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Abstract: Understanding the economic impact of COVID-19 is the foundation for formulating
targeted policies promoting economic recovery. This study uses panel data of the county economy
in the Guangdong–Hong Kong–Macao Greater Bay Area (GBA) from 2017 to 2022. Firstly, the
evolution characteristics of the economic structure in the GBA were analyzed using the standard
deviation ellipse, geographical concentration, and spatial autocorrelation methods. Then, we revealed
the changes in various economic indicators. Finally, a spatial Durbin model was constructed to
study the factors affecting economic growth and spatial spillover effects in different periods. The
results reveal that the economic distribution in the GBA presents a “core–edge” structure. The FDI,
consumption, and exports of the Greater Bay Area fluctuate greatly, while investment growth is
relatively stable. There is a significant spatial spillover effect in the county economy of the GBA.
Investment, consumption, exports, labor, and innovation all have significant positive effects on
economic growth, with investment having the greatest impact, while FDI has a significant negative
impact. The impact of COVID-19 on the economy of the GBA is mainly reflected in the weakening of
spatial spillovers, the strengthening of economic agglomeration, the decline in factor growth, and the
change in the driving effect of factors on the economy. These findings can provide a reference for
formulating targeted economic development policies.

Keywords: Guangdong–Hong Kong–Macao Greater Bay Area; COVID-19; spatial Durbin model;
economic growth

1. Introduction

Novel coronavirus, commonly known as COVID-19, caused a global pandemic in 2020.
The intensifying pandemic had a huge impact on investment, consumption, supply, and
production chains around the world. Countries imposed restrictive measures, including
national lockdowns, in order to slow the spread of the virus and reduce mortality. Although
these measures were effective in restraining the spread of the epidemic, they also disrupted
global supply chains and reduced global economic activities in a way that had never been
seen before [1–3]. The consumption of goods and services fell markedly due to a sharp
decline in individual income and weak consumer confidence. The COVID-19 pandemic
also exposed some underdeveloped economies to foreign divestment, resulting in losses in
production [4]. With the gradual improvement in the global epidemic situation, coupled
with the stimulus measures taken by governments and central banks to increase fiscal
spending, reduce taxes and fees, cut interest rates, and reduce the reserve requirement,
the global economy has shown signs of gradual recovery, and people have begun to pay
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attention to the speed and trend of economic recovery as well as the long-term impact
of the epidemic on the economy. Haimeng Liu et al. (2020) constructed a health index
of cities (HIC) using human mobility big data from Baidu. They found that the HIC in
China decreased by 28.6% from the 20th of January to the 21st of April 2020 [5]. The
pandemic has cast a shadow over sustainable socio-economic development [6]. In this
context, the main goals of this study are to explain whether the COVID-19 epidemic has had
an impact on economic patterns and describe the new changes that have occurred in various
economic facets.

The study of the relationship between consumption, investment, foreign direct
investment (FDI), exports, and economic growth has always been highly valued by
economists [7–9]. Baldwin et al. (2001) consider consumer demand to be not only the
purpose of production but also the driving force behind production [10]. Consumption,
as a terminal demand, fundamentally supports the realization of economic cycles. Con-
sumer demand was the most important factor promoting economic growth in European
countries in the late stage of industrialization [11]. However, Wang believes that, in or-
der to achieve faster economic growth in the early stages of economic development, it is
necessary to continuously increase investment accumulation and expand production [12].
Transportation investment has served as one of the most promising economic instruments
to lower transportation costs and promote economic growth [13]. Scholars have argued
about the relationship between FDI and economic growth. Ullah et al. (2022) believe that
FDI brings cross-countries motion of production factors that promote developing host coun-
ties’ economic growth greatly [14]. The withdrawal of FDI has had an obvious negative
impact on employment in China [15], while exports expansion has had a positive effect on
China’s economic development [16]. Li (2019) put forward the theory that consumption,
investment, and exports present volatility and complement each other [17]. The theory of
endogenous growth emphasizes the importance of endogenous factors, such as human
capital accumulation and knowledge spillover, in urban economic growth. Lucas (1988)
presented a model showing that the spillover effect of human capital produces economic
externality. The average level of human capital in a whole society determines the size
of the economic externality produced [18]. Since then, the role of the “spatial spillover
effect” in economic growth has been increasingly emphasized through regional differen-
tial growth theory, new economic geography, or new growth theory [19–21]. Empirical
research on the spatial correlation and spillover effect of economic growth has yielded rich
results. The spillover effect of economic growth is significantly positively correlated with
spatial distance [22,23], which is not only a non-negligible force in economic growth but
also profoundly influences regional development patterns and their evolution [24]. The
focus of research into the factors influencing economic growth shifted from traditional
qualitative analysis to econometric methods, such as multiple linear regression analysis,
and then to quantitative analysis methods that consider spatial factors, such as geographic
detectors [24], spatial econometric models [25], spatial Markov models, and geographically
weighted regression models [26]. The research scale of these works involves countries,
urban agglomerations, provinces, and municipal units. Sun et al. (2020) used 108 small
cities in the Yangtze River Delta as an example for constructing an economic growth model
using factors such as geographical distance from large cities and administrative boundaries.
Their research found that proximity to large cities helps the promotion of economic growth
in small cities, while the existence of administrative boundaries hinders the realization
of spatial spillover effects [27]. There are also significant spillover effects on production
factors. The area within 800 km of the studied region is a dense overflow zone for technical
and other elements [22,24,25]. The diffusion and spread of factors such as innovation and
capital investment among different regions produces spatial correlation and dependence in
their economic growth [21,23–25,28].

