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BHBEHAERE, —RIANBETFEBNALRITATHTE “Frmln” £E, ULE
BAFARBEATHRT MR THRRIFRE T E b X HEL ZRKE.
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"R (A, I TGRS AR ERERNAAT—2R, 2017), RefiEhX
MIBARBIBE IR S RIERETT . IR DI SISE R ARG, HEREIN TR HE
A ouAlm EWIVER R SRR Rk e Z R AT RO BRI R R R A S A
T BAR G AR R IRBR SR O R R N2 22 B AESR O R RN At 2 = R AR i) E 2L
TRbs 2 — BB R R B FAL S Bl P IR ) Bl 4 B3 2R P R BT St R R T,
RIS IW-9'E

ERME VBB, X T HERE TR a S e T B voE YEE I, By e e
NEF BRI R OHr, HA Bk, k. BHEE. QIR IESERAE e 13 52 Mk
R B A P R N E B o A7 SRz A8 1% e U 5 LI 2 ) M B v 3R S5
BlRLBE . SOAFS BBTREAET R ol S5 AR R AN, 2018). Bl A2
N T AL G e Rl 0 e RhE e A e ) “RDRAE 5O R PR BRI R AR,
20200, H—, BreRhpt AR e 7 eSS A R T Rk HE R, ReviE
o RN KRR, RIMATTER, NS WNERE CRIER, 2017); K,
By Rl RL P RS R S e R S SRR, 3 PR /LB B 23, 30 T
TR, HIFIRS “KEAR” OTHER5, 20200; H=, HFEmroRHERm 2 ki
A G EERRCR, BERE MG BAKIRR . EE R R PR L, 2019); H
VO, Ko< rh i BET TR RE s AR DR URAT G, L R A Rt g ok KR LA 5 &
ARG AR, R KIERE TR R (RS, 20200, BLIRTH Ak gk (i fg
AR T RARBIHTE 1), WIEREUE R R GI %, 2021 4 (ke JefE] % B o T e Bk A T
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WA R A S SRR FORITUH 22YTA790075) TR EF AL SRR E I H (22NXAYI02) 7 & E AR
B4 (2023AAC03110) [,

1



TR R e 3 S S e R A TAE R B LY FEH, BURERBESRESR XK B
BERE YT, AHRMRK IR e g R (R ESAE BARRRID) i b
“SEEHBT SRR 7. E S HT A AR R RS N, AT T 4l T 3 ) S A
ZEUFHIE “IVR” MG, HERETEeRT ek R I IThEE, A RSB T AR
eI R TR AR MHE I 2, BOBUR It 2 & FL S TR iR 1) — T IR

O SRR A B Z S B 57 8. AR, BRSSO ERMAT K. Bk~
HEFAFENE R, (R A5, 20205 FIoss, 2022; Cao etal., 2021), LLKXTERE
SRR RIUNAEL R (LA RAERSFE, 2022). Bra&micFry ik ol se b iin it
TATE WMAERER, A7 KRBT LE SR AT R EAR . BsskaERg s, W
I, eI W RRER T e Rl AN, BRI T e R R IS, ARSI E . 4%k,
ARSI T H bR A2 BB R S R I TR A B R AR PR AR, BRI, B Rl I,
IR AR AR PRI S B3R U BOCR, H RS et g e AR e
PR R R R R ORI IR T A R A R, HeRUEE SR P g T R
TR A ROR B R A B AR PR RN IE R . A SN HT R MY BT 4 i an o] i a3k 3 T
TR AR A AR TR IR

KT RERIIABRTTERE T (1) WIFRARE, AT T TS e I i ik 4
BLRA PR B, RNV T A SR AT ORI T SR R S 7T, BN T A e Rl
[t — D R O - AR R R 3R T Bk A R AR R R R T A Rl e TS 52 B M 3 A
L), ot THFEMAT S “SE” HSEg “Mi” 1%, RTFEmetagar
JEAH G TR A TR RS (20 MIFFEALME, AT NDDF-ML FRE0IE 7656
PRBEN B HERCEE A P WA AR R I A R AT %, MR ARk, %48 s A
FLSE AT R LR IR T A5 IR R B E G 5130, NIRIEEI &Rt ma bt St R R
RORPRME T X —HiE; (3) MSZUE&THE, A T AR &k w IR T & fb 5 ik 4 2
R R Z BAFAERI N AEVE RN, I FR RN M 2 T S SR SR IE A ST A 1R 1 A (g
PE, I SR O H ARG HT AN B 0T B T 2% DR SR A SR T R R i 4 R AR R R IR
WL, FENERZ R . T AR, BRUT 1 4 Rl 8 i A A0 77 b 25 0 T 2 ) 4
Fa bR A B R A R E R, AWECT SR B R T Sk Uk AR DRI
WHIT, A ECT SR S 2 B R AR AR AR T B SR S AR

. HERZER

X T 4 Rk ) e J S 15 2 R A PR 858 DA B S ot ] o 4 SR 52 T B 5 1) F 9 TV L4
TR . B SR R R BTty SR B PR BB i AN BRI, 2 1 Re % 18T K R B Rk i
T R A B R A PR R AT A

(=) 7S R 558 RS IR AH DRI 9T

THO PR BRI B . R BRAR R S5 IR IS, SIS K 5 I B O AH W IR R £ € T
B RBOAHNETRILR (Ma & Zhu, 2022). &R IR IZ L, SR E T
MRk, #rEmaR 7 abE R RN EZER, WESCE T feikE A s Mg, it
T 52 M s HE TS o

BN B e L P 7 e A0 A P 8 7S = 7y G Y T 725 O S TP 465 e
RIEAR G 2 B HE . 807 Smpiz .o B S F R aE S R 88, i bidtfe
A By oA R E T R BRI AR AP 5%, IRl K E A Bl i 2 v, Hds v AN
EETHFE R EHEE, B SRl ¥ BT 77 A 2 B A K& 2 7 (Belkhir &
Elmeligi, 2018), &0 Ml X Bk ix fh 55 7 25 48 21 =\ 1) 45 & Brids iR i = SR HE
LA BRE AN F T oIE I (Truby, 2018), Liet al. (2019) {5 T 1% M (Monero)
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AAE P E L FERTTIA 30.34 GWh, 774 19.12—19.42 JimigacEs. Aid, Herivis
o A Rt RGN AR D> T AR R RS RS 5 T B AR
U TG HE, WA T RENIMIT, BAR TN ST EA . UK A,
YD T #HEL (Bachas etal., 2018).

S R AT G St - 3 i BN G S kLT Nl it sy A A L1 23 A 62 ) O e e ot
WUR 7 &R EShRE, HEdE T R IR, A GDP K. Skt BRURIE SR
FE AR G IR R 3 (ARE A A B, 20100 BEAk, A5 BB SRR it
FORARE BIEE R R AR R AN, 23 F)32 5| BURE AL (Zhou et al.,
2019). KAWL, 7 E B RS NEEE ). Bk, BFeamid@da R
BET . HES) BRIR 45 14 e B 55 AT PR v R e R B AR, (k3 T (KA 5% 8. (Chu et
al., 2023); HR, HFERLre il e, ReBRIERIE, mKREHETILE
BEIA R T RIS G G, 20210 TR, BT-<e Rl Es) 2 (o ms MU AR U BT 2 17 51 R
iR 9 b FE A < AR AR [T “ B ISCRAR . TRH Gl EARERAT AR T AN A
BRI, JFE Bl rh oo SEIL BRI A . OB AN A [ 4 R 51 % Ecosia #5H  BEAT NI
Grll el o B e A O R e, S T RS MBI F 2 a8 . DA EFRERY], B
Rl [R] I A AE IR D TR HE TSR “ B ANSE BRI “ BB o B e RO ik e ) 52 i
IRATREAFAEIREE R R, FEMABRZmEEE GuPREMBE B, 2022). Az
R (EJotsE, 2022). filiENEmEdE (Yin, 2022) ST WO FEARIESL 71X N0
o

(2D BRAEEFRA 7RI

BRGSO B HE TS R PR S ) T R o A e Rk AR R P, RO
F-a R T RIA TG KA Sl 238 kAR (Lee et al., 2022), FEjlxf Tk & [
FHRUL, ZRAFFHAISRR AR — o 5 SRR G B2y B e o [ Sl i 22
Gra R ORGSR TR A = R %5 0. R, e Ein g TR E, A
i 25 R SRR (B 9% R BK5EE (Sun et al., 2023). BRG CRIRIEFTKHHE,
20210, ELEIAEA R WS OATTRCE QLAFIMEMRE, 2022) FL54ER, MEHRE
B A T 7 S e R R T X — B A T E AR R SR A ROR . SR B4 i
(DEA) T2 2 R T @ el R B S Y, HAR e TRy —FhES 40T
%, AR BN 2 8] §)28 R BT e (Zhou et al., 2008), B4R H LA LA
H HIE RN AT S, DU AR 2 K (Mardani et al., 2017). J7 Rk
#E 2 PR %L (directional distance function, DDF) {E N1 DEA FE & R H A —FiE L,
FH Chung et al. (1997) $2&tH, IFFMa 1 [F 0 25 i B 2 7= B AT R BA 22 7= (1) Malmquist-
Luenberger (ML) #BHCRMNFE O S ERMN ST LKA R, S IEIR 2235 LA H
(Fire et al., 2001; ¥RIEHF, 2008; FREE—, 2010:). #R1M0, DDF )2 155 Lo ) i 5
WP B SR ARNEL R . AR AR R, SRR RAAE R T Fa it A I DDF
SRR (G, 2022). Zhouetal. (2012) IE$RH MIAEAR A7 712 2 B3 (non-
radial directional distance function, NDDF) #2fft | it %, ik 7 IR B T I
RO AR R )5, 28 R T2 R AT TG E Kk i) S R iR
%13 (Zhang & Choi, 2013). TAVATAEIRFAEERLAS AR SR AIXEATI, 20150 TR
HEOKZE (Zhang & Liu, 2022) 2515

