55035 B 11 ) *E &~ 2 Eild Vol.35,No.11
20154F 6 A ACTA ECOLOGICA SINICA Jun.,2015

DOI: 10.5846/stxb201407081398
B, XL, R FE T MFA F DEA A9 X IRZE B RS RCR AN —— DU T8 M . A= A 2% 402, 2015,35( 1) :3797-3807.

Fei W, Liu X, Yang C.Economic and environmental efficiencies based on material flow analysis and data envelopment analysis:a case study of Liaoning
Province.Acta Ecologica Sinica,2015,35(11) :3797-3807.

£ F MFA #1 DEA B X 18 22 57 IR 8 2R 3 0
— IAT T4 S Bl

> 1,2, % > w1 2 1
wOR U RTNL B =4
| AU A ST Be K 116025
2 KHE T A IR TR LR, ki 116024

B AT SR RSCR P RSB T RS R AT . 3 F BOR 2 WoR L T A 22 T AR A v B BEA T Ak Ak
B PR O AR G S BT X SRR RN B RCR AT S 1 o 45 R SR W 1L T4 WD BT 9% R 2 M T ik 1 1)
i DXy Jo i R 5 PRI ) 2555 RO T B2 UE DR 2 R T 025 T BRI B R 2 T (Y 2 3 AR A R 22 4l
PR T 5 M S MR R A 7 M 25 A RFAE 2 S B RS R Y i — 2D O SR B 587 ., 42 Jié f s
PB4, S 8 =P M R R AT B R BRI | (g i AR 15 RSP A T T AL 748 A 5 AR 8 B A
DI AT 8 K SR A T T
SRR W B 2% AT R DRI AL TS

Economic and environmental efficiencies based on material flow analysis and data

envelopment analysis:a case study of Liaoning Province
FEI Wei'**, LIU Xin', YANG Chen'

1 Mathematics and Quantitative Economics School, Dongbei University of Finance & Economics, Dalian 116025, China

2 Management Science and Engineering Center for Post-doctoral, Dalian University of Technology, Dalian 116024, China

Abstract; We assessed regional sustainable development by analyzing economic and environmental efficiencies. We applied
material flow analysis (MFA) and data envelopment analysis ( DEA) models to measure the material input and output for
Liaoning, a province in northeast China. Liaoning is an old industrial area and has suffered from long-term excessive
consumption of resources. This has taken its toll on the environment and has hindered its sustainable development. We
analyzed the comprehensive evaluation of the environmental efficiency and the economic efficiency of Liaoning from 1990 to
2011 and the material flow in 2011. The material input quantity in 2011 was 965.19 million tons, and the local mining
quantity was 705.04 million tons, accounting for a material input of 73% ; the imported material quantity was 260.15 million
tons. This accounts for a material input of 27% based on the MFA of Liaoning. From these results we conclude that the
material consumption does not rely on imports, and the local resources meet the needs of economic and social development.
The material output quantity is 132.33 million tons, and the material emission quantity is 31.19 million tons, accounting for
a material output of 24%. The export total is 101.14 million tons, accounting for 76% of the total. From our analysis of the
environmental efficiency of Liaoning from 1990 to 2010 based on the super efficiency Slacks Based Measure ( SBM) model ,

we found that 2010 was the most effective year with the constant returns to scale, and the maximum efficiency was 1.13.
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1991 was the year with the lowest efficiency ( maximum 0.47, average 0.98). We conclude that the pure technical efficiency
is higher than the comprehensive efficiency, and the scale efficiency restricts the comprehensive efficiency in the evaluation
of environmental efficiency. Our analysis of the economic efficiency of Liaoning from 1990 to 2011 based on the super
efficiency SBM model showed that the average value of the scale efficiency was 0.98, the average value of the pure technical
efficiency was 0.97, and the comprehensive efficiency was 0.96. These values are different from the material flow and
environmental efficiency values. This is because the pure technical efficiency restricts the comprehensive economic efficiency
of Liaoning, and hence the scale efficiency is higher. From the perspective of input redundancy, the input redundant values
of direct material input (DMI) and waste production from regional production processes ( DPO) contributed significantly to
the DEA model during years with efficiencies less than 1. The investment in fixed assets did not need to change, and the
output variable of GDP and the proportion of the tertiary industries, such as service, financial and tourism industries,
should have been improved in the years 1993—1996; this would have increased efficiencies to 1 or above. The employment
population did not need to change, and the output variable of the proportion of the tertiary industries and Consumer Price
Index (CPI) should have been improved in years 2004—2007, 2009, and 2010. These results indicate that the economic
level of Liaoning has greatly improved ; however, this has been to the detriment of the environment. The growth in secondary
industries will result in the consumption of more resources and higher pollution levels. This has to be reduced by promoting
tertiary industries, which are less energy dependent and rely on man power; the balance can be readdressed and the quality

of the residents’ lives will be improved.

