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1.1 ZEIEHAE~ H A8 % SBM &2

TONE"* T 2001 4R 48 T 3 T IR 1 28
1 SBM BT FH I B AR S ROR XA 5L 5t
) DEA 45 %0 K 1, 0% A 25 i P 5 A B2 26 100
B ak AR PG, H TG HE— 2 X MR 1
PR B, T J TONE ™! 75 SBM 465 %Y i L 6 I
254 T R DEA B BERS A RO Ak T Bt T
WETHI G DMU . Hi2% Al 309 287 A% SBM 4
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ARt SHTER A 7 A ot e AR S0 ER H AY  ot
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HIT,
1.2 £ G5tk Malmquist-Luenberger 35 %§

P T W T B, AR SCRE AN P 4 B R 2R T 12
HAH 7 0] B A SR
1.3 $EMRIZERE BiERiIR
1.3.1 #kR AXSHIHES HRER
SCERH R R A R, DL B X T AR K R R TR
TH i AT ; LA M GDP AR BB 4
B, 45 HUM A9 GDP &L 2001 4F Ry JE3 , 2855 - i
FHAS 3 & b M TT (9 AN 22 M A 5 T AR R S 2 7 i i
£ S B TS AR AR K R AR U N
B B B FAT AR R s 5 Y Sk Tg Y
WAL SO Tl B K e, L Tk A (A) 23k
JicE ol SO, fRilcaE: , R R EE LSRR T
PG HEAR B YRR ™ 8 bR . A SCRH
A IRAEL I A ST 0 25 A & AR AR TS A A T Al A 7
FRAEAL AL B HEA L R TE AR X 2 2% ek .
1.3.2 #&Ex®  FEINBHEN—BHE SR
PR, AR SCEBOR 8 14 A b T O 3 52 30T ) 1R
REFERT A BRI 2001—2017 4F, 48R 5
ARG T Rt g 42 25 (b E o gt i g1t
ARYE) TN M T e AR S5

2 EBREZEFRANUmSN

2.1 #ESW

M5 2% i E 0 B2 7 1 1 B 2% 3¢ SBM-DEA #5
R THA B SR 2001—2017 4% 14 S i iy i 2B 25
ST, R NER 1 s,
2.1.1 Zah#fE PR ICEER(ERD)  HEmXE
FAEE B AT A EA /DT 1,2001—
2017 AR HAE B A THR ARG 1Y B B1{E 2 0. 336,
FEW i b DX R 1 AR S A TR AR S 7K R,
BHEH BTSSP A 2001 4£19 0. 189 T
#2017 4E19 0.778 . AAFR 1 & AT LU 11,2009 4K
BB L IX AR A T AR AR RS BT WL Y T R,
A RE A J A 2 2008 AF B 22 BE fa LA AR i L 5
BRI M (T ) B8 TP AT oMb G H 2 il A=A 7 M 52 1) 458
K, GDP =t TRV JE it HAE R 2 B B AR 25 7=
AR SR 5 1T 2014 AR DLS 25 X _E T SR H B
@  flhn 25 Ay H i, 2008 AF it £ & T B9 GDP AT L fr

148.74 x 10% T, 1fij 2009 4F GDP W] 4y 142. 79 x 10® J;

2008 4EFEHFI 4K GDP u] LA 2y 302. 34 x 10® Jg, i 2009 4E
GDP A] e 24 298. 72 x 108 75
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F1 FEXBESEFRANENELE R (2001—2017)
Tab.1 Measuring results of regional eco-economic efficiency in Xinjiang (2001 —2017)
X
O ek FRE ok wa B E pgy PUER g W GRR R #ifH
S RW & X WX X M HIX X

