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Spatio-temporal evolution and influencing factors of total particulate matter
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Abstract: The particulate matter emissions of vehicles exhaust has become the main source of urban air pollution, which
seriously affects ambient air quality and human health. Based on the total particulate matter ( TPM) emissions data of
municipal vehicles in China from 2011 to 2015, this paper explores the spatio-temporal evolution characteristics of TPM
emissions of vehicles in China from emissions and emission increments by using spatial analysis method, and then
quantitatively evaluates the influence intensity of main driving factors by using geographical detector model. The results show

that the TPM emissions of vehicles in China have been decreasing year by year, and provincial capitals and municipalities
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are the main contributors to the reduction of TPM emissions of vehicles in China. The TPM emissions and emission
reductions of vehicles in provincial capitals and municipalities are the largest, and their annual averages are more than twice
the national municipal average. Both the TPM emissions and emission reductions of vehicles in China showed a decreasing
trend from the eastern coast to the western inland, and the spatial distribution characteristics of “low emission, and high
increase ; high emission, and high reduction”. The “low emission and high increase” region is mainly concentrated in the
central and western of China, especially in the southwest provinces. The “high emission and high reduction” area is the
pan-North China Plain with Beijing-Tianjin-Hebei region as the core. The number and spatial distribution range of the High-
High cluster and Low-Low cluster areas of TPM emissions of vehicles have been reduced year by year, and the spatial
agglomeration has declined. On the contrary, the trend of spatial random distribution has strengthened. The Low-High outlier
areas have separated the concentrated and contiguous distribution of High-High cluster areas, so the spatial distribution
pattern of fragmentation in the High-High cluster areas has become increasingly prominent. The analysis of geographical
detection shows that the TPM emissions of vehicles are the most affected by the number of vehicles, followed by the use
intensity of vehicles, and the least affected by natural environmental factors such as average annual temperature and
altitude. The natural environmental factors such as annual average temperature and altitude significantly enhance the driving
explanatory power of TPM emissions of vehicles through the interaction with human activities. Exploring the spatio-temporal
heterogeneity and driving factors of vehicle particulate emissions is of great significance to improve the accuracy of vehicle

exhaust control in China.

Key Words: motor vehicle exhaust; total particulate matter; spatio-temporal evolution; Geographic detector; China

o R Y 28 T R R R LA 1 AR A AR i I R 2R B 4 TR [RT B o & T RE VR T FE AN TS Y W HEOK
TR T EE KA TS YL R, R TS Y e KR TS Y A B A AT, R TR B R G B A R A A fe
JRE B KU, A 2 R AR S TR B AR TR I TR AR 3 T AR R A VR A 45 SR R LB 42 TPM
TG U HEI ( FEAR LS R 1 PM, 1 PM, RIS Y ) B RS BR 09 E BRIt st pLsh 22 I8
XHRA PM,  FIBTHRR N 37.6% Y 55 R R 17.5% ", FBIN N 27.6% '), “2+26” Wi V-3 Biwk %N 21.8% "7,
il 5 8 [ 28 B 4G I AR BRAR TR K R, AL8h A2 oK i R A & s HLEh 4 TPM T Y HERO KA B 1Y
FEF ORI, ARk 2= R UL s 45 TPM HE B AR AE 5 B, BR AT T8 5 (1 52 ma L, 15 Al o H 2845 1] a8
[ ey B EI P SERII =

BETXFHLSh 4 TPM HEBA ST 22 KI5 Y T 8 SRR HEOE B 5 e o0 sk
TS B HERCHI Y 5 T, X HLSN 4 R A U A HE R A3 RAE B BIFSE 22 LA I RTHIL 3h 4 3 N A
Xt ¥ Ye Wy HE R A TS A1 4T, 95 ROBE M XL S Tl B A 2 T A D 5 B 58 1 i 3o it AL 30
V5 BN S A3 AR AR 45 R R B 1999—2015 AEALEN 24 PM,  Fll PM HECE: 43 5135 0 1.7 # 1.6 %, HAE =S [H]
SR I X ) T R e A B (R R B A v . BESEAR AETS DAb ST E N X O AT R T, & R EL
T L PM, R PM O HE R Fe = . Sun 25 BIFSE T EEDT T & PM,, 75 N B BL B 78 R SRR (O s 43 R AIE
SRR ML) R HE R A AE 3 22 5, B TR i o BRI 1 25 1 1 45 B HE s iy B4R
FIREN G RGBS XHE = AT S HLEh 4 TPM 78 N B8 2275 Y S JF s 23 R AE A, BF 95 45 51
R = AWATRILE) % TPM Heif it S 5eH K5 TR AR R S — e 2 5 IRk N ERER
IRy 308 DX % 38 DX ] PR T R o o B HE R B s . M ATAIL N 4 TPM HEBGE i R 2R AT 22 3k T LR L
B 2SI RO S S , I AR LB 422 HERORED T BRI SR Y MLsh Aig AT T A
T, MLBhZE TPM HERCK ) P A58 L P asoml RUBE S 3=, X6 7 RN 25 400 £ BIK 2y PR 1) G FR AR R 2

