FE465FE02 8 RS2SR R NS Vol. 46. No. 02
2025&02)3 SCIENCE OF SCIENCE AND MANAGEMENT OF S.&T. Feb. 2025

RERHEEZREFRNERGITNEERESH
—— 3T S FI R 5 K P HOR R AL A

HAHE KM kAR

(L J7HRIMESNR: T ARBEBRRIEHT5ERE, )M 5104205

2. VTR IR E R a2 3 SCRRBETR UL TTARSMESN AR AR, M 5104205
3. JTARIMBSNR RS SR g ORI G M 510420
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2 55 TR AP T 38 it S 4588 RS T 375707 R i) IS0, 38 T & R LR A ISR, 05 1 B ot
U5 RO, (e BB B A 0 RV BB A P T sh G BRAE 3R, REAS A A5 0 B0 DN 245 A AU < 101 i 4K sy 72
IR A ERAE , DA R 3 | & 5 5 | SR i 0 oK (BRFRAE, 2021; TT/IMA S, 2021)
EY 7 ] ] P B X R R 22 ST R R, BHEE QBT 8 T KT e i i B B B W (TE R 46, 2019; VT 5EF
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i L BA 22 5P (Antonelli et al, 2010, 2021 ) ; 5 ARG 1745715 LRI EE R I REAS H2 T BER A 7 %K
S AR 1] 3 LU 34 B 2R ) U] S B0 4 B2 3R AR 7 44 F [ (Antonelli, 2016) o i 17 3 B8R G B AR 5 BUR X
T T AT, v 2 b4 AR A5 10 O 1] 5 3 v P A5 45 b 4 B2 38 AR P SR ORI — 30 (22 /N3 45,
2022) . HE—2Hh, 5 M AR A PRI E K YE 27 TR 2 T 5 — KT s i Re AL, AR b SUE
R EAG R R A RS — KT I T A Sl v 45 DXSSORI T () 42 2 3R AR 7 ek 22 I R 0 45 A
B F T AV G RN R R S5 D A AR AL B A R E R [ A e R RSN Y A DR R
i 4% 7 (Huang et al, 2019) . H UL, A7 L2 RGP 1 [ XS 4 22 38 A 7= R A S UERRAE | B 03 & A R T
Mg — K ais .

JUEBEAT SCHRAE P 3T 2 00 A 4 B R A R E B — 2 AR H R TR S B A B SR
B E AR AE DX, A O H [ 3 T 4 B8 2 A 7 SR S RRAE AR I 25 AR AR A — B BRI Ol . — 47
BRI T A R AR R RS XIFEHRSE (2009 ) 12 FH AR 61.45 5317 (data envelop-
ment analysis, DEA ) Fl Malmquist /F 7= 8 805701 T 1990—2006 4F H 3 T Y 4 8 R A p= R AR Ak, 45 50 & 30
FEA T[] () 4 2 A2 7 RGN T 2.8% 0 342 (2010) F1) H B AILHIT VR 2E 7 PR %K (stochastic frontier analysis, SFA)
Tk 52T 2001—2007 4F H [E 266 AT B A R, b IR T A B R AR R K 8, T )Rk
LS ABRCRZEE B W 4R/ o TEMESE (2020 ) V03 A3 Ak 545 203 0 il 7 4 B3 AR 7= R ke BTk, B
TRCRAS A T o 59— SCRR A R T e B R B KR B P ka4 . EAAEAE (2016) & B
W B R A R R R T R R T B S AR TC A S . A (2016) ff I BEHLFT V43
Hr 77 1 F DEA-Malmquist $8 £ 5 1 s 255 /> Hi 94 mii 2000—2013 45 2 B2 A 7= 38, iiF 58 & I ik
IR RS ABIFE%5: (2018) % T DEA-Malmquist 15 5032 At 17 2000—2014 45 Hb [& 55 1 F 19 4 B & AR 7
MR R LB R R N AAEER 25 225 25/ 5085 (2022) 76 ) R R 2515 58 R A 2 T RgfS
DR 4 B ZEAE 77 A4 1) C-D 2B 7 pRA, & 3P ] 1) TFP 3K S B T 55 Shafi By iy AR AR Bl BE A S B 7™t 1Y)
30 S R KT 5 2 P AR S O ) MR AP R TC I B A B A S EUTFP W R T 3
BEAh A 2 5 5 2002—2013 4F H [ 210 A 9 T 4 BRI A i A FR FEAG 56 G 42 B2 A4 P R A 5 ],
52 PR SR TIT J2 T AR (8 B b A R 5 AR v G A ) S R A 5 (E ph T I PR 45/ , v P S s X 0o 4 B 2%
Az P R A AR SRR TR S B (RIS, 2019)

