$41 % BT ¥ R 2 K 20224F 7 A

B[ Tolle gl 25 B 3 AR Bl Fr e R e B 5

—F T # % F W 4 SBM-Malmquist 1% A 2 47

R, KEHF, F &
(AR K 2E BT B4 B, K3 130118)

W E. RGN AREEBRAIN I LSV EREZD P, CERARTHABE T RAOR BEH T LTHELEH L, A
LHER AT ZEHAEF AN RAELR ,IE A E W24 SBM A F= Malmquist-Luenberger 38 22 3t W B & 5 4 T b 4 b
GER RO AERITNELFN . LEREAWE2013—2018F 8], T b & W 2F & H R ) 3 20 F 4 T EBAKKF, 4 B HE A £
BRREF B EZFABRHHE D RE I LSV EZRCHAFEZINRR-P-BIRABERGNHR SR H AL, 5 KN
WR I A 2E R #ac ks LAk, b B3z 2R T RS 83 KT ARG HFAE, m LR R T 38
ki@ EWEF R R R THEFEL KR, AR AL ERTFEIRAERARNBRZAERGHEZZRA ;KB
Malmquist-Luenberger #6 # 3 K T 1, # KL R S H R4, L PRAAF TAB RO K T 2RM T AR KL F T FL, K
ZRWRE@EAE, KR 4 ML(Malmquist-Luenberger) 35 4 £ %3 2 T 3 K 3t (technological change, TC) 45 $k #93% &k , ™
W AR H R 69 ML 45 30 0] £ Z 4R 8 T H K 20 & % AL (technical efficiency change , EC) 3§ #8938 k. @i ERAF R A 2 EH K
B A FEB KRR AL FERE A4 RIS E R AR BT R TR KR,

KRR FEH ARG E; MASBM; B E; T ik

HESES: F424.3; F273.1 NERES: A XEHKS: 1002—980X(2022)7—0013—10

—.5l5

+ = A N K DU UK 2 ILHE R B T R R B 1) R A R R A SC A HE B 1 . 2021 4F 2+
VU7 FF JR) Z A7 e A IR T3 & R s b B IR EE — R G A5 5, L T A i #R s B R QB 8 e 1
BALE , UTAER, Tolk Al AW A & B iR B DL 4R i B R B KSR R iE & B e B AN 2011 4R 1Y
5993.81 {2 JCHE K 3 2020 4F 1 15271.2942 70 , AF ¥ 11% , {2 Al 78 1SR 55 1k 9 B A 7= i 4 B i AL D
AT BT AR I A B SR AT B T sl R S R I E A 0 B A 2 — (RN A, 2021) o IRk, il
AR S N B S D NN 5y NN [ N T O 1 5 1 2 ol 5 | o | A X L < 9 7 NG 0 S B
SR — IR BB B A IR 1 AR 0 B R B SR ), 8 S T B0 R SR IR R . B4, Ak AT R
B i P B RS AE A R B T ), S R R B Y L AR R R AR A AR R ST

B AR A B A0 S R ST R AS T R 2 U R R R R B il N N G A BB 1T A B R 4]
o MWBLSEAE DR F % G5 15 AR BT 78 f2 1 28 5% 38 4 0 TR) s 7 2 >F 114 R T8 A RN 2R B575 e a8 H 25 8 .
2020 4F B B T e IR RE &5 B A 17l B RERE R LL E AR T 70% , CO, . SO, \PM, 55 75 Y ) HE il it 8 7 48 1ot 5
SR AR AU R AR T HARQUH I AR RS BT 0] 8, o [ Bl 2 B A 52 Bt 2 0, i T3R8 05 e AR S R
HOR B2 BB E 20T E E R = BE R 15% . 9 F 28 2% 51 2358 JUUR 23 SUHRE MY B S Bk 2k gk o
e T A 1 A% O ) SR e S IR PR B A (0 T R R MR S 60 F R BIHT RE A8 412 1 BIHT AOR L2 TR RCR FNA
Be R i R B2l 5 R & e (5K 35 TR B0, 2020) 6