ZE LTI ALsh 4 TPM HERCE FESR T B S BRI L3947 7F B8 I 25 28 53 ) BT & R RUBE T 75, 45 Hh
XTE HARIREE S5 Mo 2 At o R Rk V- 45 5 TRIAFAE Wik 25 22 5, L3 4 TPM HE ik £ 1) I 25 22 SRR 4500

hitp : A/ www. ecologica.cn


Administrator
Highlight



4408 A E = O 41 4

SRR T X 3 Sk A N 24 2 5 ) SR 0 AT 3R R T W S A i i o DU 2 Kl DR AT B T B e O Y
BEXHERA R, TSR T 2 [ T AT BUX A ROEALEh 4% TPM HEBCRE Ge i858l , 70 Hr 2011—2015 4FHL5h
% TPM HETSC HY I 25 o AT AR AL 32 T 25 18] A AHSETT I 0 M pL sl 4% TPM. HERCEE K HR SO B2 8] 4R 2R A
RS A R 8 T M) P e BRI 5 A 20 5 DAY 2% UK 2l PR 3R A Wi 5 B2, LASHI DA 2 o 5 a2 o [ L sl 4
REYIHEC AR S BOR S S B PSR dl , A —E i B A B 1 & L

1 HBEFRBRESHRTE

11 BRSE XIS K R

AWFFELATE 357 DTTRATELX (EAFET) AW ETT, 25 BB EUE 1 a] AR B B AN B S v E R IR
Lt =i ge it BdE . L4 TPM HEBCEHE R IR T2 E T 2448 | AR IX BT A1 2012—
2016 AEFREEGEIHAESE ARG, DLBUN B 7 A B9 R . 25 R4 B A A5 R il b FLE D BE R I8 T
SR IR PR R PSR A 1:400 T3 5% 58 i BB 28 (hitp 2/ www. ngee. on ) 5 TSR 8 JEE R 32 AR 38 55 3 1
o U5 T B2 [R5 = B AR 90 m A HERECT M AR R (hitp ./ www. gscloud.en ) 5 S REL G K U5 T [
KGR M (http ;. // data.cma.cen/site ) ; A3 GDP M2l ZE50 & W B A S5+ 2 2 5 Bl = 2R IE T 2012—
2016 AERY R EBRATGETHARAE) (P E IXIRGE AR A ) A0 B R GETHARE L) | o s R S 25 A A 4 T
(AR TSRS G A i SE AT AN E
1.2 BRIk
1.2.1 ARzl H ARG

23 8] B ARG 23 M i FH 3 R 9 B = ) B 3R 1) 2 () S SR A A a3, B )iz oy T PR 15 G S5 RH G 4t
SRAFFFE O B RS ) R AR A 4 SRy 2 18] [ AH SC AN R 25 o) F A DG . 42 JR2s i) AR 56 R 23 1T
FERF AR 42 Jry 25 (] N B 19 70 A R AE , ] Moran's 1 35 B0CRAEHLSN 4 TPM HE & B 1A 2 (] 4 R A B
W AR
”Z 2 wj,f(xj—fc)(xk -x) 2 Z wjk(xj—&)(xk -x)
[ A i (1)

- n n n n
DIDINTDIN v)’ )
wy 24, (% —x) s W,

j=1 k=1 j=1 k=1

Sz:rlzjz, (xj—fc)z (2)
L, 124 Global Moran's 198%(, [ e [-1,1] 5, . x, 435I A E BIBLEN % TPM HERCER S0 HE ; x AL
4 TPM HERCE 19V BME 5 w, A2 RACEREFE, 24 Global Moran’s 1 HA REME, HXY 1 > 0 I, R4
TPM HE S IEARDG T2 MR R 2 1 < 0 B, R IUIMLEN 4 TPM HEjl 25 [ ARG T3 M 4084 1= 0
B, ZREABLBIZE TPM HEBCZS IARFR G, #a T3 [ BEAL A6
1.2.2  Jafas[a] H A
4 Jays () HAH DG 2 25 [ 3RIK HE 7, 51 ARy 23 18] F AH2G (Local Indicators of Spatial Association, LISA) J7
ST TTRALE) 4 TPM HEBCTE SR8 X P %2 26 45 SRl S 1) EL AR 25 ) v &, 48 7R B SIS BT HL B 42 TPM
HECS HoG T BT E] 1 43 1) A AHSCRRBE . T r kT
n(x. —x w(x, —x _
- (x, n>k2] i >:<xj:x)iwjk(xk—x) 3
Zl (x, - %)’ S
Koft, 1 Local Moran's 14550, A5 SURLE . S 7, Ko Local Moran's 1 455075 (7125 I 1 4F6
KR, FKIRAWT .

