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ABSTRACT

Provincial competitiveness is strategically and imperatively important for

China to achieve and sustain its economic leadership in the global economy. Albeit

recent attention of scholars and government officials, the studies to date have

produced limited empirical evidence that could aid policy makers to understand the!

contributing factors and development strategies for provincial competitiveness. Hence,

this thesis develops a production approach to decompose Chinese provincial

competitiveness index into two productive-efficiency-based components, so as to

uncover development strategies hidden in the index. The resulting model fully retains

the information embodied in the original index and implements a mechanism to

generate development strategies.

Applying the proposed model to China's provincial data of competitiveness

for the period 2005-2008, the thesis finds that coastal provinces can adopt an

unbalanced development strategy by expanding their relatively uncompetitiv^ sectors.

For western provinces, however, what is better for them is to take the balanced

development strategy through simultaneous enhancement of every aspect of the

competitiveness index. Moreover, a combination of the two strategies would better

match the specific circumstances of some particular provinces. Besides that, the

results show that reducing provincial disparity in terms of competitiveness would

firstly require focusing on narrowing the regional gap. In addition, this thesis attempts

to seek a set of benchmark weights for dimensions of provincial competitiveness.
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CHAPTER 1

INTRODUCTION

1.1 Research Background

Competition by nature is a pervasive and ubiquitous phenomenon. Not only

do human beings compete for wealth, land, superior position and so on, but also

regions and countries compete with each other to achieve their objectives

(Boschma, 2004; Camagni 2002). Along with the process of globalization,

countries can achieve their economic and political goals through economic

channels such as trade, foreign direct investment and etc. (Narula et al. 1998).

Interactions among countries create both new opportunities and challenges

(Newall, 1992). As a result, the prospects of a country will depend on how it can

achieve high competitiveness and occupy a competitive position in the world

market.

Competitiveness is meaningful and important in theory and practice because

strong competitiveness reflects high productivity as well as large potential return

to investment (Schwab, 2010). China, as a fast-growing economy, has to adopt

policies to enhance her competitiveness in order to sustain continuous

development. Actually, China has paid serious attention to achieving strong

competitiveness. The 17th National Congress of the Communist Party of China,

which was held in Beijing at the Great Hall of the People in October 2007,

marked some important directives: 1) in order to realize a moderately prosperous

society (Xiao Kang She Hui), "comprehensive national strength" had to be

significantly enhanced; 2) in terms of cultural development, "international



competitiveness" of cultural industry had to be given sufficient emphasis; 3) to

deepen fiscal and financial system reform, improving competitiveness of the

banking, securities and insurance industries would be an important strategy; 4)

with respect to economic development, the overall quality and international

competitiveness of the economy had to be given priority; 5) to accelerate the

transformation of economic development, regional governments had to encourage

the development of internationally competitive large enterprises; 6) to promote

"national cultural soft power", culture must play a more and more important role

(Li et al., 2008). These statements undoubtedly bring out the fact that the central

government has started to take the competitiveness of the country seriously.

In order to enhance competitiveness, Chinese leaders have to formulate

development policies strategically. How to win the "smokeless war" is

increasingly becoming more and more essential for the sustainable development

of China. As the ancient Chinese strategist Sun Tzu said, "If you know yourself

and your enemy well, you will win every war". It is insightful for policy makers

to know what the position China is at. Provinces are the largest administrative

divisions in China and provincial economies are the core components of the

Chinese economy. Thus provincial competitiveness to a large extent determines

the competitiveness of the Chinese economy.

Provincial competitiveness is an imperative concern in order to further

improve the national competitiveness. The World Competitiveness Yearbook

(WCY) (IMD, 2003) and the Global Competitiveness Reports (OCR) (Schwab,

2010) have been focusing on constructing a competitiveness index to study

2
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competitiveness of nations a

Scholars in China have also conducted research on this topic since the late

1990s. The most influential study has been the publication of Fujian economic

competitiveness by Wang and Li (2004;, which established a theoretical

foundation for subsequent Chinese provincial competitiveness reports. The

authors considered competitiveness as a composite concept which should include

a variety of aspects of the economy such as the efficiency of capital allocation, the

macroeconomic conditions, the infrastructure, the function of the government and

so on. Based on the framework in Wang and Li (2004) and Li (2006), the Annual

Report on Overall Competitiveness of China's Provincial Economy has been

published annually since 2007. In these reports, detailed information was released

about the dimensions of provincial competitiveness.

1.2 Research Questions, Objectives and Contributions

The Annual Reports presented the performance of Chinese provinces in

terms of dimensions of competitiveness and made a univariate ranking. However,

the policy suggestions for each province were too broad and vague to be

practically insightful. Given the disposable resources for each province are limited,

the proposed policies fail to make clear policy implications as to how each

dimension should be emphasized.

The evaluation of provincial competitiveness relies on a set of weights

assigned to dimensions by a survey of experts. This kind of weighting system is

subjective. The accuracy of weights to reflect the importance of dimensions in the

3



final index depends on many things such as the knowledge and preferences of

experts. To overcome the weakness of subjectivity, Chapter 6 explores objective

benchmark weighting systems. This provides an alternative to researchers for

competitiveness index composition.

In view of the importance of competitiveness and the shortage of systems to

provide policy implications, this thesis aims to address three issues. First,

resources are limited, and thus allocation of resources among different dimensions

is critical to enhance competitiveness. To address this issue, this thesis takes a

production approach to study provincial competitiveness. Second, provinces are

different and thus workable policy suggestions should be tailor-made. The

proposed approach is used to derive policy suggestions for individual provinces.

Third, the weighting system is subjective. Existing studies depend on experts'

opinion to assign weights to dimensions of competitiveness. As a result, this thesis

thus proposes four models to seek a set of benchmark weights.

This thesis contributes to the literature in the following aspects. Firstly, the

decomposition of the provincial competitiveness index into two productive-

efficiency-based multiplicative components enables researchers to assess the

tradeoffs between dimensions and to rationalize resource allocation. Secondly,

thanks to the production approach, the competitiveness of a province can be

enhanced by a strategy that either changes all dimensions proportionately, or alters

the dimensional mix, or utilizes some combinations of both. This kind of

decomposition allows decision makers to adopt appropriate policies when they are

confronted with limited resources. Finally, using different perspectives, a series of

4



models to generate a set of benchmark weights is proposed. These models are

proved to have possessed suitable properties t

1.3 Thesis Organization

The rest of the thesis is organized as follows: Chapter 2 briefly reviews the

literature on competitiveness, including the definition of competitiveness ?

theoretical models of competitiveness, and empirical studies of competitiveness .

In addition, some pervasive weighting models of an integrated index are discussed.

Chapter 3 introduces a production method to decompose the existing

competitiveness index into two meaningful components. Chapter 4 applies the

production method to Chinese provincial competitiveness index. Chapter 5

provides empirical evidences concerning regional competitiveness disparity.

Chapter 6 concentrates on computing a set of benchmark weights while Chapter 7

concludes the thesis.

5



CHAPTER 2

LITERATURE REVIEW

2.1 Theoretical Studies on Competiveness

While widely studied, there seems to be no consensus on the definition of

competitiveness (Krugman, 1996). Scholars from various disciplines have tried to

define competitiveness from different perspectives (Buckley et al., 1988). Scott

and Lodge (1985, p.3) defined competitiveness as "a country's ability to create,

produce, and distribute goods or services in the international market, while

earning rising returns on its resources". This definition treated counties as if they

were big corporations in the international market without specifying attributes of a

country that are different from that of corporations. The definition from OECD

(1996) was "the degree to which a country can, under free and fair market

conditions, produce goods and services which meet the test of international

markets, while simultaneously maintaining and expanding the real income of its

people over the long term." (Budd & Hermis, 2004, p. 1016)

In addition, the IMD (2003) defined competitiveness of nations as "how

nations create and maintain an environment which sustains the competitiveness of

its enteqwises" and publishes the World Competitiveness Yearbook (WCY)

annually. In comparison, the definition of the World Economic Forum (Schwab,

2010, p.4) was "the set of institutions, policies, and factors that determine the

level of productivity of a country". This is consistent with Porter (1990) who

argued that at the country level, productivity is synonymous with competitiveness.

The Forum also provides the Global Competitiveness Reports (OCR). Although

6



r
these two leading competitiveness indices are different in terms of their coverage

of countries, measurement of index and balance of hard and soft data, they are

subject to some common shortcomings. Firstly, both definitions mainly focus on

advanced countries and neglect less developed countries. Secondly, they face the

difficulty in comparing the competitiveness of a surveyed country with one that is

not included (Lall, 2001).

Notwithstanding the difference in all these definitions, they reflect a

common spirit that competitiveness implies the ability of a country to create an

environment that is conducive to the prosperity of the country (Kao et al. 2008). It

is also obvious from these definitions that the competitiveness of a country is a

broad concept which can hardly be defined in a simple concept.

When people became fascinated by the policy implications of the word

"competitiveness", many scholars (Cellino and Soci, 2002; Krugman, 1994a;

McFetridge, 1995) suspected the applicability of this term at the country level.

Among them, Krugman was the most prominent opponent. He argued that nations

were not involved in a zero-sum game. Instead, countries benefited from

interacting with each other in the international market (Krugman, 1994a). The

opponents also complained that national economies did not go out of business like

uncompetitive firms (Kitson et al. 2004; Krugman, 1994a).

Other scholars (e.g. Prestowits, 1994; Krugman, 1994a) tried to respond to

these suspicions. For example, Prestowitz (1994) responded that Krugman (1994a)

was correct in the case of trade between the United States and Costa Rica, but not

7
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between the United States and Europe, and thus the applicability of this concept

depended on the specific situation. Krugman (1994b) argued that a county's

economic fortunes were determined not by its success in world markets, but by its

domestic productivity, so competitiveness at the national level was equivalent to

productivity. Thurow (1994) responded that if the domestic economy was to

enhance its productivity, it must first compete successfully in the global economy.

Cohen (1994) further stated that an exclusive focus on productivity had some

dangers. Krugman (1994b, 1996) warned that an obsession with competitiveness

was dangerous and advised concentrating on productivity. All these intellectual

debates were sparring though insightful, but they made the situation more

confusing (Cho et al. 2000).

Although such disputes exist on how to define competitiveness, scholars

have continuously endeavored to develop models to explain competitiveness

related issues. Adam Smith suggested that countries could benefit from trade if

they specialized in the production of goods in which they had absolute advantage.

Thus, the competitiveness of a country depended on whether the country had

absolute advantage over some goods and whether the government in charge could

make policies to support such productions. Ricardo extended the concept of

absolute advantage and proposed the concept of comparative advantage which

implied that even if a country didn't have any absolute advantage in any goods,

this country could still be better ofif from international trade due to a comparative

advantage. In order to explain the sources of comparative advantage, Heckscher-

Ohlin, the H-0 theory hereafter, argued that comparative advantages stemmed

from the difference in factor endowments. Since then, many other theorems have

8
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been proposed, such as factor price equalization theorem, Stolper-Samuelson

theorem, Rybczynski theorem etc. (Cho et al. 2000). An empirical study carried

by Leontief(1953) found that the most capital-intensive country, the United States,

was exporting labor-intensive goods which were against the H-0 theoretical

prediction. Inspired by the famous Leontief paradox, other theories, such as

product cycle, country similarity and economies of scale, were used to address

this paradox (Cho et al. 2000).

Neither the discussion on the definition of competitiveness nor the

theoretical models explaining competitiveness set off a timely study of

competitiveness until Porter published his famous book The Comparative

Advantages of Nations in 1990. Porter (1990) criticized the traditional doctrine,

whose origin as discussed dates back to Adam Smith and David Ricardo. In his

opinion, competitiveness was determined by four forces: (1) factor conditions, (2)

demand conditions, (3) related and supporting industries, (4) firm strategy

structure and rivalry. Porter's model comprehensively provided explanations

about why some countries could be more competitive than others. However ;

Porter's model could not stave off criticism due to its little attention to

multinational activities. Among all opponent economists, Rugman (1991) argued

that Porter's diamond model did not incorporate the significance of multinational

activity which undermined its usefulness. Rugman and D'Cruz (1993) extended

Porter's diamond model to a double diamond model by including the effect of

interactions.

While the improved double diamond model was able to fit well in the case

9
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of economies like Canada, but it could not work well for others. As a result, a

more generalized model was proposed by Moon et al. (1998). Their model

emphasized two elements. The first element is the sustainable value added to a

country resulting from both domestically owned and foreign owned firms. The

second element of sustainability required a value added configuration spread over

.

many countries.

In sum, competitiveness has long been drawing the attention of economists

and government organizations and yet the definition of competitiveness remains

inconclusive. Scholars have continuously endeavored to account for diflferences of

competitiveness among countries, but it was Porter's The Comparative

Advantages of Nations which inspired the recent upsurge of research into national

competitiveness. This thesis will not explore the controversies involved in the

definition of competitiveness. Instead, the definitions of World Economic Forum

(Schwab, 2010, p.4) are adopted as the reference point.

2.2 Empirical Studies on Competitiveness

Conceptual controversies regarding competitiveness inevitably cause

difficulties in conducting empirical research on this topic. Researchers in this field,

however, have done an excellent job by focusing on only some aspects of

competitiveness or only regional competitiveness which is less complicated than

national competitiveness. Some studies have indirectly studied national

competitiveness by investigating the performance of firms inside the country. For

instance, referring to a nation's competitiveness as the nation's ability to produce

10



and distribute goods and services that can compete in international markets and

simultaneously to increase the real incomes and living standards of its citizens,

Blaine (1993) examined the relationship between profitability and

competitiveness using firms in Japan and America. Unsurprisingly, Blaine

concluded that profitability of firms was not necessarily related to national

competitiveness. Also, Moon and Lee (2004) compared the competitiveness of

Samsung Electronics Corporation (SEC) and Sony Corporation by using the

generalized double diamond model. They concluded that although SEC has made

headlines in the mass media, the empirical results indicated that Sony Corporation

was still more competitive than SEC. Their paper showed a good example of the

application of the extension of Porter's diamond model and how the theoretical

model could be properly applied to multinational corporations. To sum up, these

studies share a common idea that national competitiveness cannot be clearly

defined, but that the performance of corporations of a country can reflect national

competitiveness. The results can be related to the study of competiveness in this

thesis: if firms located in a province are profitable and possess a remarkable

market share, it is possible that the province is also competitive.

In comparison, some scholars (e.g. Fetscherin et al. 2009; O'Mahony et al.

2003) have studied competitiveness from the performance of industries in a

country or a region. Fetschenn et al. (2009) evaluated the competiveness of

Chinese industries with respect to export performance. A novel framework was

developed to take into account industry specifications, industry export growth rate

and relative industry size. The results indicated that Chinese industries

dynamically increased their specialization over time but less than half of them

11
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were not competing globally. O'Mahony et al. (2003) also linked industrial

performance to the competitiveness of Europe. In these two studies, the

performance of industries acted as a proxy for national competitiveness.

While performance of firms or industries does reflect some aspects of

national competitiveness, direct studies on national or regional competitiveness

are more informative. Thompson (2004) collected data from senior managers in

Hong Kong to run hierarchical regression tests to explain why Hong Kong

competitiveness declined during the period 1993-2004. The results indicated that

institutional circumstances played a more important role than cost conditions. In

his model, Thompson constmcted a proxy of national competitiveness of Hong

Kong by considering both the definition of competitiveness at sectorial level and

the economy level. Csath (2007) pointed out that traditional competitiveness

studies always focused on effectiveness and efficiency of using resources, living

standards, and economic growth rate. However, the real sources of

competitiveness today were brains, hard working and clean government. In terms

of different development stages, "compete on the cheap theory" and "compete

with value creation and knowledge theory" were constructed. Specifically, Csath

(2007) testified the relationship between competitiveness and the level of

corruption, social capital accumulation, social responsibility, quality and

transparency of government policies. Ezeala-Harrison (2005) distinguished

competitiveness based on productivity, trade performance and real income. His

study developed a framework according to total factor productivity to fully

conceptualize both micro and macro aspects ofcompetiveness.

12
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Lin ei al. (2004) conducted a systematic study on the national

competitiveness of Thailand. They developed a framework consisting of five

categories: economic performance, technology development, human resources,

management, and productivity. For each category, data of sub-category were

collected from publications and from top managers in Thailand. Their studies

provided meaningful source materials for future work in this aspect, but they were

weak in theoretical discussions and specific implications. Hsieh et al. (2004) used

a similar framework to Lin et al. (2004) to study the national competitiveness of

Vietnam. Their aim was to fill the gap in that OCR and WCY did not pay much

attention to the competitiveness of less developed countries. They concluded that

although Vietnam was currently less competitive compared with other countries of

the Association of Southeast Asian Nations (ASEAN), its performance was rather

impressive considering its development level.

To sum up, the above empirical studies reveal the fact that approximating

national competitiveness by performance of firms or industries cannot capture the

whole picture. By contrast, direct studies on national competiveness always

involve studying different dimensions of an economy and the comparison relies

on a composite index.

2.3 Studies on Chinese Provincial Competitiveness

Various studies on provincial competitiveness of China have focused their

attention on the evaluation of industries in the province, such as manufacturing

industry (Zhu, 2005; Zheng et al. 2004), tourism industry (Li et al. 2005; Lv et al.
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2007; Shi et al. 2007; Wang 2006; Zhu et al. 2005), agricultural industry (Wang et

al. 2008) and other industries (Du et al. 2008; Sun et al. 2007; Xu, 2004).

In contrast, other studies have addressed the competitiveness of cities or

counties of a province. Gui et al. (2007) carried out a preliminary study about the

spatial difference in city competitiveness in Shandong province. Zhao (2003)

investigated the regional differences in the economies of counties in Guangdong

province. Besides these, Zhang et al. (2005) instigated a multivariate statistical

analysis on the county-level competitiveness ofHainan province.

While these studies on Chinese provincial competitiveness provide much

information, a systematic and general study on provincial competiveness was not

found in China until Wang and Li (2004) and Li (2006). These studies, proposed

to define provincial competitiveness in a comprehensive way by including (1)

direct competition factors such as the competitiveness of enterprises, (2) indirect

competitiveness factors such as the quality of labor, (3) explicit factors such as

economic growth and (4) implicit factors such as economic sustainability.

