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Abstract—This author refers to the existing literature,
systematically reviews the evaluation results of regional S & T
innovation capability from the aspects of evaluation
connotation, evaluation index and evaluation method. The
existing evaluation index design mainly adopts the qualitative
analysis method, and the evaluation of regional S & T
innovation ability lays more emphasis on the comprehensive
and coordinated development level between science and
technology innovation, economic development, social
governance and ecological environment construction from the
scale quantity, which is not included in the quality factor of
efficiency of scientific and technological innovation. Therefore,
combining the statistical analysis method and the qualitative
analysis method to determine the initial index system, the
author includes S&T innovation efficiency into the evaluation
system of S&T innovation ability through the quantitative
model screening, and incorporating the efficiency of scientific
and technological and determines the final index system to
improve the reliability and validity of the evaluation index
screening, calculate regional science and technology innovation
ability from the perspective of collaborative development.
Taking Beijing, Tianjin and Hebei as examples, DEA model
and Malmquist index model are used to calculate the S&T
innovation efficiency in Beijing, Tianjin and Hebei Province.
On this basis, principal component analysis and capacity
coupling degree model are used to calculate the comprehensive
and coordinated development level between science and
technology innovation, economic development, social
governance and ecological environment construction and
evaluate the scientific and technological innovation ability of
Beijing-Tianjin-Hebei. The research results show that: @ the
input and output of S & T innovation in most years in Beijing-
Tianjin-Hebei region have reached an efficient state and
technological progress has been achieved. @The coordination
degree and degree of coordinated development among
scientific and technological innovation, economic development,
social governance and ecological environment construction in
Beijing, Tianjin and Hebei from 2009 to 2015 have been
increasing year by year while the coordination degree of four
system of scientific and technological innovation, economic
development, social governance and ecological environment
construction in Jing-Jin-Ji is decreasing year by year and
degree of coordinated development shows an increasing trend
except for the decrease from 2014 to 2015. @The development
of scientific and technological innovation, economic
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development, social governance and ecological environment
construction system in Beijing is relatively balanced with
relatively high level. It should fully maintain its own
advantages, give full play to the spillover effect, share the
scientific and technological achievements with Tianjin and
Hebei Provinces or transfer the technology to Tianjin and
Hebei Provinces for fee, and improve the structure and
direction of allocation of science and technology resources in
order to improve the incompatibility of the economic
development, social governance and ecological environment
construction within Jing-Jin-Ji region.

Keywords—Jing-Jin-Ji;  scientific  and  technological
innovation capacity; efficiency; evaluation; coordination degree;
degree of coordinated development

. INTRODUCTION

The Fifth Plenary Session of the 18th CPC Central
Committee puts forward the five development concepts of
"innovation, coordination, greenness, openness and sharing",
which provides important strategic support for realizing the
development goal of China during the period of "13th Five-
Year Plan", solving the problems of national economy and
social development in China and strengthening advantages
for development. Innovative development is the top of five
concepts of development, embodied in various aspects such
as theoretical innovation, institutional innovation, scientific
and technological innovation, and cultural innovation. The
degree of coordinated development of science and
technology innovation, economic development, social
governance and ecological environment construction as an
important link in distinguishing scientific and technological
innovation ability plays an important role in promoting
sustainable development of regional economy and society.
Therefore, the research on the evaluation system of regional
S & T innovation capability has become a hot issue that
scholars have long been concerned about. Therefore, the
research status of evaluation system of regional S & T
innovation capacity is systematically combed and reviewed
from the aspects of evaluation connotation, evaluation index
and evaluation method by referring to the existing literature
at home and abroad. Taking Jing-Jin-Ji region as an example,
the scientific and technological innovation capability of Jing-
Jin-Ji is comprehensively evaluated from the perspective of
coordinated development.
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Il. LITERATURE REVIEW

As a strategic element that can directly or indirectly
promote scientific and technological progress and promote
economic growth in the region, science and technology
resources are mainly embodied in six major categories of
resources including human power, material resources,
financial ~ resources, information, organization and
environment [1]. Judging from the existing research results,
the evaluation of regional S & T innovation capability can be
divided into two stages: the evaluation of S & T innovation
efficiency and the evaluation of comprehensive and
coordinated development of S & T innovation, economic
development, social governance and eco-environment
construction. Among them, 1) evaluation of regional S & T
innovation efficiency focuses on evaluating the efficiency of
input and output of regional science and technology
innovation and analysis of redundant input and output of
regional science and technology innovation [2-9]. 2)
Evaluation of comprehensive and coordinated development
between scientific and technological innovation, economic
development, social governance and ecological environment
construction mainly evaluate the coordination of regional
technological innovation and economic and social
development [10-19], coordination of scientific and
technological innovation and ecological environment
construction [20-22], and the coordination of technological
innovation, economic development, social governance and
ecological environment construction [23-25].

The evaluation index system of regional science and
technology innovation capacity involves scientific and
technological innovation index, economic and social
development index and ecological environment construction
index. 1) Aiming at scientific and technological innovation
index, scientific and technological financial input and
scientific and technological human input are widely adopted
as the index of scientific and technological input because of
their quantifiability [2-9]; 2) for economic and social
development indicators, the emphasis is laid on the level of
economic development, industrial structure, national income
level, education level, employment status and urbanization
level [10-19]; 3) In view of the ecological environment
construction index, the discharge of pollutants, pollution
control and resources and energy stocks are highlighted [20-
25]. Combined with the evaluation index system of scientific
and technological innovation ability, at present, the
evaluation methods of regional scientific and technological
innovation capabilities contain qualitative and quantitative
categories. The qualitative evaluation method adopts expert
consultation method to make comparative analysis of
regional science and technology innovation input and output
based on the index data, determine the coordination among
regional innovation in science and technology, economic and
social  development and  ecological  environment
construction[26-27]; quantitative evaluation method uses
multi-objective decision-making model of DEA method and
Malmquist index method to calculate regional science and
technology innovation efficiency and assesses the
coordination degree between scientific and technological
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innovation, economic and social development and ecological
environment construction [2-9,28-34].