IR T 4 RO B FE T8 R 5 0] L RSO 7 SRRSO R, DA SRR TR T R Ok J
Fe M A7 T M T B AR A, BB R AR R T 0 G T TR IR R,
WA (2022) FF] Meta-SBM-Luenberger £/ RIG K0 & 2011—2018 4E 1 [H 281 4>
W R OB R A AR, B OEOR BN G54 THIR SR TE T B e Rilon) 4 (4> 2
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RAERMEm, DN SR R R ERT T2 B R A2 Zhong et al. (2022)
JF Super-SBM-DDF-GML FRE0ME 2011—2019 S [H 30 NEH IR 4 B R 77K,
IWAHTE R AN H T IR TR A RIS, HE AR IS E L 7 SR
I FAFLE I T 0k 55 1 AR 2R PERFAIE .

AR RCR M E TS5 H T i8R mA—8, PsHRAe4am. 5%k,
SR FH ARAR 18] 75 1 0 B PR B A B 2 A P AR R 1A% 1 P 5 R BB SR BN 7 T B R AR LU A9 AR )
PRI S r) i, prfe 4 R HA ISR S R, T8 TS T, SRbrie A,
X T 0T Rl G AT s e T Bk A R AR P AR ) SR AR A B, R P IR R R Ok
Ry mJE, DU TR 43 B FH R 95 2808 (00 SGTE A FE LU B —, R VAR 2 T H R
TEUEEARTEI, LU AT Hh 2% S 4007 4 b (10 2 M SR T DL SO TN ) A . ST U
ASCHIF NDDF-ML 8505 0 5 o B 3 B A B2 3 2R 7= 2, T 90 B o R A R el 3 T sk 4
TR RI AL R . R, AT I HAS 2 AT U W 07 4 Rl e T RO R 4 R
AR B AR S R R

= BRI A AR K

T LA, AT I I V0 3 B < RN SR T AR 4 T K A 7 A G A 1) A ] Y D T S
m, PRHARZNE “U B SCRMRDL: A SR EER BT AN 2 iR R T A R S M R
BRRMFEMIEIE, FFER I SRl A L g R 7 b R R

(—) B RoNB A B AR T B W B R

Hrr g o T R A E R A R R R R, B e R KRS H AR AU e
B O S A T ST R e R A R R, BCE e R QTR S R IR
TFa) 98 I SR A A0 T 5k 4 3R A 7 AR O v ot SRAR R A

— 7, BT R I T B e R A R AR . B, BFeRRES
LR BRG] T e, PRAS R R A R R . R, BRIy ke
TR 25505 B Rbhs i 2 U i L 2256 (Shahbaz et al., 2018), T#F-&fit
RIERTHIBRZ W E TP 5k TR SRl EEE, R RE S EBER R H 24T KA IEN
PR CRER, 2022). FRAEGREEEEERI TR BN Z G AR B A S, BT E PHEIE )
BURAL B RNIRGS, 25 R RER R (IR, 2018), XEEAFIFKAA2BONEL
A RO T B A R AR P AR SIS . AN, B Rl RIS AT BEIN R B VA BLAR
R Lloyd Morrisett IE X, i RfE B EAME RS AN ZER. LRI 9
RIIHAR BB REAR DR T AR BRI & A5 GHENAE A, 2002), & RIR1G
B 2R« RBN ", RIECFBoR AT SRAGME B0 R Ot 2 1 e 35 BB X RE S 4 K
R 7 RO 4 B A P R AL E L, U BRI SRAS VAR A X, XA e g4
HABE, It — PR KPR 72 . X2 R SRt — 25 h “HriaR”
AU IR P ERASE (T3 SE, 20200, SR FRARATSCRCYON « SR AR DR 2R S A2 4 i
NFBEH T, AFTIHREEHTIR (MBS, 2023); WEGA = B AR K 355 5)
JIRVEAGE v BERRAL 57 BN BRI A T4 (XSS, 2023), INJEIST 3l )% 2 SR AT IC,
XA AP R R B RN G ERINARFRR, 2011).

FH—Ti, Bt R RIHREER AR IR . BREERER R, e
RFR) 5 JR TR I 0o 8 B MR MR B 7 AR 1 B B0 . B Rl R B A B K i 3h ) 51 2%,
WL REVEE AL SR P O R R 3R (RUBBRESE, 2022). 5, 19 ot T8l
FIR T, FE T B RHE L B e B R R &, e BbEs 145 BUE A SRS 1 10 Y AR
SEIL T SEREHA R A KSR B 2 CT 748, 20200, g 1 Bt RO . Lk
BT B b TEEANFR, B TEDEIINE, S 7 /M mBs 290, &/ T 20
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PR R, RN E Z i aNE LSRRl GRAIESE, 2018), HEMifEA4:
DBV RIETE ] TAGETIE T2 LIk AR QA b 50 F R 0 B RT 5, Iz 4
R T 32 108 R o A B e PR A DR SRR, BURF IR SR i 7 S O HE 4 55 4 ™ i 1)
TR RE, e i B CR G & 7 U s ek AT L R R IR ER R, SR IL R Pk 254
. EHEAL. Gl REEFRE AR FENERE I “RumatE 7 AR TR
Fidws 2022), JEEGT LRI B R AR S AN AN HIRY BN, $E w7 sh A R, AL TR
BHAR (G215, 2019), EEEFHRE (EMEE, 2019), mA&REIRTmREERE
FEE, LE b, BUT-E R R R I IR A B A T R R E 2 s ER, & IER
IR TR,

AL, BT R EFR A, AR I W A iR i :

il 1: 7 mion ik 2R A = RN A AR LR IE, RIU A 512k
1 “UB” KR

() B4 mion] i 4 B30 AR 7= 2R (1Y) () 42 52

LGB F AR BTN,

Heraftin e TRl ee . e T E BB ), 1R T RO eR.. Bk
., H—, HFEMITHE T RReREE, R ek ) GBESE, 2021), REELS
R BT, A BTG SR ST, SCRMRBRFEAR TR SR, 5 m X IRk (6]
BreEe . K=, Hpe s SRt = AE B, A RO AR T wE K.
H=, BT R AN TR e SN AW 5838 K% RGURIREQDT A% 4, @il
A7 B AR BB v RSP RN BT, AT B TR (BRI e A5 3 AN S 0 R e A 2%
HOOTEKE, 2023). ORI AAUERETF KNG, ELERD G e 24
TR FIER o 2R EER B R A A B G IE Hr A BF K A, IALTE Z 00 R,
R TR G BA A . Rm RN A, WA= o, 25K 1 [R)
Pem Vot RBRIE, R ke ERAE &,

290 B o B A T N

HR R ERRE T RNFEE RN, CEfEE RSB RSN
BT, 5, MTFERKRIEHE TR B2 . B SR & AL TR S &
MR, RS2 BB LI AT 2 Sl 7O o s T, R T 2RI ) (AT
TREFIER], 2018), MM KA 22 SR BB . Ik, Bra Rk s 7R OIH 2t 171 %%
ST RER TSRk R RS T P (BREEEEAITKSE, 2022), Fpamlk 5 xt
T A A B A B U o W PR A TR R R W O R R TR, T B ) A R
FEAL T T R AR ) S = R RO P A (B EAS R, 2021), XHEAE AL E
IR OR P v BENAEL TR o o P 5 3 7 35T 2 v v B BRI BB 2SS AV o 7 SR —
MELFREF. RSOt e e i T SR R KR, RAREIREERE
FEE . FIR, W) TR R RSB, (R AN S i AR 2L IR K it 2
B “P3587, SEMABAE KA SGER) “XER”. Grossman & Krueger (1995) $2H T [k
15 BRI K 6 RO R 22 1R K i 2, INAA BRI K SRR B9 e 1 5
PR U B R T L B L I O 8 SR I S R R Tk T AT KR,
B BRARAE SRR B R T, HESRER AR D, ST BEIR R R, AR ik
REFER,

FET UL EEIRAT, ASCHR H W R A TR :

i 2: HFEmfe b as B R A 7 R R BE 5 TS O HOR QAN 9% i =48 .

