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Abstract: Local governments are encouraged to compete in R&D investments and activities in China’s
innovation system. We aim to understand the influence of government competition on regional
R&D efficiency. We are also interested in examining how the attributes of legal environment act as
a moderating variable for the relationship between government competition and R&D efficiency.
We developed Tobit spatial models with spatial panel data of 30 provinces of China in 2008–2016.
The results show that: (1) There exists spatial dependence of R&D efficiency, and the regions with
high efficiency have “spillover effect” on the surrounding areas. (2) Government competition has
a significant promoting effect on R&D efficiency and/or R&D efficiency spillover. Specifically,
government competition has both R&D efficiency promotion and R&D efficiency “spillover”
promotion in Eastern China, only R&D efficiency positive spillover promotion in Middle-area and
R&D efficiency promotion but negative spillover in Western China. (3) The impact of government
competition on efficiency is affected by the legal environment, and the promotion effect of government
competition only exists in good legal environment. The results of this study reveal an important way
to improve R&D efficiency by establishing a new R&D competition mechanism for local government
which is oriented by efficiency and ruled by the legal environment.
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1. Introduction

Government investment in R&D is an important factor in technological innovation [1]. China has
been the second biggest country in R&D investment in the world, with its R&D expenditure has already
reached 131.56 billion yuan. However, China is not yet a technological power in the world, lacking in
core technology, original scientific and technological capabilities, more than 32% of 130 kinds of key
basic materials in China are still blank, and the R&D Efficiency needs to be improved. For example,
the total number of international papers and citations published by Chinese scientists and technicians
ranked second in the world from January 2007 to October 2017, but the average number of citations
per paper (9.4 times) did not reach the world average (11.8 times), showing that the quality of Chinese
scientific papers was not high. According to the National Medium and Long-Term S&T Development
Plan (2006–2020), the R&D input intensity of China will reach 2.5% by 2020. With the quantitative
growth of R&D investment in China, how to transform R&D input into innovation output is attracting
great attention, and R&D efficiency is becoming increasingly important in China.
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European countries have an absolute advantage in technological innovation capacity, occupying
eight of the top 10 in the 2017 global innovation index rankings. Switzerland, Sweden and Germany
are representative countries, ranking first, second and ninth respectively. While China ranked 22nd.
We make a more detailed comparison of R&D indicators between Sweden, Germany and China, taking
the results of 2015 as an example (See Figure 1). In both researchers in R&D and scientific and technical
journal articles, China is obviously lower than Sweden and Germany. In addition, the R&D intensity is
only 2.066%, a distance from our target (2.5% in 2020) and farther away from Sweden and Germany.
The Chinese government has paid more attention to and increased investment in the field of R&D.
China’s R&D budget was about 100.6 billion dollars in 2015, much more than Germany (16.87 billion
dollars) and Sweden (337 million dollars). The most notable feature of China’s national science and
technology innovation system is that the Chinese government plays an important role, and the R&D
investment intensity of Chinese enterprises is low, which is quite different from or even contrary to
that of European countries. Therefore, it is necessary and meaningful to study the efficiency of R&D in
China from the perspective of government competition.
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Figure 1. Comparison of R&D indicators between Sweden, Germany and China in 2015.

The topic of R&D efficiency has received increasing academic interest in recent years all over the
world [2–9]. Most of the previous studies on this topic have attempted to measure R&D efficiency
or productivity at the firm or industry levels [10–16], as well as country or national level [17–19].
In this study, however, R&D productivity is measured at the provincial level to provide R&D
policy implications. Several studies proposed that national or regional innovation system has an
important effect on R&D efficiency indices [18,20,21], while the national or regional innovation system
of China is characterized by government competition, which is an important system design that
affects the efficiency of resource allocation. To some extent, the competition of local governments for
economic growth explains China’s economic growth miracle. The central government stimulates local
governments to compete horizontally for the “yardstick” (GDP or GDP growth), called “yardstick
competition” [22,23], which affects the efficiency of financial resources allocation. There is no doubt that
competition can promote the efficiency. Local government competition helps to improve the supply
of public goods, the allocation of economic resources and the efficiency of the public sectors [24,25].
As the main means of local government competition [26–28], public finance expenditure competition
(fiscal competition) can improve infrastructure and the quality of public services, promote industrial
agglomeration, expand the scale of foreign investment, affect the export situation, and promote
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economic development [29–31]. Government investment in R&D are public goods, and it is still
a question that whether government competition can improve R&D efficiency. In addition, with
the existence of the strategic interaction between jurisdictions, externalities of public goods and
interregional fiscal expenditure spillover effect [32,33], could government competition promote the
spatial spillover of efficiency? This is very worthy of discussion.

Therefore, this paper focuses on analyzing the impact of government competition on R&D
efficiency in China. We develop a moderating effect model of legal environment to capture the
normative role of the legal environment in government competition. First, we apply the Data
Envelopment Analysis (DEA), a typical efficiency analysis methodology to estimate R&D efficiency.
DEA does not need to explicitly assume a functional relationship between inputs and outputs and
has advantages in dealing with multiple inputs and outputs [1]. We measure the efficiency level of
30 provinces in China, assumed decision-making units (DMUs). Second, we examine whether there is
spatial dependence of R&D efficiency. If it exists, we will have to construct Tobit spatial econometric
model because the latent variable, R&D efficiency scores are censoring from below at 0, also because of
the spatial dependence, the linear model based on Ordinary Least Squares (OLS) are biased. Third, the
relationship between government competition, legal environment and R&D efficiency is tested.

The contributions of this paper to existing literature are as follows. First, this article provides
a relatively novel research perspective of government competition for the study of R&D efficiency.
Different from western countries, local governments have played a leading role in China’s national
science and technology innovation system. It is of interest whether government competition could
affect the efficiency of R&D investment and how it works. Second, we seek to explore the spatial effect
and historical evolution of R&D efficiency and analyze its spatial agglomeration pattern. Current
studies mainly focus on the measurement and evaluation of R&D efficiency and few studies have
explored the spatial effect and used spatial econometric models to study R&D efficiency. Third, this
study analyzes the effect of government competition on R&D efficiency in difference regions and the
differences. This study also investigates the impact of law environment on the relationship between
government competition and R&D efficiency. Our findings have important implications for local
government officials when they implement policies to promote R&D efficiency and build strong
provinces of science and technology.

