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Abstract: This paper employed the multi-regional input-output (MRIO) to clarify the spatial and temporal evolution of the embodied
pollutant emission patterns in China's interprovincial trade in 2012, 2015, and 2017. The structural decomposition analysis (SDA)
model was applied to identify the socio-economic factors affecting the changes in pollutant emissions. The results showed that the
areas with net pollutant export gradually shifted from those which have developed economic on the east coast to those have rich
resources in the northwest.Moreover, the gap between provinces in net imports and exports of pollutants decreased. For example, the
gap in SO, from 2012 to 2017 reduced by 63%. In addition, the increase of final demand was the main driver of the increase of
emissions, with an average contribution of up to 669% to the emissions of the four air pollutants. The optimization of the energy
consumption structure and the reduction of energy consumption per unit of GDP effectively curbed the momentum of emissions
increase. The average contribution of the energy consumption structure to the four pollutants decreased from —220.75% to —546.25%.
Although the impact of production technologies is minor, its impact on emissions has shifted from a facilitating to a dampening effect.
This study provides new insights for improving energy efficiency and developing a clean energy mix, which contributes to
developing measures to mitigate demand-side pollutant emissions and coordinated regional trade policies.

Key words: interprovincial trade; air pollution; MRIO model; structural decomposition analysis
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Table 2 Emissions of four air pollutants per unit of energy consumption in 30 provinces(t/tce)
P NO, PM,o PM, s SO,
012 2015 2017 2012 2015 2017 2012 2015 2017 2012 2015 2017

dbxt 107 97 95 51 32 19 34 24 15 52 18 6
R 93 70 70 32 21 16 22 15 12 64 32 19
b 125 94 94 66 44 36 46 31 26 109 59 42
o 148 107 96 98 69 54 70 50 40 218 147 90

e 210 148 137 83 59 44 58 42 32 220 124 72
Ty 104 92 88 43 34 23 29 23 16 79 55 35
AR 130 114 118 64 49 37 42 34 26 94 61 44

AN 158 129 117 69 55 45 47 39 33 97 63 46
[t 72 54 55 24 12 8 17 9 6 66 35 30
PN 147 106 95 50 31 22 33 21 15 98 41 27
AN 148 109 107 48 30 22 29 20 14 77 47 26
LR 176 134 127 75 56 45 47 36 30 72 44 32
fickad 107 89 83 43 30 24 28 20 17 81 41 28
MWL 130 93 85 88 52 40 51 32 26 133 65 46
7R 141 126 121 61 53 37 40 37 27 144 100 56
bEE) 155 126 99 87 63 41 57 42 28 102 67 32
biEln 85 79 75 58 50 39 39 35 28 185 94 66
b 99 86 74 81 65 51 54 45 37 127 97 68
J7ZR 119 97 92 36 30 25 22 19 17 82 51 37
SV 111 83 76 66 46 36 42 29 24 135 76 54
piiate) 94 79 74 23 24 20 14 15 13 49 50 37
EN 89 84 81 54 37 30 36 24 21 269 149 89
Pyl 82 70 66 48 30 24 30 20 16 108 54 32
HM 60 98 100 52 119 116 37 85 85 181 275 226
paNe) 113 88 83 70 58 49 50 41 35 128 104 84
i 137 99 97 78 54 39 52 37 27 210 102 62
HR 140 107 104 75 54 42 53 38 30 106 74 60
Tl 102 75 69 66 48 36 49 35 26 58 40 32
TH 202 128 97 63 41 29 44 28 20 209 110 72
B 136 111 96 53 43 37 37 31 26 112 79 56

£ 3 HEEHBEMML STRME N SRR E THFE 1 B U5 BRI, AR SR A DA AR = — J 7 A 7= B T

Table 3 Number of sectors with a negative contribution to the

structural effects of energy consumption

SR NO, PMo PMys SO,
2015 301 367 354 392
2017 311 381 371 394

2.2.3 7 GDP RN, HA7 GDP BEFERLN XS
rh [ 59 5 B R0 e HE TR AR B 1) 52 e, N
PRIZF 2015 4F 30 N4 1547 GDP BEFERLN KT 4
il RS0 G HE TR 2y 1D 5 i 3 2R Wk R 21T 2
FHWARLN.2017 FEANHNSEE L LT BRI
TH 4 NMEWIELT GDP BERERN AT 4 TS0
LWy HE TR B (1 500 52 B 1 1) RN

A7 GDP REAEREDS B I W Re IR R0, 78
JLAD R 2 AR R L A 2 7 — B AR = S T

HEF 75 Gk, PR, 50 GDP REFE 1 AR 2 5
fif GDP BEFEXS 4 B 52 5 Ba o K05 S HE U A2
BRI BN E TR 4 5 T RS
30 4 B GDP REFE, REM I A M 5k, 10T,
IR T 4 MR AT GDP ReFEA7AE LT
s A T4 10 A GDP BEFEM 2012 4E 51 2017
T, EFHIRERE L T 36%.

