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The paper extends the Malmquist productivity index to establish a theoretical model to evaluate foreign direct
investment (FDI) attractiveness. This model and its implementation mechanism consider cost efficiency and
profit efficiency changes that represent the influence of price level on inputs and outputs respectively.
Using data from China from 1997 to 2008, we assess the attractiveness of FDI in terms of human capital
stock, material capital stock, energy consumption situation, and degrees of market openness. We use data en-
velopment analysis to find the bottleneck of FDI attractiveness and to identify the potential market of each
province. This study contributes to the literature by providing sound investment advices to multinational cor-
porations. It also offers policy advice and guidelines to developing nations for setting policies and programs
to attract FDI. Specifically, our results provide useful inputs for policy makers to create a mechanism design to
attract FDI in the host country.
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1. Introduction

Over the last several decades, both developed and developing
countries have attempted to attract foreign direct investment (FDI)
to increase gross domestic product. For example, U.S. was ranked as
the top country in attracting FDI in 2009. In 2002, the United Nations
Conference on Trade and Development adopted a performance index
and a potential index to assess the national FDI performance for the
first time [39]. It reported that macroeconomic management mecha-
nism, such as growth prospects, skilled labor, natural resources, fun-
damental and advanced facilities, and export channels could benefit
from FDI.

There are numerous studies on FDI impact and attractiveness. In this
paper, we broadly define FDI attractiveness as the capability of the host
country to attract FDI. Deng et al. [17] stated that the economic develop-
ment of a country, human capital, and balance of international payment
are key factors affecting the ability of a host country to attract FDI. Basile
et al. [6] investigated foreign subsidiaries in 50 European regions to ex-
amine the determinants of attracting FDI, such as training, infrastruc-
tures and R&D. Several authors discovered that there are numerous
positive effects of FDI on the host economy including GDP growth, tech-
nology and equipment transfer, international management expertise,
job opportunity, and increased export [1–3,5,7,9,16,18,33,36,38].
Nourzad [29] argued that a general consensus is that FDI contributes
to economic growth through several channels, of which the most
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important is technology transfer. Rashmi [32] estimated the total pro-
ductivity growth of Japanese and U.S. FDI in India and found that only
Japanese FDI positively affect productivity growth. However, Tanaka
[37] found that excess skilled-labor has a negative effect on Japanese
multinational enterprises, though vertical FDI activity was more popu-
lar in Japanese multinational enterprises than in the U.S. Franco [21]
found FDI spillover effects in U.S. foreign subsidiaries operating in Orga-
nization for Economic Co-operation and Development (OECD) coun-
tries. Also, from the empirical evidence of OECD and the World Bank,
Pica andMora [30] found that countrieswith similar economic environ-
ments tend to associate with larger bilateral FDI. Fu et al. [22] suggested
that there were dual FDI characters in the UK retail sector and found
that human resource management capabilities had a positive effect on
FDI attractiveness. Fu and Gong [23] explored the spillover effects of
FDI in China using total factor productivity growth from 2001 to 2005.
Criscuolo and Narula [15] showed that FDI spillovers occur in firms
with high absorption capacity. Balasubramanyam and Sapsford [4]
found that when a host country has adequate human resources, im-
proved infrastructure and stable economic environment, FDI is a pow-
erful tool for economic progress.

There is considerable theoretical and empirical literature examining
the impact of FDI on the host country's economy and FDI attractiveness
by using data envelopment analysis (DEA) models proposed in Ref. [10].
While DEA is a fairly established nonparametric technique used in em-
pirical research formaking inferences, it has recently being used to eval-
uate performances of complex entities without referencing to their
input or output prices. For example, it has been used to predict perfor-
mances of public and private entities including the microcosmic and
macroscopic view [34,43]. Being a nonparametric technique, DEA has
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the benefit of not assuming the input or output prices are of a particular
functional form. Thus, its output is not adversely affected by outliers.
However, DEA evaluates output efficiency under static conditions. A
methodological contribution of this paper is that we combine the
Malmquist productivity index with DEA to assess output efficiency
under dynamic condition. Whereas the traditional price influence effi-
ciency model consider either profit efficiency [31] or cost efficiency
[26,28] separately, we build an extended Malmquist productivity model
to consider both profit efficiency and cost efficiency simultaneously.

Dees [16] found that market size and degrees of market openness,
labor force, innovation, and currency exchange rate are determi-
nants of FDI attractiveness in China. Cheng and Kwan [11] examined
the determinants of FDI in Chinese regions and found that large re-
gional market, good infrastructure, education, and preferential poli-
cy had a positive impact; however, labor cost had a negative impact.
Hu [25] provided a simple input–output DEA model to evaluate FDI
attractiveness in China, and subsequently, He [24] continued the
study by using group method of data handling and DEA to explore
FDI attractiveness in China. Sun et al. [35] used Malmquist to assess
the total factor productivity growth for Taiwanese industries and
found that outward FDI promoted some industries, but led to lower
innovation.

Over the last two decades, economic globalization has created an
enormous influx of FDI in China. It is not uncommon to find multina-
tional corporations that have outsourced or relocated their domestic
manufacturing facilities to China. Since opening its market to foreign
investors in 1978, China's FDI has accumulated to U.S. $1.06 trillion.
While the recent financial crisis has caused a significant decline in
global FDI by nearly 40% [40], China attracted $94 billion of FDI in
2009. Indeed, China was ranked second in total FDI after the U.S. in
2009. Correspondingly, although two thirds of cross-border mergers
and acquisitions occurred in developed countries, the percent of de-
veloping countries that served as hosts of cross-border mergers and
acquisitions increased from 26% in 2007 to 31% in 2009.

Since the 1990s, China has had an overall excellent FDI attractive-
ness; however its provinces and regions exhibited a wide variation in
FDI attractiveness. Understanding the causes of the variation is inter-
esting academically, but more importantly it is crucial for investors to
improve their returns on investments and for the host country to en-
hance its FDI attractiveness uniformly. Therefore, one of the goals of
this paper is to determine the best way to combine FDI attractiveness
with the strengths of China's different provinces. Research results
could identify the unique patterns of FDI attractiveness and find a
breakthrough to improve FDI in China.