2001 0.199 0.304 0.324 0.104 0.163 0.125 0.141 0.138 0.221 0.259 0.189 0.103 0.240 0.135 0.189
2002 0.209 0.304 0.359 0.108 0.180 0.126 0.157 0.126 0.210 0.231 0.181 0.103 0.231 0.148 0.191
2003 0.225 0.304 0.379 0.115 0.189 0.139 0.160 0.138 0.235 0.235 0.191 0.114 0.238 0.175 0.203
2004 0.242 0.313 0.368 0.115 0.197 0.137 0.168 0.141 0.177 0.241 0.204 0.123 0.233 0.205 0.205
2005 0.259 0.361 0.403 0.126 0.226 0.155 0.183 0.143 0.170 0.241 0.251 0.125 0.236 0.152 0.217
2006 0.256 0.404 0.463 0.136 0.245 0.199 0.212 0.152 0.168 0.261 0.253 0.132 0.285 0.224 0.242
2007 0.279 0.533 0.709 0.156 0.306 0.201 0.245 0.169 0.175 0.285 0.247 0.148 0.296 0.213 0.283
2008 0.285 0.600 1.016 0.188 0.332 0.198 0.251 0.190 0.177 0.284 0.285 0.159 0.366 0.221 0.325
2009 0.274 0.486 0.387 0.182 0.356 0.197 0.243 0.211 0.191 0.300 0.283 0.170 0.400 0.225 0.279
2010 0.314 0.509 0.395 0.239 0.377 0.199 0.222 0.241 0.205 0.345 0.278 0.18 0.461 0.228 0.300
2011 0.341 0.783 0.447 0.295 0.392 0.207 0.246 0.283 0.183 0.327 0.360 0.212 0.485 0.245 0.343
2012 0.401 0.824 0.357 0.325 0.424 0.237 0.238 0.308 0.187 0.352 0.365 0.244 0.425 0.267 0.354
2013 0.467 0.554 0.353 0.348 0.445 0.234 0.235 0.240 0.207 0.395 0.395 0.274 0.450 0.219 0.344
2014 0.516 0.529 0.427 0.366 0.484 0.249 0.259 0.281 0.253 0.437 0.437 0.296 0.450 0.243 0.373
2015 0.798 0.695 0.442 0.485 0.639 0.333 0.292 0.416 0.458 0.684 0.370 0.319 0.661 0.345 0.496
2016 1.035 0.754 0.546 0.298 0.799 0.383 0.334 0.479 0.652 0.887 0.489 0.410 0.827 0.436 0.595
2017 1.142  1.047 0.772 0.322 1.053 0.466 0.373 0.568 1.025 1.084 1.005 0.433 1.127 0.481 0.778
P 0.426  0.547  0.479 0.230 0.400 0.223 0.233 0.248 0.288 0.403 0.340 0.209 0.436 0.245 0.336
HE# 4 1 2 12 6 13 11 9 8 5 7 14 3 10

30 B T KR A A 2 S A il A
X s T X RSB AR NS HN TR R ,
HAB LT HRAGGEWT-E HA A B 25 5
P, T AR (B 14 A Hi X R 43 Sk = A28
AR v 0 A 25 22 B B AR 2R Ml IX (e P I AR T
@ HTHEAN T 0.45 ~0.55 Z i) s ihash 6%
TrB AR 28 b X (5 Ik X, 2 K SR T A
X BTN DA SR X, HAF I (E A F 0.3 ~0.45
ZTE]) 5 M AT 0 A 25 20 B 180 A Bk 2 L IX (AL N
LTI S T ATl 2 b X R 5 e i X DA
PN, HSEHEA T 0.2 ~0.3 Z[A]) o stAESLR
SRS AT = 0 TP I AR, Hege b &k K F
B A MR 2 0 S m A R EIRE S T AR A
BT, A B kR T R A&
A AR R T A B X N, BRI
AT  H R B R A HERS , 45 3B X
BILE 2B ARG AR BT R _E T, JEHAE 2017 4E
HABRLFBRAMGHEEHKRT 1, XFEEHAHEF
MK T I A 7= VT REUEHE 5 06 IR 2 U KR
(7B TR A B T A 25 SO A R . ik
TSGR AR T FAR A L X R, 1598 2

BRERBFETr A 0], HnT DLUE 2 o3t A 7= 5 AR OKF
e FEAR AR EE = MY D T A TG 2 2R A f i it e 4R T
H BRI EBL TR ARGEE

2.1.2 #HBEAHMTOBAATALEL>H NEHE
A BE AT, A M T 22 Ta) B AR S 2 T R ARK
TR AFETE B I 25 5 0 R PR R IR ZE R HAOKE (&0
KR E S BUE B2 B ARG oA 3
POIRAS , AT B 0% P 4% A B TR 2 SRR, PR EE
R A 3 FhH .

