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RAZ R (carbon ) B9 IUIEL , WU B8~ 28 5 690 ik HE 800 mT s SO P 249k BRALON (ATE ), A3 AR
7,(a) = E[carbon, (1) — carbon,(0) ] (17)
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FHRARAMZ R B Z BT AR, A A8 B R ATl DR E Y R 439 RO I A2 AR A Ak
AR P A K, AT RE D 35t U AR o R I B T 7 A e 22 5 R B BOR X AE G ATl 1Y B B T4
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23 00, 105 KRN AT 45 S B K Y BT N, BE 2R G M R e T RE R B A B SRR 8 U R R B B A (B Y
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Malmquist-Luenberger A= 7 2 1 $ 3% 7 LUl & JE 822 77 29 N 9 R0R o BBk, A< SCfifi ) SBM-
Malmquist-Luenberger $§ $035 #E 47 5., S 86595 8 R AR MR IEA/E M A, Tk B = HIE N A E
T AR Tl R 2B 0 Tl B K HE B AR S AR G L T A T B AR Y 2 R R
PEFI IR

PR () o A By B 5 TR AR (4 K508 oA I 530 & AR B 2080000 P2 6 5 P A 7 P [ 58 Y
HTH 5 B A B L R RO 15 S, Bt 4 T ELSE R A 0 o AR SO AR H I N TR B (D) X R AR 7 )
oy TR A E 15614 8 (1X)2007—2017 41 & FI 40k, FH DU B AR 025 K7

TR Z A Gd) o ZAE bR T 5 3 XA 2 AR A0 BRI A AR B, BT 7l B A% A9 1 B
BT Balland et al.(2019) GRS, fif 5 B5 25 38 IR 78 B #y st S8 A st 22 K T

9 P .
td,, = 1/2(]%")2 (23)
J=1 it

@© HFAE T RS S W FE Tl 2535 )R 3k Chttp - //ciejournal.ajeass.org) Fif 4 .
2 BRIFIE 2 & 5 7R B AT 6 Z (B A 56 R AR S WL B Tk 28 55 ) W 3 Chitp < //ciejournal.ajeass.org) B4 o
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Ho id (RERFARZHAL AR EOAR UL, ¢ (UREAR G DB, PACK LM o AR TR 5] P
L 325 BRI 4 00 L A 64 B T SUSEES 7R r M DX A g D EOR U AT P I A A R A
WA P I ) od iR T 24 PR R

BRI (rea) o ZAEARATH SR 5 BUAT BOR B IR AL L M g T 2 kA 7 A

1

Z(Rf,j‘z + Rl—l,jvf)

vy = J=
reca T (24)

o rea RRFHE AN SN 38 i B BR & R 53255 1 HT 4 678 31 510 H T R0 R B AR Ui, 25 b X
PTE AT R = VAR B j 2 H R GBI & ), 0 R AR FR j 2 AR 4503 v it DX 7 o AT 1) % R B0 5 5 b
DX i 46 ¢ 4F 19 j 25 H AR AT L F R 0, T TGI8 b IX i £ o= 1 4F B j R B AR Gk & R & 0, R, IR0,
SR ZIRR o rea=0 B}, & Wb X 7 AH &0 9 4F 1) B AR B2 B2 B Ry O, rea R, 2R WY Ml X1 37 1H H2 AR AH G
PEAR B M

R R AT (2022) HRR A (2019) FBIF I, A SC3E B A0 2 i A8 o5t O3 DX TE AR, BPA 7 1B IX 3 1T
B IO @ 0l & e, BIVRIASE LA b T Aol B35 850, 3 BG83 1R B AL RR B, BIVEE (N o
PR @ N L B RN O SEG @k 5R BIES b B R S 5 = A L
B @A GEA BVHE S, IR BB PR 58 5L il 3t 1 3%, B 4 b i B, O BOXH 580 5 ) sBURF I i
fie 7, B — M A LT S O T HEBR A A& R 22 52 w6 HL R A A T8 BOE AT, I B 8 Ofig
R B 2 A8, BV e 0 2% o5 R S 2R 0 L A0SR BE AR R L RIVAINGE A 4 40 5 b XA 7 RV L AL

