREL. THEAFESTHE, TEEAMXRECkE OR
T AR RO 5 H BT R (AT))

LI BIRR L PMys R, R PR AR 2 (R4, 2024), 15 Bh7KFEL

WA, HEARWR:
W = Eg; X Ag (7)
ARDH, ESN IR RUEN PMy s HERR S Agh T3 AR UR I HIAR.

TH 47 RIE B ) PMo s 2R HE &SRR MIE K R R, MR AT
W = Eg; X Lg X Ng X 1076 (8)
AR@)F, ERNEHMHAIET PMys TIHIN AT Ly MERKEE: Ny NiEHZ AR

I B N AR AR 1 BOE i B P R R
T2 F8 THL PMys #2RHEAG  HEACR @ Ik PU4EIE 2L (RIS, 2009; #HIHKEE, 2012)

AT, EARX LR
W=txuxCxMxKxhglxn 9)
ARO)F, OB WAt BN SFIRGE ;. COATHUE A MBS HEBOREE R

B, KN TSP FIBFAIRE AR REG hog N THBEIY S nan PMys 5 TSP HIELI.
HeZ B Fe A MK PMys A, SSRGSk B ks, R AR

W=2Ehxcyx10‘3 (10)

N0, Ep AHE A 3 ES I R I BRI HE SR G Gy AR U I R ()
L2
1.2.6 B0

BRUEHETR PMy.s SR BER LRI, GHE & SRR/ S F A DM RHE . HEscE
K HEG RBOEBAT RS, AOC RECITH 575 V5 5k B ELLISE Q018) BT AR (3 i K<

T RWHEOE g SR T, AKX
E=nXVXHXEFx(1—n) 11

ARADF, nABEEREG VARRHGER; HAVERLER ) EFRER PMys

9



FEAE BB AR I A S R
1.3 RRREMIH

HETRO B AN 58 1 25 TR T4 B /K ST 5 RHE TR 1 T S A R F SR R
B, NS HEBIR R SR HEE A L BR BRI  EARER 2E, R RREHR
Beli. TR, AVTIREEIR . BBl 5 AR TR 10 5 2 /K P R A o 1 43 ol
BN 5% 10%- 20%- 34%-. 5%F1 10%(Lu et al., 2020; Zhu et al., 2023), {#iH Oracle Crystal
Ball THIEHT 20000 U, SRJEH4S MUK A @ VEAL 6 B B A R, 13 808 HEOR
1) PM, s HFTBCER AN E PETE .
1.4 5B E S

BT GIS A, 4ia RN D0 MmEHESE 2017-2023 41N 1= 8 4 Fi
(https://landscan.ornl.gov/about) M1 [F % # BR 28 4t B 27 H4fs o 0> 2017-2023 4 1) 4 1 1 I 28 B
(https://www.geodata.cn/data/) 55 AV RFEARAERHE . SEIE E XM HIRSR 2017-2023 F 1) EE
K5 5 (https:/firms.modaps.eosdis.nasa.gov/download/create.php)F1 2017-2023 4F 273k 7 P&l
POI S5/ A1 5 (https://ditu.amap.com/), ¥ 2017-2023 iU B ATE PM, s HERCE I8
i ArcGis HAF/BCE] 1 km X 1 km (A&, B AR B 7200 A (12) TR

Eyria = 9 o0 (12)
ARA)N, Egrig B BEA 1 kmX 1 km M1 PM, s HECE ;s E,, & —ZRIEmT PM, s HE

B nFoR “HER S, RS EINE 6 k.
% 6 B HEICRZ R 7 FL 2 40

Table 6 Parameters for Spatial Allocation of Emission Sources

— %% AR Eyre AEBH
7). BRI R — TE R
e 1R
Bl p LR o 1 2 B LT RO b B R
T AL Tk o 0 AR T B K
ek R . B K
Fl ST T FUL T 0 AR e TR AR
bR . KIE R - H K
e RG2S L UL
BT A oAl Tl Ao M 9 PR i A T B
R AR BTl 0 AR 0 BB R
B R MR KA DB
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2 R 5
2.1 RIUATHEA R PM, s HERE B BRI

