541% 5120 * K 2 i 20224F 12 H

INEARTHESH R EZERKARLERM
EFERNNE SR

A2 AR TRA MG
(1.6 K2 Ry 2#Be, 2RI 430062 2. WA k2 TP & 5k 58 dres, it 430062)

i E.ZAAEHE T B E SBM(slack based measure ) £2 A f2 GML(global Malmquist-Luenberger) 3§ ¢, F # B 5 # ;%
EFZER1991—"2016F9 5 ANEELX B REEREHRTHORRAXE L ZEAFFHAMNEL K, SIRAN, REE
R R EERLET —BEARTEROTERE, FEHARAEE A FERGMHA; PERARRKLETES BXRER XS
RETH , BAEFHLAHATHE I THEFS 4000, FELE L FENTREA RSB AL EFGEZBIALYT XKE%
DVHBEFRAZHARGEEHIAAL AL EREHORSTEN LR FT AR ENEARZIA KLY 2 H BRI
REBETENRTREAZLFATREEEATESLY XA HRARFHTHRIY ML R IATE TN IR L,
KW LY R ; A3 F SBM(slack based measure ) 3£ % ; GML( global Malmquist-Luenberger) 48 2 ; 4% K & ; HREALABEA T F
HESES: F1246  XEEEW: A NEHS: 1002—980X(2022)12—0001—11

—.51 8

SR TT R OK o [ AR o Y 22 D R KRS T R T Ak e il s U R, — BRSO T B R T
PR SRTAT, X T v [ 2 5 R 9 K A 3l g AR — B LR A TR A R R, LY e A% & T BE " AR B WLk
WA R MU 1) B A B SR 00 3 2 1) 55 ) 3 B AT v (6] 45 AR I 1] 52 48 B 00 Ay 3 2R T AR AR BE 2P AR
Tk o X — W ROIF AR BN 2 AR TR AR, 223 15 22 B S T S B 2 R AL B 4508, e B B AU PR Y
WL A A ] ) 8 D 00 R AR AN [ I 300 A R A T AN () 2 A O ) 9 2 o el 2 D 0 I i v R UK B
78 g A AR ARl MR AT R R A R R ORI R R S R AR AR . B ML T e AR AR R
PN ARG IR A B AR 7 AR B4R THE A TR KA BRI B I e TR O A PR AT K
R B4 R R P T T B, TR A8 a2 R gl g AR SR AT AR A R OR AR P U K R A U K R, 4
BER AR S TS R RO R A E 2T 18] o EUR AR GE I A B A RN T IR O A % IR A i
HRRR 3 e A AR B R DT 8 A 0 B SR S S P R B K Bk, L T A S AR A KT B PR
BRI T

UTAF R, — 2627 5 T f 22 0K B IR BPR IR D R A BIRR 5 LR 7 R B A RE 2R 2 v, L% JE IR B N R 5
F1% 2 B ZR A 7 AR EH A G v [ Y 22 B R AR, R OGP [ R A ) BRI AR A R Y H
FERAE F 5 o O [ PR E N PR AR S 2 T RO G H g R, DI SR 9 R b A S R B R
[A] B B AR CR G @B R A R IR A B B IR B LR YN DA DX L, 20 B [ 55 1 5 S K ) ) A X
ORI B 28 5 R FE T MUAE 77 AL By 5 28 S 0 LR TR A 00T b [ o e 0, 2 e Oy 0 A, o o [l 0 1) g
Jo i ] 2 A e B H Y B MBS R S

Wl 2 P 85 95 e T 2 BRSNS R AT EEA , B WA 7 38 TF IR 3R B8 I 3 ) AR 5 A R 0
HrAE 2R v, R 0 o ] A 28 5 0 1 SRR AT 3 M, RSG5 R LA DA I 32 53 RV 5 %) 2 4D T JE T

S— M EETTE T . BUA I 32 2R 2 R0 BEAL AT I 20 A (SFA) AR 2 80 i 4.2 73 #r (DEA)
(it H 5 Malmquist 15 BU45 5 ) 55 77 16 X0 25 IR 3R i8R 5 20 7 AR gE AT I 3 . Hevh  DEA J7 ik th T 75 3

Y5 B #9:2022-10-10

EETHE:BRAAMFALFFAZ AL FELETTRLGELF KR A THEH KRG HAA”(19AJL004)

EEBN BEHEFE AR XFHFRIAKK, HZRX  HEEHRAEFH LT O HREF HAREF %A, A XFH
FRRM LA, FRF @ RIEEF HREF.



