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ABSTRACT 

Although investment is regarded as a key force of China’s economic growth, little study has been done to measure 
China’s investment efficiency. The present paper applies the data envelopment analysis (DEA) to Chinese provincial 
panel data from the year 2003 to 2008 for measuring the investment efficiencies and identifying their trends of Chinese 
30 provinces and autonomous regions. A cross-efficient DEA model with considering benevolent formulation is used 
for providing accurate efficiency scores and completely ranking. The empirical results suggest that the differences of 
investment efficiency in different regions are distinct but tending to diminish year by year, and the investment effi- 
ciencies in some provinces are significantly correlated to their investment rates to the national total investment. 
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1. Introduction 

Chinese economy development has gained the great su- 
ccess in the past two decades that attracts worldwide 
attention. Many researchers confirmed importance of the 
aggregate investment in the Chinese economic growth 
and performance see [1-3], which has taken up about 
30% of gross domestic product (GDP) see [4,5]. The 
China’s growth pattern is also similarly considered as the 
investment-growth model in [6]. More and more resear- 
chers start to study the investment and investment effi- 
ciency, because the importance of investment in Chinese 
economic growth is widely acknowledged. 

In [1,2] admit that aggregate investment plays a impor- 
tant role in China’s phenomenal economic growth after 
estimating China’s aggregate economy by consumption 
function, investment function and production function, 
respectively. [7] suggests that fixed-capital investment is 
the most important determinant of China’s economic 
growth, and China follows an investment-driven expan- 
sion path in the 1980-1990s. [8] apply the exogeneity 
framework to investigate empirically the relationship be- 
tween investment and growth in China. They find that 
there is a robust and significant relation of capital for- 
mation on output growth, suggesting that the fixed in- 
vestment is a key determinant of China’s economic 
growth. Since investment has been regarded as an im- 
portant force of China’s economic growth, In [4] propose 
a fixed capital formation to explore and explain the de-  

terminants of China’s aggregate investment based on a 
panel data set of 28 provinces and autonomous regions. 
The empirical results they obtained show the existence of 
a homogenous equilibrium correction mechanism in 
China’s aggregate investment process and imply the su- 
ggestion that it is important to introduce favorable in- 
vestment incentives in the central and west regions for 
balancing the economic growth. In [5] divide the aggre- 
gate investment in China into business sector investment 
and government direct investment and separately assess 
each of them by composing a suitable investment model. 
Their results suggest that the business sector investment 
is largely determined by market forces while the govern- 
ment direct investment is found to bear strong planned 
features. In [9] utilize macroeconometric models to mea- 
sure the validity of the belief that the Chinese economy 
still follows largely the investment-led growth paradigm 
growth. By using the post-1990 annual data, they con- 
firm the relation between investment and economy 
growth, and suggest that the problem of overinvestment 
still exists in China.  

China’s aggregate fixed-asset investment has risen 
significantly from the year 1987; especially since the 
year 2002, the growth rate keep higher than 20%; the 
fixed-asset investment increased much faster than the 
GDP (see Table 1). Such as high investment growth rate 
might cause the over-investment and investment ineffi- 
cient, because the output and capital productivity growth 
lags behind investment see [9,10]. In [11] suggests that  

Copyright © 2012 SciRes.                                                                                AJOR 



H. L. ZHANG  ET  AL. 175

Table 1. China’s growth rates of aggregate investment and 
GDP. 