BB TTIE 2017-2023 42 A AU PM s HECE AN 3 Bros. AHEBUESEE, sl i el i1
NI PMy s HECE A B3R N-11.6% ~ 8%, LI BTHE TREMET. N 2017 41 161.9
FIi(-14.6% ~ 14.9%) L7+ % 2018 FF 1) 164.6 THi(14.8% ~ 14.6%), RJGFZ 2020 4E 1) 137.2
TFIi(13.4% ~ 13.3%), PM, s FEACE FREIIE, FREEQO2)MMFTIEL, BEHEEEIE, PM,s
WS 42 ~ 83 pg/m” BEZE 37 ~ 63 pg/m >, MK T 23.4%. Huang 25(2021)% JCZ ik (EC)
15 PM, s — IRHEIC /R R, BF 50 R IR B0 1R) T 0 2 EC IR EESY R B,  HASBUIN 5
BRI EC IEHEMRT 1, BIKE 0.4, tHRBH—K PM,s Hi iR BH 2.2020 4 5
2023 4, PMys HFHUL LS BT 150 T,

AT R IR A 2 1 N-8.2% ~ 15.4%, 2020 4 PM, s HEBUS EFEK T 11.6%, X
FEERZ B R IEHE R, TR 2017 SRR T 4.2%, KT RN RIS T LE
PN IATE] PM, s FETBUR B R 3R W, #7002 PMys HFCE FRARID 3 ZRVE, ol 1
3.3%A0 3.1%[I 5Tk (Wang et al., 2022; Jin et al., 2023); Wang 25(2024) I 7T Bon i B
SRV XK PMy s HEBCRE IR 5T T 1.21pg/m’ (IR EE R, 5 PM, s AUsHER 10.9%;
L WA S R (L T ), fF PMas WREEIR/D 1.82ug/m’, MR 2.0%.2023 4%
PM, 5 HFJSCEL B 38 0 5 2252 B R A SR, HEECREAE EL 2020 4E3IN T 4.3 T, 5
HER S B IN 33.8%. X T RERE XA AL Sm B MR, DARJERE R A& At S Ik
G P DTRR.

WA RRHA B ISR T2 R H) PM, s HECE RS, £ 8.43 ~ 11.04 THEA 70.4 ~
78.45 T-Whi 2 [f], AN MEDBIN-13.2% ~ 35.8%F1-15.2% ~ 34.3%. fEEEES AN, ZHT
b A=, ARARIEE FRL ANk S At b PR R B A RS2 AR PR, R YR R AR TR WA
=z —(Lietal, 2021), [t PM, s HEBREIFAR R AR, HAX th 2P Zi@%, K=1M
M X FEE AR IIR], MR E ) R R R YR AL R, HEBCRIRAD AR 10%, AR SRR EFH T
10%: RFAMREERER FoR, 5Tk 5 EAERERTIN 10%THE 35%(Ma et al., 2021); E4bHhX
JE BT 52 PR UR R S R B T oK, HECOTIR R (8% ~ 17%) % K T A I ) 2288 V5 (17.3% ~
58.1%)(Zhao et al., 2021); FEAERFEBUTIE, BRGNS PM, s BITTER &5 LLik 30.5%, 2