The rest of this paper is structured as follows. Section 2 is the theoretical analysis and research
hypotheses. We have the research design in Section 3, which is followed by the R&D efficiency analyses
in Section 4. Section 5 is presentation and discussion of results. Finally, in Section 6, conclusions,
limitations and future research avenues are discussed.

2. Theoretical Analysis and Research Hypotheses

2.1. Government Competition and R&D Efficiency

When we discuss the issue of R&D efficiency, the externalities of public goods such as knowledge
and technology should be taken into consideration. A large number of empirical literature find that
the supply of public goods has a spatial effect such as public environmental goods in California [34],
spatial knowledge spillovers of university research in Austria [35], the spatial effects of efficiency and
TFP growth on pollution in Europe [36] and water resource utilization efficiency and spatial spillover
effects in China [37]. As for R&D efficiency, in the process of fiscal input and output of R&D, the
neighborhood competition, learning and imitative behavior among local governments can produce
strategic complementary effect, thus provinces with high R&D efficiencies are closer to each other in
space. In other words, R&D efficiencies between adjacent provinces is more consistent. That is the
spatial dependence of R&D efficiencies. Besides, geographic and spatial factors can bring about the
technology transmission and the spillover of efficiency through imitation transmission mechanism,
which means provinces with high R&D efficiencies can help promote the R&D efficiencies of adjacent
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provinces because the good practice and experience are easier to observe and learn for them. That is
the spatial spillover effect of R&D efficiency. Thus, we come to the following hypothesis:

Hypothesis 1 (H1). There exists spatial dependence of R&D efficiency, and the regions with high efficiency
have “spillover effect” on the surrounding areas.

Research on R&D efficiency of China focuses on efficiency evaluation and influencing factors. For
instance, Xu Lei [38] used both DEA and SFA methods to measure the R&D efficiency and found that
China’s R&D efficiency showed regional imbalances, with the efficiency of eastern region was higher
than western region, and the efficiency of western region was higher than central region. Based on the
test of SFA, Zhu C. L.’s findings showed that China’s R&D innovation efficiency was still relatively low
and had great potential for innovation. In addition, human capital level and higher education could
significantly promote R&D innovation [39]. A large number of empirical studies have chosen GDP, FDI,
foreign trade, regional openness, higher education, educational technology inputs, regional industry
convergence and fiscal incentive policies as the factors of efficiency [40–43]. However, the impact of
government competition on efficiency has been ignored.

Government competition is one of the important sources of agglomeration and spillover of R&D
efficiency. Local government competition is a system design with Chinese characteristics. Local
governments have great financial power but the power of appointment, removal, and promotion of
local leading cadres is concentrated in the central government. Local governments compete using their
financial power in performance indicators set by the central government for the promotion. In the
past thirty years, GDP has always been the most important indicator, thus forming the “competition
for growth” mechanism, which has been regarded as the main reason of miracle of China’s economic
growth [30,44]. The essence of government competition is the competition of financial resources
domination and utilization ability between local governments. Numerous studies have focused on the
impact of government competition on GDP growth or R&D investment [29,31,45], while few studies
focus on the impact of competition on R&D efficiency.

With the economy entering the “New Normal”, more attention paid to the quality and
sustainability of economic development, the contribution rate of S&T progress to economic growth
has steadily increased. In addition, the national innovation-driven development strategy of China
has been fully implemented, which has stimulated the local government’s new S&T competitions,
especially the R&D investment, particularly after technological innovation performance and other
related indicators have been included in the performance appraisal standards. The local government
has formed a new mechanism of “competition for innovation” [45]. Technological innovation index has
become an important yardstick of government competition. Local governments’ attention will be more
focused on “S&T Championship” competition, thus increasing the support and investment in S&T
innovation, which will help improve the efficiency of regional R&D investment and spillover. From
the point of factor input, government competition strengthens R&D capital input, mainly embodied
in the expansion of the scale of financial investment in R&D and the pursuit of the central vertical
S&T resources. Through new projects, the construction of R&D parks, and the scramble for pilot
projects, local governments strive to obtain central financial support and institutional advantages
in advance as to give full play to the vertical and horizontal production of financial investment in
R&D, accelerate the spatial agglomeration and integration of S&T resources, optimize the spatial
allocation structure and improve the input efficiency. Essentially, the competition of S&T is the
competition of talents. Local governments have the motive force to attract talents of R&D. Promoting
the scientific treatment and sense of achievement of R&D talents and stimulating the enthusiasm and
creativity of scientific research are the external and internal motivation to promote scientific research
achievements and improve efficiency. From the perspective of the technological innovation process,
local governments have prominent institutional advantages, such as innovative mechanism, good
innovative environment, integration of high-quality S&T resources and establishment of technological
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innovation chain. Government competition could strengthen that institutional advantage, release
institutional dividends, improve the innovation chain, ensure innovation results, and improve the
R&D efficiency.

Local governments compete for innovation. Under the yard competition guided by R&D output,
the indicators of R&D output in regions with high efficiency of technological innovation often have
strong demonstration effect, and become the target of “catching up” and “surpassing” in adjacent
regions, which affects the decision-making of S&T development in the surrounding areas, and brings
about institutional, policy learning and imitative behaviors. These strategic interaction behaviors
have effects on adjacent regions [46,47]. The strategic competition among local governments will
help to promote the “spillover” of the efficiency of R&D investment. Therefore, we propose the
following hypothesis.

Hypothesis 2 (H2). Government competition has a positive impact on R&D efficiency and R&D
efficiency spillover.

2.2. Government Competition, Legal Environment and R&D Efficiency

Hypothesis 2 was proposed on the assumption that any competition between governments
was under legal framework because illegal competitions will be risky for the local government
leaders in consideration of potential loss of reputation and demotion. However, the fact is that local
governments have the preference for protecting local interests and the impulse to intervene the market
economic activities in safeguarding economic interests. They even play the role of “athletes” as
to rank the “tournament” and unilaterally pursue the maximization of regional economic growth,
while resulting in the structural distortion of public expenditure characterized by “laying stress
on infrastructure construction and ignoring social services” [48]. The profit-seeking nature of local
governments is apt to lead to irrational competition, which is manifested in the violation of economic
principles, the promotion of local protectionism, the implementation of regional blockades and the
separation of resources, the safeguarding of their own interests by unfair means and even the violation
of laws. Though the legal environment can regulate the government’s competitive behavior [49],
the regulation effect only takes effect in a good legal environment, where administrative monopoly
and vicious competition could be curbed and the contradictions between government and market
could be resolved. Therefore, the environment of intergovernmental competition for R&D efficiency
is guaranteed. In the provinces with the bad legal environment, three has a little positive impact on
local government competition behavior, government competition may lead to the dislocation of R&D
resources allocation, which is not conducive to the promotion of efficiency. Therefore, this article
proposes Hypothesis 3.