This paper differs from the existing literature in several aspects.
First, instead of using traditional DEA and cross-sectional data, we
use the extendedMalmquist model to analyze panel data to evaluate
FDI attractiveness. Second, the traditional Malmquist model ignores
the price influence on cost and profit although FDI attractiveness is
affected by price levels because the primary objective of FDI is
monetary benefit. To address this deficiency, we build an extended
Malmquist model to consider the price influence on cost and profit
to assess FDI attractiveness of each Chinese province. Third, we con-
sider both the FDI performance and FDI potential of each province's
sustainable development strategy. Fourth, as opposed to the tradi-
tional literature that focuses on FDI spillover effects, this study
uses data from 1996 to 2008 to examine the FDI attractiveness of
30 Chinese provinces. In summary, this study not only adds to the
literature by providing investment advice to multinational corpora-
tions but also provide inputs to assist policy makers in developing
nations to create a mechanism design to attract FDI. Policy makers
can use the extended Malmquist model to create appropriate mar-
ket conditions (mechanisms) to increase FDI (outcome) while re-
specting the fact that provinces (agents) have private information
that they may disclose in response to an appropriate incentive-
compatible mechanism.
2. A conceptual FDI attractiveness model

The Malmquist productivity index (MPI) is a nonparametric index
that is often used in decision-making unit (DMU) efficiency research.
Caves et al. [8] proposed the MPI and defined it as “the best practice
frontier” to identify the influence of pure technical efficiency, scale ef-
ficiency, and technology changes [19]. Chou et al. [14] extended the
traditional Malmquist to evaluate the performance of a region or in-
dustry. This study uses MPI to estimate China's provincial FDI attrac-
tiveness in terms of two outputs: FDI performance index (A) and FDI
potential index (P). Four input factors: material capital (M), human
capital (H), energy (E), and degrees of market openness (O) are con-
sidered in this study.

Traditional MPI ignores the effect of local price level on the effi-
ciency of input allocation and the efficiency of output structure that
may affect the DMUs' total factor productivity (TFP). In order to accu-
rately estimate FDI attractiveness, we incorporate price levels of each
province in the traditional MPI model. Specifically, we add two new
variables to the traditional TFP: total factor return productivity
(TFRP) to measure the cost of inputs, and total factor profit productiv-
ity (TFPP) to measure the cost of inputs and profit of outputs. Essen-
tially, we build a new FDI attractiveness model as shown in Fig. 1.

3. Basics of decomposing FDI attractiveness

The decomposing method of our proposed FDI attractiveness
model follows the process of the traditional MPI, except that the
new MPI index considers both the cost of inputs and profit of outputs
as shown in Fig. 2.

3.1. The first stage of FDI attractiveness model decomposition

If we assume inputs x are used to produce outputs y at period t,
then the standard production set is notated as,

St ¼ xt ; yt
� �

: x≥Xλ; y≤Yλ;λ≥0; xt can produce yt
n o

; t ¼ 1;…; T: ð1Þ

Alternatively, based on the concept of a distance function, the dis-
tance function within Eq. (1) is formulated as,

Dt xt ; yt
� �

¼ sup ρ : xt ; yt
� �

∈St
n o

¼ inf ρ : xt ; yt
� �

∈St
n o� �−1

: ð2Þ

The distance function measures the maximum reduction that in-
puts can be adjusted. When Dt(xt, yt) equals 1, it indicates that the
function is efficient because (xt, yt) is on the isoquant.

Decomposition properties of the traditional MPI suggests that we
can decompose the newMPI into twomutually exclusive and exhaus-
tive components: changes in technical efficiency over the time
(catching-up) with price influence as the overall technical efficiency
changes (OEC) and shifts in technology over the time (frontier-shift)
as technology changes (TC). The decomposition is as follows:
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In Formula (3) above, part ① indicates that OEC is similar to the
catching-up components of the traditional MPI proposed by [19].
That is, OEC measures the catching-up effect of productivity set
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Fig. 1. FDI efficiency model.
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with price influence between period t and period t+1.When OEC>1,
it shows that there is an improvement to the frontier in period t+1,
but if OECb1, it indicates that the DMU is further away from the fron-
tier in period t+1. When OEC=1, there is no change in period t+1
compares to period t. Part ② indicates that TC is similar to the
frontier-shift components of traditional MPI. The index measures
the shift of efficient isoquant between period t and period t+1. If
TC>1, it indicates that the frontier shifts toward more outputs in pe-
riod t+1 from period t. If TC=1, there is no change in period t+1
compares to period t. If TCb1, there is a regress of the frontier shifting
toward fewer outputs in period t+1 compares to period t.

3.2. The second stage of FDI attractiveness model decomposition

The catching-up component of the new MPI is OEC. It can be
decomposed into the product of technical efficiency changes (TEC)
as in the traditional MPI, cost efficiency changes (CEC) of cost influ-
ence by inputs, and profit efficiency changes (PEC) of profit influence
from outputs.

In the first stage, we obtain the OEC with price influence and TC
over the time. In the second stage, we further decompose the
catching-up component of the new MPI according to the traditional
technical efficiency concept by decomposing it into a scale efficiency
component and a pure technical efficiency component.

OEC ¼ TEC⋅CEC⋅PEC

¼
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Part① in Formula (3) decomposes into Formula (4) above. Part③
in Formula (4) is the TEC proposed by the traditional MPI as
catching-up component. Similarly, part ④ is the CEC and part ⑤ is
PEC. This index shows the DMU's catching-up effect on optimal pro-
duction isoquant with price influence. Similar to the traditional MPI,
TEC can be further decomposed into pure technical efficiency changes
(PTC) and scale efficiency changes (SEC).
In words, the new MPI can be decomposed into Formula (5)
below. When Mp is greater than 1, it suggests progress; less than 1
suggests regressions; and equals to 1 indicates stable productivity.

Mp ¼ overall efficiency changesðOECÞ � technology changes TCð Þ
¼ technical efficiency changes TECð Þ

�cost efficiency changes CECð Þ � profit efficiency changes PECð Þ
�technical changes TCð Þ

¼ pure technical efficiency changes PTCð Þ
�scale efficiency changes SECð Þ � cost efficiency changes CECð Þ
�profit efficiency changes PECð Þ � technical changes TCð Þ

¼ M � cost efficiency changes CECð Þ
�profit efficiency changes PECð Þ:

ð5Þ

3.3. Computation of the FDI attractiveness model decomposition

We compute and decompose the newMPI between consecutive pe-
riods based on the components that are reciprocal of overall efficiency.
We use the classical Charnes, Cooper and Rhodes' (CCR) model to solve
the distance functions [10]. There are nDMUs (j=1,…,n) over t periods
(t=1,…,T) in the model. Using period t as benchmark, DMUs produce s
outputs (i=1,…,s) usingm inputs (i=1,…,m). Also, we define pi (i=1,
…,r) as the price of inputs and po (o=1,…,q) as the price of outputs be-
tween two consecutive periods. Hence, the distance function of DMU j
in period t is,

ME ¼ max
po

T ⋅y�

po
T ⋅y

st

pi
T ⋅x�≤C ¼ pi

T ⋅x
XN
i¼1

xiλi≤x�

XN
i¼1

yiλi≥y�

λi; x
�
; y�≥0

:

8>>>>>>>><
>>>>>>>>:

ð6Þ

In the ME model above, poT is the transposition of output price
vector po. The denominator of target expression, poT ⋅y, is the DMU's
real profit, and the numerator,poT ⋅y�, is the theoretical profit with op-
timal output structure. The target expression is the efficiency degree
of theoretical revenue compares to the DMU's real profit.