Judging from the existing research results, there are two
deficiencies in the evaluation of S & T innovation capability
in the region at present: First, in the aspect of index system
design, more qualitative analysis is used to determine the
evaluation index based on the importance of the index and
the accessibility of the data, which is subjective; Second,
when evaluating the regional scientific and technical
innovation capability, the scientific and technological
innovation level is mainly measured from the perspective of
the scale and quantity, while the efficiency and quality are
ignored. To this end, the following improvements have been
made in the evaluation of regional scientific and
technological innovation capability: 1) In the aspect of index
system design, the initial index system is determined through
statistical analysis and qualitative analysis, and then the final
index system is selected through quantitative model
screening so as to improve the reliability and validity of
evaluation index screening, and then improve the objectivity
and scientificness of the evaluation results; 2) When
evaluating the regional S & T innovation capability, S & T
innovation efficiency is included in the calculation of S & T
innovation comprehensive index, which breaks through the
limitations of past research that only measure the scientific
and technological levels based on scale and quantity to
improve the quality level of scientific and technological
innovation. On this basis, taking Jing-Jin-Ji region as the
research object, this paper synthetically appraises the S&T
innovation efficiency in Jing-Jin-Ji region and coordination
degree among scientific and technological innovation,
economic development, social governance and ecological
environment construction in Jing-Jin-Ji region.

I1l.  RESEARCH DESIGN

A. Evaluation of Scientific and Technological Innovation
Efficiency

1) Static efficiency evaluation: DEA method is used to
calculate the regional science and technology innovation
efficiency in different periods, and the calculation model

can be expressed as:
min[f-e(e’s™ +e’s7)]
|2 A%+ 5™ = b,
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In formula (1), ¢ is the DEA effective value of regional
science and technology innovation efficiency in Joth period;
¢ is infinite Archimedes; € is the unit vector, s” and S” are

slack variables, *i is the index value of the I th output index
of scientific and technological innovation in the ith period.

Yii is the index value of the r th output index of scientific
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and technological innovation in the Jth period; 4 is the
index weight.

According to Eq. (1), when 6 = 1 and s = 8" = 0, the
efficiency of regional science and technology innovation in

the Joth period is DEA efficient. When @ =1 and s~ # 0 or

s" # 0, the efficiency of regional science and technology

innovation in the Joth period is weak DEA efficiency. When
0 <1, the efficiency of regional science and technology

innovation in the Joth period is DEA inefficient. The value
of science and technology innovation efficiency calculated
by this model is in the range of [0, 1]. If the efficiency of
regional science and technology innovation in different
periods is equal to 1, the advantages and disadvantages of
efficiency cannot be compared. Therefore, using the super-
efficiency DEA model and linearly expressing the input and
output of S & T innovation of evaluated unit by using the
input and output of S & T innovation of other units can solve
the limitation that the value of S & T innovation efficiency is
limited to [0,1].

2) Dynamic efficiency evaluation: The dynamic
efficiency of regional science and technology innovation
can be reflected by the total factor productivity change
(TFPch). Under the condition of constant returns to scale,
TFPch can be decomposed into Technical Efficiency
Change Index (TEch) and Technical Process Change Index
(TPch). When the scale returns are variable, TEch can be
further decomposed into Pure Technical Efficiency Change
Index (PEch) and Scale Technical Efficiency Change Index
(SEch). The valuation model can be expressed as

TFPch = TEchxTPch= PEch x SEch xTPch
PEche &G 2 €)1 4 g Yea | V.5) [ G 2ia| 7.5 |
d(%.3: | C.8)/ d'(%. 3. |V.5) d(%.2:|V.5) |
PEch— d!_l(-‘ff-l-. Ve |C.8)/ a_l (. Vea | V. 5)
A (x. 3, 1C.5)/ d (x. ¥, |V.8)
7+l . v
SECh - a -FIH: Fra |L = S)
d(x. ¥, |V.5)
1
TPch= ?El("c!—l'- J'.!—l) % ?:il(-‘cr- J’r) —I:
4 (6. Yea) 4 () |

)

In (2), TFPch represents the total factor productivity
change index, measuring the dynamic efficiency of scientific
technological innovation in the region: when TFPch> 1, it
indicates that there is technological progress in the region;
when TFPch <1, it indicates that there is a technical
recession in the region; when TFPch = 1 , it indicates no
change in regional technical level; Tech indicates the
technical efficiency change index, which measures the
relative technical efficiency change situation; and TPch
indicates the technical process change index and measures
the change of production technology frontier; X and Y are
input and output index of scientific and technological

innovation, and 9 (%Y%) is the scientific and
technological innovation efficiency of | th for decision-
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making unit in t+1th period compared with that in t th
period. PEch means pure technical efficiency; SEch means
scale efficiency; S means production possibility set; C
means constant returns to scale, while V. means variable
returns for scale; d'(x..¥. |C.S) refers to the efficiency of

scientific and technological innovation relative to t period
in the condition of constant S production possibility set

returns to scale. 9" (%, ¥: IV.S) indicates the efficiency of
scientific and technological innovation relative to t period

under the condition that S production possibility set and the
returns to scale are variable.