3. BHESRIR

AR bl R G4 R R, BT 20 T R HE BOAY B v 22 B TR % B X TR A B 2 T kR
SRHEBOK T 20— 25 5 o BRELE WA BT B A1 18O 0T 48 B Y O B B Ok 1 (O
el BF 5 B0 I 451 63 ) AT R T R 51 8, T EL AR RO SR B R AR ML X BT A AR IR A AR
FhL TEMBRT B B2 A AR SRR T 14010 AWM E |, A2 7 2007—2017 4F 1561 4~ £
CBR) P = S i 1 B o Ry HE B 7 O 25 5 0, AR SO 3 4 i 2728 e 1 A AR B, kA R R 2
U R T8 1l DX (4 B0 m) e S X B AR T AR SCOBR T A st L B N BRI A O K

W9, SZSE A B

1. #0522 5 33 i HE B B 52

K EA VTR TR . 45K DR, digital (9 R BT 5N LIRSS TEUF 2T
B HE B0 ELH R R o BUA BIE TS BRAR B R R0 2 B SRR R 1] 9 5% R AR I — B A e A 10T
i D B 8 B B A B R0 B 2 e ) R B O E AR B2 e . Williams (2011) 04
ICT $EA P 78 GE VR T B9 77 12, 408 e SRR G AR n 2, (525 1 81 P ) i i o AR % B9 R
REUR S e 8 1 H i 3 K, TCT M B DR I OF AN BB 4 o AR T, AT WSS R WD, BR T o A I 28 TR
P22 BLAE 1CT $ARA By Tk /b oz i, e ok ] 4 A RE IR A 00 35, =D s R B RE AL R 40 R e
Ui RE A HURE BE R A DU AR ICT H AR, AT LA i 42 v R IR AR R Se Bl il o AL L ICT HAR
M 3o i g AL AT oMb A 203 S R e i A £ A TCT ATl e HE & Y 6 4% (Roipke, 2012) ¢

@ AF I G T A BB A IR 2 DL P ) Tk 28 5 ) W3 Chiep « //ciejournal.ajeass.org) B
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*1 ¥ = & 57 B B L ki
carbon
(D) (2) (3)
digital -0.0337" -0.0100" -0.0086"
(0.0032) (0.0033) (0.0035)
AL = = =
AR [ 7 RN = b =
AF 53 18] 2 550 w = e
B —4F 3 [ E 0 w i =
BURIIEIED 13949 13949 13938
R? 0.9805 0.9830 0.9876
MG R 0.9780 0.9809 0.9857

ETEMARJZ T LT R 35 A BT bR AR DR , oo o 200 G ROR 1% 5% . 10% B9 R K. L
E:E3CE

T ARBOEF TRE AR SCRY 5B PR AL T — Sl i S R . RO O R R ORI R TR
THAE , F AT 7E P B A B A A e 7 A F SR R o P [ AR B Ml X A L R AOR
RUASE 1Y R A i DL A2 5500 v B9 DR BB AR T oK, 8 DR B v JE SO AR REAT L,
LABR i 2 Ji% o T P 750 DX A4 AT 2R RE R T, T R SR/ o ARAR — L84 {7 K K a0 IR T AR
Mo DX, R 2R A B R RE R AL ST R ) O AR BOPE B T AR AR AR b X ) SR R 5 S R AR LX)
M AL T B o B R AT SR, (A5 7 Sl DX 1 B ) U TN S b S AR R S X 1
B I, BAR B O AR B 75 T AR I RE IR (HL IR RO B A7l i R R HE Sl 1 R 1 85 4 1R
i, B T E SRR B K o 74 R M DR o B B R T XD IR A XU K L Ak
S v Sk @ RE TR B R ISR 4 T kR AR A W 3 R AR AR HE