We can obtain the constant returns-to-scale case of overall effi-
ciency changes if we solve the model above for each DMU. However,
for the variable returns-to-scale case, we only need to add the restric-

tion
Xn
j¼1

λj ¼ 1 in the model. Essentially, all the distance functions can
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be computed based on the model in Eq. (6) above by changing period
t and period t+1 separately.

According to [20], Dt(xt,yt) is reciprocal to technical efficiency
(TE). We notate the efficiency of DMU at period t as,

TEt xt ; yt
� �

¼ min ρ : xt ; yt
� �

∈St
n o

¼ Dt xt ; yt
� �−1

: ð7Þ

Similar to Eq. (7), we notate overall efficiency (OE) at period t
under the influence of price as,

OEt xt ; pti ; y
t
;pto

� �
¼ Dt xt ;pti ; y

t
;pto

� �−1
: ð8Þ

This measures the optimal feasible production allocation to the
observed value. If the index is less than 1, it indicates that allocation
of inputs and outputs is suboptimal in period t due to the impact of
technical efficiency and/or price influence. The first impact factors
can be measured by Eq. (7) and the second factors can be measured
by CEC and PEC at period t, which we can notate as,
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t
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: ð9Þ
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IfCEt ¼ 1 andPEt ¼ 1⇔OEt xt ; zt−1
; ydt ; yut ; zt

� �
¼ TEt xt ; zt−1

; yt ; zt
� �

⇔newMPI ¼ traditionalMPI:
ð11Þ

Basically, in some special cases, Formulas (9), (10), and (11) show
that the new MPI equals the traditional MPI. Thus, the new MPI is a
more general index than the traditional MPI.

4. Data and research setting

Using data from 1997 to 2008, we analyze the FDI attractiveness of
30 provinces in China, except Xizang. We select this research period
because Chongqing was reclassified as the fourth municipality in
China in 1997. With the exception of human capital stock, data for
this study was obtained from the New China of 60 Year of Data Collec-
tion and Statistics Yearbook of Provinces published by China's National
Bureau of Statistics [13]. We normalized the data using 1996 as the
base year, and replaced some missing data for Hunan province and
Hainan province with averages of their adjacent provinces.

4.1. Research setting

Since 1978, China has encouraged economic globalization and
gradually abolished its trade restrictions step by step. An influx of in-
ternational capital began to flow into China, especially after its admit-
tance into the World Trade Organization in 2001. China becomes a
Fig. 2. The evolution of FDI attracti
popular supply source and major potential market for multinational
corporations. With its vast territory and a population of over 1.3 bil-
lion, China has a much diversified market that consists of 30 prov-
inces. However, we can classify the Chinese market into eastern,
western, and central regions (Fig. 3). Both the eastern andwestern re-
gions consist of eleven provinces each, whereas the central region
covers eight provinces. Our research focus is in the central region, ex-
cept Xizang.

The eastern region is a developed area in China compared to the
other regions. Provinces in the eastern region have unique competi-
tive advantages such as developed infrastructure and economy, ad-
vanced manufacturing and information technology, mature market,
and a long history of FDI by multinational corporations. Besides
being more diverse, these provinces also enjoy higher FDI spillover ef-
fects. For example, Jiangsu, Fujian, and Zhejiang in the eastern region
actively promote private economy, whereas Liaoning and Hebei are
typical manufacturing provinces. The western region is primarily an
undeveloped area in China. Government policy to “develop the
west” plays an important role in promoting FDI in this region. Howev-
er, western provinces have their own competitive advantages such as
low cost, low environment threshold, resource richness, and industry
incubation convenience. For example, Xinjiang and Inner Mongolia
are new provinces with ample resources, whereas Ningxia is a low
carbon province. The central region lies between the eastern and
western regions. The economy and infrastructure of this region is af-
fected by its neighbors. For example, since Jiangxi borders on the
eastern provinces of Guangzhou, Fujian and Zhejiang, it enjoys FDI
spillover effects from these eastern provinces. Due to its special clas-
sification, central region is less restricted by macro adjustment im-
posed by the Chinese government. Thus, central provinces enjoy
liberal regulation advantage.

We identify four inputs—average material capital stock, average
human capital stock, average energy consumption situation, and ex-
port proportion index—to develop a sustainable development strate-
gy based on the proposed FDI attractiveness model. The two outputs
are FDI performance index and FDI potential index. We introduce
price influence factors of costs as fixed asset price index, average
real wage index, fuel retail price index, GDP deflator, and export
price index. The price influence factors of profits are purchasing
price indices for raw materials, fuels and power index (PPI), and
GDP deflator. For uniformity, we convert all data in U.S. dollar to
RMB using the exchange rate of the year that data was obtained.
4.2. Inputs and outputs

Average Material Capital Stock: We calculate each provincial mate-
rial capital stock using the perpetual inventory method, Kit=Kit−

1(1−δit)+ Iit [41]. First, we assume that total fixed capital stock is
the sum of investments in those years. Second, total fixed capital
stock in 1952 is tenfold equivalent of the material capital stock in
1951. Third, we assume that depreciation is 9.732% [27]. Lastly, we
veness model decomposition.



Fig. 3. The three regions and Thirty provinces in China.
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compute the average material capital stock of each province by divid-
ing the provincial material capital stock with population of the
province.

Average material capital stock reflects the material standard of each
province.We use averages for all input–output factors because averages
remove the bias of population size of each province and it allows us to
consider only the influence of the factors of interest on FDI. In the calcu-
lation of the input–output factors, we use quantity as unit. In other
words, we get rid of the price effect in our primary calculation.

Average Human Capital Stock: Educated and skilled labor is an in-
centive to attract FDI in the global market. We calculate this input fac-
tor by using the method proposed by Zhao and Zhang [42]. First, we
number the years of education as follows: illiterate labor=3, primary
school=6, secondary school=9, high school=12, and college or
above=16. Using this information, we arrive at the formula, average
human capital stock=the proportion of illiterate labor×3+the pro-
portion of primary school educated labor×6+the proportion of sec-
ondary school educated labor×9+the proportion of high school
educated labor×12+the proportion of college educated labor or
above×16. The source of this data is the China Population and Employ-
ment Statistics Yearbook of 1998–2009 [12].

Average Energy Consumption Situation: This variable denotes the
cost and availability of substitute energy. It is an important factor af-
fecting FDI. We compute the average index as the ratio of total energy
consumption to population.

Export Proportion Index: The degree of market openness is directly
related to the level of FDI attractiveness in that market. Hence, the de-
gree of openness of the local market is the basis of attracting FDI. To
measure degrees of market openness, we use the export proportion
index which is the ratio of total export to local GDP.