hitp : A/ www. ecologica.cn



11 45 R A5 TP EALh A B R ) HE R S AR R R K SRt R T 4409

PR} "
Vvar(I)
AH, Z, 4 Local Moran’s [ F84UHIKEER &5 E(1) "M Local Moran's I #8552 %8 | var(I) “H Local Moran’s I

R T 2%
1.2.3 MBI
iR 48 — I = ) 2 8] 4 Sk, IR s LR oy i — A A [ e 240 vk, %0 vk 1T DL e if% 4t
Gt R A BRI AR S A JRy PR |, A b P 3R 2 () S 0 RE LB 434 T A 2 A Y M
Al 4 RIS A PR R A R 25 SR T LB A AR i X RS B A St B E Y I AR R YRR
TR 3 HAE PRI 25 A PRI 245 5% R E— 25 Wy 11 28 e 22 o) ) 38 A R S AR R T 528 g (i
B AR R AR T, s R s

Z Nho-i

h=1

N o? (5)

Kb Loy HAE R 52 EG N, )2 b WIEITEL of A2 b 725 N BT DCRAR I B ITH; o A IFFE X
RRRYIT 22 q BEIEC[0, 1], T VAR 3 A i (EBR IR 19 2% ool PR A8 B A i 8 e

g=1-

2 BRI

2.1 HLEh4 TPM HEBUR AR HT
2.1.1  HLBhZE TPM HE A 2 A8 b b A

2011—2015 4%, & FEHL3I % TPM HE & 2B A R AGE . 4 2 B R DL 8 2 i i L sh % TPM
HERC AR FRE (K 1) . A EEETHLEI 4 TPM HERUE 25 4 24 (35 48 4 [ T SAFE 4 2 1%, Hob 4
S EEETTHLSN 4 TPM HERC AR 730124 0.39,0.38,0.37.,0.35 .0.33 J7 t, 2 E Hi ML 3 4= TPM HEiC R 4F
YA 0.18 .0.18 ,0.17.,0.16 .0.15 T3 t, A ERETHLN % TPM HEc e, RN DR a5t &
KR35 8 2 A B RS T M X R FREESZ WL s 42 TPM 5 YL it 2 8, A S M E ST o AUPIEE 22
H P87 4 AT HLE 4 TPM HERC & AR T2 E 94K 5 el 12.9%

AR EEET R EALSh 4 TPM HEBCR /D 1) R 2 5Tk, 2 31 M S BT b AP EE 7 A
AW LB 4 TPM HEBCE S N, FoRE S BT BIALh 4 TPM HE 98/ s A2 | b HE i pd b 1)
BEMERET SN 71%, 2011—2015 4E  HLE07E TPM s O T RIS A SR E RN 298 B )
PN SN T AL T, MLsh 4 TPM BlHE Y R T4 0.2 J7 (K 1), F TR E R e X A8 4 TPM J8HE
it A% DRCHERCR W2 . 2011—2015 4F, & E WAL 4 TPM JHEEH{E R 0.03 7 t, M4 2 Fl B R AL
B4 TPM JEHERIIE N 0.06 J7 v, 4 E T HMLsh 4 TPM HE = AE R 2 £%,

2.1.2  HLBh%E TPM HERCES AR SR 40

T AR R T R B X T L0 42 TPM HE R o 2 v T HAb T . 2011—2015 4F  HLah % TPM HECE 1)
FEX A TRl AR PR AR A K S R R I A T SR R L by 4
ST D ARAE X 2 T i AT (BT 1) o BRI, ZR SR X AL 30 4= TPM HEs &= e v T
PUER, AR B HERCR FE R B3k A T AR = R IR B o 3, Hoh o s AN
TRBI TR D, A BISE MRS Ve A S L R A 2 IR AL T S OIS X 43 A AR SE RTR I
A 1A T = A BRI, Sy B T ) e T R N VS A R 3 T AL B 1 A HLEh
25 TPM HF7cE e A AT s, 20 o SR I AE B (36 2) o X 5 FRIE AR 8 = AR RSl i B b DX N 111 3%
PN L/ B o NI 2801 & ey o - = B < 4 el ] [ S S T B | s o 3 vab T = S 1 NS R L7
P S, A R RSN 4 TPM HEN, 1 U™ 5 025 054