2R

AR R AR P G 55 VLA : DR O R B . — 2 5T CNRDS B4 22 | 3K B4 4 71l U 2
VFF) 01 190 4% Ok 22 35 ) ) 13 4% L 23124 235 07 48T 4R GE , {8 Python T X7 i) AR AL EAT AR
FEHUH W BB F 2GR M ARGE .t T CNRDS %03k (8 T SCA 15 JBOH W7 7 2 R0 1 TE 1T L AR g
BT, 23 AR 9 1.0 =1, n] RLSE ORI 545 A A 0 48 S A B 2% BB (negmedia) o M
7 AR B BT I M RN AR BE A O 0 4 7 K0T 22 5 R R K B RCTRTE 9 (BB, 7 B0
220 K K AL AE AR, A SC LA B AU O i B i diginad BEAT IR . I8 A CBUR TAE RS )
TR R O T BT 22 B R AR DRIV, A O b DX A Al B0 48 5% R R KPS i {HL TR AA
T 22 2 W B S b 5 BUR R T RUT 2 U T LR BE SR R AR R A — EOME LR IE , 3 7 BUR Y
e B thAT 1 B AT R A A PR E e i S AR B AR A A —E A . T A S H AR
(2020) FBT 5T , NI 190 5 o A0 K507 0 4 il R JRe P A 2k FEAR S T — B4R R A AR A B 2 o 20 A
AT 22 WL T BT AU KB KO (digital_rob) , B3 B digital HEAT A1 VT o Q%% el i 6 A8
B R A R AR SR YA, 52 5 BE IR FE S R 9 AR AR A0 REIRH 9, B AP B 1) i HE
o R R XA BE o R B B 2 g A (e R R [ [ R 2 AL 2 A A DU

O TR SRS WP E Tk 255 )M 35 Chttp : //ciejournal ajeass.org) Bt 4
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AR BRI A 2035 43 5 H AR EL) o BT SCT ST T 80T 20 B X a HE L R I RIAE L S T
— 25 5 UE TR 5 B T A RSO AR ST A B M DX A 7R AT 7 A R B HE T (codesn ) BR 4 1T SC Y
carbon BEAT 1A o (B 5 [k BB U5t A 5% B 5K A 52 o R HE E AR €8 R R Y SR h L B S T iR £ 0L
b 5 A 9 Btk HE T Y B TR R SR, O LI S BB SR A AR DXL B S P AR SO SR SR X Bk HE
0L A L5 W) A BBOR - — 2 2010 4 b [ FF R TS — St AR A O AR (AL E SN O 8 Ak ) L T
2012 43 T8 A AR AR il A CRLES 27 AN 0T ) 5 — 2 2013 4F DA Sk — 264y (1) Bl 22 3 20 ik HF 75 AL
S8 5y T B o A B X HE A S i A 2 PR R A T S 35 Rl SO0 PR 2R £ A TG T
IR NSNS T 1 S w12 S AR T SR A WS B o TR O S sl I = 2 SR T N N
S5

3EABRAHNETATENNEMHKRRY

DA A PR AR SO 25 22000 1) T ) L, Bk HE S 5 B A 0% R R Z AP AE IR R OC FR o A SOl 1 T
HLAR 5 P By B i/ TR VA R U 55 N AR M o B SR A Y T AR e o A I e 5 (BB
2, 2019) CFEIEECE GROEAE, 2020) AL {5 LRI I 7K P45 o a3k S AR I AR B I vk AV it AR Y
T HAR R, O A WF 58 1] 2 B 0 7 2 06 AR B AR AR B AT T AR, 5 AR AR i AT AR B B AR
Oy AT A8 H A3 1 25 iR A I AR AR B B AR A3 A . B R 2 U AR IS B EE R AR (S
SCRUME AR JE , 2022) 30T 28 55 5 B0 090 79 & J AR A AR A o DA BT Sy B TR 1 7 G5 T 5 2 K )
AR HIRZ L=, Re 0 F T S e X & 2 L BRI R R BB S . ST AT AATE
PRI AR 6 L TR HUT 2007—2017 4F B G JF 38 1 7 U iy 22 =), 23 184138 S T 15 5.,
5 3 AR AR BEAT DR IC , TH 545 Hh A Ml DT 38 il ) 2 W) RB (dis) AR iz IR 2 T i 1R

