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Abstract: The lack of high spatio-temporal resolution emission inventories for atmospheric fine particulate matter (PM,;) in the

Wuhan metropolitan area limits the accurate simulation and control of regional PM,; pollution. In this study, the emission factor
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method was adopted, integrating point of interest data from Amap as well as relevant allocation indices including population, road
network and land use type, etc., to construct a high-spatial-resolution (1 kmX1 km) emission inventory of anthropogenic PM,
emissions in the region from 2017 to 2023. Its uncertainty was evaluated, and its temporal and spatial evolution patterns were
revealed. Results show 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,; 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
contributors, accounting for 46.5% —52.6% and 26.7% —31.8% of total PM,; emissions, respectively. The emission intensity of
PM, 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.

Key words: Wuhan metropolitan area; fine particulate matter; emission inventory; high resolution; spatial -temporal evolution;

atmospheric chemistry; air pollution.

0 5l%H

SR NG RCE 3/ E: 5GP N W o3 s
RS QR RS B2 42 T 1) 4 (Xia er al., 2025) , 1l
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3L T 2014 4F 4 km X 4 km (1 HE BT B 33X P I00HE 5T
HRFE W] TOLEB T THE B PM, 42 X 38 PML, . HE i 9 3=
FOR PR, o5 X 3 HE i A 56%~59.6%. Jiang et al.
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Table 1 Emission factors of PM, . for fossil fuel combustion

R3OAWBR KPR A0 & W BUAP AE IR PM, HE B R TR0 R

KRELE

Table 3 Emission factors and combustion efficiency of PM, ;

for biomass boiler sources and biomass cooker

sources

Kk EF"
J I 7.35 g/kg
VEAE S 2.97 g/kg
BN lIRV LY 2.97 g/kg
A 2.97 g/kg
E30 0.5 g/kg
R 0.62 g/kg
S 0.9 g/kg
RS 0.03 g/m’
WALAT ] 0.17 g/m’
HoAth <Ak 0.03 g/m’

TS B A BE ST R A T B 4 6 T HE A T Y ik
B (Xiong er al., 2016; Fl < A8 4%, 2019; 7 &5 2l 4%, 2022), A& OF
g8 HE WA T ok A OO T K TS g W HE S R g R T
(T—CSES 144—2024)) \ € K 41 AL 1 — w0 HE AW o0
il F AR F8 5 (IR 47 ) (000014672/2014—01379) ) A1 { PM, . HE Hi &
AR A ki) KR Tl A ol ) CAiF SR 22 WL AR D )

x2 IZIARIEPM, HEMETF

Table 2 Emission factors of PM,; for process source

sources
G/ EF CE
CR 7)o RS 1.15 g/kg" —
Tk 6.87 g/kg" 0.92%
7K A 9.14 g/kg" 0.93”
INFZ 8.24 g/kg" 0.92"
THZREAT 7.46 g/kg" 0.804"
N 11.2 g/kg" 0.68"
oy 7.15 g/kg" 0.68”
A 9.05 g/kg" 0.82"
inkia 4.87 g/kg" 0.804"
HRE 5.26 g/kg" 0.68"
K 3.59 g/kg" 0.804"
fiEd 7.15 g/kg" 0.804"
R 7.15 g/kg" 0.804"
KK 7.15 g/kg" 0.804"
Hise 5.22 g/kg" —
LiE-E i) 8.22 g/kg" 0.2

7 i EF
pedty” 2.52 g/kg
BRpH 1.8 g/kg

e gk 5.25 g/kg

4@ 8.26 g/kg

K 21.61 g/kg

R 1.4 g/kg

AR 5.2 g/kg

Jh Az = 0.1g/kg

A 1.86 g/kg

" 1.44 g/kg

T PR R AR E UK o2 B BE S . Y % N A TS
oAl By 1R 4y O F HE B R 9 3 B (Xiong ez al., 2016; gk
Toai A, 2022) , AW 5T HE B F R F 0T R TS g o i i
B4 ) R T (T — CSES 144—2024) ) F1 ¢ PM, . 41k i & #%
B AR BAE (Ao )T KR Tl Al ) CE SR G LR )

E=BL X CE X EF , (3)
22 (3)™h BL 3R s A [l A= ) BOABHIY T 1 5 CE 3%
TN AR TR BB s EF S A2 W o 8k e v HE T R 7
HE il R AR e 850 AN 3% 3 BT, 25 B 3 K [R) 4 e
BT HERCH Y 22 5, HE S - AR R RCR AR
YHE I 22 43 ) SN 2596 F150% (W et al., 2020) .

