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YER o AE—FhEE 20 S8 07 1, fh A1 58 3K 2 1 B A A0 {8 6% 2 B8 43 T8 A8 B 5&F- R 43 e , %)
BTG YR B A TR ZI5E W . A, K ROk, b ) 32 2 DG B 28 3 AR 1 5 & Bl A
GV Cs, Bl Ik v 4 8 " A6 Az 7 il 3 D RE R 1, AR ICT A B L AR A58 A 4 i 14 i, 3 1 T 38 5 L 523k
F 55 R8T e B R A (E 2R HE,2015) o SERREACHN N F L H B 5 B Bk K-8 R T R T 2
At [ 5800 B, 0 0 1A 77 5 5 R a5 I SO B HE R, 20 GV Cs i AT 50T AR P 2 [
Hby 53 F0H R 09 BA S Bk HE A RS IR 4, S bk 1A% A A 7 A SEAT T B9 98 HE 7 4 (Pan 5§, 20085
Zhao 55,2014 ; 52K 424 ,2015; Meng 55 ,2018) o %4 W, i EME M 2 ekik HE B i 2 9 E K, 1
HAT R I 40% (B HE R T 61 15, 209%~30% BB HE R B B AR 0P S R SR, 2023)

MY, ARGV E TR Z T, N EEE A R AL A A A SR S, 5 BT I I AN Pk
S HE S A TE Y R R, 2017 AR DUk, o % SR AR S A B I B B TR BR AN D
7. 2023458 A, [ 55 B B A& O Tt — 25 Ui Ak A1 R B9 IR BE in KW 51 A0 R 189 0 B 0 B L) (1
£02023)11 5 ), ol 8 0R T 24 LR AN 987 (BT X PE R4 o 2024 4FCBUR TAE S )32 b “ e
ST ) 3 . 450 35 471 o A B A 8 1) 1A% 3 e ] R R RS A S R KT X AN T R R B A S

FE AR B A1 B8 ) S BE d - B K 09 [R) B, DA o R AR BE AR GV Cs D fig 43 T o 4l B A A
BN R . AR AR, AR P PR AR e, M (ELRE T i ) BE TG sh A 1 ER B A A 3 m
A BE SIS o R4, i o S5 0 < B A0 B R R B AR oA (LA T B 4 T A (e i B8 3 T
DA eg 52 307 ) e g g A B T 30 AE 1 9 T BE TGO A AR R R 2 B v D A 3 L AR s o TR R R
By PRAR B 2 i R A4 TR E S H R S B S s HE 7 R BB bR BE R], A SORE SR AR
22 ) A 0T A )2 T, R AR 5T R S UE A 59 H 1 B D BE TGNt v [ BRI e v R e e AR
FHALE o 78 v B 1 A0 54 SR 4 1 w8 7K X A8 R BT A9 385 50N AR SORUIE i T 41 % i
A U (6 55 AR TH G 4 A AL AR L A DR R o 3 L s Ak R e AL SR fk R R B ) SR
Rk W e RN H R AL TR DI A S

=, XE&ER

Y A% R v [ P A D) 4% 1 R A, B SCRRTE M DX 7l R A ol 2 TSRS R BT A
Xof L A B PR B RON AT TR B SEIEAR 5T, B T RS REAS i i DL R B SR T Y A i
FEARAS ], Fe 2 A5 W AF A PRS2 B WL o — 5 T, 79 e R ™ B A Oy e v ol 5 AR X
Vi FA P P 358 R o) IR 5 Aol R 8 [ A S ALK I % i B R 7l R A T Bl ) L RS IR AE TR
18 [E #£ 5% ( Chichilnisky, 1994 ; Copeland Fl Taylor, 1994) . 4l He(2006) . ik 7 F1 % # % (2014) . Cheng
25(2020) 43 51 % F — A AL HERL KI5 Yo B AT PM 2.5 v B K3 ok SR AE IR B 75 Yok oF B ATT B B 5T
FUANFOEAL T EABRGL . 55—, 5 PO AR R A 5 T Al A A AT AR
Y PR AR UE R T T R OR A AR PR RE BRI AR 0 BOR S iR RO A Bl T AR i AR ] Y B AR R
(Antweiler 2% ,2001 ; Eskeland #1 Harrison,2003) . 40 Bt A 2 88 (2012) 4 A0 FIXS £ 3% (2012) (AR
BT 2 (2021) 43 591 ATl 48 3 R A ol Bo0E J2 T R T A B R A RE DB b I PR B VS e 1 22
TEH -