Most previous studies have been conducted on the provincial or municipal
scale [29–35]. In recent years, the driving factors and spatial spillover effects of county-level
economic growth in urban agglomerations have received increasing attention [23]. The
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regional division is often based on habitual experiences, such as for the central, eastern,
western, coastal, and inland regions. The barriers between regions are gradually decreasing,
and features flow more freely between adjacent counties [35], leading to a gradual reduction
in the scale of inter-regional spatial spillover effects. Chen and Zhu (2012) analyzed China’s
regional economic differences on four scales: regional, provincial, prefecture-level cities,
and counties. The results of their research revealed that the smaller the scale, the greater
the contribution to regional economic differences [36]. Wang et al. (2015) believe that the
county-level scale is the core scale for studying spatial spillover effects in Guangdong [26].
Therefore, the county-level scale is more suitable for explaining economic spillover effects.
In view of the above shortcomings, this paper takes the Guangdong–Hong Kong–Macao
Greater Bay Area (GBA) as the research object and counties (county-level cities and districts)
as the research unit and selects the panel data on the county scale for the GBA from 2017 to
2022. We first analyze the evolution characteristics of the economic spatial pattern of the
GBA and then make use of the spatial Durbin model to measure the growth drivers and
spatial spillover effects of the GBA economy. Finally, we conduct a comparison of the core
and edge areas before and after the epidemic. This research features the following three
innovations: 1⃝ Incorporating Macao and Hong Kong into a unified analytical framework
has elevated the research perspective from the traditional Pearl River Delta (PRD) to the
GBA. Comparing and correlating economic indicators in different regions can provide a
reference for subsequent research. 2⃝ This study not only analyzes the economic spatial
pattern but also reveals the changes in major economic indicators such as investment, con-
sumption, FDI, and exports before and after the epidemic. This is a more comprehensive
disclosure of the economic impact brought about by COVID-19. 3⃝ This study constructs
spatial econometric models to study the driving factors of economic growth and spatial
spillover effects in different periods. This provides a theoretical basis for scientifically
formulating differentiated economic development policies.

2. Methods
2.1. Standard Deviational Ellipse Method (SDE)

The standard deviational ellipse method, based on the spatial location and structure
of the research object, can quantitatively describe the centrality, directionality, distribution,
and spatial form of the spatial distribution of geographical elements [37]. Among the basic
parameters, the ellipse center of gravity denotes the economic center; the azimuth reflects
the main trend direction of economic distribution, and the ratio of the long axis y to the
short axis x represents the statistical dispersion of the economic pattern in the primary and
secondary directions [38].

The economic center is determined as follows:

(Xω, Yω) = (
n

∑
i=1

ωixi/
n

∑
i=1

ωi,
n

∑
i=1

ωiyi/
n

∑
i=1

ωi). (1)

The azimuth is calculated as follows:
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The standard deviation σx and σy can be expressed, respectively, as follows:

σx =

√
n

∑
i=1

(ωi x̃i cos α − ωi ỹi sin α)2/
n

∑
i=1

ω2
i , and (3)
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σx =

√
n

∑
i=1

(ωi x̃i cos α − ωi ỹi sin α)2/
n

∑
i=1

ω2
i , (4)

where (xi, yi) denote the spatial location of the research object; ωi denotes its corresponding
weight; and (x̃i, ỹi) denote the coordinate deviation from the location of each study object
to the center of gravity of the ellipse [37].

2.2. Economic Concentration

The economic concentration index is often used to reflect the degree of imbalance
in the spatial distribution of regional economic factors [38]. The formula is expressed as
follows:

Rit =
Xit
Yit

, (5)

where Rit denotes the geographical concentration of economic factors in unit i at time t; Xit
represents the proportion of GDP in the unit i at time t; and Yit represents the proportion of
the total area of the region in the unit i at time t.

2.3. Spatial Autocorrelation

The existence of significant spatial agglomeration is a prerequisite for empirical re-
search using spatial econometric models. The spatial autocorrelation index is a common
tool for measuring the spatial correlation of values, commonly used as the global Moran’s
I [39] and the local Moran’s I [40].

The global Moran’s I index is calculated as follows:

I =

n
∑

i=1

n
∑

j=1
Wij(Xi−X)(Xj−X)

S2
n
∑

i=1

n
∑

j=1
Wij

, and

S2 = 1
n

n
∑

i=1
(Xi − X)

2

(6)

The local Moran’s I index is determined as follows:

Ii =
(Xi−X)

S2

n
∑

j=1
Wij(Xj − X), and

S2 = 1
n

n
∑

i=1
(Xi − X)

2
(7)

where the range of Ii is [−1, 1]; Xi and Xj are the attribute values of regions i and j; X is the
average of the attribute values; n is the number of units studied; Wij is the spatial weight;
and S2 is the variance of the attribute values.

