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VER—AU R 2B BL 2T ZZ R B a8, AR BIHT 19%.0 B 7E TSR A0R R AL
FEMGRE R P FORGUHARCRI E B B A @, B R 12 P BT TE QIR TG 3 th B T A 5 7 ) Z (1)
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AEPFA B Ml B R KB RE TR TR ZE Al BB SRL K 5 i, 45 5 3 W AR R A 0% b 2 I m AR 30T,
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(A0 AR RHELR | 25542 FHEB AR DEA 11 Malmquist $8 505 , #8580 0 (B 5E A [7) 2857 A3 2k e sh 4
AR UF B HAR B RCE PN R R I BIS A 2, FEICEEAT b A8 P B B i BB A8 2 B A8
RETRVR AP B E AR & RS =X, I 5 Al ™ AR B AR Rl 8 7 AN ) 7 A AN ) B0 15 B R A1 i 56
FEME L] AR T QTN EEE B AR BRI R S R, AR SCEZERAPRTIRAE T — =2
iz JH Super-DEA F1 Malmquist $8 £ 54 73 5158 Q8T 0 (8 5% P A B B 1) i 25 RN s 8 RCR R O, 3 B AS [ By
B RS TR] P AUE Aol RHTRSCRAE A R SC B R 3R, I AL B B Bt A 4R TR AR SRR A ) 3 Fs
TR R R R TOR R | EE SR KSR K R AT DU I G — AN A AR R R AR R G
PriEZErh | AT PPAG EAR BT Y ZR 5805 I 2 T R BIHTREN G BRI, 2000 BN 6] B8 A -85 20
B HYAFIE , i ST PR BORBCR IR T R S22 B AR I

117



HFHARZU T4t FoM

— BIET M EREF B R AR IR RE R ST

BN HT (B 4% ) HE & 5~ i Hansen Al Birkinshaw! " £ 114 o AT BIE I (E 8 HA B 0854, e
FATTFVEEHE BT B, TR Al 9 G BT R R R 43S 2 B B, BRI A BB R B i 17 . BB
PrEEER IR TR SR B Y 7 A B R A A= 7 85 8, O 52 90 28 T 84 AL 3 R A I BEIR 254, 48 7
TR HORTEREA SRR P A 3 B A R ERO0 A BB 0 (B JI 51 AH RE TR A 7 L B AR B8
W Al B 3h s 28 0 AT ST BT K P MTT & B R e A ix — it A2, AT R Al B AR BB it
RN A P SRR . — R R BT BCR 0 AR 7 RIS — B B, B s TR ORDE R | s A A 45 90 28 81
B Bl R BOR QTR B AL, B B, B RORE Q0  CR B Ak Sy S PR AR 7 g, S BLR (A
FRo RS A R . X AR R 3 AT B T SE TR IR A AL R BRI 1 B O A S S 5T 4 A T A 0
MYHESE

HARGIHRCR e 1T BRI EBE & PR TR BRI sh h A5 7 I Z [ B DG &R . ZEHRBIH R
YA P2 BB, A B A B 4 W R ANV EWIIR B AR KB R Al — RIS JF & ST 3k
€ BRI R Y o M AR SR 195 A B BN 25 Ji— B B i 222 5 3Rk, Al 783X — B BORE
BT B BB BRI T 52 Bn A7 v, BB A 7 B3R LA A 258 ™ i BOIR 2 55 34 . I Ah,
BRI L& T AN 1 7l S 6 i HEH R BRI R B A i) i SR I 2 — B R SR 4
NG I BO T s, il USE AT DA SR BB MOR RO R AR RICR | S Al A9 BOR B8 S Ak 5 A7 X P Y
185 IR IEEA I EAR G BRI TG M R OCHE . AXER Y, Al A AR 2 52 BT
G a2 — D Z W BU B Aad B o FORBIR M EHE P BEBSOA ™ LA 1 iR,

HT & 1 AT, R GRS R S H ARG R A 7 AL B B, BB S 2 RN R
Koo B BORBIRIRCR , ARG 25 2815 A7 22 B0 530 0 B WA [ B i BB 8038, 451> B B %
g JERAR 2 S A il B AR B R DL B AR B TR E 18] . 45 AR BOR BT 0 BRAR i i, b IR 22 R HOR BT
XS E sl AR Z EEAF R P, 25 TR (B AR B 20 B BOY i 3 BB BE SRR 4l i &
AR O, BTSSR, A B T2 AL BF o 7R Hh B S EE R