AR A3 CR AR

FE HLR ) A 77 R BOE 20, 1T LA TR) IS AR 480 22 F 38 RN 7= 1 B BB K R S B8 P H 4 A A T HE 4, 5 L AT DA AR e R
AT o R T2 B TN B RS N RS P W RCR S A e R U T M R (BRAE L, 2016515
B, 2017 ; Xia Al Xu,2020; FRE I 45,2020 ; BRIG 45,2020 5 @4 0655, 2021) , {H X LEAF 5% KAR 3 225 F SBM
(slack based measure ) 1 2 il ML(Malmquist-Luenberger)CEF%ETE%ﬁﬁ%ET%ﬁO R SBM B B fig e T 45 45¢
DEA J7 32 v A s iy [ 20700 Sl 30 2 7= o ) A0, (L2058 Oy 00 B8 ) R B 5 SR T 0~ 1, RIS R AE N 1 1Y)
BRCATTIATIE— A X 4o AL, ML 48 $507e 0 B 5 300 1 8 o KPSt m R A7 76 4 M B0 R I o] A7 g R L k47 i85
WL AR TR T, [N, 27 2 4738 7 P R 503 SBMAEE U Al GML(global Malmquist-Luenberger)*E%&%ﬂzﬁ*
A B0 (Li #1Shi, 201450h,2010) , {5 2 [7] B K 33 95 Fl 5 76 A 45 6 R 5 IR A BE 20 T v [ 19 85038 5 A 7= 6 1)
I

B PR . A SO FEE T EA X (B A, 2018; Xia Al Xu, 2020 ; FR & B 55 2020
PN B FA% 45 2, 20205 A WIR 45, 2021) (3 17 (5= A8 8 52 52, 20165 18 MG A GR 4 , 2021 5 X 28 A2 F0 11,
2021; 2 R4 AR FH,2022) Ko A7l 2 10 (Shi F Li, 2019 B A5, 20205 4 FI BG4, 20215 X 7R S04, 2021) 1 BF
I8 AA DR K 92 T (Du A Lin, 2017 ; Wang et al, 2021) , 3 HL [ 51 2 180 B9 BF 58 2 DL RE 0 A 347 T,
DL AT AR5 A I LR R D .

A SCHER AR AT LR IR, H AT B AT h EROR 5 A R 1 BT B 28 BB T2 I 6 B HE
WFE 07 i b A WF 5 R FH A0 R PEAR A5 8 s LA (] B 52 F 2 72 Rl 9 1 %) ke 5 PR SE Rk — 25 19 X 40, 7E
SRR R A L, — B0 ML 48 B0 LA P 28 14 3 0 fife ol 25 3 LB S ) A PRIk, e o A
B A 45 B 1 R ROR 5 4 77 30 H kA7 ] e o 2 (AR O M B . AEMF R AL b A W5 2 LA At
HE R — R E TP ES M E R AR TR SAE RN LR REAEEE . S5HMERM
Lt , i AR 28 DR 1 K A [R] B, R B 20 3R B Rl 7 ABE AR I e B R AR 7 R 8 B ARk
NOEERE? Bk B A 25 5 0 U SR AR R 7 X 3k 2 fa) A AF 5 T LA B A R A T 48 5 AR D A R G ROR 25
S RORUE TR E— 25 HE b [ ) s L AR IR 5