FDI Performance Index: The United Nations Conference on Trade and
Development (UNCTAD)defines the FDI performance index and FDI po-
tential index in its World Investment Report [39]. These two indices
have been used to evaluate the FDI situation of some countries [40].
The FDI performance index is the ratio of the FDI in a nation to the global
FDI divided by the ratio of a nation's GDP to the global GDP. We use
UNCTAD's definition of FDI performance index to define the provincial
FDI performance index as the ratio of local FDI to total FDI in China di-
vides by the ratio of local GDP to GDP in China. We also get rid of
price effect in this index. To simplify the calculation, we omit the two
denominators, national FDI and national GDP, since their effect on all
the provinces is similar. Thus, the FDI performance index can be simpli-
fied as the local FDI in 1996 constant dollars to local GDP.

FDI Potential Index: Similar to the FDI performance index, we use
UNCTAD's definition to define the FDI potential index as V ¼ Vi−Vmin

Vmax−Vmin
,

where V is the average local inputs.
4.3. Price influence factors

Fix Asset Price Index: In measuring productivity, material capital
stock contributes to productivity as an input factor that can be in-
creased by fixed asset investment. We use fixed asset price index as
the cost of material capital.

Average Real Wage Index: This index reflects the price of local
human capital.

Fuel Retail Price Index: This index measures the local energy price
level. Since data on electricity consumption is not readily available,
we use fuel retail price index to measure energy.

Export Price Index: This index is an important factor that accounts
for inflation and reflects the main price level of Chinese exporters.

GDP Deflator: This index exhibits the price level of local GDP. GDP
deflator is a broader indicator to measure operation than inflation
rate because the commodities being measured in an economic opera-
tion is not only consumption goods, but also include investment
goods, and import and export goods.

PPI: This index measures the purchasing power of FDI and reflects
the price level of FDI.

image of Fig.�3
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5. Empirical results — FDI attractiveness in China

We analyze the inter-temporal empirical data using MPI. To com-
pute the overall efficiency, we analyze the local FDI attractiveness
starting from 1997. First, we find the bottleneck of FDI decomposed
efficiency to promote or constrain the whole efficiency. Second, we
identify the peak and trough year as well as their patterns to adjust
the FDI strategy. Next, we analyze FDI attractiveness of each province
according to the regionalization from a diachronic angle. We pur-
posely seek to identify the characteristics of FDI in each province. In
line with the local condition, we plan to provide strategy references
to policy makers to improve their performance on attracting FDI
and to foreign investors to help them select investment destinations
in China.

5.1. National and provincial FDI attractiveness in China

First, we analyze China's aggregated national FDI attractiveness
(i.e., TFPP) from 1997 to 2008. The results are shown in Fig. 4. From
a diachronic angle, China's FDI attractiveness was universally low
and was effective only from 2000 to 2002 and 2005 to 2006. Fig. 4
shows that TFPP reaches its peak in 2002 but falls almost vertically
to the bottom in 2003. The abrupt oscillation is due solely to technol-
ogy changes. This phenomenon shows that technology change can
drive greater improvement in TFPP than to technical efficiency. In
other words, the improvement of inputs and outputs factors and the
development of technology are more appealing to improve China's
aggregated FDI attractiveness. However, technical efficiency changes
affect TFPP via scale efficiency changes, which mean factors' scale
and price level of outputs influence FDI attractiveness simultaneously.
Pure technical efficiency changes are relatively stable although cost
efficiency changes gradually strengthen within a couple of years.

In sub-regions of China, TFPPs in theWest exhibit the greatest var-
iation followed by Central China, and those in the East are the most
stable (Fig. 5). In these sub-regions, technology changes have low ef-
ficiency except in Inner Mongolia. Similarly, TFPPs have low efficiency
except in Yunnan, Szechwan, and Inner Mongolia. This observation
indicates that qualitative ascendance and technology development
are bottlenecks of FDI attractiveness. The influences of output price
and factor scale are prominent, especially in the West and Central
China. Overall, however, the factor combination and input price influ-
ences tend to be stable.

Inner Mongolia, Szechwan and Yunnan with TFPPs>1 are in the
frontend of the western region. Their high TFPPs suggest that macro-
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Fig. 4. National FDI attractiveness
environment and situations of FDI attractiveness satisfy the compre-
hensive efficiency and provide immerse benefits to economic and social
development. The higher performance is a result of the policy support in
“developing the west” campaign. While some inefficient provinces
(TFPPb .8) are also located in the western region, such as Qinghai and
Gansu, the lower performance indicates that policy support is just one
side of economic development. What is more important is how to pro-
duce the best possible result by combining the unique characteristics of
a region with policy support from the government.

We consider pure technical efficiency changes in traditional esti-
mation ways. In other words, we consider performance without
price influence under variable return to scale. Hence, each province
is efficient during the research period from 1997 to 2008. This effi-
cient phenomenon indicates that regional disparity is not the key var-
iable that limits pure efficiency changes, thus proving proportionality
of micro-control. While considering scale efficiency changes, we
found that Qinghai, Ningxia, and Inner Mongolia are the top three
most efficient provinces. Half of the 30 provinces are scale efficient,
including most eastern provinces. Meanwhile, Gansu, Yunnan, and
Kweichow from the western region are the most inefficient three
provinces.

We introduce price influences—CEC and PEC in the traditional es-
timation ways. As a whole, the CEC of each province tends to be 1. It
means most provinces are efficient or tend to be efficient and that
price influence of inputs is small. Although PECs in eastern region
are stable and efficient, those in central region and western region
fluctuate sharply, particularly in western region. The fluctuation indi-
cates that when we combine long-term and short-term FDI, local
price level in western region affects FDI performance and potential
sharply. In particular, in Qinghai, price influence leads to inefficient
directly. On the contrary, high FDI attractiveness in Yunnan and
Szechwan are due to promotion of PEC.

In conclusion, technology change promotes FDI attractiveness.
That is, we should favor attracting FDI into high technology indus-
tries. Local price level influence plays a more important role in recent
years. Above all, Hebei, Tianjin and Shanghai in the eastern region,
Jilin and Anhui in central region, and Szechwan, Yunnan and Chong-
qing in western region are preferred provinces to attract FDI.

