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FEh B, BEWMSE56VeH T, BHRTE il GVC A h i BN ERZ —.

GVC AV A BR U5 FIR 25 09 0 Be e, 2 2 BRIS Qe i HE I S 55 R Bk . MR B 5 E BRIy T34
I T A 95 e HE R B (Cole and Zhang, 2019) , {H V5 e HEHsR B F L K 09T & Bk A GVC X
rb [ B BR 0 A IE ) SR (R £D FIAY S5 190, 2022 Hua et al., 2022) . 78 [F BR 4> T4 2 A Wi i it
AL b ] [ PR BT 24 AR S N5 A BT MEAR U A GV C R TG G HE Y 5w K I RIOW AL T X
T LA KOV X A T ) 4 0 B e DsE sk MK B R X, A H AT T GVC A BE R (1)
WFFE K 22 LA T+ 0 £ B R TF 43 Bt , 2088 135 YL HE S B IR T FE I ELEE IR R, DL KR PR oy T 3
(18 B2 28 15 A 5460 110 25 Ak Xt V5 Y HE 0o B %) 52 )

FE A 7 R o A 3 ol s KR 40 SO, HER A I T4k A1 BE R AR e . VLN I, E R T AR O R B
AR iR A GVC AR FF rf B35 Yo HE R T R B R . GVC A TR 7= S 2B 7= 9k o i b 24 38
WL R A A RS AR R P LA PEESS6Vea TS RED, FEEEA Y
TE 95 ) 71 5 T BRI 3, R 2 [ A1 57 sl 2% 48 A A 7= AT (0 56 B o T A R 28 4 AR S R DC i o [ L
BB B AR P R0 b A R A 7 B R DARE D R ) S B R B S R A e R . TR,
{1 A GV C AT DL 8 2 S o [ s ol A 0 00 o [ 5 B AR R R FE R B Ll Ak 1 55 B 8 4 A AR
(Feenstra and Hanson, 1999 ; & ZF M XIFE,2017) 3 AR 4 MV 09 GE VR $82 A SR B, gE 32 71 4k 37 B3
B, DT Y i ML 23 5 RS ) B BOR IS s o OOl AR SCH AR M A BE R I RE L XA GVC
(14 A 358 52 i) S HC SO0 ATL ol 0B TR A B 8 o

AR BT B 5 % Ak IR B SRR R A DAY . X SRR 2 e 0 i R G
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XF, 2021) AR XF i A GVC X B AT 55467 1 RR IR B2 5 O KT i AN 78 4y o B X T GVC 3
35 0 B 5T K 22 BOAR T AR AT L RN A8 5 )2 T, 8 H T R R R i R TR0 3 UCHE 7 Ok i AR T R AR
TR HEF AR TG A GV C A B U HE A 32 R GE (1 R #MESE, 2015 ; PNV R KL 55 4, 20205 28 4L
WEAE,2020; IR LLAIAR T H,2022) o DECFE LMW Z TR 7 AF5E . Blan, 7575 (2020) & 8L, 4
AR A GV C e P85 AT DR 2 S €04 R 1E 25 200 17 52 B HE , W A GV C R Uit 2845 I A7 78 AH 1 52
M, Wu et al.(2024) 1A, ik A GVC F 258 i 5 5 B A/l 2 55k R AR i 387 A &
Az R IR SR . BT SR AR 7 B 4 BT, AN O B B R YA R T A AR U )
Al L ik A= 7 R A R A, 220 T AR 7 e Y (R B A% ST Al B A R OO R S . @]
IF XoF e A (0 0 B 56 1, (45 B SCHR Z 08 T A GV C IR A b BREE S0 59 — A T E R AL

@ #A GVC. R TH ARG YL HER Z 18] 19 BRI R 5 WP 1 Tl 2835 ) W34 (http < //ciejournal ajcass.org) B4 .
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WA GVCHEETT LLBY 1 35 5B 0 U iR & J o B35 E ML 4548 1 i 48 3l (5 Y46 )  #i A GVC 11
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S IR B A GVC R IR T FE 5 15 Yo HF R Z IR 19 BE R (F £ M5, 2015; IR MRS
f4,2022) , IA Rk A GVC T LASE i B AR 8 U5 58 B2 Sk 0 A AT M 9 75 e HE s, EL st e A 2 L JE S0 4
A GVC FEARAT Ml B 5 35 B ) 5 =05 BT 3 AR 5 R 1 A 7= H AR 2D AR BT 2 5 0 GV C 3R B
SR P F AR R BVER . R, Hua et al.(2022) 30 7, i A GVC T LR 3 il ) O 3 375 1 48 AR
PRI IR T FE , AR A Ml P JRE I R 38 B AR SR i 3 1) 728 Ak 157 B0 0 DR 1 B R 9 1 T (LR
Je R BT [ O N i 4 B WAl B 5 A5 R A8 A, AR T8 vk 20 ik A GV C 2 T £l 48 A 25 4 1 LA
L. 5340, A X T GVC IR RN BT 58 K 2 AL SCTE T A GV C XI5 Je HE T 0 #0255 ma L
1117 22 0 7 Aol R DL R A Ml [0 T 3 003 o BE RSP . S Al i Bl A AR AR R RE R S
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ZANTI A BE R B SR B X — B R AR R T Al A GV C RS R B RN 5 R B 2B
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Horb o omeom, o, 230 R 57 3 ) AR CRETE AN R ] S Al A AR AR B R g, o, Fily,
WA A7 B ) AR BRI AR R R E I g, + o, = 10 @ BN
R TR —E = 0" .,