=%
AR

ORI AN A A R TR AR B AR AT A AT I B A OGRS OCE  J, TRE R M
Sk R DA TR R Y L R S R A 2SLS Al T A — B B BIE Y F ST — &k
RO . BARMEG N 1T B Bk T T B AR B AR A Ha S s & G AR, 2020),
(ELAE SR b LA B G 96, 1) A S T LA B ) A 0 o A A A A B, A48 B TR R A L R
TR NG LA T B AR R (A A e o A SCRRAUA S MR 3 e T 5L AR 5 (% A AR A B 2 56 7 1
A S 0 SR B 33 AR R 22 D B, PR R T LA AR M 5 R AR B SR G i MBS bR B oA < A A
AR R YL o 55T 00, A SRR T AR B P 4% A0 A 7 13X — (B, #4 8 LLR T o BB

carbon,, ,, = Kk, + k,digital, ., + Kyiv, ,  + z/\X,.M,V, tptp,, te, (25)
digital, ., ., = v, +viv,, ., + EAX,.M,_F., ot e, (26)
1R (25) K20, iwfUR T HZ R, UKW T. & «, # 0, I v AT MEIMNE Bk, ~
0, W i AT UM o A SO B A5 X A 4R A 7 2 (UCD  FEF S AT BT T, BUE S «, 8
— AU L, TR SR Bk, A T AR X TR

THAS LA T8 R IR | digital (9 1013 R BUHAR W3 R 67, 56 — B By FAE O B350 1E, T
FLAF I R OCHE AR B R o A It % T B A s AT SRR A R E . BT UCT A AR R
digital B9 B A5 X 1] 4 (-86921.68,-108.94 ) , i F& W B {if 75 T HAS B I AR 52 @4 R ATIR T, digital
HAR G ZWH T carbon, (HAS R MR, BT ko, B4 Ai AU 45 & A8 AR Ak, T AR 4R 280 6 A SC BT

@©  PIA PR IR 45 2 UL B Tk 2857 ) Mk (hitp < //ciejournal.ajeass.org) B 14

90



TR E AR 200negsH

B S — XA Ak . AR SCHE— B I0 0 T digital 11915 2R BB 25w, 728 B T A5 B 4 40 A X 1B, @
R WOR R EREE «, BOBG I, BT AR B A S0 AR P BOR BSS i, B FR B BT S s Y A HATS K
IR, OF B XHEA FrE g R % o BIE «, KERF 28 1E , digital X carbon W) 521 1 4R
RN Li LR, Oy TR R B (0 SR P 25 AR 2 A DR i A 58 2 A0 A2 10 T 28T B, IV 230K
Wi ANSERIME R BT SCRI IR AT SR R R A A