2.4. Economic Growth Model

The Cobb–Douglas production function is one of the most widely applied production
functions in economics and is often utilized in empirical studies of regional economic
growth. If an econometric model based on the production function ignores the “spatial
effect”, this may lead to biased results [21]. Therefore, drawing on previous studies, the
production function is introduced into the spatial elements, and the spatial interaction of
explanatory variables and the transmission of error terms are considered, at the same time,
to build the SDM economic growth model [23–25]. The model is as follows:

ln Yit = α + ρW ln Yit + βi ln Xit + βi ln Zit + δiW ln Xit + δiW ln Zit + εit, (8)

where i, t, α, ε, Y, and W denote the ith region, the tth year, the intercept, the residual term,
the GDP, and the spatial weight matrix, respectively. β denotes the regression coefficient.
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X and Z denote the core variables and the control variables (Table 1). Many studies
have shown that investment, consumption, FDI, and exports are important influencing
factors for regional economic growth [7,8,13–17,41,42]. In the context of the COVID-19
pandemic, changes in investment, consumption, FDI, and exports in various regions are
highly likely to have had an impact on economic development. Therefore, this article sets
these four elements as the core variables (Table 1). Fiscal spending, as the foundation and
key pillar of national governance, plays a positive role in improving economic efficiency
and balancing regional development [41]. Labor means productivity, which plays a huge
and irreplaceable role in creating social wealth. Innovation can significantly promote the
upgrading of the industrial structure and is also an important driving force for economic
growth [21]. Therefore, this article sets fiscal spending, labor, and innovation as the control
variables (Table 1). To avoid heteroscedasticity, logarithms are taken for both the dependent
and independent variables.

Table 1. Main variables in the SDM.

Type Name Unit Description

Dependent variable (Y) GDP billion RMB Gross Domestic Product

Core variables (X)

Investment (Inv) ¥100 million Fixed asset investment

Consumption (Con) ¥100 million The total retail sales of social consumer
goods

Foreign direct investment
(FDI) ¥100 million Actual use of foreign direct investment

Exports (Exp) ¥100 million Total foreign trade exports

Control variables (Z)

Fiscal (Fis) ¥100 million Local general public budget expenditure
Labor (Lab) people Year-end employees of the entire society

Innovation (Inn) Items per 10,000 people
The number of authorized domestic
invention patents 1/Year-end permanent
population

1 There is a certain lag in the transformation of scientific innovation from patent to productivity, so the number of
domestic invention patents authorized uses data from the previous 5 years.

2.5. Spatial Weight Matrix

In this paper, the geographic distance weight matrix and spatial adjacency weight
matrix are constructed to characterize the spatial dependence of the spatial econometric
model. The expression for the geographic distance weight matrix is expressed as follows:

W1
ij =

{
0 (i = j)
1/dij (i ̸= j)

, (9)

where W1
ij is the inverse distance space weight matrix, and dij is the distance between

regions i and j.
The construction of spatial adjacency weight matrix is related to the positional rela-

tionship between cities, which is expressed as follows:

W2
ij
=

{
0, (Cities i and j are not adjacent)

1, (Cities i and j are adjacent)
, (10)

3. Overview of the Research Area and Database

The Guangdong–Hong Kong–Macao Greater Bay Area (GBA) is located in South China
(Figure 1a). It comprises nine cities in the Guangdong Province—namely, Guangzhou,
Shenzhen, Dongguan, Foshan, Huizhou, Zhuhai, Zhongshan, Jiangmen, and Zhaoqing—
and two special administrative regions, Hong Kong and Macao (Figure 1b). Of the various
regions in China, the GBA has one of the most active economies and the highest degrees
of openness. Foreign trade plays an important role in economic development in the GBA.
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Statistics indicate that the GBA’s dependence on foreign trade exports in 2022 was as high as
69%. Most of the counties on both sides of the Pearl River depend on foreign trade for more
than 61%. The data in the Yantian District, Shenzhen, show a dependency as high as 201%
(Figure 1c). The outbreak of the COVID-19 epidemic severely tested the GBA’s development
model as a foreign-trade-orientated economy. According to statistics from Guangdong
cities, Hong Kong, and Macao governments, the economic growth rate of the GBA in
2020 was −0.50%; this was the first time that the GBA economy had experienced negative
growth during the 21st century. The GBA requires efficient policies or policy combinations
in order to effectively respond to this situation. Analyzing the new characteristics of various
economic factors in the GBA and scientifically comprehending the new changes in the
economic pattern and development model of the GBA are of great practical significance for
formulating targeted policies to promote economic recovery in the GBA.
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Compared with the early stage, there are significant differences in the statistical caliber
and methods of Guangdong counties (county-level cities and districts) from 2017 to 2022.
Therefore, this article uses GBA county panel data from 2017 to 2022 to study economic
patterns and the growth mechanism. The panel data include nine indicators (Table 2). The
data for the GDP, year-end permanent population, year-end employees of the whole society,
fixed-asset investment, local general public budget expenditure, actual use of foreign direct
investment, total retail sales of social consumer goods, and total foreign trade exports are
taken from the statistical yearbooks of Hong Kong, Macao, the Guangdong Province, and
their respective cities and counties from 2017 to 2022. The number of authorized domestic
invention patents comes from the China National Intellectual Property Administration of
China, the Economic and Technological Development Bureau of Macao Special Administra-
tive Region Government Portal, and the Intellectual Property Department of Hong Kong
Special Administrative Region Government Portal.
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Table 2. Comparison of the main statistical indicators.

