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Abstract

This paper aims to explore the difference in debt financing efficiency between traditional and new
energy vehicle manufacturing enterprises in China from 2020 to 2024 and its causes. Based on DEA
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data envelopment analysis method, 14 listed automobile manufacturing companies were selected
as samples, and an evaluation system was constructed with interest-bearing liabilities and average
debt financing cost rate as input indicators, and eTAX, main business income and operating cash
flow as output indicators to measure comprehensive efficiency, pure technical efficiency and scale
efficiency respectively. The dynamic and factor analysis is carried out with the help of Malmquist
index and Tobit regression. The research shows that the average value of the financing efficiency of
industrial bonds is 0.7274, which is negative and U-shaped, and the ineffective scale is the main
constraint. The pure technical efficiency of new energy automobile enterprises is close to effective,
but the scale efficiency is significantly low and fluctuates greatly. The results show that enterprises
should take both technology optimization and scale management into account, and different indus-
tries should take categorized policies, so as to enhance the efficiency of capital allocation and boost
industrial transformation.
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BT X — W TN R 36 TR BT BRI 2R A i R R 2 R AR AL T SISO, R T AR
BT AV Al BT AR AR 6] BAh, ATE, FREFSCRRQ023) ELEL 1 BT A S P R B = A0 U BT
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Table 1. Selection of input-output indicators of automobile manufacturing enterprises
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Table 2. Basic information and industry classification of listed automobile manufacturing companies
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HARX R IR Xo: BIFARBREE (R SCHEMISON )y Xa: AU B (B8 — KIE AR REIELL ) Xa: BURFAD
B E AR Xs: B X (1=1,2,3,4,5) 9B EE. o NERI, ¢ NREDL @ik
H, AT RLE B3 B % PR O Rl BT R B RE e T ) SRR, NBUR AR M ISR .
4. REFIE S G TR BB ENER 747
4.1. KEFEEN G EMBANESYE

LA RCRRIGHRN—E TR AN WS FTBE IR A Gri s . AT 70 Je s TR A
AWEHS, 1z CCR A AG 3 JRE 4= hilis b A i R 55 1 255 RCR A, IR AR 7 b R VA 4l i
Al R R A Dl . 7 3 04 2020~2024 14 FIR -G AL 10 25 6 RO B 2

Table 3. Calculation results of comprehensive efficiency of sample enterprises from 2020 to 2024
F 3.2020~2024 FHARAUGZEHERNELR

Ak AR 2020 2021 2022 2023 2024 S E
LR ZE 1.0000 0.8070 0.5240 0.8450 1.0000 0.8352
KR E 1.0000 1.0000 1.0000 1.0000 0.7570 0.9514
YRS 1.0000 0.8200 1.0000 1.0000 0.5830 0.8806
L 0.9130 0.6940 0.5730 0.7100 0.6020 0.6984
RRER 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
A R 4R 0.8360 0.6050 0.7140 0.7460 0.4880 0.6778
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TLHEIRZE 0.7270 0.5060 0.4750 0.5900 0.4150 0.5426
SIRE 1.0000 0.6180 0.6200 0.5820 0.4180 0.6476
JR&ER] 0.6400 0.5730 0.9300 0.8120 0.6490 0.7208
KR 1.0000 1.0000 1.0000 0.8300 0.7070 0.9074
T EBRH 0.5580 0.5970 0.4920 0.5420 0.4940 0.5366
=AUl 1.0000 0.8400 1.0000 1.0000 1.0000 0.9680
RS 0.3090 0.2830 0.2290 0.2790 0.2170 0.2634
#1 i 0.6800 0.3810 0.3830 0.4830 0.8310 0.5516
FE1E 0.8330 0.6950 0.7100 0.7440 0.6550 0.7274