N S —

BB ™ BB

| OB | N

QORISR HOROIgIR A ke N
DRI S BB g opess | BORBIFIAR EEAL SR
\BEAR 5 mEEnE SERR |

Bl1 RARCIEFNEERN RN HE

= HRigit

(—)fARAZE

1. B3 & DEA %

DEA J7% i Charnes %62 F 1978 448 ) AU AE T X B 45 2480 A RN Z2 7= Rk A BF 5 X 42 0 A7 A
PRI RGN IPAL 5 L HR . iz ] DEA J7 15 R 6% T 8 i 1 2 £ A [ 2 8 B2 5T ( decision making unit,
DMU ) 7ERLRJ7 T R IR, AT R 5 S AT 5 PSR 3R (I 1 SCRe . o THBIEAE S8 DEA RIS A R 7
RORMEN 11 DMU Z[AIRCR 22 X — AR TERA 10T 5 T IUBCHR AN AR (9 {35, #8803 DEA FAY
REfS BRSP4 DMU BORCRAKE , e = (1) s,

118



JRARARAE . BB EEE TR REIR A B AR QIR R

minH—S(is; + 2;:)
i=1 r=1
S XA +s =0X,

. (1)
D YA -s=Y

A =0,j=12,n

s. t.

s'=0,5s =0
Forbry A, WA REL, R84 DMU ZERCRATHT EAYZPMEAAAE ; X, Y, 4350 DMU B4 A 577 A8 4 5 6
i DMU HBACRE, 0 = 1 ULBHHR BAITAL T DEA F5K, 6 < 1 UL YOR BT FARG FCRES ;57 s MRt
AR o, RO RLE T T A 7~k BRI S BTN DR ST NS B A AR B AR AR AR
ff AR, R DEA BRI BERS STEXT AT 2 DMU RCR K 3E— 25 X 43, Ry ok 5 3 B 53 Rk o AR A B9
WORPPAE B o ORI A 3 7 2 ol 45 R RO ASE R E 8 R DA Oy 1 B L SR M R B P A B 1 T 4 T 3
AT DMU Z [A] A58 22 5%

2. Malmquist 35 %%

A= S A K ERE SRR R, SRS RE AR ACR DEA R 200 TR S0, 8 TIRARRSE
W e 22 4~ e 5 5 TT N 22 A B Ta) s 08 TR B0 09 A 77 SR 78 Bl A B, Malmquist 42 22 2 2E 7% 3 (total factor
productivity,TFP)?Eﬁﬁ*ﬁ%ﬁfbizmﬁﬁ[m o Fire %2 %z ) DEA J5ikitE Malmquist 8 %%, F8B: =40 N
FARAA(TC) FIFABCRAA(EC) PERSY . Hirh, TC 8 WA =R A sh 2828 TR AS P BTy 4
ARAVHKF 5 100 EC MR A P= B 1R AR 380 20 7 5 A8 7 F 9 105 S 7= R 22 () ) B A ot A R
UEAh, R Tt — T B AR SCRAR AL R 4l R RCR (PE) FUELER (SE) BIASF o, 4R
ROR BB A DMU 7E45 BRG] BE B8 7 A RE 77, TR ROR M %5 58 DMU B B 28 55 1 0, TFP 7]
PIFIR TFP=ECXTC = PEXSEXTC ,Fire %' F 1992 4E %€ Y ) Malmquist #5 BRI (2) s,

D'(%,41,Y,01) y D" (x,,, ,y,ﬂ)} v
D'(x,,y,) D" (x,,y,)
D () { D'(xy)  D'(w,uy,) } v
= X X (2)
D'(x,,y,) D (s ¥in) D7 (x,L,)

Hob D'(x,,y,) FUD (%, ,y,,,) S090F6 LA e BIAOBAE S 4 o 0IRT e + 1 30109 DMU BBE B R % D' (x,
y,) FID™ (x,,,,y,.,) 8L e + VIAREER IS4, « WA e + 1 9109 DMU (OBE 25 R %, 0 1AL TR RS R
HoE X Malmquist F5 55, FIUFHZAE AL 5 DMU (978 204 P= R v i 2EA 745 . Malmquist 15 4500 467 B 5
— PSR BATOAE 1~ 1+ 1 N AE P2 RIS S 0L, 24 TFP>1, KB P R B B K 53 TFP <1, W) 2 B 2 7
REPEER B

(Z) EHARERBFLRIENIEREEHE F1 FERESESLERUFENEEN S HgRE R

TFP:{

FRAE B A (B 2 B8, B QBT I 2h A 45 7 A A BB — kR — YA
ST BB R R Q7 R LB B . 25 B sty | EBASHGE)
ST B T AL SR AR P L B R BT bR vt oo s Ph et L
B BARA S AR R I 1, R e ()

1. AR R M B AT HiShR g Tfi() )

X T B, S5 T 38— B0 BETE (T K IR O B o
W2 A SR AN A G FEAE R RS S B s e fe B T (on)
BIF e KSR T 22 8 A4 300 Sy 3 A it 5 7 A4 ERER)
FER R PO S M 2E R O B B A 5 P O