SRNT, TE X A0 5% (0 1 AL PEAN O T80, A R 5 i A Bl A0 9% 5 o 5080 R 4 Wi o0 9% 1 A o ] 7 A
By PR RO, Ho e T AT R BT R OE T o5 1 51 A B i S5 i 8k . B/ D RN
I T 4 B XAy T OB AS TR SO 5T (AR LD L B 4D, 2015) fH i AR B 2] =L 5 . TR
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BF, 76X 52 95 Y AR ) R AE Jr I, BE A F 9 0 2 P B P KRS e R K TS Yk B LR
15 I 5 A R BOK AT i 50 R I Ay T B R HEBCR B o SR AR R SAT IR, TR
VEAS 9 B a0 02 11, A — B ) 5 oM 2R 7 00 1 i HE SR H A ™ R S — R R T
AN GE X i BEFELE PRI R B B (32K 245 ,2015) o ARSI T, o AR A R AR I 45 v AR
Rk v R] i A R 28 DAY SR AT L EH O A 0 BRI B HE B TR AN 75 20 (B AE 5 AL 2019) .

YT, OA 18 2588 AR A P 2 (X038 56, 2008) (48 A ™ AR L (32 K 2245, 2015)
BIGINE 57 5 W AR R (Meng 25,2018 142, 2018) % v [E 3£ 31 57 5 W £ e /K SF- R 4700 B, O 2%
TE GVCs itk A8 5t PP [ 0 8 5 B & e Hl i R AR B R . B A8 7 45 (2019) I i T
PR A ] R, GV Cs 1R BE B IR 3 B Wi R b [ B ) e e T R
= e (2019) 58 4 LLRT 1] fix A 7 3Rl GV Cs B ] DLREIGH 1 57 B B & e . B8 B e 55 (2021) & 3
GVCs B A i AL E 19 52 T A B T30 57 5 B & e HE i . ANk, R 1 0 385 0 4 fige ok 1K 3R
GV Cs it AFFAE A9 fif 72 32 2248 R 1 5 8 A 7= 43 T 38 YR 19 A0 (8 B 3 18 % b AR 45 AF (Hummels %5
2001) , TG 1 B Al P 3 69 S BE L b AL 4% 1 (Timmer 25 ,2019) o J50 PR 2 [ PN 88 i 4 4 5 LL g 3
sk AT g sk [ AR 7 1 6 30 0 HEFR SR ™ ol A AT Mk S5 1 AR (Vries 45 ,2019) , 1 AS g T 12 Uk B
Hp R IE T A A R T O g R R BT BR AT (R 45, 2020) 0 SRR B ST A G 7 D g
FEAFRAS P Jmy BR T 85 52 AR 7=l i 5 3l 0 375 22 A 7™l 4 o8 35 552 30 ) i % el L R b, 2015) ¢
UL, XF GV Cs 2 5 4RE B PN A N Z M EBE DR T Lk (5 B .

e FL R By X B T LA A R R R (W) ) 58 PR 51 B0 P BN E H B S (Timmer 55
2019; T % [F 45,2020 ; Kordalska 1 Olezyk, 2023) , i AT LUK 35 &1 9% 76 24 =k 8% I 3 22 35 19 1)
AE I 20 ok 1) 42 B 2% [ 74 D) B 43 T &1 5% (Stollinger, 20215 BEME B RE,2023) o JR A&, AhSE1E 4
B AN TAR R IR B MO R S0 A E A = R R Wl s i B Se ik £ R 55 )
FE AR X R E A GVCs 4 T i 35 5 LUK B P 7= i 6 4 A 35 B Q81 FH (VL/NB i o
2021), WL, P EAE GVCs TR HEST T/ O R PG B AN R A BB 2 08 . HLRk M, 7= b 6
T R BRI T A A R R, Ok A P A A 1B T BB TS O X BB 2 (Stsllinger,
2021),