BT, AR ST BE B PR ST ERAE T8 —  WF ST iR b A R AR 0 A R AR SBM AR A I B BR 4E
AR T R AR R FEE5E 2R 2 I CMLIE S /A 2 L R A R BB, B2 i e 174 8k
SRR TTME LA X 3 ME DASE AT 530 P A Im) R 5 RS AR L, DL PR H A DDA e v S R R
EABEA T ARG A = R b7 410 AR Ge 000 B, DU 25 RN 3l 28 1 A I 1T EL 3 o0 i b [ 5 5
EEFZABEAR T AR 25 ok 17 B 512 10 A W5 AR 2 o 5 = B0 AL B A 0 E BR824 R
4% AR ARG A e A SR L RIS % R R 2 R A AR RO 5 A PR AR AE TR AE N X LT, A R
FRZEIFN RSP K SR E R 2 AR

= HRIET

(—) il EHRE

1. FHHE~H- B R SBMEE

Tone (2004 ) 42 1 & JE W BH 7= H 19 SBM (slack based measure ) #5 B J- 18 G 1R 4 H % e 44 45 DEA #5850 o af
REAFTE 24 YL 3R BTG [R] 7 T A 77 A 1 100 A9 ) AL, PR 171G 32 X RECRABL A 1 IR RCR e b AT A SO 5 .
RSB — A X 43, AR SCAE S L AT Shi(2014) FAF 5848 B2 A0 7 E 10128 7= M 110 #2300 SBM AR A

B A N DRI (DMU) , B0 & o M RAZER (X)) B P 1 (Yo F1 g, N R 2 ™
(Y") =FhEEZE A e ROWALE [a) & W@ SCEL S JE A ZE 72 W () IR 45 R A P vl g o

P ={(x, % y")lx = XA, y* < YA, y" 2 Y"A, A >0} (1)

Fr AR P % SBM AL D) AT I R (2) o

1 & S)
1-— v
* . a;xlo
= min
P 1 B Sg B Sh (2>
1+ —+ ) —
Bl +Bz ;},’) ;y,"',

shoag=XA+ 8 5 y5=YA-8,y, =Y'A+5,8 >20,5>0,8>0120



Tt Iof A 45 < PRI 2 SRR o [ 5 AR 3 T R R ORI A 7 R A LA

Horpromdk S = (S, 85 ") BB A E R (X0 HE 7 (Y BRI ™ 1 (V) A s AR it . HAR kg
DMU (x4, vE, y2) B PR BERCRAY L 24 HALY S =0, 8=0,5"=0, Bl p'=1, eI & AR B2 7 9 DMU (x5 8, y0) A 2
AR .

H AR (2) 5 A 45 R AT RE 2 L2 A DMU B IRBERCRAE N VYIS IE , ok — Ayt & AR ) a2
BB AR SBM AL X T p” = 1B DMU fCan ™ b 2 .

1 L$?
5 . QT Xy
= min
1 Boge B (3)
Zr + Zr
B+ B, ; },"( Z} y:f,

n n n

. _ —¢ & =bo_ b= —g ¢ —b b —g

s.t. x> Z Ajxg, ¥ < 2 Ayl ¥y = Z Ay 220 P <y5H ¥ <y, ¥ 20,120
j=1=0 j=1#0

Horp o867 AT RCBA TUAE B AR AR Y E — 0 I B3 B RR AR s 0 7 7 a0 ) D BV BT HR A B AR
PR B AE (A FRED o

2. Global Malmquist Luenberger3g#
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MK T 25 ) B4 12 A 03 0 B0 50 38 AR ABLAT A 36 25 5, AR ) A 30 2 el K Cn O [ T S o ) L D2
SE) 2SR o Horp R R P B RE A [ AR S B R ER BT 2 SR B SR S A B A R b HE A LA
FERI 10— 2% & GERER T N R A, 1 28 [ S ORI H BUR R R BE R e HEM BB T . S Mf,
Bt H A SR PR AR R Hi A [ A BRSO R AR b R T R R R AR, Ul B 3 2 [ S AR S
RWORTEZ SR TIR RS 005 RO S 1 JF HAER 2R T FHE 8 B RA SRR BCR M HE T 1,
Fir b L HAS R A PR AR R 3 R T 1, SR W B [ 58 4 R BT A AL T R B U T, 2 PR AR A 3
TSI o HART , QRN 25 I IR T 2 0, 17 R OR B v 1) 1] AR O S& ] T b B 22 IRk I B 9

