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—.518

R RT3 A, SRR PR 24, i [ 42 11 2030 4F G SE BUBB A I 2060 41 S Btk il
ORI LB (LA PR XU ELAR) o Mo R v 5K, 3R A B 2 R K B AR 2 B K
A IRDERF SR RUBR™ LB | A AR S BHE RO AR IEHE AR G O AL A 45 25 S 2 g R MO R IO A
AR (ETE AR AR MR A ELDRI R A BT 5T QAR REZ M T 85 d J JR 0 T B0, 4
B N FVLLR 1 AT GEAR LI B Al A AR THBRHERCRR  E T 4 B R AR T FF 228 )7 . B0
A SCHR MR ) A4 X BRI R M DR 6 AT T AR T, b A9 AR A B e — A T B9y
i), 76 SCHK 15 56 N AR BRHERCCR 1 BT, DAk A AR 5 T L R 1 40 5 A 0 s P
L P BRHIRICHS e 1 S0 , [ S B8 0 KA — SRR (268 4 ,2019) 1 BRI T A g ¢
ASKOTHEFF AT L S B BRHEROICR (SOARRE 45,2018 (TR 22 45 ,2002) ) s 45 430k OGHE A HEAR Iy
I VAR A8 , A T3 A KPR 28 B B A M B HE RS B0 0 4 06 0 e
RORP A T TR (2 24520242540 R0, 2004) 7 S WEAS AT THFEA HLIG B RN BB 722 0
SR B H OB o SRV AR T FHLE 45,2024, 254 48,2004 S0 H8,2025) 1% SR TMT , 847 SCik
WRAKEEN 1Y A LR B B

NITGARMI R 57 314 2 B S5 SEBRe e SRR | Al 26 T 1 BE W T 3K 1 AU RIBE RE AL
PORFEMAER , BFREIA I VARG, A ALk F B WA I T, ik I 2%
AT AR KO BB . B 0BT L0 R AR T I I A 8 4 i 5 )
VEAIAL, , T 25 0 A B B3 1 1 7 I B ) SR QT WO RE 1 , A 722 4R T 9 SR T
(YA 6,2021) 0 R, A AR IR U S K 4R T, SR RGO I VEAR (5 R fr 25
s, P A EARBER T80 % 5 b, A VARG R R A R I VA 35 8% 2 IO 1
56 2R, N3 AR 50 125 A 0 SR 90 85 N WEAR B T R R T (VR B 45, 2018 G 46,
2019) 1 MBI bk, K GEARGH B S LRSS E AR IEE (W79 45,2022) %) 4B 15 REWR
HEBAR TR QRN 6 RS D0 AL A 70X, T BB ISR I3 R B 25 M MRk 45 ,2023) 1) I
i3 3 e A A (RS T, 2022) 1 AT AR FHBHEBOHCR

YT KT GEAGE D 5 AL AR T BB HEROICR I T BR 18, AR SCHEC AT IR AR | 430 A A
G B SR A X BB HE RS R S0 B LU I R R IE 30 4-45 6 2003—2022 4R Y TR B HEA T SHER:
UE, ARSI TR BT 46 A VARG R A S RHE RO R AL — 9 ST RE SR i R
FIVRAL T BRHE BRI AR BT 5T , I g A3 8 A 5 4 85 SR A T BHE RO RO 1O 4 P4 48 T
CIUERR . 45 SB AT L A RS Bootstrap B0 T A7 %8 A 4 4 5 A o (it A
BB REUEIY Pt b 3 2% SR SR T MO B 1 SHLRL, A1 B F IR A A B B 5 0k
HEZ WA MTERRR o 25 = 0 A AR KSR AT AR | S50 00 388 3 265 T % 48 T A3 e AR
AL MR H O A S e |y 53 R 8N AR 850 125 O TSR R0 A R P45 M X BB
OB T SRR

