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Study on Coupling Coordination between Sci-
Tech Innovation and High-Quality Economic 
Development in the Guangdong-Hong Kong-
Macao Greater Bay Area

Abstract　Sci-tech innovation is an important measure for the Guangdong–
Hong Kong–Macao Greater Bay Area to achieve high-quality economic 
development. �eoretically, there is a coupling coordination relationship between 
sci-tech innovation and high-quality economic development, and coordinating 
the relationship between the two is beneficial to building the Guangdong–
Hong Kong–Macao Greater Bay Area into an international innovation and 
technology hub and promoting high-quality economic development. At 
present, the Guangdong–Hong Kong–Macao Greater Bay Area has seen a 
year-on-year increase in both the level of sci-tech innovation and the level 
of high-quality economic development, with a sound development trend. Its 
coupling coordination degree between sci-tech innovation and high-quality 
economic development has steadily improved from a slightly uncoordinated 
stage to a primarily coordinated stage, but the overall degree of coordination 
is still not high, with some gaps from realizing the excellently coordinated 
stage. From the perspective of spatial distribution, the internal development 
of the Guangdong–Hong Kong–Macao Greater Bay Area is unbalanced, 
with obvious differences in development level and coupling coordination 
degree among cities. �e convergence analysis shows that the differences 
in the coupling coordination degree among the cities in the Guangdong–
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Hong Kong–Macao Greater Bay Area have stabilized after narrowing during 
the study period. However, the difference among the cities with higher coupling 
coordination degrees tends to widen in recent years. �erefore, necessary 
measures should be taken to promote the coordination between sci-tech 
innovation and high-quality economic development in the Guangdong–Hong 
Kong–Macao Greater Bay Area.

Keywords sci-tech innovation, high-quality economic development, coupling 
coordination, Guangdong–Hong Kong–Macao Greater Bay Area

1　Introduction

Innovation is the primary driving force that leads development and is the new 
engine of China’s economic development. In October 2020, the fifth plenary 
session of the 19th Communist Party of China (CPC) Central Committee 
clearly proposed to uphold the central position of innovation in the overall 
pattern of China’s modernization and take self-reliance in sci-tech as a 
strategic underpinning for national development (Xinhua News Agency, 
2020). In 2021, the central economic work conference also stressed 
that “strengthening the country’s strategic scientific and technological 
capabilities” should be given top priority among the key tasks for 2021 
(Xinhua News Agency, 2020). At the new stage of development, sci-tech 
innovation provides the core power for economic development, leading the 
innovative development of the economy, and is a key factor in achieving 
high-quality economic development. In turn, the implementation of high-
quality development requirements and the promotion of high-quality economic 
development will also create favorable conditions for the progress of sci-tech 
innovation and boost the country’s overall level of sci-tech innovation. It can 
be seen that sci-tech innovation and high-quality economic development are 
intertwined, and there is an interrelated and interactive coupling relationship 
between them. Under the coupling theory, it is necessary to strengthen the 
guidance and optimization of the two coupled systems, coordinate the relationship 
between them, facilitate their mutual adaptation and mutual promotion, and form 
a benign and coordinated development state between the two systems, so as to 
achieve the “1 + 1 > 2” effect.
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As a key spatial carrier for the country to build a world-class urban 
agglomeration and participate in global competition, the Guangdong–Hong 
Kong–Macao Greater Bay Area (briefly, the Greater Bay Area) is the highland 
from which China opens up to the outside world. It has strong economic strength 
and gathers a large number of high-quality sci-tech innovation elements, and is 
one of the regions with the highest concentration of innovation resources and 
the highest level of sci-tech innovation in China. The Outline Development Plan 
for the Guangdong–Hong Kong–Macao Greater Bay Area clearly proposes that 
the Greater Bay Area should form an economic system and development model 
that is mainly underpinned by innovation, and build an international innovation 
and technology hub with global influence (Xinhua News Agency, 2019). At the 
new development stage, the promotion of the mutual integration and coordinated 
development of sci-tech innovation and high-quality economic development in 
the Greater Bay Area is conducive to giving full play to the respective advantages 
of Guangdong, Hong Kong and Macao, deepening the exchanges and 
cooperation between the Chinese mainland and Hong Kong and Macao, and 
serving as a crucial role in building the Greater Bay Area into an international 
innovation and technology hub and a world-class urban agglomeration. At 
present, the Greater Bay Area is accelerating its capabilities and level of 
sci-tech innovation, as a way to boost the industrial upgrading, structural 
optimization and development engine transition (Tan & Xie, 2019), which is 
also the road to high-quality economic development in the Greater Bay Area. 
Therefore, the proper handling of the relationship between sci-tech innovation 
and high-quality economic development will help the Greater Bay Area optimize 
its economic structure, transform its growth engine, achieve transformational 
development and innovative development, enhance the strength of regional sci-
tech innovation, and lead high-quality economic development with high-quality 
innovation.

Currently, academic research on sci-tech innovation and high-quality economic 
development in the Greater Bay Area has come to some results. Through 
analysis, Chen (2019) identifies the uneven distribution of sci-tech factors and 
the large disparity in the allocation of innovation resources within the Greater 
Bay Area. According to the theory of regional collaborative innovation, he 
empirically analyzes the collaborative innovation degree of the Greater Bay Area 
by constructing the regional collaborative innovation index system and applying 
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the econometric analysis method, and evaluates the overall capability of sci-tech 
innovation of 11 cities in the Greater Bay Area through hierarchical analysis. 
Suo and Tang (2020) studied the level of high-quality innovation development 
in the Greater Bay Area in 2018 by using the entropy-based TOPSIS method, 
and concluded that, in terms of the overall level of high-quality innovation 
development in the Greater Bay Area, “among the cities, the leading cities are 
prominent in level but fewer in number, the middle cities are more in number 
and comparable in level, the inferior cities are considerable in number with 
outstanding advantages in individual cities, and the urban agglomerations 
have obvious complementary advantages.” Ling and Yang (2020) construct 
a measurement index system, measure the level of high-quality economic 
development in the Greater Bay Area by using the entropy weight method, 
and analyze the spatio-temporal evolution characteristics and the hierarchical 
evolution of the high-quality economic development level in the Greater 
Bay Area. As can be seen, the current literature mainly focuses on two aspects, 
sci-tech innovation and high-quality economic development in the Greater 
Bay Area, but the interactive relationship between the two has not yet been  
explored.

