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ABSTRACT 

Taking the eastern, central, western and north-eastern regions of China as the research objects, this paper 

quantitatively screens the evaluation indicators of regional scientific and technological innovation, economic 

development and ecological environment construction in China with the principal component analysis method. 

At the same time, the principal component analysis method and the capacity coupling degree model are 

combined; a coordinated evaluation model for scientific and technological innovation and economic 

development is constructed; the level of regional scientific and technological innovation, economic development 

and ecological environment construction in China is measured and calculated; and the level of coordination of 

regional scientific and technological innovation and economic development with the construction of the 

ecological environment is dynamically evaluated. 

Keywords: Region, Technological innovation, Economic development, Ecological environment 

construction, Coordinated evaluation, Index, Level. 

1. INTRODUCTION 

At the Fifth Plenary Session of the 18th CPC 

Central Committee, five development concepts of 

"innovation, coordination, green, opening and 

sharing" are put forward, providing important 

strategic support for solving the problems of 

national economic and social development and 

planting development advantages. According to the 

report of the 19th National Congress of the 

Communist Party of China, the idea of 

"implementing the new development concept and 

building a modern economic system" is put 

forward, emphasizing that efforts must be made to 

speed up the construction of an industrial system 

with the coordinated development of science and 

technology, real economy, modern finance and 

human resources. Therefore, enhancing the ability 

of scientific and technological innovation is an 

inexhaustible driving force to promote China's 

regional economic development and ecological 

environment construction. China's regional works 

focus on leading the transformation and upgrading 

of the real economy by scientific and technological 

innovation, and promoting the coordinated 

development of scientific and technological 

innovation, economic development and ecological 

environment construction. Therefore, the 

coordination level of regional scientific and 

technological innovation, economic development 

and ecological environment construction in China 

is comprehensively evaluated. 

Science and technology innovation index 

includes input index and output index. Science and 

technology financial input and science and 

technology human input are widely adopted as 

science and technology input index by scholars 

because of their easy quantification [1], [2], [3], [4], 

[5], [6]. Science and technology output index is 

divided into direct output index and indirect output 

index. Direct output index is mainly evaluated by 

papers and patents [7], [8], [9], and the indirect 

output index is evaluated by the marketization of 

scientific research achievements [10], [11]. The 
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definition of economic development level based on 

the existing results is mainly studied from the 

aspects of economic scale, economic structure, 

consumption level, population structure, social 

welfare, etc. [12], [13], [14], [15]. Economic 

development indicators mainly include economic 

development level indicators, industrial structure 

indicators, national living standards indicators, 

education level indicators, employment indicators, 

and urbanization level indicators [16], [17], [18], 

[19], [20]. The definition of ecological 

environmental construction level based on the 

existing achievements is mainly studied from the 

aspects of resource constraint level, environmental 

pollution degree and environmental governance 

intensity [21], [22], [23]. Ecological environment 

construction indicators mainly include 

environmental pollution indicators, pollution 

control indicators and resource and energy stock 

indicators [24], [25], [26], [27], [28], [29], [30], 

[31]. Liu Jinsong used data envelopment analysis to 

evaluate the coordination degree between 

technological progress and economic growth in 

ethnic minority areas; [32], [33] Chen Xun et al. 

constructed the evaluation index system of 

scientific and technological progress and economic 

development level, and used comprehensive 

evaluation method to calculate the coordination 

degree of scientific and technological progress and 

economic development in Chongqing and Xinjiang, 

which provided theoretical basis for the coordinated 

development of science and technology and 

economy in the two areas; [34], [35] Guo 

Jiangjiang et al. analyzed the coordination degree 

of science and technology and economic 

development of 29 provinces and cities in China 

from the macro perspective of inter provincial 

differences. According to the research, there is 

always a positive interaction between science and 

technology and economic development in various 

regions. The coordinative degree evaluation based 

on Kuznets curve is mostly used to evaluate the 

coordinative development between economic and 

social development and ecological environment 

construction, that is, to judge the coordinative 

development state between economic development 

and ecological environment construction by testing 

whether the relationship between economic 

development and ecological environment 

construction meets the Kuznets curve hypothesis 

[36], [37], [38], [39], [40], [41]. According to the 

research, there is inverted U-shaped relationship 

between the ecological environment and economic 

development. 

