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[7] , 3 BELATRR R AR A A B Ry 5 JEAE AR L I BOR RO AR A, B ECF 2 BF R RN A BOR S (L A AT 3R
R AELexp(=p(Z, sa)u,) | (v, —u,) ] = ELexp(ungs) | (0005 ~tia00s) TH/ELexp(upns) | (0,005 =
Wonos ) | A EHERE N AR CRAATT R m R {E[exp( —uy) | (v, —uy)] = E[exp(ups) | (00 —
toes ) ] /ELexp(upns) | (Dps ~this) ] o B Z 22 ETEC, R PR
Elexp(-p(Z, sa)u,) | (v, —u,)] = E[exp(u,) | (v, —u,)]

E[exp (o) | (005 ~tinp0s) ]

BT LT FUBAA AR A SR R BE RN, (ESC, ) B3 i i K 57 30 I FIE AR ™t B STk {E BT 3275, RI
FEENRE R MR ARk, TEAESE TFP AT HESE b AR A AR (e - 1) D) f§,9?jo
HCE ISR AE A DN SEAE SR i B0 28 55 1) T RE ROV 3 o RS N TR 8 & EEZR 7 Hh otk & IR, dn=X
(1) R, Hrh, e, Fon 5 BBCF A U BRSO I 0 5™ H 38PE | BRSO 1688, 97 Bh R i e, 5
WARBEEINE ee,, ALK, B . ee, Bp(Z50)) ee, Bpi(Z) 50,) , ee,, S A R4S A 7 S 2 R
e 6€, TN N5 BB Z MGEAR B 1™ sk o S sk Ll e, | &y L £ L € € WIFRIR I
JAHER T A SRR, BRI R d it oo R B L AT AU ARTL , &, =B, , €4, By, €4 B, +By.,
i =6, /80 5 € =E1/8, o N1 RPN AT 2057 WURE IR AU ISR AR AL, J5 2130 s I S HE AR
T AYUESCRASAE, [RIREH R AR AR A A R Dy 5 AR AR LU RO BRI AZ AL

ETEC, = (10)

ESC, = (ee, — 1) (ek, L, + et k) — (e, = 1) (&L, +&€, k) (11)
ZEE BIROHT BT AN B R A TR BERU N, (ETFP,)) o7 N R RE B AR ZCR AR {b R AE 7 A iF
A TR EE AU SCR AR BN 2 AT, A= (12) B .
ETFP, = ETEC, + ETC, + ESC, (12)
(D) ESEEREAE
1 AT AR
RO A BRI AR SCHEEUA ™ H P8 AR AR DL il S P2 (V) |, 3 A S8 B o il 15 Mk S 2
FHT (L) A b [ 52 98 Pl (K)o Herb, i3 b =18 5 il Ml (7 2 9% 7= v (8 o A Tl A 7= %
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T O R AR ORI Tl i R 57 BB AR 48 A TP D, SR 1 370 2003 4F il TR T AL AT I A R K
DR TRP $8 bR IFARREAF A 2 23R )™ A T 5 ATARAR LU AR AR | e 4 B AR 77 B AE (TFPC) | Tii
A TFP B, B, f SRR RO ARG 5242 (2014) B2 1 BEDRAE (2020) ) BBITSE, A SO 2003 4F2EH] TFP
BOEN 1, 7R HUR) TFP i, $OREES BRI R IE 2 M5k

2. Wy A T IR L

BUA R BT 2 TR I SE BB AR 7 B AP T T B TR PR O A R AR AR R BT
45 (2020) 0 PFIEFRAF (2022) R IR (R | S ST R AR G T A T R I SR A G 4R B L R R B
RIS o EARSCA N, i G — B ECT 25255 T8 AR BETE 70 MR BRI 22 5 KRR A2 1 22 S
ST, A R BT B TR ) 2 4 AR AR AR B AR 0 AT, AR SRR XA [ T S A 15 BOAR L B4 B

A=A
/Xio

BHTE R (2017) ) w8 (2010) PO B BOIAR LA Tl AboF R 51 1t 3% F S5 AR AL Y 3% =
F(TIAC) VE W72 5 WA il b F AR R AR i 1278 i 3R Al e il R e V8 5 H R, Fl e itk
TAREEE T 2R3 R R 2 5 I RE i 1 AR ORI AR