B. Evaluation of Scientific and Technological Innovation

Ability

1) Construction of comprehensive level index: The
comprehensive level index of S & T innovation system,
economic development system, social governance system
and eco-environment construction system are constructed by
adopting the principal component analysis method, and the
specific steps are as follows:

The first step is to standardize the evaluation index. The
calculation formula of standardizing evaluation index can be
expressed as

a a
maxfa }
min{a, }

3)

The second step is using principal component analysis to
determine the initial comprehensive development index of
science and technology, economy, society and ecology. First
of all, factor analysis is made to the index data of four
dimensions and the principal component factor o, -3 44, is

i=1

extracted (#i is contribution rate of the i th index factor 0
to the principal component factor Qi ).

Then according to the variance contribution rate of each
principal component factor, the initial comprehensive
development level index of science, economy, society and

T oia Tu

ecology = =
respectively

at the moment of t is constructed

(Where o; is the variance contribution rate of the Ith
principal component factor Qi ). The larger the

comprehensive development level index is constructed, the
higher its development level is.

The third step is to adjust and determine the final
comprehensive development level index of science and
technology, economy, society and ecology. That is, since the
principal component factor obeys the standard normal
distribution  the  comprehensive  development level
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determined according to it contains negative value. Therefore,
in order to ensure the rationality and accuracy of the
coordination evaluation, coordinate transformation is carried
out on the initial comprehensive development level index of
science, technology, economy, society and ecology, and
normalized adjustment is made to the initial comprehensive
development level index of the four with the maximum value
of science and technology, economy, society and ecology as

L(t)y-H

R, (1)~

max{L, (t)+ H}

the divisor and then is gotten.
Ry (t) is the final comprehensive development level index of
science, economy, society or ecology at the time of the t.
Among them, H is the distance of coordinate
transformation of initial comprehensive development level
index. In order to ensure the comprehensive index after
coordinate transformation is positive, H :max{l L, (t) |} is
usually taken.

2) Evaluation of coordination Degree and degree of
coordinated development: The capacity coupling degree
model is used to calculate the coordination degree and
degree of coordinated development of science and
technology, economy, society and ecology. The
coordination degree and degree of coordinated development
of science and technology-economy-society-ecology can be
expressed as:

. 1 (4)
ITR

=X

D=+CxP

1 K
P =22 R.(1)
k=1
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In formula (4), C is the coordination degree of science
and technology, economy, society and ecology, and its value
is between [0,0.6], [0.6,0.7], [0.7,0.9], [0.9,1.0], respectively
indicating that it is in a low coordination state, fitting
coordinated state, moderately coordinated state and highly
coordinated state; D is the degree of coordinated
development of science and technology, economy, society
and ecology, with values in the range of [0,0.6], [0.6,0.7 ],
[0.7,0.8], [0.8,1.0], respectively indicating a low, normal,
good and high level of coordinated development status.

IV. EMPIRICAL RESEARCH

A. Design of Evaluation Index System of Science and

Technology Innovation Ability in Jing-Jin-Ji Region

The evaluation of science and technology innovation
capability in Jing-Jin-Ji region involves two stages. The first
stage is to measure the efficiency of scientific and
technological innovation and the second stage is to measure
the coordination degree between science and technology,
economy, society and ecological environment. Therefore,
science and technology index, economic index, social index
and ecological environment index must be integrated into a
comprehensive framework system to design the evaluation
index system of scientific and technological innovation
ability. Therefore, based on the principle of representative
selection criteria, the method of supplementing the partial
information omitted by principal component factor is used to
screen the index. After index screening, evaluation index
system of science and technology innovation ability in Jing-
Jin-Ji region as shown in "Table I".

TABLE I. EVALUATION INDEX SYSTEM OF SCIENCE AND TECHNOLOGY INNOVATION ABILITY IN JING-JIN-JI REGION
Catedgories of The contribution
igdex First grade index Secondary index direction to the Unit
region
ZE'&) nuctein di?(d technology  direct number of Patent application authorization * Leizcesthousand
contract amount of technology output region in + 100  million
science and technology indirect Technical market yuan
output index new product sales revenue of High-tech industry * )1/82n milion
Scientific and + ten  thousand
technological full-time equivalent of R & D staff people per
innovation index  Technical human input index year
R & D researchers of High-tech industry " Ten  thousand
people
inout index of science and R & D investment intensity + %
teghnology financial resources internal spending of R & D expenditure of High-tech  + 100  million
industry yuan
Technology quality index Scientific and technological innovation efficiency + —
Economic level index gross regional production + trillion yuan
Economic The general budget revenue of the local government + trillion yuan
development index Economic structure index The added value of tertiary industry + trillion yuan
. . . + ten  thousand
Consumption level index household consumption level yuan
Population index permanent population at the end of the year + person
Social qovernance P urban population + person
Ievgl index registered urban unemployment rate - %
people's living standard index year-end remaining of Urban and Rural residents' + ten  thousand

RMB savings deposit

yuan
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Categories of
index

First grade index

Secondary index

educational expenditure

The contribution
direction to the
region

Unit

ten thousand

education level index yuan
educated population above 6 years old + person
Number of medical and health institutions + piece
Soulal governance Public service index passenger volume + Ten thousand
evel index people
number of Urban workers who have endowment + people
Residents insurance level index Insurance - -
The accumulative balance of basic endowment + ten  thousand
insurance yuan
Unit area GDP energy consumption - Ton/yuan
Environmental binding index total water consumption - ton
forest coverage rate + %
Ecological environmental protection index Local fiscal and environmental protection + 100  million
environment expenditures yuan
construction index . - Ten thousand
Domestic garbage removal volume tons
Environmental pollution index .
chemical oxygen demand - ton
sulfur dioxide emissions - ton

B. Analysis of the Evaluation Results of Science and
Technology Innovation in Jing-Jin-Ji Region

1) Analysis of evaluation results of scientific and
technological innovation efficiency

a) Analysis of static evaluation results: DEA model is

used to calculate the science and technology innovation

efficiency in Jing-Jin-Ji region from 2009 to 2015.