(=) BTG s el i 4 2 38 A0 77 28 (1) U 745 R0

BT G RO i A S R AR 7 ER ) AR L ME S I8 B AN TR FE SR AN AT S IR R (G e
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BAE, 2022), HIEEFANTEE . TR L] DO SR RS )iE RS S R TG
N LA LRI R RIS AU . &R AT R AV E AT RIS T B . AR ST 43
NTESTJRF 45 i A 355 AR 77 b 458 4 T 20 A A 5 SRR I JH o) 250 4 Rl M R T e 4 B 3R A 77 R )
WHER .

1.4

B r R RS e HORRBE NIRRT =, AR S, FREA SR
H & &R A S Tk “RBE—UE” MEARNEZ EIEE, 20200, Bl ASTER 2P
— MRAFAEVE R R E A B 1) 0 R, AERCTe Rl R A, BT BRBUR BRI
W, ATk T “EFEAERK” RS, KRERAEEEEE. BRI LB EIE, &
R SR INA TR (B, 2023), RITEFHERRGHESBAK . RS54
Beahth. SRl SRR, RTINS I L. kSRt i A
A FAHE LT, GRS MH QR B KA )GV R S IEAT b BE & R v] Re A7 AE
PR 55— R R EVE A “B X7, e kR0 7 el 55, ArAEE
ZIHHNE GG, XA 50 s T IE SRSk R 240 A BHEA 7 3 4l
“CHNAC”, A G ik B R R TG SR FOE O RO (ZESCAL AR, 2017) . HIR
e TUERR” LK, BUNF RIS ESVEEEETHERE, BERYP TSI
Gy, RETHHECE, RN EFREBUFEA . SRS Mg — 1 ah& g,
B EFrd R COREESE, 2018), & &Rl NS e E AT o i 3% AR BT RAR (4 [R] B 42
B RO TR BE Rl R 1 1E ] R0

b T S RE L THA E T I L E R AT, BUMRHT . A & R0 B FE AN BB
5, WremMrmsE . ek, HIEmER GBI FEREE
KA« BUR G0 B it e 1 18 35 (R R L2 A 2 52 5 BT IE S8 (2R3 F g
2012; BEVESE, 2016; TIEMESE, 2021), HFHARXN; SR 2% oo 4 S 1 A 4
B FHf, 2017), BURXS S 2 G0 I B BUR I 3 25 UR 15 AR At AT b ke b 1 58 im 22 3% A 43
Joo IS AR RITER” RO SBUR, Sl T DAHESh R L S5 KRR B AR
KW —RINETEAL R (R E N RRAT RIESATHREH, 2022). GEEREA AL
BN LR SRR, JF HAFAE SN N A AS R B IR, B DAL S BUR $5 E R G FEAE SR
LT EARS T 5E. @GRS, ARSI EIR (EREME
FRAL, 2018), ARt TR A RIS .

2. 7V 45

LT AR S A P EE A TH I B AE (ZRALRIAR R, 2018), Pk &S T+ 4 e 4t
I G AT RS KNSR B ] KR AL R R L B FE . 77 b 45 W T R R R B X
2 BEAFIR AR B = P A X, T IR A A A B o i DX e AN B S AL
H 97 R ) 2 TCACNE ARG 2R A, 3E TR 2E 27 e b ) 2k (b 3 B o =l g
FHOEE A TE 2 B UG A, R T AN B E TG ERA R, T T
FaMRS A RO, SRR o, ZRMIEER, IR LR G F Rl BT
FB. R IRIE ., ZRRMTTAN, SEI T EE AR HESRHEEEE . SR E R
5, AR RS I R SR, BORSREEOR G AR, HES) X SR A S O e
Pemre PSR R “ SRR wT DIMRAK A PR BRI E. (HRIMEE, 2022), 2
B KT R PR A BRI, e R Bh I T B 4 B R A 7 SR

FT UL EER AT, ASSCREH W R AR

it 3: SRE R PSSR T Re 0% (e iE 30T S RO IR T Bk A B R AR PP R T IR
A, ERENE R ER
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Bl HFEMEEHIREERE ~RISIE
. SEERF S

ST E b A2 T80 e S UE A 56 507 4 1) R R S 75 R T Al 4 B 3K A 7 RN RS e S B
O JEARHER) U BIOCR . AW RIS IS SR 2 M0 ) [ € 2SR, {5 B) NDDF-ML &
Ko Ep A B A PR, A AL UK S S MR U B T SRR K. R
ARSI B ARG AR ORISR

(—) HdakiE

A “AERR R B R a 0 S e BT SRR KT, % B DY L
PEEEH R 2021 4E, WHAIEEREEAN 2011—2021 £E. 7 P B HERCEOE K B B % 5 8000 2
(CEADs) H 1A B3 AT e HEASGS B, 23 SRl 5 T 1997—2019 4 [ 290 ANk i i HE i
& FIERE DL BN EEES, A SO0 BT MEH 2011—2019 R0 8] 55 FEAE NFEA
Hefdiska (PEMTSGIHFEL). 48 (. X)) GitFESE. HERE (CSMAR) #ilE
FELL K EPS BdEfE . X TEHRMALE, RS E AN, ASGEMIER T E R 2 B TR E iR
X AR APARES R, X TR AT T LA SRR B B, 0070 Sl 2 AF R 4R 1k
VAT AN, BRIEIHAR 2011—2019 4E ) 256 Mk i3 2288 MREARE .

(=) EE X

LW AR AR i

R E R A R A P R A YRR & . JE T NDDF-ML f8#0 563 2 Fhd
N CLR AR S = Y i R A R . BRI (2016). M EMEATT I
(2016), K575 (L), A (K. RN (B) fENBANER, KX A= AE (GDP)
TERREF W, BHEE (O MENAEIAEE = o B ds B3 A 7 2 0 i & 2SR 78 1 N S 22
FEHFEIR, D FANFEHEE =, Rk Z % Zhang & Liu (2022), BET M EA
g=(Y,-C,-L,—K,—E) . i TdE3% DEA BRI BAAM B, R st s
ey B BN BRI ERE . P HRAERMT 3. BAMGEE =MERA
B, B3I SRR RO R, EEEREE T, ERA MRS BT T,
AR E T, S PR T BT EE G BRI i O 5 AN
XA, 2015). SRR A REEGEN (173, 173, 19, 1/9, 1/9), FET L EEERMS
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NDDF, #Eififii#s Malmquist-Luenberger £/~ 5 F5b5 L, SRABIR TR A B A 2 2. M
I T Bk A R A P BRI R RN A AR S B R R I A T

BNFEbR. AN (L) DI R M NBE MR BEAR &, AR SAL LN T34
WAEFNE TR MO N B35 BARBN (KD DT R IR EE ML R, %5k
HEHEN (2004) THEARERGEERIINE, RAKEEAFE T H SN EAR G E. kS
BAAET, HEIERIEE, EIATAE BT IR Z X G S0 f s a2 . R,
PA 1997 951, F 1997 4R E 3 = 80t B8 E A o FRR DT IHE S 1997—2019 4E[H &
BB A P I3 KR 2 FSRAS B 1997 SRR ARLE &, 1997 4 LUJG M BT ALF sl il
T [ 5 B PR B K SR AR B CRIKIESS, 2019). 2017 X LDUE, KA Wg
U AN AR T[] 5 B~ BRI KO (R E=100), AR Z AR AT T B B 2 A ] e
WA, EIHER L, RATKES: (2004) M 9.6%4 IHZK,

FURACERA I SRR R AR, K, =2 +(1-0) K,

e, K MR O AR, U TR ARy RS, [
P 1 RIS SEACP, «

Hﬁ%%%ﬁﬁ%%ﬁﬁ%:%=5%o
+9

Hob, Ko BRI T [ 8 58 = 4 Bt B, S IHEE, g /2 1997—
2019 E[EE B R TR, GEIERN (B) DL aE A e/ mREER (MR
&, 2023).

FEHRbR. HIEFEH (GDP) LA IR T X A = a A AR B . BARE, it
W T E S 13 1) GDP FIRARE,  SRJEX &4 11T GDP #% 2010 FAEAN AT T PRk . JE
B (O DARHESCE AR R .