HoRJF(Zhou et al., 2022).
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A FIRBENT PM, s HEICEAE 6.21 ~ 12.17 TMEZ 6], AHAENEN-9.8% ~ 18.2%, WbH
E “H =T WA HEHERE AT AR, 2021 FEAREFT 22 S R 90%(Wu et al., 2021),
AW TR BoRE TR PM, s HESCEAE 2021 FF &A%, AL 2017 FEFEK T 5.96 T
Hong £5(2023)AF 78 o fE “+ =107 WA, 4B RSB A B HFRCE T
BET 21% ~ 29%, FEESI5HY—AABRCOHE T T 29%, ZULH R E WBOR R
RHIE. #2305 PM, s FEBURTE 6.48 ~ 9.16 T-HiZ [8], AHHENA-31.7 ~ 42.2%, 2020 FFIHIHE
EEfK, B 2019 FEE> T 2.34 TWE. 2020 SEEEUYIE, SOERERE, HA R A E R
T R 60%(Gao et al., 2021), FEIK TR HEHITS G, RN XL Mg A sy 4
P B fd PM,s IR T & 25% ~ 36.9%(Lian et al., 2020; Zheng et al., 2020). B #E T £E 381 8]
WLENZEHEHCRT PM, s HEBUT DTk % B T 22.2%(Zhang et al., 2024a); &= Al X 7ERE 1 1 A]

TR PEHEHBOS PMys [ DTRRZE R % 40%(Ma et al., 2021), St A s HERCS 200 4L FE T %
R

751 12
60 10 M

454 6

30+

154

0 A~

[N =N ]
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=

=) ]

A SO D AN A A ’\ N "y "'~ T 9 DA "
S FEFE PP @S B S
(LA e AT ;ﬁ R e

10 1 50! 10

§ 40 8

[} 104 6
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2 104 2
“o\‘ben,%@wcn:a“o\%e@w\ @”6&36\@&
EEFEEP TSP SRS
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Hahis R B

3 BT R 2017-2023 42 A\ YR PM, s FCR:
Fig. 3 Anthropogenic PM, 5 Emissions in Wuhan Metropolitan Area from 2017 to 2023

2.2 FEIXE PM, s FHEH KRR

AR 38 PM, s J5HEC BT R 55 30D 7 B s Lt 7 B, ARiE 9t b L 2 1 R DTk
K (46.52% ~ 52.64%)FHL IR TTHRZ(26.71% ~ 31.77%) 5 ek mys Bk =M W78 & TR
TTRRAARS S VLI IR IC b L2 RV HE DTk AR (60%) B s K = A BB 7 h Ak A7 Rkt
PABEIS TTHRAE(22.4%) b s ST IR FC A8 B U TR 3E(25.6%) 1 LU R s P22 T (K AE
RBEUR TTHR %6(24.4%) FIL AT R EHR BE TR TTRR %6.(20.6%) BN R s T MITTRIK = A X 142
VEHETIR AR B R, 70 45%A1 30%.

AR TN 6] JPVEAEAEZE S, (BRI A PMys RO 5 X4 Mk 454 . e
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P50 A R R385 4 9% (Huang et al., 2014; Li et al., 2016), H:rf 2017 K =M H1X 1) PM, s HE
JBCIR S5 #4 5 BB T R 1 PML s HEBORSS M BARIT. 230 50T 65 K = A 5 a0 7 B 1) 3
Ao BRI G A AR ABL A DG 7 M [ b K Y T S LB DA EE T R R 28 SR

2023 FRMIMBTEMEKE =M E —. =, =7 S 5h 7.5385:54.0
3.6:39.8:56.6. F3AMHKMT TE s AR X7 1] AR s A2 . 22007 U RTRS N AR AR =L E b
- BRI A R K =M SR DOR T PM, s A% R EER ARk AE,  H LIRS

G IX L PR A% T AR AR XL S AL 5 R IE(Hu et al., 2022; Zhan et al., 2023).
R 7 AR X IH PM, s WEHEI DT R 26 5 A0 70 L

Table 7 Contribution of PM, 5 source emissions from different regions compared to this study

