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1 DEA
Table 1 The optimal solution of DEA model considering undesirable outputs
Ctl_)l:l,-\ BDE,—\ aDEA BDEA
1 1 1.627 4 0.590 1
1.229 1 0.388 6 1. 668 2 0. 696 7
2.164 3 0.793 5 1.622 5 0.5342
1.999 7 0.2917 1 1
2.154 6 0.304 8 1.561 5 0.133 0
1.978 3 0.707 2 1 1
1.721 1 0.363 2 1.801 6 0.154 4
1.5729 0.338 4 1.8339 0.527 9
1 1 1.624 4 0.1253
1 0.833 6 1.927 3 0.233 1
1 0.707 5 1.603 0 0.188 5
1.502 8 0.4127 1.662 4 0.117 3
1 0.290 0 1 1
1.328 5 0.178 2 1.436 1 0.094 6
1.164 8 0.673 1 1.561 9 0.1159
2 DEA

Table 2 The estimators of DEA of interference terms

£DEA £DEA £hEA £DEA
0 0 -12222.040 6 -55.5415
-1723.2558 -14.471 8 -8 660. 607 0 -19.5253
- 20 067.269 4 -25.8840 -8129.6570 -37.799 7
—-7356.102 5 -89.8427 0 0
- 11 246.092 7 -97.244 8 -4 356.768 3 - 77.2059
- 14 882.379 0 -30.7856 0 0
-51248.706 6 -23.116 2 -5234.456 0 —-63.089 5
-40919.492 3 -32.443 8 - 11 800. 752 4 -53.5975
0 0 -2443.077 4 -102.820 5
0 -17.873 9 -5721.209 2 -38.2918
0 -20.5139 -4 926.389 4 -65.2777
-5059.5859 -31.6216 -2243.9197 -44.162 0
0 -29.795 6 0 0
-2514.726 6 —-46.367 8 -590.178 5 -28.4517
-5586.167 9 -51.987 0 -2403.274 4 -52.153 1

DEA
LX) = y-en g7(X)

DEA
Z — &n 1 2



3 DEA

Table 3 The estimators of DEA of desirable and undesirable outputs

fl)l’.i\( X ) g[)lir\( X) fl)[i-\( X) gl')lﬂl\( X)
12 153.030 0 11.879 4 31 702. 500 6 191.041 5
9245.105 8 38.141 8 21 621.707 0 83.901 4
37 302.749 4 151.230 3 21 189.347 0 118.949 9
14 714.412 5 216. 685 5 39 482.560 0 107. 048 8
20 986.342 7 237.125 1 12 115.928 3 166. 255 4
30 094. 869 0 135.927 5 1 654.2100 2.203 1
12 527. 456 6 59.416 7 11 764.466 0 137.698 7
13 506.492 3 81.482 1 25952.032 4 167. 127 4
15 046.450 0 37.890 8 6 355.757 4 220.369 9
34 457.300 0 125.289 4 11 890. 959 2 88.222'5
22 990.350 0 90. 646 8 13 096. 189 4 145.718 4
15 122.405 9 85.464 0 5631.479 7 94.192 6
12 236.530 0 71.761 2 1 081.270 0 13.569 8
10 169. 906 6 102.790 0 1943.488 5 59.876 3
39 482.817 9 211.017 1 6 680.324 4 111.143 1
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Fig. 1 The comparison of the actual values and fitted values on GDP of Chinese provinces
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Fig. 2 The comparison of the actual values and fitted values on SO, emissions of Chinese provinces