2% TARMFRE€(2020) 7 PR TR (2019) 8 RGBT, il 3 b A R RE 34 R 7 d A = 3%
7 Tl BT R T 2 B A 3 B AR A A PR, WO BURASE L | Tl Al A 7 i B B O o 32
FOll 5 WA L ( NPP) A BT 4 D e B AR AP i AR

ARSCAN B 2B b il vl BUBERCR B R BB A4, BR B X AR P E R AR . S % 2
FIVTHE(2021) > BE55mAE (2023) ' IOBFFE , 4352 BURAR LA I Tolk Al R&D A 5L 42t 24 8 (RDP) Fi4K
PRE S A (SR) P8 A i 807 2 0 W RE 55 3h B R (P A8 &, S O DL b Tl £l R&D 28 2%
(RDS) ADGHER FEKFE (LOC) PIANE AR N B T AW AR A B R A P S i

AR FR T 2 G R RE 1 AR R YRR — i FR I RN B AR A B A KT [
Xt T WS UG A, XTI AR, SR FH AR 38 K S Bt A T IELRh X il 57 B RS AR
AT Fe oA AR B 5] A — A 7 T A 7 R BSOR L R R 50 7 pR B B 7 s A R S
R AN RS, RN E L, SR (Coelli et al.,2003) " JRFSE K4 A B R P47 hO LA B
U3 AEE 110 7 3 ] 3R S R AR i — IR R BR, AR AR T3

3. HdE U

A SCHEHL 2003—2020 45 H A GORAR B R A BEE T 4 R R 30 48y (BRI EREE R AN
A5 TR A M IX ) o AT T (P E TS AE %) Ch E Tk 2 35 g0 HH4E %) (P ERHESE
THELE) A B G HEYE, B iRtEgeiHngk 1 s,

R1 HEREFEITSN

e BARFFS Hif ¥i{E b2 e/ ME HoRME
AT AR Y f¢.7t 18 296. 310 25 470. 196 133. 900 138 239. 900
L DN 236. 220 299. 279 6. 752 1533.710
K f¢.7t 3 798. 725 3 892. 047 117. 110 2 4073. 810
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F1(£)
At A Al RS Hify ¥fH P2 e/ ME RAH
IR EE P E B TIAC f¢.ot 17. 904 28.220 0. 007 220. 006
NPP % 11. 889 10. 165 0. 381 177. 321
RDP AN 644. 188 1 005. 933 4.570 7 000. 170
SR 75 971. 300 2 055. 970 0.018 15 737. 290
RDS ¢t 231. 694 376. 323 0. 876 2 499. 952
Loc TR 27.778 16. 257 0.618 125. 048
DY SRS S H A hT

(—) BEE 53

%2 R T AR GBI AR B0 E AL A T T R AR AR AL TR IR R R BT (6) Y XS
BARIR LG fe K AIC {E AR/ IR R (6) D9 fe (LB 2 Jm SO 26 T A B & T I3 Ay . M5 30
HRERAZLZOMIT SRS, WA A ZE R P gl = A BN R SR ZR AR ™
ELRYRZ MR SR, )7 st 0. 624 2 FE HAWA A BN IEANE LT, AR 2 XA RN 1% , 77
0. 624 2%, M558 1 #97 HsRPEACR 0. 036 3, AT LASE W, o [ 38 A7 B A B0k B2 57
By G RURRAE 394 0 55 2l 7 B KT i 38 oMb ™ R85 0 0N T B AR AR B A )l Y 5 i 4
Ko 35 PHIT RN TR (2021) " IF R A I8 — B, 4RI AT R 1Y 58 LIAE 1% K 1
FOEW T HRABERZE AR G0 AR A AR AR LM G R AR E R, X 3R W] 2
Ay =SB S LI A 7 pR OE 3 e A OW BOP S0 A s RO A B IR R TR R BRI AR IR
MR A | A 7 Fi i 1 IR 7E LLAEAF 4. 03% 1B I 1) B A%, H Iy 38 B0 A L i S AR Ze v
B 22 U KRE A B 00 LA R ECE DT 5% 9K -F B8 3% R IR 2 5 RE W6 i i RS8R BR
A DL R USSR S BN il 3 ol 4 B Z A 7 AR KRB S8 o 38 b ] A T ] U g R AR AR L A, L
A BRI R

R2 BEMHITER

A FEAI(1) BT (2) R (3) B (4) BRI (S5) B (6)