MIEBITRBEER i 5 Fizr,2015 425 2017 4F,
AL GDP REFERUNN T 5t N R T 4 Aok
AT G IS BT AR ) 1 e AR FL L DTk
E 35 /2 420 5511 b B KARL B Ah SR GDP BEFERLN
(1 T MR 2 A [ 2 D R 20 B o e KB XA SR
SO AR 1) W] REAF AR I i R AR 5K T 2
WS T BN H EL I e A LT IR, S A
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U AT = H TV FE IR BEYR B 2 ORI A )
FEELE R RS0 GDP AEFERV 0 T8 A4 £ A0
FTH 4 PR ASTs G W) HE ) sk (e 2 IR B
#.2015~2017 4E,5f7. GDP AEFERN AT 51 M 48 4
HUHB 1T NO, MIHEURI A2 2 1) STk B i B
55%. 1% i B 3 N el S0 1] RE VR R FH 2k 2 A 1 i)
M IEAE B DRV

F4 30 HIPBALFTHEEFE(10 tce/iZTT)
Table 4 Energy consumption per unit of output in 30

provinces

AKX 2012 2015 2017 |48/m/X 2012 2015 2017
bt 496 3.73 2.64 e 13.04 872 7.50
Kt 1247 966  12.06 | Widk 2190 11.55  10.08
b 2562 25.02 2331 WiE 1613 11.54 1147
gy 3327 3274 3034 | &R 784 526 4.92

WZEH 2341 2294 2661 | JPE 1795 13.00  14.53
L 1867 1901 2554 | WgE§ 1586 1276 11.30
HH 1857 1445 1542 | EJK 1941 1044 8.86

HHIT 19.07 1920 23.95 pgny 1811 1546 11.62
L 899 817 6.96 M 6623 1661  12.81
LI 7.6l 6.65 6.43 =M 2374 1631  13.28
WL 693 613 5.44 Bet 1648 1416  10.58
ZHC 12,64 9.11 7.46 Hilt  22.86 18.80 18.52
fmd 1095 821 6.48 FiE 29.67 2841 2833
iP5 1068  10.87  9.50 TH 3157 3144 3741
% 1286 8.53 8.10 WrEE 3323 2954 2931

%5 B{I GDP BeFERE T SR & AR AR
Table 5 The effect of energy consumption per unit of GDP on

the construction sector in Guizhou Province

sk R
NO, PM,o
EA 2015 2017 2015 2017
DTHRAE (D) 747496 334285 425814 318052
TR H(%) 95 82 95 86
sk S
PM, 5 SO,
0y 2015 2017 2015 2017
TTRAEL(Y) 325520 243580 1696504 1264706
DT (%) 96 88 98 91

224 EPERN A 3 MRS A L
BB BRGNS v B B B2 5 B R R
GEHEBUN AL B FEMA BN oT iR A Heay 3 Fof
BNV,

A R A 7 B AR i [ 4 s B2 5
B 00 4 B0 B W HE T8O A8 W] PR I [R) 22
F1.2015 A, A HOR UM A I A 55 1R 1E 170 2%

N4 T NOLPM i 0,PMy s HERR 0, AU B 5T 3]
B | AN T i Wi SN by SN Y I T RO 7 S e
9 4 (W TTMRAEL A 7,55 T SO HE I 6 b5 ]
b g, s Bl YOUE. (AR EE 8 AN
DURRAEL A B, HLOTRR AR ALK 2017 47, A PP R N
TR A S 1R A7 ) RS AR AR 2 (1) PML o HETBUT AR
BN TR R 1E, HAXA 133 7 6, TER AR AR BT IR
JEF ANER 6 B, A2 P BOR BN W T IR ) 2R
(R SR 15 Wi AH R R

&6 2015 F,2017 FEFRARY L TBERKERI]
Table 6 Sectors with the highest contribution of production
technology effects in 2015 and 2017

b 2015
159 NO. PMi PM; 5 SO,
“ WivL PN WL YL
HIJ jeisit) st jeisiiy jesity
DUHRAE(t) 52756 15406 9377 120064
TR H(%) 16% 21% 12% 68%
b 2017
V59 NO; PMio PM> 5 SO,
HHy IR PN HIp JUR
Il fesii fesits fesii @A
DTHRAH (1) 49580 26400 -17894 244540
DU (%) 52% -101% -72% 80%