AW T R e R B Ol R AE W B OR R
8 FI Bk AR KR ) Ts Ge Wy HE L B T A A(4) 1

TE VB H Wu ez al. (2020)89RF5¢ . V80HE k A 7 8045 (2015)
HIWFSE VB 1 Zhou et al. (2017)HF5E .

Pk B 1 AL 3B J7 ¥ (Randerson et al., 2012) , 45
Ao A (5) By R 8 3 AT A (W ez al,
2020) , 75 AKX WE

BA., ;= BAcosnie ) T BAvcoumiie ) » 4)

E=>BA,,, X CE, X BL, X EF , (5)
j=1

2 3 (4) T BA s, 3 8 2k H MODIS -
MCD64A1 11 ¥4 e i FECHE (Giglio et al., 2021) 5
BA yepinie o) 2R K H MODIS-MCD14ML 944 5%
T AR (hitps: //modis. gsfc.nasa.gov/). A 20 (5)
T BA ., NN B o R a] Ak A R 5 AR %
IR CE, /R EA R B oAb A ) R BE 50  BL,
JE A8 2 b 1 N TR AE W RORL Y BT i 5 EF R AR W) 5
R W HEBCR 7 . HEBC AR R R IR 4 TR
s o i 22 53 591 R 25 % F1 50% (W et al., 2020).
124 B3R & 2 U5 455 B & o IR FndE
A IR . GE R RS KIS EN R AR
PM, . HE B 5 & F B 3h 42 48 ¥ 47 3 B AR B 0
BOHE R B AT PR AT .

E=> P,X VKT, X BEF , (6)

AR C6) P, o BT 7E b X i 38 B HL ) 4 R
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A VKT, i SR HLsh 4 ) F e
T ;s BEF b ML 3l 4 47 3 5 47 BE B HE i & B,
2 5 B, bn fE R 22 2 50%.
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Table 4 Emission factors and combustion efficiency of PM,

for biomass open combustion sources

W) EF CE
E'S 11.7 g/kg” 0.92%
TR 5.67 g/kg"” 0.93%
INFE 7.58 g/kg"” 0.92%

TS 6.79 g/kg"” 0.804®
) 6.79 g/kgm 0.68®

o 6.79 g/kg” 0.68"%
W 6.79 g/kgm 0.82®
AL 11.7 g/kg” 0.804"
HE 6.79 g/kg"” 0.68%
Z K 6.79 g/kg” 0.804%
S 6.79 g/kg” 0.804"
LR 6.79 g/kg” 0.804%
PN 6.79 g/kg” 0.804"
b 5.4 g/kg” 0.25%

HEAR 7.9 g/kg” 0.95®

T TR SR B Wu ez al(2020) B BF 58 . B0 Sk @ T 4%
(2015) {4 F 5% .

Fx5 EEBIEPM, HEM R # (g/km)
Table 5 Emission factors of PM, . from road mobile sources
(g/km)

BRORE AT/ JxE HI1 [ 2 3 [ 4
WML HSA 010 0.03  0.02  0.01  0.01
A 010 0.03  0.02 0.0l  0.01
BREHRKSE 012 0.04 003 0.02 001
WK E 012 0.04  0.03  0.02  0.01

o RMEZRAE 010 003 0.02  0.01  0.01
PRAEK RS 010 0.03 0 0.02 001 0.01
N ERE 0.004  0.003  0.003  0.001  0.001
MM ER S 0.004  0.003  0.003 0.001 0.001

FEFC 4 0.31  0.17  0.09  0.09  0.09
ERFHMRAE  2.00  1.00 040 030  0.06
FORESR4E 060 060 013 0.09  0.02
BRI SE 030 020 0.07  0.05  0.03
MO E 030 020 0.07  0.05  0.03
KM EHRE 200  1.00 040  0.30  0.06
PR ERSE 060 060 013 009  0.02
N KRS 030 0.20 0.07  0.05  0.03
MM ERE 030 020 0.07  0.05  0.03

T B0 SR B T L 3 42 TS e HE O B g B R 6 R
(i47)(000014672/2014—01379)).