Kl 2 Jerm & EAT 20 E 2011 A1 2019 4 A B3 Tk 4> B3 A P ZE I 2505 Sedl ey o Sk
T 2011, 2019 FFHIR AT IR AT KA =R E0E, FINT MR SARkRE, FEARR
TR S E R AT EAE AR, 2H0RmRT AR, DEWTAERER S, Bk
S ARG S, PEEAARIR B A AR R . K IR A B R A e
SR b 7K 3k T R SR AR AE B M R 2R DU AR X i, M X = BRdE— DRk, X SR tak ek
Pk — 2 1

20114F

L L

&2 2011, 2019 EHPEBHREERE XN EDH

©2016 G, (HEBRASETHELED A A IR Ak 5 RSB, 0 2017—2019 SRR S EU BT &4
(X 1) FHFEEREG.
ORI, B RIEIT. b, A T EONNE G B AR SRk S T BB KRR AR, T A I E B R
FRHC 3R L 24 117 ] 5 B 7= BB AORANE <
O Z R T E A B AR B A AR R (BRSO GS(2016)2933 5) £l JREL R B K.
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2% R AR

ARIAF ST E T “ AU K= B SR a5 55 DU AR ok i 2 4 [ 45 A 3 T 44
FEMR BT ZAREOR T E P 31 AN 337 B DL 3T A 2800 AN EL T,
FOA I T e O AT 5 2011—2021 4, Hogw il 52 T W0l 4 AR 2S5 KA, T s
E 7 &R B K R R IRR R T M. SR SRR R S5, 1ZIREE
B TE . RSSO = AN i hs, Hh i RS B fRE .
BERESrHKI6 %, e 2 4. 207 RS A TSRS b EECE SRR RIUIR . Tk
JEfa% GRIESE, 20200, HTHFEMIESMAMAR B BN FZRRK, AXSH R
A5 (2022), FWATEE (2023) HIHGE, REcTSRte 8L F4EEIBR LA 100 15 546
Hd

3 H A AR R

i E. 2% Zhang & Liu (2022). XERZEFGTKMEE (2021) SEMIRFTT, &4 7 U
N ETRERC MR TR A R A AR ISR R, (1) RFFRBEACT. W5 R KT RHZ
W VR AE FI AT LR R E R R KA X A BUE B E AR BT R, (2)
NIJBEA . N DB I SR vk e X R R 17, i i R s AR AN A SR i b X 4 A B8 5
WEREES), BT E R AT RS . S8 SR EE HERBANONE
srbbfire. (3) BNLAKF . 3T ALE J3 T GRS BIRR A R ) AR PR B R AR R ACR,
TS T A B R AR P2 28 o SR FH Ml DX IEURA 5 R0 AR MOl AN o 4 oK N VB0 OB
REEE, (49 TR Wl TR R R ). AR, BRI Z R PR E
R A R iR, SRS iR A R AR R SRR P N b X A
MLEE AR R, (5) BILAKF. BILARE IR RN EERNER, HiE
RIX ST S R I AR Ok TR . (6) &R EKT. XL G4k B ik A F
TR BT SR b A R A PRI, (CEIoEE, 2022) , H&RMOLA G & 4E
RSN E o .

IRTEAR B SRR T FZ I T AR R 15 1) S (0 S B B B (R S E AR AR
TH RIS AL LRI (20200 F NI P i B8 0 AUE MR . a5
RIEA N (2019) WSS R, T SCHsEil T a2, BEEH. EEE X
HH R AL P i B IR 5% S ST SRS, RS S o BT B A S I LB AR 9 v
W R A &

WA R, SEHEMATR (2021), FS =3I & X A P S E 1 H AR R i
B sim g, S REES (2022) HZRRIBECRET R LS AL, Bk,
ZIRFEHON A AN

Theilit=23:yimt |n(#) , m=1,23

imt

Hort, Yime R TR Mkt IS BN o X A B ME I L, L R
Srtimr e A G S AR E s PSS R R R RO R B 0, Wik
ZRIAGE, L, Rl & AR N R R B B %, R

struhl, =

Ii'[
struhli fHBOR, UL L 25 & BEAC TR D s
R 1R T EERERHIEES R

* 1 ET EHAMG T
T T E £ =/ME RAME I
WREL B BAEEZ AR 0.710 0.081 0.452 1.000 2288
AN F BT 4K RAF 1.670 0.653 0.353 2.854 2288
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%5t R KT 10.770 0.561 9.553 12.070 2288

AHEA 1.971 2.491 0.000 11.760 2288

e £k AT 0.147 0.130 0.018 0.724 2232
BHEE —

Tl b AF 0.471 0.103 0.187 0.722 2287

B IC KT 0.521 1.100 -2.301 3.166 2251

bEh & RATF 0.463 0.365 0.093 2.305 2288

G EE A 2.663 1.708 0.000 7.028 2111

R E e 2.215 1.915 0.000 16.600 2286

A 0.371 0.028 0.311 0.508 1779

N P g R 0.434 0.864 0.000 41.390 2285

AFRE P G AT A 0.259 2.048 20011 | 67.280 2004

(=) SRR

RS0 e R B RUR R I T R 4 LR AL AR U BUR R, ASCIIAECT &/
TR AR T2 BB TR AT A AR ] 5 RN ) A O 1 [ R ORISR R R AGE 36 A SRR AR 7
R B 1

+ 1+ V&, (D

int

CTFP Nt VM B R AT R, DF NUT SRR IR X ARSI AR 4
TR R ARG & p RN MEE 2 L, v R e L, e BN
Tilo PRUERIIRBBIRNTZH . AL EBERF R Ma,, HAEARBIECT 4S5 04
TERAETEM KR,

HER B 0 T A A SR EH AR G RS 2 ot 2 52 T 20N B 7 S Rl ik A B K AR
PERPEANIRIE, RIEASCSH EHEEAE R (2023), 8 LR R R T RS,
IR 2:

6
CTFP, = a, + ¢,DF, +a,DF} + > 0,X
n=1

6
channel, =, +7,DF, +1, + D0, X,, ++u +v, + & (2)
n=1

int

Hrr, channely, WIRIEAZ &, 4y RIRRNLGHOFAROIH . T FREFIE T, HAbA
HE XA (D

TES AT VR TN, AR ST 18 T 4 ik s A 5 L AR 7 M 235 ) T T 0 e Rk s e 3k T
B AR MR o s 1 T 4 Rl B I R AR R A SR T A A K
IR 3:

6
CTFpit ::Bo +181DFit +ﬂ2DFit2 +:B3DFit x Mit +ﬂ4DFit2 x Mit +135Mit +Z€nx TVt E (3
n=1

int

He, M oMYA R, KRS EE, Hrp el g mE e g i m A
RS L A

SR PIRESFE (2018) LA Haans et al. (2016), 78 W7 AE 42 MRS R 25 S S I
MR T AR AN T i 1 A 7 T 23 ) B AR R 5 AR AR . NIRRT, 5 IR T R4S
WA R RIAEB, N T 0, WU BEHLHEREWN, B,/NT 0, W UBHILHE P, M5
FRE, H(BiBs — B2B3)/NT 0, MUMMAERIT S LR, (Bfa — B2B3) KT 0, WU B
L SR . AL FBIRVERL HINREUB, UL AR s K (BLBy — B2B3), BN &xfik i i 5
F& R0 2 M 25 K AR AN 75 s i il R AR AN RS B 400 sS A B, R B SR Rk T ik A B R AR
PR IR

T SHESE R

(—) FEAEREZER
A A SR A R A P R A B . R 2 IR T AT R B 4
10



FERA PRI FEAER S5 RN U AR IR S5 R . 78 R0 1Al b, AR U AR S THE
PRAE RAE B VEE A, S5 5R 1 Slope X A& 0fE, FFREVSAE 5% /KT EaR 4R
B, WA USSR, 31 (1) SUIMARLCRERRAS B K H — i, S5 5RR9, FEBCE N
N AR, AR R T ] AT (] [ S SN2 0 - 7 e — IR TR BUAE 5% KT
TREFRNN, TRIRBIE 1%KF ERFNIE, JFEN T UK, RIS e
FAETRAERE UBKR. 8 () — (D FGRIRRTIMAZTREKT. NJTHEAR,
ANEACE . A AR BRICACF A <Gl A Fe K N AN ] A8 B H AN 3l iy [ 8 ROz L 4%
) 1] R 002 A ) BF $25 ) 3k T R 65473 SO0 [ 3] 0502 PR 25 5 5 45 SRR T 42 1) 0L 7 [ g 2%
RiJe, Bra it —RIREAE 1%AKF FRZENN, ZIRBRBTE 1%/K 1 ERENITEHF
FEEE U RS, HIIGIE 78T S AEER A RN U BRR. REPERTEMA
JERI, By RO AN T iR e B A R, BT R KT R B A FHE R
(U kB a5 R R I FHE N 1.912), HUvefhk R fedt 1 ke B4,

%2 EAEEEER
B @) @ G) @
CFTP CFTP CFTP CFTP
o -0.110%* -0.023** -0.063* -0.138%*
(0.044) (0.010) (0.036) (0.036)
oF? 0.034%** 0.003 0.013* 0.036%**
(0.008) (0.003) (0.008) (0.007)
. 0.130%** 0.136%** 0.057%%*
G2 7
BFARAT (0.005) (0.013) (0.009)
, -0.001%* -0.002 0.004
AR (0.001) (0.002) (0.003)
- -0.053%** -0.059 -0.308***
LA (0.014) (0.040) (0.031)
- -0.046%** -0.060 0.099%*
T gy (0.017) (0.040) (0.049)
i -0.069%** -0.070%** -0.050%**
E < Ny
HLAT (0.002) (0.005) (0.005)
o 0.055%** 0.053%** 0.008
SRARAT (0.006) (0.017) (0.009)
*k*k o *k*k o *k*k **k
- 0.783 0.616 0.641 0.226
(0.056) (0.042) (0.109) (0.095)
HAE 2286 2197 2197 2195
% R? 0.775 0.450 0.470 0.856
BHEE 5 £ 7 £
S [ E R = & & Z
Extreme point 1.596 - 2491 1.912
U Interval (0.353, 2.854) - (0.353, 2.854) (0.353, 2.854)
e Slope (-0.086, 0.087) (-0.054, 0.009) (-0.113, 0.068)
%ib UA UA uU#l

e e kR RIRIRTE 1% 5% 10% /KT R 8%, 555 P EUE 30 J2 i SR s ibr i . .