2.4 Studies Related to the Common Weights of Competitiveness

In conducting competitiveness comparisons based on a competitiveness

index, dealing with weights of various dimensions of competitiveness is an

unavoidable issue. Weight issues are also found in other areas of economics. In a

competitive market, economic theories argue that there would be an equilibrium

price for a certain type of goods. However, Stigler (1961, p.213) claimed that

14



price "dispersion is ubiquitous even for homogenous goods." Since then scholars

have devoted themselves to explaining this phenomenon by developing

information-based models (Burdett and Judd, 1983; Salop and Stiglitz, 1982).

Others (Carlson el al. 1983; Reinganum, 1979) tried to analyze the existence of

dispersion based on cost difference among firms, search cost of consumers etc.

While these studies on production field are not directly associated with the

measurement of competitiveness, the observation of coexistence of equilibrium

price and price dispersion is similar to our seeking for a common set of weights.

To be specific, for homogenous goods, there should be an equilibrium price but

the practice is that sellers always charge different prices. Similarly, for provinces,

the importance of a certain dimension, indicated by weight, may differ but as a

benchmark, a common weight should be chosen.

In the area of productivity and efficiency analysis, Data Envelopment

Analysis (DEA) is a well established methodology, initiated by Charnes et al.

(1978, p.668). Described as a mathematical programming model applied to

observational data, DEA provides a new way of obtaining empirical estimates of

extremal relations such as the production functions and efficient production

possibility surfaces that are a cornerstone of modem economics. The basic idea of

DEA is to construct a nonparametric piece-wise frontier over the data using linear

programming methods. With reference to this frontier, efficiency scores are

calculated. As extensions of DEA, methods aiming at providing complete

rankings are proposed to find out a set of common weights. For example,

Sinuany-Stern (1998) and Sinuany-Stem et al. (1994) proposed to generate a set

of common weights by utilizing statistical techniques such as canonical
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correlations. Li and Reeves (1999) proposed a Multi-Criteria Decision Making

(MCDM) model to combine multiple-criteria decision methodologies with the

DEA approach to increase discrimination between decision making units, so as to

find out a set of common weights. Additionally, although the cross-efficiency

model (Sexton et al. 1986; Hibiki et al. 1999) did not generate a set of common

weights, it depended on a set of individual weights. These DEA models were

developed to find a set of common weights for the outputs and inputs. Some

frameworks have been developed to find out a set of common weights for

dimensions of composite index. Recently, Kao et al. (2008) and Kao and Hung

(2005) have extended the original work of Cooper et al. (CCR) (1978) to measure

national competitiveness of Southeast American countries. Their methods will be

discussed in detail in subsequent chapters.

2.5 Summary

Competition or competitive structure is frequently discussed in economics.

However, the meaning of competitiveness is debatable. First, competiveness is a

rather complicated concept. As a result, any discussion without clarifying the

specific context is ambiguous. For instance, the competitiveness of a firm in the

domestic market should be considered as domestic competitiveness rather than

international competitiveness or regional competiveness. Second, competitiveness

is an integrated concept which means that it often involves multiple dimensions

and cannot be evaluated by a simple index. In reality, people are inclined to

address the issue by simply considering specific aspects of competitiveness.

Despite the controversies involved, research on competitiveness has enlightened

our understanding of the issue with models such as diamond model, general
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diamond model etc. In the present study, competitiveness will be addressed from a

different angle and a production methodology will be incorporated in compiling a

competitiveness index.
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CHAPTER 3

A PRODUCTION APPROACH TO STUDY
COMPETITIVENESS

3.1 Introduction

With respect to Chinese provinces, Zhou et al. (2004) argued that, in theory,

given limited resources, local governments have to enact effective institutional

and public policies through a variety of legitimate ways to attract investment.

They can compete through either expenditure competition which emphasizes the

supply of public goods, or tax competition which pays attention to the reduction

of cost of using resources. Empirical studies found that among local governments

in China there is significant expenditure competition and tax competition (Shen

and Fu, 2006). This ascertains that provinces do compete and competitive

strategies are essential for provinces.

In practice, the Annual Report on Overall Competitiveness of China's

Provincial Economy defined competitiveness following the World Economic

Fomm (2010, p. 4). The reports further simplify provincial competitiveness as the

ability to attract resources. The annual reports provide a lot of information about

the main dimensions of competitiveness, which in turn contain more than one

hundred sub-dimensions. However, as Chapter 2 mentioned these reports are

unable to generate specific policy implications. For instance, it is well known that

coastal provinces such as Shandong, Zhejiang, Guangdong etc. are well developed.

According to these reports, it is suggested that these coastal provinces increase

investment in aspects in which they score lower and try to maintain their efforts

into their strong sectors. These kinds of recommendations are too general to be
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practically executable.

In the present study, provincial competitiveness is defined as the set of

institutions, policies, and factors that determine the level of productivity of a
.. . t

province. In accordance with this definition, the more competitive a province is

the greater will be its productivity and its attractiveness to the investors that will

provide the capital to sustain and enhance economic growth. Regarding this issue,

this chapter introduces a production approach to decompose the existing

competitiveness index into two productive-efficiency-based multiplicative

components. As shown below, a region's competitiveness can be enhanced by a

strategy that change all dimensions proportionately, or alter the dimensional mix,

or adopt some combinations of both. This kind of decomposition allows decision

makers to adopt appropriate policies when they are confronted with limited

resources. The rest of the chapter presents the conceptual framework that will be

used.

3.2 The Conceptual Framework

Although achieving a higher competitiveness index is a common goal of

provinces, how a higher index can be obtained is not immediately apparent from

studying the competitiveness index and its dimensions. The dimensions include,

for example, competitiveness in industry, competitiveness in finance, etc. Should

a province emphasize strengthening her strong dimensions, weak dimensions, or

all dimensions? To answer this particular question, this thesis proposes to treat the

dimensions of competitiveness as outputs in a production process, which
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establishes a framework for the analysis of economic development strategies in

general and, as shown below, in China in particular.

Suppose that overall competitiveness, y, is determined by a weighted

average of At competitiveness measures that are summarized in an M-dimensional

vector. When two vectors of dimensions are proportional to each other, they are

of the same dimension mix, otherwise they are said to have different dimension

mixes. Focusing specifically on provincial competitiveness, to improve

competitiveness, a province can increase all dimensions proportionally without

changing the dimension mix. This kind of policy is referred to as the balanced

development strategy. Alternatively, during the process of increasing

competitiveness, the province can emphasize particular dimensions at the

detriment of others. This will change the dimension mix and it is referred as the

unbalanced development strategy.

MLet y = (yi,y2,--;yM^vi{^ be the vector of dimensions of

competitiveness, where Vmiin = 1,...,M, IS the mth dimension off

competitiveness. It is hypothesized that there is a "technology" behind these

dimensions. A province can increase all dimensions proportionally up to a certain

limit given the current "technology". The set of all feasible vectors of these

dimensions is defined as S: = {y: y is a vector achievable by a province}. Since

the dimensions are mainly ratios, the absolute size of a province is immaterial.

Assuming that this set is the same for all provinces. In addition, S is assumed to

have the following two properties:

a. (Free disposability) If y e S and y' s y, then y'e S.
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b. (Convexity) If y, y' e S, then ty+(\ -t)y'e S for 0 ^ t S 1.

For purposes of exposition, consider Figure 3.1 in which there are only two

dimensions of competitiveness, y^ and yz. The curve ZZ', which satisfies both free

disposability and convexity assumptions, represents the efficient frontier for the

generic province in terms of feasible maximum dimension mixes of

competitiveness. That is, any combination of the two dimensions of

competitiveness that lie on the frontier produces the highest possible level of

competitiveness for that province, given the ratio of these two dimensions. The
feasible set S is the area between the ZZ' and the positive horizontal and vertical

axes. Consider point A, which is inside set S. A balanced development strategy

means moving from A to B along a given ray. This is similar to improving

technical efficiency in the production context. In other words, those provinces

located within the frontier, should focus on how to expand their competitiveness

to the frontier. However, if point C is the target, moving from A to C will involve

a non-proportional increase in both dimensions which is an unbalanced

development strategy. Moving from point A to point D is also an unbalanced

development strategy in which the dimension yz is emphasized at the expense of

dimension y\. This strategy is similar to improving their allocative efficiency in

the production context.

^

z
D

c

^A^

c f^

B
.VT-^

V2 ^0 -^'^**^

.t,Jft

^.>^f~^' .
Vi0 z'0 Yi

Figure 3.1 Competitiveness 'Frontier'
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0Let y be the competitiveness vector of our generic province at point A. If

point A does not lie on the efficient frontier, then in principle overall

competitiveness can be improved through a balanced development strategy in

0which the elements of y are increased proportionally. Any possible increase,

however, is bounded by the set S. The potential improvement in competitiveness

through balanced development is measured as:

0
Ep=maxff{ft ffy" 6 S}.

0
The measure Ep is called the efficiency of proportional competitiveness. Since y

e S, (9=1 is always possible, Ep S 1. When Ep = 1, no further balanced

development is possible; improvement must be boosted by some technological

advance, say, an outward shift in the frontier. When Ep> 1, 100 x (Ep - 1) may be

interpreted as the potential percentage increase of the competitiveness index. If a

province is currently operating at point A, then Ep will be calculated by the ratio

of OB to OA.

Denote by Wm the weight assigned to dimension m in the overall

competitiveness index, C, so that C = I.mWmYm. Note that Wm in most studies is

obtained by surveying different experts in relevant fields. In the case of China's

provincial competitiveness, as will be discussed in detail, the weights are the

averaged opinions of academic experts and government officials. The observed

competitiveness for the province that operates at y° will therefore be C° = "LmWmym>.

Now, let yl = Ep*y° be the dimension vector of the maximum expansion of y°, and

C' = ZmWm^m1. It is easy to see that Ep* = C1/C°, or the ratio between the

competitive index of maximum proportional expansion on all dimensions and the

observed or extant competitiveness index.
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If the weights correctly reflect the policy maker's preferences, then the

target of the policy maker is to find feasible combinations of ym to maximize the
competitiveness index. The maximum value of C is

C* = maXy{SmWmym-- Y e S} = SmWmY^ s SmWmYm = C1(3.1)

where y* is the optimal solution to attain the maximum competitiveness C*. Note

that a linear preference function is simply used for analysis even though nonlinear

function form may be an alternative. The potential for increasing the observed

competitiveness may then be measured by:
1c* c (3.2)Oc=-^-.=E^1-

c c°

where Oc is called the overall efficiency of competitiveness, and Oc= 1 implies

that a province has already attained its highest possible level of competitiveness ;

compared to other provinces. Oc 1 implies that 100 x (Oc - 1) % of the>

competitiveness index can be increased provided that the province can achieve the

dimension vector^*. It is easily seen that:

1c* c c*
0.= .E^. (3.3)»

c 1 pc1 c° c

Let Erf = C*/C1 so that Oc= E^-Ep. & is called the efficiency of dimension mix

competitiveness. This model is similar to the output-oriented technical efficiency

of a firm in the setting of DEA. It follows (3.2) that Ed ^ 1. Since Ep measures

the increase in the degree of competitiveness by proportional expansion along the

given dimensions, Ed measures the gain in competitiveness by moving from y to

y*. If Ea > 1, the change must be achieved by a non-proportional change in the

given dimension mix of/ and an unbalanced development strategy is necessary

to attain the maximum degree of competitiveness. As shown in Figure 3.1, Oc =

OC70A, Ed = OC'/OB and Ep == OB/OA. In all of the above three measures, a
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larger value means a larger potential gain in competitiveness.

Decomposing the competitiveness index Oc into two components, namely

Ed and Ep, has two great implication-yielding virtues. Firstly, it is conjectured that

there are particular institutions and organizational stmctures of a society (factors

that cannot be included in the individual dimensions) that support each mix of

competitiveness dimensions. For example, dimensions yi and ya, in Table A3.1,

standing for competitiveness in industry and finance respectively, had values of

47.1 and 68.2 for Shanghai in 2005; their ratio is 1.4. By contrast, the respective

values for Hainan in 2005 were 30.4 and 18.4, resulting in a ratio of 0.6. To

support a larger financial sector relative to the industrial sector, Shanghai is

expected to have better communications infrastructures and relatively larger

departments related to telecommunications and security management, while

Hainan might be expected to have had relatively more highways and a larger

department of construction to support the development of the industrial sector. If

Shanghai is classified to be overall highly competitive, Hainan has to drastically

change its dimension mix in order to approach competitiveness similar to

Shanghai, in addition to raising the values of its dimensions. That is, some

institutional changes are necessary. Secondly, the overall degree of

competitiveness strongly depends on the weights of the dimensions that are

proposed by experts. This kind of weighting system is very and aptly susceptible

to criticism, which is an issue that is not intended to be addressed further in this

chapter. Rather, those weights are taken as given and the study proceeds under the

assumption that the weights provided by the relevant reports reflect the policy

makers' preferences.
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3.3 Summary

Conventional analyses of competitiveness always only provide detailed

information about competitiveness dimensions and make univariate rankings of

the subjects in concern, but are often lacking specific policy recommendations.

Perhaps, it is because these studies only aim at reporting relative performance of

the subjects or because the methods used do not cater for specific policy

recommendations. For instance, the Global Competitiveness Report (OCR) and

the World Competitiveness Yearbook (WCY) report detailed information about

more than one hundred aspects of competitiveness for all countries examined.

However, these reports do not provide any specific policy suggestions. In the case

of the Annual Report on Overall Competitiveness of China's Provincial Economy,

while it provides details about each province, only very general and broad policy

implications are proposed.

In contrast to conventional methods, the framework proposed in this chapter

provides three specific policy choices. Firstly, the balanced development strategy

can be applied to Chinese provinces such as Gansu and Guizhou that far surpassed

by advanced provinces as discussed in subsequent chapters. Secondly, advanced

provinces such as Guangdong and Zhejiang can improve their competitiveness by

emphasizing some dimensions of competitiveness and turning their attention aside

from other dimensions, relatively speaking. Finally, provinces that cannot be

easily positioned by either a balanced or unbalanced policy can choose to use a

mix of the two strategies.
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CHAPTER 4

THE COMPETITIVENESS OF PROVINCES IN CHINA

4.1 Introduction

The previous chapter has established the theoretical framework. In this

chapter, the framework is applied to compute the Chinese provincial

competitiveness index. Until now, only the original competitiveness indices

reported by Li et al. (2007; 2008; 2009) have provided the ranking of Chinese

provinces. The proposed model enables us to exploit the notion of production

efficiency to infer the strategies available to policy makers to enhance efficiency

and hence productivity vis-a-vis their region's competitiveness. A similar

application can be found in Guan et al. (2006) who adopted Data Envelopment

Analysis (DEA) to study the relationship between their competitiveness and

technological innovation capability of innovative firms in China.

The rest of this chapter is organized as follows: Section 4.2 briefly

introduces the application procedure. Section 4.3 presents the empirical results.

Section 4.4 provides discussion on policy recommendations. Section 4.5 carries

out a sensitivity test on different types of weights. Finally, Section 4.6 concludes

this chapter.

4.2 Competitiveness Index of Chinese Provinces

Adapting the framework discussed in Chapter 3, the annual provincial data

that are extracted from the Annual Report on Overall Competitiveness of China's

Provincial Economy for the period 2005 to 2008 are used in the empirical analysis.
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The data includes the competitiveness index and its nine dimensions for 31

provinces. The weights assigned to these sub-indices to compute the

competitiveness index are also reported. The descriptive statistics for the nine

dimensions are provided in Table 4.1.

Table 4.1 Descriptive Statistics of the Provincial Data

Dimensions yl y2 y3 y4 y5 y6 y7 y8 y9 Y

2005

14.78 41.69 17.62 26.05Mean 1S.27 35.49 23.91 23.79 23.82 17.15

11.90 7.15 9.13Std 15.31 8.71 6.12 14.05 11.95 8.92 9.54

41.90 37.80 71.50 31.20 46.80Max 51.40 53.90 32.40 68.20 72.10

23.20 4.10 13.47Min 0.10 20.10 8.00 11.20 12.10 7.10 11.80

2006

40.06 14.73 24.81Mean 18.46 36.97 23.60 25.82 22.44 20.29 22.00

11.15 5.98 8.60Std 13.75 8.77 6.15 13.19 12.28 8.41 10.01

42.60 45.50 66.40 26.90 43.14Max 50.40 57.00 32.80 71.00 74.80

19.30 0.30 12.95Min 0.10 18.10 8.40 13.50 6,30 10.50 0.20

2007

38.63 13.62 24.33Mean 18.56 32.12 24.73 27.83 26.11 17.16 20.72

6.06 8.55Std 13.45 7.19 6.07 14.25 12.44 8.46 10.39 11.57

66.40 25.50 43.00Max 48.70 47.20 33.90 74.70 68.90 39.40 44.70

14.09Min 1.10 20.50 9.90 11.80 10.60 5.80 2.00 19.80 3.40

2008

13.84 25.53Mean 21.48 36.68 24.50 25.52 27.25 13.93 22.74 42.59

11.44 11.06 6.69 8.34Std 12.70 8.19 5.74 12.48 12.63 7.02

66.70 26.60 43.62Max 49.40 54.00 34.60 70.80 70.30 35.20 46.80

1.90 22.10 1.30 14.18Min 1.40 20.70 11.80 14.50 14.60 1.50

Note: For detailed information about the nine dimensions, please refer to Table
A3.1 in the appendix.

As shown in Table 4.1, there are no drastic changes in the average scores of

the nine dimensions during our sample period. This suggests that the general

performance in each aspect over the four years is relatively stable. As previously

discussed, a production approach is employed to extract more information from
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these data via the construction ofnonparametric frontiers.

Suppose there are K provinces and the dimension vector of the ^h province

is yk, k = I, ..., K. The empirical set of feasible degree of competitiveness is

constructed by the convex disposal hull of the observed data as in (4.1).