(1) B X A A AR, FESRTH AL A Tlk
fEE AR, 1 b P A TR BRI ™ X S IR
2SI TC 7 T &9 5k K. 2013 4R 22 0T, HiiE 14
A HB X P LT A DX A7 A 2 A DX T AR B A st
T MR HE AR X ™ ok (= =l ™= fE/ 2
BUXTEAR) |, & AR 51N AE 2001—2012 47 1]
HEX AU 2 x 10° I8« km 7 2247, i A
X S ALON B AE S0 A0 2 X RN 1 x 10°
JG - km 77, Bl E O+ Hh A 20 F) B A EE AL, 45tk
DX R DX SRR AR W T (A ) 2017 47 A1 H
DX 2 i DX T DA A S A A A X7 R
/NF 5 x10° J6 « km ™%, EBriE 14 A 17 op
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X7 S g A 7 b XY 11. 62 x 10°
JG - km 7 /N T4 SR KE (14,02 x 10° G -
km %) o PRGBS0 % 5 Xk 6 3l [X
M T 374 W B [T s T AR A 0 R, AR
HE 2T A FH

(2) BEUEIH PR BB AN, 7F 2015 4E LRI, K
BB HL X A RE TR TH 2% 4 AR, HEZ AT 5
BORFE SRR B B DL BT s g X, X
S Hb X GEUR TR BN £ E , H AR IR A HROR A & .
{H B 9 REFEAEAE by [ 58 T Hp 2 & R B3 1) S it
H 2015 FEFF 45 , X e X RE IR A1 HZCRAS 2 T B
PET, JCHR v B AR 5 B v g s X, HE s iy 3
fHh 2014 41 8. 46 t bRyt - (10° o) =
2015 4T 2. 85 tARAEHE + (10% J6) ' Bl 5 5 s X
1 2014 4E [ 3.79 tARMESE - (10° J0) ~'FEE 2015
AR 0.78 tARHERE + (10° J5) ', AT UL AE P4 RE AL
WRARH B2 (EBR T WA b X R X 3 36k i X
DL BT 8 2 s [X LA AR, 2017 AEAT3 3R A 10 A Ho o T
Ji7t GDP geke s T EF3KE[0.5 t FRife it -
(10* 7o) 7',

(3) MK BN, 7F 2010 4E DIFHEE 14 4>
B IX 4 K SR B AR I HLHE44 BT = 10— R A
i DX BT o g X DL KRR L, 2017 AR S AN
XA FH 7K B AR it ELHE 4% T = A BT 58 95 4 X
B 85t st DXORIES P 3 B 3 [X 22 55 & R A M 9212
IRGEE A FHBCRAN 17,2017 4B 5 R H X J5 5T GDP
JKFERE 1549 t - (10° o) ~', & B MY 4. 05 4%
BTy 2% 31 [X 56 GDP ZK#EJ& 1 929 t - (10 J6) 7',
EET M504 f5, At ERERE , ME L
5 B R 0 25 2R 25 S A A A E X 4
XK G FHRCR AT KR B &, H R T 58K
FET LA IR 13 A M T T3 J6 GDP K #E s T
SEFEKF[73.1 6 (10° J8) 7',
2.2 EhIETEM

TE M ER S A A o) 90 X A 25 20 B $ A 4
AT B 5 PR A AL L, R A Malmquist 8 28
XA S TR 2 AT Bh 28504, LU AT DL
(4T fFOHTEE 14 AN s T B LR S 2 B AR R AR 1k
=k

N2 SEF, HEE 14 AN T AE S 2 5 R AL
SRR KR CMLAE AR T 1, HHHE KR A1y
F9. 1% , i H B R A A S A TR AR SR AL T K
WY B . XH EIE TR SC AT A 98 X e A 2