Hypothesis 3 (H3). The rule function of the legal environment on the government competition is an important
prerequisite for realizing its promotion to R&D efficiency. The promotion effect of government competition only
exists in the good legal environment.

3. Research Design

3.1. Moran’s I and Local Indicator of Spatial Association

To test H1, Moran’s I and the local indicator of spatial association (LISA) are applied to the
following analysis [50,51]. LISA is Products of decomposition of Moran’s I and can help to evaluate
the clustering patterns and calculate local Moran’s I for each spatial unit. The spatial autocorrelation
of Moran’s I can be expressed as Equation (1).

I =
n
S0

∑n
i=1 ∑n

j=1 wi,jzizj

∑n
i=1 z2

i
, (1)
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In Equation (1), zi is the deviation between the attribute of factor i and its average value (xi − x),
wi,j is the spatial weight between factor i and factor j, n equals the total number of factors, and So is the
aggregation of all spatial weights as Equation (2).

S0 = ∑ n
i=1 ∑ n

j=1wi,j, (2)

The statistical zi score is calculated in the following form, as seen in Equation (3).

zI =
I − E[I]√

V[I]
, (3)

Additionally,
E[I] = −1/(n − 1), (4)

V[I] = E
[

I2
]
− E[I]2, (5)

The local Moran’s I can be expressed as Equation (6).

Ii =
N ∗ (xi − x)

∑j (xj − x)2 × ∑ jwij ∗ (xj − x), (6)

It should be noted that

∑ i(Ii/N) = I, (7)

In regard to the spatial weight matrix wi,j, this paper use the “Rook Contiguity” method to
establish a first-order neighboring spatial weighting matrix wi,j. Specifically, if the province i and
province j have a common boundary, then the space weight coefficient of the two provinces is 1, and
0 otherwise.

3.2. Construction of Measurement Model

For H2, we take R&D efficiency as the explained variable, government competition and other
variables as explanatory variables. We follow the spatial econometric methods to develop the following
Tobit spatial panel models [52–56]:

R&Deffit = ρWi,jR&Deffit + β0 + β1Govcomit + β2Govscaleit + β3LnGDPit+

β4Peodensityit + β5Trait + β6Internetit + β7Eduit + εit,
(8)

R&Deffit = β0 + β1Govcomit + β2Govscaleit + β3LnGDPit + β4Peodensityit + β5Trait

+β6Internetit + β7Eduit + λWi,jεit + µit,
(9)

Models (8) and (9) are Tobit spatial lag model (TSLM) and Tobit spatial error model (TSEM),
respectively. In Equation (8) and (9), i represents the province, t represents the period, and wi,j
represents the spatial weighting matrix, ρ and λ are the coefficient of spatial autoregressive and spatial
error, respectively, both reflecting the R&D efficiency effect of the adjacent provinces on the observation
province. All variables see above for the definitions of the variables.

To test H3, we study the impact of the legal environment on R&D efficiency, and further discuss
the impact of the normative role of the legal environment in government competition on R&D efficiency.
That is, we test whether the R&D Efficiency promotion effect is stronger in regions with the good
legal environment. Therefore, we derive a dummy variable to represent the good legal environment.
Provinces with legal environment scores greater than the median for the respective year are coded 1,
and 0 otherwise (HILaw) [57]. we use R&D Efficiency as the explained variable, the legal environment
and the Interaction term of the higher-level legal environment and government competition, along
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with the other variables as explanatory variables. Using both TSLM and TSEM, we create the following
panel models:

R&Deffit = ρWi,jR&Deffit + β0 + β1HILawit + β2Govcomit + β3HILawit·Govcomit+

β4Govscaleit + β5LnGDPit + β6Peodensityit + β7Trait + β8Internetit + β9Eduit + εit,
(10)

R&Deffit = β0 + β1HILawit + β2Govcomit + β3HILawit·Govcomit + β4Govscaleit+

β5LnGDPit + β6Peodensityit + β7Trait + β8Internetit + β9Eduit + λWi,jεit + µit,
(11)

In Equation (10) and (11), i represents the enterprise and t represents the period. See above for the
definitions of the variables. We an add interaction term to the model to test the impact of the legal
environment on the relationship between government competition and R&D efficiency.

3.3. Variables Definition and Data Sources

3.3.1. Selection and Measurement of Variables

(1) R&D efficiency (R&D-Eff ) reflects the relative efficiency score of R&D activities across provinces
in this paper. We obtain the R&D efficiency scores by applying DEA-CCR model and each province
is regarded as a DMU that employs manpower (R&D personnel) (input1) and financial resources
(R&D funds) (input2) as inputs and patent authorization (output1) and turnover in technology market
(output2) as outputs.

(2) Government competition (Govcom) is the product of fiscal decentralization, and its essence
is the competition of financial resources domination and utilization ability. We measure government
competition by the ratio of local fiscal expenditure to national fiscal expenditure, reflects the degree of
competition among local governments.

(3) Legal environment (Law) is an important external condition affecting the management activities
of the government and other public sectors. There are differences in the level of the legal environment
in different regions. Therefore, this article measures the legal environment level by “the development
of market intermediary organizations and the environmental index of the legal system”, the sub-index
of “NERI Index of Marketization of China’s Provinces”, edited by Wang et al. [58]. Legal environment
includes four sub-indexes: development of market intermediaries, protection of producers’ lawful
rights and interests, protection of intellectual property rights, protection of consumers’ interests [53].
It should be noted that this legal index has been widely used to capture the legal environment of
China’s government and market activities in China [59,60].

Control variable are as follows: Government scale (Govscale), measured by the proportion of
government consumption expenditure to GDP in each province, the degree of economic development
(LnGDP), measured by the natural logarithm of the per capita GDP of each province, population
density (Popdensity), expressed in terms of population per unit area, the transportation infrastructure
(Tra), expressed by the sum of railway mileage per unit area and grade highway mileage of each
province, the level of information development (Internet), measured by the proportion of internet users
to regional population in each province and educational level (Edu), the proportion of population with
high school and college education background in population over six years of age.