. o#—F itk

1. B AR E ZE E R g A &R 51

R A8 7T SC A RS 43 8T, B0 28 T A R AN A5 9 A J2 TR PR T B I, R R X — PR ML
A S — 20 WAL A 5 o

(1) G546 )7 #2 0 ACME Al 11 . X2k 25 0 5 B AR RYHEAT Al T o R SCIR 58 2 B0 1 2 T ) ofi DL
- 307 3 AR08 17 BB S VB 1000 K . 25 B B , @ digital X re Fl 1d B9 28045 1 B3 0 1E , R W%
TV BB T H AL G AR LM, digital 5 carbon 19 REE AR B2, R AR L 5
HAR ZRAL M PR A R iF— 20 M, B 3 R R R A0S 0 4 5 2 BB R R FH AR 11 i A1
FHRIRE ST o UG5 4540 J R 1 25 R £ 4 48 7 B0 446 5 5% il HIE 50 10 W5 P ML AF 7 8 ik — A ke
H R R A TR B KRBy, #5177 ACME ADE R ATE {31, N 2
JE7R o LSS (1) 8118 3 il 225 5 R ), B0 6 5 a2 e 5% i B HE R 9 ACMEE 249 28 =0.07 , HE X 137 95% 11
EAEXEITE 0 LLF L 3F B th A 3808 7276 , ADE L ATE 43 811 25 7 -0.92 A1 1.00, H. 8% X [ 4.3 /N T 0,
[ B, SHL by = ol 2 ) v A 2000 e 3 ST

%2 ACME . ADE #1 ATE fyfhit & 2
HARZH OB R
AR e A AR B K ud WA AR BN sfee A E N tfee
(1) (2) (3) (4)
ACME -0.0732 -0.0740 -0.0054 -0.0023
[-0.0861, -0.0602] [-0.0871, -0.0609] [-0.0101, -0.0011] [-0.0050, -0.0002]
ADE -0.9228 -0.9219 -0.9176 -0.9936
[-0.9911, -0.8511] [-0.9902, -0.8503 ] [-0.9855, -0.8463 ] [-1.0624, -0.9214]
ATE -0.9960 -0.9960 -0.9229 -0.9959
[-1.0653, -0.9219] [-1.0652, -0.9219] [-0.9912, -0.8512] [-1.0659, —0.9229]

() BB A M o R T HEBR b T b A 728 B 0T 220 W R AR A T 7 A A R 22 i TS BU T Y
ACME 5 2 0 £ 2] 1) 52 Wi BIL il AR VRV, S8000 25 1 1 A 05 , AR SCHEAT 8RR o3 7 o 38 5 B8 46 SRR
FHL 0 W R DL 0=0 MR 15, I AR 4 1 SC A9 A A0 3 52 R Al 7 ACME. fUBME r Hr i 85 SR T
ACME 5 w 6 2, LAGE MY 7 LB b 51 X5 sfee 1923 17 45 S5 0 1), 949 5 19 R 0.42, 35 1t 35375
R 2T Al P BHCK 0.58, 24 0=-0.17 i , ACME=0, 3¢ B 3% MR VS B T B 7 22 iR 22 30 )7 22 19 1

EARGER S LR E Tl 255 ) M (hitp : //ciejournal.ajcass.org) B4 o
25K )7 BRAGTE A 25 R S W [ Tk 48 5 ) W3 Chitp : //ciejournal.ajeass.org) B4 o
SRR AR 98 119 25 3R 2 L P B Tk 28 35 ) P 33 Chittp : //ciejournal.ajcass.org) Bt

@ ©
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BT 017, 3 LART B R 801931, o WA EI AR iR X 707 22 5 B8 G072 19 LUk 0.10, T A
ST B A o AL A BOE B 10 K X — P 3R LA 10 J5 4 21 1.00, it 1 g TS A R, AR,
IAAFAE— DR RN 2 s IR A N 7 XA — 2 R B SHF 7 b A A2 e T 2 i, IRt
A SO R R A o E TR M) P 80R 5 e HETICZ T) B OC R, 2 R A BR A HE TS JR 7 A ORI . R
o AE ISR 28R S 5 DX O 4 B 2 TR i) B LB R B VR AT 0 8 S e U ) SC R UK B g . [
I, 807 28 6 AN AL I 4 T M D)2 TAT Y BR E A5 3 e A7 R 2 S R R S T s AL,
B AR B HE TR F o B 22 5F N B AR FNBCR WA JZ T D 1 e, BT & HAR Ay $R gt
B ME AR ZHEAL , R AR B 528 2 AR A 205 0 4 2 3R e VR AR R (9 R T