Therefore, based on the existing studies, this paper scientifically evaluates the 
sci-tech innovation level and high-quality economic development level in the 
Greater Bay Area using the entropy value method, analyzes the interactive 
relationship and efficiency between sci-tech innovation and high-quality 
economic development with the help of the coupling coordination degree 
model, and proposes corresponding measures and suggestions based on the 
research results as a reference for promoting the coordination between sci-
tech innovation and high-quality economic development in the Greater 
Bay Area. The Greater Bay Area consists of the Hong Kong Special 
Administrative Region (Hong Kong), the Macao Special Administrative 
Region (Macao) and nine Pearl River Delta municipalities, including 
Guangzhou, Shenzhen, Zhuhai, Foshan, Huizhou, Dongguan, Zhongshan, 
Jiangmen and Zhaoqing. For these cities, the data of Hong Kong and Macao 
are mainly sourced from Hong Kong Annual Digest of Statistics, Yearbook 
of Statistics Macao, China Statistical Yearbook, International Statistical 
Yearbook, as well as the official websites of the Census and Statistics Department 
(C&SD) of Hong Kong, Statistics and Census Service of Macao, etc., while the 
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data of other cities are mainly sourced from the Guangdong Statistical Yearbook, 
the statistical yearbooks of each city, as well as the official websites of the 
Department of Science and Technology of Guangdong Province, the statistical 
bureaus of each city, and the Bureau of Ecology and Environment. For the 
individual indexes in the evaluation system that are not included in the scope of 
statistics of Hong Kong and Macao, this paper replaces them with approximate 
indexes. For the unavailability of data for individual years, this paper uses the 
interpolation method to make up the data. In addition, for the amount statistics, 
this paper converts the currencies used in Hong Kong and Macao into RMB 
based on the annual average exchange rate.

2　Evaluation of Sci-Tech Innovation and High-Quality Economic 
Development in the Greater Bay Area

2.1　Construction of the Index Systems for Evaluating Sci-Tech 
Innovation and High-Quality Economic Development

Both the sci-tech innovation level and high-quality economic development level 
are influenced by many factors. Drawing on the concept of index selection in 
existing studies (Wei et al., 2020; Yi et al., 2016; Zhou & Xiang, 2015), taking 
into account the actual conditions of the Greater Bay Area, and considering 
the principles of index selection such as systematicity, comprehensiveness, 
scientificity and accessibility, this paper constructs the index systems for 
evaluating sci-tech innovation and high-quality economic development as 
shown in Table 1 and Table 2. Under the sci-tech innovation evaluation index 
system, eight segmented indexes are selected based on the three dimensions, 
i.e., innovation environment, innovation input and innovation output, and so 
on. Under the high-quality economic development evaluation index system, 
a total of 22 indexes are selected for evaluation from four dimensions, i.e., 
overall economic development, outward opening development, ecological green 
development, and development results for the people.
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Table 1　Sci-Tech Innovation Evaluation Index System

Target layer Guideline layer Index layer Unit Index attribute

Sci-tech 
innovation

Innovation 
environment

Number of students enrolled in 
institutions of higher education/
Total population

% +

Number of R&D personnel in 
industrial enterprises above 
designated scale/Number of 
employees

% +

Innovation 
input

Fiscal investment in sci-tech/GDP % +

Society-wide R&D expenditure/
GDP

% +

Innovation 
output

Patent applications per 10,000 
people

pcs +

Patents granted per 10,000 people pcs +

Revenue from new product sales
100 million 

yuan
+

Output value of high-tech products
100 million 

yuan
+

Table 2　Evaluation Index System of High-Quality Economic Development 

Target layer Guideline layer Index layer Unit Index attribute

High-quality 
economic 

development

Overall 
economic 

development

GDP per capita Yuan +

Rationalization degree of industrial 
s t ruc tu re  ( added  va lue  o f 
secondary industry/added value 
of tertiary industry)

% –

Advanced degree of industrial 
structure (added value of tertiary 
sector/GDP)

% +

Investment rate (amount of fixed 
assets investment/GDP)

% +

Labor productivity (GDP/number 
of employed persons)

% +

(To be continued )
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Target layer Guideline layer Index layer Unit Index attribute

Deposi t  balance of  f inancial 
institutions/GDP

% +

Outward 
opening 

development

Export dependence (total imports/
GDP)

% +

Import dependence (total imports/
GDP)

% +

Fore ign  cap i t a l  dependence 
(amount of foreign capital 
actually utilized/GDP)

% +

Ecological 
green 

development

Total number of stay-over visitors
10,000 
people

+

Electricity consumption per unit of 
GDP

kWh/ 
10,000 yuan

–

Energy consumption per unit of 
GDP

Ton of 
standard 

coal/ 10,000 
yuan

–

Greening coverage of built-up areas % +

Average concentration of sulfur 
dioxide

µg/m3 –

Average concentration of inhalable 
particles

µg/m3 –

Development 
results for the 

people

Educa t ion  expend i tu re  a s  a 
percentage of fiscal expenditure

% +

Consumption expenditure per 
resident

Yuan +

Books in public library per capita Volume +

Cel l  phone  pene t ra t ion  ra te 
(number of mobile phone users/
total population)

