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Abstract: The Guangdong-Hong Kong-Macao Greater Bay Area is witnessing a surge in economic development, 
showcasing robust resilience in the co-agglomeration of producer services and manufacturing industries, 
along with the increasingly evident impact generated by such co-agglomeration. Based on the panel data 
collected from ten cities in the Guangdong-Hong Kong-Macao Greater Bay Area (excluding Zhaoqing) 
spanning from 2010 to 2020, we examined the formation mechanism for industrial co-agglomeration in 
the area from three dimensions: industrial correlation, spatial correlation, and policy guidance. Our analysis 
was based on a vertical correlation model and was validated using the seemingly unrelated regressions (SUR) 
method. The findings are as follows: (a) There currently exists no spatial correlation between the producer 
services and manufacturing sectors in the area, and the correlation between the two remains limited to the 
former providing specialized services to the latter. (b) Policy guidance has a positive impact on the location 
selection of industries within the area. By implementing a comprehensive range of favorable policies, local 
governments can provide effective and scientifically guided recommendations regarding the location of 
producer services and manufacturing sectors. Therefore, it is crucial to foster the collaboration between 
producer services and manufacturing sectors and further enhance the co-agglomeration between the two 
sectors. In addition, the government authorities should also strive to enhance its economic governance 
capacity, thereby facilitating the formation of such co-agglomeration.
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Currently, the Guangdong-Hong Kong-Macao Greater Bay Area is witnessing a surge 
in economic development, showcasing robust resilience in the co-agglomeration 

of producer services and manufacturing sectors. In the early stages of reform and opening 
up, the cities in the Pearl River Delta region, by leveraging Hong Kong’s and Macao’s open 
business environment and convenient transportation conditions, gradually developed a 
novel economic cooperation model, which involves manufacturing and service sectors. The 
implementation of this model has facilitated enterprises based in the Pearl River Delta to 
expand their trade operations globally. However, the producer services sector in the Pearl 
River Delta  relatively lags behind the progress of the manufacturing sector. As a result, 
these two sectors have yet to establish a robust synergy for complementary development. 
To transform the Guangdong-Hong Kong-Macao Greater Bay Area into a world-class 
manufacturing hub, it is imperative to actively foster co-agglomeration of producer services 
and manufacturing sectors and enhance their spatial correlation so as to generate spillover 
effects and promote the optimization and upgrading of the manufacturing sector as well as 
regional economic growth. So, what is the mechanism underlying the formation of the co-
agglomeration of producer services and manufacturing sectors? What measures can the 
Greater Bay Area take to effectively promote such co-agglomeration in order to promote 
economic development? The response to the aforementioned questions holds immense 
practical significance for the Greater Bay Area in facilitating the transformation and 
upgrading of its manufacturing sector, as well as establishing a globally competitive modern 
services industry system.

Ellison and Glaeser (1997, pp. 889–927) f irst proposed the co-agglomeration 
theory, positing that industr ies characterized by input-output correlation tend to 
exhibit spatial agglomeration. This phenomenon represents a bidirectional dynamic 
coordination process between industry and space. Previous studies have primarily 
focused on the industr ial level when examining industr ial agglomeration. Some 
scholars  found that  the indust r ial  cor relat ion between producer  ser v ices and 
manufacturing sectors can facilitate the co-agglomeration of these two sectors (Ke 
et al., 2014, pp. 1829–1841; Ji & Duan, 2014, pp. 79–84). The producer services 
sector and the manufacturing sector often demonstrate a significant level of spatial 
proximity in indust r ial  d ist r ibut ion.  The proximity al lows producer  ser v ices 
enterprises to leverage the customer base of the manufacturing sector while also 
enabling manufactur ing enterpr ises to access cost-effective services (Coffey & 
Bailly, 1991, pp. 95–117; Klaesson, 2001, pp. 375–394).

However, with the advancement and refinement of the new economic geography 
theory, scholars are now able to extend their analysis beyond the industrial level and 
incorporate spatial factors within the theoretical framework. Chen Na and Gu Naihua 
(2013, pp. 25–44) found a spatial co-agglomeration effect between producer services and 
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manufacturing sectors, which can be primarily attributed to the availability of resources 
and services. Furthermore, such spatial co-agglomeration varies across different cities. 
Zhang Hu and Han Aihua (2019, pp. 39–50) argued that the interaction and mutual 
inf luence between producer services and manufacturing sectors at the industrial level 
will undoubtedly lead to spatial co-agglomeration or co-location. Chen Guanghan and 
Ren Xiaoli (2021, pp. 143–152) have concluded, based on the center-periphery theory, 
that the urban agglomeration of the Guangdong-Hong Kong-Macao Greater Bay Area 
demonstrates a distinctive industrial layout characterized by core cities prioritizing 
the development of producer services while peripheral regions focus on advancing 
manufacturing. These two sectors demonstrate a mutually benef icial interactive 
relationship aimed at achieving coordinated development.