Ak 18 #% # 3 U5 95 JE 18 2% % s ALY R AR

SR AR A2 AT B PML HE B, SR O HE I T
B, kT A& B IR E R 3h AL A IR R B B N
BRAL A4S By R 0l I FE i Al PML R = AR
2 AR P T 5 Ak A R RH A B TR Y — 2.
125 #HLiE AR HEy AR EKY S
U5 M 47 20 U5 R HE S 45 A2 IR, T E SR T RAR O R
ook B (3 A I HE O R g R $8 E CiRAT)
(000014672/2014—01379)).

+ e URTE B PML B A HE R, R
32 R KRR BE Y 52 e (RO b A, 2024) L, 15 Bl
KA oy R AR AR AL T

W=E4xXAs, (7)
AR (7)), Eq i+ 84 4 I PM,, HE ik
FAB; A b A U A T R

i 47 2h JR J8 18 B ) PMLs 7 2B HE L, 15 3h
KV E YR A B K R M L R AT

W=E X LgXNgxX10", (8)

A8 H, E 18 6 47 22 U5 v PML P 4 4 i &
Ly WEBKE N NERS LR BN
N EZ B O R

T Hb 4 A2 R 4R T ML PML, 45 2R HE ik, HE
L GE DY A G (ORISR, 2009 5 4% #0 Ak
&, 2012) #AT A L IFE AKX .

W=tXuXCXMXKXh," Xy, 9)
X CO) e WS 5w e B B Y P
B X 5 C oy M RS s MO B 2R HE 0 5R BE R
3 K & TSP (total suspended particulates , &l &
TF WKL B ) RN R 2R vk BE B R DG R B b D T
FRl 4 7 B 5 9 & 78 PML, 5 TSP Ay F 4] .

e ¥ 22 TRAR A M T PM,, 5 A HE ik, T
K EGER AR KR E HEALNT .

WzZEh X Gy X 107, (10)

AR (10) H, Ey D HE 3 3 20 1 5 ) i i R Y
L) HE T ZR s Gy R B U e T 2ok R ) ) 2 T
1.2.6 ERIE EKEHEB W PM,, FE kAR
RO A A5 2 TR/ B A R R HE
. HE R R O R HE TS AR Bk O AT AN B, A 6
FECRIT I L ok A E 0 m AF (2018) 1 A 5
I T K A T5 g W HE O R g ) B R T O
(T—CSES 144—2024) ) , it B AKX F .

E=nXVXHXEFXx(1—7y), (11)
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Table 6 Parameters for spatial allocation of emission sources

— HEEH
) A = R BT
I AT
LB ol
T AL Tl ol 9 45
TR T B
LT TR AL T B 2
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1.3 AWEMESH

HE T B0 A 1 PR S SO TS 3K B
T FHE R 0 AT SR AR RIS R FH SR R RIS AL
i HERCIR S 2 K HE TSR 2 R AR
1 7 58 R0 bR o D 25 B A A RORHIR BE IR L T A
PRI A=) B RR R (F% Bl i 4% 2B RIS AR R B 3
Bl 7K P B A 0 E P 43 il 520 .10%6.20% .
34% . 5% F1 10% (Lu et al., 2020; Zhu et al.,
2023) , fi il Oracle Crystal Ball T.H# 47 20 000 %
B, SR 5 B 2 8000 AN B 5 P A 3B B 0 B T G A
I A5 205 HE BRI PM,  HE B AS B 2 PR 15
14 FERZESE

BT GIS = Bl Hr £ R 45 & a3k N 1 0 A
B 4 2017 —2023 4F B9 N 1 %5 (8] 43 A (https: //
landscan.ornl.gov/about) F [ 5¢ #b 3k £ 4t B 2% £ 4l
it 2017—2023 4F (1 = M A 25 B (https: //
www.geodata.cn/data/ ) 55 45 ) 5§ AiF b5 E £, DA
Fe 5 [l ) A0 28 0 K Jmy 2017 — 2023 4F 1) TR K R
B4 (https : //firms. modaps. eosdis. nasa. gov/down-
load/create.php) Fl 2017 — 2023 4E 5 1% 3% 1 & POI
(point of interest, 2% & ) & U 73 75 £ 4 (https: //
ditu.amap.com/ ) , ¥ 2017 — 2023 4F & I 3% 117 [l A
A PML HE A 38 3F ArcGis 2R 43 it 3] 1 km X

1 km B R4S . HAK A 5 vk n A 20 (12) BTk .