Mainland China Hong Kong Macao

Gross Domestic Product (GDP) Gross Domestic Product Gross Domestic Product

Year-end permanent population Mid-year permanent population Mid-year population

Year-end employees of the whole society Mid-year employed population Mid-year employed population

Fixed asset investment Gross domestic fixed capital formation Gross Fixed Capital Formation

Local general public budget expenditure Total government spending Total government expenditure

Actual use of foreign direct investment Year-end foreign investment position Total foreign direct investment

The number of authorized domestic
invention patents

Number of patents granted in Hong
Kong * Number of patents granted in Macao *

The total retail sales of social consumer
goods Total retail sales of social consumer goods Major retail sales of social consumer

goods

Total foreign trade exports Overall exports of foreign merchandise
trade Foreign merchandise trade exports

* Since Hong Kong and Macao do not distinguish between invention patents, utility model patents, and design
patents, the number of invention patents in the two Special Administrative Regions was estimated by multiplying
the ratio of invention patents in the nine cities of Guangdong to the total patents by the total number of patents in
Hong Kong and Macao.

The following should be noted with regard to the data: 1⃝ Due to the fact that Dong-
guan and Zhongshan do not have districts or counties and there is a significant lack of
relevant data for their townships, this study directly used urban data from Dongguan and
Zhongshan. In addition, Hong Kong and Macao have not released county-level data, so
they are also regarded as basic research units. Finally, the study area consists of 52 units.
2⃝ Hong Kong, Macao, and the mainland have slightly different statistical terms, concepts,

and statistical calibers. The comparison of the main statistical indicators is shown in Table 2.
3⃝ The currency exchange of US dollars (USD), Hong Kong dollars (HKD), Australian

dollars (AUD), and CNY was based on the annual average exchange rate published by the
National Bureau of Statistics.

4. Results
4.1. The Evolution of the Economic Spatial Pattern of the GBA
4.1.1. Identification of the Directionality and Core Area of Economic Spatial Distribution

We first make use of QGIS3.6 to calculate the standard deviational ellipse of the county
GDP in the GBA from 2017 to 2022. Then, we analyze the economic spatial distribution
and migration direction. From the shape of the SDE, the economic spatial distribution
of the GBA tends to be southeast–northwest (Figure 2). The long axis, short axis, and
center point of the six SDEs are roughly consistent, indicating that the economic pattern of
the counties in the GBA has undergone relatively little change. During the epidemic, the
northeast–southwest direction showed a contraction trend, while the northwest direction
slightly expanded. From the perspective of the movement trajectory, before 2019, the
county economic center of the GBA moved slightly to the southeast. After 2019, it turned
to the northwest, and the distance was large (Figure 2). The intersection of the standard
deviational ellipse in 2017–2022 is regarded as the economic core area of the GBA, which
includes 27 counties (county-level cities and districts) in Hong Kong, Shenzhen, Huizhou,
Dongguan, Guangzhou, Foshan, Zhongshan, and Zhuhai. Most of these counties are
located along both sides of the Pearl River, and the non-core areas form a “C”-shaped
semicircle around the core area (Figure 2).
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4.1.2. Evolution of Economic Distribution

We calculated and visualized the county economic density (GDP/area) of the GBA
from 2007 to 2022 using QGIS 3.6. Referring to previous research [43], the 2017 natural
breaks method classification standard was uniformly used for the visualization of each
year’s classification. The county economic density of the GBA was divided into five groups:
“lowest”, “lower”, “medium”, “high”, and “highest” (Figure 3). Its spatial distribution
pattern showed the “core–edge” characteristic, and the counties with a “low” economic
density were distributed in the eastern, northern, and western parts of the PRD, surrounded
on three sides (Figure 3). From 2017 to 2022, the number of counties with an economic
density in the “higher” or “highest” groups increased from six to eight, while the number in
the “lowest” group decreased from thirty-one to twenty-eight. This means that, against the
background of the Sino–US trade war and the COVID-19 epidemic, the economic spatial
pattern of the GBA underwent barely any fundamental changes, and the overall economic
level is still steadily improving. Specifically, in 2017, only Macao and the Yuexiu District in
Guangzhou presented economic densities in the “highest” group. In 2018, the number of
counties in the “highest” group increased to three, with the addition of the Futian District,
Shenzhen. Hong Kong rose from “medium” to “high”. In 2019, the Baoan District of
Shenzhen, the Baiyun District and Haizhu District of Guangzhou all rose by one level.
In 2020, Macao dropped from the “highest” to the “higher” group; its economic growth
rate has actually decreased by 56.3%, year on year. In 2021, Macao, the Duanzhou District
of Zhaoqing, the Nanhai District of Foshan, the Nansha District of Guangzhou, and the
Yantian District of Shenzhen all rose by one level. In 2022, the Tianhe District of Guangzhou
and the Longgang District of Shenzhen both rose by one level, while Macao fell from the
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“highest” to the “higher” group. The regions with significant growth are mostly located
in core area. The fluctuations in Macao’s economy during the epidemic period reflect the
instability of its economy.
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We analyzed the spatiotemporal evolution of economic agglomeration in the GBA
using economic concentration (Table 3). In 2017–2022, the economic concentration index of
the core area in the GBA was significantly higher than that of the edge area, indicating a
significant gap in economic development between the two. From 2020 to 2022, the growth
rate of economic concentration in the core areas was significantly faster than before, while
sharply declining in the edge areas. The outbreak of COVID-19 led to an intensification
in economic agglomeration in the core areas and a further expansion of the regional
development disparities.