— B amEmRRRKIE

1. AT 3R 2 40 3 BAC ST 2R e 5 R 0 % v

WAL T IA BT AR G R B B AS F DN A DR e DIE A 7 DR X oz e G ) FR B 254
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PRI 48,2003 351 ,2022) )| RHERCECR OB TH K A RA T : — A BOb A
AT, I R QBTS04 S IG5 37 th e — PR 1, WA T S 90 HER
FRSE [Tt TURGEHIE . T 2R VU AR B 0 AR 7 M ) H O S B 0 9 240 =
M, 5722 0 TR e O R, S 0 50 e 23 0o e O HE R, 6142 2 O
S, AR PSR A TR YR (2 BT R T ) (095 38 XL B AR A R R TR
B T A3 R 72 AR R 32 FFL BB 72 T L Nelson et al. ,1966) ™%, WAt
R0 AR CRTH T HENORCR LT, BN PG R RHER 1 BRI, 22 3 BRI e g A ELAT T
A SRR R, R L2 R A 3o e B T B, 6 27 SR P o 9 R 4, T
3 R P AR TR RO

() SR IR, A7 VA AR T A 2 o1 FLA 2235 B (0 AL e P ) 45 B A
SN TSR B0 B0 RIS | B, A A SR Sh R R BB B2, AT
YNGR RSN TG AC N 530 5 FLAT T 8 060 5L 0 0 JEL 0 A T A3 i T o
S HEATHEAR BT ( Arrow, 1962) 1) 45 B 65 547 200 M 0 3o W % K i 145 B 37 815 2 053
(Caselli et al. ,2006) """, LA, FAHTHEA W B A3 5 5 HERBHERYHS 2 Romer, 1990) ™, ff
AT P R B 0055 B T B 17 T A T O 38, TR, A1 W  4  A R A
R H AR, 0 H AR B 2 34 72726 Fh LB S0 e T T B 35 3
HE ALK ST VR R BB, 52 RO K T TG AR 5 2 R O P TR 0 5 B 0
B, B0 BTN, R, HeRBUFHA S8 P B AR T2 SESIR 4 S,
EN T

(2) GRACREWEI S GHIR . B2 AT VAL RE G, W 9% Al R 247 S PR B
R B3 (RS, 2022) 9 | T3 e P B 2 2 il 22 SRS 9 o ) R R 22
HEA L 91, 305 WA 56 S 0 B 0 8 A 5 T 6, S0 38098 19 B0 IR 540y (9 24
B 4E,2024) ) A JIVEARLETRGAL o R A RE IR S8 SR S T AR AP BB 1 2 LA
BT AT A A2 553 VA AGBCRE (AN o BT 42 R 01 | W) R R 9
FFRAE) s A P 7 0T 2 LA i W A 4 Ml IEURTEE R 35 30 44— L 7= o o i A )
R R BT 75, T 20 D58 5 5 R 5 D 24 3 17 L 5038 e S 0 2
Rl B2 A AR OG0 , A 2 ) R TEI  2  97 DA o 0 0 1 0 IR E 0 4, 0 T
S O P 2 TR

LT LARAMHT, 4 AR B

HI A AL B 2B HH O R 4T

H2 N S35 5 e 0308 i AR AR O BT R R R 2 B RHEBOR

2. AT A 25 M) 3 AR v B B AR 8 S

TR ) [ £5 b DA BER BT 7k G548 R TS ) SRR L 25 S AR X Z Ja] B AR K
- (BRBHIGE 25 ,2012) 200 TiA LR (B 40 45 2011) 2 BREEHLHIGR B (I R 45, 2020) AR X 508
X e 2% AT R T BN T B ARGE 4 R AR R HEBUSCR B S R R TR
(1) FEARAE ST, HEARIK 22 5738 1 3 AT B A AR I CRE 152 0 N T B8 AR 28540 v S A ko
BRHECECR IR TIHER . — 7 T, AR SR 22 BEHE ( Griffith et al. ,2004) ™) F7 AR K P45 w8 3 X (1) St
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WA G 5EmBNITEATE NGRS, MR, AL S HEBBCR 3T, Bl ngdli 4 5 SR AR
AT B G T AR, 38 T3 B e 45 1 S i | e B AR KO i X n] ARt 76 A 0 S b 15 46 SR N 1 %
A RAENERT, DT HE R N ) B8 AR S5 46 125 AL X HEBOBCR I SRR . AR, B AR KPR A b X H
FEFR AR, TR o YRR BN TTEARNER L2 0T e F B A m BN T AN 55 3 & R ik 2 38
TC i A7 1T N AL BE TAF , T2 LA RE R AL AR TC , TOVE 7800 A BN 1 A S5 1 1o AR X B HE SO0 i B2 7
YER S —7 1, MR RS0 fE J1 388 ( Cohen et al. ,1990) "2 | 54 A H X EL £ 55 3 AR Wl 5 7
BIHTRE ST, FT LAER A B A A B AR UH 5, IT 256 HAKIE 3 5l A7 FAEr, 3 m A ) e A
SER R G B HEROSCR I ERTHE A T AR AR |l XA B AR WS AN R A B AR U6 3500 AN g 78
Gy RAE BT 29 N T RA G5 R S AT i HECR 4 FHE