T, 6 57 A 1587 85 R A0 BIF 52 265 o X3l , o 00 8 R Ay Y BRE K T 9 O T AR A VF 22 B B 9T R T, (H
Xof £ 60 BB RO W R T I — B 2 A BSR4 A 2R B L Tl RN B R R R K S H A AR 4%
A Tolb Al 19 2 (4 AR BHTROCR 70 M He & R KOV B 22 57, 3R 9% 1 BRI B3 0 R b X 2 S ) ELR TR R, R
WA X Tl Al 3 2 2 6 5 AR AT SR IE M B 5 3 LA — 5 B ELR M(E, AA A T 4l 1) 28 € k8 Oy U
AR o B AR A S B A 55 A 78S TR AL

Y B #3:2021-11-03

ELWMB:EHAHFT T T Z2ALHF B FHEAK TG 04348 69 B0 E & 547 Z 3 xF 87 (JJKH20190959SK)

EERN KT R, EARXFIAFELI LT L TR LR PEZFFRFRINAR , ALHAEFIT ,FRT @ - HREFEE
oL ERAR(ALERAFEMFETRF)REF, SHRLRFEFERFRALARLE,ARLT @ HRE
FrHEmE BARANETE, FL, FHRRURFEFEREFREEHRAAE, LT @ R ZFHEE R =25,
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HAR 5 ER A

KT g A H AR BH X — B &, J2 78 E A IO A TR 5538 )7 208 B BRIy ] I B 3z M A o Shu et al
(2016) £ H 25 O F AR BB 2 WEE R T BN IR A B TH 9l 25, b At F ) 455 22 % i 10 2 (o A i 72
WiHE 25 B0 e 8 HE OO AR A T R R AAE S I AR R A A FATE R TR A FAR
(Aguilera-Caracuel fl Ortiz -De-Mandojana, 2013) . & [ & T ¢ 6 £ AR A Hr 09 AF 57 =2 T2 7 B S F 5% 28 19
BEAh b R R B o DR RE A b (2018 ) IA A & (0 H R B 2 — Fh 0 A 02 E 48 U R R A T A A R
VAR B 1 07 AR T B o A AE (2016) I EE SCHT AR 4k 3k (2018 ) I\ A 78 A 25 5% I 1) 80 A o 7T ¢
LR R 2 A I fE LG OU T L 2x GRS AN B 502 A BE T 4P 2 R e iy B AR AR . X T ak @B AR,
MR T NS ORQUFEsh b ALK M E R Z E SO L E . 26 H AR B RCRE K
U AR ST RS R R AV 2 AR B A0 AR ARSI R AR R A] R AL R R AR A T B RO 1Y
AR JBUAE T A R A B A AL

H BT C A B2 8 05 Tl A BOR BT &R B R 2 200 T HOR QR 1Y BR824 4% FREFE R 5 o I 4R
ok BB PR B [0 IR 2 1, 20 432 3 T 06 4 5% 50T AR R el LG T R 1) BR VS Gl HE S FE R 9 AT SEIE R, DA R
4l (1) BIF 5 5 R BT RCR 1) B  HOR BTG Ty AR . Az (a5 (2021) Az i B 45 (2020) 7% 18 3 4% 5 4
AR i B b 25 7 A PR B G G ), 3 O K HE 0 0 A Al HE T A A SR AR R B ST AR R 2
H e AF (2016) AR B R HEARAS BE AR I ) T Jig 4 6 £ R BT 19 B R0ON; , 8 B 5 G W R i b 1 AR
NI SR A