3.3.2. Research Sample and Data Sources

In this article, 30 provinces in the mainland of China in 2008–2016 were selected as research
samples. The data of R&D efficiency measurement mainly come from “China Statistical Yearbook”
(2008–2016) and “China S&T Statistics Yearbook” (2008–2016). Other data were from the database
of China Economic Net and the National Bureau of statistics. This paper used the Excel 2016 and
Stata12.0 statistical software packages to perform the data processing.
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4. R&D Efficiency Analyses

4.1. R&D Efficiency Score of 30 Provinces

The DEA model is applied to estimate the inter-province efficiency frontier of R&D activities
with the inputs and outputs mentioned above. As shown in Table 1, the average R&D efficiency is
about 0.581, indicating that R&D efficiency has much room for improvement. The eastern regions
are more efficient, showing the highest R&D efficiency values. Some provinces in eastern regions
have a R&D efficiency value of unity, indicating that these provinces represent the best practices.
However, in general, most of the provinces show worse performance. In sum, the results suggesting
that the regions show relatively moderate R&D efficiency, R&D efficiency under different regions is
heterogeneous and R&D efficiency of some provinces under same region is homogeneity, suggesting
that R&D efficiency is likely to have spatial dependence. Comparing our results with Xu Lei [38], who
studied the efficiency of input and output of R&D in China, the R&D efficiency scores we measured
are higher in general because we have more outputs than theirs. However, we get the same efficiency
distribution, which is the highest in the East, the second in the west, and the lowest in the central part.

Table 1. R&D efficiency scores of 30 provinces of China from 2008–2016.

Province Area 2008 2009 2010 2011 2012 2013 2014 2015 2016 Average

Beijing (BJ) E 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Tianjin (TJ) E 0.541 0.548 0.524 0.482 0.481 0.518 0.537 0.583 0.626 0.538
Hebei (HE) E 0.377 0.305 0.333 0.300 0.307 0.326 0.365 0.444 0.477 0.359
Shanxi (SX) M 0.291 0.277 0.305 0.271 0.283 0.328 0.351 0.403 0.419 0.325

Inner Mongolia (IM) W 0.331 0.263 0.319 0.223 0.485 0.237 0.210 0.234 0.243 0.283
Liaoning (LN) E 0.568 0.505 0.512 0.534 0.516 0.440 0.427 0.546 0.537 0.509

Jilin (JL) M 0.468 0.298 0.342 0.359 0.280 0.299 0.304 0.299 0.463 0.346
Heilongjiang (HL) M 0.479 0.420 0.411 0.609 0.757 0.673 0.665 0.619 0.695 0.592

Shanghai (SH) E 1.000 0.960 0.943 0.772 0.694 0.611 0.660 0.656 0.635 0.770
Jiangsu (JS) E 0.702 0.759 0.900 1.000 1.000 0.838 0.752 0.773 0.705 0.825

Zhejiang (ZJ) E 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
Anhui (AH) M 0.386 0.414 0.535 0.798 0.675 0.677 0.712 0.722 0.769 0.632
Fujian (FJ) E 0.536 0.467 0.522 0.494 0.480 0.513 0.531 0.761 0.845 0.572
Jiangxi (JX) M 0.271 0.238 0.318 0.392 0.383 0.399 0.608 0.839 1.000 0.494

Shandong (SD) E 0.515 0.518 0.559 0.452 0.450 0.451 0.483 0.537 0.523 0.499
Henan (HA) M 0.527 0.374 0.376 0.377 0.363 0.361 0.420 0.478 0.511 0.421
Hubei (HB) M 0.497 0.412 0.417 0.414 0.417 0.546 0.592 0.636 0.655 0.510

Hunan (HN) M 0.501 0.383 0.409 0.369 0.360 0.396 0.474 0.483 0.469 0.427
Guangdong (GD) E 0.898 0.727 0.729 0.643 0.563 0.582 0.661 0.778 0.822 0.711

Guangxi (GX) W 0.444 0.286 0.265 0.265 0.233 0.308 0.434 0.553 0.667 0.384
Hainan (HI) E 0.552 0.552 0.617 0.456 0.308 0.436 0.455 0.529 0.466 0.486

Chongqing (CQ) W 0.829 0.660 0.835 0.766 0.692 0.804 0.837 1.000 1.000 0.825
Sichuan (SC) W 0.601 0.596 0.786 0.612 0.675 0.708 0.760 0.926 0.816 0.720

Guizhou (GZ) W 0.596 0.399 0.532 0.558 0.617 0.784 0.958 1.000 0.748 0.688
Yunnan (YN) W 0.454 0.492 0.460 0.411 0.549 0.506 0.606 0.515 0.526 0.502
Shaanxi (SN) W 0.307 0.317 0.393 0.551 0.607 0.750 0.803 0.814 1.000 0.616
Gansu (GS) W 0.507 0.594 0.627 0.650 0.654 0.769 0.747 0.621 0.700 0.652

Qinghai (QH) W 1.000 0.735 0.606 0.724 0.673 0.812 0.822 1.000 1.000 0.819
Ningxia (NX) W 0.532 0.446 0.421 0.278 0.227 0.249 0.318 0.329 0.498 0.366
Xinjiang (XJ) W 0.723 0.427 0.466 0.403 0.367 0.489 0.601 0.802 0.702 0.553
Eastern Area 0.699 0.667 0.694 0.648 0.618 0.610 0.625 0.692 0.694 0.661
Middle Area 0.428 0.352 0.389 0.449 0.440 0.460 0.516 0.560 0.623 0.468
Western Area 0.575 0.474 0.519 0.495 0.525 0.583 0.645 0.709 0.718 0.583

China 0.581 0.512 0.549 0.539 0.537 0.560 0.603 0.663 0.684 0.581

There are some weaknesses of DEA approach needed to point out to measure the R&D efficiency.
The choice of input and output of DEA method has a decisive influence on the result of efficiency
measurement. Our results and Xu Lei’s are examples. In addition, the DEA method is only an
assessment of relative efficiency, and can’t replace absolute efficiency. For the robustness of results,
stochastic frontier analysis (SFA) is employed to remeasure R&D efficiency. The dependent variable is
turnover in technology market (output2 in DEA) and independent variables are employs manpower
(R&D personnel) and financial resources (R&D funds) (input1 and input2). The software FRONTIER4.1
is applied to get the relatively consistent results. Take the results of 2016 for example, the mean values
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are 0.684 (DEA) and 0.676 (SFA), and the efficiency distribution of provinces is relatively consistent in
the two models. The results of SFA are shown in Appendix A.