AR SCAEAR Y B A2 77 SRR IR R A BERLIE ST, th ot , A7 R @ = o + 9 AT B A& A2 Al
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S WL G 56 0 P i AE AR A o R T HERIR AR A GVC XS ALHIAS Y R, 24 M, = InETS, i,
TE X, FER b i — 45 Al A 772 2R FE M, = {ES,,, InET, | It iE— 2545l Al g i R
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(1) 75 G HE R B2 5 2 SEAL A2 5 0 I B AR SO AR A v () 4 A B8 B A 4 - SO, HF ik o i
(InSD IS HEE AR (InETS) (REIR S (ES) (RE IR 4% A 38 FE (InED) A 7 #& (InRP) 5 A28 5, BOR BT
A BRI B T i a0 R R

Emission _ Emission y Dirty Energy y Energy y Input (14)
Output Dirty Energy Energy Input Output

N ~— ~—
R WAl A % PERATREE kA

B e R 45 K (ES) LA AN, Hi Ay A8 B ¥ 78 (14) 20315 07 6 A0 L 6l B om 1 o Boig 21 . Horp,
Emission R Ak 1) SO, S HEB & 5 Owpue 2 4 9 5077 5 Dirty Energy 2 LA Aw 554 18 19 s b AE 1
WA AR, EE AR U AT I 5 Energy A LABR ME IR R 004l BE TR BT AR, LATETE G
B VR I 35 R S AR B 2 RN RN 5 Inpur Fom Al A9 BB A, BRI 5 A A =8 Tl )
i P A+ R A T8 B+ AR B AT IR .

(2) ki A GVCFEE (guepa) W B o AR SCLAA P H AP 5 A3 B 3 (FVAR) X — %)
1238 FH I 48 br R A i Aol itk A GV C I FR B OBl RIRE 2805 , 20215 F 2204 ,2022) . JF 5% Bl
(2015) 907 3, 5 F (15) XXk ik A GVC I RE JE SEATI5 . BARTH B AR SO E T i TR
H— 5 52 5 01 P 8 0048 9 2% 5% (Kee and Tang, 2016) , 345 % Ahn et al.(2011) #5032 32 3 57 5 4%
B NI o | U 7 R VB o 0 1 E -t Qo O i 0 % 7S D22 B e N e O ES A RN R
EORESPY N5 e D]

g

A v )
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H o m RS XAERR O DACEENTE R, VbR p A g 40 B E RN T 55— 52 5 Wi
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Pierce(2010) ¥4 3& 1) SA A AT o Ry 17 3k fo B 5038 B9 AN TR0 468 XoF B > 37K £is ol il 9% 24
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BN IS ) SR 5 )Ks 4% SR BEGE— R 1998 4F M K% 5 (B - BB AE {7y i 2 %) A8 77 F8 A, £ FH
AR IR AT B AR i AV @B 17k 23 A0 S8 — i [ R B 4700k 4325 (CIC) 2002 A7 ; DAL
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WI0D2016 £ # Iy 4E b [H 48 i1 4 4 ) (b B BB IR 48 11 4R 28 ) (b E SRR e T HAE 245 ) o

TEPEA R, 5T LR % 8, 7R ST B 2000—2007 4E Sy 3 B 5T X ] Dix — i 312 v = i
A WTO JG X405 5y € & J& GV C R AR BEA W B T+ B B, A7 5 A SCI B 5 3K . @A SCI 0
WL B R i3 78 o L A GV C R BR800, e T v ] L 5 I 34 1 22 3R M L i, O AN AR T 254l 10
F R, UG A5 A A F S X TR N B 3 S HL AR A A 3 Y 45 B AT @ AT A Tl Al %k
it e AT T4 A GV C X r [ £l PR 458 B 300 B AR T+ 1) 1) AH 6 SCHK , 2 8502 5 F 2000—2007 48 (1)
FEATF J& (HR W XF A5 PHIR , 20175 B #8455 ,2017; 75 P, 20205 Hua et al., 2022) , 3% BUF [R] 1 A 53 X
8] 7 1) A 343 A1 45 5 R O SCRRPE T FE o @2000—2007 4F 1 Tl A b B8 P8 i & 4 401 B 483
P — 30, AT DL 2 A SR FH 22 Bl [ 14 7530k ok 100 530 sk Ao g A ek R 4 A L 22 o 9 BIF 5 75 3K