Year 
Aggregate  
Investment 

Growth Rate 
of AI 

GDP 
Growth Rate of 

GDP 

1987 3791.8  12050.6  

1988 4753.8 18.5% 15036.8 11.3% 

1989 4410.4 11.0% 17000.9 4.1% 

1990 4517 4.5% 18718.3 3.8% 

1991 5594.5 18.6% 21826.2 9.2% 

1992 8080.1 37.6% 26937.3 14.2% 

1993 13072.3 22.0% 35260 13.5% 

1994 17042.1 15.8% 48108.5 12.6% 

1995 20019.3 11.0% 59810.5 10.5% 

1996 22913.5 12.7% 70142.5 9.6% 

1997 24941.1 10.1% 78060.8 8.8% 

1998 28406.2 14.1% 83024.3 7.8% 

1999 29854.7 5.2% 88479.2 7.1% 

2000 32917.7 9.3% 98000.5 8.0% 

2001 37213.5 12.1% 108068.2 7.5% 

2002 43499.9 16.1% 119095.7 8.3% 

2003 55566.6 27.7% 135174 9.5% 

2004 70477.4 26.6% 159586.7 10.1% 

2005 88773.6 26.0% 184088.6 10.4% 

2006 109998.2 23.9% 213131.7 11.6% 

2007 137323.9 24.8% 259258.9 11.9% 

2008 172828.4 25.9% 302853.4 9.0% 

 
decentralisation imposes a variety of interregional barri- 
ers to trade and causes the inefficient in resource allo- 
cation. By analyzing the variation of total factor prod- 
uctivity and investment returns during the 1990s, In [12] 
assert that China’s allocative efficiency is significantly 
enhanced by the continuous sectoral shift of labor force. 
[10] maintain that the phenomenon of over-investment 
and inefficient investment still exists in China by com- 
posing a model that based on the standard capital factor 
input demand theory with associate measures of allo- 
cative inefficiency and technical inefficiency. 

Although many studies have been done to verify the 
importance of aggregate investment to China’s growth 
and the existence of China’s over-investment, there has 
little research on measuring the China’s investment effi- 
ciency detailed from intuitionistic angle. This study seeks 
to evaluate the efficiency of the aggregate investment of 
30 provinces and autonomous regions in China for the 
year 2003 to 2008 by using a model with relate concepts 
called cross-efficiency evaluation method. Then, we set 
out to explore and explain the changing trend of the 
performances during the six years and provide some man- 
age suggestions for the corresponding decision makers 

based on the empirical results. The rest of the paper is 
organised as follows. Section 2 introduces the mathe- 
matical programming model used in the study. Applica- 
tion and empirical results are presented in Section 3, 
while the final section concludes the paper. 

2. Methodology 

Data envelopment analysis (DEA), proposed by [13], has 
become a popular efficiency evaluation tool and its de- 
rivative models have been widely used in many fields to 
measure the relative efficiency of peer decision making 
units (DMUs) on the basis of their multiple inputs and 
outputs. [14] extend DEA to the cross-efficiency evalua- 
tion method for identifying the best performing DMUs 
and ranking them by using cross-efficiency scores that 
obtained by all of the DMUs. The main idea of cross- 
efficiency evaluation is to use DEA in a peer evaluation 
mode, rather than in a self-evaluation mode. 

Adopting the conventional nomenclature of DEA, as- 
sume that there are n DMUs that are to be evaluated in 
terms of m inputs and s outputs. We denote the ith input 
an rth output for DMUj (j = 1, ···, n) as ij

tx  (i = 1, ···, m) 
and rj  (r = 1, ···, s) at each time period t, t = 1, ···, T. 
The efficiency scores of each DMUd (d = 1, ···, n) based 
on the traditional input-oriented DEA model proposed by 
[13] can be obtained by the following linear program- 
ming model (1) as: 

ty
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 is the optimal result of the above model, 
which shows the performance of DMUd based on a tra- 
ditional CCR model at the period t.  
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 are the optimal weights ob- 
tained by the model (1). Then the cross efficiency of any 
DMUj (j = 1, ···, n) at period t, using the weight has cho- 
sen by DMUd in model (1) can be computed as: 
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It is clear from Table 2 that each unit ,t t tE x ydj k k  is 
the efficiency that DMUd accords to DMUj, if we move 
along the dth row of the matrix E of cross efficiencies, 
given the computed weighting scheme described above.  
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Table 2. A generalized cross-efficiency matrix (CEM). 