(=) WA ] R

FE SIUEAS 58 H AT B8 H I 10 e A2 5 R e 1) TR SRS A A M I R, 6T T RO O i e )
A e TP 1) AR B R ) 2 B8 e b S e 3 T Bk A R AR P FR IR AN, I BN T AN ARy
[l RN s 0T )5 IR R Ip it FRAE R TR R, RAMP BN ZaRiERk g k.
T G I R A B R AR AR IR T A T UK R AR AL R X — ) R R AT R
HEIN YRR S, WE T TRRE: |k, SFST@AMER (2018), A 17H
Bl “Bartik instrument” SRR T HAS S, B E—Mr % H M8 5DF, 5% e RE
BAERS 8] B —Wr 257 ADF, o I FEFA:

\V/

1it

= DF,

it-1

x ADF,

tt-1
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T TREBEMNERET, H—, KPR T S E SRR s 337 4
G, BT B SR AN 2 B B 2 B AN g T R R s, B R R e
ARART BN T R VLR AT AN s B8, BARRR T T Al LLAMY) HAR PR 2 b T R S
bt iz, (AR EZH R d A EER SEANER TSRk R EM, Bartk
instrument 5f & A XU -

A AT HBER RGN TR, BEKFAERT (2018) Hik$E
o X THRAEMNFEREE T, Beremb ke 23 0 2RI AE 5 A #0, B LA
iy BEAS [] R R AT SR AEAR SRR BT bsgmn T8 SRk e, (BXAS B ik a2 R4
PR K A Rl B A 5 Bk B IRAE T, A SR T UM, R %
W BB (R T R B AR R e Rl T RS BA AT, thah, BTz R A
AR, MEGERIREEN TREE, KikSEREBE2M/DE (2022), &IN5
UM T 8 5 B e Ry 5 — S S e T izl 1l B e ) TR AR &

IV,, =dinstance, x DF,

AT Y ER A T AR R A4 [ TR W % 2 1 K3 i e — W i L bR B =
Felii. 2% Lietal. (2022), HECMIK K-Sl BB AL Rl i 8 35, Beie AET
SRl R IR SRR R RS, BTk 2B R AL R — NG 1Ehn, A2
IER & IR R RS i) -1 S gES N PR NE 2 T S (e N ES MRS g8y s
TR

1V.

3,it

FBrEEASSR L 3 fror. AT AR SRR RARE MR, HLF
EPIRT 10, 2 THAEIEF AR IRE B

=internet, x DF,

%3 2SLS % — M B EHE R
\ (1) @) ®)
T E vy 1V, 1V,
DF DF? DF DF? DF DF?
W 0.205%** | -1.468%** | -0.039** | -1315%** | 5078%* [ -54830***
(0.025) (0.134) (0.017) (0.100) (1.238) (5.248)
2 0.017*** | 0.337%** 0.003 0.358%** 0.400** 22.996***
(0.002) (0.020) (0.005) (0.031) (0.199) (0.958)
EHEE £ s s
Yo T B 72 A A s s &
4t B AR s s =
HAE 1945 1945 1945
F— B F(E 13271 | 14376 1790 |  90.98 4893 | 34653

BB BT R WK 4 k. EART GRS T, Kleibergen-Paap rk ] LM 4t &

p H3¥I24 0.000, BEIEAFMER; £ LAETEIHRAIREF, Kleibergen-Paap rk [] Wald F
SuitE KT Stock-Yogo 55T 10%/KF LG FE . SRS, LA AT UiRE T ik EL
RTR = AMEVAME N E i TR R A . = A T HEAR &1 8545 R #0054
Sk AE R AR MR U BCR, SHEAERE—8, AXIROERIEHZR TN

A ) AR R R

* 4 TAZEEREAZR
e 1) 2 (3)
xE v, 1V, V3
DF -0.170%** -0.214* -0.282%**
(0.036) (0.127) (0.095)
DE? 0.043%** 0.034%** 0.047%**
(0.006) (0.010) (0.007)
HEARE 1945 1945 1945
A & R? 0.455 0.444 0.443
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B E £ £ E
o B A £ £ £
& B £ £ £

(=) Bl 1abn o if

A e I T fabrdt AT R g vk g,  BRREUE X AR 45 R LURIE, [RI e T
CARE 7 e Rl A e AN TR 6 FE R T Bk 4 BR AL P R I 2 AR (EF 4%, 2022). K
vk o nE s . MARE LR E R RE . FEH T fEbs. R 5 Rl T
TR TR R AT B T I 45 R

B, A (1D ME (2 il E ) (cov) ME R (usa) fEMRAZ & 1)
[ R o By SR o) BEAE PR BT i 2 BR AL P R s 5 B it s AR 80— 5
H—IRIUARBUIE 5%KF T REFEAT, HRBARBISE 1%/KF N EFNIE, B
U ke, S6E 7 B il an) B PR ST e e AR R U RO R B
FEVRBLE 7 <Rl A PR, 1T SUI 80 7 < A o AR AR RO P R R B, 7 S nd Bl 4 B
PR AR AR R T AR 5 SIIUAR B s Aok PR P IS PR )2 3 T S o (8 FH 80 <l
R S5 (AN ER L (RIS, 20200, WU &RIE A HEN RS —ERE R4 ERE
et ERm A A, 5 (3) FISERERRE (ins) VEUMRAZ BN H—IKIE 1%/K1
TREAG, HZROARAE 1% FRENIE, Bl 7 Ukl 5 (O JI8RER
fEH] Ceredit) VENMREASE IS H—IRITREAE 5%/K-F T RENF, HIRIREBAE 1%K
FREZFNIE, Hld T U KK, B e Raa S S o st a8y et R R AR A
e RS, RE R KRR LR EH SR RIIE, Wt fE 78 2 B Ol N RERxT
TR 4 B A AU Y — Bk, B EHRIGE T A OS5 AR .

%5

BT e B o EmE AL R

%% N @ © @
BEE ERRE R E A
cov -0.078**
(0.032)
cov? 0.028***
(0.005)
-0.041**
usa (0.020)
) 0.015%**
usa (0.005)
. -0.024%***
s (0.009)
ing? 0.003***
(0.001)
**
credit _?0061 él 1)
*kk
credit? 0('8.3001 0)
HAE 2195 2195 2195 2191
HE R? 0.857 0.852 0.851 0.851
EHREE = = e =
I T B 2 AL = £ £ £
F0 B R R = = = =
Extreme point 1.412 1.318 3.746 0.685
P Interval (0.019, 3.109) (0.125, 3.320) (0.000, 7.306) (-0.129, 1.962)
Ute f Slope (-0.077, 0.094) (-0.037, 0.062) (-0.024,0.023) | (-0.049, 0.077)
4 i UAl UA! UR UAl

QLPRE'S 1k

R IR B T I 7 fln] BE =0l

A i g B AR GBI R B e i ROV 8 o B A ik

R A B AR, OVRIEX A RE R S A, ASCEE N (2) FRTHEEADK
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Rl LL LIRS IRIE . 2R 6 55 (1) FNLAR VBT eitx s BOR BRI AG THE R, By
SRR OEOR BB REONIE, HAE 1%K TV LR . X—40REIE TRt 2, #Hx T4
TR R T B A ER A A A Sk L EOR BB IRIE, TR TR BT e R AL
MIER . Hoyemt Ok FRTE T IR TRBIRIE . oK T REBTRURE, DN X
AT AR B RS 8 BE < S Re, AR RE T R U RBR BOR R I B3, ETI B e 6™ e
FEARBRHEIG AR m B e E A

65 (2) FNLAR 7T ERiHE BB TR, By Rt S R B
1B, HAE 1% ERZE. & 6 5 (3) FHLIR 7 Hrr el s a it a8, e
ROV A R BONIE, HAE 19%/KF ER2 . X —4R0IE TR 2, Mreik s
fift 7R RGBT, S E RSCAERINE, B RESLILE RV E 8 LR oA,
20200, MKV AU, (EREVE P AT S T IR AR R B 1B A R B
KBTI B (1 “ X7, APl E a7 5

* 6 EHEHREEER

g ﬂ)‘ ‘Q ‘@
8 B AR A H HF AL HE A
oF 1.040%** 1.767*** 0.030%**

(0.290) (0.325) (0.007)

HAE 2033 2195 1695

B R? 0.931 0.958 0.941

EHEE s 2 ES

I E R AL = Z &

S0 B R s Z &

() TR H

AT IR B 0 A NS Bl RN P ML S5 A A A . AT 1 W B Rl s Ik T ik A R AR
PRI NN . NIGUEERUE 3, ASCHHT T W0 N YR RONAR S, RIS R aEE 7 s

1.4 b i

2015 4F 7 AR E N IRERAT B AT R TIRIE RN &R fE R B IR SR, rEEE
FZ D L G I E A, BOM TR 51 5 BN S Riya G 7 &R, I 2015 458
WA N GRS O AU SR E N TN SR RT & (/NS 2019),
HR RSB e Z B, HHSHERBE (2021). T/ (2019 BT, K
2015 FEAF A HIR M SRR TCERE “0—17 EAE, B 2015 F2 a4 at iR A o,
2015 4 K D5 Rl B IRE M 1.