WAL

119



HFHARZU T4t FoM

X — B B AR bR A HOR BHTE 2B B R . A A F AR i A Sy 2 A R R BT Y B
AT TR bR, BRI B T2 B 44 & WA £ R il A i R R = o O IR A D AR [ i 2% R & ) e
T AR L I 7 B e A T B WA b B AR T e R TR IV T2 =X, 4 T 98 7 4 2 — B Be i g —
RS IR R TS

2. HARB REN MBI H IR

XFTHRANTENR, A T R R BB U S B RTMLA , 4 b 75 B4 AFE R B A ) 1 % X SE il
AR ALF A R A TR R FM AR S5 — A B R 3R TOE VEVE T, BRES — B Be ™ th Ui
A A8 S T BRAE Y RIESE Al olb A BY TSt o8 P R 5 5 = VA PP oAt 33 A BE R A B A Ar

B Be iy 7 AR b i R A A BUR R AR R P i 2B P G i A SR A s 1 2, RRIME A iR
PR, 0 R R AU AR AR i SR 55 A 0 TR, SR A K & SR I SR $E . B i H ESG T
WAVEAL T 355 (environmental ) #123 (social ) #1773 B ( governance ) = K5 1T, 4 Mk BE W5 15 b 1 551) 78 7 XU
AL IREC & SR TS R s gt T Reg R R s (R RO BRI 4E &3
O ENAHE = AR IR I ESG WA 73V R i et B AR QBT LR Ab B B 2 €007 1 (0 SC B 7

(=) HERERSHFELLE

J T IRAIRIEH AR A 0 & e A8 3 W v b BT BE VR 4 7 Mk 45 B (45 805 . 930997 ) 5 5 155
REVE IR A ST B (H8 80D . 884076 ) IUREA B b AT T TR B My T — D H AR AR 25 [H] . %
23 () AT o 1 ORI A"l bR IR &I ARG AR B RE VIR A L AETE N Y 88 K BT A
H B A A

ST R B AT R SR BRIV A Ml B R IS0 IR ]S L S D 2016—2022 4F ) 2 BEE IR
H B B0 | o [ 28 5% 4 AT 5T B I ( CSMAR) JARIIE ESG WA R HERIAER AR BDHTE s b, HR
B AAEAE—E B JE T | f5 S5 2 92T (MBI ST, 45 6 B AR RV 57 i ) AR AR A 4 T I 0 e S — 48
TEAEAST 18 5 B0 T A SR IBCT LR R . — 2 5B 1 B8 00 e A B IR o048 0y i 2 i) Aol A
K 2017 £ LG BT B9 A B b AR Gy S BER A (S Al A S R $ A7 AR AR B SR (R I — 2 LU
B o AT PO A SRR S AN AR O ik 2 {H H A A8 AR B 58 B B REAS Al 45 & A bk el e
PO AME ST A . =R LR HIE B 0 BT O, SR AR/ NEUE (0. 001 ) FEAT R ARAL 38, IR 23145
T 28 GERTRBIRIR A BT A FIAE 7 AR NI SE B X 28 FRA AR BE IRV B AR (T Se
SR IFARMIE R A% 0 Z BB PR A B 22 1 3 e R IR 55 ) A HAT B AT AR R RE R IR ATl
dilE TR A R AR O, B, 2024 AEIR R IR LG A T AR 33. 2% s BB
IR R e L B i T F LT 80 58 A AR F AL TT 3580 5 = A6 5 s A A Sy A Bk vl vl ] A0 ST B Y
FEE) R, RIS 1301 T3 SR AR b R G AL RN AR AL T A U 31, 6% , B AR SE I B
FIHHATI B Bk R BETE S IR 55 B h il 0 8k 28% AT DL, 3X 28 FRAEAR A A ALEE 14Tl N
(0 24 i RN A2 Al LA K A QT BOR FNBIE & g 0 B 4l , 7 HB A — % 94Tk 52 0 g, w] DU AR
FEFRE IR AT RV M BE B AR BRI

M0 & F Super-DEA #E B FTEE IR IR = W R BT R B

(—) BIFRHESE P B B B AR Bl RO XS EE 43 47

HTF Super-DEA J5 ¥, S B AH AR 3 1) 19 2 F AUBLH P AN 28 ) CCR-1( Charnes, Cooper, and Rhodes
algorithm ) BB BT BE PRI A 7l b7 Al B9 H AR R AR 7 N AL PRI AS B B SR E AT DN AR, B A
KF AR B BB SCR AR R T 0. 626, MBIV AL AR AT, 7T DL & AR X 28 K
T R AR BB MRS BRI AR = A M AR R A PR R T 1, AR 25 K
A R I R BEIA B —pRifE . X —Hd Rt | 2808 BRI 457 ML AE B AR BT R A 7 B Bt