I ARG AR IR T A A P2 R (TFP) (I A B 258 A7 e A — B0, Ho D R N 2 — 7 1 B T o
T R B o R BEAT SOk 2 A 0 F A (.45 43 M (DEA) 1 Malmquist 48 8055 7k IS T7—@ it e,
(RIS Ty i A Ak BRI T B R 1) A R g X Sl P B AR B, A A B AN SRR < I 3Tl 19 2 7= AR KO 2 A
[l o X PR B Z A0 T 4 3T 22 8] P REAFAE 1 S35 20 P BOR S bk | S 26 55 P vl B VR T B B iR
JE U IR UK 55 Z2 R R 2 (1) 22 5 (Walheer, 2019) o 53X 7 3538 1 B BB BR 7 H9F 78 285 S5 0 o f 1k AT Lb
P (A5 TR 4 A 7 R B B S e BRI T A TEP 14K T TG i R AT B EL 3 SCRY B I e LA, SR 1 B0
B W AE SRR LB AR TRk T 18] TEP 22 St G Rt . — 2, 56T 4 a4 7= HoR My 2 (19 Malmquist 45 5000 2E 7
FARBIR AT E o X EAE I ACHT B AR BRI, 2552 31 42 Jmy 5 A RI™ H 5008 (0 s i), 5 5000 20 B BT A4 3
A5 AF BE I A 7 B R T T . 3 R A AR SR U B R, — M 8 22 (Kao, 2017; Mombini et al,
2020) . XS [RLEUE RIS T e R A ORI, T B I A5 18 1Y AT SE R R A7 BB . A2
T LA SR S DT R AR TR SER JE . AR 02 Pastor 55 (2020) Fl Tavana 55 (2020) , 454 O’ Donnell 5%
(2008 ) Y & [FIAT ¥ J7 75 A1 Pastor 55 (2011) (& 9 5 LA P2 HoR VL 56T DEA 7 b g AL W] v A 5 F
LR RAEE, X 2000—2020 4F 1 [ 220 A Hb 2% T YA O T A R A R AR EG A T AN B, X —
05 1k SR VR EAT B IX 3 b 35, 1T AN A PR T4 P B e, kg B A9 A0 b S [) 3 T 1) TR 4248 1 B0 Rk 2 4 1 4
i R, AR SOy e A T TEP A S 4 A 158 i BRSNS IE SR, A B T B RN R B A 3 v ] ) A
FERURESE . dE—20H, BEF Pastor % (2022) AR TT I 1% AR SCHEST AZ 3 Al PSSR AN S IR B R A AR, 7 42 ]
22 TR R DX 22 TR X 30 T 4 B2 38 A 7 SR A 23 (B A A A% Ry L s A8 ik i R R P s S A T R B0 Mt
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SRR SCHERAR L, AR SCRTREAAAE LA =i BTk : (1) AR SCR FH R[] R 5 ik A A= = EARA G T i R %
T R T R AR PR (TFP) B & SRS H $2 4L T — AT Rl 41 i L1 LAS3 AT TFP 19 28 i 35 A st Ak
k4 o AH ARS8 S — T 5 ik, R [RIFTVA 5 28 5 T 3l Te) A p= R 4 S o X Fh o7 v ie L Rer i 1S
AR ICHY A3 BT BN, T A ST R U A SEBRE O, BE S B E A M SN TR R T (8] A A R R 22 5 e,
HAA I A = R A EOE: , A SO I D T A% G 5 1 T T AN AR B I, DT S 3 B T 1 A 7= R e R A 1
FISE M, S B T TFP 19 3 A8 AL SR 408 170 L A1 5 (2) BT iz FEAZ 2 A A 7R A 3ok i )2 T %o
AL AN A3 (0] A3 AT Je) R B A5 G Ak AR AT AL N A R H T R X R 2R B R B D s R AR R AR T
EOW A SEUES 2 | 1 HAEH8 783k TEP (423 6] 43 A AR A S5 T5 T F 40 1087 B, A3l 28 55 R 8 ol A
ML TR B 5 (3) FET I IR ] JE A AR Y ) i v I3 T 4 A 7 R R RS AR e, I S0 i A e e 1Y)
TR Eh AN IR R T REA MR B A o 8 SR W] FE BRI | A SCREMS S E A M 036k T TFP 1 Ak
R JEIEAR R TTAR A A RBOR B T IR SEAY IS S . £ LA AR SCTERIS AN ke LR R T A UR T
g8 BT A B A 7 R S A o A PR AL TR LA T LA TR T3 A R A T AR S [ A A A
Jry BN AT FR AN RSN ASNE o 3% SO A 5T RS X 2 AR RN ST AR B A A U BT R R AR R
AR KA, LSO R Ge— i 1 e s i vt 31 B 2 9 SR
1 WARFEFEERIE