In recent years, some scholars have incorporated policy factors into the analytical 
framework of industrial co-agglomeration. According to Chen Xiaofeng (2017, pp. 89–
96), policy guidance is a key factor contributing to the co-agglomeration of producer 
services and manufacturing sectors. Xu Zhongrong (2022, pp. 93–100) posited that the 
mechanism underlying the co-agglomeration of producer services and manufacturing 
sectors in metropolitan areas is evidenced through synergies across various dimensions, 
including policy, structure, space, and quality. Song Xiaoling and Li Jinye (2023, pp. 
56–65) argued that the policy environment can impose both constraints and incentives 
on the formation and development of industrial co-agglomeration. Additionally, it can 
establish a fair competition environment and a robust legal framework for such co-
agglomeration.

The existing literature has provided valuable insights and references for this study. 
However, most studies primarily focus on industrial correlation and spatial correlation 
when examining the mechanism underlying industrial co-agglomeration. Some studies 
only explore the impact of policy factors on industrial co-agglomeration. Consequently, 
there is a lack of research that simultaneously considers all three dimensions of industry, 
space, and policy. The primary contribution of this paper lies in its comprehensive analysis 
of the formation mechanism of industrial co-agglomeration, which encompasses three 
dimensions: industrial relevance, spatial relevance, and policy guidance. Additionally, it 
employs a vertical correlation model for empirical testing, which significantly enriches the 
research content of the industrial co-agglomeration theory.

 Analysis of Formation Mechanism

The present study investigates how industrial co-agglomeration between producer 
services and manufacturing sectors is formed, considering the three dimensions of 
industry, space, and policy simultaneously (see Figure 1).
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Industrial Correlation

Accord ing to  the  indust r ia l 
correlation theory, if one industry 
u t i l i zes  t he  out put  of  a not he r 
i nd u s t r y  a s  i t s  r aw  m a t e r i a l , 
there exists a forward correlation 
bet ween  these  t wo i ndust r ies; 
Otherwise, there exists a backward 
c o r r e l a t i o n .  I n  e s s e n c e ,  t h e 
m a n u f a c t u r i n g  a n d  p r o d u c e r 
services sectors are the products 
of the increasing specializat ion 
i n  t h e  i n d u s t r i a l  d i v i s i o n  of 
l a b o r .  I t  i s  a l s o  a  p r o c e s s 
wherein ver t ical  integrat ion of 
production transitions into vertical 
sp e c ia l i z a t ion .  Con se que nt ly, 
there exists a robust upstream and 
downstream industrial correlation 
between these two sectors. This 
is  pr imar i ly  manifested in  the 

fact that producer services contribute to cost reduction and efficiency enhancement in 
manufacturing, while manufacturing provides demand and material support for producer 
services (Feng & Liu, 2005, pp. 51–56).

The producer services sector, which offers indispensable intermediate inputs to the 
manufacturing sector, has progressively integrated itself into the core production links of 
the manufacturing sector through its specialized expertise and cutting-edge technology. Its 
main service support for the manufacturing industry lies in cost reduction and efficiency 
improvement, thereby achieving industrial co-agglomeration. From the perspective of 
production costs, if the internal costs generated by a particular production process exceed 
the expenses associated with outsourcing, manufacturing enterprises will opt to outsource 
that process in order to reduce costs and improve efficiency. In terms of capital turnover 
costs, the producer services can provide an optimal financial service system to address 
financing challenges faced by the manufacturing sector, such as limited funding channels 
and slow financing speed. In terms of logistics costs, the producer services can effectively 
reduce the fixed costs associated with warehousing and transportation for manufacturing 
enterprises, thereby enhancing the transportation efficiency of products.

Figure 1 Roadmap for the formation mechanism of industrial co-agglomeration
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The manufacturing sector generates demand and provides material support for producer 
services, thereby enhancing the efficiency of producer services to achieve industrial co-
agglomeration. The producer services sector needs to leverage specific carriers to realize 
the value of its own service products. The road transport sector, for instance, relies on 
dedicated trucks from the automobile manufacturing sector to provide freight services. These 
trucks serve as essential material support provided by the manufacturing sector to facilitate 
transportation. The manufacturing sector, in its pursuit of industrial transformation and 
upgrading as well as the enhancement of its competitive advantage, has set a higher standard 
for producer services. The producer services sector is consistently enhancing its expertise 
and expanding its scale to meet the growing specialization requirements of the manufacturing 
sector. This will undoubtedly result in an improvement in both service quality and production 
efficiency, thereby strengthening industrial co-agglomeration.

Spatial Correlation

The spatial layout of producer services and manufacturing sectors exhibits a tendency 
towards co-agglomeration based on the correlation between these two sectors. The 
agglomeration of industries within the manufacturing sector can generate significant 
market demand for the producer services sector. To cater to the diverse needs of numerous 
manufacturing enterprises, an increasing number of producer services enterprises will 
inevitably establish their presence in the agglomerative area, thereby giving rise to the 
phenomenon of intra-industry agglomeration (Ellison & Glaeser, 1997, pp. 889–927). 
Jacobs’ externality theory suggests that knowledge spillover has the potential to transpire 
across diverse industries. The close spatial proximity between the producer services sector 
and the manufacturing sector facilitates the concentration and efficient f low of resource 
factors, thereby promoting resource sharing and facilitating knowledge and technology 
spillovers, ultimately enhancing the level of industrial co-agglomeration.