Rated DMU Rating 
DMU 1 2 3 … n 
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The leading diagonal shows the special case where DMUd 
rates itself, which means the value of  is   ,t t t

dd k kE x y

 , t
d k kexactly equal to the optimal result t tx y

 ,t t tE x y

 . Then, we  

average each the columns of cross efficiency matrix 
(CEM) in Table 1 to get a mean cross efficiency measure 
for each DMU. So, the cross-efficiency score of DMUk 
(k = 1, ···, n) at period t should be obtained by averaging 
all  (d = 1, ···, n), namely dk k k
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1 , ,d m

 obtained 
by maximizing DMUd’ simple efficiency scores may not 
unique, that possibly reduces the perceived usefulness of 
cross-efficiency. One remedy suggested is to introduce a 
secondary objective function to resolve the ambiguity see 
[14,15]. Following their studies, we conclude a benevo- 
lent secondary formulation, which could be utilized to 
maximize the other DMU’s cross-efficiencies based on 
all the possible weights      
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  (3) 

The optimal value dj k k  of model (2), denot- 
ing the maximum efficiency scores of DMUj based on 
DMUd at period t, could be used to determine the ulti- 
mate cross efficiency of each DMUk at period t: 

 

3. Application 

3.1. Data Description 

There are a great number of input and output variables, 
whether tangible and intangible, that can describe the 
influencing factors and results of investment. However, 
China’s economic growth depends very much on the 
rapid expansion of manufacturing sector see [12]. Taking 
the factors that have been suggested in the existing li- 
terature and data available into consideration, we choose 
three input variables: Fixed-asset investment at provin- 
cial level (X1); Net fixed asset of industry at provincial 
level (X2); Number of employee of industry at provincial 
level (X3), while two major economic indicators are se- 
lected: Gross Domestic Product (GDP) at the provincial 
level (Y1); and the Value-added of industry at provincial 
level (Y2). In this paper, all the input and output vari- 
ables are selected from Chinese Statistical Yearbook, and 
six years from 2003 to 2008 are considered. 

3.2. Efficiency Analysis 

The CCR efficiency score of the 30 different provinces in 
China was firstly assessed using the traditional model (1). 
From Table 3, we can find that there are 7 efficient pro- 
vinces in 2003, 9 in 2004, 9 in 2005, 11 in 2006, 11 in 
2007 and 10 in 2008. Four east region provinces (namely, 
Beijin, Shanghai, Guangdong and Hainan) and one mid 
region province (Heilongjiang) keep efficient in all the 
five years considered, while 17 provinces poorly perform 
during 2003 to 2008. Besides, we can also conclude from 
the above table that the performance of east region is 
better than the mid and west region because of more effi- 
cient provinces and higher average efficiency score. 
However, this CCR efficiency score might not good 
enough. Firstly, it is calculated by using the weight se- 
lected itself, which heavily weights few favorable mea- 
sures and completely ignores other inputs and outputs in 
order to maximize its own DEA efficiency. Secondly, we 
can not completely rank the performance of the 30 pro- 
vinces based on these CCR efficiency scores. Finally, for 
the good-performance provinces (such as Beijing, whose 
efficiency score keeping 1 during the six years), CCR 
efficiency scores can not reflect the performance changes 
over the six years. 

Table 4 reports the cross-efficiency scores of the 30 
provinces during 2003 to 2008 by utilizing the model (2). 
As indicated in Table 2, no province is complete effi- 
cient measured by the cross-efficiency DEA model. To 
further analyze the cross-efficiency results, we classify 
all the 30 provinces and autonomous regions into three 
groups according to the economic region they belong to 
and compare the average efficiency scores of each group 
in the six years, see Figure 1. Note that the efficiency 
scores of the east region are higher than the mid, while  
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Table 3. CCR efficiency scores of different provinces. 