P BE T3k 05 T, FOR AR 9T R 208 ML 48 DEA BEALIN FE A3, R 2% ) i # AR S5 77 1, 286 1 Tl
i M BB T B0 AE AR K R R A B B S 2 S, JC R A BT R G BB A 7 B R 2% B B B R R e
ROCRISE I o AR 5T D S B TT Y N B 45 4 NI 32 I S 2B P 00R B AR D T 2 DEA BERL K PSR BT Y
B b AR A3 i A T B B, 2% B B ) o v (E] HE AR OCHE o Ak % G2 DEA B8 200 T A7 R st
P, BfiJE Tone(2001) 42 H T AE42 0] L IE f £ 1Y slack based measure (SBM)#R &Y . FH# V155 (2021) iz Ik
& 1) SBM AR TR B 5 B R 7l i B R BT AR . BRE 4F (2018)  AE 4% 18] 1Y slack based measure— network
data envelopment analysis(SBM-NDEA ) X 1 [ & & F) 28 22 72\ 50 R QUH RCR IEAT IR 98 o SR, SBM A AU fig
XA R 1 PSR B TT, U, Tone(2001) 78 S HiT BF 5T A9 B 6l E 42 Hh 7 88 2008 SBM AR Y | AT LG 20 56 {1
FFoE R M B HE R o M — K2 (2021) 2R 8 80K SBM-Malmquist #5585 1 5445 48 T BHE BT 80k . BIE4E K
85 (2020) 1A 203 SBM AR 2 A, HURE X i 25 5038 A I B, Tk WY W 3 25 9 A A ol e RCR A A LA T i
S0 2303 1) HAAR R, Malmquist BEASGRAD 13X — BRBE . 2552 55 (2020) 128 J1 8 A% SBM A HY M i 25 1 2 )
O T R T R R B R, I N B A T T R AT 2 A o BRI A (2015) AN AR F W B B DEA #58Y, Jf HLik
K T B B Y R AT O3 i L R 58 0O Bl 2R 1 LA D TR 81 RS 2 BR TR ARG 2 R TE A

3 o SCHR A AT A& B, H R R BH RCR B SEBCR Tz, O T B8 Be SRRl 0 B B
B ABTEWF TSNS b AR H A 1 RS A8 B R BIR AR Y O, X T BEE T EE E— AD AR DA
WE5E, IF HIA WSS 2008 1 BR5E 75 Y F0 B P50 A8 5 T 9 [, xof 2 p AR B B 4 B S AR D, O BAR B
A 2 S s O RH B B DGR bR L 18 PR e 1 25 S OR A A 1 £ 8 HOR BT RO PE M 5 AR 1A &R R B
BTz AR S FEFSE T R b B AE ST SR T A BRI BE 5 PE AN Y A AR B B TG B Y A ] 4 [
R, 22 BRSO # 2 f (, RCR HEAT DN 5, 3 25 Ak 70 BT RH X B =, A HE — 2D 3 BT Sk 0 28 B 80 0 i A A
FRRFAIE o RIEG Gy 00 2 AR B AR Tl A M 5 € B AR B 1R (845 DG T Y A

BT A SCAT BE B I PR DT BRAE T2 50— 7R AR RS i Al b R PR R 3R Ay — Fh AR 0 B AR AR
AFBIWFFEHELE , IF HLER XS B RR 5 e I8 58 A8 R G0 BRBE A SCA TN a1 Tl R ERE Y
TR R B SR bR P R T RGBTSR IR IR R . BB s A M E RS, T e e
FOR BB 2 9 N TESCIR 25 44, [w] i) DA 25 R 3l 25 P 4> O 1T 32 1T Network-Super-SBM A5 284 3 55 9 [y 1B 4 fi
RO, 0 7 C A STHRAFE BB ik R MR AR 7 B A58 =y IR, 0 530 L 1 235 R S I 2 WL, S I A 5 S bR A L, ml
DLAERR A4 2 6 BOR QB SOR AR A9 BARERY , 70 B 88058 ik S 1) 0 SR 9, Ay ol R AT B0 P Y 107 B3R LA 2
FHag A AR QB SOR IR AR o 58 =, AN T L LB A5 8 1 4l A % B R QB S80R M, e i 3] T
Tl A Ml S 8 AR BT 8 AR T PG X2 S, AT LA A T A v Tl A ol 60 R BT SRR 1Y R AR i —
BT T G OB RN SOR I S T UR
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ST HE A%« Hp [ Tl Aol S €0 4 AR B AR A I 5 A