Spatial proximity can also reduce the search costs between producer services and 
manufacturing. It shortens the geographical distance between enterprises, facilitating 
the manufacturing sector in their search and comparison of intermediate inputs. 
Additionally, it enables producer services to expand their service scope and conduct 
market demand research more effectively. For example, the presence of multiple 
financial institutions in close proximity can greatly benefit a manufacturing enterprise 
facing financial difficulties. It allows the enterprise to compare and select from various 
institutions, thereby reducing the financing costs associated with project negotiation. 
Additionally, these institutions can provide customized services to the specific needs 
of the manufacturing enterprise and improve their service system, thereby effectively 
minimizing the search costs of the manufacturing enterprise (Coffey & Bailly, 1991, pp. 
95–117; Klaesson, 2001, pp. 375–394).
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Policy Guidance

The deepening of the social division of labor separates the producer services sector 
from the manufacturing sector, giving rise to a relatively independent new business form. 
The producer services sector, when confronted with limited market size, can rely on the 
market mechanism to fulfill development demands owing to its streamlined operational 
model and a narrower scope of products and services. However, as the manufacturing 
sector presents increasingly professional and diversified demands, the producer services 
sector is faced with a complex market environment. In such circumstances, an intermediate 
organization is needed to regulate the relationship between the market and enterprises, 
which is typically assumed by local governments whose policy guidance will profoundly 
impact the layout and development of related industries. 

The rationality and applicability of policy guidance have a positive impact on market 
order and transaction costs, subsequently inf luencing the level of co-agglomeration of 
producer services and manufacturing sectors. The market environment of inter-industrial 
agglomeration, which refers to the spatial agglomeration of different industries, is 
characterized by a higher level of complexity in the market environment in comparison 
to intra-industry agglomeration. Therefore, the implementation of appropriate policies 
can effectively optimize market order and mitigate transaction costs. The formulation of 
appropriate policies should be based on the distinctive characteristics inherent in each 
industry. For producer services, which primarily offer intangibly specialized services, 
policies should be formulated with the aim of accurately assessing the market value of such 
services while establishing a standardized market order for industrial co-agglomeration. 
Moreover, as manufacturing enterprises often require a significant amount of space for 
their operations, it has a substantial impact on the spatial planning of cities, particularly 
in terms of dividing functional areas. The implementation of appropriate policies can 
effectively guide the transfer of industries within the manufacturing sector to align 
with urban development needs and promote the growth of the manufacturing sector. In 
addition, the implementation of rational policies can attract producer services enterprises 
to establish their presence near the manufacturing agglomeration area, thereby promoting 
industrial co-agglomeration. This will not only reduce enterprises’ search costs but also 
enhance connectivity between them, ultimately leading to a decrease in mutual transaction 
costs. However, the market order may become chaotic, and transaction costs may rise 
when policies are not that rational or applicable, especially if there are conflicting policies 
between cities. This can significantly impact the flow of factors and economic exchanges. 
Therefore, the formulation and implementation of rational policies, such as those aimed 
at optimizing the regional institutional environment and enhancing marketization, can 
facilitate the co-agglomeration of producer services and manufacturing sectors (Song & Li, 
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2023, pp. 56–65).

Research Hypotheses

The manufacturing enterprises in the Guangdong-Hong Kong-Macao Greater Bay 
Area are primarily concentrated in the Pearl River Delta, which boasts a robust foundation 
in manufacturing. The need for production model transformation in the area has led to a 
growing demand for producer services. The 14th Five-Year Plan in Guangdong province 
explicitly proposes expediting the establishment of 20 strategic industrial clusters, 
highlighting the undeniable significance of producer services in shaping the spatial layout 
of the manufacturing sector. Based on this, we propose the first hypothesis:

H1: The availability of producer services has a positive impact on the location of the 
manufacturing sector.

The manufacturing sector in the Guangdong-Hong Kong-Macao Greater Bay Area has 
not extensively integrated producer services into its core production links. Manufacturing 
industries closely associated with producer services are primarily concentrated in resource-
intensive sectors, and their products do not offer the necessary support for the further 
development of producer services. In the current market environment, the market demand 
for producer services is primarily focused on the fundamental production link. Therefore, 
the second hypothesis of this paper is proposed:

H2: The availability of the manufacturing sector has a negative impact on the location 
selection of the producer services sector.

The nature of the production and operation of producer services and manufacturing 
sectors indicates that the producer service sector is a knowledge-intensive industry 
primarily offering intangible services, with labor cost and quality being its main production 
costs. In comparison, the manufacturing sector predominantly produces tangible products 
utilizing various production factors such as resources, labor force, and specialized services 
provided by the producer services sector. Based on the above statement, we propose the 
third hypothesis:

H3: Production and transaction costs have a negative impact on the spatial layout of 
producer services and manufacturing sectors.

In light of the current situation faced by producer services and manufacturing 
sectors, the government authorities in the Greater Bay Area have implemented a range of 
policies. These include initiatives such as the Mainland and Hong Kong Closer Economic 
Partnership Arrangement (CEPA) aimed at promoting trade liberalization in services and 
trade as well as investment facilitation between the two regions. Additionally, they have 
adopted a “double transfer strategy” involving the transfer of industry and labor force 
to guide certain manufacturing industries to relocate to other cities. As a result, these 
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measures have significantly enhanced industrial co-agglomeration in the area. Based on 
this, we propose the fourth hypothesis:

H4: Policy guidance has a positive impact on the location selection of industries.