ARSCSEUESI BT o0 R =8B 50 o — &, BE L[] B v A 5 5 5 A = BR FE DN 5 2000—2020 45 (1] 1 [ 220
AT Y Malmquist 2B 77 2808 50 TR, (0 = 4EA% %5 B Ak AR A A3 B v I T 4 2R AR 7 3R A5 R A3 A A R
B AT PE R ; =0, 3l I E IR AT BRI RN 9 T 4 2R A R AR s A
1.1 #[FE)ATiE A H & 3 DEA-Malmquist & 7= RI5 4]

TEZL U5 2#4008, , Malmquist 42 7= %48 BGH # 1 DEA J5 ik — iz i, 382 71856 F A48 P= i iy sR A0 FL(E XA
[i5] £ 3¢ #A. 7T (decision making unit, DMU) [ & B2 R A= P2 RUR AT S0 M1 o L5810 DEA J5 ik 3k 1 4 [ 4% X Jk
B A 72 AR AKOT A )3 — B, 4 [ 45 DX SR S A [R) S 80 g e 3 R T b A 7 A B Ay A = AR R v 1, 22 %
TORIE XIAE AR 5 BRI B R TS 5t HARKCEE 2 N 2= . I, T A IR A i A e R R
VL4 T I A RESE AT A DR A= = BOR TV, T34 0 00 A 77 S5 iR B S BB R A A %) [ v, DMU
HIBSCRAR S PRI, AR SR R RV 77 78 2 A v 45 DX PR ki 4 B 28 A 2 R i R 3y A [R) A = B R iR
B DMU & T AR N AT LU . X — 5 AN AT DARE & b L AN ) DX P 3 T 1 e R0, BRI DU 5 4%
AT BE A L[] A P R R PR (R S AR e B A o s 5 DTS 3100 = 3 iR 4518 .

M 2% S8 21 v 3 T 2 100 & SRR K, AR 02 % Walheer (2022) Fil Zhu %5 (2020) B0 , 254 L R R 7 vk
RIS O A e A P= B AR B AT o X AN AT LAk Sl FVA D SE 5 A 1) 10 S B0 25 57, a8 ] DAk G (R s
IR PR B B B A TR 22, BE AT Hh 25 5 45 i v T AR A5 5L, T4 445 2R i AT FE % (Kao et al, 2014; T
i 4§, 2015; Afsharian et al, 2015; Wang, 2019) . Itk , ZEMIACHT B AE AR R I, WIS O 26 7 B VR TR AN 77 2
A N [A] SAA EE  A p= R A8 E 2 (R 0T L, 42 5 T 48 8000 52 F 1 ( Grifell-Tatjé et al, 2021) . I, A SCR
FHWIA A = AR BV A8 2 P 3 Malmquist 2 7= 52 45 %1 (biennial Malmquist productivity index ) DA & H [ 3 i
1) ZE R 7 38 4k (Walheer, 2018) .