InL, 0. 048 0™ 0. 052 9 *** 0. 026 6™ 0.081 1™ 0.061 2" 0. 036 3™
(0. 005 4) (0. 004 3) (0. 004 3) (0.0256) (0. 004 3) (0.002 7)

Ink 0.936 0*** 0.933 6" 0.916 3" 0. 858 8 ** 0.643 0™ 0. 624 2
(0. 066 1) (0. 062 0) (0. 063 8) (0. 055 4) (0. 050 9) (0.0532)

T 0. 106 3 0. 105 5™ 0.038 2" 0. 109 6™ 0. 111 9™ 0. 040 3
(0. 008 7) (0.007 7) (0. 003 2) (0. 007 4) (0. 007 4) (0. 003 2)
InL? -0.034 8 -0.037 9 0.003 3 -0.084 7% -0.044 5 -0. 006 2
(0.0342) (0.033 8) (0.0359) (0.034 6) (0.0320) (0.030 0)
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| 23 5E T (2023 4E55 9 1])

F2(&)

A BRI (1) BT (2) BRI (3) B (4) BRI (S) AL (6)

Ink? 0.2322" 0.230 4 0.251 6" 0.176 7 0.209 2 0.208 6
(0.050 7) (0.048 6) (0.050 5) (0.047 1) (0.0450) (0.049 7)

InLxInK -0.252 7" -0.248 0™ -0.313 6™ -0.157 9™ -0.297 2™ -0. 146 9™
(0.078 4) (0.076 0) (0.0810) (0.074 6) (0.0739) (0.039 6)

T2 -0.001 0** -0.001 0 -0. 000 2" -0.001 2" -0.001 2™ -0. 000 2
(0.000 4) (0.000 3) (0.000 1) (0.000 3) (0. 000 3) (0.000 1)

TXInL 0. 044 4™ 0.044 0 0.017 7 0. 036 7 0.043 4™ 0.011 2"
(0.0055) (0.0050) (0.002 3) (0.004 7) (0.004 7) (0.0019)

TxInK -0. 061 3 -0.061 0 0.022 6™ -0.054 0" -0.070 1™ -0.016 0™
(0.007 4) (0.006 9) (0.002 8) (0. 006 2) (0.007 0) (0.002 1)

a, 0. 136 8 0.116 2™ 0.123 8™ 0.112 0™ 0. 140 0
(0.036 2) (0.0257) (0.024 1) (0.026 1) (0.0279)

a, 0.099 9 0.099 7 0.097 5 0.099 3 0. 088 9
(0.010 4) (0.010 4) (0.010 4) (0.010 3) (0.008 9)

TIAC 0. 055 4 -0.042 4™
(0.0202) (0.018 0)

NPP -0.258 6™ -0.257 4™
(0.054 4) (0.0515)

RDP -0.197 9 -0.185 7"
(0.059 2) (0.088 3)

SR 0.795 1 -0.057 4**
(0.2865) (0.0292)

RDS -0.376 6™ -0. 500 4™
(0.0545) (0.1321)

LOC 0.067 3 0.307 0™
(0.026 6) (0.090 4)
B RO ) ) ) ) £yl ]

R 7.565 6™ 7.586 7" 7.497 0™ 7.615 5™ 7.522 7" 7.390 6™
(0.076 1) (0.078 0) (0.073 1) (0.073 2) (0.073 9) (0.072 3)
Log L 363.259 0 363.612 6 372.089 9 368. 556 2 379. 463 8 393.433 7
AlC -644. 518 1 -643.225 2 -660. 179 8 -651.112 3 -672.9277 -692. 868 0

TE: T 07T R AERIRTE 10% (5% 1 % RKE BB IR S O BRI . SRR B (1) WA BT A A A R B AT R

(2) —HERY(5) 23 0 BT 28 PRI BEH AR AR WREH AR HE2L WKRE 73 Jy AE BT AR AOBEAL B (6) Sy AL AT AT SRR A2
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KA (6) [T AL R AR , A SO =TT IR AR 4 . — 2 R 2 BF IR DML &
N 3 R AR SONZ JZ A AT UM AR R R 2 R SR IR B 53 T R VS 53 R B0 T B
LU IER BT AP IRE DM B AT AR AR A, TR AR AE L, B IR B AR R, AR 3
B 2003 4FF1 2020 AFAEARZIER , AL THBENLATHT 2 RSN LA PEAT AR VA SR . — R MR ELAE T REAR
Hh ] B T AR R A e AT B B BORABUAR S 7 T 5 b b DX AT AR B A R BRI I R AE 5T L
iy EELPR IHEDUAS BRI B A PR UG TR Y (6) o A il A B0 45 AR -5 AL T T WO FE 280 1 75 DA 75
(6) ISR R BEA — B UL (6) A7 AE I B UM, SR BON RS AT 52 . BR TR IR AR @t A
BARER,