(2) AR S Tt . T S AR B A AN [ 3 ot 2 T 205 LA B AR B B sl s ) N 0 W A 4%
PR AT B HE ORI B THE T . — 7 18T, AE T A AR B 20 oo A Ml X, A ™ 3% 3 BE 2R IR AR /N |
PP (TR IEVS 5 ,2024) 0 AR F R RN T GEA R L A AR | AT AR AR B K 1) 4 24 70 3
KIGAR SSRGS P o 0 28 UR A SR T HEROSCR RVE FIPLR . MiE T 3 & B R
BARAY X, N TTBEA B 32 B, W N 58 A S5 4 e AL BB HERCRCR IR FHE DB A S, o) — DT,
RRBREARAH G 3 B A W] 0 B TESM AR | 767 A 35 R IR Rk 23 W 1) () A s M BEL 1 1 AR 7 5 40 2%
(503 45 ,2025) % eI AR A B L IX, R B i BE A N 5835 , A B T 2 AR B A 1 3
F1R A7 ) B 308 2o 2 P I AR AR BT T2 A 9 £ 32 R 25 S AT Bl AR i ( 2B 48 ,2025) P77 5 Ak A
BEAR G R v G A i R AR BT 4R T B HE O B VR AL . T 7E T S AR B AR A i IX, Ry
BRSPS 58 35  RRF N A S A i AR BB SR80 & 4

(3) It ALl et B S M . PR RIS ok A PR AR LR 5 | S R 2 SR AT Sy, AN ) b DX (% PR 358 40
il 22 57 5 SR Z B IR R SR, “BRBE” BRISTA N . — 5 I, B H AR (U & ) PR 0 4%
GRS N 1T A A5 5 A DL 3 B AR B AR ME LA E AT 35 55 — O T, A 77 T4 S5 SRRl B0 5w A HLITL
VLA &7 S 3 PNOHE UG 0 5 i AR BB AR B A G T3 KUK, 25 2 Bl A AR 1k A7 B IR
TR, BHLARSHERRR S Y, T A BRI e (b 4E 2% 45,2024) Y e PRBE ML 3 28 2 A i X, il sk
JRAR R (EhE R 45 ,2020) P2 2 aE (A R SR A 2 T 2 BRI AR . A R T
GEARBEAMCBRFLARBE K, FH IR A AR A DR HE A , DT AT LA 3 4 AR B8 A0 AR g
WCHE B N 3 B8 AR 45 44 v A X B HE TSR R B S T o T A 5 O o o I ) X oMl i HE T A
BAR, HAMT AR, S A2 R ORRr I R T 245 e e ™, NN i BN ARSI
B AR A, DT BELAS: N T 58 AR 4544 v G Ak 6 e HE R 8 3 R A2 i1 T R

BT BRI A SCHR AR H3 - A BEAS S5 185 G A X Bk HE ISR B 2 FHVE TR B AR AP 85 v
TS AR FE A PSR 0 oA 32 2 vy 1 e DX T

= RIEMS R

1 AR AR My s

IAEN I AR LR 18 GAL X e HE HOSCR BRI, AR SCS 25 XSRS B4 (2021) 2 BB T, 19
AR A
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In(CEE,) = ay+o,In( Hsiruc,, ) +o, X, +u, +v,+e,,