S = {y: S^i Zkyk > y, T,^ Zk = 1, Zfe S 0, fc = 1,..., /0 (4.1)

The set S in (4.1) is similar to the empirical variable-returns-to-scale technology

set in the DEA literature. The dimensions of competitiveness are treated as outputs

of provinces, but there are no inputs. The scores of the nine dimensions are

expressed as ratios or have been adjusted for size so that information along the

lines of the inputs in the production process is not needed. Actually, scholars in

the field of DEA have developed the DEA model without input or output. It is

proved that an output-oriented DEA model without input is equivalent to an

output-oriented DEA model with a single constant input (Lovell and Pastor, 1999;

Kao et a/.2008) The corresponding "efRciency" of proportional competitiveness

for provincey can be found by solving the following standard linear programming

problem,

E^ = maxg{6:T.^Zkyk ^ 0yJ,S^i^ =l,z^Q,k=l, ...,K] (4.2)

Given weights Wm, m 1,..., M, which in the annual reports are extracted by

surveying experts and officials in provinces, the maximum Value of the objective

function is written in (4.3).

a%=i WmVn.-.T.^z^^y,
C}f = max (4.3)y ^^z,,=l,Zk^O,k=l,...,K

The overall efficiency of competitiveness and efficiency of dimension mix

competitiveness are then
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The linear programming problems and equations of (4.2), (4.3) and (4.4) are

applied to the data of all provinces in each of the years between 2005 and 2008.

The software CAMS is used to implement the above linear programmes.

4.3 Empirical Results

4.3.1 General findings

Detailed results are presented in Table A4.1 through Table A4.3 in the

Appendix. To shed light on the general patterns over the four years, the geometric

means of the indexes have been calculated for each year and these are summarized

in Table 4.2.

Table 4.2 Summary of the Efficiency of Competitiveness Index and Its
Decomposition

2005 2006 2007 2008

0 1.90 1.84 1.87 1.79
c

E 1.50 1.43 1.49 1.42

E 1.26 1.29 1.25 1.27
E

Number of
7

provinces 9 7 9»

with En =12

Provinces
Shanghai Shanghai Shanghai Shanghai

with Oc =1
Note: The scores are the geometric means of 31 provinces

Table 4.2 indicates some patterns about the provincial competitiveness index.

First, with the exception of 2007, the average score of overall competitiveness, Oc,

declined from 1.90 to 1.79. This implies that on average a province could have

raised its competitiveness index by 90% to catch up with the best province in

2005, and the potential gain fell to less than 80% by 2008. A fall in the geometric
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mean of Oc indicates that provinces in general are closer to the maximum value of

competitiveness. The average score of the degree of dimension mix

competitiveness, Ed, follows the same pattern, whereas the average score of the

degree of proportional competitiveness, Ep, was basically unchanged. Thus, the

fall in Oc, or improvement in overall efficiency, can be attributed to Ed. The

dimension mix of provinces on average improved during the period 2005 to 2008

so that on average the provinces were closer to the maximum possible value of the

competitiveness index. Second, in each year the average value of Ed is larger than

the average value of Ep. This implies that, in China, on average, a larger portion

of improvement in competitiveness comes from changes in the dimension mix, or

an unbalanced development strategy. Third, the number of provinces that record

Ep=l is also relatively stable. These are the provinces on the frontier of the

feasible set S discussed in Chapter 3. The only province that would be rated as

efficient overall in terms of competitiveness and attaining the efficiency frontier,

Oc= 1, in all four years is Shanghai.

Consider the empirical results for selected provinces in 2005 shown in Table

4.3. Shanghai has already attained the maximum of the competitiveness index and

could not improve further without introducing technological changes that would

move the efficient frontier further outward. Tianjin's index of Oc= 1.40 and it

implies that there is room for a 40% improvement in its provincial

competitiveness. However, with Ep =1, the improvement can only be achieved by

a change in the dimension mix, as implied by Ed = 1 .40.
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Table 4.3 Results for Selected Provinces in 2005

Province Competitiveness Overall Efficiency of Efficiency of
Index efficiency of dimension mix proportional

»t

competitiveness competitiveness competitiveness< .

(Oc) (Bd) (^
Shanghai 46.80

Tianjin 33.49 1.40 1.40

1.43 1.79Ningxia 18.32 2.55

Yunnan 17.87 2.62 1.81 1.45

ti

An interesting pattern emerges in Ningxia and Yunnan provinces. Looking

at the competitiveness index, both provinces have similar competitiveness scores

of about 18. While Ningxia has a higher Ep, Yunnan has a higher Ed. Thus

proportional expansion of all dimensions alone can bring forth a 79% increase in

the competitiveness index of Ningxia, which is more than can be achieved by

changing the dimension mix (that is 43%). It suggests that Ningxia should

concentrate her effort on the balanced development strategy. The reverse is

recommended to Yunnan wherein there is an 81% potential gain from changing

the dimension mix and a 45% potential gain from proportional change. Thus,

Yunnan should change its dimension mix to achieve a larger improvement in the

competitiveness index.

The discussion so far demonstrates how the proposed framework generates

policy implications from the competitiveness index and its decomposition

components. In particular, the cases ofNingxia and Yunnan have illustrated how

the balanced and unbalanced development strategies can be adapted by provinces.
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4.3.2 Analysis by group

Compared to the reports of Li et al. (2007; 2008; 2009), this model has two

noticeable outcomes. First, when the provinces are ranked by Oc scores, the ranks

of all provinces coincide with those in the reports. That is, ranking provinces

according to the 'overall competitiveness' of the reports relative to the 'efficient

frontier' of this study does not change the ordering. Thus, our model does not lose

any ordinal information as to competitiveness as defined by Li et al. (2007; 2008;

2009). Second, the decomposition of the overall degree of competitiveness, Oc,

into the degree of dimension mix competitiveness, Ed, and the degree of

proportional competitiveness, Ep, immediately leads to some important policy

implications which by no means can be achieved by conventional methods.

Turning to those policy implications, all provinces are categorized according

to their average values of Ed and Ep over the four sample years. The results are

presented in Table 4.4. In the table, moving from left to right across the row

implies deterioration in dimension mix competitiveness; moving down the column

means deterioration in proportional competitiveness. So cells in the lower right

comer of the table are bad insofar as competitiveness is concerned, whereas cells

in the upper left corner are good in regard to competitiveness. The four cells in the

lower right corner of the table call attention to the most inefficient provinces with

regard to their distance from the efficient "frontier" of competitiveness. Most

provinces in these cells are Western provinces. In particular, Gansu, Guizhou and

Tibet are in the cell with E^ > 1.6 and Ep > 1.6, being the least competitive. By

contrast, the two province cells in the upper left corner indicate the most
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competitive provinces, with Shanghai, in particular, being the most competitive

. This kind of categorization share similar function as the Porter's Diamondone

Model, because both can identify the relative positions of the provinces *

Table 4.4 Categorization of Provinces

efficiency of dimension mix competitiveness^
E.=l KEd<1.3 1.3<Ed<1.6 Ed 1.6.>

Scores d

W-InneiE-Shanghai E-Beijing,
E-Jiangsu, Mongolia
E-Zhejiang,En=lp E-Guangdong,

0-1 E-Shandong.Ck

^-'
us

E-Fujian, NE-Crt
0.
& E-Hebei, Heilongjiang,0
>

E-Tianjin, NE-Jilin,* t"^
+-*
*^

M-Shanxi-<~t

s. M-Henan,
1<E, $1.3s p NE-Liaoning W-Shaanxi,

8 W-Xinjiang

0

t: E-Hainan, M-Anhui, W-Qinghai,&
M-Jiangxi, M-Hubei, W-Yunnan0

^
&. M-Hunan, W-4^
0

1.3<E Sichuan,5- p t

G <1.6 W-Guangxi,
0

W-Chongqing0

s
u

W-Ningxia W-Gansu,
W-Tibet,

En>1.6 W-Guizhoup

Note: E denotes eastern provinces, W denotes western provinces, NE denotes
northeastern provinces, and M denotes middle provinces.

Shanghai is the most competitive from all aspects as shown in Table 4.4. If

the feasibility set constrains the relation between competitiveness and the

dimensions, further improvement in competitiveness for Shanghai is possible only

through the technological changes necessary to expand the feasible set. In other

words, compared with other provinces in China, Shanghai is already the most

competitive and if it wants to further improve its competitiveness, it has to reform

by for example, learning from advanced cities worldwide, such as New York in

the US, London in the UK etc. Other highly competitive provinces are Beijing,
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Jiangsu, Zhejiang, Guangdong, and Shandong, with Ep 1.

Two conclusions can be drawn up to this point. Our findings are consistent

with the well-known fact that economic development in Western China lags far

behind that of Eastern China as shown in Table 4.4 where it can be seen that more

competitive provinces are located in the Eastern region. For competitive provinces

that are on the frontier of the feasible set, further improvement requires provinces

either (for provinces other than Shanghai) to change their dimension mixes or

(including Shanghai) to innovate new technologies to push the frontier outward.

The chosen strategy depends on the economic environment or standing of the

t

province.

Turning to the "least" competitive provinces which are positioned in the six

cells in the lower right corner of Table 4.4, these provinces may be at different

stages of development and thus the strategies adopted by the most competitive

group may not be applicable to them, at least not in the short run. By constructing

a frontier for the less developed group, the efiRciency of overall competitiveness

and its decompositions for each province in this group is computed. The results

are summarized in Table 4.5 (for detailed results, please refer to Tables A4.4 and

A4.5). The results in Table 4.5 are in some sense consistent with those in Table 4.4.

Among the less developed provinces, Tianjin, Fujian, Liaoning, and Heilongjiang

are found on the frontier. They are from the East or North-east. Tianjin is the most

competitive province in all aspects. To catch up with Tianjin, the other frontier

provinces Fujian, Liaoning and Heilongjiang have to change their dimension mix.

This means that an unbalanced development strategy is the dominant choice for
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them. This kind of strategy parallels that of Rui and Zhang (2010) who suggest

opening Western markets to foreign investment and further lessening the control

of the Central Government. Unbalanced development places greater emphasis on

efforts devoted to specific sectors and industries.

Table 4.5 Categorization for Less Competitive Provinces

efficiency of dimension mix competitiveness^^
Scores Ed»l KEd<1.3 1.3<Ed<1.6 Ed >1.6

E-Tianjin E-Fujian , NE-Heilongjiang
NE-Liaoning

$ Ep-1
6Q
^>
s
<u

E-Hebei, E-Hainan, W-Xinjiang>
»^

.'***

NE-Jilin M-Shaanxi W-Qinghai'(.d
<u
s.
5 M-Anhui, W-Sichuan,
0
u M-Henan W-Shanxi,

".^

a M-Hunan, W-Yunnan,
c 1<E,< 1.3

M-Hubei W-Guangxi,0
*^*
^A
^

^ M-Jiangxi W-Ningxia,
W-Chongqing0

&.
D,
0̂
r^. W-TibetW-Guizhouu
c
<u W-Gansu
u

^ 1.3<Ep$1.6<u

Note: E denotes eastern provinces, W denotes western provinces, NE denotes
northeastern provinces, M denotes middle provinces.

The remaining provinces face either one of the following situations. For the

provinces on the diagonal cells (other than Tianjin) of the table, the potential for

attaining higher competitiveness is the same from adapting either balanced or

unbalanced development strategies so they can choose the approach that best suits

their economic settings. For the provinces outside the diagonal cells, the

unbalanced development strategy can bring forth larger gains of competitiveness.

35

HI



4.4 Policy Recommendations

Different categorizations of provinces indicate that different provinces

should choose different development strategies. According to our analyses in the

previous section, there are three development paths: a balanced strategy to

increase all dimensions proportionally, an unbalanced strategy to change

dimensions in different proportions, and innovation to shift the "frontier". In

general, innovation is the most difficult strategy to successfully implement, but for

Shanghai it is the only choice. By contrast, innovation is not appropriate for

Gansu because expanding the dimensions of competitiveness either proportionally

or disproportionally can lead to huge improvements in competitiveness and each

is more readily achievable.

In practice, after three decades' rapid economic development, coastal

developed provinces are constrained by sharp declines in farmland, environmental

pollution, rising production costs, etc. As a result, during 2005-2008 Zhejiang and

Guangdong had implemented a series of development policies. They tried to

change the structure of their industry by policies such as replacing traditional

agriculture with ecological and dedicated agriculture, replacing industries of high

input, high cost and high emission with industries of high quality, environment

friendliness and social harmony. Specifically, Guangdong province has attempted

to transfer the labor-intensive industries located in the Pearl River Delta to the

East, West and the North mountainous areas of the province while high-quality

labor is employed to work in more developed areas. The local government of

Guangdong and Zhejiang are adopting the unbalanced development strategies by

changing the mix of economic aspects which is consistent with the rationale in our
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model. However, government officials should remain cautious about the potential

problems embodied in those policies. Specifically, as "efficient," competitive

provinces such as Guangdong and Zhejiang are trying to remove away "bad"

industries and bring in "good" industries, as the unbalanced development

strategies suggests. However, before any action is taken, they must analyze well

which industry is really poor and how poor it is. Otherwise, they may end with

replacing "good" with "bad", and even worsen the competitiveness. For example,

coastal provinces are removing manufacturing industries to inland provinces and

trying to establish new high-tech industries. While such strategies are constructive

some negative effects have been caused. For instance, recently, because of such

policies, a lot of labor moved to other locations resulted in a shortage of labor in

the Pearl River Delta. This kind of result definitely was not intended by the

government.

In terms of the balanced policy recommendation, although our analyses

suggest that underdeveloped provinces like Gansu and Tibet should take balanced

development strategies so that they can catch up, in reality, these provinces should

consider whether such strategies fit will. For example, Tibet, as one of the poor

provinces, has continuously obtained support from the Central Government.

Adopting the balanced strategy can improve all aspects of the economy. In

comparison, Guizhou province should take an unbalanced strategy or a mix of

both strategies. The Central Government supports the development of Guizhou,

but the support always tens towards infrastructural construction. In this case,

Guizhou should give higher priority to develop its transportation system as a way

to boost economic growth at the present stage.
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4.5 Sensitivity Test

Previous analysis in the above sections has been established on the premise

that the weights assigned by experts are appropriate. However, since weights play

an important role in our proposed analysis, it is important to consider if changes in

weights will significantly affect our conclusions. Accordingly, this section

conducts sensitivity tests on our results using different sets of weights. Table 4.6

presents the results of (a) the original weights, (b) the equal weights, and (c) the

Vmweights generated by simply using called dimension share weights.MSmsiYm

For comparison purposes, the pairwise Pearson correlation coefficients of

both overall efficiency of competitiveness and efficiency of dimension mix

competitiveness are computed.The results show that three correlation coefHcients

are higher than 0.98, indicating that different weights do not cause signficant

change to our conclusions. In terms of the effect of weights on ranking, the

Speannan correlation coefificient is 1.000 and 0.98 which is extremely supportive

for our supposition that the conclusion from our model is not sensitve to weights.

'\
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Table 4.6 Results Based on Different Weights

Original weights (a) Equal weights (b) Dimension share weights (c)

E Rank
Provinces Oc Ed Ep Rank Oc Ed Ep Rank 0c Ed p

? .02 1.02 2 1.01 1.01 L

Beijing 1.01 1.01

40 7 .40 1.40 1.38 1.38Tianjin 40
1.14 12

Hebei 1.76 1.55 1.14 11 1.74 1.53 1.14 11 1.62 1.42

1.68 1.06 15
Shan? 1.86 1.76 06 12 1.84 1.74 1.06 12 1.78

^

inner 1.71 1.00 10 1.59 1.59 111.72 1.72 1.00 10 1.71
Mongolia
Liaoning 1.56 1.56 00 8 1.55 1.55 1.00 8 1.49 1.49 8

1.22 19
Tilin 2.12 1.74 1.22 20 2.10 1.72 1.22 20 1.84 1.51

14 1.57 1.57 10Heilongjiang 1.90 1.89 14 .87 1.86* *

Shanghai
4 1.11 1.11 4Tiangsu 13 13 4 1.15 1.15

1.18 5 1.18 1.18 5 1.11 1.11 3Zhejiang 18
1.33 1.42 21Anhui 2.21 1.56 .42 21 2.17 1.53 1.42 21 1.89

56 1.07 9 1.66 1.55 1.07 9 1.50 1.40 1.07 9Fujian 1.68
1.33 6Jiangxi 2.11 1.59 1.33 19 2.07 1.56 1.33 19 1.79 1.35

Shandong 1.30 1.30 1.00 6 .32 1.32 1.00 6 1.22 1.22 b

1.44 1.15 13Henan 1.87 1.63 1.15 13 1.85 1.61 1.15 13 1.66

1.37 20Hubei 2.06 1.50 1.37 18 2.04 1.49 1.37 18 1.86 1.36

14Hunan 2.00 1.55 29 15 .97 1.53 1.29 15 1.75 1.36 1.29

Guanedong 1.12 1.12 3 1.14 1.14 1.00 3 1.10 1.10 1.00 j

2.34 1.53 1.53 24 2.06 1.35 1,53 26Guangxi 2.40 1.57 1.53 24
1.47 24Hainan 2.52 1.71 .47 25 2.42 1.64 1.47 25 1.95 1.32

2.17 1.48 1.47 22 1.91 1.30 1.47 22Chongqing 2.22 1.51 1.47 22

Sichuan 2.03 1.51 .34 16 2.00 1.49 1.34 16 1.82 1.36 1.34 18

Guizhou 3.02 1.63 1.86 30 2.92 1.57 1.86 30 2.41 1.30 1.86 30

Yunnan 2.62 1.8 1.45 28 2.53 1.75 1.45 28 1.96 1.35 1.45 25

Tibet 3.48 1.65 2.11 31 3.33 1.58 2.11 31 2.62 .24 2.11 31

Shaanxi 2.05 1.66 .24 17 2.03 1.64 1.24 17 1.80 .46 1.24 17

Gansu 2.97 1.64 1.81 29 2.90 1.60 .81 29 2.40 1.33 1.81 29

Oinehai 2.61 1.58 1.65 27 2.52 1.52 1.65 27 2.12 1.28 1.65 27

Ningxia 2.55 1.43 1.79 26 2.50 1.39 1.79 26 2.25 1.25 1.79 28

1.92 1.45 1.32 23Xinjiang 2.31 1.75 1.32 23 2.28 1.73 1.32 23

Pearson correlation coefficient between Oc(a) and Op (b) 0,9997

Pearson correlation coefficient between Oc(a) and Oo(c) 0.9969

Pearson correlation coefficient between Ed (a) and Ed(b) 0.9848

Pearsoncorrelation coefficient between Ed (a) and Ed (c) 0.8593
1.0000Spearman correlation coefficient between rmk(a)andrankW
0.9871Spearman correlation coefficient between rank(a) and rank(b)

4.6 Summary

The research has systematically studied the provincial competitiveness of

China. On the one hand, the index of competitiveness only provides a univariate
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ranking. On the other hand, information derived from investigating the individual

dimensions of competitiveness is too diverse in conventional studies. This chapter

applies a production approach originating from a production methodology in the

productivity and efficiency analysis literature to extract wider policy implications

based on the Chinese provincial competitiveness index and its dimensions.