M. SEIES R AT

LERN GVC Xt {75 e HE 7 58 FE Y 52 T

FLIRA T (12) XA HAE AR o 58 (1) —(3) 51 i A RE A 9 Al 1145 3% R A 42
1] 728 5 R Al B[] [ %E SR, goepa BT T A BIIAE 19 BYOKF B3 D 0, R IR A GVC R I
TEXS ARl SO, HE s B2 B AT 25 3 il 45 T o 3 4b , 25 B B A SCRT 5 1 B9 % 0 AL 1 60475 BE DR 45 44
FIRE PR AL SR BE WA 55 B8 TR #E ELIE AN S I SR E , i K AV o 32 221 e IR A RS B IR OR IR, 7
Hh Il il B RE DI AE PP o B AR RO U, AR SO LA BE R TR B9 A M REAR HEAT A3, 45 R AR 7

@ b, Tk i E B> 2004 45 R KR 23 AR S TG I (E = Tl SO E - PR AR A BE R
2011—2013 4R FF R AL & i) S B A A AT A 205 rhIa] B A =7 (B <8 85 A 4 B A - T8 3
-4 IH1E .

@ Bil4n,2000—2013 4F B 78 55 2h ) J7 T HL A AL 3 (A& 2E R sl 35 o 4 T i, AR SC & 31 2000—2007
AR E A GV C T2 58 a5 A G A A BN R HE A s R . (LK REAR Y 7 B 2000—2013 4F 5 , B
SRIEAS G5 AT IR AR AL, F 25 0 1) /N A0 5 38 M 2 R T R
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TR E TR oisgm

RKIMH (4)—(6) 5 guepa B TH R RS LE 19% B KF & 28 70, 3 BARE T 2R A B9 £l
T A B X AT BT

x1 HRN GVC 34l 5 L HE 738 FE B9 32 M
e g g A ik JiF A R AR A 5 G B RE AR
InS! (1) (2) (3) (4) (5) (6)
guepa -0.1489™ -0.0643"" -0.1856"" -0.3299"" -0.1673"" -0.2047"
(-6.3551) (-2.7036) (-5.6189) (-12.5562) (-6.3026) (-5.0940)
s A At B £ = B
AE Ay B B
£l P 2
FEA 57083 57083 47332 30268 30268 24455
R? 0.0007 0.0647 0.8463 0.0052 0.0663 0.8201

T < 4 5 v Dy RS B A Ml 2 T B9 B R T TSI L, e e IARERTE 10% 5% 1% KT LB 3. LI 4%
ELi

2.3 AR BEIR S B NSRBI R

F2 T ok H BR(13) A AR SE LI AT R 30 o 2R 24 T X 3 BLTI A Al 145 2R R TR A GV C
o A Ik A5 A 2 e R A A R TR 4 A e R A0 A A AL e b e HE . 5 DLEE IR SN R A
ARSCR B, T SR AU AR T B R A GV C i B AR SO B T A ol B 35 S 5 A
IR

HARH 25 (1) ((2) 5 LR AL 1 # A GVC BB AR o Jerb, 585 (1) 31 el HE £ AR 5238 1) A
AR, goepa B TE R B B3 SRR A GVC R B T I AN BE i 1o i 1 A Ml 980 HE B R TH 0k [
AR A o SCSER E  33 55 BT SOk 1 45 38— B IR FHIR , 2020) . VAR SCIA S A B R £
A GV C7E T8 2o “ {8 38 B 2 A Ml s HE 9 [R) B, 38 23 3 5 U 3 5 40 7 I A1 i ol 1 o A HE 35
2%, S TR 0 ) i ol 8 AT 3 U A BB M o @5 (2) B S o A e SR U T A K B 45 2R guepa AT B
BAE 19 K F B3N, RSB iR A GVC RRE AW BTt Al A9 A 77 SRR T 25 32 B 4 ]
PR e Al B 75 e HR R B . X — A5 RS BUA SCERAF R R 22 57 2 T TS R B A GVC R JE
B THA AT Al ATl A T A A AR AR T (R A 2017 5 BB 8 A IR PR L 20175 AR UK AR
2019) o ATy HE A — B R 2R i T BUA SCHR 2 LA 7™ eR BN 1145 21 B9 SR Al 42 2R P R
A Ay il A 7 S A AR AR S, T A SC Al B A e 0 A 7 SR A S R TR R
AL B A R " M A i 9PN ARG o A GV C AR T T B R U B T Al A A R Y
[ B, e 2 48 v A Ll T I B9 A 7 XIS ANTRTIE I T Aol 452 45 R0 . B M AR , 5 2L A

O UL IS I SRR A 8RR 9 o 32 B AT A e R B R A e R AR IR S A (U5 ST L 2020)
TR 2 5 U 8 e S HEA T R (XU B AN %, 2020) B A 5 =X o | Al a0 A7 0k 8 % T REASU o
Tl 2B 7 FUAR N, S A 1 U HE TR A A A RS HE AR A R T S KT AT B BB BT LR B AT
AN — 2 REBEAR A HETROR B o BRI, AR SCRE R AR — b 75 =X, DLSRLAE BB R T A6 BT 7 A= 19 SO, 7 S 4l v HE B2
AR PR AR

@ MRIEFTEHRTHES IO E T 25 )M 3k Chitp : //ciejournal ajcass.org) B {4 .