A1 1991—2016 5 #F £ EE TH R FMEERED

P 1991 4F 1996 4 2001 4F 2006 4F: 20114F 2012 4F 2013 4F 2014 4F 20154F 20164F FE HE4
XM 2.6904 2.9580 3.4670 3.6694 3.4995 3.4740 3.4223 3.4352 3.4332 3.3999 3.3391 1
Fii 1.3445 1.1808 1.1693 1.1224 1.1717 1.1571 1.1574 1.1493 1.1371 1.1361 1.1751 2
= 1.2419 1.2292 1.0663 1.0559 1.0630 1.0587 1.0268 0.9998 0.9824 1.0055 1.1057 3
£ 190 1.0823 1.1736 1.1247 1.1140 1.0225 1.0278 1.0099 1.0014 0.9765 0.9812 1.0910 4
£ 0.9478 0.9374 1.0368 1.0868 1.0830 1.0899 1.1065 1.1192 1.1168 1.1180 1.0348 5
T 0.7491 0.9499 0.9862 0.9280 0.8262 0.7891 0.7607 0.7347 0.7139 0.7041 0.8844 16
3 % SCJE 0.6434 0.6265 0.6360 0.6416 0.6468 0.6636 0.6675 0.6957 0.7103 0.7379 0.6432 41
Je H A 0.4267 0.3926 0.4633 0.6492 0.9262 0.9794 1.0327 1.0513 1.0465 1.0086 0.6426 42
E[1EE JE V5 I 0.5250 0.5793 0.5539 0.6091 0.6438 0.6595 0.6636 0.6508 0.6440 0.6477 0.5910 43
% 0.3513 0.2732 0.4428 0.6822 0.7321 0.7575 0.7602 0.7441 0.7233 0.7261 0.5297 44
7 0.3553 0.3902 0.4492 0.5633 0.6252 0.6687 0.6707 0.6544 0.6576 0.6789 0.5098 45
RiKE R 0.9415 0.9365 0.9610 0.9739 0.9662 0.9599 0.9543 0.9572 0.9445 0.9629 0.9551 —
KR E 0.7494 0.7444 0.7903 0.8504 0.8629 0.8711 0.8664 0.8482 0.8309 0.8495 0.8078 —

O b THBRS RS FEREAERF LIS EEEE.
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A2 1991—2016F ¥R T HE RHRERFNE LR L

EE 1991 4¢ 19964F | 20014F | 20064F | 20114F | 20124F | 20134F | 20144F | 20154 | 20164F | “F¥ME | H4&
X 1.4581 1.4947 1.5523 1.5717 1.5555 1.5530 1.5477 1.5491 1.5489 1.5454 1.5368 1
it 1.3035 1.2542 1.2683 1.2609 1.3232 1.3149 1.3213 1.3220 1.3293 1.3355 1.2935 2
e[ 1.0285 1.0340 1.0696 1.1087 1.1203 1.1143 1.1320 1.1476 1.1565 1.1593 1.0876 3
E19:1 1.0754 1.1231 1.0828 1.0686 1.0168 1.0197 1.0100 1.0035 0.9033 0.8910 1.0539 4
BN 1.1507 1.1187 1.0714 1.0383 0.9597 0.9416 0.9376 0.9237 0.9189 0.9061 1.0419 5
i 0.6548 0.7185 0.7169 0.7050 0.6921 0.6823 0.6783 0.6756 0.6717 0.6725 0.6996 40
ENpE 0.6712 0.7019 0.6890 0.6860 0.6608 0.6526 0.6467 0.6422 0.6446 0.6485 0.6776 41