Our model preserves the information of the existing indices by holding

exactly the same relative ranking of the provinces. In addition, our model enables

us to draw unequivocal policy implications for the provinces. Although the

importance of the balanced and unbalanced development strategies differs for

different provinces, in general changing the dimension mix is necessary to

improve competitiveness. A change in the dimension mix implies structural

changes for the economy. While Fan et al. (2003), using pre-1997 data, concluded

that structural changes have been the main momentum for China's economy from

the productivity perspective; this study has shown that structural changes are still

needed from the perspective of provincial competitiveness.

To sum up, our results suggest that: (1) to further improve its economy,

Shanghai, the most competitive province, should implement high-technology

projects and focus on long-term development; (2) other frontier provinces such as

Beijing and Guangdong should change the structures of their economy to further

enhance their competitiveness; (3) frontier provinces such as Tianjin and Fujian

need to take lessons from the most competitive of the frontier provinces to get

closer to the most competitive group; and (4) the less competitive provinces

should choose development strategies tailored to their individual situations.

40



CHAPTER 5

REGIONAL COMPETITIVENESS INEQUALITY OF CHINA

5.1 Introduction

China's rapid economic growth of recent decades, which has generally

exceeded 8% per year, has not been shared equally among her provinces, with

Guizhou and Tibet, in particular, lagging behind the rest in terms of both

economic development and per capita income growth. These regional disparities

may well be an inevitable consequence of the policy, "Let some people, some

regions get rich first, and then they help with the development of the rest" set

forth by the Chinese Premier Deng Xiaoping in 1985. The regional-disparity issue

has, however, not gone unnoticed by the Chinese government officials. Indeed, in

1999 the Party Secretary Jiang Zeming initiated the Western Development

Programme (WDP) to counter the imbalances that were exacerbated by the

economic growth enjoyed nationally.

To what extent has the WDP been effective and what strategies can regional

policy makers in the laggards, as opposed to the Central Government, adopt to

catch up, and what strategies can the policy makers in the leading regions adopt in

their quest to remain at the forefront? The purpose and main contribution of this

chapter is to answer these questions. Conventional studies of regional disparities

in China, such as those of Cheng (1996), Lam et al. (2011), Tsui (1996), and Yao

et al. (1998), focus on income, output or consumption inequality. This chapter will

view regional disparity from the competitiveness perspective. Kim (2006) and

Witztum (2003) have considered the relationship between inequality and
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competitiveness, but their focuses differ from that of this study.

The rest of this chapter is organized as follows. Section 5.2 makes use of the

Theil index to investigate the regional disparity in competitiveness. Section 5.3

briefly concludes.

5.2 The Inequality of Competitiveness

While empirical results in Chapter 4 indicate that provinces are different in

terms of Ep and Ed, it seems that provinces in the same cell in Table 4.4 and Table

4.5 belong to the same regions. As a result, discussing regional disparity in terms

of competitiveness will strengthen our understanding of Chinese provincial

competiveness.

To reflect the disparities in competitiveness among China's regions, we rely

on an entropy-based measure, the Theil index. Let x denote an A^-dimensional

vector of variables, x,, with mean u = ©x,)W. Theil's measure may then be

written as follows:

N

^4Z'<> (5.1)
t=l

The closer the index is to zero, the greater is the equality. This index is zero if and

only if the value of x; is the same for all.

In the present application, x denotes the vector of competitiveness values

over the N = 31 provinces, as alternatively measured by Oc, EA and Ep. The

respective means are denoted as Oc ,Ep, £dFollowing Duro and Esteban (1998)

42



and Cheng and Li (2006), given that Oc= E^-Ep, the following decomposition of

the inequality in terms of competitiveness is derived:

N N

^=^)-^wM,
=m)+T(^)+mvy (5.2)

.'"(A)'In essence, the interaction term is a residual that, as shown by

Cheng and Li (2006), indicates the correlation between Ed and Ep. Specifically, the

interaction is positive (negative) when Ed and Ep are positively (negatively)

correlated. When this term is zero, it implies that Ed and Ep are uncorrelated. The

measure T(x) is always positive and a larger number indicates greater inequality.

Let us first examine the general interprovincial competitiveness inequality,

which is summarized in Table 5.1. From this table, it is obvious that there is

significant inequality among provinces. Both inequality in Ed and Ep make

enormous contribution to the overall inequality but the degree of inequality in Ep

is larger. That means improving the economic structures as reflected by the nine

dimensions of competitiveness can go further towards alleviating the inequality.

The positive interaction term implies that, generally speaking, the degrees of

inequality in Ed and Ep are positively correlated.

Table 5.1 Interprovincial Competitiveness Index and Its Decomposition

T(OJ T(Erf) T(Ep) Interaction Term

2005 0.0495 0.0125 0.0250 0.0120

2006 0.0511 0.0146 0.0217 0.0148

2007 0.0491 0.0152 0.0191 0.0148

2008 0.0448 0.0129 0.0173 0.0147
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Shorrocks (1982) and Tsui (2007), however, assert that it is always

informative to isolate overall equality into within-region and between-region

inequality. Suppose there are M regions. Let OcJ and TJ be the overall efficiency

and the value of Theil's measure of region j. Using a bar to denote the sample

mean of a variable, the formula ofShorrocks (1982) and Tsui (2007) is:

T(.0,-)=Tt,W+T^O^ (5.3)

where T;, = .^.X^il" (^j) is the inequality due to between regions and T^, =
c

-'ZM^T] is the inequality that is due to within region disparity. The results are

summarized in Table 5.2.

Table 5.2 Within-Region and Between-Region Competitiveness Inequality

T(0c) Tw Tb

2005 0.0495 0.0142 0.0322

(28.78%) (71.22%)
2006 0.0511 0.0133 0.0357

(26.14%) (73.86%)
2007 0.0491 0.0087 0.0338

(17.79%) (82.21%)
2008 0.0448 0.0048 0.0316

(10.67%) (89.33%)

Generally, inequality with respect to the competitiveness index tends to

decline over the studied period. The within-region inequality (Tw) dropped from

0.0142 in 2005 to 0.0048 in 2008. In contrast, the between-region inequality (Tb)

was larger than Tw every year and was always larger than 0.03. Thus, the major

source of overall competitiveness inequality is interregional inequality over time.

This is highly consistent with findings in Hao and Wei (2010), Yao and Zhang

(2001), Yao et al. (2005), and Ying (1999) in which regional inequality is

considered in tenns of income per capita. Those results are also consistent with
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the categorization shown in Tables 4.4 and 4.5, that provinces in the same cell or
a

neighboring cells always belong to the same region *

5.3 Summary

The results indicate that the inequalities between regions are larger and keep

it is imperative for the Central Government to handle the inequalityt .

rising, so

among regions. On the other hand, these results confirm the policies adopted by
the Central Government aiming to decrease the differences between inland and

coastal provinces, as in the Western Development Programme (WDP).
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CHAPTER 6

BENCHMARK WEIGHTS OF COMPETITIVENESS

6.1 Introduction

Considering that the importance of each dimension to the final

competitiveness index is different, the Annual Report on Overall Competitiveness

of China's Provincial Economy assigns different weights to the dimensions of

provincial competitiveness as shown in Table A3.1. In order to obtain those

weights systematically, they utilize the well-established Expert Investigation

Weight Method which generates the final weights by averaging the experts'

opinions. During the investigation, the Questionnaire of Experts' Opinion on the

Weighting system of Chinese Provincial Competitiveness Index was distributed to

experts from academic circles and government bodies. All experts were required

to answer the questionnaire independently.

This kind of weighting system has its own advantages. Experts and

government officials are supposed to have good knowledge of provincial

competitiveness and thus their opinions are representative. Moreover, the

surveying of experts guarantees independently every expert makes decisions on

his or her own. However, there are some disadvantages: (1) as an opinion oriented

method, those weights to some extent are inevitably subjective; (2) China is so

vast in terms of both population and geographical territory that few experts from

any field are really knowledgeable of the competitiveness of all 31 provinces; in

addition, economic situations of provinces are rather diversified which also

restricts the applicability of experts' opinions. Accordingly, averaging experts'
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opinions as a benchmark is probably not immune to criticism.

As shown in previous chapters, weights assigned to dimensions of

provincial competitiveness are essential in the decomposition of the proposed

framework. To a large extent, reliability of policy implications from the proposed

framework depends on a trustworthy weighting system. In light of the deficiency

of weighting systems in the competitiveness reports and the importance of

weights in our framework, this chapter proposes a few alternative systems to

generate a set of benchmark weights.

The rest of this chapter is organized as follows. Section 6.2 introduces four

models that can generate a set of benchmark weights. Section 6.3 introduces a

method that can trace the change of dimensions and benchmark weights over time .

Section 6.4 applies the four models to Chinese provincial competitiveness index.

Section 6.5 concludes this chapter.

6.2 Models of Benchmark Weights

A composite index is conventionally defined as a linear function of

dimensions. The coefficient of a dimension indicates its importance towards the

value of the final index and is usually called the weight of this dimension. It is a

practice to choose a set of common weights for dimensions of the index for all

investigated targets, that is, provinces in our context. While reasons for doing so

are straightforward, a little more explanation is still in order. Firstly, in the case of

the reports of Chinese provincial competitiveness, the final competitiveness index
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is used to rank the 31 provinces. Thus, the same set of weights should be applied

to all provinces. Secondly, the weight assigned to each dimension stands for the

importance of that dimension to the provincial competitiveness. If the weight is

not uniform, it will lose its representativeness. As a result, before proceeding

further, it is necessary to introduce a basic assumption for the forthcoming

discussion.

Assumption 6.1: Let I   IRM be the dimension vector of provincial

competitiveness, there exist a vector w 6 IRM for all provinces, such that

C = w . I will measure the competitiveness.

This assumption builds a fundamental ground for the benchmark weights

and confirms the linear functional form. There is no universally accepted method

to generate such benchmark weights, and thus the benchmark weights for the

competitiveness can be generated by considering different perspectives.

6.2.1 Model one: the baseline model

In a recent study of the national competiveness of Southeast Asian countries,

Kao et al. (2008) came up with a two-step linear programme to integrate

dimensions of national competiveness into a final index. This idea is now

illustrated in the case of Chinese provinces.

Let I;j denote the score of they'th dimension for province i,j= 1,...,M,

i=l,...,N. At the first stage, a so-called ideal index for each province is calculated.

During the calculation, a set of weights that each province holds an advantage in

is chosen which is determined by the following linear programme:
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(6.1)Max^C,=S^Wi,Iij

S.tZ^iWi,=l,

Ij < Wjj <: UjJ = 1,.....,M

where lj and u, are the smallest weight and largest weight, respectively, collected

from the experts for the jth dimension. ly is the score for the jth dimension; C; is

the final index. This model has been proved to be essentially a DEA model

without inputs. The programme will result in the individually optimal final

score Cj*.

In the second stage, a set of common weights are determined by the

following programme:

2Min^^i(Cr-Z?SiW;Iij) (6.2)

S.tSJllWf=l,

Ij <wf<Upj= 1,...,M

where lj and u, are defined as above; w,* is the set of common weights. Having

finished the calculation, a set of common weights will be attained and the final

integrated score will be X^i wpij.

This method integrates the experts' opinions with hard data. Cherchye et al.

(2007), Despotis (2005), Lovell et al. (1995) and Lovell & Pastor (1999) also

constructed composite indicators by considering DEA model without inputs. One

concern is that it is arbitrary to use the smallest and largest weights as the limits

for the final weights. In addition, in the case of Chinese provincial

competitiveness, there is no information available about the details of weights.
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However, the above framework provides a good starting point.

In Chapters 3 and 4, a production approach was used to empirically study

Chinese provincial competitiveness. In this chapter, a production approach is

utilized to unearth a set of common weights for dimensions of the competitiveness

index.

To begin with, a competitiveness index "frontier" is constructed as shown in

Figure 6.1. Let Ii and Izbe two dimensions of the competitiveness index. ZZ' is

the 'frontier' and slope of PP' represents the weights ratio of these two

dimensions. Under this setting, a set of weights is sought such that they maximize

the final competitiveness index.

2

p
z

p-

0 I
T

Figure 6.1 Competitiveness Index 'Frontier'

It is well known in the production literature that given the production

frontier, firms choose product combination according to the relative prices of the

goods. By the same token, it is proposed to calculate the maximal index of a

province by the following linear programming formula:
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Maxy,, Ci=S)MiVijIi, (6.3)

s.t Cj <1

Vi,SO,j=l,...,M

where V;j is the shadow weight for thejth dimension of the fth province. For the

v1)subsequent discussion, Vy is normalized as Wy . Clearly, the differenceMZ,W

between (6.1) and (6.3) is that in (6.3) there is no constraint for the lower and

upper boundaries of weights. Instead, "production frontier" is used as the limit.

The resulting maximum score is expressed as C," = SJSi Wjjly.

In order to calculate the benchmark weights, it is proposed to minimize

deviation between the maximal index and the index based on the benchmark

weights. By doing so, the benchmark weights at the maximum possibility shorten

the distance between the maximal index and the final index. Following this

argument, the following quadratic program is used:

2Min^SfLi(C,*-SjliW;I,j) (6.4)

s.t S|liWpi,^C,*,

XM=lW,* = 1,

wjt > 0,j=:l,2,...,M

where wf is the benchmark weight. In spite of the fact that lower bound and upper

bound constraints are not incorporated in the model, at the second stage,

S^iWj*Iij <: Cf is added as a new constraint compared with (6.2). The rationale

is that if there is no information available about the restrictions on the value of

weights themselves, the results generated from them can be limited. That is, it is
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possible to restrict the value of the final competitiveness index. Finally, the

competitiveness index is denoted as: C; = S)MiWj*Ijj.

6.2.2 Model two: the distribution model

In the baseline model, the first stage generates a set of weights for all

provinces. These weights vary among provinces which reflect the fact that the

importance of each dimension to provinces is different. However, the Central

Government always has an overall consideration of resource allocation to each

dimension which means that a benchmark weight for each dimension exists in the

provincial economies as a whole. In the short term, provincial governments may

choose optimal resource allocation according to their own needs. In the long term,

individual optimums may not coincide with the universal optimum, but there

should be a tendency to converge. For instance, when considering the tradeoff

between economic growth and environment protection, the Central Government

may be more concerned about environmental protection than economic growth

given that the country as a whole has achieved considerable economic

development. Developed provinces may respond to the policy consideration

positively and be more devoted to environmental protection. In contrast,

underdeveloped provinces will possibly and practically continue their efforts in

economic expansion. In the long run, because environmental protection is more

beneficial to the national economy, the Central Government may push those

underdeveloped provinces to inject more resources into environmental protection.

Consequently, the efforts the provinces put into protecting the environment will

meet the requirements set by the Central Government..
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According to the above arguments, it is reasonable to assume the weights of

competitiveness dimensions follow a kind of distribution and individual weight s

for each dimension fluctuate around the benchmark weights. This idea inspires

Assumption 6.2 as follows.

Assumption 6.2: Weights generated from the first stage of the baseline model

follow a kind of distribution. Let w" and Wy, be the benchmark weights vector

and individual maximal weights, respectively, then 3 w* G IRM such that Wy =

; + £" , £(£y) = 0, £(Wy) = W;,Cov(fy, ^} =0,1= 1,2, ... Nj =w

1.2,...M,k= 1,2, ...M.

Under Assumption 6.2, let the common weights minimize their deviation

from individual weights:

Mm^,XN^2:,Mi(w,-Wi,) (6.5)2

Wj

S.t.Z)MlW, = 1,

w, >. 0 j=l,2,...,M.

where w, is the common weight and w;j is the individual weights generated from

the first stage of the baseline model. This model has a property as stated in

proposition 6.1.

Proposition 6.1: The resulting w, from model (6.5) is an unbiased estimator of the

benchmark weights w], that is Wj = wj.

Proof:

Customarily, the typical Lagragian function is established as:

(V M M

-C(X, wi, wz,... WM) = ^ ^(Wj - Wy)2 + X(l - ^ Wj)
i=l j=l J=l
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The (M+l) first-order conditions are:

N
9L

Zc2 Wk - W;k A 0 k 1,2, ...M;
9wk

»

i=l
3£ =i-S^iw,=o.
9\

It is easily derived from the above equations that:
N

tA7. - -1- ^S
WR= Wjk k= 1,2, ...M;N/-^

i=l
That is

Wk=E(w.k)

From Assumption 6.2:

Wik = Wfe + £t tk

Take expectation on both sides:

E (w,k) = Wk + Ffek)

Given £(£^)=0

Wk = £'(W(fc)

Thenw,,=Wk

Q.E.D.

Proposition 6.1 proves that the benchmark weights can be generated by

averaging individual weights of each dimensions. Consequently, the benchmark

weights can be expressed as:

N

*-lv
w; =- w j=l,2,...,MN/-1 1)

1=1

6.2.3 Model three: the production method

Chapter 3 has argued that weights, to some extent, reflect the structure of

the economy. It has also argued that the overall efficiency of competitiveness (Oc)

54



consists of efficiency of proportional competitiveness (Ep) and efficiency of

dimension mix competitiveness (Ed). Ep is mainly affected by factors that are under

the control of provinces, while Ed is influenced by weights which are out of the

control of provinces. As a result, it is proposed to calculate the benchmark weights

by minimizing the contribution of Ed to the Oc in order to weaken the effects of
»

uncontrollable factors on competitiveness.

Assume the dimension vector of competitiveness is/i-The feasibility set in

Figure 6.2 can be represented by S: = {I: lisa vector achievable by a province}.

Let 9 = max^A-.M E S] be the maximum proportion that I can increase to the

"frontier". Then assume B is a point where the final competitiveness index is

maximized, A and C are two random efficient points for two provinces. The

distance between P1PF and PP' or P2P2' and PP' reflects the efficiency of

dimension mix competitiveness (Ecj) in Chapter 3.
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Figure 6.2 Minimizing the Effect of Weights on the Competitiveness Index
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e _In this method, efficient dimensions are defined as I|] = 6 . I;j. This is to

eliminate the effect of Ep. Then the difference between individual efficient

competitiveness indices and the most optimal competitiveness index is minimized

by solving the following quadratic programme:

Min^ SSl=i(S,MiW;If -S,MiW;I§) (6.6)2

s-t^w^^w]^

s,Miw;=i,

N

I:/- ^r,# I

1-J

^w=lzi =llzi ^°
wf ^ 0, ;. = 1, ,M.t . t

By solving the programme (6.6), a set of benchmark weights w] can be obtained.