iR

&

(— )i EEE

1. SBM 4 DEA #% 2

[ 2% SBM ( slack based measure ) {5 784 TT}FTﬁz:%ﬁ 9 B B0 410, 2% 43 AT (data envelopment analysis, DEA ) f5
T 35245 4 A P K BT (decision making unit, DMU) B9 “ B4, I BE 22 B B2 A 7= 5k B O ROCR A, o] DUFR H ROR M
T%ﬁwﬁloﬁ%$E¢W?iﬂfﬂMW1L2 ~,n,n=30) ,— A DMUAE K45 5., mk F rk 53 51 %F i
TR E(R=1,2, K, AR 3CK=2) B A G bR BOR ™ 38 A5 50 (m =3, m,=45r,=3,r,=5, fHRIRIRILEK 1), X'=
(XX XD MRS A DMUAE B & B Be 09 48 A ) &2, A0 2 S99 1) 9 77 oy B pe) A8 oy 202 = (2,1
Zy e g2>&%%%ﬁ%MﬁAﬁxzu X XD LYY LY e Y D RS A DMU TR L
RECACKY By 7 M I i, W éw%&iW“Woﬁ

FLAEL L B A 7% ( constant returns to scale, CRS) N AW & B BEm A 7= ] e 42 hy

n
Z)\l 102 Z/\fl L)
j=1

o

TSR AL B B i A 77 T RE AR
2 B, 200 s YA, v e YAy
Jj=1 j=1 °

ST T B A H B T A% (variable returns to scale, VRS) 1§ 2, H B A 24 7R 45 4 Z)\Jk = 1()\5“ >0,k
j=1

1,2, -+, K)RIW],
H I, AE 5 10 T B9 4% SBM ARl Sl

2

2w -*ES"
w k
=1 my =1 X

p’ = min . (1)
el 3
L i

ot p™h DMU W BEARROR 5p"=1 0 DMU BEARA 350" <1 TERG BEA DMU AT m FREEA RN r B 38 R 2, Fil y 5

SR SH Ay 2 H AR A S AR L S0, 5720,

2. B EHEFHKN SBM B EER

TE DEA 345 R ih i vF 4 WA 500 DMU At B AR 2, B 0K ) it — 25 XA Ko/ BeAk 785K
B VR o A b s o 0TS Qe Wy HE S AR I EE - . AR 58 DEA B AL JC v S A K A e v /b AE 30 B 7 1 iA F
TrRERCR o T AR S = A ROR SBM A BUAR I b R b T 58 DEA L AR 2, A X (2) s

1+ iis[/xik

minp =

Z /h+Zs "/ bu

ql""]z

n
2 XA = s <y

=ik

n
N
2 YA tsT 2y,

=ik

b -
s.L. 2 bd; —s" < by,

j=Lj#k

ZS/yHZs /b

q1+q2 r=1
A=20, s— =20, s" =20
i=1,2,,my r=1,2,-,q; j=1,2,-,n(j # k) (2)
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HAR 5 ER A

Horbp B EARRCRE X F DMUG=1,2, - ,n) A DMUE m FHEA LA x,(i=1,2, - ,m) , BEHE [F] i A4 7=
g A AE P 8y, (r=1,2, 0 ) T g PR I8 R b.(r=1,2, 0, qy) 500, R 50 48 0 8 M 2B 77 1 5 1 30
PANEER 5y, N5 A 0 38 POl A= 77 B 55 r BB B 1 5 b, R 85 48 0 8 O 2B 77 45 r LR 20 B 7 0 OB
G 2 B T AR U B R AR S 5 A R A DMU AT VLS AE RALER s N AR kBB DMU 557 os) os) ™ G
B BATCA SR AN R AR B T4