Regions Province 2003 2004 2005 2006 2007 2008 

BJ 1 1 1 1 1 1 

TJ 0.892 0.977 0.985 1 1 1 

HB 0.900 0.914 0.902 0.895 0.912 0.896 

LN 0.833 0.724 0.745 0.743 0.765 0.730 

SH 1 1 1 1 1 1 

JS 0.999 1 0.883 0.907 0.879 0.833 

ZJ 0.927 0.972 0.751 0.744 0.783 0.816 

FJ 1.000 0.961 0.957 0.952 0.923 0.973 

SD 0.997 1 1 1 1 1 

GD 1 1 1 1 1 1 

East regions 

HAN 1 1 1 1 1 1 

SX 0.750 0.750 0.741 0.725 0.753 0.714 

NMG 0.746 0.749 0.900 0.919 1.000 1.000 

JL 0.848 0.843 0.783 0.799 0.897 0.822 

HLJ 1 1 1 1 1 1 

AH 0.909 0.870 0.890 0.885 0.857 0.767 

JX 0.844 0.909 0.963 0.964 0.909 0.708 

HN 0.946 0.937 0.932 0.967 1 1 

HUB 0.771 0.766 0.824 0.834 0.824 0.772 

Mid regions 

HUN 1 0.968 1 1 1 1 

GX 1 0.997 1 1 1 0.957 

CQ 0.785 0.846 0.845 0.863 0.825 0.819 

SC 0.788 0.797 0.857 0.848 0.879 0.878 

GZ 0.666 0.679 0.688 0.724 0.737 0.745 

YN 0.951 1 0.967 1 0.949 0.926 

SHX 0.697 0.694 0.700 0.778 0.930 0.807 

GS 0.666 0.700 0.719 0.797 0.783 0.734 

QH 0.580 0.685 0.750 0.771 0.860 0.857 

NX 0.502 0.532 0.586 0.579 0.644 0.651 

West regions 

XJ 0.921 1 1 1 1 1 

 
Table 4. Cross-efficiency scores of provinces during 2003 to 2008. 

Regions Province 2003 2004 2005 2006 2007 2008 

BJ 0.827 0.859 0.834 0.808 0.818 0.834 

TJ 0.718 0.768 0.767 0.869 0.868 0.867 

HB 0.778 0.791 0.765 0.772 0.775 0.759 

LN 0.698 0.632 0.639 0.636 0.653 0.632 

SH 0.858 0.841 0.792 0.788 0.816 0.830 

JS 0.783 0.786 0.736 0.748 0.725 0.662 

ZJ 0.692 0.695 0.619 0.605 0.607 0.629 

FJ 0.863 0.802 0.758 0.725 0.672 0.696 

SD 0.757 0.768 0.811 0.790 0.797 0.806 

GD 0.899 0.879 0.816 0.785 0.749 0.727 

East regions 
 

HAN 0.850 0.829 0.760 0.712 0.833 0.830 
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Continued 

SX 0.600 0.613 0.574 0.540 0.572 0.585 

NMG 0.648 0.617 0.662 0.682 0.733 0.693 

JL 0.750 0.742 0.677 0.664 0.710 0.666 

HLJ 0.888 0.888 0.916 0.912 0.871 0.887 

AH 0.767 0.711 0.728 0.724 0.680 0.617 

JX 0.665 0.649 0.688 0.746 0.713 0.577 

HN 0.785 0.768 0.759 0.797 0.868 0.868 

HUB 0.657 0.635 0.648 0.629 0.680 0.656 

Mid regions 

HUN 0.812 0.779 0.816 0.852 0.842 0.799 

GX 0.810 0.763 0.785 0.829 0.799 0.740 

CQ 0.639 0.605 0.608 0.666 0.636 0.615 

SC 0.674 0.673 0.710 0.726 0.752 0.737 

GZ 0.579 0.583 0.578 0.612 0.615 0.628 

YN 0.843 0.831 0.775 0.793 0.763 0.767 

SHX 0.607 0.597 0.617 0.667 0.765 0.685 

GS 0.561 0.580 0.570 0.591 0.631 0.629 

QH 0.424 0.458 0.469 0.482 0.533 0.544 

NX 0.442 0.459 0.495 0.499 0.558 0.552 

West regions 

XJ 0.635 0.673 0.731 0.773 0.765 0.847 

 
Average efficiency scores of different regions in China
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Figure 1. Average efficiency scores of different regions in China. 
 