Table 3. The economic concentration (R).

Region 2017 2018 2019 2020 2021 2022

Core area 1 2.62 2.62 2.63 2.67 2.66 2.67
Edge area 0.22 0.22 0.21 0.19 0.20 0.19

1 The core area comprises the 27 counties (county-level cities and districts) identified above, while the edge area
includes non-core areas.

4.1.3. Changes in Major Economic Indicators

From the changes in economic indicators, there are significant fluctuations in the
investment, consumption, FDI, and exports curves of various regions from 2017 to 2022
(Figure 4). The investment curve in the GBA is relatively stable, but the overall trend is
downward (Figure 4, Investment). From 2017 to 2019, the investment growth rate remained
above 6%, and the growth rate in 2020, 2021, and 2022 was 5.29%, 5.02%, and 2.30%,
respectively. A regional comparison shows that, although the investment growth rate in the
PRD has declined, it still maintains a high level, while the investment growth rate in Hong
Kong and Macao is mostly negative, the curve fluctuation large, and the decline speed
is fast. Expanding asset investment has always been an important means for developing
countries (or regions) to boost their economies [12]. The cities of Hong Kong and Macao
and the PRD are in two different stages of development. The PRD is still at the stage of
rapid urbanization, and its economic development has not yet completely moved on from
its dependence on traditional infrastructure. The reason for the sharp decline in investment
growth in Hong Kong and Macao during the investigation period may be related to the
fact that the urbanization of Hong Kong and Macao is in a mature and stable stage, and the
demand for infrastructure investment is reduced.

The consumption curve of each region showed a clear trough shape in 2020. Compared
with other indicators, the trough shape of the consumption curve in each region is the most
significant one (Figure 4, consumption). The consumption decline in the GBA reached
8.37%, which is significantly greater than the other indicators, indicating that consumption
was the indicator most affected by the COVID-19 pandemic. From a regional perspective,
the consumption curve in Macao fluctuates the most, followed by Hong Kong, and the
PRD’s curve is the most stable. Osterhaven and Linden argue that consumer demand is
the most important factor sustaining economic growth in developed European countries
as they move into the late industrialization period [44]. Hong Kong and Macao are also
at a late stage of industrialization, and the instability of consumption in these regions has
increased the instability of their economic development.

The FDI curve troughs in the GBA, PRD, and Hong Kong all appeared in 2018, and the
PRD resumed a positive growth after 2018 (Figure 4, FDI). The FDI in the GBA significantly
decreased in 2018, and exports also decreased significantly (Figure 4, FDI, export). This
may be related to the overall deterioration of trade between China and the United States
after 2018, with both sides imposing high tariffs on each other. The trade war has, to some
extent, disrupted the originally favorable investment environment, increased the exports
cost of goods, and, thus, dealt a blow to foreign investment confidence. However, from
2019 to 2022, the continuous growth in FDI in the PRD showed us that foreign capital still
has great confidence in China’s economic development [43].



ISPRS Int. J. Geo-Inf. 2024, 13, 9 11 of 18

ISPRS Int. J. Geo-Inf. 2024, 13, x FOR PEER REVIEW 12 of 19 
 

 

The export curves of various regions also showed a significant trough curve in 2020. 
From 2017 to 2019, the exports growth in the GBA showed a decreasing trend year by year 
(Figure 4, exports). In 2020, the exports growth rate of the PRD was only 0.42%, with neg-
ative growth in Hong Kong and Macao. In 2021, the exports growth in the GBA bucked 
the trend by 18.76%. The counter-trend growth in exports occurred against the backdrop 
of the ongoing spread of the epidemic. During this period, China�s epidemic prevention 
and control measures were in place and production activities resumed faster than in other 
countries. The counter-trend growth in exports undoubtedly has a huge supporting effect 
on economic growth in the GBA. However, as the social production order of various coun-
tries gradually recovers, China�s exports advantage gradually decreases, and exports may 
return to a low growth state or even a stagnant state. Despite the incomplete recovery of 
the domestic consumer market size and consumer confidence, economic development in 
the GBA will still face enormous challenges during the post-pandemic period. 

Overall, the asset investment volatility in the GBA is relatively small, but the growth 
rate gradually decreases. The FDI, consumption, and export curves fluctuate significantly. 
The outbreak of COVID-19 had a significant impact on consumption and exports: the con-
sumption and export curves both showed significant trough shapes in 2020. The influence 
of COVID-19 on FDI in the PRD was relatively small. The stability of various economic 
indicators in Hong Kong and Macao is lower than that of those in the PRD. This is con-
sistent with the view of Liu Yi and others that Hong Kong and Macao have poor economic 
resilience due to their attachment to and coupling with global financial and hotel networks 
[45]. 

 
Figure 4. Changes in the growth rate of major economic indicators. 

  

Figure 4. Changes in the growth rate of major economic indicators.