Fh X% AEHA YRR s . B FUiiR
WA Lo BV wome paw R
BEIR IR
R 5.4% ~ 46.5% ~ 4.2% ~ 4.7% ~ 26.7%~  2.9%~ .
20172023 40 o 7.4% 52.6% 7.5% 5.7% 31.8% 4.9% A5
2017-2020  BR=41 5% ~10%  18% ~20% 10% 18%~20% 8%~ 10% — (Zh;g%t al.,
2017-2019  ITH4 10% 60% 20% 10% — — (Gu et al., 2023)
. (Zhang et al.,
0 0, 0, 0, 0, .
2023 WA 15.4% 6.5% 3.5% 25.6% 8.5% 2024b)
2018 PN 20.6% 3.1% 24.4% 10.5% 12.5% — (Ca‘z)oaznld) Cui,
2018 I Lki 3% 19% 10% 10% 45% (Zhang et al,
2023)
2017 K=4 5% 40% 15% 10% 30% (An et al., 2021)

2.3 BB — iR PM, s i B B ERRT

BT R 2017, 2020 A1 2023 4 & — RIEHIFFBE AR AN KL 4 Fros. £ 205 L,
TR TR R B K YRS AN TR (28.01% ~ 34.57%, AHAENEN-21.6% ~ 34.3%), HIREEM
PE(10.91% ~ 15.79%, ASHENEN-18.3% ~ 34.3%). L7 IE(8.78% ~ 12.99%, AHiE TN
-13.3% ~ 34.3%)FIIE B 4720 VR (8.74% ~ 14.16%, AN E 1 H-8.2% ~ 34.3%).

ERAT V) PM, s HETBOR H I PM, s HESUR 2R IS (Zhang et al., 2019; BOCHAE, 2018),
o L R A b T S R AR B SO AR G5 R 4K, T PML s HEJBCHR E PR 40% ~ 60%(Lei et
al., 2023). R4 2019 4 7 H 29 HEPR K GHIALERGAT \WBARHESSOE SE T %), 3 2023
SEHT, ST EPHTT. BAT. FAT M ST R S LI Rk Al
A5 AR HE R GE T4, A X A8k Al 2025 4FRATEEA 5 IR HER SGE. RO
FEL TR AN Bk = B LA 1 80% LA 1, HARERAT L PM, s HEE T RS, 2017 43 2020 4
AT 229 FE, 2020 EF] 2023 > T 2.26 T T FE AT @ B AR HE R AR
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PM HERUA TR 46.9%, 2015-2019 4F PM HECR IR 68.4%, HiHXT PM, s ITTHRF M
0.9%P% % 0.4%(Cheng et al., 2024), FEHREXERAT M ) JRlCHERE A L 5 R0 T % 47 20 A2 Ik i Ak
PI(PMy5.10) I FERIFZ —, S RRIHEUT) 41.2% 75 47 (Dai et al., 2024), F HIE 4 2HEK
) PM, s FEH A HERCH 5 L 62.2% ~ 85.8%(Chen et al., 2023), i 32i# iz ¥ & F 0 i #3720 HE
UM FE B R —. AR, 2020 IR 2% E S PM, s HESR LT R4 X R
(Jia et al., 2021), HLZ)Z & > 3 BOE 7 D HRE 2 BEIC, PM, s IRIZFEIRIL 20.5% ~
35%(RETLAT S, 2023). AT H, HEERIHARM PM,s HSCE % NG EAES, 2017 £3)
2020 fEJg/ T 9.21 THE, 2020 FEF] 2023 SEHGHN T 9.25 T-HE, JeBR 7B RIS EXT PM, s
HER 5.
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4 EPUINTITRE 2017, 2020 1 2023 4 5% 2R PM, s HESCE B AL
Fig. 4 Changes in PM, 5 Emissions from Secondary Sources in Wuhan Metropolitan Area in

