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il G2l g i S Sk &1k SGop iy

ik 2012 0. 067 -0.024 -1.577 0.716 0.102 0. 851 2
2013 0.215 0.016 -1.424 0.697 0.052 0.875 2
2014 0.102 0.029 —-1.437 0.616 -0.177 1.071 2
2015 0.075 0.023 -1.721 0.871 -0.623 1.526 2
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®5(4)
il 4Efy P s Fen . Sk £ st
2016 -0. 060 0. 081 -2.134 1.117 -0.753 1.628 1
2017 -0.139 0.076 -2.875 1.778 —1.433 2.315 1
2018 -0.003 0.206 -4.699 3.561 -3.215 4. 144 1
2019 0.210 0.152 -4.489 3.607 -3.468 4. 408 2
By 2012 -0.295 -0.001 -1.829 0.617 0.256 0. 662 1
2013 -0. 186 -0.032 -1.639 0. 624 0.202 0. 659 1
2014 -0.174 -0.007 -1.462 0.474 0. 063 0.757 1
2015 -0.300 -0.139 —1.442 0. 498 -0. 057 0. 841 1
2016 -0.112 -0.154 —-1.496 0. 740 -0. 145 0.943 1
2017 -0.245 -0.052 -2.111 1.122 -0.511 1.308 1
2018 —-1.005 -0. 004 -3.923 2.161 -1.308 2. 069 1
2019 -0.909 -0.020 -3.511 1. 887 -1.224 1.958 1
— B 2012 0.023 -0.039 -2.287 1.384 -0.299 1.265 2
2013 0.177 -0.044 -1.787 1.074 -0.108 1.042 2
2014 0. 001 -0.059 -1.724 0. 891 -0.298 1.191 2
2015 0. 301 0.270 -2.245 1.342 -0.814 1.748 2
2016 -0. 653 0.268 -2.959 1.224 -0. 806 1.619 1
2017 -0. 555 -0.084 -2.976 1. 656 -1.565 2.414 1
2018 0.277 -0.364 -3.506 3.193 -3.737 4. 691 2
2019 0.741 -1.346 -4.810 5.908 -17.805 8.795 2
B 2012 0. 361 -0.097 -1.075 0.562 0. 005 0. 966 2
2013 0.679 0.040 -0. 812 0.474 -0. 280 1.258 2
2014 0. 633 0. 106 -1.211 0.762 -1.156 2.132 2
2015 -4.702 -0.203 4.012 -9.554 26.584 -25.542 8
2016 -2.346 -0.748 4.910 -7.563 15. 867 -14.814 8
2017 —-1.456 —-1.380 14.523 -15.637 20. 020 —18.982 8
2018 -5.922 -4.267 24.562 -27.288 34.214 -33.143 8
2019 -4.182 -2.338 14. 243 -17.194 20.531 -19.424 8

MG YAT SR BRHE S 2B 55 WO B B SR A A 7 55 Bt 7 A si i 4IRS 22 18], A
VERIR/INRTE TG YAl A MBS B8R, T2 52 B R B XU AR 0L AT b 205 F 2007 1 28 5 394 K800 A 2
BRI 5 P2 200 %ot 5 Qe ol R B BTSRRI Tl AT, B R I IS 28 R A b 2354 5 i
i, A T ATV A4 s BOR QR 2 BN M2 B 18 K8 I, BB A 1Al i 8, AR R
QB BTN AE BT AT SRS A 3R M ek, (LR T BOR BB 2 BF R ] ATl B, (AR AR QU PR
RO BRIV 3 B A e A7 D M 40 , TG TR 22 5 18 R A0S X A M 5t 4 B i