RBEEEARAL =1, -, 1 DMU, B} [ S A5 =1, - T, = E A x e R V5 H x e R .. FEHBARINA
7% (constant return of scale, CRS) , FMEGE T, 240 A= P2 B AR 0] LUK E L

T ={(x Wi iy AT = T2 1=1,... T, 4> 0 (1)

Horr ) TN AR o % RS PN AR AR o Y AR R SR S A AR R S B s, X N Y 2
Malmquist $5 20 AT LA E SR

e DI

M) =

X IO 8 7= ) B S pRERCA

(2)
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Di(xy)=inf{D>0|(xyiD) e T} s =11 +1 (3)
PG I B A P B B A 5 BB AR H Bl , T RABOE SO -

T’ =conmv{T'!UT"™" (4)
ST PP IF A BOREE , P Malmquist A= 7 5848 BRI HOOE R AR 7 B 2 pR in] DABRORE SR -
My )= e ) (5)

Xz 4 7 S B RSO A

D¥(x,y)= inf{@ >0)(x)1D) e Tf} (6)

AL T HAD AR 7= 4 AR 4 B9 Malmquist 78 50R L, P Malmquist 8 50 32 276 A2 = FoR 46 FAFAE . TERL
P ENASAS B EE T, B3] Malmquist 3880007 DAL A

Df(xH]’yH]) _ D:rl(xtﬂ,yﬁl) y Df(.x”l,ylﬂ) y Di‘(.xt,yt)
D!(x'y)  DIx'y)  \DIGTYT) DI

M (xtyzxt lyr 1)

Df(le’yHl)
_ TE:H(le’yzﬂ) 5 2+1(xr+l,yr+l) (7)
TEC[(X',)/') DB x’, ! /z tot
) /D)
=EC,xBPC.

Hrp, EC AR E 455 (efficiency change) , 7R PR S FRA XS > I iy (9 “ 16 L " 8800 s BPC AR 3
#F5 %1 (best practice change) , 27 X HHFTVE X P& FFRIVE ) 3B EE "800 . BPC> 1 ARFRHL TR PR 7E e+ 1 J 1 24
SRS L R P 5 I TR0 R T HORIE D . M, BPC<U AR R DR B AE o+ 1 S A 2 S IR L
O B A RS IR R T HORIB A . BPC=1 (RERVETR B — B4 T W5 A P i, s e AR P HoR
R,

FL[A]Hif ¥ DEA BEAYCAS 1 A B oc B AH R R
IR H AR, T LIAR F1 AL LK A AR ] oy HLAT 57 HL#2
PEAE PR BRI 2 B4, A0 el [ i VR R 2 i i
DA BT A () DX 3 A 72 R R BRI S B P o AR AR 1Y IEL
IRV AR AR a0 & 1 R, 7=

ST ARG E P RS TR
0L T 015 O m VR AN (W] R DA R 454> DMU X (1Y
Malmquist 24 7= R I8 50 . BELL A A& v e AL AE A GELRE ) O 100 - )T
A NI BB B 2B P i, BV 2 Y ST AT A A0 2% i GUREPINN A I (6 - DTS
o FLFIHTVE ) R 4 FRAF 20 AEAE AR WO A 26 7 i
T, B2 9 B A E v L th 26 A03R TREAR I Y BA
T A KE A B 985 A6 T 301 4 9T e O 24 7 4 R (Tohidi et al, H1 ARSI ARSI RTA I E R
2012; FSFANEIREE, 2020) o H:[E]HTVE PO A Malmquist A= 7= 568 5007 LIk o3 b -

JE[R] ity

DM z+1yt+1
MM(xt yt xt+1 yt+1) E/I )
DY (x)
) Dtc+1(xt+1,yt+1) . DG(le,yHl) D' (xt’yt) § DG(xt’yt) § Divl(xtﬂ’ytﬂ) (8)
Di(xt’yt) Dt+l +1 t+l) DG(x ,yt) DCG(xt+l’yt+1) Dﬁ/l(xl,yt)
=EC.xBPC_xTGR

I RAS RN =AMEAR R, EC R BPC B &5 SCRIEALIN B 70 A — 2, 7050 8 BRI A 48 O BOR 228 1
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B 1 TGR W R £ K 22 15 28 Ak #5 %X (technology gap ratio) , J& FH T IPAGHELH A= r= B R Fl 4 Jay A pe R 2 [a] 22 i
) AR AR o TGR BRI, T A VT 5 3 R) i v %) 8 B e, R i) A = R BV I T & R B P H AR 4
TGRS, FEL A P H AR Sz 3 42 A P AR o Y TGR=1 B, AL A P HARGE b T 2 R e RS 103
TR (Oh et al, 2010),