5.2. Regional FDI attractiveness

Using provincial division in China, we analyze the FDI attractive-
ness for the eastern, central, western regions in China. Based on the
strength of decomposed efficiency indices, we classify the TFPPs of
06 06-07 07-08
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in China from 1997 to 2008.

image of Fig.�4


0.65

0.70

0.75

0.80

0.85

0.90

0.95

1.00

1.05

1.10

1.15

1.20

1.25

G
ua

ng
do

ng

H
ai

na
n

F
uj

ia
n

Ji
an

gs
u

S
ha

nd
on

g

Z
he

jia
ng

B
ei

jin
g

Li
ao

ni
ng

S
ha

ng
ha

i

T
ia

nj
in

H
eb

ei

Ji
an

gx
i

S
ha

nx
i

H
ub

ei

H
un

an

H
ei

lo
ng

jia
ng

H
en

an

A
nh

ui

Ji
lin

Q
in

gh
ai

G
an

su

G
ua

ng
xi

G
ui

zh
ou

X
in

jia
ng

N
in

gx
ia

S
ha

na
nx

i

C
ho

ng
qi

ng

Y
un

na
n

S
ze

ch
w

an

In
ne

r 
M

on
go

lia

Technical Efficiency Changes Technology Changes Pure Technical Efficiency Changes
Scale Efficiency Total Factor Profit Productivity Cost Efficiency Changes
Profit Efficiency Changes

Fig. 5. Provincial FDI attractiveness in China.
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30 provinces into four types—technology changes type (TCT), scale
efficiency changes type (SECT), cost efficiency changes type (CECT),
and profit efficiency changes type (PECT) as shown in Table 1. The
decomposed efficiency indices such as TC in the first type, SEC in
the second type, CEC in the third type, and PEC in the fourth type
are the main strengths for improving FDI attractiveness of each
province.

Overall, there are eleven provinces in the eastern region spreading
across the four TFPP types in Table 1. It reflects diversity when com-
pared to the central and western regions. The richness in the eastern
region indicates huge potential for FDI. We examined the data and
found that FDI attractiveness in eastern provinces are relatively stable
due to the unique characteristics of eastern provinces such as devel-
oped economy, advantage technology, mature market, and long his-
tory of attracting FDI at an early stage. These characteristics formed
a mature and well-developed model. Thus, from the diachronic ap-
proach, we found that pure technical changes in the eastern region
are about one. This means that allocations of inputs and outputs with-
out price influence in eastern provinces are similar to the national
level in China. PTCs are all efficient.

As expected in each province, TFPPs in Beijing, Shanghai, Tianjin,
Guangdong, and Hainan are all decided by their technology changes.
In other words, FDI attractiveness in these provinces is decided by
Table 1
Total factor profit productivity types.

Types East Center West

Technology
Changes
Type

Guangdong, Hainan,
Beijing, Shanghai,
and Tianjin

Scale Efficiency
Changes
Type

Jiangsu and Shandong Qinghai, Ningxia,
Chongqing, Xinjiang,
Yunnan, and Szechwan

Cost Efficient
Changes
Type

Fujian and Zhejiang

Profit Efficiency
Changes
Type

Liaoning and Hebei All the
8 provinces

Shaanxi, Gansu,
Inner Mongolia,
Guangxi, and
Kweichow
utilization of factors, so we define them as TCT. These provinces are
among the pioneer regions that opened their markets to foreign in-
vestors, and with a relatively opened market they enjoyed a matured
market though they cannot improve much more. Hence, these prov-
inces should choose to attract FDI for knowledge-intensive industry
since this sector has high FDI spillover effects. When compared to
the western and central regions, the manufacturing and information
technology, regime, and management expertise in these provinces
are more advanced. While pursuing the advantages, one should pay
more attention to quality in these provinces. One in particular is
that there is run-in period in application of new technology and man-
agement training. It may yield adverse effects on technical change.
This is the only issue affecting the total factor profit fluctuation. So
technology change determines FDI attractiveness in developed areas
and mature macro-environments. For investors, stable performance
environments are suitable for developing knowledge-intensive in-
dustry. Above all, these five provinces have a win–win chance for de-
cision makers or investors.

Shandong and Jiangsu belong to SECT (Table 1). These two prov-
inces are clearly affected by technology changes. However, scale effi-
ciency change is the main factor affecting FDI attractiveness,
especially in inefficiency years (meaning TFPP is inefficient these
years). Promotion of scale efficiency change is the key to increasing
FDI attractiveness. Therefore, government agencies should focus on
developing promotional campaigns that increase the effect of scale ef-
ficiency change is these provinces. For example, agencies should focus
on industrial restructuring, regional economic circle development,
and intensive economic development.

Fujian and Zhejiang are grouped in CECT (Table 1). Table 1 indi-
cates that besides technology changes, the influence of local price
levels on inputs is the main factor affecting provincial FDI attractive-
ness, especially in the last two years when these two provinces con-
trolled price levels to promote FDI attractiveness. These two
provinces should focus on cost leadership strategy to develop their
industry. This cost leadership strategy is decided by the special pri-
vate individual economy model in the two provinces because Fujian
and Zhejiang are typical provinces in China which promote private in-
dividual economy. Especially Zhejiang, both of the GDP and Gross
Sales of private industries are the best among all the provinces in
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China by the end of 2009. In contrast, Liaoning and Hebei are grouped
in PECT (Table 1) which represent the output price influence on FDI
attractiveness in these provinces, since Liaoning and Hebei are the
typical manufacturing provinces in China. Thus, profit efficiency
changes for Liaoning and Hebei are important factor to improve
their FDI attractiveness. The key issues to improve FDI attractiveness
are rational development of outputs' price sensitive industry, for ex-
ample, resource industry and manufacture industry.

In summary, the diversity of TFPP types in eastern provinces reflects
their advantages in attracting FDI. Nearly half of the eastern provinces
belong to TCT due to the advantage of economic background. For groups
of similar province type, such as Fujian and Zhejiang, Liaoning and
Hebei, they can extend beyond its provincial boundary to develop a
cross-province economic circle. This strategy not only provides full ben-
efit to the type advantages, but also achieves economies of scale.

Table 1 shows that eastern provinces have four types of TFPPs,
whereas western provinces have two types of TFPPs. Further, there
are SECT and PECT in western provinces. Similar with eastern prov-
inces, the pure technical changes in western provinces are near one
from a diachronic approach. In other words, the allocation efficiency
of inputs and outputs is efficient if we do not consider local price in-
fluence. The FDI attractiveness fluctuation range of western provinces
is relatively larger. The whole performances of advantage provinces
in the west exceed those of the east. For one thing, most of western
provinces belong to undeveloped area in China, thus, a little improve-
ment can increase the efficiency observably. For another thing, the
policies support of “Develop theWest” plays an important role in pro-
moting FDI attractiveness.

In particular, objective factors such as lower cost and lower energy
deter foreign investors from investing in labor-intensive industry or
low-technology industry. So, most provinces in the west are SECT,
such as Qinghai, Xinjiang, Ningxia, Chongqing, Yunnan, and Szechwan.
Compared to the East, the scale efficiency changes of the west promo-
tion are more obvious, especially in low technology change years. Be-
cause these provinces were opened to foreign investment late, they
are still in scale increasing stage. However, Gansu, Guangxi, Kweichow,
Shaanxi, and Inner Mongolia belong to PECT. It indicates they are more
sensitive to outputs' local price influence. InnerMongolia is themost ef-
ficient province in China. From a diachronic approach, we found Inner
Mongolia gradually transits to exactly TCT from 2004. In other words,
all decomposing efficiencies except technology changes are equal to
one. Its FDI attractiveness is promoted by technology changes alone.
Furthermore, except that in 2008, Inner Mongolia's FDI attractiveness
in other years are greater than one. Inner Mongolia is efficient for mul-
tiple reasons. Its location is convenient for attracting FDI, and it has
many energy resources. . The Chinese government has promoted its de-
velopment vigorously. Above all, Inner Mongolia's technical change is
high. Therefore, Inner Mongolia is a new paradise for FDI.