hitp : A/ www. ecologica.cn


Administrator
Highlight


Administrator
Highlight



4410 JAE = 41 4

*®1 £EHENHE TPM HEBEEETL/10%

Table 1 Annual changes of TPM emissions of municipal motor vehicles in China

2011—2015 i

W City 2011 4E 2012 4F 2013 4F 2014 4E 2015 4E Inerement from 201 1—2015
b 0.44 0.41 0.38 0.31 0.24 -0.20
AR 0.30 0.29 0.30 0.30 0.29 -0.01
fE T 0.24 0.21 0.20 0.20 0.18 -0.06
It 0.64 0.62 0.57 0.50 0.41 -0.23
HPHTT 0.20 0.20 0.21 0.22 0.23 0.03
W IR T 0.47 0.46 0.46 0.45 0.43 -0.04
T 0.11 0.11 0.12 0.12 0.11 0.00
B T 0.41 0.39 0.37 0.34 0.29 -0.12
A e 0.25 0.24 0.26 0.28 0.30 0.05
GrraTh 0.43 0.37 0.36 0.32 0.26 -0.17
AN 0.13 0.14 0.16 0.15 0.17 0.04
e 0.06 0.07 0.07 0.06 0.07 0.01
22N T 0.08 0.11 0.08 0.09 0.09 0.01
AT 0.36 0.35 0.32 0.32 0.33 -0.03
RNt 0.29 0.28 0.26 0.25 0.28 -0.01
M 0.39 0.40 0.39 0.33 0.31 -0.08
g 0.85 0.79 0.72 0.61 0.54 -0.31
PR EHT 0.53 0.50 0.43 0.42 0.40 -0.13
Vap a8t 0.76 0.73 0.78 0.58 0.58 -0.18
KT 0.38 0.34 0.34 0.33 0.32 -0.06
KEET 0.65 0.66 0.63 0.62 0.58 -0.07
L ARSETT 0.46 0.46 0.38 0.35 0.37 -0.09
R 0.48 0.50 0.49 0.49 0.47 -0.01
(g 0.20 0.18 0.17 0.17 0.16 -0.04
[liiai] 0.14 0.14 0.13 0.11 0.09 -0.05
R 0.36 0.37 0.40 0.39 0.39 0.03
KA 0.64 0.57 0.54 0.51 0.49 -0.15
Kb 0.17 0.18 0.19 0.20 0.21 0.04
FRM T 0.69 0.66 0.62 0.58 0.48 -0.21
KT 0.73 0.70 0.70 0.72 0.73 0.00
RS R T 0.38 0.38 0.39 0.39 0.38 0.00
B 2N E ST YA

Annual averages of provincial 0.39 0.38 0.37 0.35 0.33 -0.06
capitals and municipalities

I

Annual averages of National 0.18 0.17 0.17 0.16 0.15 -0.03
municipal

R2 2011—2015 FHL3HE TPM HEEBTHAEH
Table 2 The top ten cities in terms of TPM emissions of vehicles from 2011 to 2015

Ay B4 TPM HEBCE -+

Year the top ten cities in terms of total particulate matter (TPM) emissions of vehicles
2011 HIHR N ez Bl FREE AN i R O AR ER

2012 SETL MR e SEZE L RN R5E R D R A RE

2013 HIER e A 0 R5E AR Y L EK R M

2014 RME & 8 O ZRSE FE IR RN R | I I B S

2015 AR v 8 PR TR RHE RS I AL K

5 FAT

HRER M A B A58 RN E K B AR R L K

Total of five years

TPM . BVBCEI Y total particulate matter

MR BB A TPM el 1) 2 TS Sy 5 ph 2 T T Ve S T A X 1) 7S 08 Ay i 3ol 2l X 228 ik
S (& 2) . 2011—2015 4F, P EHLBI A TPM HERCE A4 D81 D0 2 B0 AR TR e 22 P4 Py i X, ML)
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Fig.1 The spatial distribution of TPM emissions of vehicles in China from 2011 to 2015
AR PEHEF B RN 2 3R AE BUR AR IR S5 P T i 67 1615 GS(2016) 1593 5B RN I I 1 | I 11 a8 2

7 TPM HERCER: P /D2 5 78 Jy 3, HLBh 4 TPM el HE S 54 8 {8 X 2267 T 2 350 1 v 3ok i 7 s 1X ot v
R 2 PY L ANV R Rl XHL BN 4 TPM HERCE IS, BAARZS (8] 20 A b Bk = K = LR R s
1L R S AR AR U T T A X A LB 42 TPM UGS P S (X, vt I i o i S5 o G i 4l Tl A 30 20
XHLZN 4 TPM JHE B A AR T AR SRV Sl T e, A VL rp i R Il e 3 b B SRS R L3 4 TPM i
AT BT HE N

g5 F R FRIEALZN 42 TPM HEBCR I A AR I Va3l i A b D[] B 498 S HIR I 19 oo L DX ARl 2 179 1
DX, T P 4 7 DX HE R ek AR A, (H D A /| 0 28 RS8R0 I A I B S8 25 SR AR L AR I
TOREHL D R iR db o g N A B ST AL 3 4 TPM HERCE A5 3R R A 457 B9 HE B AR AHAT
R PRI T A L X A3 242 TPM HEB 38 A5 5 | i
2.2 HLEh% TPM HEk =S (R4 AL 73 B

iz ARCGIS B %t 2011—2015 4 H [ 357 AT #L 3 4= TPM HE R HEAT 4 Jm A sy o8 52 2 18 A0 57
(Global and Local Moran's I') , J-HERIR A 4 EHLS 4 TPM HER A9 2S B E RARE . 45 8 B7R,2011—2015 4F
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2 ETT RS TPM HEiT i Global Moran's I 840535