2. RESEARCH METHOD DESIGN 

2.1 Evaluation Index Design 

Based on the existing literature, science and 

technology input is mainly divided into science and 

technology human investment and science and 

technology financial investment, which are 

generally expressed by indicators such as R&D 

personnel, R&D expenditure, and high-tech 

industry input; science and technology output is 

mainly divided into direct science and technology 

output and indirect science and technology output, 

which are generally expressed by indicators such as 

papers, patents, technology market conditions, 

high-tech industry conditions, and new product 

conditions. Combining the importance of indicators 

and the availability of data, R&D personnel (X1), 

R&D full-time personnel (X2), R&D personnel full-

time equivalent (X3), R&D personnel of high-tech 

industry (X4), R&D full-time personnel of high-

tech industry (X5), R&D researchers of high-tech 

industry (X6), and R&D personnel equivalent to 

full-time equivalent of high-tech industry (X7) are 

selected as indicators of scientific and technological 

human input; R&D internal expenditure (X8), R&D 

expenditure intensity (X9), R&D internal 

expenditure of high-tech industry (X10), R&D 

external expenditure of high-tech industry (X11), 

new product development expenditure of high-tech 

industry (X12) are selected as indicators of scientific 

and technological financial investment; the number 

of patent applications granted (Y1) and the number 

of patent applications accepted (Y2) are selected as 

the direct output indicator of science and 

technology; the sales revenue of new products in 

the high-tech industry (Y3), the export of new 

products in the high-tech industry (Y4), the contract 

amount of the technology input region (Y5), and the 

contract amount of the technology output region 

(Y6) are selected as the indirect output indicators of 

science and technology. 

According to the existing literature, economic 

development indicators include economic level 

indicators, consumption level indicators, population 

indicators, urbanization indicators, employment 

indicators, education level indicators, etc. 

Combining the importance of indicators and the 

availability of data, regional GDP (Z1), secondary 

industry added value (Z2), tertiary industry added 

value (Z3), local fiscal general budget revenue (Z4), 

the fixed asset investment of whole society (Z5) and 

industrial added value (Z6) are selected as economic 

level indicators; total retail sales of consumer goods 
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(Z7) and household consumption level (Z8) are used 

as social consumption level indicators; permanent 

residents at the end of the year are used as 

population indicators (Z9); urban population (Z10) is 

used as an indicator of urbanization; the number of 

registered unemployed persons in cities and towns 

(Z11) is used as an indicator of employment status, 

and local financial education expenditure (Z12) is 

used as an indicator of education level. 

According to the existing literature, the 

ecological environment construction indicators 

mainly include environmental constraint indicators, 

environmental protection indicators, and 

environmental pollution indicators. Combining the 

importance of indicators and the availability of 

data, total water consumption (A1), forestry land 

area (A2), forest area (A3), forest stock volume (A4) 

are selected as environmental constraint indicators; 

industrial pollution control completed investment 

(A5), local financial environmental protection 

expenditure (A6) are used as environmental 

protection indicators; sulfur dioxide emissions (A7), 

ammonia nitrogen emissions (A8), total wastewater 

emissions (A9), chemical oxygen demand emissions 

(A10), and the volume of domestic waste removal 

(A11) are used as environmental pollution 

indicators. 

The principle of selecting indicators based on 

representativeness is to perform principal 

component analysis on the initial indicators, and the 

indicators that have a greater contribution to the 

principal component factors can be screened out. 

The basic idea is as follows. It is supposed that the 

principal component factors are extracted from n  

initial indicators. The initial indicator population is 
TXXXX ),,,( n21 

, the extracted principal 

component factors population is 
T

mYYYY ),,,( 21 
( nm  ), and the column 

rank of
T

mYYYY ),,,( 21 
= m . For 

XY T

ii 
 (

mi ,,2,1 
), i

 is the dimensional 

vector of 1n . 1Y
 is the largest equation in the 

linear combination 
TXXX ),,,( n21 

; 2Y
 is the 

largest equation in all linear combinations 
TXXX ),,,( n21 

 that are not related with 1Y
; 

by parity of reasoning, mY
 is the largest equation 

in all linear combinations 
TXXX ),,,( n21 

 that 

are not related with 1Y
, 2Y

... 1mY
. Among them, 

the size of the variance represents the size of the 

principal component factor that can explain the 

amount of initial indicator information, so iY
 is 

called i principal component factor of X . The 

principal component factors reflect the index 

information of the main projection direction, and 

there is the problem of missing local information. 