Model Building and Variable Description

Model Building and Variable Selection

The empirical test in this paper is based on Venables’ model of vertically linked 
industries (Venable, 1996, pp. 341–359). According to this model, when there exists a 
correlation between demand and cost in two industries, the two industries exhibit a vertical 
input-output correlation. When considering the producer service and manufacturing sectors 
as research subjects, demand correlation refers to one industry providing a robust market 
for another industry, thereby attracting enterprises to strategically locate themselves. 
Cost correlation signifies that an industry can effectively reduce its costs by establishing 
its presence within the vicinity of another industry agglomeration area. The industrial 
location signifies the extent of industrial agglomeration within a given region. In general, 
the greater the value of industrial location, the higher the level of industrial agglomeration. 
According to the derivation of the theoretical model, the location of the manufacturing 
sector and producer services sector can be depicted through a function incorporating 
variables such as production cost, consumption expenditure, and transaction cost. 
Following the principles of comprehensiveness, scientific rigor, and data availability, this 
study employs the approach of Gao Juemin and Li Xiaohui (2011, pp. 151–160) and utilizes 
seemingly unrelated regression (SUR), which considers both the equation correlation and 
error term correlation, to estimate the equation set, thereby building the following model:

� (1)

                                                        � (2)

Equation (1) ref lects the cost correlation within the vertically linked industries. 
The location of the manufacturing sector is inf luenced by factors such as the location 
of producer services, consumption expenditure, and transaction costs. The choice of 
the availability of the producer services sector as a proxy variable for the production 
cost of the manufacturing sector is based on the recognition that, with the expansion 
and excess capacity in traditional manufacturing industries, the knowledge-intensive 
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producer services sector has become a crucial factor in elevating the added value and 
heterogeneity of products (Glasmeier & Howland, 1994, pp. 197–229). Therefore, when 
examining the co-location relationship between producer services and manufacturing 
sectors, it is appropriate to utilize the availability of producer services as a representation 
of the production costs of manufacturing. Equation (2) ref lects the demand correlation 
within the vertically linked industries. The location of the producer services sector 
is inf luenced by factors such as the location of the manufacturing sector, production 
expenditure, and transaction costs. Since manufacturing is the main downstream 
industry of producer services, it is appropriate to express the expenditure of producer 
services with the availability of the manufacturing sector. The meanings of variables in 
Equation (1) and Equation (2) are illustrated in Table 1.

Drawing on the practice of Chen Jianjun and Chen Jingjing (2011, pp. 141–150) and 
based on the research content, we selected the following variables. The present study 
measures the industrial location by utilizing the density of industry-specific employees 
per square kilometer in the area. Here, Mit represents the location of manufacturing; 
Pit represents the location of producer services; Wit represents the expenditure level of 
manufacturing, that is, the average expenditure required for each employee employed 
in the manufacturing sector, which is reflected by the average wage of employees in the 
area. Under normal circumstances, the average salary of employees in labor-intensive 
manufacturing industries is typically lower, whereas that in technology-intensive 
manufacturing industries tends to be higher. Transit represents the transaction cost of the 
manufacturing sector. The higher the volume of transportation and the lower the cost of 
transportation, the lower the transaction cost. As producer services are predominantly 
knowledge-intensive industries, the ratio of the number of college students to the number 
of employees in enterprises at the end of the year is utilized as a proxy variable, with the 
variable hit serving as an indicator of the level of knowledge intensity in region i. The 
transaction cost of producer services (comuit) is measured by the aggregate volume of 
telecommunications services in the area, as producer services typically involve intangible 
outputs that are transmitted through channels such as the internet, rather than tangible 
goods. In general, the larger the aggregate volume of telecommunications services, the 
higher the level of regional information transmission and the lower the transaction cost. 
The present study utilized the permanent population of a city as a statistical criterion 
for measuring the scale of the city, which can effectively ref lect the level of economic 
development and the extent of substance and factor aggregation and diffusion to examine 
the impact of city size on industrial location. For this paper, a year-end total population was 
selected as an indicator for measuring city size. The influence of policy guidance is often 
contingent upon the scale of the local government. The larger the scale of the government, 
the more robust the implementation of relevant policies. Therefore, the measurement 
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of policy guidance in this paper is based on the scale of government (govit), which is 
represented by the ratio of government budget expenditure to gross domestic product (GDP).

Table 1 Interpretation of Variables in the Equation Set

Variables Symbols Proxy variables

Location of manufacturing Mit
Represented by the density of manufacturing employees per square kilometer 
in the area

Expenditure of manufacturing Wit Represented by the average salary of employees in the area

Production cost of manufacturing 
(Cost correlation) Pait Availability of producer services

Transaction cost of manufacturing transit Represented by the total freight volume in the area

Across variable
transit×Pait Indicate that the impact of  Pai on Mi is subject to changes in transaction costs

scaleit×Pait Indicate that the impact of  Pai on Mi is subject to changes in city size

Location of producer services Pit
Represented by the density of employees engaging in producer services per 
square kilometer in the area

Expenditure of producer services 
(Demand correlation) Mait Availability of manufacturing

Producer services Production cost hit
Represented by the ratio of “the number of college students” to “the number of 
employees in enterprises at the end of the year”