90.22.0.21.0.23.0.22.,0.21, HY558 3 1% 1) & 1A

5, KU1 357 ST HLE) 4 TPM HE A 7R3 = 1Y)

25 [B) IEAH DG , 25 [H) 42 SRR HA 4

221 HLBhZ4 TPM HEkas (7] 4 RAFAE AR B AR (L AL A
Jry RS [H) F AHDC A BT 45 S AT AR 43 i 4 Fhas o] 3R

F i — AR IR X R R AN X IR— R R X ED

B E—IER X ML 4 TPM HE i & IR (E 4L

DX PN ARG s (B DX, AR —m 2R SR X BL 3l 4 TPM HE i . AR

2 (A R X AR X Joe—
ST A FIGERAAE MR R B, 2011 — W0

2015 4F  HL3h 45 TPM HE ik & P4 e DXORTV s DXy Ik it %

TP AT AR A B R BB A A 3 T B T A 4 B2 2011—2015 £HEHZIE TPM HMEE = @S HE

K RUIHLEIE TPM HERCR 7S I AR B e F 1, 2 il B Fig.2 The spatial distribution of the increase of TPM emissions

of vehicles in China from 2011 to 2015

MU GG i, ELAARHE , $0O5 DX 30k T 4l e 2011

AE 61 MR A 2015 4F 51 A5 ¥ s XY 38 T 40 fl

2011 4F 99 NFEARR 2015 4F 79 A AN W RRE AT AL B 2011 4F 159 MK F 2015 4F 183 M (£ 3) .
2011—2015 4% HL3ZE TPM HERBEY Gt 25 ) 42 FRAFAE A T R 5 DX 1R 30k i 50 J28 38 127 94 it DX 1 3k i 4

S, FLRH XT3 (1 DX ) 3k 7T 0 e A 12 AR DX S T 5 i . LBl 4 TP HE RSO £ [R] B 8 E (B RN F7 M8,

PO X Z 2RS4 TPM HER B A i 42 B X, ¥ X Z 2R/ HLEh 45 TPM HERCE B A i 4R R IX

WA ETIR , 4 EALSN 4 TPM HERCR S RS, T AHERr 2 B L3 4 TPM HERCR s/ i 3 22 semk I8 T4

W, AR IR T A AE ARSI 4 TPM HERCE AN 3G 155 0, 22 BRI B L3I ZE TPM JaiHE A8 i) b X 2 5

W I 752 A Ul HE R 8 T A HE R e, s A 4 S R P A T TS A A T Y 1 B RE

il 72 A F A BOR |

0 500 km

£3 20112015 ERATFAR= MERFHEN BT RS TR

Table 3 Statistics on the number of cities with different spatial agglomeration characteristics from 2011 to 2015

) i i - G2 A
Year High-High Cluster High-Low Outlier Low-High Outlier Low-Low Cluster No significant
2011 61 9 29 99 159
2012 52 7 32 97 169
2013 60 9 32 94 162
2014 59 8 32 86 172
2015 51 9 35 79 183

2011—2015 HaH:

Increment from 2011—2015 88 A 4 4 203

2.2.2 HLEh% TPM HEUZS [ 4 BBHAEAK SR 20 b

2011—2015 4F  HL3h 4 TPM HEBCE IS X B LR F LR B S GRS PR SR 5
R DA RCBR = SR TR IX v R DR AR AR T T O U DU PSR AR P AN R X (18] 3) . L
B4 TPM HEC: 2 [ 45 SRR 0 AR A ) DXICR 12 AR AU P R AR TR I o e RS SR B0 | R30I 22 A5
7, EAT P DX A g A 8 2 X AT, Bk = A i DX BRI RN P FRAE ph Pl X B A g AR B 31X, i
AT D5 PG 0 R S 14 i P A BRI B 2 3 R S T vl AR 3 X AR S A X, 2011 4EHLB 4 TPM HEl i
IV e X RO T o 7 0 U RRAR 3 o B DU T i A5 I DX I 2 DX B A B 4
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/N, 2 2015 ARV AT DX BT FELSCELEE A T VU] PR R DY RRZR B AR AR P AR A DX, 2 e A Bt
A8 BV A5 DX B D D i %

BLENZETPMHE L2 ISR HEAE

[ mE R-ESE RN
- O R [ RMdR

B3 2011—2015 £hEHZHE TPM HiER Y ER = E EHEX D

Fig.3 Analysis of local spatial autocorrelation of TPM emissions and increments of vehicles in China from 2011 to 2015

MLl 4= TPM HEFC i A4 A X w55 (B DX RIAR XHER AR X 43 501 B b T8 s RS X 22 18] (18] 3) , 2011—2015 48,
AEX IR DX 20 7 ) AR X R PR R A, B T IL R 8 Bt s I AR K R Sh k% P R4