The export curves of various regions also showed a significant trough curve in 2020.
From 2017 to 2019, the exports growth in the GBA showed a decreasing trend year by
year (Figure 4, exports). In 2020, the exports growth rate of the PRD was only 0.42%, with
negative growth in Hong Kong and Macao. In 2021, the exports growth in the GBA bucked
the trend by 18.76%. The counter-trend growth in exports occurred against the backdrop
of the ongoing spread of the epidemic. During this period, China’s epidemic prevention
and control measures were in place and production activities resumed faster than in other
countries. The counter-trend growth in exports undoubtedly has a huge supporting effect
on economic growth in the GBA. However, as the social production order of various
countries gradually recovers, China’s exports advantage gradually decreases, and exports
may return to a low growth state or even a stagnant state. Despite the incomplete recovery
of the domestic consumer market size and consumer confidence, economic development in
the GBA will still face enormous challenges during the post-pandemic period.

Overall, the asset investment volatility in the GBA is relatively small, but the growth
rate gradually decreases. The FDI, consumption, and export curves fluctuate significantly.
The outbreak of COVID-19 had a significant impact on consumption and exports: the
consumption and export curves both showed significant trough shapes in 2020. The
influence of COVID-19 on FDI in the PRD was relatively small. The stability of various
economic indicators in Hong Kong and Macao is lower than that of those in the PRD. This
is consistent with the view of Liu Yi and others that Hong Kong and Macao have poor
economic resilience due to their attachment to and coupling with global financial and hotel
networks [45].

4.2. Comparation of Driving Factors of Economic Growth
4.2.1. Selection of Spatial Econometric Models

The Geoda software was used to analyze the results of the global spatial autocor-
relation test of county GDP in the GBA between 2017 and 2022. Under the two spatial
weight matrices, the Moran’s I values of the county GDP in the GBA were significant at
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the levels of 1% and 5%, respectively (Table 4). This indicates that there is a significant
positive spatial autocorrelation in the GDP of counties in the GBA, and there is spatial
agglomeration between regions of a similar economic scale. Moran’s I value continues
to increase, indicating that the overall trend of economic agglomeration in the GBA is
improving. It is worth noting that the growth rate of Moran’s I value in 2020–2022 is
greater than that in 2017–2019, which further confirms the strengthening of the economic
agglomeration pattern in the GBA after the outbreak of the epidemic.

Table 4. Global Moran’ I of county GDP in the GBA.

Weight Matrix 2017 2018 2019 2020 2021 2022

W1 0.123 ***
(3.371)

0.131 ***
(3.491)

0.134 ***
(3.554)

0.154 ***
(3.862)

0.178 ***
(4.028)

0.185 ***
(4.142)

W2 0.097 ***
(2.201)

0.101 **
(2.213)

0.102 **
(2.214)

0.117 **
(2.481)

0.140 **
(2.684)

0.145 **
(2.754)

Note: Numbers in parentheses are t values; *** and ** refer to significance at the 1% and 5% levels, respectively;
W1 is the geographical distance weight matrix; and W2 is the spatial adjacency matrix.

Drawing on previous research [46], we selected the model as follows: Firstly, the LM
test statistics of the LM spatial lag, robust LM spatial lag, LM spatial error, and robust
LM spatial error all passed the 1% significance test, so the SDM model was preferred. In
addition, the Hausman test statistic passed the 5% significance level. Through combining
the Wald and LR tests, it was found that the Wald and LR statistics of the SAR and SEM also
passed the 5% significance test, leading us to reject that the hypothesis could be simplified.
This meant that the two spatial transmission mechanisms included in the SDM could not
be ignored in terms of the economic growth in the GBA. Therefore, this article’s authors
chose the SDM model for their research.

4.2.2. Comparison of Economic Growth Drivers and Spatial Spillover Effects

(1) Economic Drivers and Spatial Spillover Effects in the GBA

Model 1 in Table 5 displays the regression results of the economic growth model for
counties in the GBA, using the method introduced in Section 2. The R2 value is 0.8007,
and the log-likelihood value is 344.8771, indicating that the model has a good fit and
a high confidence. The spatial lag coefficient (ρ) of the GDP is 0.232, passing the 1%
significance level test, which demonstrates that the economic growth in counties in the
GBA has significant positive spatial spillover effects. Investment, consumption, exports,
labor, and innovation all have significantly positive impact coefficients. This indicates that
these factors are helpful in the growth of the GBA’s economy. The value of investment
is far greater than that of the other factors, indicating that investment has the strongest
driving effect on economic growth. Investment has always been regarded as one of the
“three carriages” that drive economic growth, and it has a significant role in enhancing
the economy [12]. The coefficient value of foreign trade exports is higher than that of
domestic consumption, which suggests that the economy of the GBA has not yet formed
a dual circulation model, with domestic circulation as the main body and domestic and
foreign double circulation. The development of domestic consumer demand requires
further improvement. The value of innovation is significantly positive, indicating that it
has a positive effect on the economy, which is similar to previous research findings [21,47].
A numerical comparison shows that labor factors are a stronger driving force for economic
growth than innovation. Among the factors, innovation has a relatively small role in driving
the economy. The coefficient of fiscal expenditure is positive but not significant. The value
of FDI is significantly negative, indicating that FDI is an impediment to economic growth.
The reasons may be that the Guangdong Province was the first to carry out reform around
opening up and introducing FDI and that FDI has long been dominated by labor-intensive
manufacturing. Multinational companies, in particular, can rely on capital advantages to
produce a “squeeze effect” on domestic high-tech enterprises and weaken urban innovation
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capabilities, thereby hindering technological progress and, ultimately, limiting economic
growth.