Producer services Transaction cost comuit
Represented by the aggregate volume of telecommunications service in the 
area

Across variable
comuit×Mait Indicate that the impact of Mai on Pi is subject to changes in transaction costs

scaleit×Mait Indicate that the impact of Mai on Pi is subject to changes in city size

Government scale govit Represented by the ratio of financial budget expenditure to GDP

Note: Based on Guangdong Statistical Yearbook, Macao Yearbook of Statistics, and Hong Kong Annual Digest of 
Statistics

The derivation for the availability of manufacturing industry and producer services are 
presented in Equation (3) and Equation (4), respectively:

�           (3)

�          (4)

θit in Equation (3) and Equation (4) represents the manufacturing (producer services) 
location of region i, which is represented by the proportion of the number of employees of 
an enterprise in the total number of employees of the same industry in the whole region, 
based on the practice of Chen Jianjun and Chen Jingjing (2011, pp. 141–150). tij denotes 
the temporal distance between region i and region j, and is a distance decay variable. 
Specifically, the temporal distance refers to the duration required for traveling between two 
regions by car. In this study, the office addresses of governmental institutions in each city 
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were selected as the starting points, and the temporal distance indicators (tij) were manually 
collected using AMAP. The value of λ is set to 0.017, based on calculations conducted by 
Hugosson and Johansson (2001).

Data Sources and Processing

The scope of this study is limited to industries represented by 2-digit numeric codes 
ranging from 13 to 43 within the manufacturing sector, as defined by the Industrial 
Classif ication for National Economic Activities (GB/T 4754-2017). By referring to 
the revised Statistical Classification of Producer Services (2019) and calculating the 
intermediate demand rate of the services and manufacturing sectors classified in the 
Input-Output Table of Guangdong Province (42 Sectors) in 2017, this study categorized 
four industries with an intermediate demand rate exceeding 50 percent as producer 
services industries. These industries encompass wholesale and retail, transportation, 
warehousing, and postal services, leasing, and business services, as well as finance. We 
redefined the producer services in Hong Kong and Macao by comprehensively referring 
to the Hong Kong Standard Industrial Classification Version 2.0, the first revision of 
Macao Industry Classification, and the statistical standard of the National Bureau of 
Statistics. The corresponding producer services in Hong Kong encompass transportation, 
warehousing, postal and courier services, wholesale and retail trade, finance and insurance, 
and information and communications, while those in Macao include transportation, 
warehousing and communications, wholesale and retail trade, real estate and business 
services, and finance. In view of the data availability, a panel dataset comprising ten cities 
in the Guangdong-Hong Kong-Macao Greater Bay Area (excluding Zhaoqing) from 2010 to 
2020 was selected for research purposes. The data sources include the Hong Kong Annual 
Digest of Statistics, Macao Yearbook of Statistics, Guangdong Statistical Yearbook, and 
statistical yearbooks of cities in the Pearl River Delta region from 2011 to 2021.

Empirical Results and Analysis

Baseline Regression Analysis

The estimated results of the equation set are shown in Table 2. Among the core 
explanatory variables, the availability of producer services, which measures the cost 
of manufacturing production (Pait), has a significant positive impact on the location 
of the manufacturing sector due to its provision of intermediate inputs that enable the 
latter into subsequent stages of production. On the other hand, the availability of cost-
effective and easily accessible specialized services offered by producer services in the 
production process will encourage manufacturing enterprises to strategically plan their 
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layout there. However, the availability of the manufacturing sector, which measures the 
expenditure of producer services (Mait), significantly inhibits the location selection of 
producer services, indicating that the integrated development of these two sectors has 
not yet reached a level of reciprocal demand. Producer services still play a subordinate 
role in the manufacturing production chain and have yet to fully integrate into the core 
production processes of the manufacturing sector. As a result, the location of producer 
services and manufacturing sectors in the Guangdong-Hong Kong-Macao Greater Bay 
Area has not been strategically aligned, impeding further advancements in industrial co-
agglomeration within the area.

Table 2 Estimation of Baseline Regression Results Through SUR

Variables 
(1)

Variables 
(2)

Location of manufacturing Location of producer services

Pait

1.138**
Mait

-11.447***

(2.554) (-6.261)

Wit

-0.007***
hit

28.111

(-3.508) (1.630)

transit

0.030***
comuit

-0.920**

(2.916) (-2.347)

transit×Pait

-0.000***
comuit×Mait

0.004***

(-4.671) (2.928)

scaleit×Pait

0.006***
scaleit×Mait

-0.000

(8.637) (0.996)

govit

35.770***
govit

62.936***

(2.793) (4.747)

Constant term 
-383.452*

Constant term 
2,427.066***

(-1.780) (4.872)

Observation value 110 Observation value 110

R² 0.381 R² 0.554

Note: The figures inside the parentheses denote the Z-value, where * indicates p<0.1, ** indicates p<0.05, and *** 
indicates p<0.01.