Bk Y DEAP2.1 WIS HR B mA5,

Wz 3 fras, AIRZERIIE AR o i b 57 B 55 2R G A . 2020~2024 4F, JRZEHE LR G
R IE I B KA 2020 £E11) 0.8330, $xe/MEN 2024 HE11 0.6550, T FLAE A5 Rl 08 (M 2554 BRI~ F 1)
fH90.7274. XK, FREVIZE S B 7 GRLT 256 R EUK, WAL E] DEA A 8UIPIRE. 2020
SEF 2024 FEIREHIEN LA FCRIIE Z I FFE, 2021 F 2 0.6950, J5 XA BT HI#S . 2020~2021
T, 7T, BRI A AR BRI B A3 T T I SR 2 A e R SR G, A N SR
F T YERp & B AN S AT 5 B R A, A N AR TR A R, R 78R 5i—J7 1, b4t
NRREEHAT KR, FINEERSZ A BT 77, SRl SR BRAN IR . 2022~2023 4, Hij i
M NIE B A T A BN AN, AMTHERORSGE, B R oA AE TR, s NI B8 A1
DAG B G B 8 v Ak AR A, SR R SR AROP RN . IXRE BRE F R B VR AT I ) R RR AL
MRS R R e AT, — HEORTEE . Wi, IRBIRUEE, AT 5 G N T Ak A%
Oy JIFIBRAT ST BRI A, X CRC T E TG B AR HDE AT R FT i . THTE 2024 454l f 5k
BEERE BRI AT B 1 A b B AR BT, YRS BT T B R SRR G B R BRI = R R R R 8

TG B AR BT Al S b B 2R 5 0% AR 3 IS5 3, 456 W DEA A 3k
Pk, A SCERTE R N R IS S MBCRIEN T 0~0.6 B, REALEGHEN DEA ok, Rl
R RORMEALT 0.6~0.8 Z[HI, RIALEE WK DEA FETER, BB RCREG; FORMEMT 0.8~1 2
[, RILEG M DEA BIETR, MERCERRE: MEESET 1, RPLEEMEHN DEA G2,
PR R o AR 3 AT, FRIEVR I A A ARl B R 2% AR 2 UK . 2020~2024 4 JH], GRZEAR
FF DEA BRI K2R A BIRER LT 3 5, B TATbRAT; SRR Blst R (A K IR
1K, mTPME, e, EIFRERIRME: TTRKRE. IR 2 ZKmBERCR BEnil, H
HRA — 2 BRI, AR AR cE —H A TR FATIERE. TERAEMILRESR .
W 4 K WG, FIAR 4 FZIRFERE R Rl SRS E R BAR. B,  ER4 E A b A 58 28
R AILE] DEA B %o

Wi 4 fiR, 2020~2024 4E, 4T DEA AR EEIIE N 4.4, HHON 31.43%, XERE LK
4k 4+ DEA ERCIRAS, o DEA Joakit a3 28 BIHE R ETF#%; DEA BETLMK
Al R TE BB S M A AT DEA A JE 240 Ak U AR AN B B FEBESY, X s Al 7
ol AR s, EEAARAT I A G R . g TR, PRGN R VOIRES AR A B, H
BT Rl T 28R A IR B3 T (]
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Table 4. DEA effectiveness grade division and proportion of listed automobile manufacturing companies from 2020 to 2024

5% 4.2020~2024 FREHE LT /AT DEA BEMHFRX 57 K EEEIER

o N 2020 4F 2021 4F 2022 4 2023 4F 2024 4F
CEARURA Mk o o o o o
#E H%) HE NI #HE S HE Sl HE S
DEA T34 2 14.29 5 35.71 6 42.86 5 35.71 6 42.86
DEA H TR 3 21.43 3 21.43 2 14.29 2 14.29 4 28.57
DEA BE T 2 14.29 3 21.43 1 7.14 3 21.43 1 7.14
DEA B3 7 50.00 3 21.43 5 35.71 4 28.57 3 21.43
it 14 100.00 14 100.00 14 100.00 14 100.00 14 100.00

BRI ARIE R 3 B BB .

4.2. FZEHIE R T Rk PRV RAR IR PR R

BT DA B4 HT, FERUBRGE PRI HTER T, 38 A BCC AN 3R ER 4 il i il S Ao i 55 1oy 4l 1
ARG, FFIHFAR LR B BRCR B (CR G HR = SIEORRER < BRR), LAkt —B 0
E PTG Al 1 G B R AR DL . W3R 5 From

Table 5. Efficiency values of automobile manufacturing enterprises from 2020 to 2024 and statistics of DEA effective enter-
prises