4.2. Analyses of Spatial Dependence and “Spillover Effect” of R&D Efficiency

We obtained the results of Moran’s I test of R&D efficiency from 2008–2016 as seen in Table 2.
Table 2 shows that Moran’s I are significantly positive at 10% level in 2008, 2012 and 2013, at 5%
level in 2009, 2011, 2014 and 2016 and at 1% level in 2010 and 2015, which suggests that there is
positive spatial autocorrelation in R&D efficiency. Further, the Moran scatterplot of R&D efficiency
is presented in Figure 2, which shows that R&D efficiency not only represents spatial agglomeration
but also influences neighboring areas. The spatial spillover effect of R&D efficiency is very significant
and the efficient area has played a significant driving effect and leading role on the efficiency of the
surrounding areas. Figure 3, LISA cluster map of R&D efficiency can help us identify which units
are statistically related to neighboring units and to identify spatial clustering patterns. It is obvious
that Beijing (BJ) is always the high R&D efficiency region surrounded by provinces with low R&D
efficiency (H-L). Inner Mongolia (IM), Shanxi province (SX) and Hebei (HE) are often the inefficient
cluster area (L-L). While Shanghai (SH) and its neighbor Jiangsu (JS), Zhejiang (ZJ) are typically high
R&D efficiency cluster area (H-H). While, there are some interesting findings. The high R&D efficiency
cluster area (H-H) moved southward, the inefficient cluster area (L-L) extended to Northeast China
(JL&LN), and Sichuan (SC), Chongqing (CQ) became a new high R&D efficiency cluster area and
Shaanxi (SN) became a new H-L area in Western China as time went by. Global autocorrelation comes
from regional autocorrelation. Thus, we have enough evidence to support H1 that there exist spatial
dependence and spatial spillover effect of R&D efficiency.
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Table 2. Moran’s I test of R&D efficiency from 2008–2016.

Year I E(I) Sd(I) z p

2008 0.135 −0.034 0.110 1.533 0.063
2009 0.207 −0.034 0.109 2.207 0.014
2010 0.247 −0.034 0.110 2.552 0.005
2011 0.214 −0.034 0.110 2.258 0.012
2012 0.110 −0.034 0.110 1.317 0.094
2013 0.141 −0.034 0.111 1.577 0.057
2014 0.218 −0.034 0.111 2.278 0.011
2015 0.307 −0.034 0.111 3.069 0.001
2016 0.208 −0.034 0.111 2.179 0.015
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5. Empirical Research

5.1. Descriptive Statistics and Correlation Analysis of Variables

Table 3 reports the descriptive statistical analysis of the variables. As mentioned above, R&D
efficiency is moderate with the mean value (0.581). There are great differences between provinces in
both Govcom and Law. Table 4 is the Pearson correlation matrix of the variables. We can see that Govcom
and Law are both significantly positively correlated with R&D-Eff. We compute the variance inflation
factors (VIFs) and find most to be less than 4, suggesting that multi-collinearity is not a major issue in
our study.

Table 3. Descriptive statistical analysis of the characteristics of each variable.

Variable Mean Std.Dev. Min Max Obs

R&D-Eff 0.581 0.210 0.210 1.000 270
Govcom 2.761 1.285 0.500 7.300 270

Law 5.309 3.923 −0.410 20.420 270
Govscale 0.144 0.417 0.085 0.266 270
LnGDP 10.310 0.639 7.790 11.564 270

Popdensity 475.841 730.731 8.000 4183.000 270
Tra 0.827 0.508 0.048 2.400 270

Internet 0.411 0.152 0.118 0.777 270
Edu 0.272 0.092 0.102 0.641 270
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Table 4. Pearson correlation matrix of the variables.

R&D-Eff Govcom Law Govscale LnGDP Popdensity Tra Internet Edu

R&D-Eff 1
Govcom 0.253 *** 1

Law 0.594 *** 0.499 *** 1
Govscale 0.194 *** −0.372 *** −0.129 ** 1
LnGDP 0.133 ** 0.457 *** 0.475 *** −0.238 *** 1

Popdensity 0.272 *** 0.271 *** 0.553 *** −0.058 0.395 *** 1
Tra 0.296 *** 0.505 *** 0.679 *** −0.349 *** 0.474 *** 0.760 *** 1

Internet 0.438 *** 0.224 *** 0.720 *** 0.022 0.399 *** 0.445 *** 0.459 *** 1
Edu 0.353 *** 0.149 ** 0.645 *** 0.193 *** 0.451 *** 0.609 *** 0.563 *** 0.762 *** 1

Notes: *, **, and *** indicate significance levels of 10%, 5%, and 1%, respectively.

5.2. Impact of Government Competition on R&D Efficiency

Table 5 reports the results of the impact of government competition on R&D efficiency in full
samples and subsamples divided by the region with both Tobit Spatial Lag Model (TSLM) and Tobit
Spatial Error Model (TSEM). Based on the test results of LMErr and LMLag, the LMErr statistics are
more significant than the LMLag statistics in all models. Thus, we selected the Tobit Spatial Error
Model (TSEM) for the study and following analyses. According to the Hausman Test, fixed effect
model is applied.

Table 5. Impact of government competition on R&D efficiency.

Variable

TSLM TSEM

Full
Sample

Divided by Region Full
Sample

Divided by Region

East Mid West East Mid West

Govcom 0.0298 *** 0.0479 *** 0.0766 * 0.0600 *** 0.0287 *** 0.0480 *** 0.0398 0.0581 ***
(z) (2.71) (3.84) (1.91) (2.78) (3.11) (4.09) (0.85) (2.89)

Govscale 2.3404 *** 1.9882 *** 1.7250 *** 1.1093 1.9544 *** 2.4528 *** 2.2056 *** 1.2002 *
(z) (6.69) (2.96) (2.83) (1.47) (6.25) (4.35) (3.09) (1.81)

lnGDP −0.0177 0.0383 −0.0780 ** −0.0545 * −0.1678 * 0.0360 *** −0.0067 −0.0398 **
(z) (−0.81) (1.13) (−1.97) (−1.74) (−1.77) (3.92) (−0.21) (−2.06)

Popdensity 0.0001 0.0000 −0.0004 ** −0.0009 −0.0001 −0.0001 −0.0002 −0.0007
(z) (0.32) (0.68) (−2.06) (−1.50) (−1.24) (−0.28) (−0.94) (−1.40)
Tra 0.1056 ** −0.0817 0.0354 0.6412 *** 0.1160 ** −0.0029 −0.1027 0.6165 ***
(z) (2.45) (−1.21) (0.38) (3.38) (2.41) (−0.04) (−0.94) (3.42)