In the control variables, the expenditure of manufacturing (Wit) has a negative impact on 
the location of the manufacturing sector. In other words, the increase in the average salary 
of employees does not promote the concentration of the manufacturing sector, indicating its 
reliance on low-end labor. This observation also provides insight into recruitment challenges 
faced in the Pearl River Delta in recent years. The coefficient of manufacturing transaction 
cost (transit) has a significant positive impact on the location of the manufacturing sector; 
that is, an increase in freight volume stimulates agglomeration within this sector, indicating 
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that the improvement of transportation infrastructure and logistic services can improve 
transaction efficiency. Although the coefficient of transaction cost (hit) is high at 28.11, its 
impact on the location of producer services is not significant. This indicates that the increase 
of human capital investment in the Greater Bay Area is conducive to the agglomeration of 
producer services, but its impact on the degree of agglomeration remains limited due to its 
relatively small scale. Transaction costs (comuit) have a significant negative effect on the 
location of producer services, indicating that the improvement of the regional informatization 
level is not conducive to the agglomeration of producer services.

In the across variables, transaction costs and city size have different impacts on industrial 
location. From the perspective of transaction cost, there is a significant negative correlation 
between the location of manufacturing and the across variable (transit × Pait) representing 
manufacturing transaction cost and availability of producer services. This suggests that 
a reduction in transaction costs (an increase in freight volume) will exert a significant 
repulsive force on the location selection for manufacturing. This phenomenon can be 
primarily attributed to the fact that producer services are not reliant on traditional modes of 
transportation, and any enhancement in traditional freight transport efficiency will stimulate 
increased allocation towards traditional production factors within the manufacturing sector, 
consequently leading to crowding out effects on producer services. The across variable 
(comuit × Mait) representing the transaction cost of producer services and the availability of 
the manufacturing sector exhibits a significant positive correlation with the location of the 
producer services sector. This can be attributed to the fact that the reduction of transaction 
costs (increase of aggregate volume of telecommunications services) establishes an efficient 
communication channel between the producer service sector and the manufacturing sector, 
thereby facilitating agglomeration in the producer service sector. From the perspective of city 
size, the across variable representing city size and availability of producer services (scaleit 
× Pait) has a significant positive impact on the location of the manufacturing sector. This 
suggests that as cities grow in size and urban land prices rise, it becomes imperative for the 
manufacturing sector to increase its reliance on producer services as intermediate inputs in 
order to enhance its value-added capabilities and ensure smooth operations. Consequently, 
this facilitates the agglomeration of manufacturing activities. As for the location of producer 
services, the value of the across variable representing city size and manufacturing availability 
(scaleit × Mait) is negative and not significant, indicating that city size neither alleviates the 
availability of manufacturing nor has a negative impact on the agglomeration of producer 
services, but the impact is not obvious.

Government scale (govit) exhibits a signif icant posit ive cor relat ion with the 
agglomeration of both the producer services and manufacturing sectors. The government 
scale reflects the extent to which it intervenes in the market. The empirical results indicate 
that through the implementation of well-designed policies, the Greater Bay Area will 
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significantly enhance the spatial agglomeration of producer services and manufacturing 
enterprises. This shows that policies such as CEPA and the “double transfer strategy” 
have played a positive role in the agglomeration and transfer of the producer services and 
manufacturing sectors in the Greater Bay Area.

Robustness Test

The robustness test in this study was conducted using the ordinary least squares (OLS) 
estimation method and by shortening the research span. First, the robustness test was 
performed by using the OLS estimation method. As indicated in Table 3, the variable symbols 
of models (1) and (2) are consistent with the baseline regression results, except for differences 
in significance. Second, the robustness test was conducted by shortening the research interval. 
In the baseline regression, the research period spans from 2010 to 2020. The research period is 
narrowed down to 2014–2020 to mitigate potential interference caused by policies such as the 
“double transfer strategy” on industrial location. The regression results are presented in models 
(3) and (4) in Table 3, revealing that there is no significant deviation observed in the estimated 
results compared to those in baseline regression. Thus, the empirical analysis of the formation 
mechanism of industrial co-agglomeration in this paper is robust.

Table 3 Robustness Test

OLS Shortening research span

Variables
(1)

Location of 
manufacturing

Variables 

(2)
Location of 
producer 
services

Variables 
(3)

Location of 
manufacturing

Variables

(4)
Location of 
producer 
services

Pait
0.071

(0.147) Mait
-16.482***

(-7.951) Pait
2.682***
(5.465) Mait

-9.869***
(-4.926)

Wit
-0.005**
(-2.372) hit

8.794
(0.472) Wit

-0.008***
(-4.003) hit

45.191**
(2.093)

transit
0.018

(1.604) comuit
-1.028**
(-2.306) transit

0.050***
(4.728) comuit

-0.639*
(-1.792)

transit×Pait
-0.000***
(-3.308) comuit×Mait

0.005***
(3.098) transit×Pait

-0.000***
(-6.048) comuit×Mait

0.003***
(2.654)

scaleit×Pait
0.006***
(7.248) scaleit×Mait

0.001*
(1.690) scaleit×Pait

0.006***
(7.892) scaleit×Mait

-0.000
(-0.044)

govit
20.244
(1.577)

54.816***
(4.030)

39.379***
(2.802)

58.569***
(3.905)

Constant term 192.463
(0.886)

3705.024***
(6.625)

-908.717***
(-3.168)

2044.519***
(3.449)

Observation value 110 110 70 70

R² 0.488 0.5539 0.216 0.538

Note: The figures inside the parentheses denote the Z-value, where * indicates p<0.1, ** indicates p<0.05, and *** 
indicates p<0.01.
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Analysis of Industry Heterogeneity 

The SUR method was employed in this paper to conduct an empirical analysis of each 
subindustry within the producer services and manufacturing sectors. The specific findings 
are presented in Table 4 and Table 5.