M FRCR B A E 5 ATl R T BRHERT -5 328 L 55 WA — AR T s A7 IR A . JE R, 7 T
BORBIHTERFSON ot , HACE R R T B QBT 28 57 R0, 3l 753 B AR BT 0% R B (2 BEAT L i 8, T
HAAGTE RN X A7 Mt 87 14 02 1 41 FH 1 DK 20 AR 03 AR IR 1 28 B 8 4 S0 X A e It 0 ) 40 o 7
MR RER— P A H T5 G AT MR B HE S 28 55 SO A L 55 i 5 7 RS 08 3 BUAR 2014 4F 5 i
By AR R AR /D, KRB BT EMFSON AR AR BE T A7 ML B4, (R AR B 37 22 5% A0 Ay 4 il
VR — BB, X S BEOR BB RN A7 Ml 5 £4) B4 P A P A8 /DN | ok 1K1 28 B 15 000 %0 A7 e s 8 14 410
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B, BEAE7E 2019 AR QIHF AT R0N 4 3 5, H AR QIHE0N I TR, B B R
P2 TS AT AL AT 20122014 AERRHERT 5 E Ml 25 WO B3 IBH IR 25, 2015—2019 4R HERE 5 3
P25 AT 35 5 7 IR 2, S FUIE S0 W6 11 22 0T DL R B 6K 25 AR O BRI, 2012—2014 4R 4 AR
O ER SRR Tl 45 0 A0 PE IR IR A e AR B 28 56 0 1l % 6 0 o A Y e R 3
BT LIS 45 . ELZ 30 3 KM 3l B 0 00 FELSEE K T4 012 98 PR 26 10 i 2 A0, PRt Al 52
“BRIBEE RS . 2015—2019 4R, L SRHE A QFFER B RON AR E T 47 1564 , IELHE AR 57 25 56 R0% X A7l 1
AR U, B AR B80T R B A0 7 4

(=) B RO T E AL 5 55 47 L B BB A B3 e R B

1. AR BAN, 5 T 15 YA L e HE RO F b0 5 3 B A

TSR L AR R XT3 4 7l ) €6 TR0 T BT 25 S RS B R 22 T B 1
I RSB T TR S HE, U S B DU FLARAO G TR, 7 00 B0 5 AR 38 LT A0
H AR BAI R AR BT AR BHER 1 5 AL, LB RS R B0 2o a5 5 R B 1 X R
SEHL = WA R IR DRI, AR SO i 3 (6) A (7) 03B AR B X T BB 5 BB HE 0 I3 4 5, 3
2t (8) IR (9) FRIEHEA OIS UL N X B HE A 1 B BB A A FL 0

5 6 M2 T HAR QLT IRBIRON 15 75 A Tl RO T B TR 1 B T 53 PR 20— b
FISE T,

®6 FARPMINERN S ETRT I AL IR E R

Y B H
Al 0 BESHLE  pokely  migw BdER O BOREIE g aupmEk oy
RN MOMILE RN VN B R

AR 2012 0.334 -7.833 8. 167 -0.120 3.557 0. 505 4,226 2
2013 1.208 -7.985 9.193 0. 087 3.911 0.290 4.905 6
2014 0.562 -7.916 8.478 0.162 3.391 -0.974 5. 898 2
2015 0. 345 -7.877 8.221 0. 104 3.988 -2.852 6.982 2
2016 -0.217 =7.740 7.523 0.29%4 4.052 -2.730 5.906 1
2017 -0.371 -7.675 7.304 0.202 4.746 -3.825 6. 181 1
2018 -0. 006 -7.803 7.797 0. 341 5.913 -5.338 6. 881 1
2019 0.371 -7.944 8.315 0.268 6.383 -6.138 7.801 2

2y3s 2012 -1.286 -7.965 6.679 -0. 005 2. 686 1.113 2. 885 1
2013 -0.899 -7.923 7.024 -0.156 3.016 0.978 3.186 1
2014 -0.937 -7.860 6.922 -0.036 2.551 0.338 4.070 1
2015 —-1.582 -7.617 6.035 -0.735 2.630 -0.303 4.443 1
2016 -0.593 -7.916 7.323 -0.818 3.914 -0.765 4.992 1
2017 -0. 895 -7.720 6. 825 -0.191 4.103 -1.869 4.783 1
2018 -1.789 -6.982 5.193 -0.007 3. 846 -2.328 3.683 1
2019 -1.782 -6. 882 5.099 -0.039 3.699 -2.399 3.838 1

