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Fig. 1 Internal structure of decision making units
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Fig.2 Internal structure of regional industrial production systems in China
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Table 1 Characteristics of all regional industrial systems’ inputs/outputs

FE4 BA 1 =R R Max Min Mean Std. Dev
FHhI(TTN) 1.827.36 37.81 633.86 559.21
A e 4:(f2IT) 10 191.19 134.71 3111.19 2 462.05
Tl GDP(425%) 18 091.56 300. 63 5 248.81 4750.72

COD (A) (10%) 247.75 4.49 58.69 57.06

A-B SO,(A) (10*Y) 409.94 8.16 158.52 99.94
BB (A) (10%) 21 975.81 200. 86 6 797.74 5160.76

Tk V5 YA FAR T ({20T0) 51.58 0.36 14.75 10.89
ZRAMATHE (f¢o8) 251.32 2.44 53.61 58.14

B COD (B) (10*Y) 51.88 0.49 14.65 10.98

S0,(B) (10*) 136. 62 2.14 62.19 36.28
BEREY (B) (10%) 9 092.91 25.76 2 244.99 2 302.63
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Table 2 Eco-efficiency results of all regions

CCR ME-DEA GE-DEA
DMU

Eput E, E, Epuu E, E, Epyu
i 5 1.000 0 1.000 0 0.992 2 0.996 1 1..000 0 0.394 7 0.697 4
P 0.976 5 0.927 6 0.928 9 0.928 2 0.927 6 0.176 3 0.5519
wode 0.829 0 0.370 9 1.000 0 0.6855 0.370 9 0.550 7 0.460 8
T 0.676 6 0.495 5 0.850 1 0.672 8 0.495 5 0.107 7 0.301 6
e 1.000 0 1.000 0 1.000 0 1.000 0 1.000 0 0.2196 0.609 8
ST 0.820 8 0.645 2 0.814 8 0.730 0 0.6452 0.179 1 0.4122
O 1.000 0 0.641 0 0.934 4 0.787 7 0.641 0 0.356 8 0.498 9
IR 0.762 8 0.6359 0.903 8 0.769 9 0.6359 0.248 4 0.442 2
IS 1.000 0 1.000 0 0.998 5 0.999 2 1.000 0 0.263 5 0.6317
TANiN 0.908 6 0.479 9 1.000 0 0.739 9 0.479 9 0.575 0 0.5275
WL 1.000 0 0.487 2 1.000 0 0.743 6 0.487 2 1.000 0 0.743 6
7 0.5212 0.261 4 1.000 0 0.630 7 0.261 4 0.373 9 0.317 6
it 0.654 5 0.491 1 1.000 0 0.745 6 0.491 1 0.305 6 0.398 3
b 1.000 0 0.2929 1.000 0 0.646 5 0.2929 0.945 1 0.619 0
[T 0.796 9 0.5519 1.000 0 0.776 0 0.5519 0.259 0 0.405 5
G o} 0.753 7 0.354 8 0.940 2 0.647 5 0.354 8 0.3512 0.353 0
wode 0.682 6 0.417 8 0.856 3 0.637 1 0.417 8 0.195 7 0.306 8
W M 0.681 9 0.389 8 0.876 1 0.6329 0.389 8 0.408 2 0.399 0
& 1.000 0 0.802 0 1.000 0 0.901 0 0.802 0 0.178 9 0.490 5
IO 0.572 2 0.343 6 0.957 9 0.650 7 0.343 6 0.313 4 0.328 5
- o} 1.000 0 1.000 0 1.000 0 1.000 0 1..000 0 1.000 0 1.000 0
TR 0.578 5 0. 406 1 1.000 0 0.703 1 0.406 1 0.3429 0.374 5
oo 0.754 7 0.3358 0.795 7 0.565 8 0.335 8 0.498 8 0.417 3
i 0.553 7 0.3813 1.000 0 0.690 7 0.3813 0.2255 0.303 4
=~ ™ 1.000 0 0.420 3 1.000 0 0.710 1 0.420 3 0.5310 0.475 6
Be vy 0.561 5 0.480 7 0.775 6 0.628 2 0.480 7 0.126 2 0.303 4
HoH 0.803 2 0.443 4 1.000 0 0.7217 0.443 4 0.260 0 0.3517
WO 0.783 7 0.810 2 0.948 9 0.879 5 0.8102 0.5512 0.680 7
T OB 0.712 7 0.556 9 0.966 9 0.7619 0.556 9 0.363 2 0.460 1
oo 1.000 0 0.858 6 0.753 8 0.806 2 0.858 6 0.225 4 0.542 0
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Eco-efficiency evaluation of non-cooperative game two-stage production system

BIAN Yi-wen
Sydney Institute of Language & Commerce, Shanghai University, Shanghai 201800, China

Abstract: In practice, there exists a typical kind of eco-efficiency evaluation problem which has the following
characteristics: (1) a decision-making unit ( DMU) can be separated into two stages: the first stage is a pro—
duction sub-unit and the second stage is a pollutant cleaning sub-unit; (2) in any DMU, the production sub-
unit is the leader, and the undesirable outputs ( pollutants) emitted by the production sub-unit are the internal
inputs of the pollutant cleaning sub-unit. To solve this kind of problem, this paper firstly presents a DEA ap—
proach which can evaluate a DMU’ s efficiency and its sub-units’ efficiencies simultaneously. Then, based on
the idea of non-cooperative game, a game DEA approach is provided to deal with the proposed efficiency eval—
uation problem. A case with real data set of regional industrial system in China is employed to illustrate the
reasonability of the proposed method. Since the model can effectively analyze all internal sub-units’ efficien—
cies of a DMU with non-cooperative game components, and can find key factors for efficiency improvement,

the developed approach can imply more veracious decision-making information for environmental management.

Key words: data envelopment analysis; non-eooperative game; eco-efficiency; two-stage