K PE I 0.6439 0.6370 0.6331 0.6754 0.6886 0.6907 0.6810 0.6741 0.6708 0.6692 0.6582 42
I J2 7 0.6082 0.6289 0.5857 0.6165 0.6326 0.6341 0.6318 0.6208 0.6170 0.6154 0.6136 43
#E 0.5451 0.5543 0.5581 0.6235 0.6384 0.6487 0.6429 0.6339 0.6333 0.6350 0.5928 44
w2 0.4713 0.4008 0.5000 0.6138 0.6361 0.6394 0.6345 0.6265 0.6186 0.6178 0.5353 45
RiBHEEK 0.9202 0.9004 0.9103 0.9155 0.9076 0.9088 0.9037 0.8906 0.8824 0.8882 0.9081 —
R ERK 0.7787 0.7581 0.7379 0.7764 0.8021 0.8011 0.7871 0.7635 0.7543 0.7565 0.7667 —

SCIR W JE B FINE BREE JE VU AR RN 2 A R TR A 5 A0 AR T TR IR B 2 B, R B OR B 1 B AR IR R
Fe [ H A S REL B AS B SRV BN W R AR TSR TR AL, AT LLE R, e % IR
WEEAR S, 36 H i 0 05 [ 55 = A & B BB R RO ED e P AR L 28 1 A B R B
IR FE G Ao (B2 B 5 B A A% D0 T I A5 20 19 25 S 22 S e ok, Hov, DA B R AR R &
5 [ ZE A LA A [ O AR 3 00 e R v [ 5 A 10 45 SR R HE 4 2= S e R B S e SR R 28 R AR 29 R N AS 1Y
FARMCRAEH 0.7898, HE44 27 31451, 78 FA 55 29 30 T I & 1 350CRAE 0 0.9086 , HE 44 T 25 15060, H W 72 R
K IR BE A TR R A5 B B R RCRAE N 0.8844 , HER S 16 47, T AE R EE 290K F AL M 0.6696, HE 4 F 24
4017 o At LA A3 B AT DLk R, 25 R R T 24 R 5 A 4 X B R R R AN R R R A5 A% e 04 R R
B R 2 SR AR W 2 i A R R

MEBERGERTEZRNLERE , EAZIERIRARFMET AT LR E KW ARSCREE R
0.9551, OB M H AR TIVE , & J& b B & 0 H AR BCRIE R 0.8078 , AHXT HE AT A6 A — 2 B B3, Ul B &
& EERIEROEARSRC B EKT, RBPERSEXERAOEARBCRM L EA — @ 228, XhE
W KR EREFEARBCE LR ERKWGB RSN, ZEREARZ G, LB EENREEICRE N
0.9081, % J& b [E Z B A B HCR A R 0.7667 , 4K I & 15 [ K0 IR 58 8808 AR B AR 30F — ke T & v
Ko HEMEREMNRE, RXEZRS kK EDEREARYCRKFEL EIMEAREH I T TR, &KXEEHHR
BE AR T IR I B8 H R TV T, & B b B K B I ROR 5 BOR BT A B i — 2P K. X R SR TR
SRR E R R KR E R ARSCRAE S EA BN R G T RORBK, Z 0 R85 R AR ZCR
Mol B vk Al o HR R T RE R &k R S kR P E R AR A e ad R v YR A7 AE A IR A O 2 RS YR
AR N By IR, JF B e B K ik — B 5= i .
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M, e A N HORETE . X U
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T A B Y R v Y B R BCRAE T ) S T RO R . (HAE B S A 2002—2007 4F 1 W), 3R 4
RECRER —EBREMETRE LT, T e R H =2 2R E A 2001 FEMA ARG AN Z 5, —
BRSO T B R T HE 0B G ARG T (R TR AR B AR T R B A R o sh o Rk
7R R AR T TR B — s AR A] T3 R VR 4 R RO R DU S, 1T S B AR RCR I BN R HBEE T AW T
B, AR B R AE 2005—2007 45 A ek it . 55 AT LLE Bl H 2008 4F J5 H E M E AR ZCR B T BT
K, AT RE 19 J5 IR 2 B 2008 4 4R 4 Al fe UL 8 &, 45 [ 00 28 0% R JR AR 32 8 T K [ B 5 52 1, (1 75 3% A 11y
HARMEER TS HRETEEARRETEE ) E, FEREN SRR GG, TEBE T4
AZ TG R BT H A R X 28 B 0 2 Bl XU, WE AT B AR g R A T I AL 2 B S SRR T
S R AT 5<% | T e g = R 2 T B i | A NI B (R S SN S el 2 ol o ) A - N 3 1
TR