The final index based on it will be:

Ci=X,MiW;I,j i= 1,2, ...N,j = 1,2, ...M.

This production approach is useful in the sense that the benchmark weights

generated from it will minimize the effect of weights on the overall efficiency of

competitiveness (Oc) as discussed in Chapter 3. In the case of Chinese provincial

competitiveness, this idea is especially insightful. As mentioned, China is very

large and policy implications for provinces are possibly very different. As a result,

policy recommendations are more practical if the effects of weights on the

decomposition in our framework is controlled.

By way of summary, the logic behind the three models is clear. The baseline

56

^



model minimizes deviation between the maximal index and the index based on the

benchmark. The distribution model minimizes the deviation between the weight

itself and the production model minimizing the effects of weighting on the

computation of final index.

6.2.4 Model four: the Cauchy-Schwarz model

The above three models presuppose that the linear function form integrates

the final competitiveness index as stated in Assumption 1. In the following

discussion, a preliminary model is provided, which is based on the concept of

distance in geometry.

In geometry, the distance of a multidimensional point from the point of

origin is well defined as:

n

D(.o,xi)= zxy..2

7=1
N

where Xy is the score of jth dimension for the ith unit. This formula has

systematically provided a way to integrate an index with multiple dimensions. The

proposed model thus combines geometric distance with the competitiveness index.

Proposition 6.2: Ifx^is the score ofjth dimension for the ith unit. The value of

Euclidean Distance is larger for the units with a higher the score in the kth

dimension, given the value of Euclidean Distance is the same for the other (i-1)

dimensions.

Proof.

Suppose subjects 1 and 2 are simply compared randomly.
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Given x^ < x^, and /Z^i x^ = /S^i Xz;2,
jfk j^k

Then

n

D(0, Xi) = ^ Xiy2 + Xife 2

;=1
Mj*k

And
n

D(0, Xz) = ^ X2j2 + X2k 2

7=1
\ j^k

T^=lxlj2 + xlk 2

£>(0, xi) j^k < 1
0(0, xz) x?=i^2+^yn 2

j^k
M

0(0, Xi) < D(0, Xz)

Q.E.D

Proposition 6.2 is not as superfluous as it may first seem to be. This

proposition allows the dimensions of the index to exhibit a non-linear relationship

unlike previous models in which linear relationship among dimensions must hold.

Since various dimensions of competitiveness are not equally important to the final

index, differentiation must be taken into account. Weights are in fact used to

differentiate dimensions, so a competitiveness dimension distance function and a

weighting distance function are defined respectively, as.

fW = Js^i//2 and /(w) = JSM=IW/.
Finally, the competitiveness index is defined as:

c, = W . /(w) = ^Wi,2 . ^ h, (6.7)2

where M/y is the weight of dimension j for province i.
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Up to now, for equation (6.7), it is merely known that all ws are between 0

and 1 and S)MiWij = 1. On the other hand, the competitiveness index is defined

as:

c,=SM=iw,,/ (6.8).

1]

Consequently, instead of solving programme such as (6.1) for the reference C*,

C* can be solved by combining equations (6.7) and (6.8), that is

C'i = %Wy/y = JXM=iWy2 . ^l (6.9)2
*

1;

Very interestingly, equation (6.9) is part of the Cauchy-Schwarz inequality as

follows.

S,M,w,,i,,<J(S^w^)(XM^,2) (6.10)

This coincidence, together with T,M=i Wy = 1, provides a set of unique solutions

to equation (6.9). The solution is w;, = j^T^ > J=l> 2,.. .,M
Hence, the first stage final score can be calculated as

M

Cf =^w,jl,j i =1,2 ...... N
I

1=1

In the second stage, similar to previous models, the issue of a benchmark weight

is solved by the following quadratic programming problem:

2Min^SN^(Cr-S,M,w;I,,) (6.11)

s.t S)Miwpij S Cf,

VMM=lWf=l,^

w; SO, j = 1,2, ...,M.

Finally, the final score can be calculated based on the set of common weights.
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M

i=^W;I,c, j = 1,2, ...M
i=i

To sum up, the above four models are established from different

perspectives. Practically, when facing multiple choices, subjective judgments have

to be involved. At the beginning of this chapter, the subjectivity of an opinion

oriented method was stated to be a potential problem. As a result, some

mechanisms have been proposed to generate some methods to make objective

judgments about which model to choose.

6.3 Decomposition over Time

In practice, it is reasonable to assume that a suitable set of weights will vary

at different time periods. Accordingly, it is meaningful to investigate comparison

over time. In the preceding discussion, a reference index I,* is always found first,

and then the final index I; is further derived based on the benchmark weights. This

thesis argues that the difference between If and T[ will reflect how favorable the

common set of weight to its own optimal set. Therefore, a new index called

Structural Affection Index (SAI) is defined as:

ci _ x^wpijSAI = ^ =
c? ^ Wijll]lljI

C; is the final competitiveness index based on the benchmark weights and

Cf is the individual maximum index. As a result, by definition, the value of SAI

will range between 0 and 1. A higher score will reflect an advantage of universal

structural favorableness over its other counterparts, which means the final score

based on the benchmark weights is close to the maximal individual score. In
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actual fact, SAI will be unity only for few subjects in concern. This index reflects

the extent to which individual weights are similar to the benchmark weights.

Because the benchmark weights are determined by the interactions of provinces,

SAI, to some extent, reflects external structure.

Ci(w,*(t+i),Iij(t+D)
The change in the final index is defined as A ci(w?flijt)

a

If A >1, it indicates progress, A =1 and A <1 imply no progress and regress

respectively. By simple manipulation, it is easy to decompose this index into two

parts as follows.
o.s

0.5

C,(w^/ ) c.(^ )(t+l)'/V(t+l) c. (w^j(t+l)''yt,1 ) C.(w^J(t+l)'/V(t+l)U(t+D
A t

C.(w^) Q(wKt+l).^t) i(w^) C.(w,<t,/ i/(t+l)
fl

c

^. ^ ^ ^
v v

A: Changes due to changes B: Changes due to changes
in dimensions in the weights

Component A will give us clear information about changes in dimensions by

holding the effect of different weights constant. In comparison, component B

explains the changes due to the changes in the weights over time. Given the fact

that provincial governments can manipulate the dimensions of the

competitiveness index, they can control the outcome of component A. As a result,

A is termed "intrinsic change". In contrast, component B implies the changes due

to changes in weights which in fact are beyond the control of provinces. As in the

previous chapter, weights to some extent reflect the stmcture of the economy, so B

is termed "structural change".

Component B can be further decomposed as:
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0.5
ci(WKt+i)' /yt) c«(WKt+i)' /v(t+i))

S.(wj^yt) C,(wft,/,Xt+l))

o.s

ci (w)*(t+l)' /i/t) ci (w)*(t+l)' /v(t+l))
cf* (VVJj(t+l).7Vt) C't (Wij(t+y,/,y(t+i)) C(* (W|j(t+l),/i/t) C'i (Wjj(t+^,/y(t+l))

ci('wft-/yt) Ci(w,'t,/"((.,!)) C('(Wjjt,/yt) C;(Wijt,/,,(^))
.'(WijtJyt) ^(Wjjt,/c; V(t+l)

o.s 0.5

SAl (w^+i), 4nt) S^/ (w^+i), ^(t+1)) c(* (wij(t+l)' IHt) Cj* (w'jj(t+i), /y(t+i))
SAl (Wff Itrnt) SA1 (Wft, /im(t+l)) C;(w,jt,/yt) C,*(Wijt,/v(t+i))

<. ^ ^ ^
^ v

Bl: Changes due to external B2: Changes due to internal
structure structure

With respect to the difference between c,'(wjj^i),/yt) and C(*(w,jtJyt), this

reflects the effect of individual weights. Because in previous sections, individual

weights are determined by their own frontiers which to some extent are more

internally controllable than the benchmark weights, B2 is called "internal

structural change". Therefore, the residual component Bl is attributed to any

remaining external aspects and is called "external structural change". Assuredly,

in terms of the structural change terms B, Bl and B2, if the value is larger than 1,

this indicates the weights are more favorable to a certain province and vice versa.

Having theoretically discussed the framework, in the following discussion, a

hypothetic example is used as an illustration. Assume that there are five subjects

and two dimensions for two periods. The data for the example is summarized in

Table 6.1 and for the sake of simplicity the value of indices is stipulated as being

between 1 and 10. It is obvious that for fl over time Tl is possibly the best

performer and f2 is the worst as shown by their scores of individual dimensions.
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For other dimensions, £2 and f4 experience improvement while f5 is rather stable

.

over time.

Table 6.1 Data for Illustration

Tl T2

Dimensions l21 12211 12

fl 9 5 4 9

f2 2 3 4 5

G 8 4 5 3

f4 6 7 6 8

f5 4 5 4

To illustrate, this hypothetical data set is applied to to Model four. The

results are presented in Table 6.2. The results in Table 6.2 are consistent with our

forecast with respect to fl and f2, with the final score for fl of ^ '.222, but for £2

only 2.444 in periods 1. One point worth noticing is that even though 0 has a

higher C* of 6.667 than f4 (with a score of 6.538) it cannot compete with f4 when

the set of common weights are used. That is, under a common weighting system,

the final score off4 is larger than that off?, which are 6.444 versus 6.222.

Table 6.2 Illustrative Results for Model 4

Time Tl T2

Final c* c c c*

index

fl 7.571 7.222 7.462 6.778

£2 2.600 2.444 4.556 4.556

0 6.667 6.222 4.250 3.889

f4 6.538 6.444 7.143 7.111

f5 4.556 4.556 4.556 4.444

Note: C* is the final scores based on individual weights and C is the final scores
based on the set of common weights

When the over time model is applied, the results are summarized in Table

6.3. The results show that changes in final competitiveness are mainly due to

changes in dimensions. The magnitude of changes due to intrinsic changes is
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larger than that due to structural changes. Also £2 is a good example for

demonstration showing the largest improvement as foreseen. With respect to the

further decomposition of structural change (component B), the effects of internal

structural and external stmctural change are rather arbitrary. In the case of the five

subjects, the decomposition of B is not following any specific pattern. However,

since all scores are not far from unitary, it implies that the effect of weights is

insignificant.

Table 6.3 Illustrative Results over Time

Overall Intrinsic Structural External Structural Internal

Change Change Change Change Structural

Change

fl 0.9385 0.9282 1.0111 0.9814 1.0302

£2 1.8636 1.8003 1.0352 1.0492 0.9866

B 0.6250 0.6669 0.9372 0.9584 0.9779

f4 1.1034 1.0768 1.0247 1.0174 1.0072

f5 0.9756 1.0000 0.9756 0.9756 1.0000

6.4 An Application to Chinese Provincial Competitiveness Index

6.4.1 Weight under different models

Having theoretically discussed the methodology that can generate a set of

benchmark weights for dimensions, the models are now applied to Chinese

provincial competitiveness. Table 6.4 summarizes the results of the benchmark

weights. The last column is the coefficient of variation (CV) of weights over the

four years. In order to compare those four models, three criteria are set up.
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Table 6.4 Weights under Different Models

2005 2006 2007 2008 cv

Model 1 The baseline model
2.125

wl 0.017 0 0 0
0.831

') 0.132 0.116 0.023 0.019

-! 0.056 0.176 0.603 0.504 0.777
v

1.247
v4 0 0 0.142 0.077

1

0
v5 0 0 0 0

6 0.299 0.482 0.233 0.181 0.439
w

7 0.282 0.225 0 0 1.167
\^ f

R 0 0 0 0.219 1.991
w

w9 0.214 0 0 0 1.981

SUM 10.559

Model 2 The distribution model
0.607

wl 0.029 0.007 0.011 0.019

') 0.077 0.157 0.176 0.119 0.332
w

,'5 0.562 0.534 0.542 0.466 0.079
v

A'4 0.021 0.015 0.041 0.018 0.490
1

w5 0.111 0.108 0.07 0.01 0.627

0.3256 0.023 0.026 0.024 0.043w

w7 0.052 0.016 0.017 0.025 0.623

8 0.053 0.065 0.042 0.163 0.687
w

w9 0.072 0.072 0.077 0.138 0.358

SUM 4.128

Model 3 The production model
0wl 0 0 0 0

w2 0.095 0.203 0.325 0.22 0.446

w3 0.69 0.621 0.509 0.567 0.129

1.450w4 0 0 0.043 0.012

w5 0 0.015 0 0.116 1.695

w6 0.027 0.161 0.046 0 1.202

v7 0.104 0 0 0 2

w8 0.016 0 0 0.036 1.314

0.710w9 0.068 0 0.076 0.048

SUM 8.948

Model 4 The Cauchy-Schwarz model

wl 0.012 0.065 0.033 0.03 0.630

w 0.224 0.223 0.203 0.203 0.056'7

w3 0.011 0.069 0.102 0.104 0.603

w4 0.117 0.171 0.204 0.093 0.346

w5 0.073 0.062 0.061 0.183 0.622

0.197w6 0.156 0.113 0.141 0.101

w7 0.211 0.093 0.113 0.093 0.441

w8 0.122 0.137 0.141 0.176 0.159

w9 0.074 0.066 0.003 0.016 0.887

SUM 3.940
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Criterion 1: Whether the model generate zero value for some dimension

With zero weights generated by some models, it implies that some

dimensions should not be considered in computing the competitiveness index,

which is against the original objectives of computing the index. In this regards,

Models 2 and 4 are possibly more workable because Models 1 Model 3 generate

zero value of weights for some dimensions.

Criterion 2: Whether the weights over time are stable

It is unreasonable that during consecutive periods, there are drastic changes

in the weights of dimensions which imply that the weights generated from these

models should maintain some stability which here measure the coefficient of

variation (CV). A smaller CV indicates high stability. According to this argument,

the total C Vs of Models 1 and 3 are much higher than those of Models 2 and 4.

This implies that weights generated from Models 2 and 4 are relatively stable.

However, Models 1 and 3, to a large extent, provide weights to specific

dimensions consistently. For instance, weights of dimensions 2, 3 and 6 in Model

1 and dimensions 2 and 3 in Model 3 are always positive and the weight of

dimension 1 in Model 3 is always zero.

Criterion 3: Whether some extreme cases occur

This criterion aims at checking irregularity of the models which means

looking for anything irregular and unreasonable. In this respect, Models 2 and 3

place heavy weights on dimension 3 as indicated by a value greater than 0.5 for all

years, which is not so reasonable. In comparison, the weights generated from

Model 4 seem to be more reasonable. Because the four models proposed have
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their own characteristics and rationale, sometimes it is hard to decide practically

which one to choose. Based on the above discussion, a suitable model can be

chosen according to the above criteria.

6.4.2 Comparison between proposed models and original reports

To validate the four proposed models, the results of these models are

compared with reference to the weights based on experts' opinions. The final

scores and rankings under different models are calculated. For details, please refer

to Table A6.1 through Table A6.4. Table 6.5 summarizes the correlation

coefficients of final scores and ranking orders for the consecutive four years.

Table 6.5 Correlation of Results between Proposed Models and the Original
Reports

Original-2005 Original-2006 Original-2007 Original-2008

R Rho R Rho R Rho R Rho

0.9740 0.9706 0.9784 0.9722 0.9188 0.9274 0.9410 0.9359
Model 1

0.9036 0.9621 0.9191 0.9585 0.8915 0.9484 0.9214 0.9613
Model 2

0.7769 0.9077 0.8802 0.9419 0.8406 0.9210 0.8732 0.9266
Model 3

0.9942 0.9895 0.9977 0.9915 0.9889 0.9758 0.9967 0.9835
Model 4

Note: R is the Pearson Coefficient between competitiveness scores and Rho is the
Spearman Coefficient with respect to rankings.

The R scores reflect the correlation between the four models and the

original reports with respect to competiveness scores. The results imply that

among the four proposed models, Model 3 deviated most from the original reports

with relatively low R scores of 0.7769 in 2005 and 0.8802 in 2006. In contrast,

Model 4 is perfectly consistent with the original reports as shown by

extraordinarily high Pearson Coefficients of nearly 0.99. With respect to rankings,
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since all Spearman Coefficients are larger than 0.91, this strongly indicates that all

four models are highly consistent with the original reports in terms of ranking.

However, in some specific cases, Models 2 and 3 demonstrate some questionable

results. For example, in 2005, Guangdong is ranked 10 by Model 2 and 15 by

Model 3 in the Appendix Table 5A. 1. A similar case is also observed for Shanghai

in the years 2006, 2007 and 2008 as shown in the appendix Tables 5A.2, 5A.3 and

5A.4. Regarding this issue, Model 4 also maintains high consistency.

Furthermore, it is valuable to test whether the results of each model are

consistently stable over time. "Stable" means that scores and rankings of adjacent

years do not go through abrupt fluctuation. This property should be practically

guaranteed because it is unusual for provinces to perform dramatically differently

one year over the other. Tables A6.5 through A6.9 of the appendix provide

detailed results for the original reports and the four proposed models while Table

6.6 summarizes the results. In the table, the correlation coefficient is calculated for

consecutive years for the five models. For instance, the first number in the third

row is the Pearson Coefficient between the competitiveness score in 2005 and

2006 for the original reports.

Table 6.6 Correlation of Changes of Proposed Models and the Original
Reports

2005-2006 2006-2007 2007-2008

R Rho R Rho R Rho

Original 0.9933 0.9819 0.9925 0.9879 0.9925 0.9734

Model 1 0.9823 0.9762 0.9237 0.9258 0.9306 0.9339

Model 2 0.9780 0.9778 0.9824 0.9786 0.9605 0.9681

Model 3 0.9508 0.9577 0.9739 0.9714 0.9691 0.9653

Model 4 0.9943 0.9907 0.9805 0.9633 0.9759 0.9476

Notes: R is the Pearson Coefficient between competitiveness scores and Rho is
the Spearman Coefficient with respect to rankings.
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Original reports have shown extremely outstanding consistency as

indicated by a high Pearson Coefficient and Spearman Coefficient across years.

