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Abstract

The article applies the three-stage DEA model and Malmquist productivity index model to compre-
hensively assess the technological innovation efficiency of listed companies in the rare earth
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industry from 2017~2023 in both static and dynamic dimensions and divides the front-end and
back-end enterprises in the rare earth industry for comparative analysis. The results found that the
current level of technological innovation efficiency in the rare earth industry has a large room for
improvement, and there is a huge difference between the technological innovation efficiency of
front-end and back-end enterprises, in which the pure technological efficiency of the back-end en-
terprises is significantly lower than that of the front-end enterprises, and it is a key factor restrict-
ing the improvement of technological innovation efficiency in the rare earth industry. The total fac-
tor productivity level of listed companies in rare-earth industry is on the rise as a whole due to the
joint promotion of technological efficiency changes and technological progress; the front-end enter-
prises are better than the back-end enterprises at the level of technological progress, while the
back-end enterprises are better than the front-end enterprises at the level of technological effi-
ciency. Based on the conclusions of the analysis, relevant strategies are proposed to improve the
innovation incentive policy and promote the synergy and optimization of the rare earth industry as
awhole.
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1. 5|15

s 2 A D S P 2 ) SRR SRR, e HE B 3D B A ) e A AR . R
FEM LI TRIROLS, AR LA REATR R B S BOR LA AT, (R b i ) v B AR L
FAXSHESS, SRERLLTES ), MG R R R AT B S 5. B 2021 4E7146, RIEJ7E R
IERRRAEAT B L (RO NIBE L™ ML B 25 P IR 7 SN (1], B0 T B o SIS B M b ik &,
XA FE s L bl 9 AR AR Bk . H AT, BUFH G T — REVBERATE R SR 17k,
SMBAR BU AR R, I HsE I 3R HEEURF AN, SO R H AT R gk R RIER BOR, TR
(o S RARE, PRE - (10 vei I 37 5% DU SO A PR AR BN B R [ISCEOR, DR EAE B E 7 127l
P IR RE AL, SRZ AL SE R IS R, BATAZEE . H AT E R L LSRG
REZIGn T ? BURR o R E A MR RIS RE, W 5e3 ? O 1T BRI, AU E R+
[IER/ARS /A o N B 1 T 973 R w40 s A N s NI BT € S G I R mh 4wl 5
XL, CLSRIE R L7 A BOR QIR BRI AR SRR R e A0l ong o B 52 1 25 ik
B o OB AR M i f BAT BB R 5 SRR L

2. XEkEEiR

FAR AN R 2 e AR ROR GRS AR T, BB EE R AR T 7= Re J1 00 SR AR RS, 2
A ARAHT e IR L5 SR BRI . HAZ O AR R VS B R B E S N 5 77 2 TR R R ok
o ZJG, Afriat[2]7E 1972 S8 AT R AR PRIV ST QR R B, R SRR 0B AR B fe At T
WIS IRAN T iR T . 2L ERNRE, ENIMEE ARG R RS AT T REW T, B
LRI 43 AT (SFA) A .45 43 AT (Data Envelopment Analysis, DEAYE AP FN I 71k, # 2isHTi%
SR FE 1 [3]. % T SFA BERURTTRe € oR K 150 B 75 5K DA P26 BOE %A, XS AT AT 5
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FotE R T G LR ZE4] [5]. MHEZ T, DEA BTN HE R AR, AT 55hR
RN R, WP S bn AU, TS 7 N RE S 8T Re sl R Z . Bk,
DEA AU LE QN7 R0 I B v (1 B FH S BE O s ATz (6], CAAEML[7]. BE[8]. &fb[9]. HTL&
GF10]s R REMNE[11]. XIR[12]. BOE[1315AURAATIA T RER A BETFRFRN, ERIEEA]
IETEAWHRZE DEA ATAEMBBTE QI BRI E ER N, W5 SORSE[ 148 =Fr B DEA BEANE T
2016~2020 =1 [E g Ak b T Al B3 243, IR Tobit B84 2 LA AR I K 55 Zuo F5[15]
8/ —Br Bt DEA BAYKGEEFEbR, 75 2008~2018 FEH[E 30 MM BN B ARQIF K EARE[16]K
F 4 R EBM BEAELIIE T 2006~2022 H1[E 30 MBS ERARBIHIE . 18 R X037 3R I 7T
o, RS SR I B ROR AT L, AN RE R0 S LIS B 48 55 b (0 BB R ARk, %o S S il 1) 37
THEOUE R T Bk -