Egrid:Z ) (12)
n

A (12) W Egy R o8 B A 1 kmxX 1 km M & 19
PM, HE B it 5 E, 3R 8 05 m 19 PM,, HE & 5
TR G TS, S BN 6 IR .

2 #R50He

21 RINHTBEAAEREPM, HEMENERT L
DU T B 2017 — 2023 4E A K I PM, - HE i &
WE 3R . HERCRS & A 20T A TR
PM,, HE A AR L R —11.6 % ~8% , S 8L % |-
TG TR . 2017 4519 161.9 kt( —14.6 %~
14.9%) F F+ &= 2018 4F Y 164.6 kt (14.8%~
14.6%) , 8% J5 B & 2020 4F B9 137.2 kt (13.4%~
13.3% ), PM, HEMCE: T BE B 2, T B8 45 (2022) /) BfF
JEHE B S RS  PM,, He B 3 [\ 42~83 pg/
m’ [ % 37~63 pg/m’, K 1 23.4%. Huang et al.
(2021) ¥ 7t & f (EC) E 2 PM,; — U HE Y 71 B3
Yy, WF g% B B AU A W S ECHRIE YT
R, H B8] 5 B 8imr ey EC W B U EAR T 1, &%
IR & 0.4, fz e Y — W PML, HE i I i@ B & . 2020
AE ) 2023 4, PM,, HE B H B0 B, 1 FF & 150 ke
ABEGE T A IR RS i E RN —8.2%~
15.4% ,2020 4F PM,  HE U S FEAR T 11.6 %, 3% &
B 22 B 4 2 VR HE 0 B2 ma , H BTk R A E 2017
AEYR D T 425, I U TIT R B T 7R 1 0 )
PM,, HE 5 W 58t 6 W], 49 20 P02 PML,, HE 3 [
B FEZARVE 43 508> T 3.3% F13.1% B 5Tk R
(Wang et al., 2022; Jin et al., 2023) ; Wang et al.
(2024) BB 5 7R 9 A2 45 5 A0 A5 R0 X PM, Wk B
THET 1.21 pg/m’, &5 PM,, BOd HE & 89 10.9% ; H
PENE WIS 2 S (e T 45 ), il PM,,
JEW A T 1.82 pg/m®, IR 2.0%. 2023 4F PM,,
I ) B = A B0 A ARUR HE R 52 e HE R
A0 HE 2020 4F 84 0 T 4.3 ke, o5 HE R B B A
33.8%6. 3 S M T HE I X2 B Ak 215 B i BRI, LA
TP Ja 6 B 4k 45 52 95 6F KR0S Y W HE R TRk
Pl A IR RHIR 8 TR RN T2 3 AR VR Y PML HE i
R E  ME 8.43~11.04 kt Al 70.4~78.45 kt Z ] , R
oo M4 B ok —13.2%~35.8% Al —15.2%~
34.3%. ERENG BB ], 2 80 Tl 45 7, R AR
HL TR AR Ak A5 Rk el Tl R AR B R AR R 32 ™ A BR
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Fig.3 Anthropogenic PM,; emissions in Wuhan metropolitan area from 2017 to 2023
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g AU HE

Hil L BE VR S BRI = 0 2 (L et
al., 2021) , A it PML; HE 700 JF A W 35 1 el . L
iy b X 5 B0 O B, 1K = X 7R A
[T/ C = RS O - o T 2 AN £ = A
AR 10% , A6 BT B TE T 10%0 5 B BRI A
Jo oK, TURR T A BT R 1020 FE & 35%
(Ma et al., 2021) ; 42t Ho X Ji B [ 5 44 e U6 8 R
F 0B R oK, HET DT R R (8% ~17%0) W FH X T
Al 1 B 22 8 W (17.3%~58.1%) (Zhao et al.,
2021 ) 5 1 3% A = 400000 ), AR 5 X PML ¢ 1) BT ik
di Hik 30.5% , 475 & F R U (Zhou et al., 2022).