® T ICEE )T AR i B s SRR A [ 2 R
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x2 POES W S VAN e ke R BN Ak iR gvA: ok v
HOARBNE FE V5 45 44 A 1 TG e R
oY fife R AR 1 (1) (2) (3) (4)
InETs InRP ES InEI
guepa 0.0616 -0.0370™" -0.0138" -0.2367"
(1.6333) (-5.9764) (-1.9534) (-4.7333)
il A 1 = = = =
AR = b= = =
Ak = = b= =
FEAR 47332 47332 47332 47332
R? 0.7865 0.5643 0.8398 0.8737

GVC T A = RO A .,

555 (3) 51 o XoF RE 5 &5 # B U0 N A 36 45 SR | guepa B TT R B & M 7, Rk A GVCREJE |
F4T LA B0y A ol 19 B8 U5 45 14 1) 55009 33k 1) J 1) e 7 T e AT Aol 79 ¥ G HE SR B L X — 25 e H
A WA (R LLA AR T, 2022) o [ABF, [AIE UL 14k A GVC AT DL3E o) 1 5 Ah 5 4% 4 29 3l
O A A oMl 1 3 B HE VS AR, Bk 8k A GV C 1 5 38 AL A7 7E o

55 () BN T XA G50 B IR ARG 30 25 2R . guepa WAG TH R B E R 11, R A GVC
FRRE b FE AT DL o R AR A ol i R A% A 5 B R % T Al B PR BE S, BB A G B BRIV AEAE o AR
P S 3 BT, TCAR R A GV C SR o 2F 77 5 A 3 2 45 3 AL 1] B35 AR A ol 19 R 5 450 A5 32, R AR T op
FE 14 95 80 7 b 45 I 3 0 v 18] it X RE R B R AR . @55 By H A A B A 4 A A R Ak A MR R T
A 2 A Ml 5 T P D 4R ) R 2 T o T i R AR RE VR AR, R A GV C R AL 1 BE UR I AR B Y
Bkt . KT LRie W2 @ aor , B AT A SCHR ELHEXT ik A GV C i a] 52 ma £ i 19 58 Y 45 A5 S
HEAT VI o AU D REBEFE R B A GV C AT LLBEARAT b A4l 1) e U5 58 B, (0 R fig 7o 4 e e L7 )5
FIMLEE (R LAY S 10,2022 Hua et al.,2022) . A, T SCHE— 0087 T A GV C R 4k BE IR
N RSN N

K BANEMERGNWERRE . HOPERERERERE

3G TR A GVC BT A fE IR £ A5 B B RR ks g s 8 . o 55 (1) ((2) 51 i
e [ 5 A RE VR T 6 1 A 0 25 R, Bl i R AR B O BB R AR 5 BE O ] A 22 L (InEne/Im_input) o
AR (D HIEE R WoR i A GVC R F T DL & 3 AR ol I RE VRN AR S O P ] dh 2 B L (1
IEAREPRIE R A GV C AT LA 3 4 i At B #E B o )t >R B AR BB IR TE AR . 3R 45 R AT B J2 Hhy Aol
FHE 11 v [ 5 2 A BE R AR 5 B0, 0 PT BE HU AE AR IR T AR LU AN AR (S B0 T, R il i T 2 1
b W Sl 151 W~ AW ES I I RN TIPS A N U1 el e i o QI B 127 3 e Y L1 B NS v s o | /AN
] 456 A LS A5 A (Ind T) FI1RE YT B/ 9 v 8] 48 (InEne/D_input) W5 A 45 5 728 2, LAY 6 G A4 R B2
Y EZ AN N A S5 SRR TE S (2) 81, guepa B TT R B B E N 1, R A
GVCARHE 1 il s F 2 150 v ] i R B AR BE DRI A6 o 28 (3) L (4) B 5 1 [ o v ) o A BR R T 4
(A T 25 S A R AR o O R R TH A 5 B T ) 22 B (InEne/D_input) o 55 (4) 51 i 25 2 WK, 78

©  WFFA S RS % T A B AR 58 2 UL B Tk 2255 ) 3 Chitp : //ciejournal.ajeass.org) B 4
@ XF P A G AL e ARLORE H A 5 RORE) 8 B A% S E A — 2B D e 2 LR E T 28 5% ) R 3 Chiep 2/
ciejournal.ajcass.org) Fff 4 o
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Pl 7 AR A R 5 A GVC I A BEAE ZE Aol AT P A i) AR RTH AR . 288 R 3 AN
AR AT, A GV C 3 B 3 A Ml A P 17 e it 2 R 1R A R A ARG A ol 1 B TR 5 AL i
JEE | B 2 TH IR B STAL