Internet 0.6891 *** 0.4339 ** 0.9411 *** 1.0297 *** 0.7074 *** 0.5806 *** 1.3983 *** 0.8104 ***
(z) (6.11) (2.48) (4.02) (3.64) (5.58) (3.07) (4.31) (3.44)

Edu 0.4824 ** 0.1332 2.0870 *** 1.7561 *** 0.2557 ** 0.1917 * 2.9520 *** 1.7982 ***
(z) (2.03) (0.33) (3.62) (2.82) (1.12) (−0.57) (4.41) (3.07)

_cons 0.0025 −0.4817 0.9653 ** 0.9774 ** 0.0527 −0.3689 0.3647 * 0.8222 ***
(z) (0.01) (−1.39) (2.50) (2.45) (1.39) (−1.08) (1.65) (3.01)
ρ 0.0401 *** 0.0516 ** 0.1400 *** −0.1042 ***

(z) (3.96) (2.09) (5.97) (−4.19)
λ 0.1040 *** 0.0760 *** 0.1347 *** −0.1005 ***

(z) (6.70) (2.92) (3.75) (−2.67)
Wald Test 675.6984 301.3523 62.2311 189.356 693.1326 287.2127 53.9869 193.1126

F Test 96.5283 43.0503 8.8902 27.0509 99.0189 41.0304 7.7124 27.5875
R2 adjust 0.6774 0.7194 0.3685 0.6073 0.6833 0.7089 0.3243 0.6125

LLF 85.8451 40.5473 50.2871 39.1032 95.0304 41.0524 51.5091 39.0138
Moran’ I 0.1599 ** 0.6003 *** 0.6830 *** 0.1594 *** 0.1499 *** 0.5781 *** 0.7242 *** 0.1738 ***
(p-Value) (0.0001) (0.0000) (0.0000) (0.0082) (0.0002) (0.0000) (0.0000) (0.0041)

LMErr 11.7894 *** 39.7996 *** 15.1000 *** 3.2575 * 9.7580 *** 36.2169 *** 12.4628 *** 4.0322 **
(p-Value) (0.0006) (0.0000) (0.0001) (0.0711) (0.0018) (0.0000) (0.0004) (0.0446)
LMLag 0.8901 4.8273 ** 2.2397 0.0032 0.3277 2.9086 * 1.0692 0.0115

(p-Value) (0.3454) (0.0280) (0.1345) (0.9549) (0.5670) (0.0881) (0.3011) (0.9145)
LR Test 15.6696 *** 4.3514 ** 35.6394 *** 17.5482 *** 44.9431 *** 8.5053 *** 14.0473 *** 7.1092 ***

(p-Value) (0.0001) (0.0370) (0.0000) (0.0000) (0.0000) (0.0035) (0.0002) (0.0077)
N 270 99 72 99 270 99 72 99

Notes: t statistics and p-values are in brackets. *, **, and *** indicate significance levels of 10%, 5%, and 1%,
respectively. This paper defines the eastern part of China, including Beijing, Tianjin, Hebei, Shanghai, Jiangsu,
Zhejiang, Fujian, Shandong, Guangdong, Joan, Liaoning and 11 other regions; central China including Shanxi, Jilin,
Heilongjiang, Anhui, Jiangxi, Henan, Hubei and Hunan; other 11 provinces belonging to western China, excluding
Tibet, Hong Kong, Macao and Taiwan. LLF, LMErr, and LMLag represent Log Likelihood Function, LMError
(Robust), and LMLag (Robust), respectively.
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(1) In full samples, government competition has a significantly positive impact on R&D efficiency.
This result shows that competition for innovation promotes the innovation activities and outputs,
thus enhancing R&D efficiency. To some extent, optimizing the system design of local government
competition in the new period plays an important role in improving R&D efficiency and building a
powerful country in S&T. (2) For east-, middle-, and west-China regions, government competition
has a significantly positive impact on R&D efficiency in Eastern China and Western China, but not
in Middle-area. This result indicates that the Middle-area is at a disadvantage in intergovernmental
competition. For Middle-area, it is much more difficult to attract S&T resources and talents compared
with the eastern regions, and there is less policy support that could gained from the central government
compared with the western regions.

Table 5 also shows the impact of government competition on R&D efficiency spillover. In general,
R&D efficiency does exist positive spatial autocorrelation because the Moran’ I are significantly
positive in all models, which support H1 again. The statistics of λ are significant in full sample and
all sub-samples. However, λ is significantly negative in the sub-sample of West, suggesting that
competition of local governments has promoted the spillover effect of the R&D efficiency in Eastern
and Middle-area, partly supporting the H2. The government competition in Western China can lead to
R&D investment less efficiency for neighboring provinces. In conclusion, government competition has
both R&D efficiency promotion and R&D efficiency positive spillover promotion in Eastern China,
only R&D efficiency positive spillover promotion in Middle-area and R&D efficiency promotion but
negative spillover in Western China.

As for the control variables, Govscale, Internet and Edu are all significantly positively correlated
with R&D-Eff, suggesting that the higher the government consumption, the higher the R&D efficiency.
The reason is that government consumption generates large demand for R&D products and technology.
China’s market for scientific and technological achievements transformation is not perfect and
government procurement plays an important role in R&D. It’s easy to understand that the R&D
is higher with the improvement of information technology and education level.

5.3. Impact of Government Competition and Legal Environment on R&D Efficiency

Table 6 shows the results of the impact of the legal environment and government competition
on R&D efficiency. The results for Model 1 show that the coefficient on the higher-level legal
environment (HILaw) is positive and significant, suggesting that the good legal environment is a
powerful guarantee for improving R&D efficiency. Given that the legal environment plays a normative
role in government competition. We estimate Model 2 in Table 6, which includes the main effect of
HILaw and Govcom. Results for the Model 2 show that the coefficient on both HILaw and Govcom are
positive and significant. Especially, added the variable HILaw, the significant level of Govcom has
dropped from 1% to 10% compared to Table 5, which suggests that legal environment does have effects
on government competition behaviors. More importantly, the coefficient of interaction term HILaw
* Govcom in Model 3 is positive and significant. This result suggests that provinces with good legal
environment had higher R&D efficiency because of government competition relative to the bad legal
environment. The legal environment is an important guarantee for giving play to the positive role of
government competition. All in all, our results support H3 and are consistent with the proposition that
the impact of government competition on efficiency is affected by the legal environment, the promotion
effect of government competition only exists in the good legal environment.