AT, 2EEANTH LR S A R Ol TRRNEENRE, W#EEZ[17iZ2H SBM-
DEA DU BEBALG 2010~2019 AFEA 7= b A I G RESCR HEAT T I EEAN 08 i KOS 18] 8 T = B
DEA AL T 2012~2019 4E5 L=k mr b i 28 P2 0% s D& M5 [19]4FH DEA-BCC A7 %f
2015~2017 4 32 FHi L=l i A RGO AT TR FI[18]; B HIZE[20]LA 2012~2020 44 84
B EHARCAREA, (2% DEA BT H AR GIH MR AL . @ PRI STk S K0, 3T
TN A= 28 BURS SR N T AN TR, A% TR 17l 3 AR B 3
(R TR AN TR o [RIIE, 7R IR TR 22 AR AT T AN RIS B8 M BE, AR AN S AL
SNASEE RN, MELLATH R A E R RN . STk, SR SCEk I R Ge M BBR 24, A
KA =B DEA BT HRGIH R AL, B Malmquist 287 2 5800 Q8T R AT B A 70
V45 TR o3 s L wi it R ity 9 4 A SR AT X LU b P4 Ml R SE B A7 156 S &5 SR AT A 152,
DASR X 3 = 72 b A H A 0 R0 SR A

3. it
3.1. fiIRG=E

7 1E F A - e [ H A S PR B, AT AR R B, ORI 2 A R KR,
Al B & AN BORZ TS, ARG Fried S5[21]52 189 =K Bt DEA AR GIBR AN I8 K 3
(RSEIR , LLIRAS SE AN AR IR BRI AR o RN, 25T DEA 8 L BRI 17— Rp e i A I ) S R RCROIR S
I 18 BT A A 7 Ml 52 21 1] 5 J2 10T ) i B ORI S (UMK S DEA AR 17 s i [ e 31 (R AR A mT BE 2 K
F B RNE22]. ik, AICTIN Malmquist 27 RIGHGEIATAISRCR ILEL KA B FXHHoR A
W BAT A T o

3.1.1. =HiEk DEA 158!

DEA A AL AP0 BOS R B T A2 1) BCC A RS I 4E 57 AN A2 (1) CCR ALY, %
T ARV IE T (R SRR, BBV 0 A iU B R R, AN . PRI, ARG FER  BCC
A Fe FEAE A

(1) E—FrB, EHBANRAE) BCC AL, WS L= b7 2w H AR G137 22 (Technical Effi-
ciency, TE). i R&% (Pure Technical Efficiency, PTE) & M5 %4 % (Scale Efficiency, SE), FFit& H%A
A ahAR e . X TE R — PR # 0 (Decision Making Unit, DMU)F SR A A LA AR R SR 115

min{&—g(i&. +Zq:S:H

i=1 r=1
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A GNMRIRME; A, RN REUAE; S, RRBARA R, S T RS E X, VA j R
SRETTIER | MIRNASE, Y, N5 j R RICIE » AP ARR. H0=1, S/ =8 =01, RFEHIT
FRN DEA B3 BN HIEE TEAM; 2Ho=1, STHS AN 0 i, 38088 N DEA 556 3
HAbAESL T, AR DEA B
(2) B BB, 58I SFA BRI, IR R ABENL TP R0 2 bR o K PR BT B AN AL it
ARy B NIRREAS BN A &, K SFA [al A4 .
S, =f(Z:B,)+V, +U,5i=12,--,I;n=1,2,--,N

ni ni?