A= Wy o R e I PML, s HF i i A 6.21~12.17 kt
Z0E, R EE R —9.8%~18.2% , Wit & £+
= )R g A A 2R G R L 2021 AR RS A 2R
AR 0% (Wu et al., 2021) , A HF 5% 45 5 i
7AW R IR T PML, HE i AE 2021 4F S5 AIC, AR
F 2017 4E F& MK T 5.96 kt; Hong ez al. (2023) i #F
S8 N AR = W] A R AR R RS A B R
77 URL W HE R R B T 2106~290%, FE S
S5 Y — A AL B (CO)HER B R T 29% , S B
R Y B P R AE RS 3 IR PML R R
6.48~9.16 kt Z [i] , AN 8 2 1 —31.7%0~42.2% ,
2020 4F 1y HE T i B AR, B 2019 4E > T 2.34 k.
2020 4F 5t 45 W (], 28 38 i R, o st 2t
A E R R B 60% (Gao et al., 2021) , BX
HE A 15 G P b, ) I X8R AL o B A b Y5
qo o § Hwe, il PM,, Wk B T B 25.0%~36.9%
(Lian et al., 2020 ; Zheng et al., 2020) . J #F
i AE = 8 W [ AL 3h % HE sk PML, HE Y 5T

ik R T T 22.2% (Zhang et al., 2024a) ; K
= HIXOTE % T A2 s IR HE X PML, 1Y
TIEK R TR T 40% (Ma et al., 2021) , JZ W H
% 2 R HE S 3l % AR R R B O G
2.2 AERXE PM,, iR HE 5 5Tk R 3T

AN JR] X3 PML 5 5 HE ik 57k 5 5 0T P Y
XA R 7 s AR BEE o T2k B R Tk R
(46.52%~52.64%0) Fl ¥ 2 ¥ 57 Bk % (26.71%0~
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T e (45%0) 7K = M X R ik (309 ).
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Table 7 Contribution of PM,; source emissions from different regions compared to this study
R0 X 35k T o — — - - WFFE A U5
ARG IR T 2RI AR BB IR AR EZ7EN BRI
2017—2023 54%~7.4%  46.5%~52.6% 4.2%~7.5% 4.7%~57% 26.7%~31.8% 2.9%~4.9% KNI
2017—2020 EE=f0 5%~10% 18%~20% 10% 18%~20% 8% ~10% — Zhang et al., 2024b
2017—2019 VL.I4 10% 60% 20% 10% — — Guetal., 2023
2023 JRAR T 15.4% 6.5% 3.5% 25.6% 8.5% — Zhang et al., 2024c
2018 (k7] 20.6% 3.1% 24.4% 10.5% 12.5% — Cao and Cui, 2021
2018 Il 3% 19% 10% 10% 45% — Zhang et al., 2023
2017 K =1 5% 40% 15% 10% 30% — Anetal., 2021
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Fig.4 Changes in PM,; emissions from secondary sources in Wuhan metropolitan area in
2017, 2020 and 2023

PM,, & % 19 £ 22 52 £ 42, B DMk 95 R R AR
T8 9 75 e ) 7E X 2k R 2R v AF 7E OB O AR
B PR AE (Hu er al., 20225 Zhan er al., 2023) .
2.3 RN HEZRIEPM, HEMERNEREN

IR T B 2017 ,2020 F1 2023 4F 4 Y
He e it AR AL i P 4 B . fE TR HL i, HE R
DT R 3 e KR IR 28 BRI (28.01%6~34.57 %,
ANHEME N —21.6%~34.3%) , H Wk S d U8
(10.91%~15.79% , A # & % K —18.3%~
34.3% ) . T M4 2 W (8.78%~12.99% , A #ffi 5&
PE S —13.3%~34.3% ) F i % % 22 U5 (8.74 %~
14.16% , AN 1 & T b —8.2%0~34.3% ) .

B DAT M B PML o HE O H [ PML L HE Y 3 %2
S PR (BE 4, 2018; Zhang et al., 2019) , v [E 49
B A oMl 3 3 AP HE I 2 e R R 25 A8 AR Ak ATl
PM, ; HE i 38 B B K 40%~60% (Lei et al., 2023).
HRAE 2019 4% 7 H 29 H EP & (1 (i b 4 S kAT M BB IR
HE e W 52 7 %8 (SRR & [2019]15%5) ), ] 2023

