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Environmental efficiency evaluation under carbon emission constraint in Western China.
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Abstract: This research used the SBM model based on undesirable outputs to measure the static en—
vironmental efficiency of Western China under carbon emission constraint from 2000 to 2012. The
researchers also utilized the Malmquist index to further analyze the change tendency of environmen—
tal efficiency. Additionally Tobit regression analysis was used to study the factors relevant to envi—
ronmental efficiency. Practical solutions to improve environmental quality in Western China were
put forward. The study showed that in Western China environmental efficiency with carbon emis—
sion constraint was significantly lower than that without carbon emission constraint and the differ—
ence could be described as an inverse U-shaped curve which increased at first and then decreased.
Guang—xi and Inner Mongolia the two provinces met the effective environmental efficiency levels all
the time under carbon emission constraint. However the five provinces of Guizhou Gansu Qing—
hai Ningxia and Xinjiang did not. Furthermore Ningxia had the lowest level of environmental effi—
ciency with a score between 0.281 —0.386. Although the environmental efficiency of most prov—
inces was currently at an ineffective level the environmental efficiency quality was gradually impro—
ving at an average speed of 6. 6% . Excessive CO, emission and a large amount of energy consump—
tion were the primary factors causing environmental inefficiency in Western China and energy in—
tensity had the most negative impact on the environmental efficiency. The increase of import and ex—
port trade reduced the environmental efficiency significantly in Western China while the increase of
foreign direct investment had a positive effect on its environmental efficiency.

Key words: environmental efficiency; carbon emission; SBM model; Western China.
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Table 1 Low-calorific value and CO, emission factors of different energy sources

Parameter Coal Coke Crude oil Gasoline Kerosene Diesel oil Fuel oil Natural gas
20908 28435 41816 43070 43070 42652 41816 38931
Low-calorific value (kJ * kg™! kJ * m~?)
CO, 94600 107000 73300 69300 71500 74100 77400 56100
CO, emission factors ( kg * TJ ')
( » . DEA-SOLVER 2000—2012
(.
37
Co, 2.
K=I+(1-8K,_, K 2.1.1 1
VK, t-1 i1, t
;0 2000
2000
10% 0.783 ~0.830 0.698 ~0.758
1
2000 9.6%
<< >> 36 . “U ”»
GDP 2006
38
GDP 2000 2000—2006
GDP. ( » 2006
Co, . 2006—
2010 [ »
(006  IPCC » >
AY 8 (
) CO,
8 .85 - 0.10
: = X QDW, X E; . : o
Mo, ; m; X QDW; X E; Mo, _— 0.08
CO, ym; ( x10*t ;:E 0.07
5 » :'“5"2 0.75 {0.06 §
m’) ; QDW, (kJ - kg § g {J,USEE
kJ - m73) B Cco m“g‘ 0.70 0.4 8
| T : 8 0.03
(kg+TJ7). £ 065 0.02
¢ » 0.01
(.60 0
Co, ©006  IPCC 2000 2002 2004 2006 2008 2010 2012
) 1 £F Year
1
2 Fig.1 Change of mean environmental efficiency in Western
2.1 China.
I: Regardless of carbon emission; II: In—
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clude carbon emission; 1II:

Difference.