X S, FoRE n DNRFRICIE | TURARME; Z, WA EE R, g, N SRR R V, +U, iR
FIRE, HH v, NBEILTIREL U, E IR

ZJa XS IR BN REAT B, 5 B AMRIR S5 R R A BE LR R e, BT A (S H R 882311977
%, WEAXWT:

X,ﬁ =X, +[max(f(Zn;,Bn))—f(Zn;ﬂAn)}+[max(Vm.)—Vm];i:1,2,...,[;,1 =12,,N

b XANAREITHNE, X, SR
() BB, A5 W B OB B AR, 25 5 e R I R
BRI b, AT AR TR, SRR T AN ER B 2R BN 2 B I 0 2 SR

3.1.2. Malmquist 3§ ¥ 5!
Malmquist 427 RIGEOBR ] THT M ¢ 3 ¢ + 1 IR RCRAR AL, B M Sh A KA B R AR 15
Bo WKHE Farrell [24]%F Malmquist 42 7= ZR35EUBAY (1) 58 X, A% 477 % (Total Factor Productivity, TFP) ]
DA it il e R AR A8 A fe $(Efficiency Change, EC) R A i3k 25 #64(Technical Change, TC), EC F/REIL
AHARZEA T RIERE R, TC RRBEARAHH K . FARMRBEC)HE— 415 5 1] 5 Nalit A
ROR AR E(PTE) MR AR AL TR 2(SE), Bk~ N s
TFP =TCxEC =TCxPTE xSE

Malmquist $& %R F 85 5 i3 (D)i T2 5, 5 x! F y! 73RNSR BTG @ 7E ¢ B AR AT tH 45
FRME B (x,y! ) 75 S HIREE B BB D (x' ) ) o+ B BIROBE BS B BCA D (', y') s I 2 B 6+ 1A
2B P R IR AL B Malmquist 2E P2 RIS EER R U0 R -

Dz+1( t+1 ym) Dl( 1+1 y1+1) D' (xl,y') B
1+1 t+1 1+1 X 1+1 t t
D) [ D () D ()

M(xt’yt’xtﬂ’ywl)

Dt+l t+l’ t+1
e Mﬁ?@ﬁ?ﬁ&ﬁl%ﬂﬂmﬁi&(m), EC KT 1 AURHARR R

Dr(xt,yt)
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Dt(xm’ym) ) Dt(x[,yt)
Dt+l (xt+l’yt+l) Dt+l (x’,y')
Malmquist 4277 RIGHOKT 1 WRIFLE R A= R(TFP)E L&, /NF 1 £ TEP & FRE#a%, %+
1 89 TFP A48,
3.2. F8¥RIZEN

IRYE R Z B F IR FRIETR(25], SEM LA CREE, BRI AR LB [i5E 55
HRWENNIE S, B LR BERE . BN ERNELE N HFE AR .

TEIRPEA B RFRPRIT, X LLFE bR N 2 BEE X7 L Ak AR R = A e, (H2, IR LR
FEAZ R0 WA E] . B, AT R AN W02 T A N S A D AR AE 2 TR IR B bR, Bk
BFRUIR: © BUFAN(Gov), BUR MU RE S 5 Bh AL SR I MG IR, A Rkl BEi[26]. &
FEUF G T REBORERFM LR R, BISIRRAE 5 Re s 35 B L AV B G eAs, STk
JASSEIRIRE 77, BT A ST F AR 5 30 N BURT R B 4 AR i 2 BUR (MR AR BB R RRE . @ Al
R (Age), FiBE AV AR BB N, A R BE A T AR S IRAT 52 TE, A S i AR AR G137 XU 1) e
RS A ST A A BRI R . @ BERUEE R E(Oc), Al 2 1 U 50K BB il )
BAT AR, BAUEE A XS b BT BB A ISPE[27], DR A S BCER — R 2R M L A5 o S e AL
S STV AR BB R, 3.3, FEASE S B R IR

R AR OG22 25 [ 28 )0 T4 L P M AR 98, # b BTl A F] 4 SR Lk = S AL, B8 /e — e R b
SR [ s ML AR . AR SCBA 2017~2022 4EFS Lo BT AR FEREA, MR (B ART
Ak 4r2F651) (CSROVFIFEITENAE N2, DB L8t ST A*ST ik, 5 B4R s A7 45 7 i [ 8UE 2L
PSR ZN ) Alk, YIPiE s 25 ML bl A w2 5385 36M L AR LA IARRE R 4
W CnyTrE AL . AR EELES), BRE&HE 22 R BT A TN RREA . KRS A LS5
FEAR AN @R L B B AT R4y, FERLER 6 K Em AR RIS, FE W H R S
N 16 5K BT A = RN G 3« A SCEFIEHE K E Innojoy KAEFIE R 5%, HABIERE CSMAR
Hd 2R AN LT A R R