X S5V AN HE I DAL R RIE T A 4R EAATIE | B 22 B 32 DA = b AN [R] 19 75 25 i Btk R 7 3 2L
I7  FHZH SO R 5 R o NER — 7 SR BT A BT AR B 4 B BOR AR A B T BR A T S
TR TR AR DY, 595 REFE G IEAT P [ o A7 W58 R W] RO R B A k2 0 H Al A oMl 1 & R R R
HE A 7 A i AR (Forman et al., 2016) , 53X R AR e A= 70 AR AT 50 Y 2 TR 16 B b, in s ®) ATl
DX I B 2 [ 5 22 8] 3k Ao Sl 8O A (1 A Ml B R e BT G el e G i S 2T 28 TR AR X
TR BB L, M D BRI . NS AR5 U AR R PR AR T, Tl AR il E R A
(975 1) B AL B A o BT R S 95 3 R M AR SR AL SR B AR A BN, RERS SC BRI Y £ AR I A
ROCRGETE BT 257 A OUT ARG 58 DA $A A R [R)8EA fiE 7, ik ] A R JFC At 5Tl o] fife B 7 2R Y
TR 38 o R A T RO R 4 30 DA R AT E A AR R ROR AR R e . NS =5
FE BT RPN 2 I A T At 22 R JE A i 23 B0 30T Y RE R 2% 07 ORI &, vl A A0 fie i0f
REVRTH 2% 10 S0 1, 32 o 27 h B UR B A BER I RCRAAR W AL o oS, Wi k0 3 1380 R i dls
SERCT 2 D T LA R R R SR AR SRR B IR JRE DT A I BE URB R B 301 R AR R — 5 e e i
Z AT RENE (ZRIEE AN 200, 2020) , KR 4R THRE IR AR 280, 42 s [l 42 9 20 i HE i B

(3) PR KAE B EALHL R 0 B o TEARA AR 5T — A R AL AL 8, AR SOR BUF 257 4
ARAASAE AR 2 A AL R B HE A ] —HE R BEAT 2087, R 3G TIX — 4528 . rea_td fURERH
KN 5 HR SRR S I, 122 5 825 0 B, R 3 DX SRR A Sk g, 1R 2 B AR A A i
o 2 FF I DI HE RO BT o XA 0T BT RE 9 R AR 22 T AR W Bl E D AR ALY
5558 G AR AL 8 AR DAY 22 5% VR RE A4S 6 2 f5c A 1) Q8T 7 1) AL A5 fOM% o 7 SCIT 16 B EY
FEACH AR AR B T HAR Z R AT B, 55 o (0 XU 1) Q18 >k 1 S i 77 7 B9 TH RS A %
AT B R T A 5, R WO QR AT D IR AN AEAE B TH B B9 AR S PR IR A T R 1A 3 Y A i
HET M X R Z AR R e B0 o HOR Z R B AP AR B2 b JF R SR IROK S 59 L lk Ak, iR 7R
HHH BT R S i FE Rl b, FE— 2042 9 KR L2 0T QIR O B R o S TR Z AL A AR AR
TN B T, B 28 U ) B Dl R 2 A 8 A — A

2. RRES

BFL VAR —FH R A L TR A 76 A ) b X 04 & e AK P A7 AE — 5 28 5, R Bk HE Tl 1) 52 o 2L
AW AR SO FH5 e  By bA S 7 B A A AT S R A B
s 2 55 T Bk W ISR ) o

(1) 7% B 505 Yo e RS MG 0 o Vvl [ 11 75 % 5 S5 00 R A B 1 25 38 K i — A T IR,
PG IR A A IR L g, T2 AR T A PR X . Iz R X R AR RS

O Xt Brag BRI AE A BR 38 X A6 345 R S 0 CH [T 2895 ) M3 Chitp < /ciejournal.ajeass.org) B
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=3 RAL AL F 43 17
carbon
(D) (2)

digital -0.0092"" -0.0079"

(0.0034) (0.0034)
rea 0.0954 0.0972

(0.0618) (0.0613)
ud -0.0357"" -0.0352""