SR i HE 5 PR A B R 5 2% SFA FIDEA . AHLKTT 7, % 5] DEA B R MR 10310 B R i, L
AT BB A PR BRI 20 A TR B A A% (5 B Lk T RO BIE 2 RAE 2 A A A SCR A
DEA J5 %4705 (Lampe et al, 2015; Fall et al, 2018) o K43 #7 5 BT PE A P2 BOR T £ 80T 1 4 B3R A 7 28 5y
T, AR SCTRZETTHER 6 A HE B s, BN AE IUBSEHR B AN AR (8 B 1 6 2 e RLR i im) i, - 15X0(8) 3@ 4 6 M HE
5 PRBSUIEL )RR EL A BT A5 380 A B T I [ U A R A R L T i . il — 2 X 40 5 DMU
BRI A SO R B AR DEA J7 ik 1 5., HoZ OS2 IR 4 DMU IS5 5 b il 5k, RIAE 2 DMU Y%L
RS HoAh DMU FrAs B AT A3 10 . 7E3X —1%5E T, 4740 DMU PR (H 8 5 T 1, DI AT DA A 2L
DMU #E17IX 43 (Lee et al, 2011; Arabmaldar et al, 2017) .

12 ShEETHMIER

AT AS 43 A 45 7 (model of explicit distribution dynamics, MEDD )4 & 4% %% B2 A% 110 5 /R ] K56 R M 256
PRI Tl o HIE# e — PR IR A 28 (B B2 b N TC 55 10 , MBI RE A A B s % 01 58 B0 20 A R AE I RAG 1A 3R 2% T
PREUAES BT o Ja 300 B 7 V6 S o bR A A B 25 88 AN TR) K S 1) P 358 43 A 19 37 3l 7% (O'Brien et al,
2016; Chen, 2017) o X —FEHL PR ABILE B 530 th I FHACH 0z, F 2 255 I (0 2l 28 R 4 In) 441t
TR . PR TR HTES B E AN TE O, HLAE R BT . ShAS AR S A AR [ 4R DL
TR T P A2 AW R N 8 3, IR XBUR R A A A IRHEI L B Ay AR G SR Bz s . (HE
HIFF MEDD R 4% R A P R W SRV 7 54 T3 b T4 b2 s — 17l , 2 SCHoHs A Y g - F1F
FE AR T 4 B3R AR 7 R 23 (] 43 A0 RN Bl AR T, T ZR G A% B AR TR TR N B R AT e BEARE TR A3 BT 4 i 4
SR A PRGOS . DI, A G5 A2 2 A AR R R T SR T AR X I T 4 2R A R ) 2 ) 43 A R )
A R TR
1.2.1 B3 A AR A

R A TS R — B AR SR T vk o AR ILGE TP IR, X — 5 A L S R0Ah 1T vk BE S v B L 3 5k
Bl BLAS B 1 0 AT 15 00 o A BEATL AR d XA 85 3 BRI 50O fx) , DG A5 Y AE 232 9% B PR 28 (probability density func-
tion, PDF)

1= 3 k(5 ©)

FLrp n S WINME A0, AR B8, K (a) A% R B SR B AT R i B S0, P B A 2 A T Tk
A R . ASCR ] Silverman e % TE B4R (optimal of silverman)BixE . HAT, A n (1 R, FHH 12 -

limh(N)=0, lim Ni(N)=N—co (10)
A% R R 1K e B F ) R 74% (Gaussian kernel ), HRiA =N «

X
K(x) mexp( 2) (11)

1.2.2 HyIRA] RAEARAY

30 o XoF A e BR A 4 J) A R 1 2 R M SR A I , IR AT SR AR IR T LA X A% A8 A7 1) D S B 2 i e A
TR

RBIR A ZS [0 TR BEHL R — > SR AT R A8, A5 & — B Sy R Al REE R 5T, H HA PR i 3
HAE IR AIRAS N Fo 25t s IR A IRAS A

F. =F.P, (12)

PSRRI . A
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pll p]z b
P=(pi,)= Py Pn - (13)
D NI AR i 7728 0 j IR A p, AR R R B IR S FE AR AR B . Hoa A0k
pif:% (14)