— 2012 0. 081 -7.992 8.073 -0.138 4. 836 —1.045 4. 420 2
2013 0. 802 -8.112 8.914 -0. 199 4,874 —-0.489 4.728 4
2014 0. 006 -7.987 7.993 -0.272 4.127 -1.379 5.516 2
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*6(4)
P S H
ol A Bt yorelm  scmiw BdER BARGE g SumEK oy
WESMOY  MOVICA BN RN B RO
2015 1. 107 —-8.246 9.353 0.991 4.932 -2.991 6.422 4
2016 -1.610 -7.298 5.688 0. 661 3.020 -1.987 3.994 1
2017 -1.397 -7.494 6.097 -0.212 4.170 -3.941 6. 080 1
2018 0. 644 -8.139 8.783 -0.844 7.413 -8.675 10. 890 2
2019 1.270 -8.240 9. 509 -2.306 10. 120 -13.370 15. 065 6
¥ 2012 2.509 -7.467 9.977 -0.677 3.908 0.033 6.713 6
2013 6.453 =7.717 14. 170 0.378 4.504 -2.663 11.952 6
2014 4.012 -7.671 11. 683 0.672 4. 827 -7.322 13. 505 6
2015 8.901 -7.595 16. 496 0. 384 18. 086 -50. 326 48.352 6
2016 3.635 -7.608 11.244 1.158 11.718 -24.585 22.953 6
2017 0.752 -7.498 8.250 0.712 8.073 -10. 336 9. 800 2
2018 1.875 =7.777 9. 652 1.351 8. 640 -10. 833 10. 494 6
2019 2.336 -7.955 10. 291 1. 306 9. 603 —11. 467 10. 849 6

N5 Y Tl AR, F AR BT ER AR50, 5 B 75 YA Tl BeHE O b Fr Ot S s 2 5 5 MO ™ A e 3t
B AR (1 2012—2013 AR5 sk PR i 48 7 ARAS ) o SELIEIA 2 A BOR BT R0 F & 1825 bt
L5 IS YA T AR HECZ ] A AR SRR S BRI AR B B AN A, FLAE A T FEDH B BRAIR 15 RB SRR
5, AR B A4 SR BN, BRERQTHT R EERUN, B BRI S, H AR 28 55 0% A2 P K 30 454
() A BRIV E T AT ML S5 A RO, — o R b A e HEVE T, B s BE 5800, RS2 M B Ry s . 3k R MY
BRI TE R0 BB 22 KR B s
M) B Y5 G A7 Ml B HE I 722 Ak, AN AU 20.000
P A & R T AR 2

P40 K BOR BB R 5300 A 120001
YR 005 W A0 A R T 10.000

NFCHE RIS BT, A 57 292
IV ER A2 0F IRt 2 R S B
WML T,
ﬁ)fﬁ(,ﬁf ?znﬁﬂ?nf&ﬁ?znﬁ E(J/ﬁ;ﬁﬁjj‘ 2012 2013 2014 2015 2016 2017 2018 2019

Jid i

: AR

[ A IR B, HeHr A R e HEE T S -5.000

FRAMEIEH, BARE AR A PR 5L T
-10.000 -

E} 5] T 7 =

@E%E@Ejfﬁﬁyumﬁﬂbﬂ:?ﬁxj;ﬁ; ':JAE: 7512?:2']? E:ﬂ?fx; iﬁ?ﬁuﬁ Ezn;fgk;

D= Bl = 1G] S Fp < AR [ (Behf SEH M (B

{5%1Tj_kﬁziﬁlzﬁizlﬂ7kfm ‘}%H}ﬂ%@ ’ E_ﬁéi%uﬁ(é&) gﬁiéu@(tn%)

AEL FR B FIE 5 B R L AR B HT 4 5% HiEPW (82) ZEYW (BE2)

SRR Al 235 Ry 3050 07 AT 225 5 18 K 3k g B1 BARBFRERESES LT LB

FA R A H R AN 2 B A X — R R E . MM E N
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MR AR 15 QAT VAT AR SRR B (Y 5 G ol b, B R R T30 TR, i A4
AR IR RO 5 F 5 YA T B HE A 2 1] S5 B 5 i 80 5 A 0 B BOR — B F 75 ATl v, S8 HL S e s A
WK T B RZ R, 1M 2016 41 2017 4F A HAZNE /N T E AL , N, SR QIR P8 R80% 5 5 75 Qe A7 ML Ak
T TR AR AR LE < 55 A R0 B AR IR S (X 2013 4FRT 2015 4 “ 4 sk PR 427 IRAS 2019 4F Ry < 75K
PRGBS IR ) s FEB RO B 2E R E Y5 QA Tl P S R T LRI, A AR BT PR 5 800 5 T 9
GAT AV AR Z 1R SR AERF AR 97 5k Pk DU 44 ARZS (X 2017 AR5 S EAA " ARES ) o X R, A RCR B2z
A ER 5 A7l 4R e BOR BT ER SR80, ) LA T R e HIE T 2 00 AR B 22 B 4800 AT Ml 45 F 2800
LGB A5 PR 2R B S R S sl D R OMUASE 1 T 5 IR (0 e T TR S B