the efficiency values of mid regions are also higher than 
the western. Also, more details should be found:  
 The changes of efficiency scores of east provinces are 

very small which express a trend downward. 
 The wave of efficiency scores of mid regions are sig- 

nificant. 
 The improvement of west provinces are more pro- 

nounced. 
Besides, the phenomenon of convergence is illustrat- 

ing in figure 1 too during 2003 to 2008, which might be 
due to the Chinese central planning to promote the re- 
gional productivity equality see [16]. However, that phe- 
nomenon might also caused by the over-investing in the 
east region and infrastructure construction enhancing in  

the mid and west regions. By comparing the average ef-
ficiency scores in different years, we find that the re- 
gional efficiency gap evidently decreased from 2003 to 
2008, which might indicate that the investment allocation 
and productivity in different regions across the country 
are becoming reasonable and equal. 

Table 5 reports the complete ranking of different pro- 
vinces during 2003 to 2008 based on the cross-efficiency 
scores obtained above. It can be seen that Heilongjiang is 
best performance province during these six years, be- 
cause it has held the place of no. 1 for five years since 
2004. On the other hand, Qinghai and Ningxia always 
rank at the end, more work need to be done to improve 
their performances. Specifically, two provinces, namely, 
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Table 5. Ranking of cross-efficiency scores of provinces during 2003 to 2008. 

Regions Province 2003 2004 2005 2006 2007 2008 

BJ 7 3 2 5 6 5 

TJ 16 12 9 2 3 3 

HB 12 8 10 12 10 11 

LN 17 22 22 23 23 21 

SH 4 4 6 9 7 6 

JS 11 9 14 13 17 19 

ZJ 18 17 23 26 27 22 

FJ 3 7 13 16 22 15 

SD 14 11 5 8 9 8 

GD 1 2 4 10 15 14 

East regions 

HAN 5 6 11 18 5 7 

SX 26 24 27 28 28 27 

NMG 22 23 20 19 16 16 

JL 15 15 19 22 19 18 

HLJ 2 1 1 1 1 1 

AH 13 16 16 17 21 25 

JX 20 20 18 14 18 28 

HN 10 13 12 6 2 2 

HUB 21 21 21 24 20 20 

Mid regions 

HUN 8 10 3 3 4 9 

GX 9 14 7 4 8 12 

CQ 23 25 25 21 24 26 

SC 19 19 17 15 14 13 

GZ 27 27 26 25 26 24 

YN 6 5 8 7 13 10 

SHX 25 26 24 20 12 17 

GS 28 28 28 27 25 23 

QH 30 30 30 30 30 30 

NX 29 29 29 29 29 29 

West regions 

XJ 24 18 15 11 11 4 

 
Sichuan and Xinjiang, had increasingly improved their 
performance order, while two provinces (namely, Anhui 
and Guangdong) have shown a continuous decreasing 
trend. Take XinJiang for example, its ranking order in- 
creased from the 24th to 4th during the period 2003-2008. 
The increase could probably be attributed to the work 
done by the managers during these six years in improv- 
ing the efficiency of using the investment. On the other 
hand, as the ranking order decreased from 1st to 14th dur- 
ing the six years, Guangdong province is an example of 
the typical provinces which are significant slippage. The 
decision makers need to do more work to reverse the dis- 
advantageous situation by improving the efficiency of 
resource use. 

3.3. Correlational Analysis between the  
Efficiency Scores and Investment 

The above Figure 2 shows the trend of the cross-effi-  

ciency scores of all the 30 provinces during 2003 to 2008. 
Some provinces express an upward tendency (such as 
Tianjin, Gansu, Qinghai, Ningxia and Xinjiang), while 
some others show a downward tendency (such as Jiangsu, 
Fujian, Guangdong and Anhui). Besides, note that, most 
of the provinces in west region keep their efficiency as- 
cendant in these years. 

Figure 3 gives the curves of ratio of provincial invest- 
ment to the nationwide total investment during 2003 to 
2008. A noticeable feature is the curve trends in figure 3, 
indicating significant changes of investment. Specifically, 
the decreasing and increasing tendency could be respec- 
tively found in about 10 provinces (such as Beijin, 
Shanghai, Jiangsu, Zhejiang, Guangdong, Hainan, Gui- 
zhou, Qinghai, Ningxia and Xinjiang) and 8 provinces 
(Hebei, Neimenggu, Jilin, Anhui, Henan, Guangxi, 
Chongqi and Shanxi). Another noteworthy feature is that 
no province in middle region shows a decreasing trend 
on investment ratio in the six years, which illustrates that 
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Figure 2. Cross-efficiency scores of provinces during 2003 to 2008. 
 