x3 BFEFTFENER

— bR YRR e by 55X LiXD2
Bz B & LR L E ) T A AR JiA
B 5 A AL Ji
[EPNGZEIL R V65 EYAEPN
BT K TR
o B LIRS R0 Pl o 2 0 7= B =]
L3 oy S AL T A A
Bl Ak HL( Il 55 feoe
BBl 55 B f¢ote
LGERIZ A ON Jiot
AR A TTFEAL R Al T4 i ol 3238l 45 IO {7t
i B TR BB AR IR S5 M LA 0 A R JIPN
FEl Al TS L Tl i Ml AR et 2 2% S Jige
AN R R X 7 N PR 2SSt Jigt
BB L Tl 4l R&D A BT A2 Y NAE
FUARLL BTl Al R&D £22% hioe
B LA b Tl Al 39 7= it A B A/ B S5 WA %
] Ay 1 R T A I

BT HF 2 0 2 MR RO A 19 S B T R 3 — 2D D5 2003—2020 45 [5 8505 28 5% T i il i
Mr AR A R HAREUE . % 4 JBR TECF LT 0997 3 IS RN A H RN | 2 AR R IR AR 4K
N B A W RE RN LA S 48 28 A 7= S W BB RN 1) 00 8 45 3 ) Bl S s T RO AN A AR B & B I B
AN IR S5 T I M 4 R AR P R AR AR BARBUE (TFPC,)) . W LAE &R BT 2 55 1
RN, 3 AR i I M ATl 4 B 2R A 7 RN EE R I B TR W, A AR (2017) AR AR LAY &5
#197, 2000—2011 4E il il TFP T ™8 , 3% 1l A i 2008 4EERifEhL S22, Zemahld, hE
i e o A T e R O S A o 192 R R 3 S 7 S LT iy v O B e A o g
PSR BN

54



Research on Economics and Management( No. 9, 2023) ‘ 25 S AFSE (2023 4E5S 9 )

RPN, BT 2 U BRI Ml 2 B3 A P R BRI 1. 720 2, R B4R ETHEE 3 RIWIECT & UF
(R RERAN B AF IR BT T 2, B80T N 87 22 T (R BB R0 1 SR T R T o, BB R 5 X 4
BER AR RE RN S A B I . fh T2 Ml Al 0 A RE RS AL e A 7 I B A i
FER BUFHARTAA B = S5 0F A0 20, ) 1 lk 8071k B REAL A B IR DR A1, 2k 1T LA 1 87 2 5F K RE
ROV KA, BEE N TR HERS B e B SR T M B AR K R H48 JUASE S50, P w88 8 R, ik 533 K FE 4 2 3%
HERAREROR . B 2 BRIRE A AR A 70 A , B 2 B I RE BOR BE AP 1 P35 800 2 1. 200 2, 76 S AE
ROV HE N 82, 3% , R BT IR A M Ml 4 TR AR 7 AR A 2 B AL LU IR IR BE A2, FLUAE
RNIME K 0. 253 8, i MK AE 4 B2 AE 7 R MO 1Y) 17. 4% ; RRRE B AR RCRAS M) STk R 55 , 7E MR AB il 1l 4
R RP IR AU 0. 3%, BUF 2B REHOR AP 9 STk e g, vl BE dy T B0 2E 25 B4R £
FITE, FoRBELRET A RRIIUR , BERG A L BE A= 7 R AR T [R] Iz H B BE A4 ok ) G187 BOCR
BEA e = A AR AR 1 & 2, STl sa 4 71 o DRI, 7203 285 15 il TR il R S i Rt
Ay SR A e A R TR T R B SCTE, AW W07 1 A Al A 2 e 1A% b oA R 2%
1 AT 2 PR AR AL (MR RE AL iR A AR IR R 355 B | B 5 39 9 807 2 B TR R B AR 28 14 58
W7 FE RS TR S R AR CR M ARBCR I 5 FE PR b, Brr 50 55 3 BTAR ZR 4%
SN IR 500 1. 556 8 R 1.515 0, 557 S ZRAN LL, B G B R BEAR B3 A A5 34 20007 8 s B, ELIG
R TRIHERS fo A 3