FEF X © A SCHR A ] R R AR SCE 7E 4 T R SE U (8 BE T RE 4 TR A v [ R 5 B
BB B RZ R, ] BE RS PR BTER AT LR = L. () ZERF S R0 A b, 3R A2 A1 0% 5 o (B ) fiE 43
T AR EIEER ¥R T A0 5 B85 SR A 583 06 o AR SORE b [ 0 15 ) 365 ol % b 45 5 30
H 42 HC R 55 1% 2h 28 U L 28 A0 0 B R W] D BB % 28 5 (AL BB e 3% R R i A =il i
B 55 FEs 5 MR 55 Rl R EE Y (B BE R UE DD RE 4 %k Ak R H LA TR A0 4 T BE Tk )
I 7 5 FOXE b ) 3l s 100 57 g B i ) R T, DT A B T A A b 43 A e 5 )R 4 A AR Bl A
B R B8 R o (2) ZE AL TR b IR AR T T FR A0 B8 I o 48 T 5K B0 09 # (8 4 D) s T AR R T R
B0 25 B W BEAE AL o A SCKE U (B 85 D) BE 43 TR A0 A TR 5 B i HE 080 43 i A 42, I
AR FORG 1 B LT A = A 2R A 25 B (8 BE SRR H O 1 B B B B
HEM 52 ma HLEE , TR B T 6 BE A B DR R 2R M 1 AT 25 4 78 o (B AR R A b b, Z 4L ENE T IX
Gy Gk M AR G SRR O 5 5 B WA AR B S R R . — T, AR SRR T RS T (EAE LT
Ui ELAAR Ty B 1 2y 11 2 b 4 0% AN [R) R Y b 1) o b A 9% 3 190 R PN AS ) ) Y g it A8 Bk ep o
157 5 e B e U HE 52 ) 19 R R 2 5 o — O T, AR SCIX 43 T 0 (L4 T BE TR0kt el AS TR 228 o1 [ O
BB 10 U 1) AN [6) 38 2 H 0 H DL A ] i 3l FR TR T BE B A S e 25 5 o X IX
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P A S5 SO DR 3R 4 S T AT R S 4 i e A 0 e 1 4t A A A K Sl B B B BE T2 0T v [ ER
S5 08 52 W 5, LAY S v A B g ST 0 S T S T B b AR Bk g B A R i 3t B R X
PR EHEE 7R

=. BREBEENH SR

(—)H LA

F T Antweiler 55 (2001) | 5 %E 75 55 (2019) R HI 00 52 5 5 358 15 e 0 A B AL, AR SCH e 52 5
W i HE TS0 A5 NE 4 A AE B, A A (LB ) B 43 T PR 2R I s e XN, DA JRE TS A (B BE D AR TH R S b [
th F B 5 B ik Y O TR

R T RAC ST L BUE — A IR T A R DA AR (1) HA WA E K o b, 7E GVCs 41
TARZR T N A PG 3l 77 A i B 5y o (2) A KRN 55 2l L WG A £ 8 28 77 S 3R LA R A 7
255 2 S A WA i XY, Ho X RS G AR B R A, RE TR AR A HE R L 2 5 Y R T N AR
TR 55 35 it A7 AR A AT BR R S Ge o (3) O TE 57 by I 5% itk HI e 2580 T 20 W HC A mT RE 9 PR 58 207
(4) AT AS A o PR b ™ s 2B 72 AR BR S 1 R € (o, vy 0) BT CY (a0, vy 0) 0, 7Bl 53 501 6 7R 55 8
BEAFNN 55 Z R MoA% BT dn A% 2300k PP (S) T AL T 58 238 R3S

5% a B A 72 X P2 i BT AE P24 R f (K Ly, Sy )y KoLy S 20 B2 72 72 i X T T A 97 3
R S5 RPN Ho X720 O OITE o B I 3%, 08 4 a B X 77 0l 3 E 7 5 X R0, 09 4 H
R o B ik HE TS i C 53 30

X=0-9)f(K,LyS,) (1)

C=9¢(9)f(KynLySy) (2)