% +

Number of doctors per 1,000 
people

Persons +

Number of hospital beds per 1,000 
people

Bed +

Population mortality ‰ –

(Continued)
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2.2　Introduction to Evaluation Methods: Entropy Value Method

In this paper, the index weights are calculated using the entropy value method 
model with the addition of time-year variables from the existing studies (Shao 
& Fang, 2021). Given the non-uniformity of the units of measurement of each 
index, the raw data are firstly standardized in order to eliminate the dimensional 
influence, with details as follows: 

 Positive index: Yijt =
（xijt-minxj）

(maxxj-minxj)
, (1)

 Negative index: Yijt =
（maxxj-xijt）

(maxxj-minxj)
. (2)

For positive indexes, a larger index value means a higher level, and they are 
calculated using Equation (1). For negative indexes, a larger index value means a 
lower level, and they are calculated using Equation (2). In Equations (1) and (2), 
xijt represents the original value of the index j (j = 1, 2, ..., n) in city i (i = 1, 2, ..., 
m) in year t; Yijt represents the standardized value of the index j in city i in year t; 
maxxj and minxj mean the maximum and minimum values of the original data of 
index j in all cities in the sample period T, respectively.

After adding the time-year variable, the specific process of calculating the 
index weights by the entropy value method is as follows.

(1) Calculating the index contribution:

 pijt = Yijt / ∑ (t=1)

T ∑ (i=1)

m
Yijt . (3)

(2) Calculating the information entropy value corresponding to each index:

 ej = -（ln mT）-1∑ (t=1)

T ∑ (i=1)

m
 pijt ln pijt . (4)

(3) Calculating the coefficient of variability for each index:

	 gj = 1-ej. (5)

(4) Finally calculating the weights of each index:

 wj = gj / ∑ j=1

n
=1gj . (6)



623Sci-Tech Innovation and High-Quality Development in the Greater Bay Area

2.3　Overall Evaluation of Sci-tech Innovation and High-Quality 
Economic Development

Using the relevant data of 11 cities in the Greater Bay Area from 2008 to 2019, 
and the weights of the indexes in the sci-tech innovation evaluation index system 
and the economic high-quality development evaluation index system that are 
derived through the entropy value method, the overall level of sci-tech innovation 
and the overall level of economic high-quality development of each city are 
further calculated, with the results shown in Table 3 and Table 4.

2.3.1　Overall Level of Sci-tech Innovation

Table 3　Overall Level of Sci-Tech Innovation in the Greater Bay Area and Ranking,  

2008–2019

1 2 3 4 5 Mean 
value2008 Ranking 2011 Ranking 2014 Ranking 2017 Ranking 2019 Ranking

Hong 
Kong

0.193 3 0.224 4 0.258 4 0.306 7 0.361 6 0.262

Macao 0.076 7 0.085 8 0.091 10 0.098 10 0.106 11 0.091

Guangzhou 0.200 2 0.263 3 0.309 3 0.402 3 0.482 3 0.320

Shenzhen 0.236 1 0.325 1 0.380 1 0.584 1 0.763 1 0.446

Zhuhai 0.166 4 0.265 2 0.327 2 0.450 2 0.509 2 0.337

Foshan 0.088 6 0.146 6 0.191 6 0.322 6 0.379 5 0.212

Huizhou 0.029 10 0.082 9 0.156 8 0.220 8 0.224 8 0.135

Dongguan 0.063 8 0.116 7 0.158 7 0.322 5 0.397 4 0.200

Zhongshan 0.100 5 0.168 5 0.229 5 0.371 4 0.358 7 0.239

Jiangmen 0.038 9 0.071 10 0.092 9 0.141 9 0.173 9 0.097

Zhaoqing 0.018 11 0.058 11 0.076 11 0.095 11 0.122 10 0.072

Mean value 0.110 0.164 0.206 0.301 0.352
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Table 4　Overall Level of High-Quality Economic Development in the Greater Bay Area and 

Ranking, 2008–2019

1 2 3 4 5 Mean 
value2008 Ranking 2011 Ranking 2014 Ranking 2017 Ranking 2019 Ranking