R4 20032020 FHFRFWMEFEVEEZLFTRPNELR

0y ETC ETEC 55 g4 AN ESC TFPC, ETFP
2003 1.459 6 1.299 8

2004 0.091 0 0.003 3 1.474 0 1.323 0 0. 006 3 0.091 8 0.100 6
2005 0.190 2 0.004 5 1.488 1 1.352 4 0.059 1 -0.054 8 0.2539
2006 0.300 4 0.004 2 1.500 5 1.390 2 0.092 4 0.0117 0.397 1
2007 0.425 4 0.003 8 1.514 8 1.4253 0.118 1 0.028 6 0.547 3
2008 0.564 7 0.004 1 1.529 1 1.462 9 0.159 4 -0.002 4 0.728 3
2009 0.700 4 0.007 1 1.5427 1.487 5 0.2313 -0.101 2 0.938 8
2010 0.8416 0.006 8 1.556 3 1.514 4 0.268 6 -0.014 1 1.1170
2011 0.990 7 0.005 6 1.568 7 1.5429 0.277 4 0.040 1 1.273 6
2012 1.158 0 0.003 6 1.5816 1.565 2 0.286 3 0.058 5 1.4479
2013 1.3205 0.003 1 1.590 9 1.583 8 0.3253 -0.013 7 1.649 0
2014 1.479 3 0.003 7 1.597 3 1.596 6 0.353 8 -0.009 1 1.836 8
2015 1.629 2 0.003 7 1.597 2 1.601 9 0.374 5 0.008 2 2.007 4
2016 1.776 7 0.004 0 1.601 1 1.608 7 0.389 2 0.004 0 2.169 9
2017 1.961 1 0.004 9 1.601 4 1.613 3 0.343 9 0.077 8 2.3100

O [ BEAFRTTE e 2 A B9 B B3 2 B e Rl (2022 4F) ) 45t B 2 DR AR O [ IR R B < R e < I % VR S A 42
2021 4R, P E 16 DM BCF LTI RRL | TTAZI0, B 25 ORI B M X 2 B S S 5 04
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Fa(£)
A ETC ETEC 55 S RA A ESC TFPC, ETFP
2018 2.142 4 0.004 7 1. 600 3 1.626 8 0.3419 0.026 3 2.489 0
2019 2.3245 0.004 8 1.607 1 1.6321 0.340 8 0.028 5 2.670 1
2020 2.508 0 0.004 5 1.6115 1.643 7 0.3459 0.027 1 2.858 4
FHE 1.200 2 0.004 5 1.556 8 1.5150 0.253 8 0.0122 1.458 5

P A O 2R Sty P S R TR SR AT N [R) , 5 2 e ol e ol 4 3R A 7 R R BB S T
REAFE ] W A Sl 5 o AT, A SO B30T 5 300 PN 4548 10 0 28 U TR R 00 14 1, B 77 1, 1b A AN 41
B RR, BUOKE , S8 W EF A TTRBERUNIIEAN T 0. 6~2. 2, A M HAFTE—E M E R, HRMNEE
2T RER N A HI (E AR R ) 3 AN RO TP (2. 15) (TTP4 (2. 09) AR (2. 03) , iRl i 3 >4 4K
PR HR(0.86) Hrifi (0. 65) ML T (0.60) , | PUFFJE“ Kol " @ik 87 08" Ji % — RN BUOR T
it I HE R R I BT e AL W Es AT SRR XA W OR R BRAR A 2
— R B s L A A VA AR B A U A 1 b P L B T A AR S S A TG, (EAS
TEREOR WL bt | R VLIRS R0 205 R TR KO s 14 48 173 A6 T R 11 38 My 42 B8 3R AR ™ 2 T 1 3R
HARZGEH b F P 3 5 7K. wTRERY TR AE T e R T 1 1 2% v ) 3007 A0 5 2 R AT, s 8 S A | I
25N 5 i LR B, AE P B0 A K T A T B B B i A o 3 ol B Ak R
2L LEAOREE R E NS Al B A R AR 1R ) S BB 2 T R AR AUV S 2 B AL
RS, o — 5 TR F , B R F B R A 28 3 e ik 15t S5 A0 4%, 0 7 e 2 %) o o ol % e ik
il et A ER i o AR R T 0 AR PR R il R, B T i KO A R AR PR R R U
Ko WA BO BT 2o B B8 e il ol A 7 803 1) TR 35 8, 0 2 DA Aol 2B 7= O = A 8005 X R g5 5 X4 5 £
RIZIR R G R AR F R Sl SERBICF 28 0 55 L TR BB 6 R R A0 T 78 00 R A AU 2 B b il ol TFP
MMRBERLN , FEREA , B ATEUT 40 & /K V5 80T 48 e o il 1 ol 4 22 38 7 = s Y IR BB SR A TE— 2 1Y)
DA, DABCF 200 & AR il Ml 4 B Z AR PR 5 Ak v o T i R R LA