Considering that the output of S & T innovation has

hysteresis effect on its input, the time lag of S & T output

relative to S & T investment is set to be 1 year. That is to
say, S & T innovation input data is set as the data in 2009-
2014, and scientific and technological innovation output
index is set as the data in 2010-2015. Solution is made
through Deap 2.1 and EMS software, and the author get the
science and technology innovation efficiency in Jing-Jin-Ji
in 2009-2015, as well as the output deficiency and input
redundancy of technology ineffective unit as shown in
"Table II" and "Table H11".

TABLE Il SCIENTIFIC AND TECHNOLOGICAL INNOVATION EFFICIENCY OF JING-JIN-JI REGION IN 2009-2015
Area Time Overall efficiency Technical efficiency Scale efficiency Status of returns to scale
2009-2010 0.8475 0.8490 0.9990 decrease progressively
2010-2011 1.8362 1.0000 1.0000 remain unchanged
Beijing 2011-2012 0.9251 0.9280 0.9970 increase progressively
2012-2013 0.9482 0.9510 0.9970 decrease progressively
2013-2014 1.0005 1.0000 1.0000 remain unchanged
2014-2015 1.2277 1.0000 1.0000 remain unchanged
2009-2010 0.9626 1.0000 0.9630 increase progressively
2010-2011 0.8672 1.0000 0.8670 increase progressively
Tianjin 2011-2012 0.8904 0.9670 0.9210 incregse progressively
2012-2013 1.1103 1.0000 1.0000 remain unchanged
2013-2014 0.9852 0.9980 0.9880 decrease progressively
2014-2015 1.0395 1.0000 1.0000 remain unchanged
2009-2010 0.9995 1.0000 1.0000 remain unchanged
2010-2011 0.9451 1.0000 0.9450 increase progressively
Hebei 2011-2012 1.0787 1.0000 1.0000 _remain unchange(_:l
2012-2013 0.9965 0.9980 0.9980 increase progressively
2013-2014 0.8676 0.8710 0.9960 increase progressively
2014-2015 1.0442 1.0000 1.0000 remain unchanged
2009-2010 0.9604 0.9710 0.9900 increase progressively
2010-2011 1.2140 1.0000 1.0000 remain unchanged
Jing-Jin-Ji 2011-2012 0.9712 0.9810 0.9900 increase progressively
2012-2013 1.0089 1.0000 1.0000 remain unchanged
2013-2014 1.0744 1.0000 1.0000 remain unchanged
2014-2015 1.3091 1.0000 1.0000 remain unchanged
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TABLE IIl. OUTPUT DEFICIENCY AND INPUT REDUNDANCY OF SCIENTIFIC AND TECHNOLOGICAL INNOVATION IN JING-JIN-JI REGION
Output deficiency Input redundancy
Number of Contract amount New product ) Fl_JII-time spelr?(jfrzgagf R
. . of technology sales revenue Full-time equivalent of R&D
Region Time plgten_t output region in of High-tech equivalent of High-tech investmen %.D £
application Technical market industry (ten R & D staff industry R & t intensity expenditure o
authorization in o High-tech
China (piece) (ten thousand thousand (person/year) D personnel (%) industry (ten
yuan) yuan) (person/year) thousand yuan)
2009-2010  10091.08 2818202 2427893 0 2709.178 0.028 0
Beijing 2011-2012 17004.83 1910719 1979367 0 1767.452 0 0
2012-2013 14984.05 1464100 813476.4 0 166.734 0.093 0
Tianjin 2011-2012  670.67 225233.8 392077.5 0 648.01 0.042 15359.22
2013-2014 1546.254 8063.423 38996.49 0 583.556 0.128 17046.03
Hebei 2012-2013 37.011 106149.4 4058.288 0 138.816 0.039 0
province 2013-2014  2976.836 864770 400811.4 0 0 0 419.058
Jing-Jin-Ji 2009-2010 10910.34 2903830 688890.6 0 3686.087 0 0
2011-2012 18534.57 529011.2 1602728 3822.858 1721.551 0 0
As can be seen from "Table 11", in addition to the sharp science and technology innovation shows decreasing returns

increase in the scientific and technological innovation
efficiency in Jing-Jin-Ji region from 2010 to 2011, the
scientific and technological innovation efficiency in Jing-Jin-
Ji region during 2009-2015 shows an increasing status. In
2010-2011 and 2012-2015, efficient state of technological
innovation is achieved, and the efficiency values reached the
high level of 1.3091 and 1.2140 in 2014-2015 and 2010-
2011. In 2009-2012 and 2011-2012, there was a
phenomenon of inefficiency in science and technology
innovation. After dividing the overall efficiency into
technical efficiency and scale efficiency, it can be found that
scientific and technological innovation in Jing-Jin-Ji shows
technical inefficiency, scale inefficiency and decreasing
returns to scale of scientific and technological innovation in
the two years. It can be found that the reason for technology
inefficiency in Jing-Jin-Ji in 2009-2010 lies in the
redundancy of science and technology human input of high-
tech industry and the insufficient direct and indirect science
and technology output. The scale inefficiency and the
increasing return on scale of the input-output of science and
technology exist at the same time, which shows that Jing-Jin-
Ji failed to give full play to the advantage of increasing
returns to scale, and the science and technology input with
rational structure is low. Therefore, increasing the scientific
and technological human and financial resources in Jing-Jin-
Ji region from 2009 to 2010 and improving the science and
technology financial input and high-tech industry science
and technology financial input in Jing-Jin-Ji region in 2011-
2012 can promote efficiency.