AEJEHT, RITH ERHT CE BT R AT R T
M T BT T k- AR AR T AR A ol R AR S i IR
HEC R TAE  H At Hh DX R Al 2025 4F IS i 3 AR
52 B RRATGHE il i 3 . I T B ) R A i
A 80% LA b, BB AT Ml i PM,  HE S R [
#2017 4F 2 2020 4F 3 4> T 2.29 ke, 2020 4F F] 2023
RPN T 2.26 ke mT B AE AL ATl 8 o AR HE
Al OB 4 HE T - 38R B 46.9 %6, 2015— 2019
AF TR HE & I8 D 68.4 %%, 4l HXT PM, L (1) BT ik 36
M 0.9% K& % 0.4% (Cheng et al., 2024) , 3% W 4K £k
A b ) Vs HE R it ) DAL BRI . T I 4 2 ST R
(PM, ;o) F TR G 2 — , o5 $0R 9 HE Y 41.2 %
it (Dai et al., 2024) , 3f H 8 #% 4% 42 HE 1) PM,
e 8 22 HE s b e 62.2%~85.8% (Chen et al.,
2023) , T 22 38 1z i /2 52 e 38 B 4 28 HE 0 2
B2 — . MKW IE £, 2020 4F 4 5 ) 1A 4 0
WS PM,, HE i & JLF £ &K R (Ja e
al., 2021) , L 8h % 3 & W 2> 5 BOIE B A HE
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W AR, PML, MR B IR ik 20.520~35.0%
(RBYLfar 4, 2023) . AW 5P, I8 B 42 (19 PM,,
HEik 22 %6 B B e, 2017 4F B 2020 4F
W0 T 9.21 kt, 2020 4F F| 2023 4FE B fn T
9.25 kt, Sz W T A B 45 5 i X PML o HE Y 52
24 HINHHEPM, HEMEENZTESMEN

Sy 48 D T RN S IR HE X PML
25 (6] 4x A B9 2 W, R SR IR B R T 2017 4E &
2023 4E PM,; #7503 B2 43 A 0 TE S

NEEARTE , 5 00T A e 3 X 220 2 v HE i 4R
X (>10 t/km?) , i HEE X5 N B %5 8] 43 A1 e B2
—H( (Feng et al., 2024). Xu and Chen (2021) {1 #ff
58 0 7R BT PML o Wk B A T oo 52 B[R]0 [BDIR =
43 A0, I Bl 2 577 v B A 38 T i 32 9 I
AR 45 R — 3. IF BT =3 8 0 = B HE
SO TRORR T W T L b 2L T, Sun and Li
(2025) Y 78 & B 41 2 22 3% T X6 PML, 575 G 19 5L
fift B 93 (0.788 1) KF H AR &AM E (0.703 6) , ik 7
T M 5K 23 PM, 35 3y, B0 B PML HE T S R
T & JR KT AH G, e bty s U T B P 45 3 T R e
KA 22 F AR BT X DL 4 il R BRI AR
R HETROR 45 o8 3 BN 38 48 HL A 7= 5 4 35 3% 3
g JR R (R BE Af 45, 2023) , PML HE R 5
(=10 t/km®*) , T 2B X (T B 8 B 4 X 380 A 1%
FAfl s e T RS Tk, R ST IX 5 Y
MBS b 28 TF XOE 0™k PR IE] A Jm ot i A5 B AR
Yy 1z 245 4 ARRE I TS B — 2 HE TS 77l HE o
K (1~10 t/km?). A B HAth Tl 3% 77, 354 78 K
6 W R T FE A XA R T R R B LA
S Tl X, 3 2 Xkl A SR % 4R HL DAL S
Tl Ry 3, A 7 2ok B R R T AR R TS e W HE
£E R (B DX 28 [B) 9 B AR o (1~10 t/km?) . SR
B 5 3O R  77l Ab i AE AR O A% G i ik
Je s TV 9 3 R Bk G Tk, LA SR 30 4K 2k BT 7 IX 38k Ry
1], B9 Bk A 77 I8 T e HERCET M, 77l A7 R R HUER
PR 3 K, e HE 0 B A 50N i 35 DX I8 i s A A
(1~10 t/km?). 25 DX HE il 5 B2 AH X 82K (1~10 t/
km?) 5 & B 2 o #6098 HE i X (<1 t/km® DA
ORI s TN =B O A < R 161185 o (PR S 2 (1

B[] 25 A, 2017 — 2019 4F (8] 5a~5¢) #% 0
e HE X S R ) B . 2017 4F (8] 5a) , PML,, HE
Ji iR P A A, DT 3 R X Sk R R A 0
X, HE ik 3 B 7 20 t/km? LA b B 20 605 X 8% 92 0 A