Hong 
Kong

0.557 1 0.623 1 0.659 1 0.689 1 0.686 1 0.639

Macao 0.313 2 0.411 2 0.451 2 0.481 2 0.532 2 0.433

Guangzhou 0.238 5 0.276 5 0.318 5 0.358 4 0.390 4 0.314

Shenzhen 0.270 4 0.310 3 0.356 3 0.382 3 0.412 3 0.346

Zhuhai 0.285 3 0.296 4 0.351 4 0.330 5 0.347 5 0.317

Foshan 0.119 9 0.147 9 0.173 9 0.209 10 0.239 9 0.173

Huizhou 0.132 8 0.151 8 0.195 7 0.228 7 0.242 8 0.188

Dongguan 0.194 6 0.208 6 0.234 6 0.246 6 0.256 6 0.227

Zhongshan 0.145 7 0.179 7 0.190 8 0.226 8 0.251 7 0.194

Jiangmen 0.100 11 0.125 11 0.168 10 0.216 9 0.238 10 0.165

Zhaoqing 0.114 10 0.129 10 0.143 11 0.169 11 0.187 11 0.149

Mean value 0.224 0.260 0.294 0.321 0.344

Based on the evaluation results of the overall level of sci-tech innovation, 
This paper has the following findings: Firstly, in terms of time trends, the sci-
tech innovation level in the Greater Bay Area has continued to rise, with the 
mean value of sci-tech innovation level increasing year by year from 0.110 in 
2008 to 0.352 in 2019, which is a significant increase of 2.22 times in the sci-
tech innovation level during these 12 years. It indicates that the Greater Bay Area 
has achieved remarkable results in enhancing its strength in sci-tech innovation. 
Relying on its own advantages to optimize the sci-tech innovation environment 
and make full use of regional innovation resources to stimulate the vitality of 
various innovation players, the Greater Bay Area has been able to move forward 
with the construction of itself as an international innovation and technology  
hub.
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Second, in terms of spatial distribution, the development within the Greater 
Bay Area is not balanced enough, and the cities’ sci-tech innovation levels 
show an obviously uneven distribution. On the whole, Shenzhen, Zhuhai and 
Guangzhou have a relatively high level of sci-tech innovation, and the mean 
values of their levels of sci-tech innovation are above 0.32, well above other 
cities. Among them, Shenzhen is well ahead of other cities in terms of sci-tech 
innovation strength, and its level of sci-tech innovation has continued to rise 
rapidly to 0.763 in 2019, representing an increase of 2.23 times over that in 2008.
The function of the sci-tech innovation as an engine is very prominent, with a 
leading role in regional collaborative innovation. The mean values of the sci-tech 
innovation levels in Hong Kong, Zhongshan, Foshan and Dongguan are relatively 
similar and fall in the range of 0.20–0.27. During the sample period, Hong 
Kong’s sci-tech innovation strength has improved significantly but to a limited 
extent, and is not as strong as other cities at the same level, so its overall ranking 
shows a downward trend, from 3rd place in 2008 to 6th place in 2019. Zhongshan 
and Foshan’s sci-tech innovation strength has progressed significantly, and their 
overall rankings remain stable with minimal fluctuations. Dongguan has made 
an unexpected breakthrough, with a 5.30-time increase in the level of sci-tech 
innovation in 2019 compared to that in 2008, and its ranking has jumped to the 
4th place, making it the city with the largest progress in the strength of sci-tech 
innovation among all cities and a relatively effective improvement in the level of 
sci-tech innovation.

Third, the four cities with a temporarily low level of sci-tech innovation are 
Huizhou, Jiangmen, Zhaoqing and Macao, which have continued to improve 
their level of sci-tech innovation, but still have a large gap when compared with 
Shenzhen, Zhuhai, Guangzhou, etc. Constrained by the resource endowment and 
industrial structure, Macao is relatively weak in terms of innovation environment, 
innovation input and innovation output. For this reason, Macao should take into 
account its own advantages, pay attention to the cultivation of local innovation 
environment and technology industries, strengthen cooperation with other 
cities in the Greater Bay Area such as Hong Kong, Shenzhen and Zhuhai, and 
continuously improve the level of sci-tech innovation. Huizhou, Jiangmen, and 
Zhaoqing are limited by their own socio-economic development level and have 
low strength in sci-tech innovation. Therefore, they should make full use of 
their regional advantages and industrial characteristics to create more favorable 
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conditions for enhancing the strength of sci-tech innovation, and actively 
promote the building of the Greater Bay Area into an international innovation 
and technology hub.

2.3.2　Overall Level of High-Quality Economic Development

According to the evaluation results of the overall level of high-quality economic 
development, �is paper has the following findings. On the whole, the 
overall level of high-quality economic development in the Greater Bay Area 
has achieved a sustained and stable improvement, with the mean value of the 
level of high-quality economic development rising from 0.224 to 0.344, an 
increase of 53.22%. It indicates that the high-quality economic development 
in the Greater Bay Area is steadily advancing in the process of dynamic 
evolution from low level to high level, with positive trends of high-quality 
economic development. By leveraging their complementary advantages 
and mutual benefits, Hong Kong, Macao and the Chinese Mainland have 
contributed to the high-quality development of their respective regional 
economies.

Specifically, the level of high-quality economic development of the 11 cities 
in the Greater Bay Area varies in general, and is characterized by stability and 
unevenness. First of all, the unevenness is highlighted by the large gap in the 
level of high-quality economic development between Hong Kong, Macao and 
the Pearl River Delta region, and between Guangzhou, Shenzhen, Zhuhai and 
other Pearl River Delta cities. From 2008 to 2019, the mean value of the level 
of high-quality economic development in Hong Kong and Macao was 0.639 and 
0.433 respectively, while the mean value of the level of high-quality economic 
development in Shenzhen, as the leader of the Pearl River Delta, was 0.346, 
and the mean value of the whole Pearl River Delta region was only 0.230. 
Hong Kong and Macao have the basic advantages of high-quality economic 
development due to their superior social and economic foundation, high degree 
of openness, modern service industry-led economic development, strong financial 
strength of the SAR government, and relatively sound supply and protection of 
social welfare. Although the Pearl River Delta region has witnessed tremendous 
progress in social and economic development thanks to more than 40 years of 
strenuous development after the reform and opening up, the quality, efficiency 
and sustainability of economic development and the sharing of the development 



627Sci-Tech Innovation and High-Quality Development in the Greater Bay Area

results by the people need to be further strengthened before the level of high-
quality economic development can be fully enhanced. In addition, there are 
differences in the level of high-quality economic development among the 
cities at different levels within the Pearl River Delta, among which Shenzhen, 
Zhuhai and Guangzhou have strong development momentum with mean values 
of 0.346, 0.317 and 0.314 respectively, which are significantly better than 
other cities such as Dongguan and Zhongshan. As per the previous analysis, 
the Greater Bay Area should deepen exchanges and cooperation among cities, 
focus on the coordinated and intertwined development of the regional economy, 
and promote to form a new pattern of high-quality economic development 
that is characterized by complementary advantages and regional integrated  
development.