2017, 2020 and 2023

2.4 KB HE PM, s HEESEE = 2B EL

DB 7S DU T RN O HETEONT PM s 22 18] 70 AT HOREIE , - 18 5 RIS 1 2017 £E 4 2023
A PMy s HETBU98 B2 73 A T AL

MEEETE S 2R T () PO 3 X A 28 A IR HH X (510 tkm?), B HEX 5 N 117 []
43 A7 e ¥ — 3 (Feng et al., 2024). Xu F1 Chen(202 1)1 5T B iU T PM, s W 7R 17 Hhor S 30
[F O AR EE S0 AT, JEREE 5107 CoRR B I DT PEA, S5 AR 7T 45 R — 3 I Hallidl
IR e A HE TR S AR B R T AR 2R 1T, Sun A Li(2025) IR FL R A A TR
AT PM, s 15 G B RRE 71(0.7881) KT HARZEAF R 22(0.7036), i L3 g sk Il PM, s 75
Y, BEWT PMys HECE S0 R RAKPAISE, sl th U B ) % M 2 i R JR /K P 22 St
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RO AR, 5 BRSO SOy T, B DS A 5SS R
JE IR (B4, 2023), PM,s HEGRZ B(>10 tkm?), M08 X (T S5 X I) A V3 4
W G ARRESE TT,  ZR IR X S SN B 20T DO B R, AR H S R
FEAIE 2 S AR AR AT — e HERUA P, HEBGR AR (L ~ 10 vkm?). A L H AR TAk3% T,
BAE ORI VG EE LA AR TR E NG . A E TTLIX, X I AR
s HUME G B T AT, Al B b BEUEHFE R TS R H e, i 8 X 3 ] i [ 5
Fi(1 ~ 10 tkm?). FEMIER-S IR FIRIFEL AN, SEAFE T /AL GE i K RSB T
Ak, CASBIAR SR TTE X o ), ARk A= 8 T T, Pl R At HIRIE TR,
TR JSELE S R 3 X BRI B (B (1 ~ 10 vkm®). S8 XCHERCR AR AR ~ 10 vkm®); &
2 AT O RRHE(<] thm® LLF). 280 “Hub . SNEMR (#48 18] o AL
METTEARL T, 2017-2019 “E(B Sa ~ o)f%OmHERGE R BitaiR. 2017 4£(E Sa),

PM, s AR B B0y, BRI 3 IX O ML 1 O X, HERGREEE 20 vhkm” LA L (¥4T
LX) Z A T LI X R 2 SR A T IE, B SR S A AE IR B e HRRX
Huang %5(2019)%f 20117 2017 4F 3 H 2 2018 4F 2 H ) PM, s W BE S HAG 22 Gy EAT 1 B LR AE
2, s PMF BRI AR Bk AV A S HE R B TR T 26.3%81 29.2%(1) PM, s HFIE
ARHUE ARG B LA ST ESE, SARRAS R 82017 £F] 2020 4
AT “H=37 WRMEE =4, PEHEHERD PMys IKEEEE TR T 12% ~ 94%(Ali et
al., 2023), ALUE H 2018 (] 5b)Z 2019 (& 5¢), A X I8 Fr 4k, 356 B s i bl
(KSR IR BUR T IR, 2020 4E(B 5d)PMys HERUS EFER T 11.64%, 2 GXIBIRR
T M T X oy, A b IX A3 T A2 3 T SR PM s HECRARTE 5 vkm® AR, 34
AKX PM, s HEBGREEA L 0.1 tkm®, Gao Z5Q021)IITF LRI, 2020 4EIIL PM, s K FETE
BHUIR R TR, 5@ERERDENKERUE R, SRS R B 2021 F(&
5e)PMy s HEBUK T I — & S ##a%, Feng 25(2022)3E T 20 58 T L 540 A0 b i 1 ) o 28,
WEFRIL 2021 4EATHLX PM, s HERCE SR 2020 4 LT+ 15%, Fdh b E TR T4 60%I13 &,
RNAGEN IR JGT5 345/ BRI, sQOU Tl PM, s FIFBCEREN 7 8%, s il
T HE X IR R R, RE VLA 55 (2023)i2 I BENL AR AR EE R B HE S SR, I
DM EE G, PO, 2B, TIX . =34, 2l ST 5 A H PMy s FFR