4. STUES AR
4.1. F—ME DEA BRILZER ST

12 DEAP2.1 #AFXT 2017 & 2023 4 22 ZXHG Lrmlk BT A T AEHTHR N = B RCR KT 54T
MR By 11 73 B 7 i g s AT R L

HEANEEAEE N R MBENIRZ TSR, FE 22 L5 A = BoR 8 H CR - F5E N
0.569, AFARRENFIMER 0.742, MBS KFAMEN 0.773, FRM L=k BT 2 7 0057 R
BRRISET A ] ABAE b T i AR L AL A H R GRS R B R R T Aok,  fEMUBERCE T
Jasm AN A ZEA K, T H A AR R . RN, Bt anl s SR R i
1, & TR, REF L AR AR AP, &8 BN L ARG R KA =
(1 Z R A

4.2. EZMrER SFA EFEBGER 5340

AL — I BN SR B 21 = MR AR B R A s, = IR R R AR, it
175 BB SFA [BIH T, A SIAE AT BN &AM RAN AR 50, SRS 3 R

REBARBDIRE(TC), TC KT 1 ARBAKTHED . MR, 358
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MR SFA BB EIRAT R, =M BAZ R LR Pl ik ) 1%K) 251K, y i
T, UIHIRIRAE A S B, AEA b BN R st AR B 32 B PR AR ) 2 25 R R AR B (el R A 2
AT 1% 100 525 VER i, Ui BT ik A AR B BON & B M2 5 [m] ) 3R B0 I A B e 1 Hox
BRI RKE R, MRBOVIER, BBIPREER Z BRI 1L R0, AR B 1 2
s AR AR AR R, IR R, AR T RORIR T, RS R R . WK TR
Hj!

Table 1. Second-stage SAF regression results

1. FEMEL SAF @FA%R

A WEHR N RFA AR & RN A S Ji] 7 % 7 AR A
R —-686.94"" —34 144.79"™ 31930.41%*
BURF A 0.00"** 0.12 1.89™
Al ERe 15.96™ 767.54" —4721.71"
JBCAL A o 4.66™ 254,73 20.12**
sigma-squared 195 520.15*** 419 645 920.00" 61 314 527 000.00***
gamma 0.99"" 0.99" 0.99""
log likelihood function —147.38 —233.12 —286.67
LR test of the one-sided error 15.30™ 12.59™* 15.13**

VR wek ] wk o xR RIRORE T R 1% 5% 10%/KF 23,

(1) BT A B [ € 537 1 10 ba s AR i 52 R 28 IEAR G, SR WU A2 18 s £ B oR 813
[ 5E B BAMITLAR . REEZKH G TS PIFEOR, SCRERA SIS S W ATREOR, (HH 5 a i
BT FE 0 A A L B AR T [, B A R v i S P 3 ¢ B SRR I EAN 2 T RE R BB RC AN 61
PN BHRIIR %

(2) ANV SRR N G R BN AL s A B S 3 IR AR OG, RORE b AR RSB, TERE R IR
AR BN P B PIR B A DL R o X AT BE A2 1 T B A A e AR, s 7l BT 28 W] F) B A AT
WA RIZ AT, 80 7RSI SR RN, EHEEORAQUE R AT Re RO 52 2 A 81T 3
S Rk 55 55 SR AT R REAS 24 T

(3) JBAUER Hh FEXE = AN NAR B R St AR 2 0 5 IR 25 P D 1R 520, 5 B B 58— KRR = B E 45
fIBETE, AL EUE RIS IR SR s BT, AR R 0k BT A R EOR QIR IR T . X AT AR
PO A G P A 5 B BRSO Z R B IO M SR, T S BB A S BRI T .
TRFRCE THrp, folknr e e TRIA 12K BT MEGE N, SBEARH 5 )
AR

