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The measurement of regional industrial Environmental

Performance——based on non-radial BML-DEA model

Abstract: Combining the characteristics of BM direction distance function, non- radial DEA
model and Luenberger productivity indicators, we develop a non-radial BML-DEA model to
measure Environmental Performance. And by using the panel data of 30 provinces from 1997 to
2011 in China, we measure and analysis the regional industrial eco-efficiency. The results show
that the overall growth of industrial Environmental Performance of the region comes mainly from
technological progress rather than efficiency improvements, the highest average annual growth
rate of areas are Beijing, Shanghai, Jiangsu and Guangdong. The effect from three pollutants on
industrial Environmental Performance by descending is SO,, CO, and Smoker, and the
contribution of the three pollutants deal more balanced. There are significant differences among
industrial Environmental Performance and its decomposition ingredients in different regions. The
growth rate of industrial Environmental Performance in east is significantly higher than other
regions, but the growth rate of efficiency is not superior to the center and west, and even slightly
lower than the center. Therefore, regions need to enhance the efficiency in using the resources.
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AT BIAXN IR SH0HAT TIE, DEA AL BAET %15 B8 Ar B E N 4= T DEA
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N SCE I A SR FE 1 EEA 7] BML-DEA A58 o S L X TV IR 555020
= WX TAWIMESHSNESER S

(=) BEFRFESHEE ST

2 LR AT A5, AR T E 1997-2011 3 14 4E 30 AN T 948 br AR K s VE A
FFEAR, BHRESIEABRETR. & WIS . S X Tk CRA I
AN RSB AT R RE, 1997 SFEORFEED SN INEAR &, ST Qe bR U BA Tk A Ak
i (SO —&HEALER (CO,) MLV 4: (Smoker) HEER R, HHAMIGRIIA—FE,
W E H AT LS A CO, R, & R . ASUNER CO, HEBCRIE 1A
RETRIH BT AL I, SR A SR REYR CO, HEURE, B 2.13 1l COL/MEFRUERE (Z=/NF,
FELRE (20100 D) TR A TIRRHICR . SCh I SR R T 4R (R E ARG THE
5 M ChESHEY), SAERERNRIRESTHEWR 1 iR,

R 1 ETEHRGIHE

B FAL B PRz s/MH KA
Tl n e ¢ 2934.47 3625.84 52.05 23033.05
CO, g 1.75 1.35 0.08 791
SO, Jimg 60.11 3891 1.69 176.01
Smoker palLH 53.56 39.79 1.11 211.65

(=) PEMX T IS E K B oy f#
1. 4E42 1 BML—DEA #i8 54£ 45 DEA RN 5 25 R L
2 30 METH 1997-2011 IR EEEIEYMER

4E42 17 BML-DEA # 14 DEA B
ecoch effch techch ecoch effch techch
= 0.157 0.038 0.119
R H# 0.097 0.017 0.081
e 0.015 -0.005 0.021 0.023 -0.002 0.024
i 7 0.013 0.001 0012  0.019 0.009 0.011
LEL 0.020 0.007 0013 0.027 0.013 0.014
PO 0.026 0.002 0.024  0.029 0.007 0.022
Ok 0.036 0.008 0.028 0.055 0.022 0.033
RJRIT 0.014 -0.019 0.034  0.016 0.017 0.033
£ % o105 0.000 0.105
LI 0.102 -0.005 0.107
oL 0.076 -0.020 0.096

> AR Z % H X T AT REIR P B0, BT LG S X TAT L BRI, 8 = S BHER E 2Ek T Tl AT Ik
FRIREDSTE B, AR #4030 X BEVRTE 277 A MBSl G AL AR
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zZ B 0.035 0.008 0.027 0.044 0.023 0.021

R 0.040 -0.026 0.066

pAN 0.031 0.004 0.027  0.045 0.019 0.026
I 0.032 -0.003 0.034 0.034 -0.007 0.041
T 0.028 0.001 0.027  0.030 0.005 0.025
WAk 0031 0.006 0.025  0.042 0.014 0.028
W 0.025 0.003 0022  0.026 0.006 0.019
IR 0.136 0.000 0.136

I 0.021 0.004 0016  0.025 0.003 0.022
#E 0.041 0.006 0.035  0.056 0.004 0.051
S 0.024 0.002 0.022  0.022 -0.003 0.025
o 0.027 0.009 0017  0.029 0.011 0.018
Ul 0.009 0.001 0008  0.012 0.005 0.008
= W 0.004 -0.015 0.020  0.010 -0.008 0.019
B vl 0.031 0.009 0.022  0.041 0.019 0.022
oW oon -0.001 0013 0015 0.002 0.013
LEE 0.012 -0.002 0015 0015 0.001 0.014
T R 0.006 -0.001 0.007  0.007 -0.002 0.009
¥ 0.009 -0.007 0016  0.011 -0.001 0.012
¥ H 0.041 0.001 0.040 0.028 0.005 0.022

