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Let ° 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
which the elements of y° are increased proportionally. Any possible increase,
however, is bpunded by the set S. The potential improvement in competitiveness
through balanced development is measured as:

E, = maxg {6 6° e S}.
The measure E,, is called the efficiency of proportional competitiveness. Since »°
€ S, 0 =1 is always possible, E, = 1. When E, = 1, no further balanced
development is possible; improvement must be boosted by some technological
advance, say, an outward shift in the frontier. When E, > 1, 100 x (E, — 1) may be
interpreted as the potential percentage increase of the competitiveness index. If a
province is currently operating at point A, then E, will be calculated by the ratio

of OB 1o OA.

Denote by w, the weight assigned to dimension m in the overall
competitiveness index, C, so that C = Z,w,y,. Note that wy 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 =% WmVn’.
Now, let y' = E,,"‘y0 be the dimension vector of the maximum expansion of 3°, and
C' = S,wmym'. It is easy to see that E,* = C'/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 ¥, to maximize the
competitiveness index. The maximum value of C is

C* = maxy {TmWmYm' Y € S} = ZmWm ¥y 2y wnys=C (31)
where y* is the optimal solution to aftain 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:
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where O, is called the overall efficiency of competitiveness, and O, = 1 implies
that a province has already attained its highest possible level of competitiveness,
compared to other provinces. Oc > 1 implies that 100 x (O — 1) % of the
competitiveness index can be increased provided that the province can achieve the

dimension vector y*. It is easily seen that:
O, == 5==Ep 3.3)
Let Ey = C*/C! so that O, = E;E,. Eq 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 Es = 1. Since E, measures

the increase in the degree of competitiveness by proportional expansion along the
given dimensions, E,} measures the gain in competitiveness by moving from y' to
y*. If E; > 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, O, =

OC'/OA, E4 = OC'/OB and E, = OB/OA. In all of the above three measures, a



larger value means a larger potential gain in competitiveness.

Decomposing the competitiveness index O, into two components, namely
Egs and E,, has two great implication-yielding virtues. Firstly, it is conjectured that
there are particular institutions and organizational structures of a society (factors
that éannot be included in the individual dimensions) that support each mix of
competitiveness dimensions. For example, dimensions y, and ys 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
fhe subjects or because the methods used do not cater for specific policy
recommendations. For instance, the Global Competitiveness Report (GCR) 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 er 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-d-vis their region’s competitiveness. A similar
application can be found in Guan ef 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 | vl y2 y3 y4 y5 yé y7 y8 y9 Y
2005
Mean 1827 | 3549 | 2391 | 2379 | 23.82 | 17.15 | 1478 | 41.69 | 17.62 | 26.05
Std 1531 | 871 | 612 | 1405 | 1195 | 892 | 954 | 11.90 | 7.15 | 9.13
Max 5140 | 53.90 | 32.40 | 68.20 | 72.10 | 41.90 | 37.80 | 71.50 | 31.20 | 46.80
Min 0.10 | 2010 | 800 | 1120 | 1210 | 7.10 | 11.80 | 2320 | 4.10 | 13.47
2006
Mean 1846 | 3697 | 23.60 | 25.82 | 22.44 | 2029 | 22.00 | 40.06 | 1473 | 24.81
Std 1375 | 877 | 6.15 | 13.19 | 1228 | 841 | 1001 | 11.15 | 598 | 860
Max 50.40 | 57.00 | 32.80 | 71.00 | 74.80 | 42.60 | 45.50 | 66.40 | 26.90 | 43.14
Min 0.10 | 18.10 | 840 | 1350 | 630 | 1050 | 020 | 1930 | 030 | 12.95
2007
Mean 18.56 | 32.12 | 2473 | 2783 | 26.11 | 17.16 | 20.72 | 38.63 | 13.62 | 24.33
Std 1345 | 7.19 | 607 | 1425 | 1244 | 846 | 1039 | 11.57 | 6.06 | 855
Max 4870 | 4720 | 33.90 | 7470 | 68.90 | 39.40 | 44.70 | 66.40 | 25.50 | 43.00
Min 110 | 2050 | 990 | 11.80 | 1060 | 5.80 | 2.00 | 19.80 | 3.40 | 14.09
2008
Mean 2148 | 36.68 | 2450 | 2552 | 27.25 | 13.93 | 22.74 | 42.59 | 13.84 | 25.53
Std 1270 | 819 | 574 | 1248 | 1263 | 7.02 | 1144 | 11.06 | 6.69 | 834
Max 4940 | 54.00 | 34.60 | 70.80 | 70.30 | 3520 | 46.80 | 66.70 | 26.60 | 43.62
Min 140 | 2070 | 11.80 | 1450 | 1460 | 1.50 | 190 }22.10 | 130 | 14.18

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 of nonparametric frontiers.

Suppose there are K provinces and the dimension vector of the & province
is yk, k=1, ..., 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={YK zy* =2y, 3K 2. =1,2,20k=1,..,K} 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 al2008) The corresponding “efficiency” of proportional competitiveness
for province j can be found by solving the following standard linear programming
problem,

E,) = maxe{0:T¥-1 zy* 2 09/, 3z = 1,2, 20,k =1,.., K} (42)
Given weights wy,, 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).

j { Zrn;’wL:l memzzllf=1 Zkyk =Y, }

cr = 43
MOSE 2 = 1,2, 20,k =1,..,K (4.3)

The overall efficiency of competitiveness and efficiency of dimension mix

competitiveness are then
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0, = ci Ej = Ep) (4.4)

Z%m WmYmj ’ o/

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 GAMS 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
O, 1.90 1.84 1.87 1.79
Eq 1.50 1.43 1.49 1.42
E, 1.26 1.29 1.25 1.27
Number of
provinces 9 7 9 7
with E, =1
Provinces . . . .
with O, =1 Shanghai Shanghai Shanghai Shanghai

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, O,
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 O, indicates that provinces in general are closer to the maximum value of
competitiveness. The average score of the degree of dimension mix
competitiveness, E4 follows the same pattern, whereas the average score of the
degree of proportional competitiveness, E,, was basically unchanged. Thus, the
fall in Oc, or improvement in overall efficiency, can be attributed to Es 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 E; 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
E,=1 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,

O 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 O, = 1.40 and it
implies that there is room for a 40% improvement in its provincial
competitiveness. However, with E, =1, the improvement can only be achieved by

a change in the dimension mix, as implied by Eq= 1.40.
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