Table 4 Analysis of Industry Heterogeneity

Wholesale and retail services Transportation, warehousing, and postal services

Variables 
(1)

Location of 
manufacturing

Variables 

(2)
Location of 
producer 
services

Variables 
(3)

Location of 
manufacturing

Variables 

(4)
Location of 
producer 
services

Pait
5.339***
(6.148) Mait

-4.742***
(-6.843) Pait

-3.631
(-1.605) Mait

-2.013***
(-5.163)

Wit
-0.005***
(-2.887) hit

20.617***
(3.066) Wit

-0.009***
(-5.909) hit

0.930
(0.262)

transit
0.052***
(5.910) comuit

-0.127
(-0.859) transit

-0.010
(-1.017) comuit

-0.254***
(-3.029)

transit×Pait
-0.001***
(-7.485) comuit×Mait

0.001
(1.244) transit×Pait

-0.000
(-1.015) comuit×Mait

0.001***
(3.724)

scaleit×Pait
0.012***
(8.377) scaleit×Mait

0.001*
(1.923) scaleit×Pait

0.038***
(12.197) scaleit×Mait

0.000
(0.342)

govit
33.972***

(2.607)
24.667***

(4.309)
31.231***

(3.148)
12.025***

(4.615)

Constant term -838.29***
(-3.780)

1,008.64***
(5.264)

195.61
(1.035)

432.53***
(4.104)

Observation value 110 110 110 110

R² 0.263 0.537 0.589 0.512

Note: The figures inside the parentheses denote the Z-value, where * indicates p<0.1, ** indicates p<0.05, and *** 
indicates p<0.01.

Among the core explanatory variables, there exist significant differences in terms 
of the impact of the availability of various producer services (Pait) on the location of 
manufacturing, while there is a notable negative correlation between the availability 
of manufacturing (Mait) and the location of various producer services. In terms of the 
availability of producer services (Pait), only wholesale and retail trade exhibit a significant 
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positive impact on the location of the manufacturing sector, whereas the availability of the 
financial industry has a significant negative impact on that. This could be attributed to the 
widespread distribution of wholesale and retail industries, which enables manufacturing 
industries to have closer proximity to consumer markets. Conversely, areas within the 
Greater Bay Area with well-developed financial industries, such as Guangzhou, Shenzhen, 
and Hong Kong, are facing high land prices, which hinders the production operations of 
the manufacturing sector there. Although the availability of the manufacturing sector 
(Mait) has a significant negative impact on the location of the producer services sector, the 
coefficients vary across different subsectors. Notably, the wholesale and retail trade exhibit 
the lowest coefficient, while the financial industry demonstrates the highest coefficient. 
These f indings suggest that the availability of the manufacturing sector does not 
necessarily drive or promote the location selection of the producer services sector. From 
the above analysis, it can be further deduced that the producer services and manufacturing 
sectors in the Greater Bay Area have not yet formed the co-agglomeration in terms of 
spatial distribution.

Among the across variables, the impact of transaction cost and city size on the choices 
for industrial spatial distribution basically remains consistent with the overall analysis 
results. From the perspective of transaction cost, the across variables representing 
transaction cost and productivity availability (transit × Pait) exhibit a negative correlation 
with the spatial distribution of the manufacturing sector. This is particularly apparent 
in industries such as wholesale and retail trade, leasing, and business services. On 
the contrary, the across variable representing transaction cost and the availability of 
manufacturing (comuit × Mait) exhibits a positive correlation with the location of producer 
services, and only the coefficient of wholesale and retail trade fails to pass the significance 
test at one percent. From the perspective of city size, with the expansion of city size, the 
availability of various producer services (scaleit × Pait) has a significant positive impact on 
the spatial distribution of the manufacturing sector, of which the financial industry exhibits 
the highest value. However, the availability of manufacturing (scaleit × Mait) only has a 
significant positive impact on the wholesale and retail trade.

Government scale (govit) exhibits a positive correlation with both the producer services 
and manufacturing sectors. It is worth noting that only when referring specifically to the 
financial industry within the producer services sector will the impact of government scale 
on the location of the manufacturing sector become insignificant, while in all other cases, 
statistical significance is observed at a five percent level. This fully demonstrates that 
rational government intervention has a positive impact on guiding the location selection 
of both producer services and manufacturing sectors. During the process of economic 
development, the government’s efforts to promote the agglomeration of producer services 
and manufacturing sectors through investment attraction are consistent with the laws of 
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economic development. 