Hor ny B S PVARAS i 5578 0 7 BB, n W IRAS § LAY S8, py T LU S R SR (B A T Al 3
1.3 TEIEFMETERIE

A= AR B B PP E T DEA BRI 25 SR AR B P o 3K T8ty B B 3 4 B v (19 2 7= R R, AR
SCEER TR W PSR B 0T , AN 57 0 W 5 T EE A DN e B R AR =R

FEGEAEE A AS 57T, PR SCHRAT B A AR v Wi — A7, BIVRR Fh S oo 155 100 A [ 96 7=
8 U TR L1 B P A AR B AT IHAE BRI U o A A7 f , IRl i K S APk it T r s 5, 15 3
ST [ R 9% ASAT 0 14 B[] 0 55080 (R 75 45, 2017; 4RI, 2017; 5K/ HE4E, 2021; Zheng, 2021) . &3 iE
T B SR FH 28 I TT 454 B2 1 [ 0 7 B R A S B AR A e o DA SR FH G 3 1) 2 2 D PR A VR T A
SEMIFFE TOTE A S SR b B A B3 Hh TR 31— 380, EL3R T J2 1 0 [ 22 W P A T A v gk 22 . (HBEE 45 b IX GE ik
FIAS W TH AR DS 5T 92 AL TR 33X A 1] B 2L A5 IR KRR B () i e (XSRS, 2009) o % FE 5] [ 52 TR AR 1Y
it PP, 728 72 T g i R B A5 3k T e AR B A AR A o PRI, AR SO %5 A0 O SRR B s L DA 2000 41 f) 181 52 96 7=
B BE IR A2, FE T 9.6% M W AT IH AR HEA T [ 72 W AR A7 2 A A B

TE 57 s A S 57 1T, S8 SCHR S BT MOl A BT RAE DOl A B A A MOl B3 B R A i i A T
BEAR R HE A , (X — 805 TC 1k S 45 b IX s 454 7l 22 18] 57 20 385 B R KK 55 sl B | 57 sl 8] 45y ThI 1) 24 5+
(Zhou et al, 2019) . PRI, 4= SCR FHHR T T3¢ BVBOR A 55 2 4% A o SEBRER T T2 58 VA 25 300 7 25 41 B2 1 30
HRUT T3 R D A5 1, 33014 2000 4

P77 S 17 T, 55T A SCHR 035 30 s | AR SOl A A 30T 1 S P 7 V(B A s it A 8™ o SEBRzk
7R PR A R T A AR R B AL 7 BE A T AR AR L IR 2000 45 o BRI AR B ) ORI IR SR T 2
R 1,
2 XNIEERSHWH

BT FIRFFE T, AR SO 2000—2020 A HE 220 AN T B4R AR B AR A B (Y DI B
HEAT L[R5 1) DEA-Malmquist 4= 7 2848 BRI S80I F HEA T 0050 R i, DAITTAS Hh 25 3k Tl A R 2 P 0 e R
Az e R AL R R VR PRI 2 A o
2.1 #HiRtES

I FH 3 TR R O s B RIS AF AR AL PR AR B S . % e 3 v [ 28 % R R WA 7 1 DX sl AS 44 48 1) A
KRS E G R 1) 5 AR 25 T 40 250G rh 3 A AR b b DT, A s DX A = R mis VR 2R 4 3 () i
WrArHr (B84, 2016; Zhou et al, 2018; VFIiKAE, 2021) . A6 Bt , A8 SCf# F Kruskal-Wallis S 807 246 56
S XA IE R AT 2B R A TR 225 . MEAG T A B A P R AR B R e TR AE B4 T3 2

722, Kruskal-Wallis 77375 H 1) p (E/N T 0.001, RIS R 2 (] 2 B AE PR 22 5 B % LR R
N A B AT HAGA G RAE , AT IS LA EARZE S . 120, WFIEDR B AT IX i 2 R A= %
B S 5 At [X B, LR PR AR L X, P (X 4 B0 28 A P2 R A A IG o (E A AR A B B A P2 R A B
ot IR AELAR 57 2 5l DX, U0t B b DX P 25 BE o B B o tE—20 b, A e T B2 2 =R A & SR A P AR 1 22