3. Malmquist-Luenberger 35 £}

P 28 SBM A5 1 2 6t 4580 2% L A 0 25 DU 5., 1T Malmquist 78 B0 2 56 8808 (19 h 28 0 07, 9 b 1T #2840 BT i A
FE BRI DMU A 77 RN e B o+ 1 09 A2 4k o w7 RLUE, B T 3R B 7 A Malmquist 78 ZCER 7] LLFR
Malmquist-Luenberger f§ 8. TS % HE N

s0=8'Us U Us = Uil oniue - Ul )
A] 4 i M 2 AR AR AE 4K (technical efficiency change , EC) Fil# R 45 £k (technological change, TC) :
MI = Mg(acH Lyt x‘,y‘)

Cp ()

CE(y)

ey )| By E(y)

B () [ ET () B ()

= EC x TC, (3)

HH . MI - Malmquist 35 % (malmquist index) ; g 27 Malmquist 15 %Y 2 DL Br A 45 399 34 [7) 44 22 A9 i ¥ 46 8 2 g
W s R ™ 43 A ¢ R e+ 13T H A 5o/ By R 7= S BN (o o) i e B AR A 18 e BB R BSCRIK 5 B (6 )
e+ VAR AR 0 e+ 1 BIERBOCRIK T s M>1 R AE R QSRR & R Z L EC>1 FUIHE AR
Mo 2 TC > 1 RPAFE AR AL | R Z B

(Z)F5+REE

HE 4 B BT (6% 388, Fe R B BTG 3 — a8 FeR W & FOBUR AL I B Bt . SR A KILH MR &
(2012) B R SCHRIGE K25 (2016 ) 55 X6 A0 SCF8 A 1Y 5 B B8 9 mT 3R A5 M dE S F b iR R (R 1),

1. EFAHAEZMERNHIER

XTFHASEIR, Z B E YR %A X T ol A Mtk &R st dabs, 8% 8 8% (2020)
W SCHR, ARG A0 A L R & ok B, X EERERB THERMR AR SSEMHR ANRSHE —E
PRIE , I HL Al JF R A9 1 22 38530 B R B It B o g [F] B2 2F 22 0 5 R B A AR o BRI Z Ak, X — B B 4% A48
B i A58 77 i F R 4 B Y

DO R R VB = T oy G | NE R T G S s Ik | B 1B Dl A - (M E S G E DN S I B A D B % B 1
M T A A 3 )8 bR RE AR 4 M s R BRI = . 59 A A H T A B R e B R B R B A X B R
(R %5 ,2015) 5

2. REXHERANFHIER

X — W Be R A TR AR, RIS BRI A B Be (9 7 o 4 % RURLB 7 i HF & 00 B S AR R [l 4E AR IE G20 T
R 35 oAt S 8 P AR et S AL R T o BR UL Z A0 B R RIS 2% 1 VR 0 50 B Be A X2 B Ol Tk Aol 2 fig 5
T 2 A T HLRE VR A FE 25 7 AR S G W HE T, — e D R IR BRI . AR B T, DR
i 1 B W A S BB R, FH 2013 4E AN AR M b Tl A 7= 3 H T A 8 H50O0 08, o Mk = % HE il 4 E
AR TS g A AR

O #SHETA L PRED FEHARTHAAHHEAN DX —BANAELHRB a2, 413 = B BB Tl RREESE R
HAHEZ K, =(1-0)K,_, +1,. £ FK K_»ETib0 A -1 F0FAEZT,SRAFTAIG F RHFRAE L REFF(2020) TR A
SLAE (2018) 9 AF R, 45 H K A 20.6% 1, AT i B E S 1 F o RED 2 F AR k. IR A 2011 4, 3 A KK, = 1,/(g +6), 7 i
BB T AWk A A E, LA TR AAREF (2020) 7 LA A AN 38 K5 & RED M A8 48 £=0.55% & K & #4445 8+0.45x B
FH MG E, T RED % B # S TR 2R AT R OR
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ST HE A%« Hp [ Tl Aol S €0 4 AR B AR A I 5 A