=3 O e RBEREERERE
HE 7 e ] AR =] P A ]l AR
o Sl e (1) (2) (3) (4)
InEne/Im_input InEne/Im_input InEne/D_input InEne/D_input
guepa -0.4277" -0.3286" -0.1150" -0.0432
(-3.3087) (-2.6888) (-2.1527) (-0.8513)
InIT 0.4366" 1.6477° -1.4056™ -1.4789"
(2.1443) (7.5654) (-8.9694) (-9.6948)
InEne/D_input 0.8616™"
(55.3500)
InEne/Im_input 0.1679"
(33.1282)
i il A 1t = = B B
Ay 2 = b &
Ak 2 2 = b
A 45087 45087 45087 45087
R 0.6926 0.7371 0.8680 0.8871

T AR TS T A e ] B AR AR SCHE— 20 B BR T 87 B MU R AT A B MR A BT ORI RO B AR . TR
A

4. FEOPEREREBERER: ETINTLEMEERFLIIHER

HSCA A3 AT 25 R B i A GV C 32238 3 412 14 4 Ml ot FH 2 11 v i) o 2 4 e D 30 FE K e IR A ol
S e HERCOR B o X — S50 R A RS TP E Al A 2 R T RS AT Y R M el AR I
L5978 D1 L2 5 28k lb o0 T & WA o b [ [A) B 30 45 3ol i () 1 58 R K P 1 25 5, o
AR SC IR bR ) R B T R A A A o VA A T I B Y [ 9 BB R B Al A GVC R A
S5 46 A AL 50 T, O LT 22 b 0 e [ R A AR RE R I AR, IS 1 W rh [ Al TT R A AE A
3 ] PN 0 BB T S S AT 0I5 B AMAT . D T RIE R IR AR SCBE IR T A AL

Y, =B + BHRS, + Bigvcpa, + BSHRS, X guepa,, + 8 X, + A, + u, + €, (16)

Hor,y, Al G IR 5 A SR BE (InET) (BE IR IH B 5 3 1 b ] Z B (InEne/Im _input) \RE I3 TH #&
5 E W E & Z b (InEne/D_input) 3 B s WA o 24 Y=InEIB &2 & X 5 (13) XME. HY
H InEne/Im_input F1 InEne/D_input B , A8 SCilE— L3 7 2% 3P X W TR E &K o HRS,, IR ¢ 76

@ 2010 4F Z AT+ [ B R 50 AL ) B R 32 B8 LB I P ) O L T by T R A M DR 1 9K 26 1 R B R R K F
B4 28 S OIS A6 T S8 A 25 F i X AN T 8 S T R0 4 403 1R AR TR AR o 92, 1998 47 JT- i Y TG 47
DB K 4 B 175 4> 3T R DA TR W 42 o DX R — SR A B S e 4 o X O ) #5104, 2019) 5+ — T i A
XiF AN TR 48 03 1 5 S [R5 Y ) 8 45 1 11 5] (Shi and Xu, 2018) %, #845 AT fE -5 B0 B 4 A 0TI (1 25 55 50
K SF- H E 22
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FIRF ¥ 2 52 75 g 560 B 55 R0 A 3 T 9% R AU R, 25 3T ) B 85 L K P i T R L RO HRS, U 1,7
DU RO, BRI M A AP 0 5 2 MRS o DRR E R (2021) B 5 12, fulf T 3t 28 71T BORS T A 42 i op 264
LB k7 D) BT ) L 9] A A48k Sl 0 P B O R R 52 EL Y R R B AR S B R TE R X A R B
PR AR KT X A 5 R B A R )

44 TxFCLe) ARG THEE R . B (1) F S B A T AR B Dy B, 3 O 0 B A5 A 4
5 TR A GVC A G AL e RN, A olb T BEAT AR 18 i #k A GV C Rl PRI AT 1947 o o (Hitt— 2
Sy M A B 5 (2) B 58 I Ak T 2R ROAS 3 i D T 58 ) A 85 L A 5 AN BB e Aol A P 3 11 e ]
i AR DRTH #E , 2EAT R BRiG 9688 o T LU I il A R A GV C ik A2 rp T 2E 1 v 1] o
RE VR A AN, S22 T LB 304 32 [ A1 7 M e R O 45 2R, T A J2& 1 AL sl B )™ A% 1) B 058 AL ) 32 80 1)
FE SN EAT B TS e A o 55 (3) B 50F [T A v ] it 0 A AR DA 3 205 SR R T, 450 A 234 g R 2000 A AN [
PRI K B 28 S, 320 T T I S R ) BRI AL I A GVCRT LA A M T 2 48]
el P e g A AR RE IR AR o B — 1 0 9 D DR AT B, DR v [ Al AR A GV C o B v HUR
Bl A2 7\ e A, TR R 1T AP ] R 2SR A B B = [ AL TR, 7 T I B i A BR 35 AL
1] ERF A oI A ) 008 FE S 2 ) ] N D o o 3 e B R 0 [ A

