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Abstract: The proposal of the high-quality development strategy of the Yellow River Basin is of great
significance for accelerating industrial agglomeration. This study takes 49 prefecture-level cities in
the Yellow River Basin as the research object. Based on the panel data from 2006 to 2018, we used
the location quotient to calculate the manufacturing agglomeration, the producer service industry
agglomeration and the synergistic agglomeration in the basin. The spatial Dubin model of the impact
of the three types of agglomeration on the economic growth in the basin was constructed. The
Yellow River basin was divided into upstream, midstream and downstream to explore the regional
heterogeneity of the impact of the industrial agglomeration on the economic growth. The result
showed that (1) the economic development of the Yellow River Basin has a spatial overflow. The eco-
nomic improvement of the surrounding cities promotes local economic growth—the manufacturing
agglomeration, producer service industry agglomeration and synergistic agglomeration all promote
economic growth. The effect of the manufacturing agglomeration is more significant than the others.
(2) The impact of the industrial agglomeration on the economic growth in the Yellow River Basin
presents an evident regional heterogeneity, and the magnitude and direction of the action vary in the
different regions.

Keywords: industrial agglomeration; synergistic agglomeration; Yellow River Basin; spatial
spillover effect

1. Introduction

The Yellow River Basin is a significant population and economic agglomeration in
China, spanning nine provinces: Qinghai, Sichuan, Gansu, Ningxia, Inner Mongolia,
Shaanxi, Shanxi, Henan and Shandong, with 30.3% of the country’s population and 26.5%
of the country’s GDP within the basin. Compared to the other urban agglomerations, such
as Beijing-Tianjin-Hebei and the Yangtze River Delta, the development of the Yellow River
Basin is relatively lagging, and the differences in the urban development between the dif-
ferent regions are outstanding [1-3]. In September 2019, at a symposium on the ecological
protection and high-quality development of the Yellow River Basin, President Xi Jinping
proposed a strategy for the ecological protection and high-quality development of the
region. The introduction of this strategy pushed the basin’s development into the fast lane.
There is currently no reasonable industrial structure to support the quality development
in the basin. A high-quality industrial co-agglomeration is an important driving force for
regional economic growth because it is directly related to the transformation of the devel-
opment modes, the optimization of the economic structures, the conversion of the growth
momentum and the other significant realities of economic development [4]. Apart from
attracting technology and resources, industrial agglomeration can also promote knowledge
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and technology spillover between enterprises, promoting the formation of economies of
a larger scale. At the same time, it can produce radiation effects on neighboring regions,
promote the economic growth of the surrounding cities and help promote the region’s
coordinated development. It is of great practical significance to study the impact of the
industrial agglomeration on the economic growth and spillover effects in the Yellow River
Basin to solve the problems of the relatively lagging economic development and significant
regional differences in the basin.

From the perspective of the agglomeration type, the “two-wheel” driving mode of the
manufacturing and service industry is a typical industrial development and transformation
path in many countries. Since the launch of the Yellow River Basin high-quality develop-
ment strategy, how to realize the high-quality development of the manufacturing industry
has attracted widespread attention. However, as a field separated from the manufacturing
industry, the producer service industry affects and restricts the development of the manu-
facturing industry. On the one hand, the output of the producer service industry provides
input for the manufacturing industry, and the reduction in the upstream product cost and
the improvement of the production efficiency will be passed to the manufacturing industry
through the value chain. The manufacturing industry can obtain a more significant cost
advantage and, eventually, a larger agglomeration will form. On the other hand, guiding
the manufacturing industry to extend to the producer service industry and service-oriented
manufacturing is conducive for transforming the economic growth model from a reliance
on the resource input to an efficiency improvement. The “manufacturing + producer ser-
vice industry” mode provides a helpful reference for promoting the Yellow River Basin’s
high-quality development.

This paper tries to answer the following questions. Is there a correlation between
the economic development of the cities in the Yellow River Basin? If so, what kind of
correlation exists? How does the overall industrial agglomeration in the Yellow River
Basin affect the economic development? Is there a heterogeneity in the impact of the
industrial agglomeration on the economic development in the upper, middle and lower
reaches of the basin after considering the spatial factors? The answers to these questions
will help government departments maximize the role of industrial agglomeration in the
joint development of the Yellow River Basin.

The rest of this study is organized as follows. Section 2 presents the related research.
Section 3 introduces how industrial agglomeration works to influence the regional economic
development. Section 4 introduces the methodology, variable selection and data sources.
Section 5 presents the empirical results. Section 6 discusses the main findings of this study.
Section 7, concludes this study and provides policy recommendations. Finally, Section §,
discusses the direction of future research.

2. Literature Review
2.1. Industrial Agglomeration and Industrial Co-Agglomeration
2.1.1. Definition of Industrial Agglomeration and Industrial Synergistic Agglomeration

The study of industrial agglomeration can be traced back to the late 19th century.
Marshall’s study comprehensively analyzed the causes of industrial agglomeration [5].
After Marshall, the industrial agglomeration theory developed considerably, and many
schools of thought have emerged. There are currently many concepts similar to industrial
agglomeration. For example, “industrial cluster” [6,7] and “industrial district” [8,9] etc.
The core contents of the different concepts are the same. Only the geographical scope and
focus differ.