F 5. REFIER 2020~2024 FEE K DEA BHEWKIHER
L& =isp ERERVES AiFEAR M PR

2020 DEA A 3U(%K) 7 7 7
eSOl 0.833 0.891 0.919

2021 DEA A %(%) 3 6 3
ESDL:] 0.695 0.856 0.794

2022 DEA (%) 5 6 5
LESOLI] 0.710 0.900 0.770

2023 DEA A (XK) 4 4 4
eSOl 0.744 0.897 0.815

2024 DEA A 3(%) 3 7 3
eSOl 0.655 0.883 0.726
SRCRIE 0.7274 0.8854 0.8048

BRI FRYE DEAP2.1 W42 45 S5 3],

RAEZ 5 MK 1R, WGEBEMENRTE, DEA ARV EE SIS, Rk 7 K. 3
K S K 4 FM 3K, HNEGFIRERBMES AN 0.833. 0.695. 0.710, 0.744 F10.655; B4k L, FEA
AN RS R IIE TR 0.7274, St R4 ) 38 AT b B AR B U5 I B RCR AT A 3271 75 18], 9T HLAE 2024
KT ESRIE . MNAIFRMEMERE, DEA AR EIAA S THE8E, S9N T K. 6
K 6 Ky 4 FHM TR, SMBCRBEMKICN 0.891. 0.856. 0.900. 0.897 1 0.883, FfHXFEWE N
0.8854, X Ut BIAEAR Al AE A2 7 5 8 B R B 5 AR L, AR AR BRI e B 2 Fab Bt
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e, ULIHEOR E TH R SO RR S OSSN T AR R T . FIBLSER 1) DEA A AL E 5256 380%
REF—20 08 7T K 3K 5K 4 FM 3K, BEBES RN 0919, 0.794, 0.770. 0.815 F10.726,
T LA RCRIME N 0.8048; MUBLSCRAETE 2020 R I 4, 2 5 BB E T, JUILAE 2022 F1 2024
AT EARAKT, 22024 4, B FEA AV AU 4546 15 SR = H U BC BE AR — @ B30, RST80T R
FHIA LR MR FEREK.
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Figure 1. Efficiency changes of sample enterprises from 2020 to 2024
B 1. 2020~2024 HEA DM FERTLER

KSR, TRZEHDNE L A AR BRI B BN E, BRI SNER, RMmgE R
BAFEEFRFE . 2021 F£E 2023 FRE TR 2 BN SMR DA EE B A SR RS20, T 2024 5% I
RORFRARI N B R A3 B S I BRI AT e AN . ARSI H GV S R 1 b, HES Al
SEP RS AR 1, AT SRR IS E R

4.3. Malmquist 3§ ¥ ESHE S

W& 6 REHIEA 2020~2024 ) DEA-Malmquist T8 5045 R R, AN B R4 PR
(TFPCH) K Aoy fgtfehr, EPHARCE AR (EFFCH). HAR#E P AR L(TECHCH) 4liH R AE 4 (PECH) A
FURE AR AR (SECH) 1 F FE AT W R 2347 -

MATEAR KT, AR AP RIEN 0.948, X KB ATAE 2020~2024 4F [H] [ 67 7 i 55 25026 1 I
—EMBREL, TTRESZ B MA VTSN AR i FR RGN Z BRI BARMEEN
YIME A 0.934, U B 2 504l i B IR AL B B FAL A EIE B 1 i 8 A8 Bk a5 s BR S ARG E N 1.015,
FIAT\AERAR EASEIL T HRED, (AR BETE A HUH &R T By RIS s s AEBOR 3% 5 R
HIME ST 0.998 F1 0.936, S B H AV BARFI AN 2 2 B0 NI R R 2 — .

MASNEAMA KRS, &8 TIRER . AT AR ERIMRE, EERAEFRKT 1, LM T4
BRAEFR MRS &)W L e AR D 77T R0, 4r BIAS] 1.108 A1 1.144, 1 B Ly S
REBARAH: JIRERIFLAR EAER AR GG SRR T B M, Bt REFMEREE R
BE ). AEF AR THRERNHEMMIAE & RAE . KR EMTERE =K SRREEERSE
RN BED T RIAE, R TIREKIIEE SEARNEIE ) KIRAE BRFEARBE B
BOR, EEARFDENA 0.859, XEREHFEAREREEASL . FAREMMILRES R HBESHEA
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5525 RICBRAOHHE , 3 BRI (R A, (R HE 5 0,898, 0 3L A RHE BB A B I
LA ARSI N 1089, HBRAMBARMEEN 0915, RATAHT R, KAl 4 5y
VRV A (R AL ]