On the basis of the selected index based on the 

representativeness, the important index which 

deviates from the main projection direction is 

added. Finally, the final index system of science 

and technology — economy — ecology 

coordination evaluation is determined (see "Figure 

1"). 
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Figure 1 The coordination evaluation index system of regional science and technology — economy — ecology 

in China. 

2.2 Evaluation Model Construction 

Using principal component analysis method and 

capacity coupling degree model, this paper 

calculates the coordination degree and coordinated 

development degree of regional science and 

technology — economy — ecology. 

Step 1: to standardize the evaluation index, 

which can be expressed as follows:  

 
 















标为对系统有负贡献的指，

标为对系统有正贡献的指，

i
i

i

i
i

i

i

a
a

a

a
a

a

q
min

max

(1) 

Step 2: to use principal component analysis 

method to determine the initial comprehensive level 

index of science and technology, economy and 

ecology. Based on the factor analysis of science and 

technology, economy and ecology index data, the 

principal component factor 
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 is extracted, in 

which i  is the contribution rate of i  index factor 

iq
 to principal component factor jQ

. According to 

the variance contribution rate of each principal 

component factor, the initial comprehensive level 

index 
j
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of science and technology, 

economy and ecology at the moment t  is 

constructed. Among them, j
 is the variance 

contribution rate of 
j

 principal component factor 
jQ
. The larger the comprehensive level index is, the 

higher the development level is. 

Step 3: to determine the final comprehensive 

level index of science and technology, economy 

and ecology through adjustment. Since the principal 

component factors obey the standard normal 

distribution, the comprehensive level index 

determined by the principal component factors 

contains negative values. In order to ensure the 

calculation rationality and accuracy of the 

coordination degree, the coordinate transformation 

is carried out on initial comprehensive level index 

of science and technology, economy and ecology. 

Taking the maximum value of science and 

technology, economy and ecology as divisor 

respectively, the initial comprehensive level index 

is adjusted by normalization. 
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Ai is an indicator that contributes 

positively to the system 

Ai is an indicator that contributes 

negatively to the system 

The coordination evaluation index system of regional science and technology — 

economy — ecology in China 
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is a constant. The positive comprehensive level 

index is obtained by taking the unit with the highest 

level of development in economy and ecology as 

the ruler. 

Step 4, according to the capacity coupling 

degree model, the coordination degree and 

coordinated development degree of science and 

technology — economy — ecology is calculated. 

The formula is as follows. 
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In formula (2), C  refers to the coordination 

degree among science and technology, economy 

and ecology; D  refers to the coordinated 

development degree of science and technology, 

economy and ecology; 
 tRk  refers to the 

comprehensive development level of economy and 

ecology at t ; P  refers to the comprehensive 

development level of economy and economic 

ecology. It is to make the division of the 

coordination value and determine the value and 

significance of C  and D  (see "Table 1"). 

Table 1. The coordination classification of regional science and technology — economy — ecology 

interval C D 

[0.0，0.2） Extreme incoordination extremely uncoordinated development 

[0.2，0.6） incoordination Uncoordinated development 

[0.6，0.7） 
Elementary 
coordination 

Elementary coordinated development 

[0.7，0.8） medium coordination medium coordinated development 

[0.8，0.9） benign coordination benign coordinated development 

[0.9，1.0） 
high-quality 
coordination 

high-quality coordinated development 

1.0 perfect coordination perfect coordinated development 

 

3. EVALUATION ON THE 

DEVELOPMENT LEVEL OF 

REGIONAL SCIENCE AND 

TECHNOLOGY — ECONOMY — 

ECOLOGY IN CHINA 

3.1 Scientific and Technological 

Innovation Level 

This paper makes KMO and Bartlett test on four 

input indicators, three output indicators and 

scientific and technological innovation efficiency in 

eastern region, central region, western region and 

northeast region from 2009 to 2016. Taking one 

year as lag period, this paper selects the data of 

science and technology input indicators in eastern 

region, central region, western region and northeast 

region from 2009 to 2015 and the data of scientific 

and technological output index in eastern region, 

central region, western region and northeast region 

in China from 2010 to 2016. The final 

comprehensive index of scientific and technological 

innovation level is obtained by principal component 

analysis (see "Figure 2"). 
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Figure 2 The comprehensive index of China's regional scientific and technological innovation level. 