2. BORQUH 25 RN 5 5 YA T BRI f B3t £ 5 e A7 I

R T el T HARQUH RN 5 H T YA T M BRI BB B SR LR A0 DR R X — i A
ISR

R7T ERHEFUNEETRTRBRA RS SRR E R

P B H
Al O BESHE  goRen REEW BHEGRE ARG TSR Sk oy
GWHH RUMICA RO RN B RO

AR 2012 -0.255 -2.714 2.459 0.092 5.976 -0.385 -3.224 8
2013 -0. 855 -2.766 1.912 -0.061 5.648 -0.205 -3.470 8
2014 -0.454 -2.742 2.288 -0.131 6.401 0.787 -4.769 8
2015 -0.236 -2.729 2.493 -0.071 5.390 1.952 -4.777 8
2016 0. 144 -2.681 2.825 -0.195 5.121 1. 806 -3.908 7
2017 0.208 -2.659 2.867 -0.113 4. 300 2.143 -3.462 7
2018 0.003 -2.703 2.706 -0. 156 3.567 2.440 -3. 146 7
2019 -0. 160 -2.752 2.592 -0.116 3.424 2. 646 -3.363 8

B 2012 1.363 -2.845 4.208 0. 005 8.437 -1.179 -3.056 3
2013 0. 844 -2.830 3.674 0. 147 7.435 -0.918 -2.990 5
2014 1.032 -2.808 3. 840 0. 040 8.651 -0.372 -4.480 5
2015 1.637 -2.721 4.358 0.761 7. 881 0.314 -4.598 3
2016 0.428 -2.828 3.256 0.591 5.719 0.553 -3. 606 7
2017 0. 602 -2.758 3.360 0.129 5.190 1.256 -3.215 7
2018 1.160 -2.494 3.655 0. 005 4,528 1.510 -2.388 5
2019 1. 185 -2.458 3.643 0. 026 4.574 1.594 -2.551 5

— i 2012 -0.041 -2.444 2.403 0.070 4.039 0.528 -2.234 8
2013 —-0.408 -2.481 2.073 0. 101 4.129 0.249 -2.407 8
2014 -0.003 -2.442 2.439 0. 161 4,727 0.816 -3.265 8
2015 -0. 566 -2.522 1. 956 -0.507 4.217 1.530 -3.283 8
2016 1. 190 -2.232 3.422 —-0.488 5.394 1. 468 -2.952 5
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x7(4)
B S TR
ol T BEME ke cmmw BORIGRIE  RAROIE S ZUHK HEs
PN MR B REERN MW 4
2017 0.767 -2.292 3.059 0.116 4.118 2. 166 -3.341 7
2018 -0.216 —-2.489 2.273 0.283 2.733 2.913 -3.657 8
2019 -0.316 -2.520 2.204 0.574 2.052 3.329 -3.751 8
B 2012 -1.757 -2.736 0.979 0.474 5.229 -0.023 -4.701 8
2013 —4.052 -2.828 -1.224 -0.238 4. 846 1.672 =7.505 8
2014 -2.336 -2.811 0.475 -0.391 4. 467 4.264 -7.865 8
2015 -1.370 -2.783 1.413 -0.059 1.169 7.745 =7.441 8
2016 -0. 865 —2.788 1.923 -0.276 1.810 5. 850 -5.461 8
2017 -0.256 —2.748 2.492 -0.242 2.552 3.518 -3.336 8
2018 -0.618 -2.850 2.232 -0. 446 2.565 3.573 -3.462 8
2019 -0.709 -2.915 2.206 -0.396 2.415 3.481 -3.293 8