AL S SR T 2 BT, K Rt
EEHM, FEW KRN 12.4% 1% 58 HMNAEE
2P AR AR AN 2001 4E19 0. 163 £ 53] 2017 4E 1)
1.0S3 tHW) & (£ 1), MK 5 S ARFFHEA
KM BESE AR R R 3 I 11.7% 1. 5%
HAE B2 B A B 25 43 il AL 2001 4F- 1 0. 189,
0. 19945 F+4 2017 4E [y 1. 005 1. 142, XAEBLF
PR RS WG AR AR BN R UL, AR AR ROR S
HORBL A g B ARBEE A 5Tk 1 0.2% ,
T/ NFHARMN 6% W DTk 3R, Fr LLE N A6 48 = 5
AR B[] Bsf o Rz e e AR B RS . b IX
1) Malmquist $8§ 053 17 300 2K 70 07, B AR ZOR IS K
FRYMEHR 0. 4% , sehr FAR T vk & i A (BT
I LA S ST 2 i DX ) R S S T R IR A X
Tl B 3 6 1 X8 AR VAT el R TR 3 38 O A FE R v
W= T .

&2 2001—2017 £ 14 4  Malmquist 521
RESHR
Tab.2 Malmquist index and its decomposition in 14

prefectures and municipalities of Xinjiang

X PARBCE EC PRI TC 2ZR A CML

X ¥ il 1.012 1.102 1.115
SehL IR T 0.986 1.096 1.080
A X 0.980 1.095 1.073
R b X 1.009 1.063 1.073
B M 1.064 1.056 1.124
| 0.999 1.086 1.085
LN 1.002 1.060 1.063
By 5 5 4 X 0.968 1.133 1.097
M 1.009 1.091 1.101
WA IX 1.000 1.091 1.091
R FH M X 1.027 1.087 1.117
RN B E 1.009 1.084 1.094
B IX 1.008 1.093 1.102
o By 2 3 X 0.984 1.082 1.064
Bl 1.004 1.087 1.091

4R 3 >kt — 2 7 2001—2017 4F 5T 5 4%
fRbRr RIS, WIER , Fris X Bl ML
{HoM 1.091, ¢ B BT 9 X 3 A S 2 B AR 45 2 B
TR AR 9. 1% , HAr R 256 HORRL
RN ASE S 43504 1.004 1. 087 , B 45 b5 43 )
T+ 0.4% F18.7% . HULAT LI s X ek 2
VP AR K ) FE B R R R AR AR
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BTG AN o SRR R A S L PR AR
Tt S A3 A A 7 T TR AEDRT i — A e Ui B 4 i
o 0K S € e R NI (B N 8 S T S Wy g
S AR TE G IR L By A AETE R AT A& B 1
Mo MWK 3 MEEREHRKE, EBRETFRARK
i RONFRUE , LS I S 1 ol 4G PR 114 7 PR AR
o, FE IR TE 2012 4E 23 2017 4R (6], GML 14K 3 1
TR A EFRIRES DA 2012 4E 1Y 0. 2% & 348 T 2]
T 2017 4EfY) 24. 2% , i\ ffdatn ok, SHOR
BRI L, FR IS 5 B R A R AR
AT, DLPH AR PR SR R M 4 B R A 7 R GML A5 AR

®3 14 T & E 4 T Malmquist 3 58R H 5
Tab.3 Average Malmquist index and its decomposition
of decomposition in 14 prefectures and municipalities

in each year

By HRMCR BC BARIEE TC 2% E AR GML

2001—2002 0.895 1.132 1.012
2002—2003 1.012 1.054 1.068
2003—2004 1.161 0.873 1.014
2004—2005 1.005 1.042 1.047
2005—2006 0.980 1.142 1.119
2006—2007 1.137 0.987 1.122
2007—2008 1.005 1.097 1.102
2008—2009 0.858 1.100 0.944
2009—2010 1.116 0.963 1.075
2010—2011 1.139 0.981 1.117
2011—2012 0.905 1.136 1.028
2012—2013 0.913 1.097 1.002
2013—2014 1.051 1.054 1.108
2014—2015 0.977 1.326 1.295
2015—2016 0.989 1.236 1.223
2016—2017 0.981 1.266 1.242