Table 6. Changes and decomposition of TFP in the automobile manufacturing industry from 2020 to 2024
F 6.2020~2024 FIREFFE W EBEEREUR 7 HE

A\l 44 R effch techch pech sech tfpch
TLRIREE 1.000 1.049 1.000 1.000 1.049
K2k % 0.933 1.025 1.000 0.933 0.956
YR 0.874 0.997 1.000 0.874 0.871
TR R4 0.901 0.958 1.022 0.882 0.864
IRER 1.000 0.898 1.000 1.000 0.898
EHR A 0.874 1.067 0.978 0.894 0.933
TLEIR A 0.870 1.001 1.019 0.853 0.870
SRS 0.804 0.990 0.930 0.865 0.796
TR AEH 1.004 1.114 0.986 1.017 1.118
KIs 4 0.917 0.859 0.920 0.997 0.788
T R 0.970 0.954 1.051 0.923 0.925
ERIAE 1.000 1.144 1.000 1.000 1.144
JLRER 0.915 1.089 1.008 0.908 0.996
AL 1.051 1.108 1.068 0.984 1.165
AL 0.934 1.015 0.998 0.936 0.948

HRSRE: 4R DEAP2.1 52 45 Ak s/ 3,

MIMEZ, 2020~2024 FFH ER GG A B R A = 2R 2N R, FEIAF TR S FH
REGETN W o SRR RCRAWAS, 22 H VAR RE SEI AR LA T UL, AT REAALE ™ Re I Jo BB AN AR 5% 11 )
AR R MERE 1, I EARZE N ISR AR YR, (HEZ ST Rl intl
Wil FE e i R AR D ST AR PR R, H 2 H AT T 28R 5 B AN Y ) R

4.4. Tobit EYIGER 247

kAR TR A7 ORI PR 2K, A S UL DEA IS4 B 3R 28 ) i Al 47 i i 8 4 ROR M
PR AR, SR Tobit [BAREAS, WAL ) BFR SRIE(XG) AU F E(XG) . BURF M)
BE P A5 3 (Xs) AN 7 TH 25 52 O A A 5T R B8 AN sl o [ 25 SR e 7 B .

MG R ZE VR, BERBER)ME 1%/K 1 ERF AT (RE =-2.938, p=0.000), RIINFASIH L
ED N PR =, Al A7 5 i B RO S MR o X — &5 AT B85 VR 4 a2l G A2 BT RV 42 AT
I R AN I J5 RS D6 RIS 7 A 0 A 3 DU AL R R, SO B RS F 4R, AR B 448
FAREE . ML) EE 10%/KF R ZE N IE(RE =0.084, p=0.082), i WA A AV EE 5 8 it 3
TRAEA 7 HORT Al 08 2R 18 2 FEAL AR TH U S L B AR o B E (XG) . BURF BN (Xa) 5 %577 Fu i
HR(Xs) AT B E VAR LS, 3R W1 AR B A AR SO AR I P o i 8 R TE — B R

X

3

B SR

o
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Table 7. Calculation results of Tobit regression
= 7. Tobit BN ELER

B AHE brifEE T fH PH
Xi 0.084" 0.048 1.77 0.082
X2 -2.938"* 0.634 —4.64 0.000
X3 0.002 0.003 0.79 0.431
Xa —0.00004 0.036 0.00 0.999
X 0.003 0.003 1.33 0.187

Constant -1.42" 0.765 —-1.86 0.068

**p<0.01, "p<0.05, p<0.1.

MEETFABEERT , WAL IR 525 D1 A R MR 7 Hh BOR S R A A A e R R P I ) 200 - i
BRI s A VAR IE R /R P U EIE 7 RS B e B P LS . BURRNIIAN R3S, TTRE
A AT RS A S T B8 <o P AR T T AR FH R 78 0 AcH s kb B 7 5 2R BT ML AN L AT

£r L, Tobit [IHEEREE P SCHF | DEA ZCRDHr T Z 1 BRI 2072 i ol £
R B AR KB T R A B NAE R IYT PO AT RE X 8 MR RO o Al EAE 5T R A BT R
Rl EEAT A SCR FARCR, BT BN BUREmRE Db b, SR e