Table 5. Comparison of the main statistical indicators.

Variable Model 1 Model 2 Model 3 Model 4

lnInv 0.220 ***
(6.89)

0.199 ***
(6.48)

0.086 ***
(3.4)

0.065 *
(1.80)

lnCon 0.054 **
(2.15)

0.051 **
(2.12)

0.009
(0.56)

0.137 ***
(3.86)

lnFDI −0.017 **
(−2.53)

−0.013 **
(−2.01)

−0.007
(−1.35)

−0.004
(−0.81)

lnExp 0.093 ***
(3.67)

0.082 ***
(3.35)

0.044 **
(2.08)

0.027
(1.48)

lnFis 0.003
(0.50)

0.003
(0.55)

lnLab 0.090 *
(1.88)

0.096 *
(1.93)

lnInn 0.019 ***
(2.74)

0.016 **
(2.53)

WxlnInv 0.107
(1.65)

0.166 ***
(2.61)

0.013
(0.26)

0.117 *
(1.68)

WxlnCon 0.017
(0.37)

−0.014
(−0.35)

0.022
(0.78)

0.432 ***
(5.13)

WxlnFDI −0.004
(−0.41)

−0.0003
(−0.02)

−0.003
(−0.44)

0.013
(1.47)

WxlnExp 0.100 **
(2.15)

0.057
(1.15)

−0.044
(−1.19)

0.023
(0.69)

WxlnFis −0.014
(−0.62)

−0.027 ***
(−2.73)

WxlnLab −0.015
(−0.21)

−0.108
(−1.40)

WxlnInn 0.003
(0.38)

−0.004
(−0.40)

ρ
0.232 ***

(3.50)
0.328 ***

(5.12)
0.666 ***
(11.10)

0.3244 ***
(4.02)

Log-likelihood 344.8771 360.3395 296.9834 301.8451

R2 0.8007 0.7792 0.7661 0.7227

N 312 312 156 156
Note: Numbers in parentheses are t values; ***, **, and * refer to significance at the 1%, 5%, and 10% level; Model 1
and Model 2 used the 2017–2022 county sample of the GBA, and the spatial weight matrices used W1 and W2,
respectively; Model 3 used the 2017–2019 GBA county sample and W1; Model 4 used the 2020–2022 GBA county
sample and W1.

Model 2 is used as a robustness test for a comparison of the spatial adjacency weight
matrix. The results show that, although there are some differences in the size of the variable
estimation coefficients, the direction and significance have not changed fundamentally, in
particular for ρ, which are always strongly significant (Table 5, Model 1, Model 2). This
indicates that the model design of this study is feasible and that the results are robust.

By means of “partial differentiation” [25], the total effect, direct effect, and indirect
effect of each variable on the dependent variable in Model 1 were obtained (Table 6). The
direct effect reflects the impact of various factors on local economic growth. A positive
direct effect value indicates that the factor has a driving effect on local economic growth,
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and a negative value indicates a hindrance effect, with the absolute value expressing
the strength of the effect. The indirect effect reflects the results of factor competition
and cooperation between counties [25]. The indirect effect of exports is significantly
positive, indicating that all the districts and counties in the GBA formed strong cooperative
relations in the production and exports of foreign trade commodities. However, asset
investment, consumption, and innovation are not significantly positive, indicating that the
effect of promoting the coordinated development of various regions through investment,
consumption, and technological exchanges still needs to be improved. The indirect effects
of the FDI, fiscal spending, and labor factors are negative, implying that the competition
for relevant factors is relatively strong between regions, resulting in “negative spillover
effects”.

Table 6. Effect breakdown of the Model 1.

Total Effect Direct Effect Indirect Effect

lnInv 0.423 *** 0.231 *** 0.192 ***
(5.67) (7.13) (2.80)

lnCon 0.097 0.055 ** 0.042
(1.62) (2.27) (0.76)

lnFDI −0.027 * −0.017 *** −0.010
(−1.84) (−2.61) (−0.76)

lnExp 0.246 *** 0.100 *** 0.147 ***
(4.18) (4.10) (2.80)

lnFis −0.011 0.003 −0.014
(−0.36) (0.40) (−0.48)

lnLab 0.093 0.092 ** 0.001
(1.12) (2.00) (0.02)

lnInn 0.029 ** 0.019 *** 0.010
(2.29) (2.78) (0.89)

Note: Numbers in parentheses are t values; ***, **, and * refer to significance at the 1%, 5%, and 10% level.

(2) Comparison of different periods

In 2020, the large-scale outbreak and spread of the COVID-19 epidemic severely af-
fected investment, consumption, production, supply chains, and freight transportation
around the world. In order to understand the impact of the epidemic on economic develop-
ment in the GBA, this paper compares the samples from 2017–2019 and 2020–2022, and the
results are shown in Model 3 and Model 4 in Table 6. The GBA economy had significant
positive spatial spillovers in both periods, but the spillovers during the pandemic were
weakened. At different times, factors have different impacts on economic growth in the
GBA. In 2017–2019, investment and exports played a significant role in driving the economy
of the GBA, while the role of consumption was not significant. In 2020–2022, investment
and consumption became the main drivers of economic growth, and their coefficient values
increased significantly. This shows that, considering the impact of the COVID-19 epidemic,
increasing asset investment and consumption is an important way of ensuring stable eco-
nomic growth. The export coefficient transitioned from being significantly positive to being
insignificantly positive, which may be related to the significant decline in China’s exports
during the early stages of the epidemic.