S (9) S 55 047 e O TR HCOR 0 SHOR 7 9 1AL B o 7 O
BB . A, BRI 50 A T 20 A BY T8 55 B R T
S o (9) AR T s

e(9)= 1 (1-9) (3

S THAHAKT o(9) < 0,0(9)" > 0. 5406 € (0. 1). HRGIRAR ()W

C= %(1 - 19)éf(K.x’Lw $) Y

ZER (DMK D), TESFHERXNBEO=E R .
X =(1¢)" f(Ky Ly S,) " (5)

Hor , TCIRHE G T A= BOR Z I I 100 5 50 B e HE O o ol B 3Rl eI 7™ il XY 52
P 7= o S A i R B HEROK S A AR OK A G i — 20, 8 i A ST IR B Y GV Cs DI RESY
TR, th T8 2w e AT [ 7l g b e i 2200 8 2 3R AR [ GV Cs ThRE 7> T AL & 1 7E
b3 (Stollinger, 2021) , R 25 8 22 M SR 22 07 (W e i 4 L Ui i s s i 2 85 I 55 5 s R 55
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A YT B0 10 TS R AT @ [ 7 X A PR AR o [ AR 7 4 T e A T R R 0 R 1
O 9 D REFR AT R Bt BRI, 2015) o ELURT L 48 7 p () 52 e ply SIS 4 50 98 1 ) 40 (L A T
) RE Ll A % I R K R AR X 7 A 7 R AR P 50 T B O B A L o [ R I
TS RES B L AL R M . RIS o [p( /) RIKBLGVCs DI BE AN TXT H 1152 5 B &5 Bk
() 5 W B 3 22 55 0 HL oo’ [ p () 1< O, B0 A 2 95 3t 2 77 M 45 ol P 77 A ARG 1 B HE 0 (
)45, 20185 8 B & AL 2019) . Ko [ p( /) 190A M 155 B el i ke e 8o

1

cziT(1—ﬁ)ﬁf(KX,LX,SX)w[p(f)] ‘o

B 2 (6) T LA Gt 2 Bk (0 B T R 40 T B 2205 1077 B X St 11 7 it
X=(1C)" (K Ly, Sy) "wlp(f) T (7)

BRI it X AR [ (o ) A AT ) Btk A0 38 25 02 11 11 (o 10 ) Nk £180 Atk G A0 38 38 00 031 2 e, e, L
AN 18 5 iy 3 K AR R A5 A o MR A AR e /N UL A oMb 5 DR R ) A R S A Al
AR AR T B e A Y e D R SR, ISR g R

H = min{C"(w,r.v) f(Ky. L. Sy) + (p, + ,)TC}

st (76) (K Ly, S,) Colp(f) 1P =1 (8)
Fa 3E P A% B H eR L, X B S B HE & C ™ 5 X 7= & f (K, Ly, Sy ) 53 3K S o] 45— B 4514

1-B

() + p)T ==BATCH' f (K L, Sy) wlp( /)T
C(w,rv) =1 = IAT*C* f (K, Ly S,) Tl p(f) 17 (9)
NSRS E TRE K3 (9) F B A 2 TR 5 T A5 A 3t s AR B /M B 4 1t

My o, _ Bf(KX»LXvSX)
C'X(w,r,v) (1-B)rc

TESERTE A BOE T, Al A= 7= 7= i X BRI %, B
P.X - C(w,r,v) f(Ky Ly Sy) = (e, +1,)TC =0 (11)
B 2 CLOFRAZ (L) H Al 45 7 iy X 8 S B 7 4

(p, +p,)TC
BP
AR 2, B 7 o (18 e HE TS R ERR s R

o(9)= Y= PP (13)

X (e +p)T

H R0 C6) B H 1152 B B 2 B HE T R B S R

(10)

X = (12)
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c=%0-aﬁfﬂ&m50whﬂﬂ]=M0TBﬁwﬂﬂf” (e

Ho B =P X+ PYFRZEH OMAE,S = P X/(P.X + P,Y)ER WX O HZE S
Ff e, HE—2H, K13 R AR (14) 715,

BP

Cc=—"""2"—BS-wlp(f)] (15)
(/-’*1+/'L2)T p( )

B B2 (1S) A A 3 ] s BROX 24

InC = In(BP,)+ InB + nS + nw [ p(f)1-In(x, +u,) - InT (16)