As can be seen from "Figure 2", the overall 

level of scientific and technological innovation in 

the eastern region, the central region, the western 

region and the northeast region is increasing year 

by year, and it decreases from the eastern, central, 

western and northeastern regions. There is a large 

gap between the level of technological innovation 

in the eastern region and the central, western, and 

northeastern regions. The comprehensive index of 

technological innovation level is about twice that of 

the central, western, and northeastern regions, and 

the gap is increasing year by year. The gap between 

the western region and the northeastern region is 

relatively small, and the comprehensive index of 

technological innovation level differs by 1 to 10 

percentage points. In terms of growth rate, the 

eastern region has the largest growth rate from 

2010 to 2016, up to 50%, followed by the central 

region (13%), the western region (11.9%), and the 

Northeast region (5.6%). In terms of growth speed, 

the growth speed of the comprehensive index of 

scientific and technological innovation level in the 

eastern, central, western and northeastern regions 

fluctuated up and down over the six years. Among 

them, there was a general slowdown in the growth 

rate from 2012 to 2014, and even a decline in the 

index, which was generally achieved in 2013-2016. 

Compared with other years, the growth rate was 

higher. 

3.2 Economic Development Level 

After standardizing 6 indicators of economic 

development in the eastern, central, western and 

northeastern regions from 2009 to 2016, the KMO 

and Bartlett tests were carried out. Taking into 

account the lagging effect of local financial 

education expenditure on the education level, the 

one-year lag period principle is used according to 

the analysis of the level of science and technology. 

This indicator uses data from 2009-2015, and other 

indicators use data from 2010-2016. Principal 

component analysis method is used to obtain the 

final comprehensive index of economic and social 

development level (see "Figure 3"). 
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Figure 3 Comprehensive index of China's regional economic development level. 

According to "Figure 3", the overall economic 

development level of the eastern, central, western 

and northeastern regions is increasing year by year, 

and is decreasing from the eastern, central, western 

to northeastern regions. In terms of the gap, the 

economic and social development level of the four 

major regions can be divided into three levels: the 

eastern region, the central and western region, and 

the northeastern region. The comprehensive index 

of the economic and social development level of 

the eastern region is 1.7-1.8 times that of the central 

and western region, and the comprehensive index 

of the economic and social development level of 

the central and western regions is about twice that 

of the northeast region. In terms of growth rate, 

from 2009 to 2016, the comprehensive index of 

economic and social development in the eastern 

region increased the most (29.63%), followed by 

the western region (17.25%) and the central region 

(14.82%) ), northeast China (5.89%). In terms of 

growth speed, the eastern, central, and western 

regions basically maintained growth rates of about 

6.3, 3.2, and 3.6 percentage points during 2009-

2012, with the largest increase during 2011-2013. 

They were 7.07 percentage points, 4.39 percentage 

points, and 4.49 percentage points, respectively. 

The growth rate slowed down from 2012 to 2016, 

achieving growth rates of 4.9 percentage points, 1.9 

percentage points, and 2.6 percentage points. The 

comprehensive index growth rate of economic and 

social development of Northeast China from 2009 

to 2016 is slow and fluctuates greatly, and the 

average growth rate is quite different from that of 

the eastern, central, and western regions. 

 

3.3 Ecological Environment Construction 

Level 

The KMO and Bartlett tests were carried out 

after standardization of the 6 indicators for the 

construction of the ecological environment in the 

eastern, central, western and northeastern regions 

from 2009 to 2016. Taking into account the lag in 

the environmental impact of local fiscal 

environmental protection expenditures, one year 

was taken as the lag period. This indicator uses the 

data from 2009 to 2015, and other indicators use 

the data from 2010 to 2016. Principal component 

analysis method is used to obtain the final 

comprehensive index of ecological environment 

construction level (see "Figure 4"). 
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Figure 4 The comprehensive index of regional ecological environment construction level in China. 