In 2009-2010, the overall science and technology
innovation efficiency level in Beijing is relatively lower than
that in Jing-Jin-Ji region, but the change trend is the same as
in Jing-Jin-Ji region. Both of them surged sharply in 2010-
2011, with a science and technology innovation efficiency of
1.8362, surpassing that of Jing-Jin-Ji region. In addition, that
in other years shows an increasing status, but the efficiency
values in the same period are lower than those in Jing-Jin-Ji
region. Efficiency of S & T innovation is achieved since
2013 with efficiency values of 1.0005 and 1.2277 in 2013-
2014 and 2014-2015 respectively. It can be found from
decomposition of overall efficiency that technical
inefficiency and scale inefficiency both exist in the year of
inefficient scientific and technological innovation, of which

to scale in 2009-2010 and 2012-2013. That is to say, the
reason for scale inefficiency is that the investment in science
and technology is too large. Scientific and technological
innovation in 2011-2012 shows increasing returns to scale,
so the scale inefficiency is due to the lack of a reasonable
science and technology input scale. Combining with "Table
3", it can be found that input redundancy of science and
technology financial input and science and technology
human input of scientific and technological human of high-
tech industry in Beijing in 2009-2010 are both higher than
those in 2012-2013 while the degree of input redundancy of
regional science and technology financial resources and
science and technology direct output are both lower than
those in 2012-2013. The input redundancy in 2011-2012
occurs only in the science and technology human input of
high-tech industries, and the output deficiency exist in both
direct output and indirect output. Therefore, reducing the
science and technology financial resources input and science
and technology human input of high-tech industry in Beijing
in 2009-2010 and 2012-2013 and increasing science and
technology human financial input and the science and
technology financial input of high-tech industry can boost
the promotion of scientific and technological innovation
efficiency.

In 2009-2010, the overall level of science and technology
innovation efficiency in Tianjin was relatively lower than
that of Beijing, and fluctuated up and down. Among them,
scientific and technological innovation achieved efficiency
only in 2012-2013 and 2014-2015 with the efficiency value
of 11103 and 1.0395 respectively; in 2009-2011,
coexistence of the technical inefficiency and scale
inefficiency of S & T innovation leads to overall inefficiency
and the returns to scale of S & T innovation input and output
is increasing. That is, the inefficiency of S & T innovation in
this period is due to the scarcity of input in science and
technology; coexistence of the technical inefficiency and
scale inefficiency of S & T innovation in 2011-2012 leads to
overall inefficiency, and the returns to scale of S & T
innovation input and output is increasing. Combining with
“Table IlI”, it can be found that the reason for technical
inefficiency during this period lies in the redundancy of
regional investment in science and technology and input in
science and technology of high-tech industry and the lack of
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direct output and indirect input of science and technology.
The coexistence of scale inefficiency of science and
technology input and output and increasing returns to scale
indicates that increasing science and technology human input
in Tianjin can promote efficiency; the technical inefficiency,
scale inefficiency and decreasing returns to scale of science
and technology input and output exist at the same time in
2013-2014. Combining with “Table 1117, it can be found that
during this period, input redundancy occurred in science and
technology financial resources and science and technology
human and financial resources in high-tech industry and
output deficiency in direct and indirect output of science and
technology in Tianjin. At the same time, the scale
inefficiency of science and technology resource allocation
and decreasing returns to scale show that reducing the input
of science and technology financial resources and science
and technology human and financial inputs of high-tech
industry can enhance the scientific and technological
innovation efficiency during the period.

In 2009-2010, the level of input-output efficiency of
science and technology in Hebei Province is generally
relatively low and fluctuating compared with that in Beijing.
Among them, the years when output and input of science and
technology is efficient are 2011-2012 and 2014-2015, with
the efficiency values of 1.0787 and 1.0442 respectively, and
it was close to effective state from 2009 to 2010; the input-
output of S & T shows scale inefficiency and the increasing
returns to scale in 2010-2011, which means the scale of S &
T investment is not enough during this period, so increasing
investment in S & T across the board can effectively
promote S & T input and output efficiency; in 2012-2014,
technical inefficiency and scale inefficiency of science and
technology input and output and increasing returns to scale
exist at the same time. Combining with “Table 37, it can be
found in 2012-2013, technology inefficiency of science and
technology input and output is due to the input redundancy
of science and technology financial resources and science
and technology human resources of high-tech industry in
Hebei Province and the coexistence of lack of direct and
indirect science and technology output. The reason for
technology inefficiency of science and technology resource
allocation in 2013-2014 is due to the coexistence of input
redundancy of science and technology financial input of
high-tech industry and lack of direct and indirect science and
technology output. In the meantime, because of the scale
inefficiency of science and technology input and output and
increasing returns to scale in Hebei Province during this
period, increasing regional overall scientific and
technological human input and the investment in science and
technology of high-tech industry in 2012-2013 and
increasing the input of regional science and technology
human and financial resources and science and technology
financial resources of high-tech industry investment in 2013-
2014 can promote the efficiency.