Similarly, to a lesser extent, our four models indicate high consistency. Except for

Model 1 during 2006-07 and 2007-08, the four models generate stable outcomes

time. In sum, statistical tests on the final scores and rankings assuredlyover

support the applicability of the four models *

6.4.3 Demonstration of the decomposition over time

Over time decomposition is also applied to address Chinese provincial

competitiveness. The results are reported in Table 6.7. It is seen from the table that

the contribution of changes in dimensions to the overall change in final index is

significant over time. This signals that over time, the effect of change in weights is

not too large. In other words, the weighting system corresponding to each model

is consistent over time.

Table 6.7 Decomposition of the Four Models

2005-2006 2006-2007 2007-2008

Intrinsic Structural
Overall Intrinsic Structural Overall Intrinsic Structural Overall

Change
Change Change Change Change Change Change Change Change

M 1.1531 0.9837 1.17200.9242 0.9051 1.0226 1.0397 0.9573 1.0863

M 0.9948 1.0527 1.0395 1.01251.0170 0.9674 1.0517 0.9996 1.0047
2

M 1.0504 1.0037 1.0174 0.98661.0030 0.9801 1.0237 1.0228 0.9737
3

M 1.0224 1.0865 1.0525 1.03180.9393 0.9496 0.9896 0.9855 0.9635
4
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For further decomposition of structural change, the Cauchy-Schwarz Model

is taken as an example. The results are presented in Table 6.8 below. As shown, it

is obvious that the change in final index is mainly due to changes in dimensions.

This, in some sense, justifies the convention that during the calculation of the final

index, the weights assigned to dimensions are kept the same for consecutive years,

as has been the case with Chinese Provincial Competitiveness Reports.

Interestingly, because internal structural change only matters with the provinces, if

all dimensions change proportionally, the value of internal change will be unitary.

As a result, internal structural change can be inspected to trace whether a province

in the context of Chapter 4 is taking balanced development strategies or

unbalanced development strategies. In comparison, external change will reflect a

general change of all provinces. The external change would theoretically be

changed, which implies that enormous external structural changes would indicate

huge structural changes among provinces.

Table 6.8 Decomposition of Structural Change of the Cauchy-Schwarz
Model

External Internal
Overall Intrinsic Structural

Period structural structural
Change Change Change

change change

2005-2006 0.9387 0.9486 0.9895 0.9906 0.9989

2006-2007 0.9829 0.9624 1.0213 1.0220 0.9993

2008-2009 1.0839 1.0498 1.0324 1.0221 1.0100

6.5 Summary

This chapter has discussed a series of weighting systems. The first three

methods have inherited the concept of production 'frontier'. At the first stage,

individually favorable weights are used to calculate a maximal index. With
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reference to these maximal indices, benchmark weights are computed depending

on different perspectives. The first model aims at minimizing deviation of the

final scores from the maximal index based on the benchmark. The second model

considers benchmark weights in a context of distribution. Finally, the third model

generates the benchmark weights by minimizing the effect of weights on the final

scores. In addition, a preliminary model, which makes use of the concept of

geometric distance and characteristics of Cauchy-Schwarz inequality, is also

proposed and found to be workable in the case of Chinese provincial
4

competitiveness .

The proposed models have been applied to the Chinese provincial

competitiveness index. The empirical findings show that these models maintain

high consistency with the opinion oriented method. The over time analyses also

indicate that the effect of change on the overall index change due to weights has

been immaterial, which, to some extent, provides support to the findings in the

annual provincial competitiveness reports, in which the weighting system during

the years 2005-2008 remains the same. Assuredly, this consistency is also echoed

in the conclusions in the sensitivity test in Chapter 4.
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CHAPTER 7

CONCLUSION

7.1 Summary of the Thesis

After decades of reform, China has achieved astounding economic success.

However, along with the process of globalization and China's access to the World

Trade Organization, China has been confronted with not only issues related to

internal economic structures such as an underdeveloped financial system and

enlarging income inequality, but also pressure imposed by foreign counterparts.

The present challenges underline the urgency for China to adopt development

strategies so that she can win in the tide of intemationalizations.

Since China is geographically and demographically vast, sustainable and

comprehensive development of the country depends on the success of her

constituent economies, the provincial economies. In order to surpass competitors

in the international stage, China will probably have to enhance her provincial

competitiveness. While provincial competitiveness has drawn the Central

Government's attention, current studies on this topic have not extracted all

information hidden behind the data. Among very limited studies on the provincial

competitiveness of China, the competitiveness index can provide only the

univariate ranking. The most influential study on provincial competitiveness is the

Annual Report on Overall Competitiveness of China's Provincial Economy by Li

et al. (2007, 2008, 2009), which provides detailed information about various

dimensions of competitiveness such as performance of industries, suitability of

development, government functioning, economic environment etc. The reports
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depict the competitiveness of provinces as defined by those dimensions and

provide univariate ranking among provinces. Components of competitiveness are
not identified systematically. The restrictions of the tradeoffs between dimensions

have not been mentioned in existing studies of competitiveness »

This thesis contributes to the literature by introducing a production approach

to study competitiveness. By distinguishing the restrictions of tradeoffs among

dimensions and the weights of dimensions, it is possible to extract hidden

information from the current competitiveness index so that tailor-made policies

be suggested to provinces. Relying on the characteristics of provinces withcan

respect to the results from the proposed models, a few development strategies are

proposed in this thesis. The first strategy, named balanced development strategy

involves simultaneously improving all aspects of competitiveness. In other words ;

this strategy emphasizes nondiscrimination amongst dimensions of

competitiveness when considering further development. The second is the

unbalanced development strategy which discriminates between dimensions of

competitiveness when development strategies are considered. Moreover, a

combination of the two strategies can match the specific circumstances of some

particular provinces.

In Chapters 3 and 4, when extracting information from the proposed

decomposition with the utilization of weights assigned by experts, the

appropriateness of those weights has been implicitly neglected.. However, since

the weighting system plays an essential role in the proposed model, it is valuable

to make it more tmstworthy and meaningful. Chapter 6 therefore proposes some
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alternative models to generate a common set of weights by considering different

perspectives. These methods involve a two-stage process. In the first stage,

optimal competitiveness scores for each province depending on their own

individually favorable weights are calculated. In the second stage, a set of

benchmark weights for all provinces is calculated with reference to the results

from stage one. Given that empirical studies always maintain consistent weights

of dimensions in the short term, say three to five years as is the case in Chinese

provincial competitiveness reports, this thesis proposes an over-time comparison

model to test whether the model maintains this kind of consistency. The result

shows high consistency in the proposed models.

7.2 Empirical Findings and Policy Recommendations

According to the empirical results, provinces are divided into different

categories. It has been found that province belonging to the same region have

similar characteristics. For example, coastal developed provinces such Beijing,

Shanghai, Zhejiang, Jiangsu and etc. are positioned in adjacent categories, Since

different categorizations imply different strategies, provinces are given specific

policy implications.g'

s.

Generally, coastal provinces can adopt the unbalanced strategy to further

enhance their competitiveness. However, which dimension should be emphasized

depends on the practical situation. In comparison, western provinces may put their

efforts into all dimensions because such a balanced strategy provides larger room

for improvement. In view of the real-world situation, some provinces can adopt a
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mixed strategy of the balanced development and unbalanced development

*

strategies.

Since regions are characterized by different categorizations, regional

disparity with respect to provincial competitiveness is also explored. The results

show that generally, inequality with respect to the competitiveness index tends to

decline over the studied period. Further decomposition indicates that the major

source of the inequality in overall competitiveness is interregional inequality over

time. This suggests that strategies aiming at reducing provincial disparity probably

can firstly focus on narrowing regional gaps. In fact, the well-established Western

Development Programme (WDP) is going in the right direction.

7.3 Limitations and Future Research Directions

This thesis indeed has made contributions to provide a more comprehensive

understanding of Chinese provincial competitiveness. However, some limitations

are worth noting.

First, the disputable definition of provincial competitiveness is not discussed.

This thesis simply adopts one of the well accepted definitions. Future study can

make further explorations to define provincial competitiveness with more unique

characteristics of China.

Second, concerning the weighting system, this thesis has proposed some

methods which can generate a set of benchmark weights. Although these models

are insightful, at this stage, they do not possess strong theoretical ground.
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Weighting is rather important, especially for practitioners who always need to

make comparison based on a series of indicators. Therefore, further studies on

benchmark weight will be valuable.
/
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APPENDIX

Table A3.1 Information about Dimensions of Provincial Competitiveness

Variable(Dimensions) Brief explanation Weights
Y Competitiveness in Macro- Key reflection of 0.15

economy Macroeconomic conditions
Y2 Competitiveness in Industry Key measure of industrial 0.125

performance
Y3- Competitiveness in Sustainable Reflection of sustainable 0.1

Development momentum

Y4 Competitiveness in Finance Efficiency of capital 0.1
allocation

Y5 Competitiveness in Knowledge- Knowledge has been the 0.125
based Economy main resource of economic

development
Y6 Competitiveness in Development External economic 0.1

and Environment environment
1

Y7 Competitiveness in Government Government play key role 0.1
Functions when the economic system

is not yet well-established
Y8 Competitiveness in Development Development level directly 0.1

level affect the competitiveness
Y9 Competitiveness in Harmonious Harmonious Development 0.1

Development is more sustainable and
t

continuous

Y Overall Economic Integrated index of other
Competitiveness sub-indices
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Table A4.1 Original Competitiveness Scores and Rankings

2005 2006 2007 2008
Province

Scores Rank Scores Rank Scores Rank Scores Rank

E-Shanghai 46.7950 43.1400 42.9975 43.6175

E-Beijing 46.3425 2 42.2725 2 41.3600 2 42.3525 2

E-Guangdong 41.9450 3 40.8150 40.7250 3 40.9225 4

E-Jiangsu 41.2950 4 39.8975 4 40.5450 4 41.3025 3

E-Zhejiang 39.5375 5 38.2400 5 37.3725 36.9700 5» .

E-Shandong 35.9050 6 34.7600 6 32.4475 6 33.1575 7

E-Tianjin 33.4850 7 31.4300 7 30.6150 7 33.4025 6

NE-Liaoning 29.9525 8 27.7000 8 27.3250 9 28.6575 8

E-Fujian 27.9325 9 27.2600 9 27.8425 8 28.1975 9t t

W-Inner

Mongolia 27.1775 10 24.1225 12 25.9900 10 26.9350 10

E-Hebei 26.5725 11 25.1450 10 24.0850 12 25.1400 12

M-Shaanxi 25.1200 12 22.9400 15 22.7375 13 22.1975 21

M-Henan 25.0450 13 24.6575 11 24.5275 11 24.3325 14

NE-

Heilongjiang 24.6650 14 23.4825 13 21.7775 15 24.5650 13

M-Hunan 23.4175 15 22.6650 17 21.0975 17 22.7725 17

W-Sichuan 23.0825 16 22.3225 18 21.7050 16 23.4775 16

W-Shaanxi 22.8300 17 21.2650 21 20.4600 20 22.4375 19

M-Hubei 22.7150 18 23.0675 14 22.6500 14 25.4500 11

M-Jiangxi 22.2125 19 21.3425 20 20.0075 21 22.3375 20

NE-Jilin 22.0575 20 22.2925 19 21.0900 18 23.7975 15

M-Anhui 21.1425 21 22.8000 16 21.0750 19 22.6075 18

W-Chongqing 21.0900 22 18.6850 23 19.6725 22 21.1725 22

W-Xinjiang 20.2475 23 19.4100 22 18.1850 25 19.3475 24

W-Guangxi 19.5075 24 18.5450 24 18.7300 23 18.1075 26

E-Hainan 18.5600 25 18.2150 25 18.5600 24 20.0125 23

W-Ningxia 18.3200 26 17.3775 27 15.5675 28 18.9075 25

W-Qinghai 17.9450 27 17.8700 26 15.8675 27 16.8775 28

W-Yunnan 17.8725 28 16.6425 28 16.1850 26 17.3175 27

W-Gansu 15.7625 29 14.4275 29 14.0900 31 15.3675 30

W-Guizhou 15.5125 30 13.2575 30 14.3300 30 15.3775 29

W-Tibet 13.4650 31 12.9450 31 14.6575 29 14.1825 31
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Table A4.2 Detailed General Results for the Production approach (2005-2006)

2005 2006

Province Rank Oc E E Rank Q Ed Ed E c E

E-Shanghai

E-Beijing 2 1.0098 1.0098 2 1.0205 1.0205
E-

Guangdong 3 1.1156 1.1156 3 1.0570 1.0570

E-Jiangsu 4 1.1332 1.1332 4 1.0813 1.0813

E-Zhejiang 5 1.1836 1.1836 5 1.1281 1.1281

E-Shandong 6 1.3033 1.3033 6 1.2411 1.24H

E-Tianjin 7 1.3975 1.3975 7 1.3726 1.2878 1.0659
NE-

Liaoning 8 1.5623 1.5623 8 1.5574 1.5456 1.0076

E-Fujian 9 1,6753 1.5645 1.0708 9 1.5825 1.3524 1.1702
W-Inner

Mongolia 10 1.7218 1.7218 12 1.7884 1.7884

E-Hebei 11 1.7610 1.5452 1.1397 10 1.7156 1.3061 1.3136

M-Shanxi 12 1.8629 1.7605 1.0582 15 1.8806 1.6611 1.1321

M-Henan 13 1.8684 1.6270 1.1484 11 1.7496 1.4507 1.2060
NE-

Heilongjiang 14 1.8972 1.8928 1.0023 13 1.8371 1.7626 1.0423

M-Hunan 15 1.9983 1.5546 1.2854 17 1.9034 1.4225 1.3381

W-Sichuan 16 2.0273 1.5136 1.3394 18 1.9326 1.4009 1.3795

W-Shaanxi 17 2.0497 1.6593 1.2353 21 2.028'7 1.5446 1.3134

M-Hubei 18 2.0601 1.5019 1.3716 14 1.8702 1.2912 1.4484

M-Jiangxi 19 2.1067 1.5892 1.3257 20 2.0213 1.3951 1.4489

NE-Jilin 20 2.1215 1.7448 1.2159 19 1.9352 1.6052 1.2056

M-Anhui 21 2.2133 1.5577 1.4209 16 1.8921 1.2702 1.4897

W-Chongqing 22 2.2188 1.5096 1.4698 23 2.3088 1.4361 1.6077
i

W-Xinjiang 23 2.3112 1.7510 1.3199 22 2.2226 1.88N 1.1813

W-Guangxi 24 2.3988 1.5707 1.5272 24 2.3262 1.5298 1.5206

E-Hainan 25 2.5213 1.7115 1.4731 25 2.3684 1.5506 1.5274

W-Ningxia 26 2.5543 1.4251 1.7924 27 2.4825 1.4797 1.6777

W-Qinghai 27 2.6077 1.5759 1.6547 26 2.4141 1.5318 1.5760

W-Yunnan 28 2.6183 1.8118 1.4451 28 2.5922 1.5797 1.6409

W-Gansu 29 2.9688 1.6379 1.8125 29 2.9901 1.8068 1.6549

W-Guizhou 30 3.0166 1.6254 1.8559 30 3.2540 1.6060 2.0261

W-Tibet 31 3.4753 1.6483 2.1084 31 3.3377 1.8951 1.7613
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Table A4.3 Detailed General Results for the Production Approach (2007-2008)

2007 2008

Province Rank 0 E E Rank 0 Ed Et

c E £ E

E-Shanghai

E-Beijing 2 1.0396 1.0396 2 1.0299 1.0299

E-

Guangdong 1.0558 1.0558 4 1.0659 1.0659

E-Jiangsu 4 1.0605 1.0605 1.0561 1.0561

E-Zhejiang 5 1.1505 1.1505 5 1.1798 1.1798

E-Shandong 6 1.3251 1.3251 7 1.3155 1.3155

E-Tianjin 7 1.4045 1.4045 6 1.3058 1.1767 1.1097

NE-Liaoning 9 1.5736 1.5736 8 1.5220 1.2566 1.2112

E-Fujian 8 1.5443 1.3524 1.1419 9 1.5469 1.3222 1.1699

W-Inner

Mongolia 10 1.6544 1.6544 10 1.6194 1.6194

E-Hebei 12 1.7852 1.4116 1.2647 12 1.7350 1.2661 1.3704

M-Shanxi 13 1.8910 1.8101 1.0447 21 1.9650 1.8716 1.0499

M-Henan 11 1.7530 1.5051 1.1647 14 1.7926 1.4829 1.2088

NE-

Heilongjiang 15 1.9744 1.9233 1.0266 13 1.7756 1.6854 1.0535

M-Hunan 17 2.0380 1.5327 1.3297 17 1.9154 1.4801 1.2941

W-Sichuan 16 1.9810 1.5023 1.3187 16 1.8578 1.4544 1.2774

W-Shaanxi 20 2.1015 1.6469 1.2761 19 1.9440 1.6210 1.1992

M-Hubei 14 1.8983 1.4503 1.3090 11 1.7139 1.3604 1.2598

M-Jiangxi 21 2.1491 1.6116 1.3335 20 1.9527 1.4292 1.3662

NE-Jilin 18 2.0388 1.6738 1.2181 15 1.8329 1.4760 1.2418

M-Anhui 19 2.0402 1.3523 1.5087 18 1.9293 1.3117 1.4708

W-Chongqing 22 2.1857 1.5576 1.4033 22 2.0601 1.5236 1.3521

W-Xinjiang 25 2.3644 1.9750 1.1972 24 2.2544 1.6252 1.3872

W-Guangxi 23 2.2956 1.6120 1.4241 26 2.4088 1.6327 1.4754

E-Hainan 24 2.3167 1.5775 1.4686 23 2.1795 1.4313 1.5228

W-Ningxia 28 2.7620 1.5178 1.8198 25 2.3069 1.5060 1.5318

W-Qinghai 27 2.7098 1.7032 1.5910 28 2.5844 1.6546 1.5620

W-Yunnan 26 2.6566 1.6889 1.5730 27 2.5187 1.6589 1.5183

W-Gansu 31 3.0516 1.8008 1.6946 30 2.8383 1.7416 1.6297

W-Guizhou 30 3.0005 1.8039 1.6634 29 2.8364 1.6415 1.7279

W-Tibet 29 2.9335 1.7132 1.7123 31 3.0754 1.5775 1.9496
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Table A4.4 Det|j^J^||||||||be Production Approach for Less Developed
IIUlnces (2005-2006)