Table 5 Analysis of Industry Heterogeneity

Financial industry Leasing and business services

Variables 
(5)

Location of 
manufacturing

Variables 

(6)
Location of 
producer 
services

Variables 
(7)

Location of 
manufacturing

Variables 

(8)
Location of 
producer 
services

Pait
-9.266**
(-2.433) Mait

-0.949***
(-4.359) Pait

-0.371
(-0.263) Mait

-4.126***
(-6.841)

Wit
-0.008***
(-6.704) hit

0.502
(0.253) Wit

-0.007***
(-3.431) hit

3.738
(0.688)

transit
-0.025***
(-2.635) comuit

-0.129***
(-2.751) transit

0.010
(0.948) comuit

-0.351***
(-2.709)

transit×Pait
0.000

(0.884) comuit×Mait
0.001***
(4.290) transit×Pait

-0.000***
(-2.765) comuit×Mait

0.002***
(3.585)

scaleit×Pait
0.050***
(12.854) scaleit×Mait

-0.000
(-1.229) scaleit×Pait

0.020***
(8.456) scaleit×Mait

0.000
(0.380)

govit
11.375
(1.320)

7.596***
(5.169)

25.822**
(2.170)

17.864***
(4.497)

Constant term 599.23***
(3.122)

195.27***
(3.316)

185.57
(0.904)

898.40***
(5.521)

Observation value 110 110 110 110

R² 0.656 0.586 0.483 0.583

Note: The figures inside the parentheses denote the Z-value, where * indicates p<0.1, ** indicates p<0.05, and *** 
indicates p<0.01.

Conclusions and Policy Recommendations

Our research for this paper analyzed the formation mechanism of industrial co-
agglomeration from three dimensions: industrial correlation, spatial correlation, and policy 
guidance, based on the panel data collected from ten cities in the Guangdong-Hong Kong-
Macao Greater Bay Area (excluding Zhaoqing) spanning from 2010 to 2020. The analysis 
was based on a vertical association model and was validated using the seemingly unrelated 
regressions (SUR) method. Finally, it drew the following conclusions: First, there currently 
exists no spatial correlation between the producer services and manufacturing sectors 
in the area, and the correlation between the two remains limited to the former providing 
specialized services to the latter. Specifically, the availability of producer services, which 
measures manufacturing production costs, has a significant positive impact on the location 
selection of the manufacturing sector, while the availability of manufacturing services, 
which measures the expenditure of producer services, has a significant negative impact 
on the location selection of the producer services sector. Producer services still play a 
subordinate role in the manufacturing production chain and have yet to fully integrate into 
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the core production processes of the manufacturing sector. In terms of the availability of 
producer services, only wholesale and retail services exhibit a significant positive impact 
on the location of the manufacturing sector, whereas the availability of the financial 
industry has a significant negative impact on that. The availability of the manufacturing 
sector has a significant negative impact on the location of the producer services sector, but 
the coefficients vary across different subsectors. Among them, the wholesale and retail 
trade exhibit the lowest coefficient, while the financial industry demonstrates the highest 
coefficient. These findings suggest that the availability of the manufacturing sector does 
not necessarily drive or promote the location selection of the producer services sector. 
Second, policy guidance has a positive impact on the location selection of industries in 
the Guangdong-Hong Kong-Macao Greater Bay Area. The empirical results indicate 
that the government scale, the variable representing policy guidance, exhibits a positive 
correlation with both the producer services and manufacturing sectors. Moreover, the 
results remain robust when industry heterogeneity is taken into consideration, indicating 
that the implementation of a series of appropriate policies in the Guangdong-Hong Kong-
Macao Greater Bay Area can significantly enhance spatial agglomeration in both producer 
services and manufacturing sectors. Furthermore, it is evident that rational government 
intervention plays a positive guiding role in determining the location selection of these 
sectors.

Based  on  the  resea rch  conclusions ,  we  put  for ward  the  fol lowing  pol icy 
recommendations: Firstly, it is imperative to foster collaboration in the location selection 
of producer services and manufacturing sectors, thereby enhancing the level of industrial 
co-agglomeration. On the one hand, the government authorities should provide guidance 
to manufacturing enterprises in the Guangdong-Hong Kong-Macao Greater Bay Area 
on optimizing their organizational structure and eliminating certain production and 
service links that have lost their comparative advantages. Efforts should also be made 
to encourage these enterprises to fully leverage the advantages of the producer services 
sector to outsource their business. On the other hand, the Greater Bay Area should increase 
investment in the producer services subsectors, which own comparative advantages in 
the area, to fully leverage their role in promoting the manufacturing sector. For instance, 
it is necessary to make full use of Hong Kong and Macao’s robust foundation in the 
productive services sector to provide specialized services for the manufacturing sector in 
the Pearl River Delta region and facilitate its transformation and upgrading. Moreover, for 
service subindustries that are currently at a disadvantage but urgently needed in the area, 
government authorities can leverage spillover effects from neighboring regions or attract 
capital investment by enticing enterprises within these subsectors to establish branches in 
the locality, thereby further enhancing their alignment with the local manufacturing sector. 
Second, government authorities should constantly improve their economic governance 
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capacity to promote industrial co-agglomeration. On the one hand, governments at 
all levels in the Guangdong-Hong Kong-Macao Greater Bay Area should innovate the 
communication mechanism to facilitate the co-agglomeration of producer services 
and manufacturing sectors within the area. The coordinated development and rational 
agglomeration of industries in the Greater Bay Area necessitate collaboration among 
government authorities across regions, given the interconnected interests among regions. 
To achieve this, governments at all levels should prioritize their overall interests, remove 
administrative barriers, clarify urban functions, effectively allocate responsibilities, and 
guide producer services and manufacturing enterprises to establish their presence in the 
Greater Bay Area to promote industrial co-agglomeration.
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