F*z4 THHNTEIMNBERFTFUESITHER
YR [ by 5 g% 7% E N5 e i
B fi7E R AR i (1) (2) (3)
InEI InEne/Im_input InEne/D_input
HRS 0.0160 -0.0839 0.0301
(0.5184) (-1.1735) (1.0010)
guepa -0.1520™ -0.3080" 0.0329
(-2.7123) (-2.3170) (0.5866)
guepaxHRS -0.1549™ -0.0321 -0.1390""
(-3.2967) (-0.3097) (-3.0189)
i A = = =
RIEHZR = =
AR b= = b
il = b= =
HEAS B 47332 45087 45087
R? 0.8738 0.7372 0.8872

i b, P E A A GVC BB G5 5 T 00, 3 20 [ PR = ol 7 TR 45251 i AR Aol o 1 8L
A ] DAY 194 2 35 R o) T >R BBy = Bl 5 e AL

5. ffE e

(1) 38t s 22 38 [A) AL 7 SC AR BIF 5 Hh 20458 o) 1 Aol AT 3 1 58 R0, AT AR AR QR JE b s 9 35t U
A8 g 5 BB Al Tl 3R R LR A AR SR IS DX ) A R SR T BRI B S T T
ARSI T 2 T RO, O T HEBR R T, AR SO — 2P R ] T AT R B R A A Ml PR B S A A
KRB o BT, 18RRI rpoim A 42 DX BT 3 i A 45 R A R CT) (16) 380 LR AT i 42 il il X
JZ PR R 25 5 o [R) I A R A TR PRI A AT Ml AR 94 52 T T R O DA A A A Al
A1 B TN 1 A 7 AR EIRAT S A Ml S DAY BSR4 o R S B RS A T AR R AR
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TR E TR oisgm

SO B ARIR BT o V53 A AR SCHE SR H Oster(2019) 48 14 A4 77 3 S X6 1 G A7 78 11 38 T 28 45k ) 0
HEAT ARG, 235 SR 2 WY A SC A AR AL B R AN A7 7™ B 14 gt 22 ) R

(2) B 1) PSR TR R . 5 T 7 SCAT BEAF AR 1Y S [ SR TR) R, — A0l 2 008 09 S IR 2, 4 Y PR 355
GURHE AT F T Aol A FE PR 0 X e, AR SR T HL AR S8 32 8 fiff ke ] A7 A (19 S 1 PR 2R (] 25
1 4 O A SCHR O My B0 A7 8 2 T3 B A GV C Ry T H AR B (RUK P55, 20195 RER NI RIS B 2
2023) . i P E X T Al 2 5 1 PR R A E R R, SR S T Al 9 75 B R,
THAR G B AR SR I AR P 2OR o HAR M, 78 S0 B b B B+ DR 1 B e S B B A O T AR
(7] B Shy 1 e 2Ry AT ) A B A i 2l P o R 8 ) o R 4 Bk B S Y S SR A Sy
THASE . A TSR R, AT REAFTE B9 R 1) PR () REUOR 2 DU W A SO0 858 . S Ah AR ik 2
% IR PHI A (2020) 19773k , 28 B 2 2 0% A7k Al ik A GV C R BE B 58 AR S B (e AR Dy TR AR 4 ik
it IR 2 T R IR 45

() BB E . BT GVC S5 RURFIRTE , i A GVC X Al 36355 51 R 19 52 0 1 1% 45 AL 5 1§
PEOECH DRSS TR . O TR S A O A5 AR S AR AR SO Ak i B R (H E
BV ) BACEE ER R TR A R A GVC AR o AT 2R R T, Aoll 11 % B2 A9 4R T I A RE R AR
A b HEHCR BE 9 — DGR WA SCR OS5 18 B T SR

(4) e P AL B o O 1 E— 20 0 AR SR 45 18 Y AR A 1 I SO, 7R O 2 2835 e W i AU 3R
P, AT 3 23 ) LR K HE 5 BE (WD A AR B HE R B (CD) AL 7 AR SR I (CoDD) VR Ak
Yy HE T BE (NOT) ARy 242 HE 0 BE (PO AR g 3085 S8 i AR BIE J 04T WIH . 25 R Rk A GVC
FEBE b Th X 55 Ab 5 B 75 G Wy 64 HE 0 B2 AR 3 B0 A o 53 Ah, D T sl Gy AR AR R |
T A A7 ST i 5, 36 L a0F — A5 18 S5 0 N E A (2022) BT L LA SO, 25 I AR hy 0l B2 R 114 4 20 AR
o SRJE LT3 J1F 38 T 9 (a_wage) A% B GMM ,OP (ACF 7 ik T8 Mk 5 5 2 B HR AR R
(@) M g A 7= 3R 1 A B AR o R AT A 3, S5 2R R W A GV C X Al Dl HE £ A 0 A 7= R By Ay 8 3
R

(5) P REAEA X IE] o 32 2 GloWL Aol Kodle o 1 A9 ) 249, 9 HLOW T HEBR 2008 4F 4 fill @ LI 52 ), AR
SCHY ST X TE] Dy 2000—2007 4F o H 75 fE R b [ 28 57 K A A A I AL A6 R BE X AR SOy 3 B
L5185 0L A R, X B AR AR DT 9 2 2013 AR F A I . A5 R R IR A GVC XAl
{14 DHE VR FH A BB G5 4 e TS8O0, B4 A5 P i s o 3 45 P 95 Bl 7 HO B B A AN W A O L AT
ARSI VLR