Province IN 2006

D I E 0 E E% c

E-Tian.jin rw vws 0000 1.0000 1.0000 1.0000

NE-Liaoning i- am 0000 1.1347 1347 1.0000

E-Fujian was .as 0000 1.1530 1.1530 1.0000

E-Hebei 1.28(8 iiisa 0518 1.2500 1.2359 1.0114

M-Shanxi 1.333U ar .mo .3701 1.3421 1.0208

M-Henan 1.3370 wsw- 1.2747 1.2400 t.0279

NE-Heilongjiang 1.3576 wI- 1.3384 .3384 l.OOOQ

M-Hunan 1.4299 M8I 1.3867 1.2369 1.1212

W-Sichuan 1.4507 1.3W BUU 1.4080 1.2232 .1511

W-Shanxi 1.4667 1.4667 Ui t.4780 1.4637 1.0098

M-Hubei 1.4741 1.3655 11- W625 1,2796 1.0648

M-Jiangxi 1.5075 1.3556 w W 6 1.2452 1.1827

NE-Jilin 1.5181 1.2795 1.I8W a» 1.2805 1.1010

M-Anhui 1.5838 1.3812 t. 1M ilNS 1.2256 1.1247

W-Chongqing 1.5877 1.3256 1.1978 iissm m592 1.3359

W-Xin.jiang 1.6538 1.6538 1.0000 BN8 K6193 1.0000

W-Guangxi 1.7165 1.2776 1.3435 was Wt?3 1.3587

E-Hainan 1.8041 1.4745 1.2236 M8M IB20S 1.3066

W-Ningxia 1.8278 1.3159 1.3890 TO8N K3N3 1.3257

W-Qinghai 1.8660 1.5235 1.2248 ms V.403T t.2530

W-Yunnan 1.8735 1.6132 1.1614 1.88SS 15594 mn

W-Gansu 2.1243 1.5429 1.3768 2.1785 W@51.4528

W-Guizhou 2.1586 1.5413 1.4005 2.3707 t.5631 1.5167

W-Tibet 2.4868 1.8780 1.3242 2.4317 1.7596 mmo

90

I*



Table A4.5 Detailed Results for the Production Approach for Less Developed
Provinces (2007-2008)

2007 2008
Province

0 E E 0 Ed E
c d E c

;-Tianjin 1.0000 1.0000 1.0000 1.0000 1.0000 1.00001-t

NE-Liaoning 1.1204 1.1204 1.0000 1.1656 1.1656 1.0000

1.1846 1.0000E-Fujian 1.0996 1.0996 1.0000 1.1846

E-Hebei 1.2711 1.2214 1.0407 1.3287 1.1791 1.1268

M-Shanxi 1.3465 1.3465 1.0000 1.5048 1.5048 1.0000

M-Henan 1.2482 1.2482 1.0000 1.3728 1.3182 1.0414

NE-

Heilongjiang 1.4058 1.4058 1.0000 1.3598 1.3598 1.0000

M-Hunan 1.4511 1.2752 1.1380 1.4668 1.3255 1.1066

W-Sichuan 1.4105 1.4017 1.0063 1.4227 1.3491 1.0546

W-Shanxi 1.4963 1.4180 1.0552 1.4887 1.4599 1.0197

M-Hubei 1.3517 1.2558 1.0763 1.3125 1.2294 1.0675

M-Jiangxi 1.5302 1.2528 1.2214 1.4954 1.2953 1.1544

NE-Jilin 1.4516 1.2793 1.1347 1.4036 1.2933 1.0853

M-Anhui 1.4527 1.2226 1.1882 1.4775 1.1917 1.2398

W-Chongqing 1.5562 1.5073 1.0324 1.5776 1.3682 1.1531

W-Xinjiang 1.6835 1.6835 1.0000 1.7265 1.5914 1.0848

W-Guangxi 1.6345 1.3344 1.2249 1.8447 1.4561 1.2669

E-Hainan 1.6495 1.4286 1.1547 1.6691 1.4314 1.1660

W-Ningxia 1.9666 1.4172 1.3877 1.7666 1.6497 1.0709

W-Qinghai 1.9294 1.7317 1.1142 1.9791 1.9791 1.0000

W-Yunnan 1.8916 1.6487 1.1473 1.9288 1.5131 1.2748

W-Gansu 2.1728 1.5349 1.4156 2.1736 2.1736 1.0000

W-Guizhou 2.1364 1.7264 1.2375 2.1722 1.5072 1.4412

W-Tibet 2.0887 1.7339 1.2047 2.3552 1.7454 1.3493
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Table A6.1 Competitiveness Scores and Rankings under Different Models
(2005)

Province ml rank m2 rank m3 rank m4 rank original rank

Beijing 36.33 4 39.71 34.38 48.13 2 46.34 2

Tianjin 31.53 7 30.40 7 29.18 11 35.00 7 33.49 7

Hebei 26,69 10 27.68 13 29.12 12 29.54 11 26.57 11

Shanxi 23.84 14 28.38 12 29.36 10 27.16 14 25.12 12
Innei

26.30 11 29.92 8 31.98 7 29.81 10 27.18 10Mongolia
Liaoning 29.21 8 31.35 6 32.93 4 32.30 8 29.95

Jilin 22.27 19 25.26 16 26.96 14 24.58 22 22.06 20
Hei

28.40 9 29.47 9 32.48 28.37 12 24.67 14longjiang
Shanghai 42.72 34.24 30.87 51.07 46.80

Jiangsu 37.93 2 33.45 5 32.17 6 43.66 4 41.30 4

Zhejiang 37.59 34.57 2 34.38 2 43.01 5 39.54 5

Anhui 22.42 18 21.93 21 23.00 21 24.74 21 21.14 21t

Fujian 26.07 12 29.1 11 29.87 9 29.95 9 27.93 9-3

Jiangxi 22.08 22 23.77 19 24.61 19 25.55 19 22.21 19J
-^

Shandong 33.23 6 33.71 4 34.38 3 38.31 6 35.91 6^

Henan 24.78 13 27.25 14 28.55 13 27.98 13 25.05 13J

Hubei 22.92 15 23.09 20 23.69 20 25.93 18 22.72 18"?

i

Hunan 22.92 16 25.02 17 25.68 17 26.57 16 23.42 15

Guangdong 36.13 29.42 10 26.13 15 45.38 3 41.95 3
<

Guangxi 18.80 26 20.74 24 21.41 25 22.41 27 19.51 24
^
j

Hainan 19.61 24 20.67 25 22.32 23 23.80 25 18.56 25

Chongqing 19.23 25 21.90 22 22.10 24 24.39 23 21.09 22

Sichuan 22.45 17 23.78 18 24.70 18 27.01 15 23.08 16

Guizhou 14.98 30 16.94 29 17.64 29 19.70 29 15.51 30

Yunnan 17.55 27 20.94 23 22.41 22 23.00 26 17.87 28

Tibet 11.61 31 10.98 31 9.80 31 16.62 31 13.47 31-s

Shaanxi 22.19 21 25.56 15 26.08 16 26.16 17 22,83 17
3

Gansu 16.64 29 17.60 28 18.03 28 19.22 30 15.76 29

Qinghai 20.16 23 16.49 30 17.12 30 23.92 24 17.95 27

Ningxia 17.17 28 18.18 27 18.37 27 21,81 28 18.32 262

Xinjiang 22,24 20 19.37 26 20.30 26 25.17 20 20.25 23-r

R 0.97 0.90 0.78 0.99=5

-T

Rho 0.97 0.96 0.91 0.99
^

R Correlation between Scores

Rho Rank Correlation-r

ml Baseline Model

m2 Distribution Model

m3 Production Model

m4 Cauchy-Schwarz Model
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Table A6.2 Competitiveness Scores and Rankings under Different Models
(2006)

Province ml rank m2 rank m3 rank m4 rank original rank

Beijing 35.01 5 37.84 35.19 45.43 2 42.27 2

Tianjin 27.45 7 31.05 7 30.01 10 34.00 7 31.43 7

Hebei 24.93 11 26.41 14 26.59 14 27.70 10 25.15 10

Shanxi 24.74 12 26.86 13 28.04 11 25.66 14 22.94 15

Inner

Mongolia 25.64 9 30.39 9 32.69 6 27.58 11 24.12 12

Liaoning 25.70 8 30.85 8 31.10 30.08 8 27.70 8

Jilin 20.04 20 26.37 15 26.20 15 24.01 20 22.29 19

Hei

longjiang 24.11 13 29.64 10 31.04 9 26.12 13 23.48 13

Shanghai 40.34 32.58 6 31.35 7 46.77 43.14

Jiangsu 35.24 4 35.18 4 34.48 4 42.06 4 39,90 4

Zhejiang 36.49 35.54 3 35.19 2 41.14 5 38.24 5

Anhui 21.48 14 23.70 20 23.28 19 24.96 18 22.80 16

Fujian 25.27 10 28.62 11 27.87 12 29.80 9 27.26 9

Jiangxi 18.50 23 23.38 21 22.22 21 23.43 22 21.34 20

Shandong 29.88 6 35.55 2 35.19 38.08 6 34.76 6

Henan 21.15 15 27.65 12 27.23 13 27.10 12 24.66 11

Hubei 20.66 19 24.03 19 23.07 20 25.21 16 23.07 14

Hunan 21,15 16 25.40 16 24.90 17 25.01 17 22.67 17

Guangdong 37.64 2 33.45 5 33.33 43.98 40.82

Guangxi 17.75 24 21.50 23 21.44 23 21.12 26 18.55 24

Hainan 18.89 22 21.78 22 22.15 22 21.76 23 18.22 25

Chongqing 17.38 26 20.91 24 21.06 25 21.62 24 18.69 23

Sichuan 20.83 18 24.44 18 24.78 18 25.50 15 22.32 18

Guizhou 14.00 29 16.23 30 17.12 30 16.54 30 13.26 30

Yunnan 16.72 27 18.67 28 19.08 27 20.49 27 16.64 28

Tibet 11.78 31 11.48 31 11.72 31 15.85 31 12.95 31

Shaanxi 21.12 17 25.12 17 25.20 16 24.18 19 21.27 21

Gansu 14.65 28 19.12 26 19.46 26 17.15 29 14.43 29

Qinghai 17.75 25 18.38 29 18.73 28 21.49 25 17.87 26

Ningxia 13.79 30 18.70 27 17.70 29 20.46 28 17.38 27

Xinjiang 19.03 21 20.89 25 21.36 24 23.65 21 19.41 22

R 0.98 0.92 0.88 1.00

Rho 0.97 0.96 0.94 0.99

R Correlation between Scores

Rho Rank Correlation

ml Baseline Model

m2 Distribution Model

m3 Production Model

m4 Cauchy-Schwara Model
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Table A6.3 Competitiveness Scores and Rankings under Different Models
(2007)

Province ml rank m2 rank m3 rank m4 rank original rank

Beijing 39.11 37.25 34.61 46.12 2 41.36 2

Tianjin 26.93 9 27.81 13 26.95 13 31.63 7 30.62 7

Hebei 22.73 16 26.15 14 26.73 14 26.03 12 24.09 12

Shanxi 27.33 8 28.10 12 27.71 12 23.88 15 22.74 13
Inner

Mongolia 29.67 6 32.24 6 34.61 2 29.59 9 25.99 10

Liaoning 29.14 7 30.61 8 30.20 9 29.45 10 27.33 9

Jilin 20.64 20 25.13 16 25.24 18 21.85 23 21.09 18
Hei

longjiang 25.38 12 29.45 9 31.43 7 23.45 IS 21,78 15
-1

Shanghai 33.61 2 31.65 7 30.80 8 47.60 43.00
.f

Jiangsu 30.62 33.86 33.12 5 42.24 4 40.55 4
d

Zhejiang 32.62 34.89 2 34.61 40.25 5 37.37 5

Anhui 21 22.54 23 22.96 21 21.08 1919.05 24 22.39

Fujian 25.70 11 28.61 10 28.08 11 29.84 8 27.84 8

Jiangxi 20.38 22 23.42 20 22.97 22 22.07 22 20.01 21

Shandong 26.86 10 33.41 4 34.61 4 33.47 6 32.45 6
^

Henan 23.71 13 28.15 11 29.11 10 26.56 11 24.53 11

Hubei 20.48 21 25.04 17 25.35 17 23.93 14 22.65 14
£

Hunan 21.33 18 24.54 19 24.93 19 23.47 17 21.10 17

Guangdong 31.68 4 32.71 5 32.57 6 43.19 3 40.73
^

Guangxi 19.36 23 22.28 22 22.33 24 21.80 24 18.73 23
^

Hainan 22.20 23 23.14 21 23.35 19 18.56 2422.12 17

Chongqing 21.01 19 20.35 25 19.61 27 23.68 16 19.67 22

Sichuan 22.96 15 24.91 18 25,58 16 25.62 13 21.71 16

Guizhou 26 18.83 26 20.14 26 18.40 30 14.33 3017.50

Yurman 16.40 29 18.68 27 20.21 25 20.45 27 16.19 26

Tibet 31 13,99 31 15.71 31 19.40 28 14.66 2913.72

Shaanxi 25.20 15 25.86 15 23.32 20 20.46 2023.14 14

Gansu 18.43 28 18.70 29 16.95 31 14.09 3117.59 25

Qinghai 17.05 28 16.78 30 18.74 28 20.64 26 15.87 27

Ningxia 15.76 30 17.90 29 17.97 30 18.93 29 15.57 28

Xinjiang 17.37 27 20.93 24 24.19 20 21.37 25 18.19 25

R 0.92 0.89 0.84 0.99

Rho 0.93 0.95 0.92 0.98

R Correlation between Scores

Rho Rank Correlation

ml Baseline Model

m2 Distribution Model

m3 Production Model

m4 Cauchy-Schwarz Model
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Table A6.4 Competitiveness Scores and Rankings under Different Models
(2008)

Province ml rank m2 rank m3 rank m4 rank original rank

Beijing 37.64 2 36.33 3 34.53 46.52 42.35 2

Tianjin 31.09 8 31.50 28.72 9 37.47 6 33.40 6

Hebei 25.54 17 26.62 16 24.67 19 28.02 13 25.14 12

Shanxi 28.85 10 27.02 15 27.03 13 24.80 22 22.20 21

Inner
10 26.94 10Mongolia 32.73 6 32.44 7 34.53 2 31.18

Liaoning 27.81 11 28.10 12 27.36 12 31.89 8 28.66 8

Jilin 25.30 19 27.45 14 26.20 16 26.68 18 23.80 15

Hei

longjiang 26.54 15 29.65 30.64 27.13 16 24.57 1310

Shanghai 35.90 4 33.97 6 31.10 7 46.28 2 43.62

Jiangsu 36.86 37.10 2 34.53 45.57 41.30

Zhejiang 38.15 38.16 34.53 4 40.44 5 36.97 5

Anhui 24.15 21 24.40 21 22.90 21 26.34 19 22.61 18

Fujian 30.93 9 31.28 9 28.43 10 31.60 9 28.20 9

Jiangxi 23.88 23 26.13 19 23.54 20 25.48 21 22.34 20

Shandong 32.15 7 34.84 4 34.10 36.46 7 33.16 7

Henan 27.15 12 28.13 11 27.93 11 27.87 14 24.33 14

Hubei 27.12 13 28.07 13 26.67 15 29.32 11 25.45 11

Hunan 25.38 18 26.33 18 25.61 18 27.11 17 22.77 17

Guangdong 34.76 5 34.12 32.63 6 44.41 4 40.92 4

Guangxi 22.72 25 22.89 23 21.40 25 21.90 26 18.11 26

Hainan 23.03 24 22.79 24 22.58 22 23.21 23 20,01 23

Chongqing 25.85 16 23.39 22 21.85 23 26.08 20 21.17 22

Sichuan 26.82 14 26.34 17 25.96 17 27.47 15 23.48 16

Guizhou 18.36 29 18.19 28 19.29 28 19.18 30 15.38 29

Yunnan 21.41 26 21.80 26 21,45 24 21.72 27 17.32 27

Tibet 17.48 31 15.54 31 15.34 31 18.11 31 14.18 31

Shaanxi 24.79 20 25.18 20 26.79 14 28.03 12 22.44 19

Gansu 8.65 28 17.12 30 19.00 29 19.79 29 15.37 30

Qinghai 18.26 30 17.29 29 17.63 30 21.11 28 16.88 28

Ningxia 24.12 22 22.25 25 21.32 26 23.07 24 18.91 25

Xmjiang 19.22 27 20.39 27 21.08 27 22.96 25 19.35 24

R 0.94 0.92 0.87 1.00

Rho 0.94 0.96 0.93 0.98

R Correlation between Scores

Rho Rank Correlation

ml Baseline Model

m2 Distribution Model

m3 Production Model

m4 Cauchy-Schwarz Model
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Table A6.5 Correlation of Changes of the Original Reports
i

-^ Province 2005 rank 2006 rank 2007 rank 2008 rank

Beijing 46.34 2 42.27 2 41.36 2 42.35 2^

Tianjin 33.49 7 31.43 7 30.62 7 33.40 6I

Hebei 26.57 11 25.15 10 24.09 12 25.14 12

Shanxi 25.12 12 22.94 15 22.74 13 22.20 21
^

Inner

Mongolia 27.18 10 24.12 12 25.99 10 26.94 10J

Liaoning 29.95 8 27.70 8 27.33 9 28.66 8

Jilin 22.06 20 22.29 19 21.09 18 23.80 15
Hei

longjiang 24.67 14 23.48 13 21.78 15 24.57 13

Shanghai 46.80 43.14 43.00 43.62

Jiangsu 41.30 4 39.90 4 40.55 4 41.30

Zhejiang 39.54 38.24 5 37.37 5 36.97

Anhui 21.14 21 22.80 16 21.08 19 22.61 18
» t

Fujian 27.93 9 27.26 9 27.84 8 28.20 9

Jiangxi 22.21 19 21.34 20 20.01 21 22.34 20

Shandong 35.91 6 34.76 6 32.45 6 33.16 7

Henan 25.05 13 24.66 11 24.53 11 24.33 14

Hubei 22.72 18 23.07 14 22.65 14 25.45 11t

Hunan 23.42 15 22.67 17 21.10 17 22.77 17

Guangdong 41.95 3 40.82 3 40.73 3 40.92 4 .s

Guangxi 19.51 24 18.55 24 18.73 23 18.11 26

Hainan 18.56 25 18.22 25 18.56 24 20.01 23

Chongqing 21.09 22 18.69 23 19.67 22 21.17 22

Sichuan 23.08 16 22.32 18 21.71 16 23.48 16

Guizhou 15.51 30 13.26 30 14.33 30 15.38 29

Yunnan 17.87 28 16.64 28 16.19 26 17.32 27

Tibet 13.47 31 12.95 31 14.66 29 14.18 31

Shaanxi 22.83 17 21.27 21 20.46 20 22.44 19

Gansu 15.76 29 14.43 29 14.09 31 15.37 30

Qinghai 17.95 27 17.87 26 15.87 27 16.88 28

Ningxia 18.32 26 17.38 27 15.57 28 18.91 25

Xinjiang 20.25 23 19.41 22 18.19 25 19.35 24

R 0.99 0.99 0.99

Rho 0.98 0,99 0.97
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Table A6.6 Correlation of Changes of the Baseline Model