MHETGRATI SRR, BRI 2 5300 5 835 YA Tl e HE TSR A e g 4 R P 2 5t < 55 67 i 40 0 iR
TP PIFRIRAS . TR 2 A AR BB 2 Br R0 11 B b 2 b ] 1 5 8 5 YA Tl Rl HE Al =2 T 14 i
PAHIRAS , BB BIR 2 P BON O, HBE I TH AR BEBOR 5 RERCR IR, AN 1 e Sa s e PR Eii /N AR,
FRBIB TRV H B [RFEA SR ME—5 A 5 T 75 QAT Ml BikHR T 8] A 2 SRS AR AR B I R 3R 7 v
BARE AR 7S T RO RN AT PR RN AT Ml 235 R A R 28 55 1 R %o 2 M5 ) S ) 5
Wi, PEBREAR BB 5808 2 A A ZE R v R BIRTPR GRS AR e 1 5y e 7l e HE ik
Ji g DGR AN T IS R TR I . AH 2R B HR O BE O (1) e AR R A s . X R
W], BRI 25800 7T LA 22 KA i b <000
SO E TG YA T Ml Bl HE 28 Ak [ ke 4,000
THAH R, 3.000

Fellith B BRI 2 TR A 2000
S A R AR AR 0]
TSI WA B 5 _(IIZZZ I 2(;12 2(;13 20Il4 2(;15 2(;16 2(;17 20I18 20I19
(PRI 22 TRtk HIE A B8 R F AR B ok P

BB A S H R T 0l
KA AR 2 5E 50 ol

= N N A TR E 3 PR A TRE
T Al e A2 6 5 2 B 1 25 45 1 e ) e e
Sy 5 B I FBEE () - SN ()
PRSI, I 2 s, Bk N (§0F) - AN (50F)
M 1 52 E 5 W) B A FH 5 18] 4 A0

(A 8 %) %00 SR 4 2% 1 & 75 4L 17k B2 HARCIHIEFRN S ESRITUERAER
2012—2013 4F 5 Fif 82 i 4% 435 6] 1) ) BRSSO BT B
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FerpriE MR S BRI, X SR, R G5 28 U 0N 5 H TS Gl B HE 2 8] 8 5ER R R
A A Bl R A BOR T PRATE 7 1) S8 St RS2 IR 2K BROR B BT 28 B RUSEBOR , B BT 2 55 2%
5 TG YA T M R 2 T 9 5 670 ol 4 IR AR 2 AN T 1 2 i (L el i IR B 2O H AR B
PRIGERIONE AT 235 K B30 RN 28 5 184K RSO0 R 4 5 582 e e A2 6 R S O P, 4 50 3 T S BB

WA B ROR A E 75 YA TR A RCR By B B S QA Tl B WA/ N T2 B, 154
ARAB T 2R 5 TG R A T BRHE 2 ) A 2 TR P RS (AR 2013 4R 2015 4F 2« iR PR 4
RZS, 2016 4 A1 2017 4F 2 55 7B IR ) 5 FEMAROR — MR Z Y LIS e Tolk b, LR R R T A0 1R
Wi, (A5 B BT B RO 5 B Y AT B AR A EAR 52 0 SR B 7 IR . X BT I B R — R AL
22 M HL TS YA T B/ IR HE OISR | SE Bk (U AT I B b, e B4 v S EL S A A9 fe VR T 1) 55 LAY
M 400 A 1

T ST B BOR Fis

(—) R

ARSCH i IS IPCC AR G T 2011—2019 4F {5 A7 e HE i -5 [R) 399 32 80l 55 W A B,
VG AT AR HE S 328 55 WO TR A 48 G ZR A7 40 531, WM 7 Aol S e R SRR . TRt R ik
¥ LMDI BRG] A S Tapio LA AL | e 052 e 5 15 YA 7l 3 0.7 780 19 TR 3% e HE e B 000 B2 AR 1))
BEREERON, BRI TR AT ZEARN 5 2 Tr RN, B, W3 i R A 45 O 42 52 i R AE .
S, i — DR HOR AT RO X R HE R AR S e LI, WSS R R

5, NI T AR R IR TR, T GeA Tl 2 (0 5 R T R (A A T DA< 55 I 40 1) < 5 e 4 ™ i Je R AR
MATAAFIERF , 45 2004 Tl R O 22 545K, B09 .C13 €15 ,C19,C22 €27 ,C29 €30 ,C32 D44 541l i
RO 5 B10 ,C17 ,C25 €26 ,C28 SEAT ML I A RICR — i ;B06 . BO7 \BO8 ,C31,C33 54T ML i SRR 4 2% .