(0.0103) (0.0102)
rea_td -0.1396" -0.1384"

(0.0753) (0.0745)
A A 1] 5 55 = =
By —4F 03 [ T8 R0 2 =
BURIIEIED 13938 13938
R? 0.9875 0.9876
WS R 0.9856 0.9858

ANAE Gy, T SCAT A ME DL S2 B8 255 48 0 10 77 b 90 858 WA, DX 3 5 S Ak 19 75 % 1) R s 24 2 W A9 U A5, I
25 b XA ANZE Ty 18R v HE T A M 74 3k e T, 6 22 25 T b JE M 3 B A B R A A 0 95 Y
WY, ST BT 2B T4 B a8 S b DX HE I 52 T RE 23 ply T 0 28 I R T A A, AR S —
R T AL BR S A X AR AC A s X P B F 2 55 VR . 45 Rl ad T Chow /56, R A I 41 R 8K
T LLHEAT o8 . 4550 s, 7E 8 B A8 b X P | digital 19 181 VT 22 805F A8 1 38, T JE 44 bR a2 R IX v,
digital /1T 2 B0AE 1% B9 KF B2 M.

USSR T REM R T QBRI ER . B P& ER LR, AR
V14 235 0 P A 1) o 5 DX S AR 2D st ELA B 25 L R R R D SR R i b DR HE IR ST R R
AROA G A PR AS S Hh X B 2R X, O PR ES IX, H LA R 22 DR M0 S A — 7R
=, B, B AR AR A L HE A 5 M R K, BRI D S R N o M L4 B Ag A X, A 4 R s A
DX B 2% 1 & R L HE B s i S B . Qs B YL RS o 7E OO AUIR I T, b IR S
FAT I X T Sk AR A VR 7 A A iy BRBE MBS R 1A 56 T A X (1 I
H A5, AR X 58 X A A R 85 L 3 75, 1048 B 28 5 i X 1 307 8 5% 8 R AR it I S S I, TR Ik, o ke
FCRIAEIIEAR B . e Ah 4 PR Ag St Ml X A0 R ok e Jo (o JEC A0 A0 1 Ry W 4 03 =2 [ g < ¥ R g AR, S il
T H XA SR X V5 Y HE i . B AR REE . A R ATV S5 BE I A T T B I COG
Ttk DL B3k o R A AR A R A )X B (RO T A e i A I R X A S
PR B (XD ME M 2R FARPEEARDRE P ERESL S, BFEU R BN LT
Al FE T A5 it 1 Ry HE S S i R R AR UR N AR S5 AR, ST X A S BB E A v R R
N Z A BT PR A A PR A S XA g S DR X AE S B H 36.76% , T AR bR
IR X REAS th i SRR X A S L 15.46% , X W R AR TR IZ A H PR BE R E K 2
—o LR, B R B L S B RS YR T AR T R e N R BUF AT A RS S
b DX R B TEAS 3

(2) 2% AT 7 M AL F 7 L B A S B0 o BT 7 Ml Ak 1) 1 £ 25 SECRICT 48 U A Bk Dl HE T T
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(75 01, S AR FEAT RO A7l R " B FE 2R AR SO 7l Ak 5 577 b K A A 4 18
T BT 2R BB IR o DR PR X — HL R 7 AR RO A Sl B A A 2 S
AR SCHE— A o DU AR AR BEAT R B o v [ A R A T 5T B K A B b BT A B R R R T
(2021) ), XA [6) 48 13 BT 7= M AL A P 0 BT AR BEA T 1 HE 44, AS SCHE e b 4 [ BT A5 48 03 &) 2o oy 4 41
ERETF 7 A — A7 b B Pt X 5 7 ol A — M b B A DX AR 7 Ml A — T 7l %
TAH X BT A — BT A D I BEASHEA TG A . P TR T DAL AR th BT
DF A AG T 2 80, B A Ze 1A AU B 7 A K 3 1, IR 12 B AR K 7 ™ e ARk i 4
55— G IR AT Ak B HL Ml 07 A v g b DX, G A [ 385 2 — 52 PR v g 3R BRI A A R A TR B
FLTE R R, 45 R 1 T Chow K 56, 45 41 18] 22 500T LASIEAT LR 5%