 

Figure 3. Ratio of provincial investment to the nationwide total investment during 2003 to 2008. 
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Table 6. Results of Spearman correlation between efficiency score and investment ratio. 

East region BJ TJ HB LN SH JS ZJ FJ SD GD HAN

Spearman Correlation 0.143 –0.429 0.714 –0.486 0.486 0.886 0.543 –0.771 0.086 1.000 0.257

Sig. (2-tailed) 0.787 0.397 0.111 0.329 0.329 0.019 0.266 0.072 0.872 0 0.623

Middle region SX NMG JL HLJ AH JX HN HUB HUN   

Spearman Correlation –0.771 0.943 –0.657 –0.600 –0.829 –0.257 0.771 0.371 –0.143   

Sig. (2-tailed) 0.072 0.005 0.156 0.208 0.042 0.623 0.072 0.468 0.787   

West region GX CQ SC GZ YN SHX GS QH NX XJ  

Spearman Correlation –0.314 0.086 0.314 –0.829 –0.771 0.771 0.600 –1.000 –0.943 –0.943  

Sig. (2-tailed) 0.544 0.872 0.544 0.042 0.072 0.072 0.208 0 0.005 0.005  

 
more investment shift to middle region. 

It is seen from Table 6 that the efficiency scores of 
eight provinces (Jiangsu, Guangdong, Neimenggu, Anhui, 
Guizhou, Qinghai, Ningxia and Xinjiang) have signifi- 
cant correlation1 with the investment ratios. Then, these 
eight provinces can be divided into four categories. The 
two east region provinces Jiangsu and Guangdong belong 
to the first category, whose efficiency scores decline with 
the investment ratios falling. However, on the contrary, 
the four west region provinces (Guizhou, Qinghai, Ning- 
xia and Xinjiang) improve their performance as the in- 
vestment ratios decreasing and compose the second cate- 
gory. Lastly, two middle region provinces, Neimenggu 
and Anhui, are respectively called the third and fourth 
category because of their different response to the in- 
creasing investment ratio. The efficiency score of Nei- 
menggu grow with the increasing of investment ratio, 
while the performance of Anhui gets worse significantly 
as investment raise sharply. 

4. Conclusions 

This paper applies a cross-efficiency DEA model to 
measure the investment efficiency of 30 provinces in 
China in order to provide a detailed regional analysis of 
Chinese investment inefficiency. Three inputs (Fixed- 
asset investment, Net fixed asset of industry and Number 
of employee of industry) and two outputs (GDP and 
Value-added of industry) and provincial-panel data for 
the period 2003-2008 are considered in this study. A 
number of interesting results with important implications 
are found:  

Based on the empirical results, there are very signifi- 
cant differences between the three economic regions in 
China: the east region is the best performance while the 
west region is the worst. This is very understandable be- 
cause of the disparities in the infrastructure. Better in- 
vestment environment is provided by the east region 
through years of accumulation, while the mid and west 
regions do not have a requirement to make full use of the 

investment. 
On the other hand, the assimilation appears in nation- 

wide: the difference of the performances between the 
three regions is diminishing by comparing the trend of 
efficiencies during 2003-2008. That phenomenon is not 
only an expression of the improvement of allocative effi- 
ciency but also the inevitable result that economy grows. 
Moreover, more work need to be done to narrow the gap 
between different regions in the further.  

Investment is driving force for some east province 
such as Jiangsu and Guangdong that is expressed as the 
significant positive correlation between the decrease of 
investment and efficiency, while the over-investment 
does exist in some west provinces such as Guizhou, 
Qinghai, Ningxia and Xinjiang because of the significant 
negative correlation between the investment decreasing 
and performance improving.  
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