Through the analysis, it can be seen that the overall
scientific and technological innovation efficiency in the Jing-
Jin-Ji region is superior to the individual level of provinces
and municipalities, which indicates that the input and output
of scientific and technological innovation in the region is not
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reasonable. For example, in 2009-2010, both Beijing and
Tianjin show scale inefficiency of science and technology
innovation input and output, but Beijing is in a state of
decreasing returns to scale while Tianjin is in a state of
increasing returns to scale. Therefore, the transfer of science
and technology resources from Beijing to Tianjin can
simultaneously improve the scientific and technological
innovation efficiency in both regions; in 2012-2013, scale
inefficiency of input and output of science and technology
innovation occurred in both Beijing and Hebei. However, the
scale of returns in Beijing is decreasing while it is increasing
in Hebei Province. The transfer of science and technology
resources from Beijing to Hebei can improve the efficiency
of scientific and technological innovation in both regions. In
2013-2014, scale inefficiency of input and output of science
and technology innovation occurred in both Hebei and
Tianjin. However, Tianjin shows a state of decreasing returns
to scale while Hebei is in a state of increasing returns to scale.
The transfer of science and technology resources from
Tianjin to Hebei can simultaneously improve the efficiency
of the two regions.

Through the decomposition of the overall efficiency, it
can be seen that there is input redundancy and output
deficiency in science and technology in each region of Jing-
Jin-Ji and structure of different science and technology
resources allocation is also unreasonable. Therefore,
adjusting the structure of science and technology resources
allocation and rationally distributing scientific and
technological resources input in Beijing, Tianjin and Hebei is
an effective measure to improve the overall scientific and
technological innovation efficiency in all provinces,
municipalities, and Jing-Jin-Ji region.

b) Analysis of dynamic evaluation results: Using the
Malmquist index model, this paper estimates the changes in
the scientific and technological innovation efficiency of
Jing-Jin-Ji from 2009 to 2015. The data selection is
consistent with static evaluation. Solving with Deap 2.1
software, the overall efficiency change index, technical
efficiency change index, pure technical efficiency change
index, scale efficiency change index and total factor
productivity change index of scientific and technological
innovation in Jing-Jin-Ji from 2009 to 2015 are obtained, as
shown in "Table IV".
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TABLE IV. DYNAMIC CHANGES OF SCIENCE AND TECHNOLOGY "Tab|e 1v" ShOWS that the Changes in TOtaI faCtOf
INNOVATION EFFICIENCY IN JING-JIN-JI REGION IN 2009-2015 productivity change index in Jing-Jin-Ji region and Beijing,
Region Time Effch  Tpch Pech Sech  Tpfch Tianjin, and Hebei are mainly due to the changes in the
2010-2011  1.000 1419 ~ 1000  1.000  1.419 technical efficiency change index. Among them, the
2011-2012° 1000 ~ 0737 1000 1000  0.737 technical progress in Tianjin is the most significant, with

Beijing  2012-2013  1.000 1.059 1.000 1.000 1.059
2013-2014  1.000 1.059 1.000 1.000 1.059
2014-2015  1.000 1.021 1.000 1.000 1.021

continuous technological progress achieved from 2009 to
2015 and in 2012 to 2013 it achieved the biggest degree of

20102011 1000 1043 1000 1000 1043 Fechnical progress, with _the to_t_a_l factor prgduct_ivity cha_nge
2011-2012 1.000 1101  1.000  1.000  1.101 index of 1.201; then in Beijing and Jing-Jin-Ji region,
Tianjin  2012-2013 1.000  1.201  1.000  1.000  1.201 technical recession only occurred in 2011-2012 and the
2013-2014 1.000  1.092  1.000  1.000  1.092 recession degree of Beijing is bigger than that of Jing-Jin-Ji
2014-2015 1000  1.042  1.000  1.000  1.042 region. The main reason is that science and technology
2010-2011  1.000 ~ 1149 ~ 1000 ~ 1.000  1.49 innovation efficiency in Beijing from 2011 to 2012 is lower

2011-2012  1.000 1.414 1.000 1.000 1414
Hebei 2012-2013  1.000 0.878 1.000 1.000 0.878
2013-2014  1.000 0.913 1.000 1.000 0.913

than that in 2010-2011 and the overall efficiency decreases
by 0.9111 as in "Table II". In the rest years, technological

2014-2015 1.000 1131  1.000  1.000  1.131 progress is achieved. The years with the highest degree of
2010-2011  1.000 1.201 1.000 1.000 1.201 technological progress in both places are 2010-2011, with a
5 2011-2012 1.000 0914  1.000  1.000 0914 total factor productivity change index of 1.419 and 1.201
Ji'r?_gj'i 2012-2013  1.000 1102  1.000  1.000  1.102 respectively. The technical progress is relative worst in
2013-2014 1000 1021 ~ 1.000  1.000  1.021 Hebei Province where technological decline occurred in
2014-2015 1000 1042 1000  1.000  1.042 2012-2014 and the degree of decline is bigger in 2012-2013
Effch, tpch, pech, sech and tfpch in "Table I1V:" represent than that in 2013-2014. In the rest years, the greatest degree
the overall efficiency change index, technical efficiency of technological progress was achieved in 2011-2012, with
change index, pure technical efficiency change index, scale the total factor productivity change index of 1.414, next only
efficiency change index and total factor productivity change to 1.419 of Beijng where the level of technological progress
index of scientific and technological innovation respectively, is largest in 2010-2011.
of which the total factor productivity can be used to represent
the current technical level, and 2) Analysis of evaluation results of scientific and
TFPch = PEch x SEch xTPch . If the value of technical technological innovation ability: "Table V" shows the
efficiency change index and total factor productivity index is coordination degree and degree of coordinated development
1, it indicates that there is no change in technical level; if the of science and technology system, economic system, social
value is bigger than 1, it indicates that the technology has system and ecosystem in Jing-Jin-Ji region.

been improved; if it is smaller than 1, it indicates that there is
a trend of technological decline.