It can be seen from "Figure 4" that the 

ecological environment construction level of the 

eastern region, the central region, the western 

region and the northeast region increases. Among 

them, the ecological environment construction level 

of the eastern region, the central region and the 

western region shows a decreasing trend year by 

year as a whole. The ecological environment 

construction level of the northeast region reaches 

the highest level of more than 0.95 in the six years 

in addition to 2009-2010 and 2015-2016. The 

ecological environment construction level index has 

been maintained at about 0.8. In terms of the gap, 

the gap between the northeast and the eastern 

region is relatively large, with an average 

difference of 54 percentage points, while the gap 

between the western region and the central region, 

and the gap between the central region and the 

eastern region is similar, with 12.65 percentage 

points and 16.36 percentage points respectively. In 

terms of the decline, compared with that of 2009-

2010, the decreasing amplitude is significant in the 

four major regions from 2010 to 2011, 6.55, 5.66, 

5.26 and 14.27 percentage points respectively. 

Compared with that of 2013-2014, the decline in 

2014-2015 was less than that in other years, and the 

decline of the northeast region was the least in the 

rest years, within 0.6 percentage points. Compared 

with that in 2011-2013, 2013-2014, 2014-2015, 

there was an increase in 2012-2013, 2014-2015, 

2015-2016. The central region and the western 

region showed the smallest decrease, within a 

decrease of 1 percentage point. The eastern region 

showed the largest decrease, with 16.85 percentage 

points in six years. The ecological environment 

construction in the eastern region, central region, 

western region and northeast region has not 

achieved continuous improvement, but the 

deterioration rate has slowed down. 

4. COORDINATION EVALUATION 

OF REGIONAL SCIENCE AND 

TECHNOLOGY — ECONOMY — 

ECOLOGY IN CHINA 

Using the capacity coupling degree model, the 

coordination degree and coordinated development 

degree of science and technology, economy and 

ecology in eastern region, central region, western 

region and northeast region from 2009 to 2016 are 

calculated (see "Table 2"). 
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Table 2. The coordination degree and coordinated development degree of regional science and technology — 

economy — ecology system in China 

Year 
Eastern Region the central region the west area the northeast 

C D C D C D C D 

2009-2010 0.9842 0.7151 0.7977 0.5241 0.7562 0.5308 0.5481 0.4657 

2010-2011 0.9597 0.7281 0.8845 0.5579 0.7907 0.5405 0.6876 0.5035 

2011-2012 0.9383 0.7684 0.8854 0.5661 0.8136 0.5565 0.6412 0.4806 

2012-2013 0.9185 0.7830 0.9028 0.5849 0.8463 0.5810 0.6654 0.4964 

2013-2014 0.8983 0.7684 0.9050 0.5888 0.8623 0.5952 0.6477 0.4861 

2014-2015 0.8792 0.7908 0.9369 0.6164 0.8881 0.6139 0.6762 0.5038 

2015-2016 0.8396 0.7934 0.9315 0.6308 0.9126 0.6418 0.6693 0.5464 

 

According to "Table 2", in terms of 

coordination, the average coordination degree of 

scientific and technological innovation, economic 

development and ecological environment 

construction in the eastern region, central region, 

western region and northeast region from 2009 to 

2016 is 0.8824, which is in a good coordination 

level as a whole. Among them, the eastern region 

has the best coordination of scientific and 

technological innovation, economic development 

and ecological environment construction, with an 

average coordination degree of 0.9168, reaching the 

high-quality coordination level. However, from the 

perspective of time series, the coordination degree 

of scientific and technological innovation, 

economic development and ecological environment 

construction in the eastern region shows a 

downward trend, from the high-quality 

coordination level in 2009-2013 to the good 

coordination level in 2013-2016. The second is the 

central and western region. The average 

coordination degree of scientific and technological 

innovation, economic development and ecological 

environment construction is 0.8920 and 0.8385 

respectively, reaching a good coordination level. 