HWR BARBNHT A NS G YA Tk Sk i R R R R BRI, B BT B S A
A &R 500 S A i T EE TS AT b Y R (L BT, B BRI 28 55 R0 AN 28 55 S5 A% . 25 4ol 1 E
YAl i 2 (0 B TR B HE IO RS RS2 /) o v R B8 U 0NV FH D7 1) AR B, G 4R FH R
INJSE T BB RSO T E 5 ATl SR A R TR AR T D7 1] . NEE S ATl SRR BOR BT FR 52 8%
IO} B Y5 YAl 3 (0 2 B TR ) A R AR A6 2 sk AR BT 48 T A0 ity ke B 400 il R P AL ke e AR B 2
PR LRI AR T H V5 AT SR ORI TR, AN TR IR AA R ZS B9 H V5 Qe ATl >R BRI XSUEE R0 1Y
28 SRR R B TG AT ML S AL R T CR 5 0 25 AR IR OGS R

G 3R I3 TS e B AR ABNSUE RON 5 H G G ATl Btk HE s A 14 I ) SR B e PR 3R e IR BB
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R BB R FL A PR 2R A 285 RO R 28 EL RS, B 4, ANASC 42 5% e R AZ B e (4 AR O 1) 4 4 A
5, B AR K/ N2 S B AR B A R0 5 5175 A Tl e HE AR T 0 Bt 24 IR AR TE AN ] €0 5 A -2
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Dual Effects of Technological Innovation and Green Transformation and
Upgrading of Heavily Polluting Industries
—From the Perspective of Carbon Emissions
WU Weihong', CAI Haibo', LIU Jia®, QIN Zhen'
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Abstract; Promoting green and low-carbon economic and social development is the key to achieving high-
quality development. Given the notable impact of heavily polluting industries on economic and social development,
greening and decarbonization are their primary objective and direction for achieving green transformation and
upgrading in the new era.

This paper takes the green transformation and upgrading of heavily polluting industries and the realization of
the strategic goals of carbon peaking and carbon neutrality (“dual carbon” goals) as the realistic demand
orientation. It selects the time series data of 20 sub-sectors of heavily polluting industries from 2011 to 2019 to
conduct an empirical analysis based on the green technology innovation theory and the energy rebound theory.
Then, using the LMDI model and the Tapio decoupling model to decompose the effects of technological innovation
into the environmental effect and the economic effect, it explores the synergistic green transformation and upgrading
of environmental benefit—technological innovation—economic benefit in these industries.

The findings reveal that heavily polluting industries show a decoupling trend from weak to strong, achieving
partial green transformation and upgrading. However, some sub-sectors still need to make more improvements.
Furthermore, the dual effects of technological innovation have the greatest impact on the green transformation and
upgrading of these industries. At the same time, the direction and size vary in the effect of green transformation and
upgrading. After decomposing the causal factors of the decoupling elasticity state of carbon emissions in heavily
polluting industries, it is found that the dual effects of technological innovation on carbon emissions have a direct
and interactive impact in different directions. The conclusions may provide practical implications for heavily
polluting industries to achieve coordination of economic and environmental benefits.

The contributions are as follows. (1) From the perspective of carbon emissions, this paper applies the Tapio
decoupling model to analyze the decoupling state of 20 sub-sectors of heavily polluting industries and clarify the
state of green transformation and upgrading. (2) The Tapio decoupling model and the LMDI model are employed to
investigate the impacts of dual effects of technological innovation on heavily polluting industries with different green
transformation and upgrading states, providing a theoretical explanation for the contradiction in the role of
technological innovation. (3) Based on the strategic needs of the “dual carbon” goal, it decomposes the triggers of
carbon emission change to explore the direct and interactive impact of the dual effects of technological innovation on
carbon emission change. It puts forward theoretical support for realizing a win-win situation in the development
pattern of technological innovation, economic development, and ecological environment.

Keywords: green transformation; dual effects of technological innovation; carbon emission; heavily polluting
industry ; LMDI model; Tapio decoupling model
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