T FALRIR AL MR TETATIR, “fE4 DEA #A”% R Picazo-Tadeo et al.(2013)#2 H! (3£ T~ Luenberger 8 FRA4EE 1)
DEA #74, AFRTC TR, ASCELME MR 5 FAAETE AT AT AR 5 I0 5 SUN AR B SUSUE I AMA ST . Hoflh
CSEBR B A RIEAAE — E R R T w7 4 TR BRSO R AT 2 (R4 43 R U SRARLBE AT 73BT

2 RS T DA SR SR AR HU Iy il fa B fE AR 42 1) BML-DEA #5784 5 4%
%t DEA W7k TR EE R . % 2 iR, dE4215 BML-DEA B8 A] DA# P I8 AT AT i 7]
A, TMifE4E DEA TovE R TC AT MR R . 9 LEAS R 7 VR BN B 25 R T AFAE W35 72
AR AESH Kruskal-Wallis FRAIR 56 9 Pl 0 548 SR AT LUACRR 00, SRV B M m Fh oy 12
MRS EL Cecoch) BURAMWAREL Ceffch) VA KBEARBAARAIEEL (techch)

AHAE DB LR PRI TR A I MBI, 4 R HIX § 655 ) G=1.2) Fi
Jr T I AP RIS bR A HE R IR, 85 ) ROy A MK B 2 B A
R=3R, o W TV OMEC R RVE, S TV 10 0 K HOR S
Kruskal-Wallis (H) 46380 2734

12 &R

H= > —L-3(n+1) a7

n(n+1) 5= n,

Hrbon NIRGHALE, ARBBROLENT, gittE H IRMBE BB j-1RJ7
oA, WRA SRR L, BIAEAESERS, H AT N H ) He A
H

3
T %

Ho=—r (18)

1—

= n—n
H o, RN kA4, g e (RIEAHRIRIHIX S HD. £ 3 RS R, 2. 4
6 5143 5% B ecoch. effch. techch fIIEZ %L Kruskal-Wallis BRAIFG I RG0S5t 5, 56 3. 5.
7 HN U AXE G R I pAE - K 3 R, BRI 57 R o X DM IR B S R $E bR Cecoch)
43 AITE 1998 5. 2006 £EH1 2010 FAF/EEFE IGT 25, BERBFEEL (effch) 7E 1998 4
1999 4F. 2006 FFF1 2010 FAF(ERE IR 257, MHE AR D RIEENE SLFAAAE R ZE T

O S5 B3 A R FELE AT AT ARA X (L4 7E P



il %R, T4 DEA SIS0 T Bor R AR, TR R T
BML-DEA JUFE 1 T ARG, AT G A7 B S 2 A A 22 5 A
e T1%48 DEA J7i%, d4E421 BML-DEA J7VESEINFF & SEhR, N SCRARIR 127720 R B 41280
I 58 RFEAT 73 7 o

2 3 Kruskal-Wallis BRAIR U455

year ecoch chi2  ecoch p effch chi2 effch p  techch chi2 techch p
1998 14.196%** 0.000 2.899* 0.089 11.670%** 0.001
1999 0.574 0.448 4.402%* 0.036 5.071%* 0.024
2000 0.223 0.637 0.203 0.652 1.541 0.215
2001 1.596 0.207 0.510 0.475 5.578%* 0.018
2002 0.064 0.801 0.053 0.818 1.089 0.297
2003 0.010 0.921 2.467 0.116 5.682%* 0.017
2004 1.089 0.297 0.365 0.546 1.767 0.184
2005 0.449 0.503 1.487 0.223 7.723%%% 0.005
2006 6.551%* 0.010 3.446* 0.063 2.825% 0.093
2007 2.607 0.106 0.044 0.835 5.578%* 0.018
2008 0.643 0.423 0.679 0.410 3.780%* 0.052
2009 0.392 0.531 2.537 0.111 1.434 0.231
2010 4.972%* 0.026 6.77 7% 0.009 0.244 0.621
2011 0.290 0.590 1.885 0.170 25.643%** 0.000

M wEE, wR S RIRORTE 1%, 5%, 10%EEMHAKE R EE.