Second, in terms of stability, the overall level of high-quality economic 
development of each city has increased steadily, and each city’s ranking 
in the Greater Bay Area in terms of high-quality economic development is 
basically stable. From 2008 to 2019, under the world economic recession 
and many black swan events after the global financial crisis, only individual 
cities such as Hong Kong and Macao saw small fluctuations in the level of 
high-quality economic development, and the level of high-quality economic 
development in most cities continued to rise year by year. In terms of trends, 
the positive trend of high-quality economic development in the Greater Bay 
Area has not changed, and the level of high-quality economic development 
in all cities has been improved to some extent, reflecting the stability of 
high-quality economic development in the Greater Bay Area. Meanwhile, 
during the sample period, the ranking of cities in terms of the level of high-
quality economic development has seen relatively little change, with Hong 
Kong and Macao always ranking in the top two, Guangzhou, Shenzhen and 
Jiangmen moving to the third, fourth and tenth places respectively in 2019, 
up one place from 2008, and Zhuhai and Zhaoqing dropping two and one 
places to the fifth and 11th places respectively. In general, Hong Kong, 
Macao, Guangzhou and Shenzhen, as the central cities, take the leading 
position in the regional high-quality economic development, while the 
other cities have more room to improve the level of high-quality economic  
development.
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3　Analysis of Coupling Coordination between Sci-Tech Innovation 
and High-Quality Economic Development in the Greater Bay Area

3.1　Coupling Relationship between Sci-Tech Innovation and High-
Quality Economic Development

Sci-tech innovation and high-quality economic development are two separate and 
complex systems, which are closely related to each other and have an interactive 
coupling relationship.

3.1.1　Sci-Tech Innovation Is the Core Driver of High-Quality Economic 
Development

Sci-tech innovation provides a strong impetus for economic development. On the 
one hand, China’s high-quality economic development comes from the change 
of development concept and development mode, and it is necessary to rely 
closely on sci-tech innovation as the internal driving force to realize the change 
of economic development from quantitative growth to qualitative change. sci-
tech innovation can accelerate the formation and development of new products, 
new technologies and new business models, which plays a significant role in 
promoting economic supply-side structure reform, optimizing the industrial 
structure and improving the quality of economic development. In this way, the 
economy can realize the change from an extensive development mode to an 
efficient, intensive and cost-saving development mode, so that the quality of 
economic development can be continuously improved (Liu & Song, 2019). On 
the other hand, the innovation drive not only solves the problem of economic 
growth efficiency, but more importantly, it relies on intangible factors such 
as intellectual capital, human capital and incentive innovation system to 
achieve new combinations of factors, create new growth factors, and bring 
a growth mode superior to intensive growth (Hong, 2013). �rough sci-
tech innovation, China can unleash the economic growth potential, boost 
the transition of economic growth engines, create new growth drivers, and 
improve the quality, effectiveness, efficiency and other aspects of economic 
development, while these are also key aspects concerned with high-quality 
economic development.
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3.1.2　High-Quality Economic Development Provides Important Support for 
Sci-Tech Innovation

High-quality economic development is closely related to all aspects of social and 
economic development, and the in-depth advancement of high-quality economic 
development can provide important support for sci-tech innovation and help to 
significantly improve China’s sci-tech innovation level. In terms of innovation 
inputs and outputs, sci-tech innovation consists of an array of links, such as sci-
tech inputs, as well as generation, transformation and commercialization of sci-
tech results, so it requires enterprises-universities-research institutes (EUR) 
collaboration to involve all kinds of players in the sci-tech innovation cooperation 
and interaction. To meet the new requirements of the new development stage, 
high-quality economic development requires innovative economic development, 
and the country should pay attention to innovative economic development, 
establish a development philosophy that honors innovation, strengthen the 
leading role of sci-tech innovation, provide a favorable innovation ecosystem for 
sci-tech innovation, and promote the continuity of sci-tech innovation activities. 
In addition, high-quality economic development also requires the development of 
an open economy, and the focus of building an open economy is to connect the 
domestic economy with the global market. For regions with relatively high levels 
of economic development, they can undertake the R&D of new technologies, 
new techniques and new products, as well as the absorption of technologies 
from developed countries, establish a company-based, market-oriented and sci-
tech-supported innovation system, and improve the capabilities of knowledge 
innovation and transformation of scientific research results (Shi et al., 2018).

3.2　Introduction to the Coupling Coordination Model

�e coupling degree reflects the degree of interaction and influence between the 
systems. Based on the research in this paper, the equation for calculating the 
coupling degree is built as follows:

 
U1U2

（U1+U2）
2C=2

1/2

, (7)

where, C is the coupling degree, and U1 and U2 are the overall level of sci-
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tech innovation and the overall level of high-quality economic development, 
respectively. A larger value of C means a higher coupling degree between the 
two systems.

According to the theory of coupling degree, the coupling degree only 
indicates the intensity of interactions between the systems, and cannot 
reflect the coordination between the systems. To further reflect the degree of 
mutual coordination between sci-tech innovation and high-quality economic 
development, a coupling coordination degree model is constructed as follows:

 D= C×T , (8)

	 T = αU1+βU2 , (9)

where, D is the coupling coordination degree, and C is the coupling degree. A 
larger value of D means a higher level of coupling coordination between the 
two systems. T is the overall evaluated value of sci-tech innovation and high-
quality economic development. α and β are the weights of the systems of sci-
tech innovation and high-quality economic development, respectively. Sci-tech 
innovation is the core driver of high-quality economic development, and the 
paper holds that sci-tech innovation and high-quality economic development are 
of equal importance, so α = β = 0.5.

By referring to the existing studies (Li & Xia, 2020), this paper divides the 
coupling coordination degree between sci-tech innovation and high-quality 
economic development into seven stages, as shown in Table 5.

Table 5　Criteria for Dividing the Coupling Coordination Degree

Stage Number Coupling coordination degree Coupling coordination stage

1 0 < D ≤ 0.15 Severely uncoordinated

2 0.15 < D ≤ 0.25 Moderately uncoordinated

3 0.25 < D ≤ 0.45 Slightly uncoordinated

4 0.45 < D ≤ 0.55 Uncoordinated-coordinated transition

5 0.55 < D ≤ 0.75 Primarily coordinated

6 0.75 < D ≤ 0.85 Well coordinated

7 0.85 < D ≤ 1 Excellently coordinated
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3.3　Analysis of Coupling Coordination Degree between Sci-Tech 
Innovation and High-Quality Economic Development

3.3.1　Overall Characteristics of Coupling Coordination in the Greater Bay 
Area

Based on the above-mentioned equation of the coupling coordination degree 
model, the coupling coordination degree between sci-tech innovation and high-
quality economic development of 11 cities in the Guangdong–Hong Kong–
Macao Greater Bay Area from 2008 to 2019 is calculated, and then both the 
mean value of the coupling degree and the mean value of coupling coordination 
degree of each year in the Greater Bay Area are obtained. �e results are shown 
in Table 6.