FTH (1) FUEIR T SRl 5 ) BT S Rl s e 3, 7 B 4 T 2% AR 7 2R IR T AN 4
Fo Byt T IR BRI ST REBLAE 5%KF T EZERT 0, HapmH 55
(B1Ba — B2B3)/NT 0, RNGRlE s ifg U BYdhzeEmpely, e dhzeds s A a),
Ut B BUR 4 Rl 7 s Ak 1 ) 1 7 B0 S oG 3 T R A B AR P R R E A, SR Bk
THCFER CRUR A BIER, T B SR I ROH AR

2. 75 bR

b S R P B LS P ML G TR AL RN P G R A . R T B (2) FIJEIR T kG
P v DA B - G R R R A T B A R AR P AR MR AN R . B R RIS ek
M BT I REUBAE 1%/KF T RZERT 0, HP 5 HM K (BLBs — B2B3)/N T 0, B
PR = AL U BT mBEls, FEEdhsn Smie s, wlRmast s =
P L (R RE IE R A T B R T R A B R AR R ER IR ot T S 4
Al RS R, Il T SRR IR RO R . =R RS L,
HAEMIMER . PN AR KSR S, 5 iR & BT 5 S mi o 1 s R % BE RS
BRI NI FIEA SR EDhRe, R T R AEERE RS, R T7H 3 Flg
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7 T 7D A PR R < S T T B e R A R A TR RN A R e E5 R sl
SR BRALRE R S ve AN B8 S 25 TR K e G ST B s B AR R R, R RE YRR
M 28 R 4 T B (7 L 254 5 BEA AR DL R 2 b R R R I AN PS8 RE S AR Hm R
MR FE T S5 158 = bR R TR R e R g 4 AR A SRR R ) A [ B

*7 W TN B )T 4
58 1) 2 (3)
Ak lEE 7=l S A R Ak Pl A A E A
DF -0.064 -0.083** -0.131%**
(0.047) (0.042) (0.037)
DE? 0.005 0.021** 0.035***
(0.012) (0.008) (0.007)
_ -0.095
ek A
DF x4 &t i & (0.064)
0.038**
2 CAN| e
= -0.147*
=)
DF X & &1t (0.080)
o 0.070%**
2y s
DF?x & &t (0.024)
0.007
AL
DF XA Bt (0.011)
-0.001
250 A
DF?x A& #E L (0.002)
HAE 2195 2193 2134
H % R? 0.857 0.860 0.855
EHE 2 & = =
I B R & = =
e = < =
B 0.038** 0.070*** TR%
(ﬁ1ﬂ4 _ﬁzﬂz) <0 <0 <0

() SEIRIED

ARSNGB XA 22 S RE 108 ) 22 8 A A D73 T 25 B A e ROt Bl s B AR T R IR

M ) S o A2 o

T, MRPE 2011 F1 2019 FEA EIR TR R A SRR T R R E R DA, R
Jb 3 DX PR 4 B 3 A 7 e AR L A I )i R I RS PR B . B SRl R R AT)
SRAEEAR BRI S AR, R ERIE T R R AT SRR S AR 2 D AL G i, FOW 25 14 1
TR MR R (FR0E, 2017). B, ARSCEFEAREATE AR . M AR

HIX©Y, ok SN [R) b X 507 4 Rlon Bl 4 B2 3R AR 7= 6 B I 14 2 S

HR, ARIOEIAEZ R T BOREN AT o, R ek RS =
I B SR, IEWmER R, Bremadt P h BT IR M5
VERTIRAGYE, 00 BT 8 ) 22 P ) B — T DR 0 A A9 EL IR R 4 DA 3 X A0 7 S Al st it
Pk, A2 Chuetal. (2023), HFHARELARE 25 A LR R m ok E. R
PRER) S MRAEAE A I T 5 £ TR R S 3 (0 P SR 0 oy R B B R N B A AR 7 4%
ARG, 35T [EH .

R 8 T FML X B Rl I T R A B R I 2 . ARRI, FER
Pl R ERATPE AR X, Ay e RO T A A B R R B E RN U G R, R
BUER U il — ROAR R NI, Byt kIR BEZF v HSEE U ek, HAE
=AMIX A, AR A X R AT R KT B, MR RN, 2R X R

ORI EMZ R E R SR A RAR A, PRI X AR, R WA kil Y005 WD AR, R T
AR 10748 (H); X EFFLTE. 2/ TG, . WAL 6 4 M afmMZEE . i, EKR. I,
SN mEE. PURE. BRVE. HON. . TEAREE 124 (X, 0D RKABBX AT, SBT3 A.
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b2 T i O T S RO RIS AL TN 0, RS R S S T e R e I T R A LR A
PRERPERE IR . BEAN, ARACHIX BB T B RO T ik 4 R A R A B R,
AR A DRy e R AT LU AR NS, B R SO 1 R A . B T B 2R
P AR P AN AR B R U DY B 6 RS W] AR, BT e AR A [ DX Ak T AN
JEBT B, RIS AN R B¢ 4 B R A AR S RN

* 8 DX 35 5 M A4S T BT )T 46 )R
x B ) (2) G) (4)
R i T F
DF -0.152%* -0.155%** -0.123* -0.104
(0.069) (0.058) (0.065) (0.065)
) 0.039*** 0.038*** 0.033** 0.025
DF (0.013) (0.012) (0.014) (0.015)
DE F#{& 1.799 1.635 1.593 1.575
HAE 735 642 586 232
& R? 0.825 0.911 0.864 0.918
EHEE £ £ £ £
4 B E AL £ £ £ £
U Extreme point 1.920 2.056 1.879 -
B Interval (0.353, 2.854) (0.353, 2.854) (0.353, 2.854)
I Slope (-0.124, 0.074) (-0.128, 0.060) (-0.100, 0.064)
- % it UA UZ UA

RO MRE THCTBORENFE LA R B0 2 < ROt Sk T B 4 B AR A 7 A B 1 22 5

Pho SRS RRM], BUvemAmE 7 “Heyisil” MR, RIS SRR E
I, BT e R P T B 4 B A AR R DL B3 U BORAR, ey
BORNFEEARAIIX, B0y SRl o B 4 B AR 77 AR BB R . U 07 2k itk i
it 56 T (14 3 [X B8 B 4 A 4 80 e OSSRl 2 R A P AR R e AR S AR A Rt
ANGE R B X R AN o

*9 BFHEABANR LR ETER
2 oL@ LB
BHFHEAEN BEFHEAEN

DF -0.160%** -0.008
(0.042) (0.050)
0.043*** 0.001
DF* (0.008) (0.012)
HAE 1122 1073
HER? 0.872 0.861

wHEE £ £

F B L £ £

Extreme point 1.866 -

Interval 0.353, 2.854
Ut & Slope ((-0.163, 0.066))
%&b U

Ny FEEAGRHEI

By e R RO T aitisiria 71, st aoE skt . QUF. mME. wi

B R FEPUE . B e R AR miBR 4 LR A R IME A RN A

T,

ARSCR AR S R, L 2011—2019 4= [E 256 ANHZ & LA B3R T 7T
FEA, 8 NDDF-ML 45500 S0 Bk 42 B3R A7, SRR FU 807 < s 9ok i ke 4
R R IR — AT RO IR A TR A R R RPN e ] 5

16



ety U BSC R, Boref R YN C A kbl 7 ER A%, 5 A PR R
BT A ERA R, B TRAE . o fa bR el 55 T 0 B UE [R5 45 R AT T — RS
FRMEERTIG, EMA S A A BUmfa . —RIBERI SRR, et
TR R L EAG 5 TSR O EORQUET . Sl ORI S ah i . =M RO
IR, R R PS5 e G R T GRS B RN R 4 R A R R e A
FI, I R MR A ORI IE R R . R R FUE R, H—, 3
Tl B AT R XA SR R PERFAE, A e PEEAT AR X 0 T T A R S KT
Wik, HARES. b AU e X T R ST e e R A R R U BERR, MR
bt X 0y oo ST e 4 B AR PR IS R IR AN R 2 s K, Ber e iR RN T
Ui R, RIEBCTHARBEAEE R, By e ik 4 22 47 R 10
SR BRI U BSCR, X SRR AR R AR % . AR
SCWFFLES 1, R A R BRI

By PR TG R, WO S e G D) o (b7 SRl SR L DRIR
LG, BiERAE GRS 257, PRfedHTIkEl. BEITNEE 530, s
K BORMBTEI IR, UACRIRICERCE, hIERBRIE . FEREh B RA, Rmsxir™
bR B RCRAIE W . HESD RO b i GRSl R U T A A R TR R 15
TRl AR SS, DAL SRR BRI IR SRR oS o . TRAL Emhft
M AERIPESCE, SCHRE AT s R