Forr R AR @ e 3 AR ER X (A8 0y ) AR, B A R B B HE R Dy i I ¢ ARBRHR IR
(CEE,) W A SRXEUH , B O B 1 N T BEA S50 S Ak o @ ML IXC ¢ 4 N ) AR S5 4 v G Ak 48 25
(Hstruc,, ) 1 FUARXPEUE , X, ARG B w, v, 53 0IFTRE 3 FIAED B e R, e, R BEALAL B0,

(1) H DX A ) BEA G54 i AL KT T B2 AR SCAE 40098 55 46 (2018) ' (i F 5T, 3 FH 1 o e £ 12
DSEAREARAE 13 (9 N T B2 AS B AR B, 1246 BURR I S W N 7 8 A 254y w8 R 1 0 25 g 2ot 78 L B A T
NITHEARM U ER AN G R VI AT TR GRS AR AR J5 & (R4 55 ,2019) ',

(2) M DX BRHFBOSCR MR . A SCRHZEE H IR Z R AT Z 007 1 BE A 2% 53 B (DEA) J5 1%
PP i DX BRAHE AR, EAACR FHAEAR 717 17 B 25 pR A0 (NDDF ) tH A5 5 25 5 Kok %5 (2015 ) ) By
T ARAFEARALSE 55 B TN CEARAL AN FE 7 N) CRARAE R (DL 1996 4F Sy JEi | fiff FH 7k 2 4%
FEETHE AZTT) RETRIN 9% i (7 AR HEARRE ) ST EE 7= s Sy < b DX AR 72 (B (LA 1996 4F R FE T, 42
I, ARBAEE ™ R AR (T |

(3) ¥ il A8 B (Y I, AR SCAF % Li A0 Lin (2017) 2 22 S0 3 R 55 e (2019) 2B R 4
(2023) % Az B4 (2023) P AGRESE  BEELA R 6 AR AR B — S BURN T RRE R, FH M 0 B— i
TR S S GDP Z el i, — b 2507, AR ==k 3 il A5 GDP B b E A o = & XA oK
SR TR S GDP 2 HLA s DU e R K AR SERR GDP ) A 4R X Bk (e A i 2
“HARGHAE" N KB L R B RO it 5 7502 RR USRI SR 4 A ™, FHRE R 9% 0t o5 fbA RB R 9% 6
1 A

2. AL R

S TR AT FAFME A SCLATRIE 30 N8y (AN ELEE W W15 L DRI 8 1936 D) M FSEREAS  FEAR
]2 2003—2022 4F, T AEE £ ZORIE T AR Ch FgETHE L) (P E 95 Sh e HE 48 ) (h FRHE St
THELE) (P RS ST %) (h FPR R GETHRSE) (P R IRGETHAF 48 ) LR 45 b X GE i H AR SE AR 52 ¢
TR M b E T4 B8 ZE (hitps < //cmi. ssap. com. en) &5 | S5l 26 $ied 12 BRI ] #a S b A 7 Rb 42
FEAS R RIS R R 1,

AR FEAS ¥l bafEE B/ME BRKRE
Bl A it RS 600  -0.367 0.265 —1.242 0
BOmBER ANRARSH SR 600 2. 891 0. 043 2.773 3.043
BN T AR 600 0.218 0. 096 0.079 0. 627
g e 600 0. 448 0. 094 0.283 0.816
XA K 600 0. 300 0. 360 0. 007 1.721
P A
G R IR 600 1.529 0.665  —0.487 3.031
HARBIHAKT 600 0. 051 0. 089 0. 001 0. 866
REVRIH 2h 4ty 600 0. 746 0.155 0.016 0.958
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AT YA KB AT AL S R A B B B R T A