(6)ZrFEA I o Hi SCH 48T Al R A GVC XS B A7 A b B0 558 45 R0 AY - 12 52 i) 5007 GO0 Bl
] AE B A X AN [ Aol R AR T S B0 S SR S R BEAT e o X LB 5 5 3 Al BT A At X
(1 F R AR 4 T7 AR B 1A SCHYAZ O A58 R T A R R AR A Al 2 75 sz o SRR, AR S
0 FRE ARy =8 38

B, #—Fw: kN GVCIEL BN 37 S AL H

B SCR GEH I3 M 1 4 A GV C X Al B 358 557 8% A ~F- 35 52 i K2 Lo ALl L SR T, B 1 Aol A &
B IHEAT S 22 B, A 5 A b 18] T 373 43 3 B9 #J TC L R Al 7 AR T A Bl 2 2 S B b = A

@© TR A 50 2 (0 A 25 R 2 LR [ T 28 55 ) B34 (hittp : //ciejournal.ajeass.org ) B4 o
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A7 75 Yo HE i B A B A H B i 42 (Cherniwchan et al., 2017) o i 3C 3 T 52 5 A\l FE AR 59 4307 , 1L
REVE B HR A GVC X 52 5 Aol PN AR08 HE (4 52 W) , T8 125 S WA b 5 4 B 58 78 Ak % 3F 57 5 A7 25 Al I B
Ul HE Y E) 3 52 ), LA Kk A GV C 3 it A7 22 Al 22 [ T3 37 03 35015 43 TC A oMl 2 IR 79 A 52 3 A1
TS Y HECAE ] o Sy 1 S A TE 4B s iR A GV C I BRSO, A BB 43 iz T AR E— 2D IR T ik
A GVCZMaAT L 75 G HECR B B S 28 LM o F5 2 B2, th TASAR 2> 2 AT i A GVC XS
7l P Aol 5 e Y 3l 2 LR L 7R SR T 23 A i oA 4 ) Al [ S RN T AT M R RE 2K
Bz, 3 BRI PR B T 5 S FAE R B A .

L#N GVCIBEH M S WG R WIERE - £ A5 RiA kR

T MBI A M AR A AT TE R A GV C XA M 75 G HE R B 52 0 19 Sl AL, A SCH %8 Brandt et al.
(2017) (9 R e, F o 7 R I A A

InSI,, = B;" + Bient,, + B ext,, + By xguepa, X ent,, + By xgvepa, X exi,
+ B xgvepa, X sur,, + 8 XS+ A+, + €, (17)

Hf, ent,, exi, Ml sur,, 0 AR ZE T IE A A GB B\ A F S B & . xgoepa, B 4 (015
Froll i 78 SR GV CRRJE | 3 ¢ HLI0A e rb 56 T R A 0 8 ik, O 31 R B By 8L L 23 o T 4R
TATEAR A GV C R BEAZ S0 35 2 A AR M B M A Ml A SE Al 19 75 G R s BE 52 i o X by 4 1l
B EES  TE(12) XA Bl E3E— BT A7 Mk 7 3 0 85 CRI 4 G2 A7 b 87 /0 38 b 87 1)

5T ) XA Ab AR 5 (D IS R BIR  ent (AGTE R E 3 0 57, T exi B Al 1125 2R
AN RUITEAR A A GVC RS2 I, 8 i A Al 1 75 G HF ik o B8 SR T 47 22 Al , iR s A
W SHFSEMWZEEAPE 2R, ZHI xguepa X sur Ml xguepa X ent BT R B G R 1, £ W
A5l A GV C AR BE 1 $2 T AT LUSE ik 5038 A7 25 A4 Ml R 3 A Al 19 31 458 251 00k AR ATl 75 e HE Tk
SREE . A2 H I xguepa X exi AL TR BN B3, RWHR A GVC A BE i Al 1B 5 #4 fé 1 Br 52 i 17
AP 75 Y HE M o 3 AT AE Al 3 HHL TS 58 36 47 5% (Brandt et al., 2017) o Uk itk , A% SO FH Hb X 1Y
7 35 1 A 1 R B e A ol B HE AL A A 58 36 AR R, 1 — 2D AR T Al aR H LAY 58 3 R XTHR A GVC
PRBERE R (5, @