B, BEMAREA TN, Ry ek Rl Bk, 3P nsm ey S A s it
BB TR T EORI R, PR EBRME SEE, e RIERMIEAGET), iEEZ A
R ) B it it S T IR R T LX) e B RES 2 52 BT e R R R AL o B E AL X [
Byl EZER, SRR WL Z. AAWal. Pk, =Eadrisdes
A X e e DR S TR, IR S BRI R, SR =k
GG A L, S P, BSaxt E RN, (R B I EAE
B, HEshaxtr e, IMEEERTT

=, RESRCBURSTEMIEE, RS rem@ia . REBUFETeE
BARE, ARBREIBUR 51 506 % 117 37 32 AR St e TR AT B vt ol T ik 4 8 2 A 7 6 (R e B 3k
B, RRAMAB T BOR SRS, SERBORL SRR SRR 2 Al AT
WHBISCRE, SR RH BT, TR Z s ER™ i, IR s E e, fafisr.
LRI F AR OB R S VR I S HESh P AR S R SR U IR R, T K
HBUG G EME] . SRRTRENE . VTR VE IO, SEL2 EARAIE O 255 11
1E RGN o

SE 3Rk

ERRIM AF—3R, 2017: (ATEHA = SR (B RN 5 G5 W RN —— 6T o B 2 U P M e A B B o ), (2
RIFIWEE SRS

MY, EhE. XU, 2019: CEPERERRSIVERRTHR T AG KR T E), (MEZFHAZFH) 55 1.

BRiE—, 2010: (b E G Tl 5 iy B T IRIR 42 B30 A P S AR O AR RE(1980—2008) ), (R TFIIFTTY 45 11 3.

S, SRR, 2021 CPEBEITECT SRR R BASIO I AL, IR 5 11 .

T RIS 28 2020 (GREAEFEERG AL KRG FTR—IE T PRI B PSM-DID AR,
(AT 5 4 H1.

MfBb, TKIT, 2020: (CHIEEE” TR ECA SR SBIHIRD, (MAFEE) 55 1.

JEPRAG . Y, 2022: (BrFEA BB R RCR), ChEAD-BERGIREE) 58 11 1.

AT RSP, 2018: (HUTF Aot R b Gl 7 R 10 5 AL R i —ok 1 v [ R 2 S b A 5 AL R S e i el

17



BOUESE), (BT 28 11 3.

Fhide, LI LW, 2017 CHIKM SR AR B HT—K B BB Sk RIREIMIESR), (EPREmp) % 8
.

g, TG EI. AL . AR, 2020- O E S E SRR B AR B 5 R, (FEFEET))
XN

SREERE. K38, 2022 (HrE M ERLSRRIEH AP, (ELIS 5D 5 1.

FOFE. ST, 2016: CHIRPONT rp [ 438 A 7= e (e R ), CEEEAES) &5 10 3.

B, AROCK. PR BT, 2022: (BUESRRAES QR R ARG A RS, ChE A DR SIREE) 8
10 4.

IR, SR, TSR, 2020 (BTARh. B S 2 4ERRD, (G & 10 .

BN, A, 2002: CHrAOARRITE 200 0y KM “Homia ™), (hEaRE) 831,

W IKEE, 2022: (BUEARi B E B O RSISHLE ST, (CRBFABD B 11,

BBLL MRUK. BT R, 2021 (TS RRE A SRR AL Al B R B —— R U RHEALE S RS, R E
ZTEIE) 1.

HHF. HE, 2018 CHEMETSMARREINESREK), (GFHEN)) F4H.

WA MAE, 2019 CREMHESREMRE. HHEHREER), (EREFTR) 56 4.

L XK. LB, 20160 CHUTBUR IR SEIATE YRS T SO IHF I EREE 407, (HEFE5) 4 12 3.

TLLLHT . SRR, 20200 CHUT- B4R E RO K PARTH R S MRS 72, (BRI AR Z K 54R)) 310

TLALH . FEMSRE, 2022: (BTGB IR L BE RGBT L), CRRABHE) 3 4 3.

WK, 2022: (GO, SRR S RGBGREEE), (FBramm) 4.

ZRUTL ARER, 2018: (FREEHUM. BER SIS Ity ol 6 T A — i T B VR I Tl 5 AR BRI T (K L AT ), (R
WHFL) 28 11 3.

e, B, 2012: (b EH& AL R SRR SR SRR A I P T O R SR AR, (PETALEGE) 58 53,

L, MR, 2017 (EREHL(FinTech) & JB& 5 M — MREE MA), (ERUIEETAY 53 W,

BB Y. fhibiE, 2022: (SRR A A BRHFSOG RS MRS I EER HT S SRIERL ), (RTEFAL) 5 9 .

MAAEER. XUBEAR, 2015: (XA 52 & A R T 5w BRI AR AR —— DA b B Tk ATV A0, (UFETe) 58 9 .

WA XA 2010 (b ESR ALY BRI BRHESC SE M R SRR R SR ), (R BEFAL) 28 8 M.

MBR, 2011: CHGEMATHE—REMRBATFEIMELR), (GEFET)) %14,

GEAKNE, 2023: (RGO EOFE A TSRS . NEZESEERER), (Srtkafi) 52 1.

XU B PMR, 2022: (BFEmba R RIEMALED, ChEAD « BIESHE) 58 6 .

XFES FAKE. ERMW, 2023 (DAL BEML BRI K AR IR AED?), (BEATFHARZTFAY 5 6 W,

PR WRAL EEE, 2023 (BFESRASEGIFRCRIEIELEY, (LUt 51 M.

BilEs. Pais. SREG B, 2020: (LR B HHCAIfR R A 2), (BELFFEAREVTR) 25 6 4.

BRI EIELE . A, 2022: (LUHFEMHEE. SEBORUED 5 b E AR 5K R —EE T SR BOR BT VRN 72 18] 2%
MALFZIESE), CEFEHTY 552 .

AR KT, EER, 2019: (ZRTHERRIRERERN IS S EZK), (EEIA) B 1 8.

AU VLA DR, 2019: (R THGEZIH BFED), ChETARASEY 58 7 4.

RIBEFS, 2017: (Bl BRIl 2 N Z/E M SaEie), (Mark) 4 6 3.

RFE ARIEAR, TREZE, 2018: CELIBMN SRR AT S W0 BRI IEIE T, GESRHETE) 25 4 1.

JERAABIEN B, 2020: (Eraft s Ml EOR I —RHE. FUHEHRM S SREE TR 2R, CEEEA)
5 5.

. 24, 2022: (BUFBORMBE SR LT TR JR—HE T e R ARG KEIR IN A0 AT Z), CEPERIESR) 58 5400,

WRIERE, 2008: (FREE. BHES TOVIKEHEEY, (Z5UR) 52 H.

18



TifEek. FHE. B, 2020 (BrEemh. MELRSAAHED, (FHFITES) 5 1.
FERGE. EREL, 2018: (“Gih” BUK 5S4 R B R —& TR EHlEL L AR RSEM ), (HERpZE) 8 5

FEEEN M 2022: CHCTeRR R ATkl L), ChEAD-RE SR 57 8.

ENHE, SRRYE. EBES, 2019: (BREERHL. B A S ARG — BERAE . HUHSLS 5 EUN B SR,
CEmEVFEU) 5.

EoeM. BKSR. AT, 2022 (BTSRRI ST RONBIRRIPLES IR TS, ChEAD-RIR S5 38
6 3.

AT VLG GREEE. BRI, 2018: (BUEARAE LN K 5 R E IR, (GBET)) 5 4.

B, k& XFE, 20200 (HrEemk R, GRS 5 A ——— M AR AR, (HERA) 12

PAEZE. B, 2021 (Hry- S e e R BRI m ), CHRAT) &2 8.

WE L. T2 BT KER, 2023: CHUFIIATR SN TR R 5 ? SR [ v R 5% A 5 P SOOI 3 ) s
CHETFAGET L) 55 3 .

B, TLBE, 2021: (BTN, TR ERERA R, (G 434,

MR Bl FHE, AK, 2023 (AHXIHRWEOA TR A RIS, HRE) 53 1.

W6, 2017: (ERIEERENERE . FRBEEHCREN), (4 &1 1.

GATIE. AR, 2018: (Bl HeAR RR S ZELM T T RN f——R O h EREWHOIESR), (SRR % 1 8.

T, RIEL HPE, 2021 (ABEOP RSB T E T Y okt (A Sk [ <R BE (RGP BEE> ST v AR S
WAEHEY, ChEANR-BRESHE) %51,

R TR AT, 2022: (HUESRin I mg (AT A S 0—FhABRHE . HUBIRE SRR, (AIRETF
Rh) 58 6 1,

RUKEE XIKRH. BF, 2019: GEHA KIEWE:H 7 25K B S S B RAER), CGERMA) 5710,

FEN EFRK, 2011 CREZTS)EEN TFP (IS, (GFIFR) %78,

WRBIAE L KA. TRAE, 2018 (TLEKM SRR S MECRIMRATEIHREES), (RFTI) 5410,

TKEE L REESE. SRTEM, 2004 (FEA BRI BEALE R IE:1952—2000), (ZHFHTT) 410 3.