K1 REF AN AEIAFAR AR

I Bt EELI S 18 b 44 i b fi 34
VNUIE TN R&D A 5t 4xiif 24t x| A
. VEARA :‘IWD%%XQ | %WD%%W%iﬁﬁ%Q?? _
P BB B T & et S X JHWF & M ¥ 8 KO0 HAF BB B 73k (7 58)
R&D % Fl B 5K Y, 2k X7 1
EREEEAN R&D A7 3 Kk W& R Y, 80X F
B IE &I A Y, BXG bl
RETRAL A AEVR T FE MR X 3 W o A
W= B A A Y] JH A T 0 A% 8 BOW P (7 58)
%ﬁﬁ& Tl I K HE T A (T )
— 4 AV 1 HE T B (il
- A2 RO oL
Tl [ AR 2 4 7 A e (5 )

VE FE XY R X2 Y240 5 7 7 B BF S R AL BB A R 5 th T o 4B R — B B RS B B BA L TR A 7 R
.

(=) AR IEFEFEIERIE

TEHC 304 (HIA X BT ) CBRBCHE B e, A 25 G A b DX 38 1 75 M 1K) 19 Tl 4l AR A F 58 %
%, W T H A EHE G iR 2 ORI DL Tl A b, A Tl I AT R AR — B, BT D3k RO A
DL Tl A olk, — BB DL 1 B 4 olb X DEA 55 A8 A5 () 2 Bt B s A pE . DL+ 1R R =2
E——20114F g 2, 1 F 201948 (AR X BT ) 15 4o 90 HE B O BUE 8 BA Ai , BF LARE AR 1o
2011—20184F , % T4 ASGAL 77 th B AT it o, £ 245 1 BORUES % (2020) ) AFF 50 180 AR 0 5 5 015 ol 2 48
S AR 42 0 & 8 A a5 R e A B A B R Ak T A B AF 4 43 ) D 2011—2016 4F 2012—
2017 4F \2013—2018 4 . A WF 52 19 £50 40 32 B2 0K U5+ [ 28 &2 5008 P2 A EPS Bl °F &, 3l ok o B 3k v 46 348
K SA CHIR K CHFETD ST MG R AT AN FE o X F 86508 CHIE X BT ) &840 40 Tl 22 /K HE
TR GEAT AN SE 3 10, 44 B8 Tl R K R K HE A L A N BT 34 (AT HE R

I SKE 53 #

iz AL A AR I R 7= Y R W 28 SBM-Malmquist B2 Y | fdi il MAXDEA Ulira8.0 4 , 45 3% [ 30 1~
(ETAIX  ERET ) BB LA b Tl Al 43 €0 1 AR B 307 5031

(—)ZBEFREFEFSUE

R T BT B RRABE DL TN A Ml S 6 B R B RO AR AR S 728 Ak A T T AR BSCHE D AR A 4 SR DLk 2,
A4 [ 2 0 R BH SR R B, 7E 2013—2018 4F , & [ Toll Al 8% 2 52 B0 /DN i B8 ) L T #a #4, i
2013 4E 1 0.3260 [ F+ 5] 2018 4E 114 0.3915, %I {H 4 0.3543, 76 0.5 L) F & T2 E WA XK T T4
] A7 ) i DX 0, 3% B 3R [ 3 1R 4 £ B R B Ak T 3 AIRK O, 4 B 25 AR K, B RARAS -, Kok i A R K
P B T 23 ]