4.3. F=HMERBEFR DEA RBGRS 5

/] DEAP2.1 3, K28 —Br BB RN AR, G REBRNHRAZE, 5FE5G> N R
BB B Be DEA BRI R ATHCRIEL, 45 R W4E 2 Fow.
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Table 2. Adjusted technological innovation efficiency value of rare earth industry

2. FREHLWEARCHNEE

Al GIEG Jei S
Fr
TE PTE SE TE PTE SE TE PTE SE
2017 0.546 0.752 0.704 0.750 0.877 0.862 0.469 0.706 0.645
2018 0.679 0.876 0.758 0.780 0.999 0.781 0.641 0.830 0.749
2019 0.646 0.903 0.704 0.756 0.966 0.789 0.605 0.880 0.673
2020 0.663 0.846 0.766 0.784 0.986 0.795 0.617 0.794 0.755
2021 0.632 0.864 0.723 0.808 1.000 0.808 0.566 0.812 0.691
2022 0.581 0.833 0.684 0.608 0.809 0.620 0.535 0.779 0.672
2023 0.612 0.798 0.778 0.722 0.943 0.754 0.571 0.743 0.787
¥E 0.623 0.839 0.731 0.744 0.940 0.773 0.572 0.792 0.710
BES 9.42% 13.01%  —5.44%  —0.24% 1.91% -1.92% 14.86% 18.95%  —6.89%

AR B SN TG, B ReR . A R o R ) kA B E A, (IR
B R AR AR QB se i tEsgm . Hor, BT SCRIIME R 0.569 F+ & 0.623 (+9.42%), 4 ARZE Hh 0.742
W2 0.839 (+13.01%), FREBCRMIE 0.773 FEE 0.731 (—5.44%) . JUEIRERCE /MR T B, Bai AR %%
MFRTHHESN 25 A QT R B Ak, (TS BRI T 25 1]

HEAFIPE T, AT ASFE A M Al 2 18] BRI A B 25 57, B b 4l Rk
YFE E17(0.940, +1.91%), FUBCRMEE(0.773, —=1.92%), L& 0IF R IEAFEE(0.744); Jaumibiss
BT RO R E R TH(0.572, +14.86%), T BR T A AR B ELTF(0.792, +18.95%), (MU R B IR 4L K (0.71,
—6.89%). SVKIME, AT AAE = KSR B3I T 5 A, B0 0 IR AL 5T B R AR A P A S AT
Ui LR, R R AR O e HAS B

4.4. Malmquist % FER g 8947

BRI RN & SR AR &2\ DEAP2.1 %44, 14 ] DEA-Malmquist #B43E4T 15,
SEIGIEE T IAEE R ZABENL T 5 1 Malmquist 2577 K485, A ELAS R GG N B, Hah B &
TR X 2017~2023 4F 22 M L=k BT A B E AR B BCR AT S 001, S5 5R W% 3 Fios.

Table 3. Dynamic analysis of technological innovation efficiency of 22 listed companies in rare earth industry, 2017~2023

% 3.2017~2023 £F 22 KRG L= EH AR ARG FIE S D4

I ] EC SiARHAA IR HL TC fARBD 155 TFP 4 2R E 75
2017~2018 4 1.301 1.039 1.352
2018~2019 4 0.914 0.652 0.596
2019~2020 4 1.025 1.593 1.633
2020~2021 4 0.977 1.038 1.014
2021~2022 4 0.899 1.226 1.102
2022~2023 4 1.074 0.922 0.99

P 1.024 1.04 1.065
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SRR, 2017~2023 FEHRE 22 R b BT A R B R A PR R (TFP)F K 6.5%, FiARRH(1.024)
SHABEA.0HBEEE 1. A0 ER: 2018~2019 EFR RS EIESE 0.652, FARMEKFANL T,
TFP % 0.596; 2019~2020 EFARBEG BN A 1.593, FHARME > 1, TFP kI 1.633; 2020~2022 £
FERRCRFFEE T BRHER P IE BT, TFP K 2022~2023 SFHRFE > 1 HE AP <1, TFP
BT 1.