Key Words: material flow analysis (MFA) ; data envelopment analysis ( DEA) ; evaluation of economic and environmental

efficiency ; Liaoning Province
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Table 1 Index system of MFA and its computational formula
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Table 2 Material input of construction system

it 7 R ety 9 by
Structural system Brick-concrete structure Frame structure Shear wall structure
fitt Brick /t 2230.845 1346.375 0
/K Cement /t 658.91 1259.784 4875.416
i Sand /t 1436.539 2098.865 13728.16
¥ Stone /t 1889.155 3608.437 17815.25
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7K Water /t 305.944 525.224 2921.838
H K Lime /t 0.015 22.275 137.085
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B3t Total/t 6873.067 9452.441 41547.16
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Table 3 Respiratory coefficient of people and animals

Bl 4 * o # 8 A
Classification Cattle Sheep Horse Pig Poultry Person
&AL CO,Carbon dioxide (t/a) 2.92 0.237 2.19 0.301 0.013 0.3
IKZS Steam (t/a) 3.376 0.274 2.532 0.348 0.015 0.35
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Table 4 Estimation coefficient of hidden flow
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Table 5 Main material input of road building for per kilometer

FERL R AEIR oy Wil B A A
Material and energy Unit Ordinary road Classifier highway Highway
b £1 Sandstone m’ 0.56 0.85 0.92
041 Sandstone t 1.0416 1.581 1.7112
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Fig.2 Mterial Input in Liaoning Province from 1990 to 2010
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Fig.3 Mterial Output in Liaoning Province from 1990 to 2010
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Table 6 Input and outputs optimization of economic efficiency in Liaoning Province from1990 to 2011

AR MRAE HA T4 Input surplus HitH A2 Output lack

Year Efficiency value S (1) S7(2) S7(3) S7(4) S*(1) S*(2) S*(3)
1990 1.04 688.54 0.00 0.00 18.68 0.00 1.59 0.00
1991 1.05 0.00 0.00 24.23 0.00 0.00 0.76 11.48
1992 1.02 0.00 0.00 13.62 0.00 0.00 0.00 4.61
1993 0.86 1467.52 724.11 5.70 0.00 705.75 2.94 0.00
1994 0.87 594.89 0.00 71.84 0.00 871.74 1.47 0.00
1995 0.89 3136.12 752.60 73.63 0.00 554.84 1.81 0.00
1996 0.94 665.52 1461.78 75.78 0.00 156.89 1.71 0.00
1997 1.01 0.00 0.00 18.22 3.30 0.00 0.00 1.49
1998 1.01 1152.37 0.00 1.09 0.00 0.00 0.00 0.00
1999 1.01 0.00 190.18 0.00 35.24 0.00 0.56 0.00
2000 1.00 0.00 0.00 0.00 0.00 57.82 0.00 0.00
2001 1.00 0.00 0.00 0.00 0.00 14.24 0.00 0.00
2002 1.02 0.00 390.28 30.54 0.00 230.08 0.22 0.00
2003 1.00 0.00 0.00 23.07 0.00 35.39 0.00 0.00
2004 0.93 3869.91 1641.84 0.00 317.84 0.00 0.02 4.96
2005 0.94 7218.50 1492.70 0.00 220.38 0.00 0.63 0.08
2006 0.92 10684.84 1250.10 0.00 433.74 0.00 0.08 4.54
2007 0.92 11877.93 1543.44 0.00 419.78 0.00 0.49 2.92
2008 1.01 0.00 0.00 48.57 0.00 0.00 0.00 0.00
2009 0.92 9112.34 1360.10 0.00 1412.73 0.00 1.18 2.75
2010 0.93 5156.54 977.32 0.00 1995.57 0.00 1.31 1.38
2011 1.05 0.00 0.00 48.46 0.00 3005.93 0.00 0.00
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