W RN S ERERAEERE AR, WA LR, ELERERNZEPEOBERGEREET
[ SN T e N TSR 7 N R ) B W A O < = O [ PRI v VN i D Il o - 1 212 9 vk = o NI ES - U | A eI R
PR ROR — A TR K W 5 & EAE L, h E IR RS w e — i m . kR E
ISR ROCR A BEAR R 22 00 2 I KIF 48 /D REaHE . 1991—2002 4F , 3 [ Y 4 AR BR300 T 58 KR B
B T, (HLTE 3K — I 300 2 B8 R0 04 T e 8 0 A /N, ik B 2 5 ax — By B b [ ) & R A X R R 56, 20 i 42 90
AEARAT, H D B 20 T A R R ) A B ST, T 3 Ak R AR S W NP TR R IR B S R T AL BRI R OK o
5 BOME AR T GDP SR AH G & U 48 A i HE 44, PR 5% 8 1l 0 B8 A X SE AR | P55 1A A DX L RO A 9\ 75
1N AR (R B2 ,2007) , 8 380 9 28 U5 38 K BBzl R 17 )™ 5 1 21 35 75 2% FITRE R T 6, 330 o il 780 14 K A =X
i 75 R85 RUORME L SE BRI T . 2002—2008 4F SRR ROCR B AR S H AR SR A BRI, B TR
Je b TE AR A (0 R AR PRI ROR K - B % B R R RSN o T AE 2008 4 & Rl fE LR B R, 5 R R AR S ol
ASTR] Y v A R 58 38 R K AT SR 35 0 SR A BT /NIE R B, 9 ELAE 2015 4F J5 U Bl pfa v, nf
il 14 D A1 2 Bl e L0 9 R A B AR A i AL, DA R R AR AR i & U R R AR A ek T E A
I U AN W R O T RE S R R A A M, 2006 AF FF AR HE T AR U HEBOR IR AE S — O 4B Ry
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Measurement and Comparison of Technical Efficiency and Productivity between China and

Major Countries in the World under Environmental Constraints

Cheng Shixiong'?, Chen Lipeng'
(1. School of Business, Hubei University, Wuhan 430062, China;
2. Open Economy Center, Hubei University, Wuhan 430062, China)

Abstract: Using the super-SBM (slack based measure) model with undesirable output and GML (global Malmquist-Luenberger) index,
the technical efficiency and total factor productivity of China and other major countries in the world from 1991 to 2016 were measured
and compared, respectively, with and without considering environmental constraints. It is found that the measurement results without
considering environmental constraints ignore the pollution loss caused by a country’s development, which leads to the overestimation
of technical efficiency and productivity. China’s technical efficiency dropped significantly when environmental factors were taken into
account, with the overall efficiency ranking dropping from 16th to 40th in the sample. In terms of time trend, the gap between
environmental efficiency and technical efficiency in China first widened and then narrowed, and there was a trend of gradual
convergence in recent years. From the dynamic perspective, the change of China’s total factor productivity shows an overall growth
trend without considering environmental constraints, but it turns to a downward trend after considering environmental factors. Among
them, the decline of technological progress is the main factor affecting the change of China’s total factor productivity.

Keywords: environmental constraints; super-SBM (slack based measure) model; GML (global Malmquist-Luenberger) index;

technical efficiency; environmental total factor productivity
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