6 1825
2 2000—2012
Table 2 Environmental efficiency value in Western China from 2000 to 2012
Year
Province 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
1 1.000  1.000 1.000 1.000 1.000 1.000 0.954 0.985 0.991 0.959 0.962 0.953 0.9%4
Chongqing I 1.000  1.000 1.000 1.000 1.000 1.000 0.886 0.956 0.967 0.928 1.000  1.000 1.000
I 0.910 0.872 0.852 0.845 0.835 0.926 1.000 1.000 1.000 0.985 1.000 1.000 1.000
Sichuan I 0.893 0.864 0.817 0.756 0.744 0.878 1.000 1.000 1.000 1.000 1.000 1.000 1.000
I 0.605 0.600 0.627 0.626 0.640 0.712 0.680 0.718 0.714 0.676 0.690 0.694 0.674
Guizhou I 0.457 0.455 0.480 0.465 0.466 0.536 0.500 0.531 0.527 0.499 0.520 0.535 0.512
I 1.000  1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.913 0.887 0.845 0.857 0.858
Yunnan I 1.000 1.000 1.000  1.000 1.000 1.000 1.000 1.000 0.771 0.759 0.702 0.728 0.715
I 1.000 1.000 1.000  1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Guangxi I 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000  1.000 1.000 1.000 1.000 1.000
I 0.879 0.818 0.823 0.869 0.844 0.949 0.919 1.000 1.000 1.000 1.000 1.000 1.000
Shaanxi I 0.752 0.719 0.717 0.734 0.676 0.851 0.742 1.000 1.000 1.000 1.000 1.000 1.000
I 0.687 0.693 0.676 0.707 0.697 0.755 0.725 0.723 0.707 0.696 0.694 0.698 0.709
Gansu I 0.530 0.544 0.531 0.538 0.529 0.579 0.557 0.556 0.542 0.541 0.546 0.555 0.551
I 0.531 0.534 0.568 0.611 0.589 0.638 0.625 0.643 0.659 0.653 0.687 0.654 0.678
Qinghai I 0.459 0.444 0.480 0.490 0.477 0.524 0.493 0.505 0.514 0.516 0.564 0.532 0.597
I 0.494 0.470 0.468 0.444 0.418 0.445 0.423 0.418 0.416 0.412 0.408 0.387 0.384
Ningxia I 0.386  0.352 0.349 0.313 0.297 0.317 0.301 0.298 0.295 0.292 0.292 0.284 0.281
I 0.649 0.626 0.625 0.645 0.625 0.687 0.630 0.639 0.612 0.579 0.566 0.543 0.533
Xinjiang I 0.518 0.500 0.502 0.500 0.483 0.532 0.483 0.492 0.465 0.434 0.427 0.411 0.393
I 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Inner Mongolia Il 1.000  1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
1 0.796 0.783 0.785 0.795 0.786 0.828 0.814 0.830 0.819 0.804 0.805 0.799 0.803
Average I 0.727 0.716 0.716 0.709 0.698 0.747 0.724 0.758 0.735 0.724 0.732 0.731 0.732
I 0.042 0.042 0.040 0.039 0.042 0.036 0.042 0.043 0.042 0.043 0.043 0.047 0.048
Variance I 0.067 0.070 0.066 0.068 0.071 0.064 0.070 0.077 0.073 0.075 0.076 0.077 0.078
I: Not including carbon emission; 1I: Including carbon emission.
2.1.2 2
N N 2.1.3 N DMU
0.4 SBM
2000—2007 2008—2012 DMU N
2012 N
C ) 3
. . 2005 . 6 2012
2006—2012 3
; 2000—2006 GDhP 0 GDP
2007
2 1.0 GDP
Co,
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Table 3 Analysis of input and output redundancy rate in Western China in 2012

Province Efficiency Input redundancy rate ( %) Undesirable output Desirable output
score redundancy rate ( %) redundancy rate ( %)
o, GDP
Capital Energy consumption Land €O, emission
Chongging 1.000 0 0 0 0 0
Sichuan 1.000 0 0 0 0 0
Guizhou 0.512 29.7 53.3 10.8 68.8 0
Yunnan 0.715 21.1 20.6 0 40.8 0
Guangxi 1.000 0 0 0 0 0
Shaanxi 1.000 0 0 0 0 0
Gansu 0.551 20.5 37.7 27.5 59.3 0
Qinghai 0.597 34.5 60. 1 0 29.2 0
Ningxia 0.281 44.6 71.4 63.0 86.7 0
Xinjiang 0.393 45.8 55.4 37.8 73.3 0
Inner Mongolia 1.000 0 0 0 0 0
Average 0.732 17.8 27.2 12.7 32.6 0
Variance 0.078 352.3 836.8 451.3 1199.5 0
CO, ;
12. 7% 2.2
4
Malmquist 1 2006—
2007 1.098
; 2006—2007
2006
. )
( ~) .
( ~ ) 11%.
( ) Co, . 2008—2012 N N
Co, Malmquist : Malmquist
86.7% .
11 ( ~ ) N
Co,
2004—2005 .
DMU 2002—2003 2004—2005 N 2000—
2001
2002—2003
6 2003—2004