M SEIES RS

1. A=)

KA PO S 4T Hausman K50, 455 R PAEZE/NT 0. 01, F5 468 J AR s, 156 B W0 25 1 5
fiff TR A5 S A7 AE — A AR DG 11 5 280 A T 1t W JE KRR AR VT e — S0P TR, 3 430 T 200 o A AR i 4 7 5
HEIIE KI5 SR W3R 2, 7R I A SRR AR S B rh ) < A SRS M i gAk™ 1 13 R B 1% 1
K 1 2N IE R ) BEA S5 4 = Ak 2 BT T B RCRCR ik HT A5 21 5HIE,

x2 EEMOBPLER

A hr BRAEC R
o N 2.980™ 3.567 " 3.832" 2.683™ 2.588"" 1.404™  1.398™
NI AR GEM = 9tk
(5.94) (7.11) (8.25) (6.02) (5.48) (3.53) (3.78)
-1.195™  -1.288™  -0.993™  -0.850™"  -0.481 -0.425™
BOR T R
(-7.54) (-7.58) (-6.39) (-5.62) (-3.60)  (-3.35)
1.203 ™ 1. 049 ™ 1.256 ™ L2117 1.193™
ek 24
(7.58) (7.16) (8.26) (8.69) (8.45)
) -0.276™  -0.369™  -0.204™ -0.218""
XN TR -
(-6.28) (-6.25) (-3.85) (-4.43)
o 0.241™ 0.301  0.272™
LV R IR
(3.41) (5.51) (4.69)
. 0.973™  0.757""
FeARAN K
(6.94) (4.93)
Py N NN 24 _0' 251***
REVRTH 70 254
(-3.45)
-8.900™  -10.461" -11.936™  -8.143™  -8.291™  -5.277"" -5.024™
g el
(-6.02) (-7.12) (-8.70) (-6.08) (-5.93) (-4.52)  (-4.58)
AR RIS 3 [ B AU il il il il il a4l a4l
FEAS & 600 600 600 600 600 600 600
R? 0.871 0. 884 0. 898 0. 908 0.913 0. 931 0.932

H T RNER 10% 5% 1% 0 B NG S R BUE A RA L ¢ i, TR,

2. A A B

(1) NAEAREE, ﬁ%ﬁ’iiﬁﬁﬁrﬂ XJw) PRI 2R G 2R A5 5 D A N A= PR RV, AR SCR A GMM Al 1A T B
ARTIE AT AR AL B, 55— ST BRARBCECR” (i 5 1 TR T R S8 GMM i K as R 3% 3
BI(1) 5, NTI5EARS *ﬁm%ﬁﬂi”ﬂ’]?ﬁﬁ%jﬂﬁ i JiEEXAjJ{ﬁIZI-‘ m A e AL B IS 5 30 T
HAR R (BRI, 2014) {190 B B dic /N —3fe 1 (2SLS) BEAT Al 1, Ky g 45 SR WL 36 3 (1 (2) (3) 41,
Kleibergen-Paap rk LM Ztitim Al Kleibergen-Paap rk Wald F Stitim a4 T HAS G AN ] R 50 Fnss T 5 AR &5
J R, 2 B T HAS R IOA R 58 — W B InH 25 1 o, THRASE 5 A )R AL @b B35 A
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#h#F

TR KB ARG T R AT B BOR R B4R TR T R

I o B B S R R, T RASE G 1 ARG M s e 09 a1 H R A 1% K7 E R &8 1E
PRI AT R TR RN AR RS , NI ARG m A B 5 T T BRHER R A5 IR IH L
(2) bk, %8 A Pom AR ] BEAT 7R 4L W) 55 22 (AL A AR SC A28 [R] (7] 00 4 G 2 )
R TR IE R DR (XTPCSE ) FTAT AT b/ 3k (FGLS ) #EATRERUAG I, KrgR g i L3R 3 /Y
(4) (5) 51, NI AL R gAL” (Al R B R0 IE SRS A (o] A 25 3R AR e
(3) MHIBR ECRE TREAS o 5 i 380 T T AR R 104 M 57 o RG5O 48 20 DX 7 A W 3 22 5 (AP i 45
2019) 7 IR EAETREA S EREA TR . MUREESILEE 3 (1(6) 41, NI AR i AL ™ 1 R AL