WK T2, 2022: (TRl SR EHER R B IRGEON BB /0), (5D 4 5 .

WK 2022: (BRATERAFHR, RBEARCIFAT AERHAR B E—R B P E K I R B FIESR), (ZHFUR) % 2

A, 2021 (v s R B A MR B PR BERE AT FE ), PRI R

B . AR, 2021 (HTER. SOaE ST R ITER Y, (R 310 8.

T E A REUT REMT IR 0] Rk, 2022: CBosiE. F TS 5 M RO ——2E T DSGE BBGRBHUATIT),
CERLIEETIT) 4 6 1.

JENPHL . BRI BRI RIS, 2023: (BTl RER T R BIRKEG?
I H Y, (BERAFF BRI 4 7.

KT S, 2018: (RRISAZEE . A ABEER] S SR, (hRIFA AR 5 2 3.

T T RN R AR

Bachas, P., P. Gertler, S. Higgins, and E. Seira, 2018, “Digital Financial Services Go a Long Way: Transaction Costs and
Financial Inclusion”, AEA Papers and Proceedings, 108, 444—448.

Belkhir, L., and A. Elmeligi, 2018, “Assessing ICT Global Emissions Footprint: Trends to 2040 & Recommendations”, Journal
of Cleaner Production, 177, 448—463.

Cao, S., L. Nie, H. Sun, and W. Sun, 2021, “Digital Finance, Green Technological Innovation and Energy—environmental
Performance: Evidence from China’s Regional Economies”, Journal of Cleaner Production, 327, 129458.

Chu, H., H.Yu, Y.Chong, andL.Li, 2023, “Does the Development of Digital Finance Curb Carbon Emissions? Evidence from

County Data in China”, Environmental Science and Pollution Research, 30, 49237—49254.

19



Chung, Y. H., R. Fire, and S. Grosskopf, 1997, “Productivity and Undesirable Outputs: A Directional Distance Function
Approach”, Productivity and Undesirable Outputs: A Directional Distance Function Approach, 51(3), 229—240.

Fire, R., S. Grosskopf, and C. Pasurka, 2001, “Accounting for Air Pollution Emissions in Measures of State Manufacturing
Productivity Growth”, Journal of Regional Science, 41(3), 381—409.

Grossman, G.M., and A. B. Krueger, 1995, “Economic Growth and the Environment”, The Quarterly Journal of Economics,
110(2), 353—377.

Haans, R.F.J., C.Pieters, andZ.He, 2016, “Thinking About U: Theorizing and Testing U- and Inverted U-shaped Relationships
in Strategy Research”, Strategic Management Journal, 37(7), 1177—1195.

Klinge; T. J., R. Hendrikse, R. Fernandez, and 1. Adriaans, 2023, “Augmenting Digital Monopolies: A Corporate
Financialization Perspective on the Rise of Big Tech”, Competition & Change, 27(2), 332—353.

Lee, C.C., F.Wang, andR.Lou, 2022, “Digital Financial Inclusion and Carbon Neutrality: Evidence from Non-linear Analysis”,
Resources Policy, 79, 102974.

Li, J, N. Li, J. Peng, H. Cui, and Z. Wu, 2019, “Energy Consumption of Cryptocurrency Mining: A study of Electricity
Consumption in Mining Cryptocurrencies”, Energy, 168, 160—168.

Li, X., X. Shao, T. Chang, and L. L. Albu, 2022, “Does Digital Finance Promote the Green Innovation of China's Listed
Companies?”, Energy Economics, 114, 106254.

Ma, D., and Q. Zhu, 2022, “Innovation in Emerging Economies: Research on the Digital Economy Driving High-quality Green
Development”, Journal of Business Research, 145, 801—813.

Mardani, A., E. K. Zavadskas, D. Streimikiene, A. Jusoh, and M. Khoshnoudi, 2017, “A Comprehensive Review of Data
Envelopment Analysis (DEA) Approach in Energy Efficiency”, Renewable and Sustainable Energy Reviews, 70, 1298—1322.

Shahbaz, M., M. A. Nasir, and D. Roubaud, 2018, “Environmental Degradation in France: The Effects of FDI, Financial
Development, and Energy Innovations”, Energy Economics, 74, 843—857.

Sun, B., J. Li, S.Zhong, and T. Liang, 2023, “Impact of Digital Finance on Energy-based Carbon Intensity: Evidence from
Mediating Effects Perspective”, Journal of Environmental Management, 327, 116832.

Truby, J., 2018, “Decarbonizing Bitcoin: Law and Policy Choices for Reducing the Energy Consumption of Blockchain
Technologies and Digital Currencies”, Energy Research & Social Science, 44, 399—410.

Yin, Y, 2022, “Digital Finance Development and Manufacturing Emission Reduction: An Empirical Evidence from China”,
Frontiers in Public Health, 10, 973644.

Zhang, N., andY. Choi, 2013, “Total-factor Carbon Emission Performance of Fossil Fuel Power Plants in China: A Metafrontier
Non-radial Malmquist Index Analysis”, Energy Economics, 40, 549—559.

Zhang, M., and Y. Liu, 2022, “Influence of Digital Finance and Green Technology Innovation on China’s Carbon Emission
Efficiency: Empirical Analysis Based on Spatial Metrology”, Science of The Total Environment, 838, 156463.

Zhong, S., A. Li, and J. Wu, 2022, “How Does Digital Finance Affect Environmental Total Factor Productivity: A
Comprehensive Analysis Based on Econometric Model”, Environmental Development, 44, 100759.

Zhou, P., B. W. Ang, and H. Wang, 2012, “Energy and CO2 Emission Performance in Electricity Generation: A Non-radial
Directional Distance Function Approach”, European Journal of Operational Research, 221(3), 625—635.

Zhou, P., B.W.Ang, and K. L. Poh, 2008, “A Survey of Data Envelopment Analysis in Energy and Environmental Studies”,
European Journal of Operational Research, 189(1), 1—18.

Zhou, X., D.Zhou, Q.Wang, and B. Su, 2019, “How Information and Communication Technology Drives Carbon Emissions:

A Sector-level Analysis for China”, Energy Economics, 81, 380—392.

20



A Study of the Impact of Digital Finance on Urban

Carbon Total Factor Productivity
SHI Rong and TANG Yijing

(School of Economics and Management, Ningxia University)

Summary: The report of the Twentieth Party Congress points out that "Adhering to the theme of promoting high-
quality development, focusing on increasing total factor productivity, and pushing the economy to realize effective
qualitative improvement and reasonable quantitative growth". The city is an open, dynamic and complex system,
and promoting urban carbon emission reduction is a complex process of symbiosis between multiple interest groups.
The urban transformation focusing on improving carbon total factor productivity is a necessary path for all economic
subjects in the society to cooperate in constructing urban low-carbon green development. In the new development
stage where green development has been included as one of the important indicators of high-quality social
development, it is of great research significance to measure the green development capacity of cities by carbon total
factor productivity, which includes carbon emissions. Finance, as the blood of modern economy, plays a decisive
role in promoting the green transformation of economic structure, and digital finance, as a financial innovation driven
by digital technology, is characterized by its universality, targeting, science and technology, and innovativeness,
which determines its significance in improving the carbon total factor productivity of cities.

This paper utilizes Peking University's Digital Inclusive Finance Index to empirically study the impact of digital
finance development on urban carbon total factor productivity by measuring urban carbon total factor productivity
through the NDDF-ML index with 256 prefecture-level and above cities in China as the research sample from 2011
to 2019. The study finds that: first, the impact of digital finance on carbon total factor productivity shows a U-shaped
relationship of inhibition first and promotion later, and the disorderly expansion in the early stage of digital finance
development inhibits carbon total factor productivity, and the orderly development in the later stage promotes carbon
total factor productivity, and a series of robustness tests are carried out on the results of the benchmark regression
by means of instrumental variables, sub-indicator regression, etc., which proves that the conclusions of this paper
have a strong robustness. Secondly, the heterogeneity analysis shows that, firstly, digital finance is characterized by
geographic location heterogeneity, with the average development level of digital finance in the eastern, central,
western and northeastern regions decreasing in order, and the digital finance and urban carbon total factor
productivity in the eastern, central and western regions show a U-shape relationship, whereas the impact of digital
finance on urban carbon total factor productivity in the northeastern region is not significant; secondly, the
development of digital finance has exacerbated the Secondly, the development of digital finance has exacerbated the
phenomenon of "digital divide", which is manifested in the cities with a high degree of access to digital technology,
the impact of digital finance on carbon total factor productivity is more significant and shows a U-shaped relationship,
while this impact is not significant in the cities with a low degree of access to digital technology. Third, the results
of the channel test show that digital finance promotes carbon total factor productivity mainly by promoting green
technology innovation, increasing consumption scale and optimizing consumption structure. Fourth, the analysis of
the moderating effect shows that the strengthening of financial regulation and the advanced industrial structure can
strengthen the role of digital finance in promoting carbon total factor productivity and accelerate the process of
digital finance crossing the "bottoming out point" and playing a positive role.

Keywords: Digital Finance; Carbon Total Factor Productivity; U-shaped Relationship
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