Eight provinces in central region are geographically between east-
ern region and western region. So its characteristics are uniqueness.
All of them belong to PECT. Central provinces don't have the econom-
ic background and government support as eastern provinces, their
economic development depend on self-control and macro influence
in the market. The local price influence is bigger, especially that of
the outputs' local price level. Due to the unique TFPP type, the profit
efficiency change is the main factor in improving FDI attractiveness.
Overall, output price sensitive industry is suitable for attracting FDI
in central region. While similar to the eastern and western regions,
pure technical efficiency changes in central provinces are near 1
from a diachronic approach.

In conclusion, technology change is the bottleneck of FDI attrac-
tiveness. Each province belongs to different types according to their
own characteristics. For investors, we suggest they select location of
investment according to the industry characteristics. For decision
makers, we advise they should exercise macro control over inputs
and outputs in order to promote the provinces to be TCT, and then
continue to improve the quality of inputs in order to increase FDI at-
tractiveness furthermore.

6. Empirical results — factor analysis of FDI attractiveness

Still based on China data, we analyze FDI attractiveness from 1997
to 2008 using newMPI. We conclude the total factor profit productiv-
ity is affected by allocation of factors and quality improvement of fac-
tors. In other words, both technical efficiency changes and technology
changes affect FDI attractiveness. However, how is the index
influenced by definite factors? Now we restore the index's effects
into definite factors using output-oriented CCR model. Then, we ob-
serve how definite factors affect the whole performance under differ-
ent local price levels. We conclude that the FDI attractiveness of most
provinces reached their peak in 2002, but retreated to the bottom in
2003. However, these indices stabilized in the last five years from
2003 to 2008 (Fig. 6).

Next, we used the 2002, 2003, and 2004–2008 data to compute
the efficiency scores and slacks of each input variable to determine
the strengths and potential market of each province. The column la-
beled “Score” in Table 2 shows the efficiency score of each province.
The column labeled “Potential” indicates the potential market or po-
tential strength of each province. The column labeled “E” shows the
slacks of energy capital, and the column labeled “M” shows the mate-
rial capital. Smaller slack suggests higher strength for the province. In
eastern provinces, the scores are higher than any others. However,
the fluctuation of score is relatively stable despite different local
price levels.

In conclusion, the FDI attractiveness in most eastern provinces is ef-
ficient, and the number of efficient provinces has been increasing in this
region. For those relatively inefficient provinces, returns to scale tend to
increase. It implies there is a potential market for more unused inputs.
Meanwhile, there is also redundancy in inputs. On one hand, the poten-
tial market supplies the new opportunities for investors. On the other
hand, the redundancy phenomenon is alarming for decision makers.
Analyzing the data, we found that regardless of time issue, a potential
market existed in the eastern region at some degree. However, in recent
years, the potential market is disappearing gradually. Because abundant
FDI exists in the east, the inputs utility nears its saturation point, which
demonstrates that the east needs more inputs. Inefficient provinces
have a lot of input redundancy, especially recently. During the stable pe-
riod, the energy consumption is worst because of energy saving policies
and emission reductions in the eastern region. Series of policies are pub-
lished to control the energy consumption. Overall, material capital and
energy consumption lead to the diversity between the provinces on
the non-productive frontier and the provinces on the productive fron-
tier. However, during the whole research period, degree of openness
and human capital are the bottlenecks of improving productivity.

Most provinces are efficient. Shandong and Hebei are relatively in-
efficient during the period of study. Tianjin and Fujian are inefficient
in 2003. Jiangsu is inefficient in the peak year while others are effi-
cient this year. It implies that the FDI attractiveness of these provinces
can be improved in some degree considering the local price level. As
we analyzed above, a potential market exists in inefficient provinces
during the middle research period, especially in Hebei and Shandong.
Their potential markets are 24.4% and 22.5% respectively. Similarly,
the advantage vanishes at the stable stage in recent years. The redun-
dancy phenomenon of material capital highlights are 29.73% and
20.77% for Hebei and Shandong respectively. The low efficiencies in
Hebei and Shandong are due to material capital redundancy. When
compared to the peak and trough performance in 2002 and 2003 re-
spectively, energy consumption redundancy during the period 2004
to 2008 in Hebei was under controlled at the third stage. Material
capital and energy consumption are redundant in Jiangsu, Tianjin
and Fujian during these years. However, they also appeared under
control in recent years to become more efficient. The developing
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model in the eastern provinces focuses on the macro situation of en-
ergy saving and emission reduction. Meanwhile, the absence of inputs
is the key limit of FDI attractiveness promotion.

Recently, FDI attractiveness among western provinces is diverse
and scattered. The efficient provinces increase gradually in recent
years. However, the degree of openness becomes the bottleneck of
FDI attractiveness. As in the east, returns to scale of lower efficiency
provinces tend to increase. The redundancy of energy consumption
is terrible in the peak year and the trough year. Although it changes
for the better in recent years, it falls unavoidably into the developing
model of “Govern after the Waste”. Because of the location, environ-
ment, and technology limitations, FDI investors prefer to invest in
labor intensive industry and energy consumption industry, which
leads to the large use of energy. With economic development and
the policy of low carbon economy, the redundancy of energy is
better-controlled. However, as in the eastern region, the redundancy
of material capital is still obvious, as demonstrated in Table 3. During
the middle research period, a potential market exists in the lower ef-
ficient provinces in the west. But with the FDI pouring into the mar-
ket, the potential is decreasing gradually. So the central government
published a new round of policies to develop the west in 2010 in
Table 2
Inputs decomposition in eastern provinces of China.

2002 Percent 2003 Percent

Province Score RTS+ Potential E M Province Score

Beijing 1 Beijing 1
Liaoning 1 Liaoning 1
Shanghai 1 Shanghai 1
Zhejiang 1 Zhejiang 1
Guangdong 1 Guangdong 1
Hainan 1 Hainan 1
Fujian 1 Jiangsu 1
Tianjin 1 Tianjin 0.977
Jiangsu 0.976 2.38 13.44 Fujian 0.915
Shandong 0.834 16.6 Shandong 0.775
Hebei 0.709 29.1 12.79 1.64 Hebei 0.756
order to adjust the industry structure. Therefore, policy supports di-
rectional change.