TR R BRARAE(3.80 ~ 7.30 pug/m’) & /N T MIE(15.1 ~ 28.5 pg/m’), HABX . =IRLLAN
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A R HER STER I N, A XA R, HAR R AR — 5. 2022 4F(E] 5HZE 2023 (]
Sg)HERCE(147.1 ~ 150 T TFa5E.

a N |b N
HERGRIE (k) HERR I (kom)
mmo-01 WNo-01
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S — mm2000-800 [ L1 | B 200.0 - 500.0
c N |d N
HE A3 1 (em)
ORI (tkm?) =001
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Bl 5 BT 2017-2023 4F A YR PMy s HEGE BE 43 A (I8 72 I (B a ~ g 43700 B2 2017, 2018, 2019,
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Fig. 5 Evolution Map of the Distribution of Anthropogenic PM, 5 Emission Intensity in the Wuhan Metropolitan
Area from 2017 to 2023 (figures a to g correspond to 2017, 2018, 2019, 2020, 2021, 2022, and 2023 respectively)

EOU T 2017-2020 S 2020-2023 55 PM, s HERGEE LI 6 Fizs. 2017-2020 4
(B 6a), PM,s HEBEFE FRAK T -6.1% ~ 40.6%, BEARHES 7 82 78 FhoO 3 X B %, Yuan 25
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O2V)IH 5T R R AEIR T AR T Tl X, K5 Pk B 1 B LU (27% ~ 62%)mn T 281X (25%
~ 58%), Ut W25 SR B BT B A S NAES T RIS T Tk X IR, SAWFFA R — L
2020-2023 (& 6b), o Cod DX AN 43 TE B HE R L SR T -7.3% ~ 63.9%.Feng 45(2022)42
TSRS, TR S BUS T U B BIRA S, 15 R R I
by BFIC SRR 5 SCIBAR AL T 1 SR REAE 3 LA L, IF BARHASIEIRA A Tl b0 Thig
(¥R BT D AR U AR (-0.42 ~ -0.89), BEHIKAURITEZENE 2 J5 PMys HEUSR W,
AR R B

e 2
FPICE 2= (km ) o HEEEE L (km)

B 6000 - 5.0 W 6000 - 5.0
W50 - 05 W 50 - 05
05 - 01 E-05-01
[ J-01-0 Jo1-0
[ 10-01

0 50 100km 0.1 -0 %3,%
1 0 S0 100km o
50 - 4000 I T Bl 50-4000

Bl 6 EIBU T 2017-2020 4E(a)F1 2020-2023 4E(b)PM, s HESUHR E A5 1L
Figure 6 Changes in PM, 5 Emission Intensity in the Wuhan Metropolitan Area from 2017 to 2020 (a) and from 2020
t0 2023 (b)

2.5 HiUB R A fRE

U T R N I PML s HEJBUE B RO AN I 58 PR BT 03 8 T, ¥ SRANHA o P R ok I
FKPHHRREEE . R RIS R R RS R F(Lu et al., 2020), KEiE3)/KFAl
HEBCE 73 B IE S HEZR 73 A 6 BUE A5 70 A1 (Zhao et al., 2011), GERLELASE] 17 26—
G0 PM, s U AN & MG .