£ 2018 % 2019 4 [ ST 46 St AT Ak 7 8l & ey, nf LG B IR 2 S8 2018 2 2020
FARFE IR F AR R R, 2 )5 B SKHE GRS P L B AN R R AR G, fE— @2 b
X Ll BT A m AR BIFT AR TR R, R O AR IR A g s, ek T AR AT
YT 4 B CEBUAHE AR B Fe BT 1) b BRI AR K 42 B GRIUA AR R AR BT 1.

4.5. L= lnlinS Ein £ T A RRAR SIF RS 5

R b B 1 6 ZXHT I b T WAL 16 25 i LT 22 W] ) Malmquist 287 R 55803470 B, 0931
XF XAV ) BB AR AT T ShaASTRIT A EL R, S5 R AnEE 4 P

Table 4. Dynamic analysis of technological innovation efficiency of front-end and back-end listed companies in the rare earth

gT%ﬁFﬂmﬁSEﬁtﬁﬁﬁﬁ#m%ﬁzﬂﬁﬁm
BTN E SR R BRI REL SBEAFR

B[] IET] J i GIE Je Bty (IEG Je i
2017~2018 4 1.051 1.410 1.106 1.015 1.162 1.431
2018~2019 4 1.026 0.876 0.716 0.630 0.734 0.552
2019~2020 4 0.973 1.044 1.415 1.666 1377 1.740
2020~2021 4 1.011 0.964 1.123 1.007 1.137 0.971
2021~2022 4 0.822 0.930 1.218 1.229 1.002 1.143
2022~2023 4 1.014 1.097 0.958 0.908 0.972 0.997

PHIME 0.980 1.040 1.066 1.031 1.045 1.072

2017~2023 4£, ATl 48 R4 7 R (TFP)ELIHE 4.5%, JFinalis 7.2%, #HRI N T
R, GAERIKE, EiiIgEE R, 40 BoR: Ji TFP 35K 3 ZREH RIS > 1), (HE
RETRECIE < DRIZGE; GRS GO SHARYCRG)MIRTE, WK3) TFP K. f#H %
torb, A A A R AR AT AIHET LS, (B BRI AR K R i A i i 2 B A AL A R
PTG, FARATIOIHT B85 T AR R PG .

S AN [ A B R A A A HEAT 204, 2017 28 2018 48, Fi i i A lb A K a3 3 i s Al
2018~2019 4, Hi i v 5 J5 v A b ) BB SR AR Ab Tl R #ads, JEui U, AT R AR
R 0.552; I AT AR R B EORC T 1, SERAEFN N R R ELFERMSIREG RN,
DNZ T WBCR AT B e s L S B K. TEE 2019~2020 4, RAT RS LH AR BCR B Fe 4 2 N %
RE, HRWKRT 1, i Em R AR R RS, L3 1.74. 78 2020~2021 FHium VA
febrEB 2L EFHEAS, Eum S AR RSN T |, SRAEERAERWANT 1, B TFES.
2021~2022 4F Fi vty AL v A B RO AR R ET 2 NS, A PR ONIA s BOREEDFR N A
R, #RERE LGS, [FAERAERALT EFORE, HEEm A EIE MRS . £ 2022~2023 4
Ao 5 g i Ak ARG 2 T RS, SBC AR B R AR T T RRIRAS.
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5. e 5BIREIN
5.1. HiR&ie

FET 2017~2023 M L=k B AR FIAFEHE, RA =Fr Bt DEA B84F1 Malmquist 2E 7= 285544,
Xof A VI i AR M (R R B R AT TR AT LA, AR T BUR AR

R 1T 2 BB A BT R K i v A0 I T fE i Ak, A AR b Al
K Ean e mit, BRES TR, MBS L = HKCPEE, wimmax B, W=k AR )
BRI ZBURAN . AR EE . AR SRR R I sem, Fodr, BURAMIE 9 Ak A1 5 i
BRI AE D 1 AL BT RS R R B, G s 1 B IR 9%, RIS AR S BORAEHES P ML AR A8 3k
TR I FRAE . TEABRIEEHE R 5, L ER G e 5 0 B4, F2A
i T AR AR R ) B R, RS i AR AR AR S T 22 BEAK IH B2, P2 A b RS8R #/
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