Chongqing is the only efficient province during the entire study
period. It is a good example for other provinces and undeveloped
areas in other country. Inner Mongolia, Guangxi, and Qinghai are on
the productive frontier at two stages. FDI attractiveness in Shaanxi
develops quickly. The supporting policies of “develop the west” pro-
moted performance and the characteristics of western provinces,
such as low cost, low environment threshold, rich in resources, are
convenient for the industry incubation. Besides that, their economic
background is relatively low, and relatively inputs are large. As dem-
onstrated in Table 3, Inner Mongolia is a new province with good re-
sources. However, the redundancy of energy consumption is terrible
at the early period of attracting FDI with 41.22%. It demonstrates
that Inner Mongolia exchanged environment for economic profit
after 2002 to attract FDI. Therefore, after 2003, Inner Mongolia
reaches the productive frontier. FDI attractiveness in Qinghai has de-
creased in recent years. Except degree of openness, all the inputs are
redundant. Worse yet, no potential market exists in these provinces.
It proves FDI industry structure in Qinghai needs to be adjusted as
soon as possible. Ningxia is on the productive frontier with its
2004–2008 Percent

RTS+ Potential E M Province Score RTS+ E

Beijing 1
Liaoning 1
Shanghai 1
Zhejiang 1
Guangdong 1
Hainan 1
Jiangsu 1

2.31 16.69 Tianjin 1
8.46 0.61 Fujian 1

22.5 9.20 Shandong 0.792 20.77
24.4 16.09 6.63 Hebei 0.703 29.73



Table 3
Inputs decomposition in western provinces of China.

2002 Percent 2003 Percent

Province Score RTS+ Potential H E M Province Score RTS+ Potential H E M

Chongqing 1 Chongqing 1
Qinghai 1 Qinghai 1
Guangxi 1 Inner Mongolia 1
Shaanxi 0.964 3.64 Ningxia 0.868 13.22 38.13
Inner Mongolia 0.952 4.8 41.22 Shaanxi 0.743 25.71 8.24
Ningxia 0.947 5.25 7.03 Xinjiang 0.726 27.44 17.22 4.13
Xinjiang 0.821 17.9 12.29 8.42 Guangxi 0.689 31.09 10.97
Kweichow 0.665 33.5 19.98 20.63 Kweichow 0.541 45.94 10.98 29.85
Szechwan 0.581 41.9 Szechwan 0.436 56.37 1.51
Gansu 0.444 55.6 2.53 Gansu 0.368 63.23 13.34
Yunnan 0.373 62.7 Yunnan 0.204 79.56 2.43

2004–2008 Percent

Province Score RTS+ Potential H E M Province Score RTS+ Potential H E M

Chongqing 1 Qinghai 0.879 14.05 12.05 12.09
Guangxi 1 Xinjiang 0.719 28.15
Inner Mongolia 1 Kweichow 0.599 27.3 40.07
Shaanxi 1 Szechwan 0.484 51.62
Ningxia 1 Gansu 0.398 60.22

Yunnan 0.390 2.13 10.94 60.97
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excellent control of energy consumption. Ningxia is a low carbon
province. Although Shaanxi is out of the productive frontier, it has a
potential market and the redundancy is better. Only material capital
is redundant in the trough year, about 8.4% in recent years, Shaanxi
seizes the chance of potential market and reaches the productivity
frontier. At last, Shaanxi is another efficient province.

Similar to Shaanxi at early period, Szechwan's material capital de-
creases after year 2002. However, a larger potential market exists in
Szechwan during the middle period compared with that of Shaanxi.
The potential percentages are 41.9% in 2002 and 56.37% in 2003. Fur-
thermore, the redundancy factor in material capital is about 1.5% in
the trough year. However, Szechwan's FDI attractiveness is still at
the third from bottom. Also located in the bottom are Yunnan,
Gansu, and Kweichow. Worse than that, potential markets in the mid-
dle period disappear in recent years, which results in low FDI attrac-
tiveness in those provinces. Besides that, abundant redundancy of
material capital, about 40%–60%, is the key of this decline. Although
Yunnan and Kweichow are located at the bottom, potential markets
there did not disappear in recent years, especially in Kweichow. For
Table 4
Inputs decomposition in central provinces of China.

2002 Percent

Province Score RTS+ Potential H E M

Jiangxi 1
Henan 1
Heilongjiang 1
Jilin 0.764 23.6 0.81
Hubei 0.710 29.0 1.38 15.21
Shanxi 0.676 32.4 30.17
Hunan 0.649 35.1 5.14
Anhui 0.246 75.4 1.7 0.55

2004–2008 Percent

Province Score RTS+ Potential H E M

Jiangxi 1
Henan 1
Heilongjiang 0.968 14.4 3.19
Jilin 0.936 17.06 6.37
those provinces, on one hand, we suggest investors should seize the
good chance. On the other hand, the decision makers should hold
the advantage, imitate Shaanxi and learn Szechwan's lesson in order
to improve their FDI attractiveness.

Scores in central provinces ranged between those of eastern and
western provinces due to their special location. Similarly, returns to
scale of lower FDI provinces tend to increase. The degree of openness
is the bottleneck of FDI and material capital is terribly redundant
(Table 4). The efficiency span is relatively larger than that of eastern
region. With development, the efficiency fluctuation among prov-
inces grows smaller. However, from a diachronic approach in each
province, the ascending speed is quicker and the fluctuation range is
larger.

Since Jiangxi borders on Guangzhou, Fujian and Zhejiang, its FDI is
positively affected by these three neighboring provinces. Meanwhile,
Guangdong, Fujian, and Zhejiang are located on or near the produc-
tive frontier, especially at the stable period from 2004 to 2008. So,
Jiangxi is the only efficient province in the central region. Compared
to other provinces, Henan is affected by national low FDI
2003 Percent

Province Score RTS+ Potential H E M

Jiangxi 1
Heilongjiang 0.969 3.05 9.16
Henan 0.787 21.25 12.62 37.96 12.11
Hubei 0.693 30.7 22.51
Shanxi 0.691 30.92 43.84
Jilin 0.685 31.46
Hunan 0.655 34.52 12.5 9.17
Anhui 0.286 71.41

Province Score RTS+ Potential H E M

Anhui 0.784 25.4 21.62
Hunan 0.779 4.03 0.07 22.14
Shanxi 0.673 0.47 32.74
Hubei 0.594 3.96 9.32 40.64
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attractiveness during the stable period. The inputs' redundancy phe-
nomenon is terrible. In particular, the redundancy of energy con-
sumption is 38%. Fortunately, Henan has improved in recent years
and has returned to the productive frontier during the stable period.
However, Heilongjiang has regressed, falling from the productive
frontier to the second area after the peak year and never recovers.
Luckily, the potential market percent increases gradually andmaterial
capital is the only redundant factor. Therefore, it decreases gradually.
So either for the investors, or for the decision makers, it's a good
chance. Hubei also exhibits this redundancy phenomenon. Further-
more, the situation is more severe because there is no potential mar-
ket. So Hubei is the last in terms of efficiency in the central region. FDI
promotions in Anhui and Hunan to take advantage of potential mar-
ket and to increase energy consumption cannot be ignored. In recent
years, Anhui, Heilongjiang, and Hunan show some potential market,
but the key is how to seize the opportunity to solve the current prob-
lems quickly.