R RGBT AL LI AR LD 2R A5 a3t ol 5 4 ) R R A5 358 /N 1 D R A S BG4
il 3 M R 2 A Ry SRR R SR IFANE AT, & 1 43 BRI T 32 TS Ge i 38 ) 145 21 0 i 3 5 4 i 75 k. TFP
(A7 A R A A B 280 - 42 5 W RS (14 EsF T AR A, [ s 348 o 4 [0 S 25 6 b TP A B B0 28 B T BB 4 (.
ARSI . BT 1 (a) FTRLR A AT 20 55 I IR RB RO , i Ml 3848 ) TFP 32 v 14 1
B, 7 ARl TFP JEHG TR WL I AR S48 00 il 1l & e SR A AT, S5y e IR | 7 4 [ AT 405
B, AT 1(b) FTLUE IR, 55 HA i 0 0 24 A e, T AR B0 e B il il TFP (9 Tt BB 501 488 328 90158, L=
T4 E T I TRIZEBE 30T, S Ak 1, 2003—2011 4R %5 25 5 X i 3 M 5 44 4 Tk B kv s T4 [
SR IFE 2011—2020 A7l 3 ol 38 45 50 26 5 B R BB A B AT 357K F . 2010 4R LK B —10 15
SR BB A R M AR 4 R B RS T ) AR S SR A T, 2003—2011 AR R 4T
T AT A Sk LA 3 o At S R R 5 e M 4 T g A R S 5 s R R T 4 T A
SRR (AR TR, B 2 AT 2 TR IR B R BT O 5 R B R 5 A PR RORAS T
HEBARACEARWEE T, 5 oAb DXAH L, 565 58 28 PN 3 M 8 3R 0 1 5 B AR P RO e AR R R T
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P A P BRI FITHT , F I S 308 7 28 T e i 2l A= 77 %% 38T TRP A BE 9, it SOW i 3 ol &
JRAFIXT AL 55 (0 1l DX AP AR R A 2n 5 T 1 P i B St T4 R T 3R R P 3R 1 55— R A ), ) i
Ui, M X AR A PR B BRI ST 81 R, B 20 el ol & ¥ LAV | 2T
VR RETE , RERS A RO SRR BT sk, B8 5 2R P B BRI v 4R Sl Al BOR BT I 3, B E 4 0% 5 Al
B REETERCRAREE SR b TFP B9 SRR . H I 30 2011—2020 47 il 3 Ml 50 48 07 28 T e
RN LTI 42 [ B K B R R BUIR o 4 S, B0 2 05 2 R R O v I L DX R 25 e 4 1) Tl
BEAE . LATRIIE ML A ], w3l A e AR T F 1l XA L2 R TS R L3 B B 2 B i T2 L3 5 00, 4
ING R IRHLIX Z A 250G, FL B S B E 4T,

I\ TFPH(E
B AR AESON

10 1 1 1 1 1 1 1 1 0.0 1 1 1 1 1 1 1 1
2004 2006 2008 2010 2012 2014 2016 2018 2020 2004 2006 2008 2010 2012 2014 2016 2018 2020
AN Ay
—o— 2EMH --a-- WL --@--VIJF --e--IIFK -*%-]"&K -e--IFK -X-]"K —e—2EHE --A--WL --e--7LJ