From the time series, the coordination degree of 

scientific and technological innovation, economic 

development and ecological environment 

construction in the central region and the western 

region has basically increased year by year. The 

central region has increased from a moderate level 

of coordination in 2009-2010 to a good level of 

coordination in 2010-2010 and then to high-quality 

coordination of scientific and technological 

innovation, economic development and ecological 

environment construction in 2012-2016. The 

western region has increased from medium level of 

coordination in 2009-2011 to good level of 

coordination in 2011-2015, and then to high-quality 

coordination in 2015-2016. The worst coordination 

of scientific and technological innovation, 

economic development and ecological environment 

construction is in the northeast region, and the 

average coordination degree is 0.6479, which is in 

the primary coordination level. However, the 

scientific and technological innovation, economic 

development and ecological environment 

construction in 2009-2010 are in an uncoordinated 

state, and the primary coordination has been 

realized since 2010. From the time series, the 

coordination degree of scientific and technological 

innovation, economic development and ecological 

environment construction has been in a fluctuating 

state. 

From the perspective of coordinated 

development degree, the average coordinated 

development degree of scientific and technological 

innovation, economic development and ecological 

environment construction in eastern region, central 

region, western region and northeast region from 

2009 to 2016 is 0.6417, which is at the primary 

coordinated development level. Among them, the 

coordinated development of scientific and 

technological innovation, economic development 

and ecological environment construction in the 

eastern region is the best. The average coordinated 

development degree of scientific and technological 

innovation, economic development and ecological 

environment construction is 0.7639, showing an 

increasing trend in the whole seven years. The 

coordinated development degree of scientific and 

technological innovation, economic development 

and ecological environment construction in each 

year is between 0.7 and 0.8, that is, the 

development and ecological environment 

construction have always been at the medium 

coordinated development level, followed by the 

central region and the western region, and the 

average coordinated development degrees of 
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scientific and technological innovation, economic 

development and ecological environment 

construction are 0.5813 and 0.5800 respectively, 

which are at the uncoordinated development level 

as a whole. However, in the seven years, the 

coordinated development degree of scientific and 

technological innovation, economic development 

and ecological environment construction in the 

central and western regions all increased year by 

year, from the uncoordinated development level in 

2009-2014 to the primary coordinated development 

level in 2014-2015. The lowest level of coordinated 

development of scientific and technological 

innovation, economic development and ecological 

environment construction is in northeast China. The 

average value of coordinated development of 

scientific and technological innovation, economic 

development and ecological environment 

construction is 0.4975, and the overall level of 

coordinated development is at the level of 

uncoordinated development. Moreover, the 

coordinated development of science and technology 

innovation, economic development and ecological 

environment construction in each year fluctuates, 

and all of them are at the level of uncoordinated 

development. 

5. CONCLUSION 

By comparing the degree of coordination and 

coordinated development of technological 

innovation, economic development and ecological 

environment construction in the eastern, central, 

western, and northeastern regions of China, it can 

be found that the gap of the coordination degree of 

scientific and technological innovation, economic 

development and ecological environment 

construction between the eastern region and the 

central region, the western region and the northeast 

region is higher than that of the coordinated 

development degree. The coordination degree of 

scientific and technological innovation, economic 

development and ecological environment 

construction is very high in the eastern region, the 

central region and the western region. However, the 

degree of coordinated development between 

scientific and technological innovation, economic 

development and ecological environment 

construction decreases obviously after the 

development level is included. Combined with the 

analysis on the scale of scientific and technological 

innovation, economic development and ecological 

environment construction, it can be found that the 

reason why the degree of coordination and 

coordinated development of scientific and 

technological innovation, economic development 

and ecological environment construction in the 

eastern region is not ideal lies in the big gap 

between the level of allocation of scientific and 

technological resources, the level of economic 

development and the level of ecological 

environment construction caused by the rapid 

development of scientific and technological 

innovation and economic society and the relatively 

slow ecological environment governance. The 

reason for the high degree of coordination and low 

degree of coordination between scientific and 

technological innovation, economic development 

and ecological environment construction in the 

central and western regions lies in the slow 

synchronous development of scientific and 

technological innovation, economic development 

and ecological environment construction. The 

reason why the coordination degree and 

coordinated development degree of scientific and 

technological innovation, economic development 

and ecological environment construction in 

Northeast China are extremely low is that the 

development degree of scientific and technological 

innovation and economic development is slower 

than that of other regions, and the degree of 

ecological environment construction is better than 

that of other regions. 
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