8RB M IE
x3 BEMREER
A A AL B AT S
24 GMM {11 2SLS 55 —BB: 2SS 58 BB FGLS XTPCSE HEETIREAS
A i (1) (2) (3) (4) (5) (6)
AR % NI TRHERRCR BRHEBR O RHEEBCR aRHEERCR
§ SRR A g g ’
0.928 ™
THERCR R IS 1 3]
(5.90)
. L 1.153™ 5.036™ 1.290 0. 462 0. 796 ™
N TR G = 9Ak
(2.34) [2.74] [4.75] [1.98] (2.17)
0.217*
T HAR
(4.95)
LA REIRIH 9% 5 He
AR(1) K561 -2.4310.015}
AR(2) K518 -1.58{0. 114}
Hansen #6468 10. 15{0. 965!
K-P rk LM 4t 24.59610. 000}
K-P tk Wald F Z5iti 24. 4681 16. 38}
FEAR = 570 600 600 600 600 520
R’ 0. 965 0. 920 0. 869 0.939

U S AR 2 B3Ik 5 KAE 5 A (BR Kleibergen-Paap rk Wald F K56 X517 A9 2 10% 2 VAP T 1 5
S BB P AR JOT A AR ] 1 7 ) 2 R T 7, IR T W, 42 i A2 B A T2 R s R R )

(4) Bl RS B (I B 7 1, (S SR AL ARG A (2012) V7 R EAB AR A4 (2023) U Y
i, (AL 35 AR SUTER 7™ Hh ) SBMLASE TR I FEE AR Al X ) B HIE ORI, A5 0% B e OIS 17, LLHH
R B AT . MIHEER IR 4 B9(1) (2) (3) 81, A EASH s A 1) R BOA T B 3%
NIE, i — R MR [ A 45 R AR Y

(5) R O i e i (Y i a3 — A S0 B3 4 (2018 ) O BRI S AT HT (2019) MY (i
T REUL R Wk b SCHFSCE 5 2 #A R AR & A SRS R gL
170 B AR BOAE (2015) 1 ANGKE B (2021) P ROMEE R B g D s R ARRLL

St
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KA A 32 E AR BR AT A R 0.6.9 .12 15,16 ,19. 3 4F H H 5 AR Al A 5 b AR 3, F H
JB& TR EHE NG =2 M ARG Rk 27, 5 = 5% Vandenbussche % (2006) " (1
e S0 G s B DA B R & R DL e A B H A N T SR AR S R Ak 37 e N )
ARG P 47 o 43P IR AR A% O Rt FORT A TR A S5 R L3R 4 1Y (4) 2.(7) 8
N, TCV A R R A A S R S A BE T 1 N T B AR S R e AR B HE ORCR  A HE F E 2
W PRI SO 20 B4l R B R AF Rk

T4 REMHKRIEER?2

I TRHERCRCR 1 BRHERCE
A
(1) (2) (3)
. ] ) (4) (5) (6) (7)
LSDV /i XTGLS fr4  XTPCSE £
o 1.169* 0. 920 0.692*
NITVEARGER B AL
(2.35) [2.50] [2.00]
N 0.205 "
NIVEARGER SR
(4.34)
] o 0. 067 **
NITEARGEM = Ak 2
(6.40)
] o 0.522"
NITEARGER T AL 3
(4.27)
o 1.083 ™
NI AR GE R =S4k 4
(6.50)
FEA & 600 600 600 600 600 600 600
R’ 0.927 0. 879 0.933 0.936 0.933 0.936

3. A A AL A

AR SCAE TR R (2004) S BORFSE KRR A 800 AR

In(CEE,) = ay+a, In( Hstruc,, ) +o, X, +u, +v,+e,,

M, =By+B,In( Hstruc, ) +3, X, +p,+v,+¢&,

In( CEE,)="y,+y,In( Hstruc, ) +y,M, +y, X, +u,+v,+&,

Horb o my, Sy As i A A e (R A A AR AT SCHIE 0 A, B SR BB KCE” A e TRH
RGPS TR AR B THRITIR AT, A PR R o, vy, By - v, 2IERAS RN ELRE RN | [A]
FON, ARV 5 BBV HLE R B, - v,/ JE AT Sobel Kt — 250 A th A ON Y R E M, R
5H(1) 2 (5) FNEH T ERIZEEA TR A ROV B R SR 2558 . Sobel {EIITE 1% /K- | 2 KB
PO ZE AL, RT3 G A S48 i Al T DL i 2 1k SR BB MG AL RE TR I 2 45 K P A TR 18 $12 71
HEoseR il H2 AR 5IE . o, SORBIHUK - B RN o5 Ly 45. 71% ,* REVRIN 2 45447 1 1)
PRV L 22. 68% , e HEEOR QT IR IE A9 A ROV R