®1 BN HESHMRG T

BATER izt FEA f/ME KA YA bR
JSVEaE SEBRA " M (127T) 4 662.00 75.42 78441.63 4162.87 6214.77
iz SN [ 22 % A7k (f2.76) 4 662.00 0.01 6624.39 145.96 377.19
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Abstract: Amidst the multifaceted impact of internal and external factors, China is undergoing significant changes in

its socio-economic environment. Internationally, the geopolitical maneuvering among major powers is becoming increasing-
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ly intricate, the COVID-19 pandemic continues to oscillate, and forces of anti-globalization such as conservatism and pro-
tectionism are gaining momentum. Domestically, the demographic structure is rapidly trending towards "fewer children"
and "aging", the industrial iteration and upgrade process has entered a plateau period, and the energy propelled by techno-
logical innovation remains insufficient. In response, the party and the central government have further proposed the grand
objective of accelerating the construction of a national unified large market, under the strategic design of expediting the es-
tablishment of a new development pattern characterized by the domestic circulation as the mainstay and the mutual promo-
tion of domestic and international circulations, driven by the vision of boosting the energy of technological innovation. By
leveraging the economies of scale brought about by the super-large-scale market, it is possible to enhance the efficiency of
various factors of production and guide the effective allocation of innovative resources. This, in turn, promotes the orderly
flow and rational aggregation of innovative factors over a broader scope, effectively transitioning from factor input-driven
growth to innovation-driven growth. This transition is characterized by innovation-driven, high-quality supply leading and
creating new demand. However, at present, regional development disparities within China remain significant, and the imbal-
ance in the level of technological innovation capability is notably pronounced.

This article utilizes the common frontier method and the two-period production technology estimation method to con-
struct a common frontier two-period merged total factor productivity (TFP) index based on the data of 220 prefecture-level
cities in China from 2000 to 2020, using the DEA method. This approach allows for interregional comparisons, not limited
to intra-group comparisons, thereby offering a more scientific and comprehensive framework for understanding and compar-
ing TFP across different cities. Based on the estimation method proposed by Pastor et al (2022), this study further establish-
es a kernel density estimation model and a Markov chain model to systematically analyze the spatial distribution pattern, dy-
namic evolution process, and internal dynamics of urban total factor productivity (TFP) at both the national and regional lev-
els. This comprehensive analysis aims to provide insights into the spatial dynamics and evolution of urban TFP, contributing
to a deeper understanding of the overall productivity landscape and its temporal evolution across different regions.

The research find that: (1) Between 2000 and 2020, the overall total factor productivity (TFP) of Chinese cities exhibit-
ed an upward trend, and the disparity in production technology among regions has to some extent diminished, alleviating
the phenomenon of regional development imbalances. (2) In terms of regional distribution, cities in the eastern region dem-
onstrated relatively higher TFP, followed by those in the central and western regions. However, TFP in cities in the north-
eastern region still requires further improvement. (3) According to the estimation results of the kernel density function, dur-
ing the analysis period, the TFP of some cities has gradually increased, causing the overall kernel density graph to shift to
the right. However, the distribution of TFP growth among cities is relatively dispersed, leading to substantial disparities be-
tween advanced and underdeveloped cities. (4) The results of the Markov chain model calculations indicate that the internal
dynamic evolution of TFP in Chinese cities is progressing gradually, indicating promising prospects for future development.

To achieve a balanced improvement in the total factor productivity (TFP) among cities, policymakers need to consider
the specific needs and development stages of different cities and implement targeted strategies. On one hand, it is essential
to persist in promoting China's urban TFP by focusing on technological progress. China needs to further enhance its inde-
pendent research and development efforts, pursue disruptive innovation in cutting-edge technological fields, and expedite
the transformation of scientific and technological achievements. On the other hand, accelerating the construction of a nation-
al unified large market and facilitating the smooth operation of the national circulation will elevate China's urban TFP by fo-
cusing on resource allocation. Additionally, promoting experiential exchange and resource sharing among cities is also a cru-
cial approach to advancing the construction of a national unified large market.

Key words: total factor productivity; meta-frontier; coordinated regional development; production technology hetero-

geneity
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