R SRR

0.0037 ~0.0094%%
BB — RN 5 | A e B

I
7
1t
-0.0066 —0. 0198
PR —FRAONAL | B — RN A
EiE A SR

vl te

B1 StXRHMGT
T o ki B R TR 5% 1% 1Y 5 3E VK

i LA C ok IR BT 40 U MR HE ) R BAG TH A, 5 R BIR : € >C oy >C o >C o (7
7R B A G AR R AR L E R T RSO . N C e >C " Cr i >C
B BT A A Bl s HE B 7R R BRI B AR SRR T s N C e 5> C e C i >C
B L7 BT A RS B HE B VR PR M B A sk o FR T DT AR AT
RAR s, ANWIATLE B R A Tl o =i A Pk 2 T A, Ho AR B i B R TS R 2 B R, U
SO T L AR T R AR 2 04 8 RBFE 7 1] S % o — o R B O B DTN 9% 28 i), 7= A RS g K i 2 3 o TR
R 4F (2022) 55 8 7R, 2008—2020 4F i 7 5 Al 152 7tk 1) s HE ik ek ¢hy 2.58 J7 MBS 25 23.95 5 i, BT
7 b e R R P 2.85 7 WA 2 38.44 T W, o ik Al RO 22 FN A eb I Bl HE RO R Y L Y 0.80% 3
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Carbon Reduction Effect of Digital Economy: Theoretical Analysis and
Empirical Evidence
YANG Gang—qiang'?, WANG Hai-sen', FAN Heng-shan’, YUE Zi-yang'
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3. Institute of Central China Development, Wuhan University)

Abstract: Achieving carbon peak and carbon neutrality is a systemic economic and social change
that requires joint efforts of the whole society. As a new engine for high—quality economic and social
development, the digital economy should play an important role in realizing the goal of “dual carbon.”
The digital economy is an economic system based on digital technology, which can be divided into digital
industrialization and industrial digitization. Zero—carbon transformation involves all economic sectors and
regions. This article aims to measure digital economy’s carbon reduction effect from perspectives of digital
industrialization and industrial digitization, and provide useful references for achieving China’ s green
and high—quality economic development and “dual carbon” goal.

In this article, an endogenous growth model is constructed to derive the theoretical model of the
digital economy affecting carbon emission reduction. This article uses the panel data of 1561 districts and
counties from 2007 to 2017 and systematically analyzes the carbon emission reduction effect of the digital
economy and its mechanism using a causal intermediary model. Research shows that the development of
the digital economy has a significant carbon reduction effect. Mechanism analysis shows that the digital
economy promotes technological diversification, which is positively adjusted by technological relevance.
In addition, technological progress and energy efficiency also have important mediating effects.
Heterogeneity analysis shows that differences in factor endowments, cross—border pollution transfer, and
the positioning of main functions are important factors affecting the carbon reduction effects of the digital
economy in inter—provincial border areas. The carbon reduction effect of the digital economy is more
significant in regions with low digital industrialization and high industry digitalization, and the
substitution effect is larger than the carbon friendly effect.

This article has the following policy implications. We should promote the digital transformation of
traditional industries, accelerate the promotion of green and low—carbon energy transformation,
accelerate the development of basic digital technology capabilities and the construction of digital talent
teams, and improve the digital economy governance system. This article constructs a theoretical analysis
framework for the contribution of the digital economy to carbon reduction, enriching the connotation and
application scenarios of the basic theory about digital economy, providing theoretical support for
promoting green and high—quality development, and providing policy implications for accelerating the
development of the digital economy and achieving the “dual carbon” goal.

Keywords: digital economy; technical relevance; technological diversification; carbon reduction
elfect
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