— 52 — 2013 7

2 30 S0,
N N N N 5 DEA
N N N 10 DEA
50 N N N N 5
80 ; 15
0.9353 DEA DEA
DEA . (16)
CNLSUO DEA : DEA
CNLSUO DEA
4 Bootstrap
DEA
Q;;
Bi’l Ay Blz oz : DEA
DEA
CNLSUO N
DMU
CNLSUO DEA
1 . I 2010 13(1):
20 -30.
Xu Shichun He Zhengxia Wei Xiaoping. Sustainable optimal economic growth path under resource consumption and pollu—
tion control J . Journal of Management Sciences in China 2010 13(1): 20 —30. (in Chinese)
2 Cook W D Seiford L. M. Data envelopment analysis ( DEA) : Thirty years on J . European Journal of Operational Re—
search 2009 192(1): 1-17.
3 . DEA N M . : 1996.
Sheng Zhaohan Zhu Qiao  Wu Guangmou. Applications Methods Theories of DEA M . Beijing: Science Press 1996.
(in Chinese)
4 Liang L WuJ Cook W D et al. The DEA game cross-efficiency model and its Nash equilibrium J . Operations Re—
search 2008 56(5): 1278 —1288.
5 J. 2011 14(7):
21 -30.
Zha Yong Liang Liang Gou Qinglong et al. Two-stage cooperative efficiency evaluation with part of intermediate outputs as
final products J . Journal of Management Sciences in China 2011 14(7): 21 -=30. ( in Chinese)
6 Banker R D. Maximum likelihood consistency and data envelopment analysis: A statistical foundation J . Management

Science 1993 39(10) : 1265 - 1273.

7 Banker R D. Hypothesis test using data envelopment analysis J . Journal of Productivity Analysis 1996 7(2/3): 139 -



8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

159.
Banker R D Natarajan R. Evaluating contextual variables affecting productivity using data envelopment analysis R .
Working Paper Texas : The University of Texas at Dallas 2001.
Banker R D Janakiraman S Natarajan R. Analysis of trends in technical and allocative efficiency: An application to Texas
public school districts J . European Journal of Operations Research 2004 154(2): 477 —491.
Fiare R Grosskopf S Lovell C A K et al. Multilateral productivity comparisons when some outputs are undesirable: A
nonparametric approach J . The Review of Economics and Statistics 1989 71( 1) : 90 —98.
Fire R Grosskopf S Lovell C A K et al. Deviation of shadow prices for undesirable outputs: A distance function ap—
proach J . The Review of Economics and Statistics 1993 75(2) : 374 —380.
Fiare R Grosskopf S Hernandez-Sancho F. Environmental performance: An index number approach J . Resource and
Energy Economics 2004 26(4): 343 -352.
Fiare R Grosskopf S Noh D W et al. Characteristics of a polluting technology: Theory and practice J . Journal of Econ—
ometrics 2005 126(2) : 469 —492.
Seiford L M. Date envelopment analysis: Evolution of the state-of-the-art ( 1978—1998) J . Journal of Productivity Anal-
ysis 1996 7(2/3): 99 -137.
Seiford L M Zhu J. Modeling undesirable factors in efficiency evaluation J . European Journal of Operational Research
2002 142(1): 16 -20.
Seiford L M Zhu J. A response to comments on modeling undesirable factors in efficiency evaluation J . European Journal
of Operational Research 2005 161(2): 579 -581.
Bian Y Yang F. Eco-efficiency analysis and pollutant emission quota allocation of Chinese paper mills J . International
Journal of Environment and Health 2008 2(2): 198 —208.
Hua Z Bian Y. Performance measurement for network DEA with undesirable factors J . International Journal of Manage—
ment and Decision Making 2008 9(2): 141 -153.
Liang L. Li Y LiS. Increasing the discriminatory power of DEA in the presence of the undesirable outputs and large di—
mensionality of data sets with PCA J . Expert Systems with Applications 2009 36(3) : 5895 —5899.
Liu WB Meng W Li X X etal. DEA models with undesirable inputs and outputs J . Annals of Operations Research
2010 173(1): 177 - 194.
Banker R D Zheng Z Natarajan R. DEA-based hypothesis tests for comparing two groups of decision making units J .
European Journal of Operational Research 2010 206( 1) : 231 —238.
Kuosmanen T Johnson A L. Data envelopment analysis as nonparametric Least-Squares regression J . Operations Re-
search 2010 58(1): 149 -160.
Collier T Johnson A D Ruggiero J. Technical efficiency estimation with multiple inputs and multiple outputs using regres—
sion analysis J . European Journal of Operational Research 2011 208(2): 153 -160.
- - J . 2009 12(5):
61 -77.
Guan Jiancheng He Ying. Linkage amongst science technology and economy and international comparison of innovation
performance J . Journal of Management Sciences in China 2009 12(5): 61 —=77. ( in Chinese)
Gstach D. Another approach to data envelopment analysis in noisy environment: DEA + ] . Journal of Productivity Analy—
sis 1998 9(2): 161 -176.
Copper W W Huang Z M Li S X. Satisficing DEA model under chance constraints J . Annals of Operations Research
1996 66(4): 279 -295.
Sueyoshi T. Stochastic DEA for restructure strategy: An application to a Japanese petroleum company J . Omega-nterna—
tional Journal of Management Science 2000 28(4): 385 -398.
Copper W W Deng H Huang Z M et al. Chance constrained programming approaches to congestion in stochastic data en—
velopment analysis J . European Journal of Operational Research 2004 155(2): 487 —-501.
Tsionas E G Papadakis E N. A Bayesian approach to statistical inference in stochastic DEA J . Omega-International Jour—
nal of Management Science 2010 38(5): 309 -314.