Tk X B 2 45 kT A58 T E L B A P AR
HiARAF 7E B Y S HE X . Huang ez al. (2019) % X
ITT 2017 4F 3 H & 2018 4F 2 H B PM, . ¥k & K& Hifk
2T AT T IS AR MR L 38 T PMF A58 U5
B9 Bk Tl R0 A2 3 R A ) TRk T 26.3 % F129.2%
f9 PV HE I, AR b Y5 2 240 5 0 4k Aol SR Tl
T 3 T 45, 5B 45 R — B, 2017 4 3
2020 4F IE AL T A = R B B R AR E 24
By PM, W B 3 TR T 1200~94% (Ali et al.,
2023) , Al LA 1 2018 4F (8] 5b) 2 2019 4 (& 5¢) ,
o HE R DX S8R AT T 4 ek, 156 BH 2R LR T R ) R AT
B 36 5 40 DL R . 2020 4E ([ 5d) PML, HE i B
FEAIR T 11.64 % , 14 XSS Ry BR 1 45 b 25 T 14 3k X
HhC J i Ml DX 3 T A8 T SR PML HE B
HSAE S t/km” LR, H Ay X3 PML, ., HE il 38 AN J2
0.1 t/km?, Gao ez al. (2021) FBFFE %W, 2020 4 3¢
U PM, i 5 AE B85 1] 1) F B, 5 58 38 O f ok 2D A
NG K, AR T 45 R — 2. 2021 4 (&
5e) PM, ; HE it 7K 7 52 0 — % L 9 #a 3, Feng er al.
(2022) 3 T 151 43 W 23R 102 B0 0 1 0 00 19X 2%,
B 2021 4F 7R W Hi X PM,; HE ik & 5 2020 45 F T
15% , Hod 30 [ 5Tk 729 60 % RIS, KW R 315
BN A2 I 5 G T R ) U T R PML HE
ST 806, B K I A 2 3T v HE X S8
WY, BRI M7 45 (2023 ) 2 FH B B 7% PR 530 1k 21 2 HE
iSRG K R DUT A A R A S oD
X RBIX Tk X, = PR ER | 22 38 A5 F 36 17 3 5
9 PML s HE B 5T R 2 #9 F AI% L (3.80~7.30 pg/m*)
BE/NTFE W (15.1~28.5 pg/m*) , HARR X .
=R 2 R A 38 a0 HE T BT R G i, v X 8RR R
VR, 5 ARG 45 R — 5. 2022 4F (# 50) & 2023
AE (K 5g) HE i (147.1~150.0 kt) # T 4 5E .
T B 2017 — 2020 4F Fil 2020— 2023 4E
PM, . HE il 5 B AE AL i 6 B s . 2017 — 2020 4F (&
6a) , PM, - HE B8 BE 19 28 £k X ] SRy 38 in 6.1 %6 28 B AR
40.6 % , B A5 43 4 P 78 w0 3 X FTGE [, Yuan er
al. (2021) W5 0 7 78 30 XRTR T Tolk X, K05
ey v BT B LB (27 % ~62%) 15 T RBIX (25% ~
58%) , i B 25 S5 Ye W) % B4 AT 3h B R e AR Bk X
AR T Tl X 5B R, 5 AR e 4 SR — 8. 2020—
2023 4F (& 6b) , Hrts 301X R 40 8 6 HE il 55 55 2 3
DA R34 T 7.3% % 63.9%. Feng e al. (2022) 2
T s AR A R SRS A, T R B B R A R
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Fig.5 Evolution of the distribution of anthropogenic PM, ; emission intensity in the Wuhan metropolitan area from 2017 to 2023
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Fig.6 Changes in PM,; emission intensity in the Wuhan metropolitan area from 2017 to 2020 (a) and from 2020 to 2023 (b)

Jei PM, . HE il 5 3 B &, 5 AR F 9 45 R — 3.
25 HEMUBEMAWHEM

IS T OO TR PML HE T R B
FEME T AN 8 A L T RO M ROk A
T 3l K S B A R B 250 3 | R A 0 FL AL 3 4
e R4 A HE IR T (Lu et al., 2020) , % 3% 3h
K R0 HE TR a3 ) BB TE 3SR 2R 4 A R
XTBIE & 5y 45 (Zhao et al., 2011) , i@ o 55 $0L 45
17 28 = 9 PM,, HE L & A 2 M R