TABLE V. THE COORDINATION DEGREE AND DEGREE OF COORDINATED DEVELOPMENT OF SCIENCE AND TECHNOLOGY SYSTEM, ECONOMIC SYSTEM,
SOCIAL SYSTEM AND ECOSYSTEM IN JING-JIN-JI REGION
year Beijing Tianjin Hebei Jing-Jin-Ji region
C D C D C D C D

2009-2010 0.7712  0.5654 03657 0.3404 0.7048  0.3913 0.9186 0.6791
2010-2011 0.8558  0.5908 0.5511 0.4098 0.7828  0.4232 0.8915 0.6992
2011-2012 0.8770  0.6225 0.6339 04584 0.8294  0.4508 0.8702 0.7349
2012-2013 0.8771  0.6462 0.6949 0.4976 0.8608  0.4638 0.8449 0.7526
2013-2014 0.8966 0.6751 0.7314 05190 0.8783  0.4771 0.7932 0.7544
2014-2015 09173 0.7029  0.7734  0.5438  0.8977  0.4946 0.6534 0.7073

a) Coordination degree of Science_economy_society_ However, the values of coordination degree show a
ecology: According to "Table V", the coordination degree of declining trend year by year, from the high level of 0.9186
science and techno|ogy system economic system, social in 2009-2010 to moderate level in 2010-2014 , and then
system and ecosystem in Beijing is best from 2009 to 2015, dropped to the running-in coordination level of 0.6534 in
with the average value of coordination degree during the six 2014-2015. The average value of coordination degree in
years of 0.8658, which is at moderate coordination level, Hebei Province during the six years is 0.7734, which is at a
and the coordination value is increasing year by year from moderate level, and the value of coordination degree is
0.7712 in 2009-2015 to 0.8966 in 2013-2014, approaching a increasing year by year from 0.7048 at lower limit of
high level of coordination and then increased to 0.9173 in moderate coordination level in 2009-2010 to 0.8977 in
2014-2015. The coordination level achieved a high level 2014-2015, approaching a high level of coordination; the
among science and technology, economy, society and coordination degree of Tianjin is the worst, with the average
ecosystems; the coordination degree of Jing-Jin-Ji region value of 0.6338 during the six years, at the running-in level.
and Hebei Province is the next. The average value of The value of coordination degree also increases year by year,
coordination degree in Jing-Jin-Ji region during the six from the low level of coordination in 2009-2011 to the
years is 0.8286, at a moderate level of coordination. running-in level in 2011-2013, and then increases to
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moderate level in 2013-2014. Based on the above analysis,
it can be found that the ranking of coordination degree of
science and technology system, economic system, social
system and ecosystem from 2009 to 2011 is Beijing, Hebei,
Jing-Jin-Ji region and Tianjin. On the whole, the overall
four systems in Beijing, Hebei, and Jing-Jin-Ji region reach
a moderate level of coordination, and the four systems in
Tianjin are at the running-in level. The coordination values
in Beijing, Tianjin and Hebei increased year by year with
the highest increase in Tianjin, followed by Hebei and
Beijing, while the overall coordination degree value of Jing-
Jin-Ji region shows a decreasing trend.

b) The degree of coordinated development of science,
technology, economy, society and ecology: According to
“Table V”, from 2009 to 2015, the degree of coordinated
development of scientific and technological systems,
economic systems, social systems and ecosystems in Jing-
Jin-Ji region is the best, with the mean value of coordinated
development degree during the six years of 0.7212,
achieving a good level of coordinated development. Except
for the decrease in degree of coordinated development in
2014-2015, the degree of coordinated development of Jing-
Jin-Ji region increased gradually in 2009-2014, from the
general level of coordinated development in 2009-2011 to
the good level of coordinated development in 2011-2015,
followed by Beijing where the average value of degree of
coordinated development of science and technology system,
economic system, social system and ecosystem during the
six years is 0.6338, which is at the general level of
coordinated development. The value of coordinated
development is increasing year by year from low level of
coordinated development in 2009-2011 to the general level
of coordinated development in 2011-2014 and to good level
of coordinated development in 2014-2015. The degree of
coordinated development of the four systems in Tianjin and
Hebei is worse, with mean values of coordinated
development of 0.4615 and 0.4501 in the six years
respectively, all in a low level of coordinated development.
However, the value of degree of coordinated development is
increasing year by year. The growing rate of Tianjin during
the six years (0.2034) is close to twice of that in Hebei
Province (0.1032). The degree of coordinated development
of four systems in Tianjin increased from 0.3404 in 2009-
2010 to 0.5438 in 2014-2015 while the coordinated
development of four systems in Hebei Province increased
from 0.3913 in 2009-2010 to 0.4946 in 2014-2015. Based
on the above analysis, it can be seen that the ranking of
degree of coordinated development of S & T system,
economic system, social system and ecosystem in 2009-
2015 is Jing-Jin-Ji region, Beijing, Tianjin and Hebei.
Overall, only Jing-Jin-Ji region has achieved good level of
coordinated development as a whole, Beijing achieved
general level, and Tianjin and Hebei are all at a low level of
coordinated development and are at a low level of
coordinated development in each year. In terms of changing
situation, it shows an increasing trend in Beijing, Tianjin,
Hebei and Jing-Jin-Ji region as a whole, with the largest
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increase in Tianjin, followed by Beijing, from a low level of
coordinated development to the general level, and then to a
good level of coordinated development, then followed by
Hebei Province, and finally the Jing-Jin-Ji region from
generally level to a good level of coordinated development.