— 54 — 2013 7

30 . DEA I 2000 8
(4): 43 -48.
Tian Jun He Dequan Huang Dengshi. Approach and application of evaluation investment based on multiple criteria ran—
dom DEA model J . Chinese Journal of Management Science 2000 8(4): 43 —48. (in Chinese)

31 . DEA J. 2000 20(6): 19 -24.
Zeng Xiangyun Wu Yuhua Zheng Daoying. The study of stochastic DEA model and its application J . Systems Engineer—
ing: Theory & Practice 2000 20(6): 19 —24. (in Chinese)

32 Pastor J T Ruiz J L Sirvent I. A statistical test for nested radial DEA models J . Operations Research 2002 50(4):
728 -735.

33 Horsky D Nelson P. Testing the statistical significance of linear programming estimators J . Management Science 2006
52(1): 128 —135.

34 . FDI I 2010 25(5):
143 —151.
Song Malin Wang Shuhong Ru Huiping et al. Analysis of green innovation capability based on panel data in China J .
China Soft Science 2010 25(5): 143 —151. (in Chinese)

35 . DMU — DEA

J. 2010 31(10): 131 -137.

Song Malin Wang Shuhong Ru Huiping et al. The productivity and uncertainties in emerging biotechnology companies in
China: Panel data analysis based on DEA and neural network simulation J . Science of Science and Management of S. &
T. 2010 31(10): 131 -137. ( in Chinese)

36 Afriat S N. Efficiency estimation of production functions J . International Economic Review 1972 13(3): 568 —598.

37 Banker R D Charnes A Cooper W W. Some models for estimating technical and scale inefficiencies in data envelopment
analysis J . Management Science 1984 30(9): 1078 —1092.

Analysis of statistical properties of environmental efficiency evaluation and its
illustrations

SONG Ma-in' WU Jie® CAO Xiuen'

1. School of Statistics and Applied Mathematics Anhui University of Finance and Economics Bengbu
233030 China;

2. School of Management University of Science and Technology of China Hefei 230026 China

Abstract: Production function of the expected outputs and undesirable outputs are constructed in this article
firstly and then non-eonvex nonparametric least squares estimation considering the undesirable outputs is stud—
ied. When «;, B, «, B, are given explicit expression of f and g can be obtained. According to DEA
considering undesirable outputs and CNLSUO relationship between the two fitting curves can be calculated.

For the actual outputs of each firm the estimation of CNLSUO is never larger than that of DEA. Empirical a—
nalysis shows that the DEA estimation considering the desirable and undesirable outputs is good. The analysis
of statistical properties of methods for environmental efficiency evaluation including least squares estimation of
DEA considered undesirable outputs is bound to expand the scope of non-parameter statistical properties of
DEA  which promote the further integration and development of statistics and operations.

Key words: environmental efficiency evaluation; statistical properties; least squares estimation;

undesirable outputs