2 X VRS S 50 5 45 R

F 2 5 2-4 HINASCR B IAER [H) BML-DEA #2 (R3RES G0l St . &4k F,
[l X TV STROK T LAAEY) 4.1%H R BT, Heh B3k R R 38 K1 B4 41
K E M 0.1%F1 4%. FEAHI T A BB S00 . 2R AT S H AR KF B KR
BN 57.4%. 1.4%M 56%, EEROG K EEHBRBDHES), TR BEIFARERHES)
YER o T IR 5SS R00E B K 2 W o [ B, TV 3G B 38 0= A= B A5 e 04 T B, Tl it
HEA B s 1B AE G2 il o P 2 B R K AR R TR 22 G AT R Hh [ b 22 5% e
1 SRR, SRR AR R T R A o I MR AR 53R 0 o ] T AT AR R A 5132 F
BORQIBTTT AR T ek Hidm. WMEAAERE, X H TSRS RaEuy N IE,
Yo B T B IS IS ) N B DAL I EAE S i, bRt B VLR, T ARDIANE T kA
BGREIG KR A i, B KU 10%, X525 R BRI RBERm, P04
AT O E R RIPY AN HBIX, 5 B2 R A A T 3R DAL ARSI RO o 0 T Ak
AR, ZHCE T RIRCERIFEOEIR R TE, BrAEGURIREERER KP4 2 K A58 T
1%4h,  HAh A T R IGC Z G KR B A BR o AMA AR B 20 Atk — 28 S e H A3 st R0 T
WSRO KR AL 88 B HHESh ) .

K1 gt 1 B AR BEST8 S H RR EBEREADT FE I AR S . 1 BoR, #
AWTFHIN, B 1998 EH DAV RSO KN TE4L, HRFEMIRTE, 2006 Fi5 2] 5
KIE 6.9%. FOARBEBFEH G SR B PO HARIT,  BE—B 38 7RIS 1R, 3
B SRERTE 2 HORBE P HERN 0 T RCR AR EON 5, FAEREAHT T N 52 7 221K, 1998
R R 3.0%, RJE IR E NN T RO TE], 2006 TG H AR E G K, B
2011 SE BN UEAC, IR U BT BE IR AR AERE AT SO A R IRCE RREEASAEIG G, AT
2) TV S B — PG 4G

7O T K SN RS R AR



7 ——&—- ecoch
1 —&—— effch
1 —-—e—-— techch
-4
A
0
3
o4
w0
o
"5 ' ' ' ' T ' ' ' ' T ' ' ' ' T '
1995 2000 2005 2010

Bl 11997-2011 FEP E & T E SRR K R S h s
M, X T IMESENT R ZE S

WX (14) - (16), HEGHIEK AT LI EHN CO,. SO, 1 Smoker =ANMHIGHE4),
R A NN IRER . R 4 SBon, FEARBEFIAN, =FIEETS Jemxd TS50 15 m
B RK/AMES 9 SO,y CO,v Smoker, BATMERF TAMVIRESR MG N 1.5%. 1.3%F1 1.3%.
BeAh, BATRIL, TEFEARTEFIIN, =Fhi5 J b B PR G808 K i sk L e 5, 1A
H 33 = Py Qe A R T AR KBS 7, ELAR T g FE ARG 4 o MR IS KR ARG KSR
R Gt B RS G KAT B AR D), R SO AR AT B SE R DUk, X S Rk
TSGR K RIFEAR T, BB TE R & M A A f2 I = b i5 Y HE A () 1 R, SRR AT
RHA R

R 41997-2011 £E 0] E #1 X TALAT W IR BRSO3 848 K HoRIE /-

EEZIN CO, SO, Smoker

HilX  ecoch effch  techch  ecoch effch techch  ecoch effch  techch  ecoch effch techch

4[5 0.041 0.001 0.040 0.013 0.002 0.011 0.015 0.001 0.015 0.013 -0.002 0.015

R 0.075 0.000 0.075 0.011 0.001 0.010 0.030 0.002 0.028 0.034 -0.003 0.037

R 0.027 0.002 0.025 0.017 0.004 0.013 0.010 0.000 0.010 0.000 -0.002 0.002

[l 0.016 0.000 0.015 0.011 0.001 0.010 0.005 0.000 0.005 0.000 -0.001 0.001

MIXIZERE, ANFEHX ) TSRS RAAEREER . R4 588, TR
X, TASESSOE KRN 7.5%, NAEE 1.8 5, FEH 2.8 5, FHE 4.8
%, FORIGKOH FEAG AHIT X 22 o X 5 2 R RIS BRR A AR DA, B
(2055 R 7K PASEAT 2 S 1 DX A5 AF OGS A2 06 1) 2 () iU 40 5 R e Sk P D480 BB s ol | 2R 3
IR, o S R0 7S 08 D) T s o R 420 5 398 A DA /N5 2 38 1) 22 B D PR il AT & ]
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