EGER A 1 FURE ARG 56 0 — AR B A PP 00 (IR 55 ,2004) 1 (EAEBLSE 0L 2 rh  HoR
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BUHTACE FBETRTH B 2514 23 [R] T e HE R R ™ A2 B2 0, BRI 36 495 5 W35 0 F AN REUE W 3L [R) 4 TR IR
W W, A S % Preacher Fl Hayes(2008) "2 BYBF5E My d T 47 2 F i AR 5 R4 .

In(CEE,) = ay+o, In( Hsiruc, ) +o, X, +u, +v, +&,,

Tech_inno, =B,+B,In( Hstruc,, ) +B,X, ., +v,+&,

Estruc, =0,+6,In( Hstruc, ) +0,X, +u,+v, +¢,

In(CEE,)=y,+y,In( Hstruc, ) +y,Tech_inno,+y,Estruc,+y, X, +u+v, +&,
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The Lifting Effect of Human Capital Structure
Upgrading on Carbon Emission Efficiency

YAO Li-ting', PENG Xiang’*, ZHANG Yi®

(1. China Center for Special Economic Zone Research, Shenzhen University, Shenzhen 518060, Guangdong, China;

2. School of Finance, Chongqing Finance and Economics College, Chongging 401320, China;
3. Chonggqing Tugiang Engineering Technology Consulting Co. , Ltd. , Chongqing 401121, China)

Summary: In recent years, green and low-carbon transformation has become a core imperative for

promoting high-quality economic development, with improving carbon emission efficiency serving as a critical
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pathway. In this context, human capital—as a fundamental driver of development—should contribute
significantly to enhancing carbon emission efficiency through the upgrading of its structural composition.
However, while existing literature extensively investigates the relationship between aggregate human capital and
carbon emissions, systematic research on how the upgrading of human capital structure affects carbon emission
efficiency remains limited. In particular, there is a lack of in-depth analysis of the intrinsic transmission
mechanisms and heterogeneous effects through which such structural changes influence carbon emission
efficiency.

This study measures the provincial-level upgrading of human capital structure using the vector angle
method and evaluates carbon emission efficiency through the non-radial directional distance function ( NDDF')
model to examine the impact of human capital structure upgrading on carbon emission efficiency. Empirical
results indicate that human capital structure upgrading significantly improves carbon emission efficiency across
regions. Specifically, this effect operates primarily through channels such as fostering technological innovation
and optimizing the energy consumption structure. Furthermore, regional technological capability, the degree of
marketization, and the intensity of environmental regulation can amplify the positive impact of human capital
structure upgrading on carbon emission efficiency.

Compared to prior research, this paper offers three marginal contributions. First, it integrates human
capital structure upgrading and carbon emission efficiency into a unified analytical framework, exploring
pathways to improve carbon emission efficiency from the perspective of human capital structure advancement.
Second, regarding mechanisms, it employs parallel multiple mediation analysis combined with the Bootstrap
method to test whether human capital structure upgrading improves regional carbon emission efficiency through
technological innovation and energy consumption structure optimization. This approach deepens the
understanding of the intrinsic relationship between human capital structure upgrading and carbon emission
efficiency. Third, given that the effect of human capital structure upgrading on carbon emission efficiency is
moderated by marketization level, regional technology, and environmental regulation, this study further
examines their roles in this relationship. These findings offer significant policy implications.

This research partially unveils the intrinsic mechanisms through which human capital structure optimization
drives carbon emission efficiency improvement. It provides a basis for policymakers to design targeted talent
development and green transition synergy policies under the “Dual Carbon” goals framework. Additionally, it
offers differentiated policy guidance for provinces at varying development stages to enhance the alignment
between human capital and low-carbon technologies, thereby better leveraging human capital structure
upgrading to serve regional green and low-carbon development.

Keywords: human capital structure upgrading; carbon emission efficiency; technological innovation;
energy consumption structure; degree of marketization; environmental regulation
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