M55

5. AEHTWSSFERIE Rl 53 SRR SRR
5.1, REITAGS ZE Gl 53 R FT R EE S 4

AR B FE ARG 13 Ak 36 70 N RAT M, R Gy 42 IS AET REIRY 4 iE b . 2% 8 D 2020~
2024 FAEGITEHIGE AL 5 REIRTTEHIGE ML AR SR G RCR . ATER R A AR = A T3 1 (1 I 55 45

Table 8. Statistics of efficiency values in different automobile manufacturing industries

® 8. NEIREFIE T EREL T

7l Ty LREMR AR R &S

FEGIRZERE 2020 0.881 0.920 0.951

2021 0.747 0.888 0.835

2022 0.878 0.929 0.947

2023 0.835 0.929 0.893

2024 0.898 0.915 0.981

BI1E 0.848 0.916 0.921

BRI ZE & 2020 0.869 1.000 0.869

2021 0.746 1.000 0.746

2022 0.543 1.000 0.543

2023 0.599 1.000 0.599

2024 0.683 1.000 0.683

BI1E 0.688 1.000 0.688

Bl ks : K4 DEAP 2.1 W S45 R AR,
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MWK, PIAMTIAE AR R R RIAAE M B2 R, R AR AR S KU BRI X
e ARGURZERIIEN LR G RRIIME N 0.848, BRI ANEN T4, (HE/DR T R&ESE, JLHAE 2021 4
L EIHRARAE 0.7470, 2024 44 FrlalF. HAFARBERIGLARFRAER /KT, ¥IER 0916, HIZFHEA T
Tt BEIZAT LA PR AR AN H AR GRS A . SR, IR IE R 0.921, {HAE 2021 4E
A1 2023 A HILEH R, RIAME SR ZE G AR AR Tk I A2 b n] R A AE BEUR IC B A& BB RE A H 26
AR MR, BRIV S LR A R IE Y 0.688, BEAK T gu/A MGk, Hikshig
FERE A, JUHAE 2022 1 2023 fEEE FREAE 0.543 F10.599, Bon HiZAT WA AT K, 5% 2 B0k .
T3 S LN B S TR R M (EAR R 2, HATBR R RS RE 1, VLR REIRVR B f &L E R R
L AIAE = 207 T S s UOIRES . SR, FUBSCERIIENCN 0.688, H S LR RN = —2L
S AZATV I BHSE T AR E G MR R0 KAE, TRBAEVIGA IR s P ReCHg . iimiziE A
T & ]

SRTE, ARGV RGO BRI S T AR AL, B fUOE 7 e 5 B
T 3T REVRT 20 3 M U 75 E AR R R R TS O R, 3 st AR, a9 R AR P L A it 7
i JR &7 IR THEAR R Ko B SCHI AT N R 257 Mk ) S5 A 5 1 5 IR ) e B A T SRR

5.2. BEIPNRESH

N — PR R R ZE R T RO, AR ST e HCEE 73k (7 BCRARER) MBI A (IR AR #EAT
& ZEX L e it — D HRR R W A O], AR BORBRER . Rl SRR AN H R Bt
W H ST TR, DA RR 22 e (1 B = o (KB SR

B3t £ A3 BT TR AT M B U ZE Al , 1% 3 o JLER A R AE 2020~2024 4R 7] P H4{EN 0.968,
HZ k3 DEA 2. X5 RIKEG, 5HIR R XM BRI K. L d Ry « T
BEAT MG, B, AL RIS T AR B BRI S A, AR T S S N )
SE S AR RS By (R G R R T TR IR AERORIRAE b, L GO R R T F AL
AR, HEZEVESEANY, JF Iz TR T RHESEMHE R, #Esh 7 BORBERERER AL, fil
WO, HPmBIE 2 omE TR, G5 A K. HRWS T, a5 RITE, Nt
P, RhBE AR R4 BORIRBIUH 0 M A o “TrRR IR L) 5, uEE
REAT R 5T @ SRILAS, 5 18 H Y 3Kl R A SRR E Ao SRR R A SO 7 I 2R
R GHRCR