18 PR B IR AN E SR = (-31.7% ~ 42.2%), ASWETT R FEHLEN 2R I HESObR v 2 B2 4y
2, N T HEBR T ROREIEYE, Zhu 25(2023)E 5 T A R K E A HX HLEY SIS R
HEBGE e, Horp PMy s A MER-29.51% ~ 37.70 %, T 78 55 Wi T8 245 B sh iR HE O A P
K EER R 2 —REN AR 7. OO R (-23.1% ~ 35.8%), IR IR KA
1 5E PERAR(-13.3% ~ 12.1%). —ZRUEHT, A A BRRHIR I s R 25 5 82 Ut 1) A Wl 2 A o -
13.2% ~ 35.8%M1-15.2% ~ 34.3%). Bl BRI BOR TIRBERT Bat) 73« 70 00 KO AT 25 1k
(g A7 B B IR IR I 2 S, RS BRSO AN E P 1 3 22 R (Kuang et al.,
2013; Thompson et al., 2019), S [FFIRRBEHE AR A SHRRHE PM,.s HEBIE F4 Frigm. T2
T R VR HR TSR TE T B AR IR AN [R] 4 P AT B (3 s K P RIS 7, SO E 4
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s Qi AR Q2017) %] 1 Rt E S X AN BRI O HEGE 52, Hod PMy s ARENEN-24% ~ 23%,

AR ITERIL T SERr RO R R, SRR EEEGS, S5AR TR BRI
PM, s AN MBI (-21.6% ~ 34.3%), Liu Z:(2021)iH5 7 o E KPR AT ML R 23 S 05 4e 2 (1
i, HHF PMys AE M N-20% ~ 22%, SRR EMIE PM,s A e B (-18.3% ~

32.4%). ARV A E PE R AR(-8.2% ~ 15.4%).
2 8 95%F (51X 1] T %235 PM, s HERUK Ao 52 1

Table 8 Uncertainties in PM, 5 Emissions from Various Sources under 95% Confidence Interval

CEWaLsS Tivss  RAR mgE 7 AS] R T MR YR

WE W PR HT WU B A
-23.1% -19.7% -13.2% -21.6% -20.1% -18.3% -152% -16.8% -17.7%
35.8% 30.3% 25.6% 34.3% 31.2% 32.4% 28.9% 17.5% 18.2%

R EBE RN ERBE  TRB TG 9B g
HHRGER S BEE Y AW AW AW

-9.8% -31.7% -17.5% -8.2% -14.8% -13.3% -10.9% -13.2%

16.8% 42.2% 20.4% 13.7% 15.4% 12.1% 13.3% 26.7%

3 &

(DB T Rl 2017-2023 45 A Y6 PM, s HEBUS SRR AE-11.64% ~ 8% [H], EIRHE
W ETET 4.6 THE, ARV BURBEIR A R URHEBCE TR 1 2.3 THREAD 10 TR, A BRBHA
Bl T AR RS SR HE R Bk

Q) L2 FEUE 5Tk %(46.52% ~ 52.64%) 137/ RIE TTERE(26.71% ~ 31.77%) % &
TR BT, HE TSR TR 2R A e R AR UR(28.01% ~ 34.57%), HKGE A UE(10.91% ~
15.79%)~ T 11372275 (8.78% ~ 12.99%) ik i 47 22 5 (8.74% ~ 14.16%).

GNP TR 2017-2023 4F PMys AR R “ritei. SMEMR” M0 A AE,
OIRX AEHBE X, BRI =R A EEERREE 10 vkm®), 58X ARFHER
(<10 tkm?). B[] F, 2017-2019 RO FHGTER, 2020 4EFEEEHBRFE T 11.64%,
2021 FELTOIHENIR E IS HECE R T 8%, 2022-2023 FEHEE T 452 (147.1 ~ 150 T-Hf).

(4) QBB TT RN 9 PM, s HETCIT S B AN 72 1t 5 285 T s sh k- s AR 1. — 2%
TR, TSRS BhIE AN E MR (-31.7% ~ 42.2%), H e HL T BEIR(-23.1% ~ 35.8%), L
P BIRATENEFAR(-13.3% ~ 12.1%). —Zelih, A BVEHRRIR(-13.2% ~ 35.8%)Fl Lt
FRUR(-15.2% ~ 34.3%) A E MR A, 2R IR AN & 1 i 1K(-8.2% ~ 15.4%)).
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