I 1.004 1.087 1.091
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42 )72t Malmquist $8 5006 AR B 2 BB 4R 64T
TS AR TSR (1) FsEimn
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S M 2001 AE Y 0. 189 | F|F] 2017 4E )
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BT, 25 M N T B A 25 28 B 4R AR s A 70 B B 22 S 1Y
Jir PR 458 Al DX T L R VR 9 2 e R K R Y 4
KT, E AN 1 (14 7 A0 [ B 5 5 i DX ) G
DX 7= H 5 RE TR FH 50K DA B K 9 IR R AR 15 5

B0 5% B LT i A AT IR T 42 [ 1 25 7K F
(3) B X A AR SR PR AR 25 8] 1Bk
e, PEEAE ETH9. 1% o A Malmquist 5509 73 fift
KFE , BORBEA R R SR TG BA B 5T
R, 2T 86 DX I A A GBS A 4 e 119 T A
LEAR, —4~ i DX 725 W SR 42 225 e AT L K
PP EE R L 23 %] 2 M 04 2R AR 28 B A RS 7 A R
M o

5 # W

(1) 732455 Rt XL B AN, Nt (%
o BORHERI A S A TR G BB TR
EIX 22 S MR o 4% il DX 2% PR i o) 0494 1 i
o H B R RIS, B0 A0 /N5 M X 2 ) AR 2 22 35
PRI ZERE . X T AR A B RS B 1
DA, HRZAE PRI B S A R i 2 L,
KA A R Fam A A A 22 T KT A 7S 18] i K
IO, 4 ) A L X A A e T R R e . X T AR S 48
DAL g — MR AR A4 Hl DXA A3, BUR I 1232 B
IR 15 G mHER A Al , S BGE T4, [F)
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Regional eco-economic input efficiency of Xinjiang based

on undesirable output

GAO Zhi-gang, TONG Si-cong

(School of Economics , Xinjiang University of Finance and Economics,Urumgi 830012, Xinjiang , China )

Abstract: Owning to the rapid development of industrialization and the advancement of urban construction in Xin-
jiang, China,fragile ecological environments have faced more severe situations. In order to promote ecological pro-
gress, it is helpful to coordinate the relationship between regional economic development and the ecological environ-
ment through analyzing the eco-economic input efficiency in Xinjiang. To understand the changing trend of Xinjiang’
s regional eco-economic input efficiency, this paper considers the built-up area and total water and energy consump-
tion as input indicators, while using the GDP of each region as the expected output index. Based on industrial
wastewater discharge ,smoke (dust) emissions,and sulfur dioxide emissions,a comprehensive pollution calculation
index based on the entropy method is used as the undesirable output index. Firstly ,an efficient SBM model consider-
ing the undesired output was used to measure the eco-economic input efficiencies of 14 regions in Xinjiang from
2001 to 2017. On the basis of the global Malmquist-Luenberger index, variations in dynamic eco-economic input ef-
ficiencies were analyzed from the aspects of technological progress and technological efficiency. Then , the reasons for
the disparity in eco-economic input efficiencies in different regions were analyzed taking into consideration macro-
policy regulation, economic development level ,and industrial structure. According to the results of this study, some
pertinent suggestions are put forward in order to provide data support and policy guidance toward promoting eco-eco-
nomic input efficiency and the coordinated development of regional economy and the ecological environment,as well
as the improvement of the eco-economic input efficiency throughout the region. Our results allow the following con-
clusions to be made: (1) the eco-economic input efficiency in the Xinjiang region is low,and there is a clear gap
between the eco-economic input efficiency of each area,within, however,the efficiency value of each area shows an
upward trend. (2) Obvious differences in eco-economic input efficiency between regions results from the input re-
dundancy of resource elements,including the built-up area, energy consumption,and total water consumption. (3)
The eco-economic input efficiencies of all regions in Xinjiang have been improved ,with an average annual increase
of 9. 1% ;the principal factor influencing this improvement is technological progress. Additionally , macroeconomic
policy regulation, economic development levels,and industrial structure also have pacts on local eco-economic input
efficiency. Based on these results, the following suggestions are proposed: (1) to promote complementary regional
advantages and accelerate green development after classifying by different regional conditions; (2) to reasonably al-
locate resource elements in order improve the efficiency of resource utilization;and (3) to increase investment in
technology research and development and improve technical and management levels.

Key words: eco-economic input efficiency ;undesirable output;super-efficient SBM model ; GML index; Xinjiang