Table 6　Mean Value of Coupling Coordination Degree between Sci-Tech Innovation and 

High-Quality Economic Development in the Greater Bay Area, 2008–2019

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Mean value 
of coupling 
degree

0.891 0.916 0.937 0.949 0.953 0.953 0.957 0.959 0.958 0.956 0.954 0.957

Mean value 
of coupling  
coordination  
degree

0.374 0.393 0.417 0.435 0.456 0.469 0.478 0.497 0.515 0.536 0.555 0.566

Coupling 
coordination  
stage

3 3 3 3 4 4 4 4 4 4 5 5

It can be seen from Table 6 that the mean value of the coupling degree and 
the mean value of the coupling coordination degree between sci-tech innovation 
and high-quality economic development in the Greater Bay Area from 2008 
to 2019 continued to increase, with a stable growth trend. The mean value of 
the coupling degree increased from 0.891 in 2008 to 0.957 in 2019, indicating 
the closer interconnection and interaction between sci-tech innovation and  
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high-quality economic development. The mean value of the coupling 
coordination degree continuously increased to 0.566 in 2019, up 51.62% 
from 2008, indicating a good trend of coordinated development of the two 
systems. However, with respect to the current level of coupling coordination, 
the Greater Bay Area still has a gap in achieving a high level of coupling 
coordination. In terms of specific stages, the coupling coordination degree of 
sci-tech innovation and high-quality economic development in the Greater 
Bay Area from 2008 to 2011 was at the slightly uncoordinated stage. The 
mean value of coupling coordination degree increased to 0.456 in 2012, 
which came into the uncoordinated-coordinated transition stage, and this 
stage lasted until 2017. The mean value of coupling coordination degree 
exceeded 0.500 since 2018, which was the beginning of the primarily coordinated 
stage.

In general, the Greater Bay Area has witnessed a rapid development in recent 
years. The enhancement of the strength of sci-technology innovation has driven 
the improvement of the level of high-quality economic development, which, 
in turn, has contributed to the enhancement of the strength of sci-technology 
innovation. With the mutual promotion and joint development of the two, the 
Greater Bay Area is gradually showing a coordinated development trend between 
sci-tech innovation and high-quality economic development.

3.3.2　Coupling Coordination Characteristics of Cities

For further examining the coupling status between sci-tech innovation and  
high-quality economic development and the development types of each city 
in the Greater Bay Area, this paper classifies the following city development 
types based on the ratio of the overall level of sci-tech innovation to the 
overall level of high-quality economic development (U1/U2), by taking into 
account the judgment criteria of existing studies (Zhu et al., 2019). When 
U1/U2 >1.1, the city belongs to the type where sci-tech innovation is ahead 
of high-quality economic development (Type I); when 0.9≤U1/U2≤1.1, the 
city belongs to the type where sci-tech innovation is synchronized with high-
quality economic development (Type II); when U1/U2 < 0.9, the city belongs 
to the type where high-quality economic development is ahead of sci-tech 
innovation (Type III).

First, the coupling coordination degree of 11 cities in the Greater Bay Area 
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increased continuously from 2008 to 2019, indicating each city’s obvious 
achievements in sci-tech innovation and high-quality economic development, the 
adaptation of sci-tech innovation capacity to high-quality economic development 
level, and the gradual shift to synchronous and coordinated development 
(Table 7). It is attributable to the development philosophy of accelerating the 
development of sci-tech innovation and implementing the innovation-driven 
development strategy of the cities in the Greater Bay Area in recent years, 
especially Guangzhou, Shenzhen and other cities in the Pearl River Delta, which 
reflects the “formation of an economic system and development model mainly 
supported by innovation” as mentioned in the Outline Development Plan for the 
Guangdong–Hong Kong–Macao Greater Bay Area. A comparison between 2008 
and 2019 reveals the following: In 2008, only Shenzhen fell into Type II where 
sci-tech innovation was synchronized with high-quality economic development, 
while all other cities were Type III where high-quality economic development 
was ahead of sci-tech innovation, indicating that the development of sci-
tech innovation in most cities lagged relatively behind high-quality economic 
development. In 2019, six cities (including Guangzhou, Shenzhen, Zhuhai, 
Foshan, Dongguan, and Zhongshan) were developed into Type I where sci-tech 
innovation was ahead of high-quality economic development, while Huizhou 
emerged as Type II where sci-tech innovation was synchronized with high-
quality economic development, indicating the rapid development of sci-tech 
innovation in each city and reflecting the increasingly significant driving 
effect of sci-tech innovation on the high-quality economic development. 
In addition, in terms of coupling coordination stages, most cities saw their 
coupling coordination degree climb by one or two stages from 2008 to 2019. 
In 2008, only Hong Kong reached the primarily coordinated stage, three 
cities, including Shenzhen, were in the uncoordinated-coordinated transition 
stage, and the other cities were in the slightly or moderately uncoordinated 
stage. In 2019, most cities developed to the primarily coordinated stage or 
uncoordinated-coordinated transition stage, and the number of cities in the 
uncoordinated stage shrank significantly, with only Jiangmen and Zhaoqing 
having a low degree of coupling coordination and still being in the slightly 
uncoordinated stage.
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Second, the cities in the Greater Bay Area have different levels of sci-
tech innovation and high-quality economic development due to their different 
resource endowments, basic conditions, and development paths, which affects the 
coordinated development of the two, so the coupling coordination degree and the 
increase in coupling coordination degree inevitably differ among cities. In terms 
of coupling coordination degree, in 2019, Shenzhen has the highest coupling 
coordination degree (0.749) among all cities, indicating that the efficiency of the 
coordinated development between its two systems was high and it was about to 
enter the well-coordinated stage, while Zhaoqing had the lowest degree (0.388), 
which was 0.361 lower than Shenzhen, indicating that it was still in the slightly 
uncoordinated stage. In terms of the increase in coupling coordination degree, 
Shenzhen had the largest increase in coupling coordination degree among the 
eleven cities in the Greater Bay Area from 2008 to 2019, with an increase of 
0.246, while Macao had the smallest increase, with an increase of only 0.095. As 
a special economic zone and China’s first innovation city, Shenzhen incorporated 
the innovation gene into the city’s development, insisted on independent 
innovation, promoted the development of high-tech industries and strategic 
emerging industries, and made sci-tech innovation the core driving force for 
promoting high-quality economic development, so the coupling coordination 
degree between the two systems was deepened. In contrast, Macao’s innovation-
driven development was less effective due to the relative lack of sci-tech 
innovation factors and resource endowments, coupled with its highly developed 
service sectors dominated by gaming tourism, so the increase in coupling 
coordination degree between sci-tech innovation and high-quality economic 
development was limited. In recent years, however, Macao’s economy has been 
moderately diversified, with a gradually strong innovation atmosphere, and the 
development of emerging industries such as Chinese medicine has begun to bear 
fruit, thus making sci-tech innovation gradually ready to play a greater role in 
promoting Macao’s high-quality economic development.