Forp In(BPy ) & H 8. I (16) AT RUFE 100 57 5 Ba & Bk /K 7 phy i RS 1R 254
FEARACE BB N EBEDIRE 7> TAF N IR R E o %5 %< vh S0 B Hi 3 28 38 10y i (155 2 E 20 TR 250

¢EHDEE%@%%%%E£%%§:%wwidfﬂ<m%%ﬁi%%%&*ﬁM%ﬁﬁ%

T R BRI TG Bl Ll Al b AR B B B B R D o BT AR SRR R 1
B8 12 i A1 B J5 e B2 3K Bl 1) p 6 6 2 R T Bl T b b L R EBR G R  kk
(=)L 23 #r
3 (16) A SCIRA AR -0 (B 4 D1 68 TH 0 e [ ) 32 ol Hh 11 52 5 665 e sl 1l 1) A P AL 2 25 7

THE A, ARAEIZ A A AE SR R TR) R 5 DAL VR R R 2 2B 3 R AR B )

TR o PRI, A SCORE A 2% %€ ih Ah BT 5Tt 42 T 5K Sl i 0 (8L BE 2 BE T 2% 2o L EER B R

Ui H A R 2% 7 L 2 R Al B AT RE X e T BA S e i HR A A i A o
1 E R A0
Fh 75 SO A A Sl 0 A0 B T BE T G0KE 51 AE 2 5 AR 1 6 kSR AR L S Y 1R Ah BR i AR

PR S E R RS ak A JE A R AT LI AR T PR R R S R A

(Rothenberg,2007) , fE Ak Aol B £ A 454, 1820 GE U8 75 #E (BLA 4 55 ,2020) . — 71, ZFELL Y

i 55 S 2R A 265 A A5 T 32 Ml A Ml BB 5 45 ik 55 B A 25 2803 T R 1 ol A 55 R AR L R R

JBt, B A 7 R IKF (Arnold 55 ,2011) o 53— J7 T, ) T~ 0% 8 4 B 5 45 D) BE 315 10 S0 SE A B T il it

b A b Bz 54 3K AT 3 SR ah A v AR AR PR R e B Tl mi R AR H AR T 3 0 AR R R0

WD TUAR PEAE WA F1 B 5 B B B HE I o e A, 28 77 1 IR 95 AN S i 3 b 38 171 6 v Tl 56 AL i, 36

FEM B BRAE DU P B AR A . B SR TN R R AR 7 AR 2 TR) R A T A OC HE

P HE Sl N AR 7 R 0 Ak 0 o T AT AR o SRR 80 s ik HE R R (R4, 2021) .

BT, AR SR AR U 24
B U 2a: AR B AR A B ), iy A1 5 o i i T 9K gl A4 A0 (06 20 RE TH R ok R AT

2 e I 55 HEE RN RR A8 s/ v [ 1T 5E B Bk
2. NG ARRR R AN
WG N AE L BE RIS, NV RAR RS EORIED SR 3 vy o i AD WE 9K Sl Yt (8%

NRETHIOK A B TR B A L& BN T %A, B HEH AR S G, 25038 AR I8 08 F &%, O R4 R38R T,

HETTHE S 9 B B R B o TS TR RO i HR O T, R R 3 B RE BR T A0 AR TS Al AR A 2 B

@ LA i W5 AR L — R A PR R A SO, IR RS 7 N A i g5 AL
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X1 Bl 55 9505 A0 BSR4 M R AT R A 5 v B 0 3K IR B9 N D B, O X T B A B e A
P R 2 0 B O T RS D T A B R S A ) R G A A T R S AR % R R
i B 4 M % 5% AR R LTI, B AR R R i o T K 2 e N R A AT A R SR
5 B AR 2 Al 7l B bR T G IB Al AR R, BT LN PR R Y O & 4 (Cole 55,2008 5 X
45,2013) o Hoyk, 75 BEIEAE T 75 T, N ) BEAS AT DLk RE IR T B A, AR IR TS T B R R Ak (0 4L
AREE AR, 4 BV i 4R 29 BLBE U 2% 5 =X (2 RUER 201 1), s ini DAL e IR U 0% . weJm . A TJ)
BEA BRI BB PR 558 T BE 7 A 28 AU 56 A P 85 R A X AT ] e (8 4 B R AR T R B4R T
PEF CEMS ERIF,2021) , DT I8 P BRS BHE . 7 ok, A SC 4t Bt 2b