R 3RO B e R s (—31.7 %~
42.2% ) AW G AR SEHL BN G 0 HE bR o S 427 5y
J5, 10 T HE T R E 1 Zhu ez al. (2023)
ST T 2000 4F F) 2020 AF 5T 3 N JH 0 M X AL Bl 2
KATG G W HE W B, b PML R W E E R
—29.51%~37.70 % , W 5% W 7 5% W 1A i S 3N R HE
BB BN R Z — EHL3h W He s 7,
o S BERGE (—23.1%~35.8%) , T.H4%5 78
BT EERME(—13.3%~12.1%). — %,
Ak A R RHIR b R R T2 R R R B P A
(—13.2%~35.8% M1 —15.2%~34.3% ). 48 4 19 BR
AR (LR be B B X 43 43 90 TE R ) F R 4 R PR
(ks AT B R I ) 2R 22
HE i A 0 1 Y 2R (Kuang et al., 2013;
Thompson ez al., 2019) , A~ [A] 1) 4 g £ A Fil 1% £ %
BRI PV HE B 7 BT sg i . T2 5 A U HE ik
i E T B A e BEOR [R] 9 T 0 X N 19 3% 2K
R HE T B, S OB E PR, Qler al (2017)
2 )T I TR T DX R VR 1 HE T B, L PML A
Moty —24%~23% , WFs RO B ik fife T
SPRHECE R e, A S BOAE TR .S
A BE ST MO B OPM,, RN R E PR %R
(—21.6%~34.3% ), Liu et al. (2021)i+ % T
B K U8 AT ok e s KTg e ) HE R, o

x8 95% BREXETEEIEPM, HEMHAHE
Table 8 Uncertainties in PM, ; emissions from various sourc-

es under 95% confidence interval

YR AN M
A, ) B —23.1%~35.8%
Tl —19.7%~30.3%
[ TR b U5 —13.2%6~25.6%
iE7R —21.6%~34.3%
AL 5 TR —20.1%~31.2%
AR —18.3%~32.4%
LA Tl 5 —15.2%~28.9%
A= 5 B R —16.8%~17.5%
GEL7/)iip AP —17.7%~18.2%
He ) R IR % TR —9.8%~16.8%
T8 B% 7% 3l —31.7%~42.2%
E[SiEg:3E 25IN) —17.5%~20.4%
E AR —8.2%~13.7%
R £7Ey —14.8%~15.4%
T 4 U8 —13.3%~12.1%
e 45 1 U5 —10.9%~13.3%
BRI —13.2%~26.7%

PM., A #f 5 Pk —20%~22% , 5 A& 8 58 @ ¥
i PM,, A P80 ( —18.3%~324% ). ¥
2R YR )OS 1 M IR (—8.2%0~15.4% ) .

3 5

=

(1) 2% B3 i BBl 2017— 2023 4E Ay I8 PM,,,
He i B 4F 28 b R AE —11.64%~8% Z ] , & Tk
U5 HE & BT T 4.6 ke, A2 W R B R R 5 2R
J5HE i B o R BE T 2.3 kt 110 ke, 4k A7 R K
BEBE IR | T2k B R R RS sh R HE R R R

(2) — % W\ & T 2 i B K 5 #k R
(46.52%~52.64% ) F1 4% 42 I8 57 Bk 2 (26.71%~
3L77% ) few , U HTE , HE R & BTk R
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1 A AR R (28.01%0~34.57% ) , Hi Wk & 4 A
I8 (10.91%~15.79% ) . T. #1 % & J& (8.78% ~
12.99% ) F1 1& B% 4 28 IR ( 8.74%~14.16% ) .
(3) 3% I 3k T B 2017 — 2023 4E PM,, HiF jit 32
-t EIPTIA= N N 51 I (R < R 15115 o I 1 AL RTINS
XAy e HE A X, BT R N (A R
B (>10 t/km®) , R XOFT A A HE iR g G
(<210 t/km?). B[] |, 2017 — 2019 4E % 0 25 HE L I
LT, 2020 4F DA 95 4% e i IR T 11,6406, 2021
RV E SR E 5 HE R i T 8%, 2022—
2023 4 HE B & B T (147.1~150.0 kt) .
(4) 3 DU TT A R IR PML . HE R B R
el e S R I N 1 £ 7 G P e et
YW, EHB IR A E MR (—31.7%~
42.2% ), oo oy i R (—23.1%~35.8% ),
M 2R RO B PR B R (—13.3%0~12.1% ).
— SR R, b A R R be R (—13.2%~35.8%)
AT 24 BRI (—15.2%~34.3% ) K #f 5 7E %%
L R IR R i E M I (—8.2%~15.4% ).
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