ANTRVE A Z ) % 3 22 S W 3, 6 £ 0 R A0 30T 2850 230 140 (1 0 s 1) il DX T 712.(0.8303 ) AL 5T (0.8046) , Hor
W TT A8 2 05 AR QT RORAE 2013—2018 4R W& S A Ir 1 R, U BH B AR 7™ M B 2540 B L 3 e T & B L (AT
TR R TR A 7 ) & R . b 5T 2013 449 0.6205 | T2 2018 4F 14 0.8730, 6 W1 75 % £ 14 fig 45 4
bR R SRR, AN W 5 2 S 30 28 O R P B PR 0 R R A ) 8% 07, OF HL AR BEAE R v B R R L R T R L R 8
5 AR B, FE R A A B AR RN 7™ 10 Oy AR AL T E AT S o RO AR VLB E A B, AT LA
RTI4TN BEOK S g5, Ho T AR B T R R R AT R B S X, 5 ELAH DG B
58 35, B PR 85 AT S 40 I AR ORI B, O 6 e B R B ROR A F AR KT o HE PR B R Hh A P i b
X E AR AR R v, B & R A S R U T A B PR B AL 25 RN 48 B A s, A X ] 10 RO A X g
2EMAE 0 IT A AR B RAOCR R R AT 55 R 7E PR FF A B U0 3 1 (8] s, iy 20 S 30 76 38 IX. 4 4, B AR B3 &

@ PRI LLLBEGHATEAALFEA S LA L BA T T "%t v E 04 E REZFAT L £ e AR L H
VAR S R AVA B A Fe kg T Z AN TT R CHLAE A B3R SR BN 2000 7 LA B
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HAR 5 ER A

JE o HEA B IR0 T 164 TN 500 BROR AN A2 10% , 33X S8 H T 3 Al Dl )™ A, oLl 27 8 6 g , Tl
il B AR K V-8, B B A R B I B 7 HE D o AL 3R TT LA 25 S N AR R A 1 i Sk (B R B
BRI R B BT, 8 0 22 ) B 22 S E AR 2 8 46 /)

%2 2013—2018 K E30AM L (ABK AT )AL LT k& 45 & H K6 Fr sk

HiIX | 20134F | 2014 4F | 20154F [ 2016 4F | 2017 4F [ 20184F | ¥{H | HE4 || HIX | 20134F | 2014 4F | 20154F | 2016 4F | 2017 4F [ 2018 4F | #{H | HE4

Jtut | 0.6205 | 0.867 | 0.8261 | 0.8169 | 0.8234 | 0.8730 | 0.8046 | 2 YLVE | 0.2658 | 0.2474 | 0.2668 | 0.3405 | 0.3650 | 0.4835 | 0.3282 | 14

KHE ] 0.5997 | 0.5662 | 0.6450 | 0.6478 | 0.4088 | 0.3919 | 0.5432 | 8 W | 0.2307 | 0.2393 | 0.2497 | 0.2541 | 0.2733 | 0.2828 | 0.2550 | 18

4t | 0.1938 | 0.1802 | 0.1894 | 0.1851 | 0.1818 | 0.1972 | 0.1879 | 23 1k | 0.2330 | 0.2511 | 0.2549 | 0.3073 | 0.3194 | 0.4852 | 0.3085 | 16

L7 [ 0.1265 [ 0.1313 | 0.1188 | 0.1179 | 0.1442 | 0.1844 | 0.1372 | 26 AR | 0.3262 | 0.3454 | 0.3760 | 0.4284 | 0.4204 | 0.3725 | 0.3781 | 10

i | 0.4201 | 0.4452 | 0.4217 | 0.5189 | 0.7254 | 0.7394 | 0.5451 7 J7PE | 0.1961 | 0.1703 | 0.1886 | 0.2207 | 0.2267 | 0.1955 | 0.1996 | 21

VLN | 0.4145 | 0.4295 | 0.4747 | 0.5310 | 0.5366 | 0.5048 | 0.4819 | 9 B | 0.2226 | 0.2671 | 0.2550 | 0.3088 | 0.3374 | 0.3343 | 0.2876