AIDIEY '€ IR ANA e S N G P ]
MATFICR, EH 7R T 24— N80 1T 275 3K IKF
T AT IR, BT R A B0 0 BT AT R A 4 T SR
BV ) R B AR 3 B PR R AR N 5
T 10 280 I A A Sy Yt 2 60 1) 2908 (1 2 B s ERLL e 7
B bty by . 389, bR P hZR,
FERHT AL 2012 4E~2015 4E ], Ho 5200 1) R 400y
IR B S AR P RGN A7) DR VL.
AR, &AM ) RECSA RN, Ak K
(AL T8 5 ) R B R BRIRFE A 17%, X 30T
AT 3 RN, AR = R R RN [ 44 B 52
Ty BB (R R0 IR 5 R 53 1 v /)

225 AT RAFBN  AEF A E KA G
WHE T A8 By A s BF S0 R B, DN WA R 4
Pl RS0 Y B 28 5 SR K I H 3 HFR AT
TE ) Y., HL L D R AR Ak T DU R 0K 2 DR 35 v d
(S E e i L SR T B e (U N ]
G HE AR A 1) 3 B ) ) IF R B 4T SR AKF 1)
FETF A4k 248 92T BRI A4 R 2 5
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B AT SR 3 JE B T RUR 19 1 1) 2808, L D iR
B35 0 AR AR T, A AT 1AM Bl B, b 2015 4F
[N ST R 2017 AF 0 B YL 703X /N S8 IR A (]
TS RRR X 5 25 75 SR AP 6 DY Foh oK e HE T
AR By = A T AT RN

FTT 2012 2015 F K 2017 £ 30 MBI A RE

Table 7 Influence coefficient for 30 provinces

HiiX 2012 2015 2017
dbxt 0.933 0.901 0.976
R 0.971 0.976 0.968
b 1.092 1.012 1.072
th g 0.974 0.973 0.947

RES 0.886 0.913 0.936
wT 1.115 1.015 0.921
EER 1.039 1.024 0.959

BRI 0.865 0.851 0.895
i 0.912 0.841 0.841
L5 1.051 1.059 1.048
T 1.103 1.141 1.041
T 1.115 1.217 1.202
Ginye 0.953 1.008 0.984
VNl 1.145 1.074 1.096
thZR 1.230 1.166 1.239
oI 1.132 1.184 1.180
biB] 0.958 0.995 1.041
ikl 0.986 0.984 0.965
IR 0.884 0.945 0.906
i} 0.926 0.928 0.985
piaae] 0.913 0.939 0.974
GIN 1.026 1.079 1.023
g 1.040 1.059 1.037
Bl 0.944 0.975 0.939
N 0.947 0.966 0.964
[Ei] 0.927 0.919 0.985
Hr 1.003 1.031 0.958
HifF 0.929 0.897 0.984
TH 1.044 1.059 1.026
B 0.958 0.870 0.906

K3 S0 s ) 75
Fig.3 The three-year average influence coefficient of each

province
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2011~2021 4F, PN 58 7 W Rl T Fy5 G Al (1) s A 28
DB R b g, . DY NFTH R 2 B L
KB TR v Yot 18 0, JE DR A 22 5 T 1 56 A
WRT&E RIS, K, L. WL, RS
AN | AT i I s SN 11 DTS =7 ST B A B we: LA 1]
FUR MM, B RS T B 225 50 — Tk
g, 37 PUIRH R B B Rk, 7k &5
T B AL (48 0 B B0, HLEERE BB ok et . I
IRGHIREFIRA FE T R TR R, e 4R

7 AR R PR T R AL 2R T T M X PR R K.

B, fESCEFFRGRE R, Wb, g, s P
FIUH TR () b BT B 56 A A8 U 52 5 ok A 6 AN
HAAWZMmE, WL Tr kg L — e g
()58 R AL, BEFE 48 br 2 2 (M 8, 78 A2 = i 4
Wb e, 1T B A R,

Christina® g% 2R 5 h a4 SO, IIFT %
B, 52 S Ba 1) SO HE I BRI H X I 1) R K
LXK 7E Zhao Z5EPMVelxf 4Bk Tkl kR &
NO, Fl SO, HE 7L, R ILAERR S NO, Fl
SO, HEBE M NG5 AL I N B A5
ONZE AR, I I 1) PR A A -1 D) 3 o ik o
SR 5 B AR B 5 A AR KRS K B,
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AR () ] B A AR A ORISR I 2 A R RT3 v G
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IR — i e R e fE AR L = CR I, 1T
R, BBV T Bl 2544 J ok s ) 8k k2 ) 3R B A
%, BB S (1L A GDP REFE LR 5 Kb =%4
S5 ) A R A G, LA el K )
FEME G R R H B = T REVR 70X 84 3 IR R )
PRI 703X AN 0, BR IR 9 5/ RIS GDP REFE

(58 10 77 R T e 2 1 SR K A g K IR K 5l D
BN B T (205 A IR ) b o, AR AL =48 T
I 5 57 3l ) KR AN 3% 7 K FEAR A Pk il Xt
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