DX i L AT P P AR AR, 3T DX ISE A b PR AR, AR o (X 20T R P s 4 2 S SRl
YRR SR EEPR i DU T AR AR, X SRR A N R AR SO R AL
B ORAT S e M 5 B R R DR, SO sl 4 TPM HEC i 25 v T Rl X, (EAS R A0, A T AR i
DX AT T BE S FR ISR AL B 4 TPM HEHO™ A= 9 B8O , 5 BOR A 30T v sl KA g AR 31X, i
PR AT BE 55 DX PN R 3 T 52 B8 g P ) A T PR A, A 38 B0 HE A B M A8 AL 3l = 5 i 8 30 Dl B SRR s A
X G 14 L LA i DO — B LA I b DX AR 508, 33k 5 T Ak 2 A e A s e AR L
MR Bk = LR IAEARER Abat KA AR AT IR R A% Xy L3 4% TPM i it )
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o XA A HLE 4 TPM HE R 2 918 i IX, 3 B 50 26 X SR AL 3l 42 5 TPM HERC ) B4 45 2] A, L3l 4
TPM WHESAR . = DU SR PR LR 75 1 2R 3 H R rh i S il e R e AL 3 A X Sl L3
= TPM HEHG 5 (1 3% R AN DX SR BT PO AR ) 2 P R 45 48 T R L3l 45 TPM HETBC i 38 i %) H 22 0 U5 i 1X
(B 3), Hrsmay AT X BT g o5 Ml X i F 40 T 0 G 5 A BT EEL 3 X R ML 3h 25 TPMD HE I 2 ) 43 B R 5,
X, 2 BT R P 3 ) 750 2 b X BL 30 4 TPM HE st 14 00 1. 2%, T 3k 4t DX A 285 B 58RH >4 Ja 55 , PR e ML 3 42
TPM 5 38 0 % B0 5 a5 1 i | v DG v A E

X AL SN % TPM HE B FIHE G & 09 28 [R5 RARAE 0T LA B, th ALl 42 TPM HE 2« fIRHE L, & 1
s HE R A [ A AR o A AR, v B i DX P X R AR PU R A A T
HERL s 1 X Rk DA U S R A2 0 A2 AR AU BB X, X = T A AR R R P X 4 PR R A%
AT IR N RAE TG KA EE B VRO A T KRS H L3I 42 FRHE B 5 AR b DR X ey, 523K
BLBN A TPM HERE 3N 5 1107 DA EER A A% O 32 AT D XA )8 37 25 5 45 25 <005 YL OS2 R, Y HIBURT
G T R 5 HEUE R A, B AR AILE 4 TPM HE A 2 i 10 PR K 4 i R e , L 3 o 1 1) 7
Feps il I HERCR B
2.3 HLsh4: TPM HEBCRH i 2 500

ZIANEE A A & LS A X HLsh 4 TPM HEfCE: B U E B, N N e is it
I NAIREINA BRI 0 i R, — i =, N 285 B2 R B 5258 S AL 2l 4 1 FH it i
1, LB ZE TPM HEBCR K ; JT A A IR BRI A SR AR i A AR A A4
P& R HERC R AR B ARIABE A5 1 v B AR 34 SR R 3 5 B 2 2 X L3l 4 TPM HE ™ B E 2
Wi, AHSCHESE M BB IR B B R 20 11°C , HLEh 4 TPM HECRE 23 in—4% Y ik 5 Bl 3000 m B, HL
B2 TPM HERCE: 2 0 F B 9 2.35 £,

W AT ABFAE T 2011 4 2013 451 2015 AE4 [ 357 ASHBR T (&8 FETE ) T RO B | L
ML G5 e HERCR B VI C R FE bR (3R 4) 15 Bl B4 I 8 R0 25 [) 43 S 4R AiE 5 RUER A A 3, PR 98 45 TR
SR E X EBLSH S TPM HER A LR

x4 H3ZE TPM HEAIREE R MR ERN 55 43R

Table 4 Geographical detection analysis of TPM emissions of vehicles

FRIMFEHT Index 2011 4/ % 2013 4£/% 2015 4/ %
A BEHRIZ (X, ) Highway freight volume 36.60*** 37.08 *** 36.34***
TN IR ZANA F (X,) Number of buses per 10,000 people 15.68 *** 12.67*** 9.34%**
HLB44%A47 i (X,) Motor vehicle population 41.30 *** 45.87 *** 40.69 ***
NI (X,) Population density 13.79 *** 12.66*** 13.03 ***
AE-HSIR (X)) Average annual temperature 7.30 " 7.33 %% 7.81 %"
W (X)) Altitude 9.99 *** 9.40 *** 7.87 F**

# % % 3278 P<0.01

2.3.1 Hl3hZ%E TPM R 1) 5 2R

7T 25 TR0 AW 55 BT B 6 SRS R R IXTHLsh 4= TPM HERCE B A W3 52, i R ) KNk ik
TN ML A E SN IR IE > N E ST NA IR ERA B> > PR (R 4) , Il g
TPM HECE 32 L3048k it A BK Sl P B , HROR 32 ML al A fit i B i B S VR, 52 AR BREE SR (R B B 1
5