3.3.3　Convergence Analysis of the Coupling Coordination Development

From the above analysis, it is obvious that the coupling coordination degree 
between sci-tech innovation and high-quality economic development varies 
widely among cities in the Greater Bay Area, and there is a phenomenon of 
unbalanced development. In order to further analyze the characteristics of the 
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differences, the eleven cities were classified as Class I and Class II cities based 
on the mean value of the coupling coordination degree of each city from 2008 to 
2019. �e Class I cities include Hong Kong, Guangzhou, Shenzhen, Zhuhai, and 
Zhongshan, which have high mean values of coupling coordination degree during 
the sample period and are in the primarily coordinated stage and uncoordinated-
coordinated transition stage; the Class II cities include Macao, Foshan, Huizhou, 
Dongguan, Jiangmen, and Zhaoqing, which have low mean values of coupling 
coordination degree and are in the slightly uncoordinated stage. Based on 
the σ-convergence method adopted in existing studies (Liu et al., 2014), the 
convergence of the coupling coordination degree of the Greater Bay Area and 
Class I and Class II cities is further analyzed. 

The equation used to analyze convergence is shown below, where Dm(t) stands 
for the coupling coordination degree of city m in year t and N represents the 
number of cities, i.e., N = 11. If σt+1 < σt, it means that there is σ convergence, 
demonstrating that the gap in the coupling coordination degree between sci-tech 
innovation and high-quality economic development of cities in the Guangdong–
Hong Kong–Macao Greater Bay Area tends to narrow.

 σt = {N -1∑m=1

N [Dm (t)-[N -1∑ k=1

N Dm (t) ]]2}(1/2)

. (10)

According to the analysis results in Figure 1, it can be seen that the σ value 
of coupling coordination degree between sci-tech innovation and high-quality 
economic development in the Greater Bay Area tends to stabilize after a 
decrease. The σ value of the coupling coordination degree decreased year by year 
in 2008–2012, and gradually stabilized in the following years, but in the last two 
years, there were small fluctuations and a slight increase. In terms of the overall 
trends, the difference in the coupling coordination degree among the cities in the 
Greater Bay Area was narrowing. In terms of the city types, the σ value of the 
coupling coordination degree of Class I cities continued to decline in 2008–2017, 
but showed a significant upward trend in the last two years, indicating that the 
gap among Class I cities may continue to widen in the future. The possible 
reason is that there has been a more serious divergence among the cities with 
higher coupling coordination degrees in recent years, among which Shenzhen 
and Guangzhou have continued to make efforts in the field of sci-tech innovation, 
and increased their investment in basic research and R&D innovation, which 
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has resulted in a significant improvement in overall innovation strength and 
innovation performance, and made the role of sci-tech innovation in supporting 
economic development increasingly obvious, so that the coordinated development 
efficiency of the two systems has pulled away from other cities. As opposed to 
Class I cities, the σ value of the coupling coordination degree of Class II cities 
continued to increase in 2015–2018, but showed a significant decrease in the past 
year. The possible reason is that Class II cities include a relatively large number 
of cities, and the cities differ greatly in the level of sci-technology innovation and 
economic development, leading to greater inertia in the difference of coupling 
coordination degree among cities. However, along with the gradual prominence 
of sci-technology innovation as a strategic support in the development of cities in 
recent years, the difference in the coupling coordination degree among Class II 
cities is narrowing.

Figure 1　Test of σ Convergence of Coupling Coordination Degree between Sci-Tech 

Innovation and High-Quality Economic Development in the Greater Bay Area

4　Conclusions and Policy Suggestions

4.1　Conclusions

In 2008–2019, both the level of sci-technology innovation and high-quality 
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economic development in the Greater Bay Area continued to improve, with 
the mean value of the level of sci-technology innovation rising from 0.110 to 
0.352 and the mean value of the level of high-quality economic development 
rising from 0.224 to 0.344, indicating a good development trend for both 
systems. In terms of spatial distribution, the internal development of the Greater 
Bay Area is unbalanced, with large differences among cities, and some cities 
need to further improve their level of sci-tech innovation and high-quality 
economic development. Among the central cities in the Greater Bay Area, 
Hong Kong, Guangzhou and Shenzhen have relatively high levels of sci-tech 
innovation and high-quality economic development, while Macao is relatively 
weak in sci-tech innovation despite its outstanding advantage in high-quality  
development.