Sustainability 2018, 10, 4401 13 of 18

Table 6. Impact of legal environment and government competition on R&D efficiency.

Variables

Model 1: Model 2: Model 3:

HILaw HILaw and Govcom Full Interaction

Estimate z/p-Value Estimate z/p-Value Estimate z/p-Value

HILaw 0.1572 *** 6.04 0.1450 *** 5.42 0.0417 0.73
Govcom 0.0160 * 1.72 −0.0161 0.88

HILaw*Govcom 0.0420 ** 2.03
Govscale 2.3896 *** 7.85 2.4278 *** 7.99 2.4067 *** 8.02
lnGDP −0.0234 ** −2.13 −0.0239 ** −2.20 −0.0229 ** −1.96

Popdensity −0.0000 −0.42 −0.0000 −0.35 −0.0000 −0.20
Tra 0.0934 ** 2.13 0.0783 * 1.76 0.0815 * 1.85

Internet 0.6346 *** 5.39 0.6124 *** 5.19 0.5835 *** 4.98
Edu 0.5084 ** 2.30 0.4687 ** 2.13 0.4368 ** 2.01

_cons 0.1421 ** 2.07 0.1221 * 1.83 0.1686 ** 2.00
λ 0.0780 *** 4.38 0.0789 *** 4.37 0.0741 *** 4.06

Wald Test 632.3899 649.4102 645.9170
F Test 90.3414 81.1763 71.7686

R2 adjust 0.6618 0.6676 0.6658
LLF 108.1159 109.5891 111.6278

Moran’ I 0.1198 *** 0.0023 0.1224 *** 0.0019 0.1201 *** 0.0023
LMErr 4.5907 ** 0.0321 4.6444 ** 0.0312 4.1118 ** 0.0426
LMLag 0.126 0.7226 0.1455 0.7029 0.2376 0.6260
LR Test 19.2082 *** 0.0000 19.0976 *** 0.0000 16.4937 *** 0.0000

N 270 270 270

Note: *, **, and *** indicate significance levels of 10%, 5%, and 1%, respectively. LLF, LMErr, and LMLag represent
Log Likelihood Function, LMError (Robust), and LMLag (Robust), respectively.

5.4. Robustness Examination

We re-estimate the models in Tables 5 and 6 using alternative government competition measures
(Govcom2): the ratio of local government revenue to state revenue. The results are shown in Table 7,
which are consistent with those in Tables 5 and 6, for example, the main effect of Govcom2 is still positive
and significant, the coefficient on the interaction term HILaw*Govcom2 is positive and significant in 1%
level. We also replace HILaw with legal environment scores, not the dummy variable anymore, we get
consistent results again (untabulated).

Table 7. Impact of government competition and legal environment on R&D efficiency.

Variables

Model 1: Model 2: Model 3:

Govcom2 Govcom2 and HILaw Full Interaction

Estimate z/p-Value Estimate z/p-Value Estimate z/p-Value

Govcom2 4.9920 *** 4.49 3.0595 *** 2.94 −5.9191 * −1.70
HILaw 0.1366 *** 5.20 0.0266 0.55

HILaw*Govcom2 9.6246 *** 2.70
Govscale 2.1992 *** 7.08 2.4495 *** 8.13 2.2962 *** 7.63
lnGDP −0.0468 *** −6.84 −0.0219 ** −1.99 −0.0212 * −1.75

Popdensity −0.0000 −0.34 −0.0000 −0.28 −0.0000 −0.31
Tra 0.0862 * 1.87 0.0565 1.25 0.0685 1.53

Internet 0.6392 *** 5.07 0.5382 *** 4.44 0.5139 *** 4.32
Edu 0.2692 1.17 0.4349 ** 2.00 0.3781 * 1.77

_cons 0.3240 0.90 0.1273 * 1.90 0.1945 ** 2.15
λ 0.0565 *** 5.95 0.0814 *** 4.51 0.0762 *** 4.19

Wald Test 706.4348 669.6211 649.8099
F Test 100.9193 83.7026 72.2011

R2 adjust 0.6877 0.6748 0.6672
LLF 92.7153 112.3656 115.9653

Moran’ I 0.1174 *** 0.0028 0.1310 *** 0.0009 0.1335 *** 0.0007
LMErr 5.3159 ** 0.0211 5.1417 ** 0.0234 4.8372 ** 0.0279
LMLag 0.0197 0.8883 0.2772 0.5986 0.3957 0.5293
LR Test 35.4494 *** 0.0000 20.3617 *** 0.0000 17.5238 *** 0.0000

N 270 270 270

Note: *, **, and *** indicate significance levels of 10%, 5%, and 1%, respectively. LLF, LMErr, and LMLag represent
Log Likelihood Function, LMError (Robust), and LMLag (Robust), respectively.
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6. Conclusions and Implications

China has been the second largest R&D investment country in the world for several years, but
it is still not a powerful country in R&D. The efficiency of R&D is thought-provoking. Considering
that the government has made important decisions under China’s technological innovation system
and local government competition is an important feature of regional R&D innovation system,
we study the efficiency of R&D from the perspective of government competition. This paper
constructs a spatial econometric model with moderating effect, and empirically tests the influence
mechanism of government competition and legal environment on R&D efficiency based on the
background of China-style fiscal decentralization and the panel data of 30 provinces in China
from 2008 to 2016. In summary, we find the following: (1) There exists spatial dependence of
R&D efficiency, and the regions with high efficiency have “spillover effect” on the surrounding
areas. (2) Government competition has a significant positive impact on R&D efficiency and/or R&D
efficiency spillover. Specifically, government competition has both R&D efficiency promotion and R&D
efficiency “spillover” promotion in Eastern China, only R&D efficiency positive spillover promotion in
Middle-area and R&D efficiency promotion but negative spillover in Western China. (3) The impact of
government competition on efficiency is affected by the legal environment, the promotion effect of
government competition only exists in the good legal environment.