5. Conclusions

This paper used panel data on the county scale in the GBA from 2017 to 2022. Firstly,
the evolution of the economic factors of the GBA was analyzed, and then we used SDM to
study economic growth drivers and spatial spillover effects. The main conclusions are as
follows:
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1⃝ The economic spatial distribution pattern of the GBA shows a “core–edge” charac-
teristic, and the economic agglomeration is remarkable. After the outbreak of the COVID-19
epidemic, the economic agglomeration in the GBA intensified, and the economic gap be-
tween the core area and the edge area further widened. The SDE of GDP in the GBA county
regions generally follows a southeast-to-northwest pattern. After the COVID-19 outbreak,
the economic center shifted slightly towards the northwest.

2⃝ From 2017 to 2022, the investment volatility in the GBA was relatively small, but
the growth rate gradually decreased. FDI, consumption, and export curves fluctuated
significantly. COVID-19 had a significant impact on consumption and exports but had a
smaller impact on FDI in the PRD. The stability of various economic indicators in Hong
Kong and Macao was lower than that in the PRD.

3⃝ The county economy of the GBA has significant spatial spillover effects. Investment,
consumption, exports, labor, and innovation all have a positive impact on the economic
growth of counties in the GBA, while FDI has a negative impact. The driving effect of
investment on the economy is stronger than that of the other variables. Exports are stronger
than consumption. A time comparison shows that the spatial spillover effect of the county
economy in the GBA weakened during the epidemic, with investment and consumption
becoming the main driving forces behind economic growth.

6. Discussion
6.1. Spatial Spillover and Regional Inequality

This study found that the development of the GBA is uneven, but there is a significant
spatial spillover effect. The economic spillover effect indicates the possibility of narrowing
the regional development gap. After the outbreak of COVID-19, the economic gap in the
GBA widened, and the spillover effect weakened. This phenomenon may be related to
the obstruction of intercity movement during the epidemic period. With the lifting of
epidemic prevention and control measures and the disappearance of obstacles to regional
connections, the intensity of economic spillover should gradually recover. However, there
are still differences in various regions in the GBA, such as “one country, two systems, three
tariff zones, and three currencies”. They restrict the flow of factors, which is not conducive
to the enhancement of economic spillover effects. Therefore, integrating standards and
rules and eliminating institutional, cultural, and policy barriers are of great significance for
narrowing the development gap in the GBA.

6.2. The Economic Impact of COVID-19 on the GBA

The impact of COVID-19 on the economy of the GBA is mainly reflected in the
weakening of spatial spillovers, the strengthening of economic agglomeration, the decline
in factor growth, and the change in the driving effect of factors on the economy. After
the outbreak of COVID-19, the economic agglomeration in the GBA further intensified.
Consumption, foreign direct investment, and exports were greatly impacted by COVID-19,
but the impact on investment was relatively small. In different periods, the driving effects
of various factors on economic growth also varied. From 2017 to 2019, investment and
exports played a significant role in driving economic growth, while consumption was not
significant. From 2020 to 2022, investment and consumption became the main driving
forces. We also discovered that Hong Kong and Macao were significantly impacted by
COVID-19, leading to instability in their economic development.

6.3. Spatial Autocorrelation, Spatial Spillover Effect, and Spatial Agglomeration

After the outbreak of COVID-19, economic agglomeration in the Greater Bay Area
strengthened, and the Global Moran’ I of the GDP in the counties significantly increased,
while the spatial spillover effect weakened. There are some connections among these
phenomena. Global Moran’s I reflects whether spatial data exhibit a trend of clustering or
dispersion as well as the strength and significance of this trend. The spatial spillover effect
refers to the impact of one region’s economic growth on neighboring regions through the
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externalities of factors such as capital and knowledge. The interaction between regions
often provides conditions for spatial spillover effects. The enhancement of spatial spillover
is conducive to the coordinated development of the region in question. However, during
the pandemic, interregional connections were greatly hindered, resulting in a weakening of
spillover effects. This is likely to be one of the important reasons for the intensification of
economic agglomeration in the GBA.

6.4. Limitations and Prospects

This study provides a comprehensive understanding of the economic impact of
COVID-19 using various methods, providing the foundation for formulating targeted
policies to promote economic recovery. There are still some limitations to this study that
can serve as the focal points for future research. Firstly, due to the time limit on the sta-
tistical data, the timespan of this study is relatively short. The long-term impact of the
COVID-19 pandemic on the global economy needs to be continuously tracked and revealed.
The COVID-19 pandemic caused significant obstacles to the flow of people, logistics, infor-
mation technology, and other factors between regions, inevitably affecting inter-regional
economic cooperation. In the future, we will attempt to conduct research into inter-regional
economic connections and the evolution of regional economic patterns from the perspective
of factor flow.
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