fBEIE 2« DA A 1 B A1 38 390, R 1 B S5 T K ) 4 R BE D RE T O R il A R AR T
W2 BN IGEA T RE S kD [ 5 B R

3. e 55 i >R A R

T v ) DA S 1 3 b e o 2 BE 3 2 BR S T AN G A AR FE AR L 7 i, B RT 4R 2 T 35 R A R
BB RE AL 1) FEPR A it 4 A i SRR 55 B R ok A 3 (DR L £ U9 52 ,2016) o A (58 T 40d K
BT RS IR IR 55, P ST SR R T A IR 55 7 T AR T T2 Bl A R A T B S iR
55 (AT 3R Ak (Arnold 55, 2011) , 3 T 52 Wi 7 2% % 19 0 S DR SR, 1 i FL IR 550 g B RS . ook, ik
55 5 SR A A TH AR 51 [ A Aol 1) T 2 B P I RETS oK R LI 55 B i e R . R [l TR ST sk
W& 7™ ity A 7 KRR RE IR AL, e 55 75 SR B (9 JC I A A BRIV 4 i ple s T LR BEAE AR T5 L Y
THPRAE o Bk — 203, 255 )™ fl 19 AR 77 FH B B [R) R4, %A n] 23 B AN ) 52 5 1 W LU T
BB ATEAL 2 B A IR 55 7 SR AN B o 7, 9 A % SCIBA dh A [/ (Mont, 2002) , Jill 3
A 7 7 BRI AN B ISE BE 3, 446 S AR A A 7 T S el 2 TG AR A 7 A B R 9, AT A i e A1
DECASLRE , 40 1152 50 B 8 B HEOK P 3 i o 2 B, AR SCHR AR 2c

B 2« DR 2857 Hh 25 A0 0L A7 38 90, oh A1 5% T ik 71K 8l 4% A 60 B D91 RE T4 i 3 ol e R AT
AT ZARBEFE IR 55 )7 a7 oK, HE T RE % /b b [ L DB ) e ik

M., #R&It

(— )it s g5
Ay T A 0 0 50 B T 00 o LR 0 R R A S AT 2 0 A
S

CE, = a, + a,RFSI, + yControls + v, + v, + v, + &,, (17)

Horpr i ARER 3G 73 A7, o AR H AL K (3 D), RR Ay o CE,, 2o v 38k 78 0]
TE AR ) H A M o [ (3l X)) B 100 58 55 B 5% B HE T ER: s RFST, 267 o 4F v [ 1 & b 38 171 i A= GV Cs
BT Sh A A X 2 BE L AR K S  Controls S AP AR BB A o BR T B BE I A AZ AL A AT
NANENUE R EPS SR ) N ST L7 7l ] NI A T 7 o S VAN EE P DN i s g A St
[ [ 5 2N v, &, AR BEHLIL B T

() A8 S 00 15 1

1Bl fif AR 4k 1 1 BR 5 [ & ik (CE)

ARIAE B R G AHELRT |, i %5 Meng 55 (2018 ) 1Y Ba &5 B 0 ik 5 %, R4 52 5 184 Jon {0 1) ok 500
F210) R GB BR 52 5 e ARl . BT R o e R R St D) B R T DR 2R 0 i Ry 8 3
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PRI =R e L S NG NG R B A e (A U L SR A D I KSR /5 [ A A R a2 S E I RS R
JIVEL 53 358 43 K0 X O 1 £ 10 58 0 B R HE B b o VB i T

CE,, = f.(DVA_FIN,, + DVA_INT,, + DVA_INTrex,, + RDV,,) (18)

HH  DVA_FIN,, .DVA_INT,, .DVA_INTrex,, Fl RDV,, 43 5 3¢ 7R Fe 2% iy tH 10 136 0 ] 4 v )
T LA BR[O I o 25 3 Sl 3fe LA s HE R R Blm) B £, A DY A A T R A A
P ] e ¢ g M T L T v ) TR [T P P e B HE R DU 2 A SR s A v
7 A B B Bl HE R A o #oR T P E R A GV Cs I BR85S YL LA