SR, AT A VR ALY TR BT B Re YR DR ) 5 B A, e 3 o, HER & AR IME AN 0.2634,
FREEAL TATWARAL o 1% 7] BAEAEBORRCR FARA LA, (HABERCR AR, JUHAE 2024 FHMREMNA
0.217, J W Hh HAE MUY 5K 5 BERIL HE T3 A28 /™ S el At b, ARy A K #: B s iids,
C ImniispItihgete, FECRAMMRMIC, ML BAE MM ST . ORI b, BRI %Y
& e o RE B FIUH , AR, (EH RIS TN AL, RAEA R R
SRARE . RUROTH, AR R M ABUT ), B SE MR, ARG EEGE, AR
SCH S B R, PSSR A ] EORHCR I I AR Re G A BNEK, (H RER 2R
18, Iz i sad ], SR e RO ERAEIRT . LR R I A S BB R R IR,
LR ORI T .

AL SO LR, B IE AR BOR IR T3 R B S P BRSSO R e A e AR
B M AR PR bR G — . BRIk S T A T L RS A A B R A R, BN iR
Ao AR RN XX AN EMIE 1T SCRCRINRZE R, AT LB 1 10 S 775 T ) S5
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22, FEAEFARAGHFEN & EEMEE ST IR, #08 HRRSBREERPEK.
. REGiILE5EN
6.1. FAsEEEIL

AICRL 14 X Wind 175y IR ERIE B AR &, IEHIL 2020~2024 4F 0 55 4dE, 18 H
DEA $df G828 Ak 5 iR 2 i Al () ST m e 3R, 13 LA R 45 g

Ho—, REMNGE M BAAR AFRE SCREA S, 23 ARILS] DEA AR HAERATILRE R E
N 0.7274, PRELH S BT S0 B S AR RORSudE a a] . SRR 2 “U B A, 2022 FERFEER
JRJEZEITE, R O RSN ph o S A A B 7 Rl ORI B, LB SR
FARRN R I R HESh . AR 2= R HE, kI K 254 . LIRERI T ih R4 4
Frmsls MAbRER SR KT, RHMIIEE ., AR RS B EH IAERE 2.

H, A RRORBARM TR, MU CRUR A SR A R B FAE R alif R AR
15 0.8854, LHRaE LT3, R4 7= T2 5B AR I TN R, SRR K1 0.8048,
BB, JUHAE 2022 4FAT 2024 40T AR, 5 B AL AE RS k15 BE YR DT BT J7 T A7 76 BA 12 e 1,
KA LI L

H=, SR E SRR E R IE 2 7 B3 A R A RCR I E & TR e IR A,
BAE AR T s BRIV AL Al AR AR AN 1, Bl A BOIRES  (H BRI H A 0.688,
BRI S, RZATANA T AL G B, TG = Ge R A8 T35 KSR Pk -

FEPU, Aol fr 5T Rk B 2% A HR T 75 MO R O SRR B . AR R RCR IR m Ul R
HROH AR PR IR, TR ORI AR B sh 3R Al B BB AL R R A 5 3 75 R3S ULES, B E H
ok FEIRCES K.

6.2. B
HT FIRT R SR 08, AT, 7. BEE=AEmRH &

6.2.1. N EHE

AT S, MBI ARE RS0 & #E R S A FR I S VPN AL, 358 55
PSRRI VCECRE S, 8 S A i S RO . IR AL TR, T B A
REFERERI R, FRMRICEAR AR A SR A, G2 AR it A A N A il 8 83 R

6.2.2. T EE

PRI R, MATIREL . ARG Al e P RE R S S RIR AL, O, SRS
HIRTPIBRCR s W REIRI A N AR R TSE 2Rt ., B IS I BRIk, mT A B N
A\ I R SR SRR A, i 7 BRI S T i858

6.2.3. BUREH

B, AT R MR A SRR R SRRV LS. BAT ML P 2 BB LML S A R A Al
AR BRI, AT R, $RTHE RE I, Sl SR AR EMRMN. FE, NS W7 B
LSO ERIBOR, RS OETE. FRFBUR R S 0R0E,  ZRRHT AR IR VAT & 5 A A o 2 o )
FaE 1. Ak, BURHESIE G S e IR R AR B AR SR S PR RE L =, (R LB P F) S 0 R
A, AT R S B GE

W

=2
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