Co,



6 : 1827

4 2000—2012 Malmgquist
Table 4 Change of environmental efficiency in Western China based on Malmquist index from 2000 to 2012
Year
Province 2000— 2001— 2002— 2003— 2004— 2005— 2006— 2007— 2008— 2009— 2010— 2011—
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012  Average Variance
Chongqing 1.086 1.024 1.011 1.032 0.958 1.057 1.089 1.075 1.060 1.071 1.048 1.109 1.052 0.002
Sichuan 1.062 1.053 1.065 1.099 1.098 1.172 1.080 1.063 1.059 1.076 1.079 1.073 1.082 0.001
Guizhou 1.076 1.076 1.071 1.126 1.066 1.069 1.164 1.083 1.007 1.116 1.062 1.009 1.077 0.002
Yunnan 1.048 1.016 0.974 1.047 0.999 1.007 1.059 1.032 1.052 1.015 1.070 1.062 1.032 0.001
Guangxi 1.070 1.023 0.999 0.997 1.041 1.081 1.053 1.074 1.067 1.019 1.033 1.058 1.043 0.001
Shaanxi 0.985 1.022 1.045 1.035 1.042 1.026 1.085 1.110 1.081 1.045 1.062 1.055 1.049 0.001
Gansu 1.083 1.058 1.086 1.077 1.072 1.082 1.083 1.067 1.078 1.076 1.061 1.084 1.076 0.000
Qinghai 1.037 1.103 1.062 1.089 1.039 1.066 1.107 1.128 1.084 1.141 1.047 1.100 1.084 0.001
Ningxia 1.040 1.081 1.029 1.061 1.060 1.088 1.081 1.070 1.078 1.077 1.021 1.070 1.063 0.000
Xinjiang 1.064 1.070 1.076 1.083 1.078 1.026 1.092 1.034 1.026 1.052 1.018 1.044 1.055 0.001
Inner Mongolia 1.083 1.108 1.125 1.129 1.152 1.079 1.181 1.122 1.108 1.100 1.059 1.073 1.110 0.001
Average 1.058 1.058 1.049 1.070 1.055 1.068 1.098 1.078 1.064 1.072 1.051 1.067 1.066 -
Variance 0.001 0.001 0.002 0.002 0.003 0.002 0.002 0.001 0.001 0.001 0.000 0.001 - -
2.3
40 -41 .
Al A Y . 3)
5
35 -36 42
. 4)
GDP
0~1
.5)
Tobit
) 0.01
Eviews 7.0 6
; 0.05
1)
1% 0.24%.2) 6 Tobit
Table 6 Tobit regression results of the factors influencing
0.1 the environmental efficiency
7 P
Variable Correlation 7, statistic
5 coefficient
Table 5 Description of influencing variables 00436 ** 11465 0.0000
Energy intensity
Variable Variable description -0.0146 ~ -1.6875 0.0915
/GDP Industry structure
Energy intensity ( | ) -0.0015 -0.2004  0.8341
/GDP 0.3326 0.4755  0.6345
Industrial structure (%) Government regulation
/GDP 4.41x10°° 0.8607  0.38%
(%) Economic intension
/GDP 0.0122 *** -3.1437  0.0017
Government regulation (%) Opening-up -
GDP( ) 0.0500 ** 2.2926  0.0219
Economic intension
. /GDP C 1.9907 *** 3.9022  0.0001
Opening-up (%) Constant C
/GDP

(%) * P<0.1; **%P<0.05; %% *%xP<0.01.
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