Based on our research in this paper, we make the following policy recommendations. Firstly,
from the perspective of spatial agglomeration and spillover of R&D efficiency, it is recommended
to perfect the top-level system design and optimize the spatial layout of S&T resources. More S&T
resources should be allocated priority to efficient areas. It is encouraged to strengthen the learning
and cooperation among provinces and regions to fully release the spatial spillover effects of R&D
efficiency. Secondly, from the relationship between government competition and R&D efficiency, it
is important to optimize the incentive mechanism of the promotion system for local officials, build
an innovative and competitive government, encourage local governments to compete around the
important indicators of S&T innovation. It is proposed to strengthen the R&D efficiency orientation
and innovate the performance evaluation mode and put the efficiency index and major achievement
index of R&D into the key points of local leading cadres’ performance assessment. Thirdly, the legal
environment does matter to promote R&D efficiency in China’s innovation system. It is critical to
improve the level of legal environment by strengthening S&T legislation and improving laws and
regulations such as the Law on Scientific and Technological Progress and the Law on the Protection
of Intellectual Property Rights. In addition, legal institutional framework of incentive and restraint
for local governments’ competition are ought to be established and optimized, and the orderly and
rational competition of local governments should be guaranteed by the good legal environment as to
achieve the harmony and unity of benign competition, efficiency promotion and legal regulation.

This study has a lot of limitations that need to be pointed out. Most importantly, the time series
is long enough, however, the data we used is only up to 2016. The fact is that China’s science and
technology progress is very fast, especially in recent years. Therefore, the issue of R&D investment or
R&D efficiency may change a lot. For instance, the nineteenth National Congress of the Communist
Party of China held in 2017, new policies on R&D investment may have great impacts on R&D activities
of local governments. The results describe the past and the reality is another 2 years, which might be
crucial. Another shortcoming of this study lies in the application of research findings. The impact of
government competition on R&D efficiency may only exist in China because of China’s unique local
government competition system and science and technology innovation system. It may be hard to
get the same conclusion in other countries or areas. In the future, if more latest data especially after
2017 is obtained, more accurate efficiency measurements and efficiency trend analyses will be possible.
In addition, the path of government competitive behavior affecting the R&D investment or efficiency
of local and neighboring regions needs to be further explored.
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Appendix A

Table A1. R&D efficiency of 30 provinces of China measured by SFA from 2008–2016.

Province Area 2008 2009 2010 2011 2012 2013 2014 2015 2016 Average

Beijing (BJ) E 0.966 0.976 0.997 0.976 0.973 0.974 0.974 0.975 0.973 0.976
Tianjin (TJ) E 0.860 0.490 0.248 0.885 0.870 0.880 0.870 0.863 0.864 0.759
Hebei (HE) E 0.733 0.273 0.109 0.646 0.715 0.682 0.627 0.621 0.597 0.556
Shanxi (SX) M −0.023 −0.414 0.292 0.100 0.442 0.563 0.560 0.464 0.369 0.261

Inner Mongolia (IM) W 0.381 0.223 0.192 0.583 0.535 0.494 0.602 0.610 0.626 0.472
Liaoning (LN) E 0.837 0.543 0.269 0.911 0.891 0.892 0.871 0.832 0.804 0.761

Jilin (JL) M 0.212 0.096 0.997 1.000 −0.222 −0.286 0.204 0.286 0.262 0.283
Heilongjiang (HL) M 0.271 0.372 0.440 1.000 0.209 0.088 −0.010 0.138 −0.010 0.277

Shanghai (SH) E 0.943 0.792 0.541 0.940 0.933 0.934 0.937 0.939 0.938 0.877
Jiangsu (JS) E 0.940 0.437 0.346 0.935 0.930 0.919 0.906 0.897 0.895 0.801

Zhejiang (ZJ) E 0.852 0.121 0.497 −0.043 0.664 −0.145 1.000 1.000 1.000 0.550
Anhui (AH) M 0.598 0.302 0.240 0.595 0.587 0.649 0.631 0.626 0.657 0.543
Fujian (FJ) E 0.278 0.138 0.307 −0.021 −0.114 −0.546 −0.564 0.470 0.602 0.061
Jiangxi (JX) M 0.611 0.190 0.157 0.374 0.486 0.515 0.663 0.672 0.714 0.487

Shandong (SD) E 0.919 0.347 0.096 0.937 0.936 0.937 0.939 0.940 0.942 0.777
Henan (HA) M 0.245 1.000 0.424 1.000 −0.307 1.000 1.000 1.000 1.000 0.707
Hubei (HB) M 0.704 0.474 0.313 0.775 0.805 0.827 0.852 0.882 0.876 0.723

Hunan (HN) M 0.718 0.377 0.193 0.656 0.668 0.718 0.761 0.759 0.780 0.626
Guangdong (GD) E 0.889 0.686 0.780 0.805 0.624 0.857 0.871 0.915 0.922 0.817

Guangxi (GX) W −0.223 −0.923 0.065 −0.011 −0.346 0.104 0.336 0.254 0.359 −0.043
Hainan (HI) E 0.312 0.053 0.035 −0.014 −0.256 −0.059 0.381 0.368 0.495 0.146

Chongqing (CQ) W 0.313 0.295 0.448 0.688 0.690 0.650 0.696 0.756 0.791 0.592
Sichuan (SC) W 0.565 0.427 0.135 0.858 0.837 0.833 0.836 0.866 0.861 0.691

Guizhou (GZ) W 0.259 0.078 0.081 0.031 −0.361 −0.176 0.190 0.303 0.466 0.097
Yunnan (YN) W 0.141 −0.063 0.125 −0.156 −0.017 0.249 0.423 0.251 0.492 0.161
Shaanxi (SN) W 0.748 0.456 0.322 0.838 0.816 0.835 0.836 0.856 0.846 0.728
Gansu (GS) W 0.166 0.064 0.462 −0.014 0.010 0.148 0.444 0.507 0.550 0.260

Qinghai (QH) W 0.283 0.109 0.110 0.170 −0.034 0.146 0.462 0.460 0.539 0.249
Ningxia (NX) W 0.237 0.025 0.010 0.001 −0.157 0.065 0.400 0.424 0.531 0.171
Xinjiang (XJ) W 0.329 −0.007 0.051 −0.142 0.007 0.216 0.494 0.457 0.531 0.215
Eastern Area 0.775 0.441 0.384 0.633 0.651 0.575 0.710 0.802 0.821 0.644
Middle Area 0.417 0.299 0.382 0.688 0.333 0.509 0.583 0.603 0.581 0.488
Western Area 0.291 0.062 0.182 0.259 0.180 0.324 0.520 0.522 0.599 0.327

China 0.502 0.264 0.309 0.510 0.394 0.465 0.606 0.646 0.676 0.486
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