O B ER,

120



JRARARAE . BB EEE TR REIR A B AR QIR R

(BB AR AR , JLAF & A GEIR AR BE A SO % 16 T R SE R R X R W BE IR VR 25 ™ L AE e R
Bt B IS 2 PR, T — 2D R TR ROR B DR A 2 A R A5 T Ry A 280 b 2 1R S B 1R B AR 1
o 28 K A EI HEA S = 0UREE ARG, DF 8 A IR ROCR A R IBAE LT A, TRt R 1% 2 Fl a4
55 NI SRS A ARG BF R E A A GEIR L 2 e Ll (I & TN, [RIES 2 wl ik g s 1 B
FEBE AT B AR AR 0 ZABECT & RIB K 5 & B 2 H AR, R 7
BAERR S, MACRIE AR T S By, BRI AR R MRS I R A A B AR BUR A 7 RORIRT , TEie & )
TR H 2 O 0 B INA Y 1 K G218, JCIIE iU 850™ M, RT3 I T Al A8 A8 B AR AS Rl A

MR T 28 A A 11 A B AR AR B ASCRE S T 1, MiHAR 17 KAk
RN 1, BRI, FAR R CRAY IR 1. 053, 3 B AR BUR LR A T R RS, B
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B JFARYE - HIZ K25 F B BT o “ SRR R IR WSS DTG 5 335 A b R /s T RE R VR 42 7l
TEFEARAN i 72 o B R[] & S siat

HURE 2 (OO0, S RE R 29 ,
U SIS e o oy * THET

A AR OIBHEON BB 201 o Frihen
Rt A Be | T
RS BRI, RO 5L B
U RBGUR R, A S 8 v

5 [ Gy = O BRI

L I o e — .
ol e RHE U E P BB R & |0 Qe B e
SN AR I S | & 7l 1A ;-.. w o 269
fscBm B BLE B e e ] "
A il I 2 0 R !
ek T T T e R VA TR
CEME RRETIR. B BB A RE
H S & 4 (0.277,0.539) | HTE B2 FHREARSIFTNE_ESHE

M (0.315, 0.470 ) . iC Il ¥ oK
(0.202,0. 835) S5k kX — AU LA AR e, 2% 28 A b 308 T IR 3 R RS . — O T2 T R A B A 2R T
ZMEFE AR RN 5 55— 5 1 R Ry fife 2 2 6% 10 T S M 25V S SO, 9% 4 e 3 (b AR M afE A7 4 R F &
TGSl HEE

B 2. i n | Bt s, AR A FRER (0.217,1.878) 1 BB (0. 114,2.220) B+
1£(0.186,1.992) , XRANVAEKACAR T 7804, (A & SERb A X s, RV ANt , 55w A0 iR 75 Tl sk %
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The Technological Innovation Efficiency of New Energy Vehicle
Industry under Innovation Value Chain: Based on Two-stage
Super-DEA and Malmquist Index Modeling

Zhou Yinxiang , Gao Shanshan, Wang Yan
(School of Data Science, Zhejiang University of Finance & Economics, Hangzhou 310018, China)

Abstract: The development of the new energy vehicle (NEV) industry in China is a strategic endeavor towards green development. As a
technology-intensive industry, innovation is pivotal for the NEV industry to advance its high-quality development. From the innovation value
chain perspective, the technological innovation process of the NEV industry was divided into two distinct stages: technology achievement
production and technology achievement transformation. By employing the Super-DEA and Malmquist index models, the two-stage innovation
efficiency, innovation patterns, and dynamic trends of firms with varying ownership structures from 2016 to 2022 were quantified. The results
show that, firstly, the innovation efficiency in both stages of the NEV industry is generally low, with the majority of firms adhering to an
extensive innovation model. However, the efficiency in the technology achievement transformation stage significantly is better than that in the
production stage. Secondly, there exists notable heterogeneity in technological innovation efficiency across firms with different ownership
structures and within distinct segments of the industrial chain. Specifically, non-state-owned enterprises demonstrate higher technology
production efficiency compared to state-owned enterprises, albeit with relatively lower technology transformation efficiency. Additionally, there
are more pronounced disparities in technology production efficiency among various segments of the industrial chain. Lastly, from a dynamic
perspective, total factor productivity (TFP) in both the production and transformation stages exhibits fluctuating trends, with technical efficiency
change and technical change serving as the primary catalyst for TFP growth in different stages respectively. The research findings provide
theoretical references and policy insights for enhancing the technological innovation efficiency and market competitiveness of the new energy
vehicle industry and promoting the high-quality synergistic development of the new energy vehicle industry chain.

Keywords: new energy vehicle enterprises; technological innovation efficiency; innovation value chain; two-stage super-DEA model;

Malmquist index
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