G, i BT A 35 B /N 2k R 44 1T 8 L A8 0 VE S Al 3B S LR 8 o S 1 A 0y LA
JUOR UL AR VLR (AR R SRRV R L SO AR TR U I A Oy L OF ELTE R AR 1 v i HE 4L L
NEETE o HE—20 H, AUER B Al B HY B B 58 5 A Oy B9 REAS JEORT X (17) XBEAT A T, 5 R4 5 A
55 (2) 5 A B4l Csur) AR H Al Cewd) Sk A GVC 28 BI04l 7 R B0 82 1. ik REITAE 4>
b B H AL R A 58 3 A8 Oy, A GV CANAURT L3 ik B8 24 301 B 52 W A7l 19 75 % HE R0 B2 8 AT LA SE
o i R A ol T I A PR 55 AR HE L 08 5 5 G Al A W3R H T 37 0k B AR AT ML 9 95 G HE SR B . W)
xguepa X ent WA TH R EUE Jp A 1 35 B0 Jre i B 1) PR A 3R 3 ) AT REAF 7E 58 G &R o 7EIR i HLHI

@ HRA GVC XTI Al 2975 G 0 B2 A 520, T LU S HO Al A A7 1) B AR R BEARME R B2 R o 238 1
Al 1197 235 e HE s BE R R L B AT i A GVCARBE R T Al A= A7 i PR A v, 45 e 5 U 11
A ARWHER T, 25 (DI SRR, #A GV C I8 X 37 35 A A FEE S 4l 1452 i B AR T 47l
B 2 95 e kiR B {ELIR A Ml ) P 249 HE OO BE I B A AR L T B, BRI A GV C AR BZ Y b T RE A AT
b i G HE O BE I e IR — AR B T3

@ Bk, LhBE44E (2003) 15 19 2000 4F H [ & b XT3 1048 BOR i 1 45 A48 08 1 T S Ak R R B L % AR
PR B LT 7 BURN X 2 B T BURR | AT 2 5 HURE LR A BB TIT I A R A AL RN B Lk AR R A
BRI R L TE— B TR B RE S ST e DAY £l GR PR SEE AR A
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x5 #N GVC shZHLHl 59 f Wi 7
I AR B AL 85 5 A PRI HLHIRN 58 B4 1
InS/ (D (2) (3)
exi -0.0218 -0.0329 -0.0269
(-0.8829) (-1.0627) (-0.9197)
ent -0.0742"" -0.1012" -0.1225""
(-3.5241) (-3.3449) (-4.3612)
xguepaXxsur -0.3036"" -0.1898" -0.3520™
(-3.6256) (-2.6290) (-2.9203)
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Global Value Chain Participation Facilitates Firms’ Green Development:
An Input Structure Transformation Perspective
PEI Jian-suo', FANG Yong-biao', JIANG lJia-tong’
(1. School of Applied Economics, Renmin University of China,;

2. School of International Trade and Economics, University of International Business and Economics)

Abstract: Global value chain (GVC) serves not only as a chain for global resources allocation but
also as a chain for pollution generation and transfer. In the era of China’s extensive participation in the
international production fragmentation and the ongoing reinforcement of domestic environmental
regulations, accurately identifying the influence of GVC participation on pollution is important for
China’s high-quality development. However, existing research on the environmental impacts of GVC
participation remains inconclusive. Specifically, previous studies primarily focus on the role of the
technology spillover. Yet, they overlook the direct connection between pollution emissions and energy
consumption, and more importantly, the impact of changes in input structures due to the international
production fragmentation on pollution emission intensity.

To bridge this gap, this paper develops a theoretical model that incorporates GVC participation,
energy consumption, and firms’ environmental performance. Based on the theoretical analysis, we
propose that GVC participation can affect firms’ environmental performance through three channels:
technique effect, energy transformation effect, and input structure transformation effect. Therefore,
whether GV C participation increases or decreases firms’ pollution emissions depends on the compound
impact of these three effects.

To empirically test our theoretical hypothesis, we analyze the matched data from the Annual
Survey of Industrial Production (ASIP) , China Customs Statistics Database, and China’s
Environmental Statistics Database (CESD) from 2000 to 2013. We find that, on average, the increase
in the degree of GVC participation can significantly reduce the pollution emission intensity of firms.
Mechanism analysis reveals that GVC participation propels input structure transformation, that is,
encourages enterprises to substitute imported intermediate goods for energy consumption, thereby
reducing the intensity of energy input and consequently improving environmental performance.
Meanwhile, due to the “channel competition” and “risk transmission”, the role of GVC participation in
promoting emission reduction through the technology effect is not found. Further moderating effect
analysis shows that more stringent domestic environmental regulations do not motivate firms to
substitute imported intermediate goods for energy consumption. This suggests that the input structure
transformation effect resulting from Chinese enterprises’ GVC participation is a consequence of
undertaking international industry transfer based on comparative advantage in labor, rather than
intentionally engaging in pollution outsourcing.

Our findings have several policy implications. Firstly, it is imperative to actively participate in
GVC while accelerating the cultivation of new comparative advantages. Secondly, there is a need to
enhance policy coordination to incentivize green innovation among firms. Thirdly, heightened efforts
are essential to strengthen regional coordination in environmental governance. Lastly, there is a call for
reinforcing external risk management within both the industrial chains and supply chains. In sum, we
provide a comprehensive framework for guiding policy decisions and fostering sustainable development
in the context of GVCs.

Keywords: global value chain; energy consumption; environmental performance; input
structure transformation
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