In summary, the promotion experience in the eastern, central, and
western provinces shows that how to catch the potential market is a
crucial issue. On the other hand controlling the redundancy of energy
consumption is a key of vital importance as well. Furthermore, con-
trol of material capital redundancy is a national problem that needs
to be solved urgently. From the analysis above, for the investors, we
suggest that holding the existing potential market and combining
with the characteristics of FDI industry in order to get more profit
are of paramount importance. For the decision makers, we advise
they should base on local conditions to macro control and guide the
FDI industry structure in order to improve the province's efficiency.

7. Managerial insight and policy guidance

Based on the results of our research, we provide the followingman-
agerial insight and policy guidance for investors and policy makers to
improve FDI attractiveness. First, savvy investors, guided by a sustain-
able development strategy, should choose provinces with good devel-
opment environment for their investments. The short-term goal of
immediate profit should be discounted but instead focus on factors' re-
dundancy and overall productivity. For policy makers, both FDI perfor-
mance index and FDI potential index should be considered in their
mechanism design to encourage FDI. Rules and regulation imposed
should exert FDI spillover effects and avoid exchanging environment
for short-term economic gain at the expense of long-term FDI potential.

Second, investors should seize the opportunity to take advantage of
provinces with potential market. This means not only shifting focus to
the central and western regions, but also increasing the amount of in-
vestment. For policy makers, they should enhance the conditions to at-
tract FDI. During the promotion of the “West Development Policy”, new
development patterns should be considered and government should
emphasize development of knowledge-intensive industries.

Third, investors should shift their investments to areas with
high-technology, advancedmanufacturing and information technology,
energy saving, new energy, andmodern service industries to exploit the
macro policy support. Therefore they could continue developing to-
wards the goal of technology change. For policy makers, we advise
that each province should exert their competitive advantages and rein-
force their mechanism design to increase FDI attractiveness. Besides
that, they should find a breakthrough to solve their limitations in factor
inputs and adjust their industrial structure accordingly. Meanwhile, the
government should encourage neighboring regions and provinces to
optimize their input factors across geographical boundaries. Along this
concept, local government can set up economic circles and policies to
ensure factor inputs flow freely among investors and provinces. Within
the economic circles, policy makers should learn from successful prov-
inces with high FDI. Meanwhile, they can revise their trade practices,
import and export restrictions, and domestic technological progress to
be more conducive to FDI.
Last but not least, improving energy efficiency of input factors and
reducing environmental pollution are important factors in creating
mechanism design to increase FDI. Therefore, energy efficiency must
be improved in order to minimize energy consumption of FDI re-
source inputs and to achieve the goal of energy-saving and
emission-reduction. The lack of human capital is another key chal-
lenge that restricts the overall efficiency of FDI attractiveness. On
one hand, the Chinese government should conduct a series of mea-
sures to accumulate human capital resource, adjust industrial struc-
ture, and promote progress in science and technology. These
measures help to decrease pressure on the environment. On the
other hand, investors should also promote low-carbon strategy by ob-
serving the macro orientation of energy-saving and emission-
reduction to enhance corporate image and gain potential market,
which in the long-term is a win–win situation.

8. Summary and conclusions

In this study, we combine different price levels, and inject input
cost efficiency and output profit efficiency into the traditional DEA
method. In addition, this paper identifies the influence of each study
unit's macro environment on FDI attractiveness. Next, we use the
model to analyze data from China's 30 provinces from 1997 to 2008.
Major conclusions of our study are:

First, FDI attractiveness is led by technological progress, which
means that enhancement of the quality of input factors, is the key
issue to attracting FDI. After 2008, technological progress shows a neg-
ative effect on entire efficiency. The price influence on technological
progress was absent in the beginning. However, it showed up as a neg-
ative effect later and then became a significant efficiency in the last two
years. The price effects result in a great influence on product structure,
which is more significant within recent years. The provinces with low
efficiency lie in the increases on returns to scale. The degree of openness
is now the bottleneck of FDI attractiveness in China. While the waste of
energy factors has been under control, however, the problem of materi-
al capital factors waste demands prompt solution.

Second, there is variation in FDI attractiveness among the eastern
provinces that suit the development of various types of industries,
whichmeans that the eastern provinces have great potential develop-
ment space. Since the east is more developed compared to other re-
gions of China, FDI attraction begins early and has grown gradually.
Therefore, the factor of price is rather smooth for the provinces' FDI
attraction. Most of these provinces have higher attractive perfor-
mance. Hebei province and Shandong province are bottlenecks of
the eastern region which give themmore room to improve the overall
efficiency of input factors. However, the advantage of potential mar-
ket has vanished for the eastern provinces.

Third, FDI attractiveness of western provinces shows duality,
which means there is a large potential market for the west. The per-
formance gap between the provinces is also great, some of the prov-
inces face the danger of “waste first, treatment later.” The price
advantage is gradually disappearing. However, in recent years, with
policy support, low barriers to entry and low base of FDI, these prov-
inces have a trend of catching-up the east.

Fourth, FDI performance of central provinces shows similar trends
as the eight provinces are profit efficiency changes dominate, which
means that the price factor could not be ignored. Because these
areas lie in central regions and they are less influenced by the
government's macro adjustment, they have their own unique advan-
tages of market regulation. There are potential markets in Heilong-
jiang province, Anhui province, and Hunan province.

Guided by a sustainable development strategy, this paper considers
price level influence on input–output factors. Using economic data from
the 30 provinces in China, we analyze the FDI attractiveness to provide
insight for foreign investors and policy makers of developing countries.
However, sincewe focused on FDI for the host country, we have ignored
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investment efficient analysis like investor's return on investment. For
future studies, the lagging effect of overall FDI should be taken into ac-
count. The extended dynamic model is worth further exploration.

Abbreviations

A FDI Performance Index
CCR Charnes, Cooper and Rhodes' model
CEC Cost Efficiency Changes
CECT Cost Efficiency Changes Type
DMU Decision-Making Unit
E Energy Capital
FDI Foreign Direct Investment
H Human Capital
M Material Capital
O Degrees of Market Openness
OEC Overall Technical Efficiency Changes
P FDI Potential Index
PEC Profit Efficiency Changes
PECT Profit Efficiency Changes Type
PPI Purchasing Price Indices
PTC Pure Efficiency Changes
SEC Scale Efficiency Changes
SECT Scale Efficiency Changes Type
TC Technology Changes
TCT Technology Changes Type
TE Technical Efficiency
TEC Technical Efficiency Changes
TFP Total Factor Productivity
TFPP Total Factor Profit Productivity
TFRP Total Factor Return Productivity
UNCTD United Nations Conference on Trade and Development
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