In 2008–2019, the mean value of coupling coordination degree between 
sci-tech innovation and high-quality economic development in the Greater 
Bay Area increased steadily from 0.374 to 0.566, with a transition from the 
slightly uncoordinated stage to the primarily coordinated stage, indicating 
that the efficiency of coordinated development between sci-tech innovation 
and high-quality economic development has been improving during the study 
period, and the coordinated development of the two systems has been initially 
achieved. However, in terms of the overall situation, there is still much room 
for improvement in the coupling coordination degree of the Greater Bay Area, 
leaving a considerable gap from the excellently coordinated stage. Meanwhile, 
the results of convergence analysis show that the difference in coupling 
coordination degree among cities in the Greater Bay Area tends to stabilize after 
a decrease during the study period, but in recent years, the difference in coupling 
coordination degree among Class I cities with higher coupling coordination 
degree has a tendency to widen significantly.

4.2　Policy Suggestions

4.2.1　Sci-Tech System Innovation

At present, the Greater Bay Area has initially realized the coordinated 
development between sci-tech innovation and high-quality economic 
development, but there is still a gap from the excellently coordinated stage, 
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and some cities, such as Jiangmen and Zhaoqing, are still in the slightly 
uncoordinated stage. �erefore, the Greater Bay Area should adhere to the 
principle of innovation-driven development, actively play the government’s 
leading role, and strengthen the engine functions of sci-tech system innovation, so 
as to boost high-quality economic and social development. First of all, under the 
premise of adhering to the principle of “one country, two systems,” the top-level 
design of coordinated innovation in Guangdong, Hong Kong and Macao should 
be adopted to strengthen the coordination and communication among cities and 
create a community of shared interests in innovation. It is necessary to accelerate 
the construction of regular mechanisms for cooperation in sci-tech among 
Guangdong, Hong Kong and Macao, and gradually unify the system standards 
for market access, market supervision, technology R&D, application and 
assessment to promote the integrated development of the region. Furthermore, 
a regional innovation cooperation committee guided by the central government 
and specifically responsible to local governments should be established as an 
authoritative guiding body for coordinated innovation in the Greater Bay Area to 
coordinate and regulate innovation activities and to guarantee and promote the 
implementation of innovation cooperation projects in Guangdong, Hong Kong 
and Macao. Meanwhile, the functions of the national-level leading group for the 
construction of the Greater Bay Area should be improved, so that the policies 
issued by the various national authorities can be effectively coordinated and 
implemented.

4.2.2　Collaborative Sci-Tech Innovation 

Studies show that the current overall level of high-quality economic development 
in the Greater Bay Area still needs to be further improved. On the basis 
of in-depth knowledge and understanding of the meanings of high-quality 
development, the Greater Bay Area should consolidate the scientific and 
technological foundation of high-quality development. For the avoidance of 
vicious competition among the 11 cities in the Greater Bay Area, it is necessary 
to strengthen cooperation within the Greater Bay Area, unify and integrate the 
innovation resources of the cities, build a collaborative innovation platform, 
strengthen the linkage of collaborative innovation among the cities, eliminate 
the flow barriers of innovation factors, and comprehensively improve the 
efficiency of regional innovation and the level of collaborative innovation. 
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Given their respective strengths in basic research, the transformation of scientific 
and technological results, as well as production of scientific and technological 
products and services, Guangdong, Hong Kong, and Macao are complementary 
in terms of resources, and need to build a market-oriented, enterprise-dominated, 
EUR integrated sci-tech innovation cooperation system. On the basis of 
summing up the existing experience of EUR cooperation, it is important to 
create a regional sci-tech innovation industrial chain with a virtuous cycle of 
“R&D-transformation-production” in the Greater Bay Area by improving the 
mechanism of industrial cooperation among cities. �e leadership and influence 
of Guangzhou, Shenzhen and Hong Kong as the core innovation regions of the 
Greater Bay Area should be brought into play to promote the deep integration of 
Guangdong, Hong Kong and Macao in the EUR areas such as major technology 
research, joint construction of innovation platforms, and transformation of 
scientific and technological results.

4.2.3　Sci-Tech Platform Innovation

According to the study results, there is still a large gap in the level of sci-tech 
innovation among cities in the Greater Bay Area. �erefore, it is necessary to 
follow the strategic plan of the CPC Central Committee and the State Council, 
fully unleash the driving effect of “two zones” (i.e. Greater Bay Area and 
Shenzhen demonstration pilot zone for socialism with Chinese characteristics), 
further deepen the innovation platform cooperation among Guangdong, Hong 
Kong and Macao, and facilitate substantial breakthroughs in the building of 
the Greater Bay Area into an international innovation and technology hub. A 
number of regional technology innovation cooperation platforms with special 
features should be established to promote the clustering and integration of 
universities, research institutions and enterprises in specific regions for sharing 
innovation resources. Under the guidance of effective policies, a mechanism for 
sharing EUR resources within the Greater Bay Area should be established, and 
under the opportunity of building the Bay Area into an international innovation 
and technology hub, the construction of collaborative innovation service systems 
and innovative resources sharing platforms should be accelerated. It is required 
to build a technology information sharing platform, develop a technology trading 
market, regulate technology transfer service institutions, and accelerate the 
transfer of scientific and technological results and industrial transformation in 



641Sci-Tech Innovation and High-Quality Development in the Greater Bay Area

the Greater Bay Area. In addition, a mechanism should be established for sharing 
laboratories, R&D centers, instruments, equipment, and testing and inspection 
centers in the Greater Bay Area, and a number of collaborative innovation 
platforms and sci-tech public service platforms should be created.
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