Ca) I3 TFP7E fh a3 (b)) BFL B MRBERL N AR T AT

BE1 AEEGENE TFP &K # 45 I ae 5 5L

(Z) REMESH

FITSC 3] DA [ 248 JEE -5 48 Sl 4 P8 20 A 1 05 8 5 0 i ol 4 8 30 2R 7 AR A R BRI, B e B 7 4
O S BE I AR D S i 4 R AR AR A BURRE , EZ R AR 9 TTEK 7 LB AR AR T, TR
B 2B MIRREROY BA B PR ZE S . ARSCHE— 20 L 454 T S AR BE A0 X2 7 = AN R T 5 07 4
DR RERONL ) 5 b

Ll 254 e i

RN PR ML AR 22 57 | AT RE s M M7 22 T W RE AR VL ) R 4% , R ST Ik 25k 5 BRAE 7
M2 e G T A 2 B 2 5% 7 b 25 R o B 28 U WK RE 80N Y 22 S AL R R i S D /D i AT £ OF
(2011) "7 P ARHESE (2011) 7 WRFFTE , BT (B2 0 2 053 3 B B 7 Ml A K 7 v G A K7, 9T LA
WFSEIIR] A T ] ™ ML 25 H 5 BRACTE R iR A AT BE S LA o LA ofiE, BEAT 7™l 254 5 FRAL i 42
e dl, BT A5 BB RN 22 57 . IR 4107 30, e 2 B I RE SO A9 22 S AR ABL . PR T R BR 1
SRR AR 5 7 M 254 5 PRAC AR BE 0y o 2H b, K07 22 P IR RE AL VL ) 5 oM A 45 2R JIRL 2 Bis o 77k 2
A I AR IR SR T4 R s R . BARRE B 2 U IBE Hil & k. TFP S8 A9 44551 R |, 18
E PR BEAR s SRR BEAR A 3 DX, B 22 RS k. TFP TRRE RO e , Hm] BE A4 I A Tk 254 5
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Effect Measurement and Path Analysis of Total Factor Productivity in
China’ s Manufacturing Industry Empowered by the Digital Economy
DU Chuanzhong, LIU Shutong
(Nankai University, Tianjin 300071)

Abstract: Promoting the deep integration of the digital economy and the manufacturing industry and improving
total factor productivity ( TFP) of the manufacturing industry empowered by the digital economy becomes an
important path to enhance the high-quality development of China’ s manufacturing industry. By theoretically
revealing the mechanism of the digital economy empowering manufacturing TFP, this paper uses the provincial
panel data of China’ s manufacturing industry from 2003 to 2020 to introduce the digital economy into a stochastic
frontier model. Based on the counterfactual analysis method, this paper empirically tests the empowering effect of
the digital economy on manufacturing TFP, and investigates the action paths of technical efficiency, technological
progress, and scale efficiency. It further analyzes the heterogeneity of the digital economy on manufacturing TFP at
different levels, including industrial structure, marketization level, and regional level.

The results indicate that the digital economy has an obvious empowering effect on manufacturing TFP, with
technological progress playing a dominant role. The heterogeneity test shows that the digital economy has a greater
empowering effect on manufacturing TFP in regions with low levels of rationalization and upgrading of industrial
structure. However, this effect on empowering technical efficiency is relatively small. Meanwhile, in regions with
high levels of marketization, the deep integration of the digital economy and the manufacturing industry can
effectively enhance manufacturing TFP by fully leveraging the role of the digital economy in technological progress.
Furthermore, the empowering effect of the digital economy on manufacturing TFP is more significant in southern
regions than in northern regions.

The marginal contributions of this paper are as follows. First, based on the decomposition theory of TFP, the
digital economy is included in the growth accounting framework and the TFP measurement framework. Second, the
stochastic frontier models of technical efficiency, technological progress, production factors, and the full
empowering effect are constructed to accurately measure the empowering effect of the digital economy on
manufacturing TFP. Third, the counterfactual analysis method is used to effectively peel off the empowering effect
of the digital economy. Finally, it demonstrates the dynamic process of the full empowering effect of the digital
economy on manufacturing TFP.

Based on the findings, this paper provides corresponding policy insights for further improving the digital
economy to empower China’ s manufacturing TFP and promoting high-quality development of the manufacturing
industry, including promoting the digital and intelligent transformation of the manufacturing industry, giving full
play to the empowering effect of the digital economy on manufacturing scale efficiency, technological progress, and
technical efficiency, and implementing differentiated development strategies for the manufacturing industry.

Keywords: digital economy; manufacturing industry; total factor productivity; regional difference; stochastic

frontier model
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