OB SRS N VB AR AR B SRR AR R R T ¢ (AR PR R, T N A IR A
HIFRRE ST q (EB ARG, LEh B0 A SR RE ) g (HER I 88 Mk, 2011—2015 4F 0] [ PN 4 A 7 1 DU HEL
P, A AR LB A 2R T 5 e HE . Sih ZEHEIVE P8 4 TPM HERCAY EZR IR 2013 4F 4 [
FHEAT 1 245 30 2 I DO JOR o T 5 ek 2 JSURE P HE JBOI T T A 14 B A % SR 40 I BRAEL FR 0.1 g/ kwh [ AR 2]
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0.02 g/kwh, Bl TR AT UORUETHERCRR HE 9 526, L3 408G I ff e ) g fEL7E 2013 4R 4247 A ATESE 1A
IR, 5 Wu ™ 2 A BIBFSE4S RAIUT . 2011—2015 45 Fo 7T AA SR GEWMA R K T 12.71% , A 395
TEPA TR 2 RSN % TPM HEfilir , BRI A ISR B A AR ) ¢ (HBAEREAT,

2.3.2 HL3hZE TPM HEBCE I AUA 738 B 5K )

SBX S PR AT HLE 4 TPM HEEE 19 5 e 7] BEIF ALl e A= AR T, PR 5 S5 — 20 0 455 i PR 3R A 7
SR T8 B, BRMZE R 5 iR, AT P58 3 PR 2R 28 AR FH 0 A A8 24758 1 B — PR O] PRI A o 119
R 7, AR IG5 1 22 A ST (30 508 W v T 0L PR T 34 i 1 28 B 2 () i, 3% B 45 3K ) PR 2R3 o
P& INVE X LS 4 TPM Heilt BAT W s e R . HL3h 2 0RA  ( X, ) FARF 340 B (X)) 22 BAE G )
ff R B, g (H 138 55.43% ;A B 0iE & (X)) ALl 4R & (X,) s BAE R G Mg ke ks, ¢ 18K
49.40% , BESRAEEESIR (X)) H S RERE ] g (HEAR, (E L5 5o A0 3K 2 K 22 58 5 AR A 25 SR 24 Rk
PERG R, 2 ARS8 T 2 55 LA K Bl PR 2R 1 2 ) 4 P T 2 R s X ML B 4 TPM HECR AR R T . ASRiE
PR ISR BRI K 22 AE AL 30 4 Uk W HETBORI 9 v fige e 00 AT T 220 s 52 0 s T B IO 32 ik 1 SR AR5 IR 3R 5 A,
FES LT N FE A EAE MBS, PR G 1 F AR IREE 2™ S iR HL8h 4= TPM HERL .

x5 2015 ERRHEEZZERNMER

Table 5 Interactive detection results of various impact factors in 2015

ZHAF R SNCK (eS| SEHAF R
q/ % . . q/ % R R q/ % . .
Types of interaction Types of interaction Types of interaction

X NX,=40.41 XU F-H 5 X, NX,=45.45 S -1 5 X; NX;=55.43 JE 2 H
X, NX;=49.40 WK -1 X, NX,=24.05 B[l X;NXg=45.78 S P -
X, NX,=44.08 XL T X,NX5=21.73 ALk 1R X, NX,=30.67 AEL P
X, NX5=46.27 B[S E3 i X, NXg=20.31 AR ik X,NX,=22.17 JELk e
X, NX,=42.50 L T X,NX,=47.73 RS X;NX;=26.88 Jh L 3

X, /N LSSy Highway freight volume; X, : H NS IEVEZEH A = Number of buses per 10,000 people; X5 : PLBN 44 B Motor vehicle
population;; X, : AT Population density ; X : 4FF-34*<ilit average annual temperature ; X : K = altitude

3 SFigHiTie

3.1 %

(1)2011—2015 4F, 2= FEAHLS) % TPM HE & 2 2T ARG S, A S MEFE L3I ZE TPM He ki A HE
R, A E T RAEBIE R 2 £, RUE S EEE TR T EYLSI 4 TPM HEBCR: AR 25Tk

(2) 7z ] b, v E R T B s DX T L0 4 TPM HEfCE: 38 o T AR T, BLARF & T o83, dloh 4=
TPM J8HE & A v 8 X 220 T 2 ARV o S0 T A M 1XC, 522 1 PG () 2 e U %) 2 [0 6 g, 2 v P, e i 2 v L A
VG R R0 b XML Bh 4= TPM HE 2 ph sk 20 73 e 78 SR 3

(3) WFFE ], ML3l 4 TPM HEjl it ()25 (R 4E R R 1%, 25 [RI BE ML/ A A o . AL3h 4 TPM HEBCE 9 44
SRS 1 X A5 ()43 A S B2 AR 45 /0 . HLEh 4 TPM HE I AR X G AR X 8028 T B0 XA 4 TP R4 A, 44
SRR AR 1 2 R] S AT 0 Sy H R I 3, % DX SR 5 1) W 2 PR R AIK