2% R AR i N BE R AR X T BE % Mk Ak K SF (RFST)

A SCHEF A1 T A Bl 4 Rk B B AOUL 0 H ER i o 4 A Hh A DK Bl i A0 (A BE LT U
Iy il % Ak 5 % DA Ak A0 2 B A M (A S RE TE R 1 . P18, 2 % Stwollinger(2021) AY 432K
T3 2, B R 2 S B K 2B A A AR o 3l S b A 9 00 H e HE 3 8 A A 3 B0 28 AU DT I & (ELEE S (W] 1)
RERE S, AR HE BB U M R it A = il il i F 6 Ik 55 A S Ik 55 45 TR DD g Ll Ak T
Bl o R, BT AR AL 8 P 1) S % 5T 000 R 45 0 S BRSOR RT RE AR AE 22 5, O B ) S 25T
BB ) 4% 92 100 H & 8005 76 4R350 B 3898 RUA Y EL F A G T A T R R T B 0 A 22 EL Ok & LR
P AR (B LR T BB A B b E R e, BRI B A I T
PP,

PP,

Horr, FSIJ2 o 4 v B ) 3 8 T i AE f RIS B Rk AR R, P 3R0R A IR 55 T v [ )
MEEBTT i 7=k B b D BE S B 0 H SE PR B AR, P, 2R o A v I R T i W ) gk b
WUH S8 . UM, P, RoR AR R BRI S Tl @b 30T ik 8% I f D ReTE sh I H R e, P,
PR AFE BRI E T i p I R S

e, 5 B AR R A R BE TR AR 2 0 A 7 VS SR L L O TR R T L EE A (E B
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Functional Upgrading of Value Chains and the Carbon Emissions
Reduction Embodied in China’s Exports: From the Perspective

of the Improvement in the FDI Quality

CHEN Fuzhong, LUO Ke, DONG Kangyin
(University of International Business and Economics, 100029)
Summary: The functional division of value chains shaped by Foreign Direct Investment (FDI) is related to
profit distribution, and profoundly affects the distribution of environmental pollution. Therefore, functional
upgrading of value chains by improving the FDI quality is important for China to achieve low-carbon and
high-quality development in the manufacturing sector. However, previous studies mainly examined the
influence of FDI amount on environmental pollution in China, with the implicit assumption of the
homogeneity of FDI, thus making it difficult to accurately discern the environmental effects generated by
the improved FDI quality.

To fill in this gap, this paper introduces the functional division of value chains into the framework of
trade and environmental pollution model, and uses the functional activity data of each greenfield investment
project in Chinese manufacturing sector from 2003 to 2018 in the fDi Markets database to construct the
functional specialization index that focuses on upstream and downstream activities of Global Value Chains
(GVCs). It then calculates the carbon emissions embodied in China’s exports based on the OECD input-
output data to reflect the environmental cost of embedding GVCs, and empirically investigates the effect of
functional upgrading on the carbon emissions embodied in China’s manufacturing exports.

The findings are as follows. Functional upgrading of value chains can significantly reduce the carbon
emissions embodied in China’s manufacturing exports. This conclusion holds valid after a series of
robustness tests. The mechanism test shows that functional upgrading of value chains driven by the
improved FDI quality can optimize the input factor structure, accumulate advanced human capital, and
create more demand for services, thereby reducing the carbon emissions embodied in China’s
manufacturing exports. Extended analysis finds that high-quality FDI engaged in upstream functional
activities, from developed countries (regions) and flowing into eastern China, has a more obvious
inhibitory effect on the carbon emissions embodied in China’s exports. Meanwhile, functional upgrading of
value chains is more conducive to reducing the carbon emissions generated by exporting intermediate
products, flowing to developed countries (regions), and in pollution-intensive manufacturing industries.

The conclusions of this paper have strong policy implications. Specifically, China should strive to
improve the quality rather than just expand the scale of FDI, optimize the input factor structure and the
circulation environment of the manufacturing sector, and promote the expansion and upgrading of service
demand. Additionally, China needs to consciously guide the distribution of high-quality FDI, to fully
release its environmental optimization effect.

Keywords: Functional Upgrading of Value Chains, Greenfield Investment, FDI Quality, Carbon
Emissions Embodied in Exports
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