Synthesizing the evaluation results of coordination
degree and degree of coordinated development of science
and technology system, economic system, social system,
ecosystem, it is found that in 2009-2015, the coordination
degree and degree of coordinated development of science
and technology system, economic system, social system,
ecosystem in Beijing, Tianjin, and Hebei achieves year by
year increase while the coordination degree of the four
systems in Tianjin is decreasing year by year. The degree of
coordinated development shows an increasing trend except
for the decline in 2014-2015. Through comparative analysis,
it can be found that the overall coordination degree and
degree of coordinated development among four systems in
Jing-Jin-Ji region is better than that of Beijing, that of
Beijing is superior to that of Tianjin and Hebei, and the
coordination degree among the four systems in Hebei is
better than that of Tianjin, but the degree of coordinated
development is slightly lower than that of Tianjin. According
to the analysis of complex development index of science and
technology system, economic system, social system and
ecosystem in Beijing, Tianjin and Hebei, the development of
the four systems in Beijing is more balanced and the level is
higher. The level of economic development and social
development in Tianjin is weaker compare with the level of
social science and technology development. Due to the
relatively broad territory, Hebei Province has a relatively
high social composite index. In contrast, the level of science
and technology, economy and ecology development in Hebei
Province is relatively low. Therefore, considering the current
status of the four systems of science and technology,
economy, society and ecology, Beijing should give full play
to its role as a science and technology center of the capital,
and give full play to the spillover effect of technology while
promoting the economic, social and ecological development
to promote the development in Tianjin and Hebei; Tianjin
should focus on the economic and social benefits of science
and technology and make full use of its scientific and
technological strength to promote economic and social
development. Hebei should actively introduce technology
and increase investment in science and technology to
promote the mutual progress in economic development and
ecology construction while developing science and
technology.

V. CONCLUSION

According to the evaluation results of scientific
innovation efficiency of Jing-Jin-Ji region from 2009 to 2015,
it can be found that the input and output of science and
technology innovation in most years in Jing-Jin-Ji region
reach an efficient state and achieve technological progress,
but at the same time there are some problems: First, the S &
T resources distribution in Beijing, Tianjin and Hebei is
unreasonable, lead to the overall efficiency of Jing-Jin-Ji
region being better than that of Beijing, Tianjin and Hebei;
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secondly, the allocation of S & T resources in the region as a
whole and in all provinces and municipalities is unreasonable
and the regional science and technology financial input is
relatively greater than human input, and science and
technology financial input of high-tech industry is relative
greater than human resources input; in addition, the direct
and indirect output of S & T innovation is not enough.
Compared with the input of S & T innovation, both the
capability of independent innovation of Jing-Jin-Ji region
and the industrialization of S & T achievements need to be
improved; furthermore, the lack of stability in scientific and
technological innovation efficiency and large fluctuations in
individual years lead to the phenomenon of technical
recession. At the same time, from the coordinated evaluation
results of scientific and technological innovation, economic
development, social governance and ecological environment
construction in Jing-Jin-Ji during 2009-2015, it is revealed
that the development of science and technology, economy,
society and ecosystems in Beijing is balanced and the level is
relatively high, so it should fully maintain its own
advantages and give full play to its spillover effect, sharing
the achievements of science and technology with Tianjin and
Hebei or transferring the technology to Tianjin and Hebei for
money. In particular, it should support Hebei in view of
ecological improvement technologies, so as to make use of
the close relationship between science and technology,
economy and society and ecology in Hebei Province to
promote the coordinated development of science and
technology, economy, society and ecology. At the same time,
the structure and direction of science and technology
resources allocation should be improved to solve the
problem of incompatibility of economic, social and
ecological development in Jing-Jin-Ji region.

Based on the above conclusions, this paper puts forward
some countermeasures and suggestions on the evaluation of
science and technology innovation capability in Jing-Jin-Ji
region: (1) Conducting regular assessment on the science and
technology innovation efficiency and adjusting the structure
of different science and technology resources allocation in
time to improve the science and technology innovation
efficiency; (2) improving the level of scientific research
personnel through education and personnel and encourage
public innovation through taxation and state incentives to
improve the quantity and quality of scientific research output;
® promoting the construction of sharing mechanism for
scientific research results among regions and the synergistic
development mechanism of production, study and research,
giving full play to the comparative advantage of all regions
and industries and optimizing the structure of science and
technology resources allocation in the region in order to
realize the economic, social and ecological effects of "1 + 1
+ 1> 3" of scientific and technological progress in Jing-Jin-Ji
region; @ Expanding the areas of scientific and
technological innovation and adjusting the direction of
science and technology resources allocation. We should not
only focus on commercial technological innovation, but also
increase the scientific research investment in improving
social welfare and ecological environment to promote the
mutual development of science and technology, economy,
society and ecology in various districts in Jing-Jin-Ji region.
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