Wil | 1.0043 | 0.7572 | 0.6854 | 0.8623 | 0.7738 | 0.8986 | 0.8303 | 1 K | 0.4019 | 0.4491 | 0.5182 | 1.0106 | 0.5318 | 0.3664 | 0.5463 | 6

R | 0.2698 | 0.3106 | 0.3175 | 0.3429 | 0.3746 | 0.3706 | 0.3310 | 13 pgjil | 0.3874 | 0.3149 | 0.3236 | 0.3407 | 0.3406 | 0.3997 | 0.3512 | 12

114 | 0.2807 | 0.2697 | 0.2548 | 0.2612 | 0.2724 | 0.2414 | 0.2634 | 17 eI | 0.1929 | 0.1982 | 0.2104 | 0.2409 | 0.2968 | 0.2830 | 0.2370 | 19

JUAR | 0.4584 | 0.4831 | 0.5352 | 0.6644 | 1.0020 | 1.4695 | 0.7687 | 3 = | 0.1820 | 0.2031 | 0.1923 | 0.2159 | 0.2750 | 0.2477 | 0.2194 | 20

W | 0.3061 | 0.3003 | 1.0689 | 0.2567 | 1.0278 | 0.3239 | 0.5473 | 5 Bevt | 0.2244 | 0.2157 | 0.1882 | 0.1507 | 0.1752 | 0.1939 | 0.1914 | 22

R | 0.4268 | 0.4309 | 0.5034 | 0.4732 | 0.5701 | 0.5632 | 0.4946 TR | 0.2285]0.1992 | 0.1823 | 0.1304 | 0.1499 | 0.1511 | 0.1736 | 24

LIPE | 0.0888 | 0.0999 | 0.0938 | 0.0980 | 0.1396 | 0.1741 | 0.1157 | 28 T | 0.0652 | 0.0407 | 0.0680 | 0.0640 | 0.1238 | 0.1837 | 0.0909 | 30
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The Measurement and Evaluation of Green Technology Innovation Efficiency of Industrial

Enterprises in China: Analysis Based on Network Super SBM-Malmquist Model

Zhang Likun, Zhang Yaping, Liang Yuan
(School of Economics and Management, Jilin Agricultural University, Changchun 130118, China)

Abstract: Integratingthe green innovation and development concept into the technical activities of industrialenterprise has become the
key to breaking through the shackles of environment and resources, promoting sustainable industrial development. Energy consumption
andthree waste emissions were included in the research framework, and the super-efficient network slack based measure (SBM) model
and Malmquist-Luenberger index were used to measure and evaluate green technology innovation efficiency of industrial enterprises in
various provinces in China. The results show that in 2013—2018, green technology innovation efficiency in industrial enterprises is
relatively low. There are bigger differences between different provinces, but as time changes, provincial differences gradually
narrowed. The green technology innovation efficiency of China’s industrial enterprises presents a stepwise spatial distribution pattern of
“east-middle-west” decreasing. Compared with the upward trend of green technology innovation efficiency of industrial enterprises in
the eastern region, the efficiency level in the central and western regions not only has the characteristics of obviously low absolute
level, but also shows differences in growth rates. The efficiency of achievements transformation period below the efficiency of scientific
and technological research and development, and the low level pure technical efficiency is the main causefor the low efficiency of the
two stages. The Malmquist-Luenberger index is greater than 1, overall development situation is good, but the growth of technical
efficiency change index is mainly depends on the pure technical efficiency change index. At the three regional levels, the ML index in
the eastern region is mainly due to the growth of the technology progress index, while the ML index in the central and western regions is
mainly dependent on the growth of the technological efficiency change index. Through the above research, the source and real cause of
the efficiency loss of green technology innovation are determined, and an effective path is provided for enterprises to improve the level
of green technology innovation.

Keywords: green technology innovation efficiency ; network slack based measure(SBM) ; super efficiency; industrial enterprises
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