Province 2005 rank 2006 rank 2007 rank 2008 rank

Beijing 36.33 4 35.01 5 39.11 37.64 2

Tianjin 31.53 7 27.45 7 26.93 9 31.09 8

Hebei 26.69 10 24.93 11 22.73 16 25.54 17

Shanxi 23.84 14 24.74 12 27.33 8 28.85 10

Inner

Mongolia 26.30 11 25.64 9 29.67 6 32.73 6

Liaoning 29.21 8 25.70 8 29.14 7 27.81 11

Jilin 22.27 19 20.04 20 20.64 20 25.30 19

Hei

longjiang 28.40 9 24.11 13 25.38 12 26.54 15

Shanghai 42.72 40.34 33.61 2 35.90 4

Jiangsu 37.93 2 35.24 4 30.62 5 36.86

Zhejiang 37.59 36.49 32.62 38.15

Anhui 22.42 18 21.48 14 19.05 24 24.15 21

Fujian 26.07 12 25.27 10 25.70 11 30.93 9

Jiangxi 22.08 22 18.50 23 20.38 22 23.88 23

Shandong 33.23 6 29.88 6 26.86 10 32.15 7

Henan 24.78 13 21.15 15 23.71 13 27.15 12

Hubei 22.92 15 20.66 19 20.48 21 27.12 13

Hunan 22.92 16 21.15 16 21.33 18 25.38 18

Guangdong 36.13 5 37.64 2 31.68 4 34.76 5

Guangxi 18.80 26 17.75 24 19.36 23 22.72 25

Hainan 19.61 24 18.89 22 22.12 17 23.03 24

Chongqing 19.23 25 17.38 26 21.01 19 25.85 16

Sichuan 22.45 17 20.83 18 22.96 15 26.82 14

Guizhou 14.98 30 14.00 29 17.50 26 18.36 29

Yunnan 17.55 27 16.72 27 16.40 29 21.41 26

Tibet 11.61 31 11.78 31 13.72 31 17.48 31

Shaanxi 22.19 21 21.12 17 23.14 14 24.79 20

Gansu 16.64 29 14.65 28 17.59 25 18.65 28

Qinghai 20.16 23 17.75 25 17.05 28 18.26 30

Ningxia 17.17 28 13.79 30 15.76 30 24.12 22

Xinjiang 22.24 20 19.03 21 17.37 27 19.22 27

R 0.98 0.92 0.93

Rho 0.98 0.93 0.93
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Table A6.7 Correlation of Changes of the Distribution ModelJ

J

Province 2005 rank 2006 rank 2007 rank 2008 rank

Beijing 39.71 37.84 37.25 36.33 3

Tianjin 30.40 7 31.05 7 27.81 13 31.50 8

Hebei 27.68 13 26.41 14 26.15 14 26.62 16

Shanxi 28.38 12 26.86 13 28.10 12 27.02 15
Inner

Mongolia 29.92 30.39 9 32.24 6 32.44 7

Liaoning 31.35 6 30.85 8 30.61 8 28.10 12

Jilin 25.26 16 26.37 15 25.13 16 27.45 14

Heilongjiang 29.47 9 29.64 10 29.45 9 29.65 10

Shanghai 34.24 3 32.58 6 31.65 7 33.97 6

Jiangsu 33.45 5 35.18 4 33.86 37.10 2

Zhejiang 34.57 2 35.54 34.89 2 38.16

Anhui 21.93 21 23.70 20 22.39 21 24.40 21

Fujian 29.11 11 28.62 11 28.61 10 31.28 9

Jiangxi 23.77 19 23.38 21 23.42 20 26.13 19

Shandong 33.71 4 35.55 2 33.41 4 34.84 4

Henan 27.25 14 27.65 12 28.15 11 28.13 11

Hubei 23.09 20 24.03 19 25.04 17 28.07 13

Hunan 25.02 17 25.40 16 24.54 19 26.33 18

Guangdong 29.42 10 33.45 5 32.71 5 34.12 5

Guangxi 20.74 24 21.50 23 22.28 22 22.89 23

Hainan 20.67 25 21.78 22 22.20 23 22.79 24

Chongqing 21.90 22 20.91 24 20.35 25 23.39 22

Sichuan 23.78 18 24.44 18 24.91 18 26.34 17

Guizhou 16.94 29 16.23 30 18.83 26 18.19 28

Yunnan 20.94 23 18.67 28 18.68 27 21.80 26

Tibet 10.98 31 11.48 31 13.99 31 15.54 31

Shaanxi 25.56 15 25.12 17 25.20 15 25.18 20

Gansu 17.60 28 19.12 26 18.43 28 17.12 30

Qinghai 16.49 30 18.38 29 16.78 30 17.29 29

Ningxia 18.18 27 18.70 27 17.90 29 22.25 25

Xinjiang 19.37 26 20.89 25 20.93 24 20.39 27

R 0.98 0.98 0.96

Rho 0.98 0.98 0.97
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Table A6.8 Correlation of Changes of the Production Model

Province 2005 rank 2006 rank 2007 rank 2008 rank

Beijing 34.38 35.19 34.61 34.53

Tianjin 29.18 11 30.01 10 26.95 13 28.72 9

Hebei 29.12 12 26.59 14 26.73 14 24.67 19

Shanxi 29.36 10 28.04 11 27.71 12 27.03 13

Inner

Mongolia 31.98 7 32.69 6 34.61 2 34.53 2

Liaoning 32.93 4 31.10 8 30.20 9 27.36 12

Jilin 26.96 14 26.20 15 25.24 18 26.20 16

Heilongjiang 32.48 31.04 9 31.43 7 30.64 8

Shanghai 30.87 8 31.35 7 30.80 8 31.10 7

Jiangsu 32.17 6 34.48 4 33.12 5 34.53 3

Zhejiang 34.38 2 35.19 2 34.61 3 34.53 4

Anhui 23.00 21 23.28 19 22.54 23 22.90 21

Fujian 29.87 9 27.87 12 28.08 11 28.43 10

Jiangxi 24.61 19 22.22 21 22.97 22 23.54 20

Shandong 34.38 35.19 34.61 4 34.10 5

Henan 28.55 13 27.23 13 29.11 10 27.93 11

Hubei 23.69 20 23.07 20 25.35 17 26.67 15

Hunan 25.68 17 24.90 17 24.93 19 25.61 18

Guangdong 26.13 15 33.33 32.57 6 32.63 6

Guangxi 21.41 25 21.44 23 22.33 24 21.40 25

Hainan 22.32 23 22.15 22 23.14 21 22.58 22

Chongqing 22.10 24 21.06 25 19.61 27 21.85 23

Sichuan 24.70 18 24.78 18 25.58 16 25.96 17

Guizhou 17.64 29 17.12 30 20.14 26 19.29 28

Yunnan 22.41 22 19.08 27 20.21 25 21.45 24

Tibet 9.80 31 11.72 31 15.71 31 15.34 31

Shaanxi 26.08 16 25.20 16 25.86 15 26.79 14

Gansu 18.03 28 19.46 26 18.70 29 19.00 29

Qinghai 17.12 30 18.73 28 18.74 28 17.63 30

Ningxia 18.37 27 17.70 29 17.97 30 21.32 26

Xinjiang 20.30 26 21.36 24 24.19 20 21.08 27

R 0.95 0.97 0.97

Rho 0.96 0.97 0.97
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Table A6.9 Correlation of Changes of the Caucby-Schwarz Model

Province 2005 rank 2006 rank 2007 rank 2008 rank

Beijing 48.13 2 45.43 2 46.12 2 46.52

Tianjin 35.00 7 34.00 7 31.63 7 37.47 6

Hebei 29.54 11 27,70 10 26.03 12 28.02 13

Shanxi 27.16 14 25.66 14 23.88 15 24.80 22
Inner

Mongolia 29.81 10 27.58 11 29.59 9 31.18 10

Liaoning 32.30 30.08 8 29.45 10 31.89 8

Jilin 24.58 22 24.01 20 21.85 23 26.68 18
Hei

longjiang 28.37 12 26.12 13 23.45 18 27.13 16

Shanghai 51.07 46.77 47.60 46.28 2

Jiangsu 43.66 4 42.06 4 42.24 4 45.57 3

Zhejiang 43.01 5 41.14 5 40.25 5 40.44 5

Anhui 24.74 21 24.96 18 22.96 21 26.34 19

Fujian 29.95 9 29.80 9 29.84 8 31.60 9

Jiangxi 25.55 19 23.43 22 22.07 22 25.48 21

Shandong 38.31 6 38.08 6 33.47 6 36.46 7

Henan 27.98 13 27.10 12 26.56 11 27.87 14

Hubei 25.93 18 25.21 16 23.93 14 29.32 11

Hunan 26.57 16 25.01 17 23.47 17 27.11 17

Guangdong 45.38 3 43.98 3 43.19 44.41 4

Guangxi 22.41 27 21.12 26 21.80 24 21.90 26

Hainan 23.80 25 21.76 23 23.35 19 23.21 23

Chongqing 24.39 23 21.62 24 23.68 16 26.08 20

Sichuan 27.01 15 25.50 15 25.62 13 27.47 15

Guizhou 19.70 29 16.54 30 18.40 30 19.18 30

Yunnan 23.00 26 20.49 27 20.45 27 21.T>
/ L 27

Tibet 16.62 31 15.85 31 19.40 28 18.11 31

Shaanxi 26.16 17 24.18 19 23.32 20 28.03 12

Gansu 19.22 30 17.15 29 16.95 31 19.79 29

Qinghai 23.92 24 21.49 25 20.64 26 21.11 28

Ningxia 21.81 28 20.46 28 18.93 29 23.07 24

Xinjiang 25.17 20 23.65 21 21.37 25 22.96 25

R 0.99 0.98 0.98

Rho 0.99 0.96 0.95
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Table A6.10 Decomposition of Structural Change of the Cauchy-Schwarz
Model (2005-2006)

2005-2006

Overall Intrinsic Structural External Internal

Change Change Change Structural Structural

Provinces Change Change

Beijing 0.9442 0.9142 1.0328 1.0192 1.0134

Tianjin 0.9716 0.9562 1.0161 0.9985 1.0176

Hebei 0.9376 0.9604 0.9763 0.9802 0.9961

Shanxi 0.9447 0.9448 0.9999 0.9867 1.0133

Inner

Mongolia 0.9252 0.9052 1.022 0.9908 1.0315

Liaoning 0.9314 0.931 1.0005 0.9938 1.0068

Jilin 0.9769 0.999 0.9779 0.9822 0.9957

Heilongjiang 0.9209 0.9496 0.9698 0.9857 0.9838

Shanghai 0.9158 0.923 0.9923 0.994 0.9983

Jiangsu 0.9635 0.9664 0.997 0.9963 1.0007

Zhejiang 0.9565 0.9652 0.991 1.001 0.99

Anhui 1.0087 1.0545 0.9566 1.0013 0.9554

Fujian 0.995 1.002 0.993 1.0056 0.9874

Jiangxi 0.917 0.9465 0.9688 0.9795 0.9891

Shandong 0.9942 0.9871 1.0071 0.9984 1.0087

Henan 0.9686 0.9699 0.9987 1.0038 0.9949

Hubei 0.9721 1.012 0.9606 0.9861 0.9741

Hunan 0.9414 0.9689 0.9716 0.9771 0.9943

Guangdong 0.9693 0.9624 1.0071 1.0223 0.9852

Guangxi 0.9424 0.9513 0.9906 0.9939 0.9966

Hainan 0.9141 0.9479 0.9643 1.008 0.9567

Chongqing 0.8866 0.8761 1.0119 1.0023 1.0096

Sichuan 0.9439 0.948 0.9957 1.0097 0.9862

Guizhou 0.8396 0.8523 0.985 0.9851 0.9999

Yunnan 0.8906 0.9133 0.9751 1.0218 0.9543

Tibet 0.9546 0.8953 1.0663 0.9873 1.08

Shaanxi 0.9245 0.9624 0.9606 0.9615 0.999

Gansu 0.8922 0.9371 0.9521 0.909 1.0474

Qinghai 0.8986 0.9351 0.961 0.9976 0.9632

Ningxia 0.9382 0.9254 1.0139 0.9773 1.0375

Xinjiang 0.9394 0.9693 0.9692 0.9593 1.0103
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Table A6.11 Decomposition of Structural Change of the Cauchy-Schwarz
M:odel (2006-2007)

2006-2007

Overall Intrinsic Structural External Internal

Change Change Change structural structural

Provinces change change
Beijing 1.0149 0.9659 1.0507 1.0271 1.023

Tianjin 0.9301 0.9246 1.006 1.0296 0.9771

Hebei 0.9398 0.9351 1.0051 1.0097 0.9954

Shanxi 0.9306 0.8929 1.0423 1.0602 0.9831
t

Inner

Mongolia 1.073 1.0481 1.0238 1.0376 0.9866

Liaoning 0.9789 0.9548 1.0253 1.0316 0.9938

Jilin 0.91 0.9132 0.9965 1.0069 0.9897

Heilongjiang 0.8978 0.8993 0.9983 0.9888 1.0097

Shanghai 1.0176 0.9871 1.0309 1.0193 1.0114

Jiangsu 1.0041 0.9981 1.0061 1.0075 0.9986

Zhejiang 0.9784 0.9683 1.0105 1.0118 0.9987

Anhui 0.9201 0.911 1.01 0.9936 1.0165

Fujian 1.0013 0.9874 1.014 1.01 1.004

Jiangxi 0.9421 0.9248 1.0187 1.0198 0.9989

Shandong 0.8786 0.889 0.9884 1.0011 0.9873
I

Henan 0.98 0.979 1.0011 1.0073 0.9938

Hubei 0.9491 0.946 1.0034 0.9944 1.009

Hunan 0.9387 0.9249 1.0149 1.0177 0.9972

Guangdong 0.9819 0.9648 1.0177 1.018 0.9997

Guangxi 1.0323 1.0083 1.0238 0.9887 1.0355

Hainan 1.0735 1.0363 1.0359 1.027 1.0086

Chongqing 1.0951 1.0486 1.0444 1.0125 1.0314

Sichuan 1.0049 0.9754 1.0302 1.0134 1.0166

Guizhou 1.1127 1.0576 1,0521 1.0461 1.0057

Yunnan 0.9985 0.9733 1.0259 1.0289 0.9971

Tibet 1.2227 1.1817 1.0347 1.0915 0.948

Shaanxi 0.964 0.9231 1.0444 1.0639 0.9817

Gansu 0.9881 0.9263 1.0667 1.1234 0.9496

Qinghai 0.9605 0.9339 1,0285 1.0002 1.0283

Ninexia 0.9251 0.8986 1.0295 1.0103 1.019&

Xinjiang 0.9036 0.9158 0.9866 0.9967 0.9898
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Table A6.12 Decomposition of Structural Change of the Cauchy-Schwarz
Model (2007-2008)

2007-2008
Overall Intrinsic Structural External Internal

Change Change Change Stmctural Structural

Provinces Change Change
Beijing 1.0088 0.9937 1.0152 1.0349 0.981

Tianjin 1.1848 1.126 1.0522 0.9994 1.0528

Hebei 1.0764 1.0203 1.055 1.0259 1.0283

Shanxi 1.0384 0.9994 1.039 1.0196 1.019

Inner

Mongolia 1.0534 1.0478 1.0053 0.9959 1.0094

Liaoning 1.0828 1.0689 1.0131 0.9852 1.0283

Jilin 1.2213 1.1476 1.0642 1.0494 1.0141

Heilongjiang 1.1568 1.1002 1.0515 1.0665 0.9859

Shanghai 0.9724 0.9968 0.9755 0.9908 0.9846

Jiangsu 1.079 1.0357 1.0417 1.0243 1.017

Zhejiang 1.0047 0.9769 1.0284 1.0197 1.0086

Anhui 1.1469 1.0919 1.0504 1.0342 1.0156

Fujian 1.0591 1.0015 1.0575 1.0482 1.0088

Jiangxi 1.1545 1.0784 1.0706 1.0415 1.0279

Shandong 1.0895 1.0232 1.0648 1.049 1.0151

Henan 1.0495 0.9831 1.0675 1.0445 1.0221

Hubei 1.2252 1.1444 1.0707 1.0451 1.0245

Hunan 1.1546 1.0759 1.0732 1.036 1.0359

Guangdong 1.0283 1.0084 1.0198 1.0126 1.0071

Guangxi 1.0046 0.946 1.0619 1.0472 1.0141

Hainan 0.9938 1.0158 0.9783 1.0175 0.9615

Chongqing 1.1017 1.0863 1.0141 1.0149 0.9992

Sichuan 1.0721 1.0627 1.0088 0.9976 1.0111

Guizhou 1.0426 1.0293 1.0129 1.0407 0.9733

Yunnan 1.062 1.0561 1.0056 0.9752 1.0312

Tibet 0.9337 0.9563 0.9763 0.975 1.0013

Shaanxi 1.2021 1.1319 1.062 1.0042 1.0575

Gansu 1.1676 1.1141 1.0481 1.0373 1.0104

Qinghai 1.0227 1.0348 0.9883 0.9854 1.0029

Ningxia 1.219 1.1799 1.0332 1.0595 0.9751

Xmjiang 1.0747 1.0611 1.0128 1.0186 0.9943
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