(4) FEBLBHG TPM HEjl S “ARHER, w30 5 = HEE = By 23 Rl AR fE < ARHRRL, S DXk
S PRI RS P R A4 T R R = Xk DA AL R AR SR IX

(5) HbBEPRI 5 A 3K 2l R 28 A Al R 3R B, &5 SR 3l R 238 4 P R & InAE T XS ML 3 42 TPM HERCRR R ) ¢ 1
HA B WRERIER AR & SE AR IR R SR H SRR ) ¢ (EAAIC (0 2282t 5 HoAl
IRt PR 2% A e [V P i 2 3 i ML 30 TPML HE i B4 g 8 0, DR L7 B in ik 19 SR RS 0K 2 R 36 5 H At L
SRR R R A HAE AR .
32 ifie

LS A PR B A BRAR A H,2011—2015 4 3% [ AL 3h 42 JUhr 9 AF 24 05 ok i ik 1.3% , & A 98 45 1
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) 2011—2015 “FE2E ML 4 TPM HEili 28 4E T BB MR FF 6 IR, 44 2 ELEE T KOAR R KR T
M X KI5 el R M, 4 AU T SN 11 285 48 XL 5 24 ¥ G O JIOGE RS A SR 40 e B 1) BT R % ik 2|
30% e A7, FEMIR ARG AT, R IAF) 50% LB 5080 il XA A e 4 T4 2R St B 7™ A% A1 v 1 A B
it IR P 5 e B 2 B < R 4% o = R T R DX sl P R T L 3 4 TR A R ) HE T T
& B ] A1 (5 7R TV V3l T A X S — 2648 R T L8 42 TPM HERC R BRI R 2, Ui s i A2 3R
PM, (AR5 Y% 0 X P B3 KRR &, KA TR AR A F 9T 3 B DL 3h 45 HE R R ATE Y i i Bk
PRI R AR X N LB ZE TPM HERCR AR EAR G X, R4 LG , B R AR 5 s 45
i DX RS 5 Y B B B A T S T A AT 3l %6, 2013 4E LSk B X PM, LA B0RFEIE 2017 4EAH
T 2013 4F T REZ 39.6% , 3k = T4 R HL A (X0 AAIE T ARAFF 5 LA S HEBE R 2% 00 1992 A b F SR X R ML
BZE TPM HEC i HERC kb XS 4598

T P pu R M X LB 42 TPM HEBCE W) 4A (A RAR , T AR B NG5, 5 WLl ZE IR W48 SR AR AR X TE A
SHBLEH % TPM HERCE ARSI, SCAPLSN 4 TPM HERCHE A 5 A R X sk X EE 2012 4E 11 2016 4F
T E BB PR B I, 2011 4F T 2015 AP M A A T (= B IO HE R ) BILE) 42 0L ik
BT 246 % FHE 2% 224 s, S5 AR 5 v VG B A48 T LB 22 TPM HECHEE “ IRHERC, &8 i 4518 4

Ho FHIER  ATRE S AN AR ML 80R A C, VIm &R ML XA T4 i 2k LUAR ) N 88 BE e K, 1

AR A m SR T DR A 2R B AR A A A, Al SR AL Bl 23 B R B3, I S B 8 4 R
SHEBCR PSR

IR 5l D 2 A BT A 45 SR e R, STRRITRR 4R 45 AR IREE IR S K R S L8 4R AT AN B 0238 i A5 A S 2 5F IR
SR ZiE 52 EAE XL 4 TPM HECE ™= B s /e 75 SE U0 I (4 2, 3 1V 3 b DX L 1 1 A 5
iR 3 SR A AR B 5 AR B X 25 7 2 SRR AR AR S | R SR A S A T s s & 7
B PG L R g D DX A T e R v T ARE I M DX, A TR PG A XA A S B AR 3
HEARTARFE Y AN 5 M Z MR A% B WL 3h 42 WORL W HE bR fE B A R A B9 A2 4B At 25k
£ HECHE AR DX ) S SR T A X AL h ZE TPM UsHE ) Il 2 B0 A5 S ) Hh G 0 e ol R R 1Y
T L IX. S B R T P AILS 2 TPM 15 JeHE i A Bt , AR 0 224 1 iy 52 oo 155 100 RISl it 5 DRI 28 o kit 4
5t I B T A DX B IR T R M DX TS Y S R B S

ARG E S DML O i AR ITE T NA IR A 0% SR R A S AT ks A
FXIHLBI4: TPM HERCEHEATIR S R0, B — e AR, IeAh W3NG 0B HE il 32 ok 5 T 3 U A%
AR FRm A o EZOR IR T4y 2 i i i s it BoR UE A B S HLBh 4 TPM
HERC= A X I T AR AR AR 1A AR IR 3 R R 4T 22 e Mo | AR A AT X
SBR[ R AELEN 4 TPM HEjk b /R 5 52 A RHIR AR,
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