The industrial agglomeration studied in this paper has a broader connotation. It
includes the phenomenon of the industries concentrated within a specific space and the
phenomenon of the geographic concentration formed by the transfer of industries across
regions. In detail, this concept has two characteristics. Firstly, the concept is multi-layered in
the space. It can refer to a city’s industrial agglomeration phenomenon or the agglomeration
in a larger geographical scope, such as a province or the whole Yellow River Basin. Secondly,
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this concept notes the changes in the agglomeration and diffusion of industries. Centripetal
or centrifugal forces influence the industrial agglomeration in a space. When centripetal
forces influence a city’s industries in the early stages of development, industries form
agglomerations. When the industrial agglomeration develops to a certain degree, it will be
influenced by centrifugal forces, and the industry will spread to the surrounding areas.

Industrial co-agglomeration was first proposed by Ellison and Glaeser (1997) [10].
They define industrial co-agglomeration as the agglomeration between different industries.
Industrial co-agglomeration is a high spatial agglomeration of industries with upstream
and downstream or horizontal linkages. Based on the previous research, this study defines
industrial co-agglomeration as the concentrated distribution of related manufacturing and
producer service industries in the same area.

2.1.2. Measurement of Industrial Agglomeration and Industrial Co-Agglomeration

(1) Measurement of Industrial Agglomeration

Common measures of industrial agglomeration include the concentration ratio, the
Herfindahl-Hirschman index, the spatial Gini coefficient, the location quotient, etc. The
Herfindahl-Hirschman index measures the industry concentration from a market share
perspective. Han and Song (2021) [11] selected the Herfindahl-Hirschman index to study
the overall agglomeration of high-tech industries in Guangdong, a province of China.
Wu et al. (2022) [12] employed the location quotient, the Herfindahl-Hirschman coeffi-
cient, and the spatial Gini coefficient to measure the renewable energy industry in the
Beijing-Tianjin-Hebei region. The results showed that the renewable energy industry is a
low agglomeration industry in the Beijing-Tianjin—Hebei region. Keeble et al. (1991) [13],
Liu et al. (2020) [14], Zhang et al. (2021) [15], Chen et al. (2020) [16], and Han et al.
(2019) [17] calculated the industrial agglomeration using the location quotient.

Overall, the concentration ratio can reflect the industry agglomeration at the market
level to a certain extent. However, it cannot reflect the industry agglomeration at the
geographical level. Furthermore, the concentration ratio is closely related to the number
of the largest enterprises in the industry. There is no uniform standard for reference. The
Herfindahl-Hirschman index requires relevant data from the companies. The change
in the large enterprises” market share significantly affects the calculation results. The
location quotient measures the spatial distribution of the factors in a region. It eliminates
the differences in the size and the other external factors across the study areas, and the
data required by this method are easier to find. Our research employed the location
quotient to measure the manufacturing agglomeration and the producer service industry
agglomeration.

(2) Measurement of Industrial Co-agglomeration

In the existing research on synergistic agglomeration, the common indicators include
the EG index constructed by Ellison and Glaeser, the K function and the modified EG
index proposed by Chen et al. (2016) [18]. Ellison and Glaeser (1997) [10] first proposed
the EG index to measure the industrial co-agglomeration. This index has a wide range of
applications. The DO index was proposed by Duranton and Overman (2008) [19]. Due to
the requirement for more accurate manufacturer spatial location data, the DO index is less
used in China. With reference to the EG index, Chen et al. (2016) [18] constructed a new ©
index. Compared to the other indexes, the ® index constructed by Chen et al. (2016) [18] is
more applicable to cities. Many researchers widely use this method [20-23]. In our research,
the ©® index was used to measure the industrial co-agglomeration of the manufacturing
and producer service industries.

2.1.3. Empirical Studies on Industrial Agglomeration and Industrial Co-Agglomeration

In the early stage, the studies on industrial agglomeration mainly focused on the man-
ufacturing industry. Many manufacturing industries in the United States have significant
concentrations of production and are not limited to high-tech industries [24]. Using the
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data from the US manufacturing industry, Rosenthal and Strange (2001) [25] found that
the input-output linkages, labor availability and knowledge spillovers all contributed
significantly to the manufacturing agglomeration. With the increasing importance of pro-
ducer services in the economy, the producer services agglomeration has also become a
popular research topic. Keeble et al. (1991) [13] examined the characteristics of agglom-
eration development in the producer services sector. Producer services, as intermediate
inputs to the capital and knowledge-intensive industries and manufacturing, can effectively
contribute to the technological progress and energy efficiency [26]. Ellison and Glaeser
(1997) [10] was the first to focus on the spatial agglomeration between the differentiated
industries and proposed the synergistic agglomeration of the industries. By upgrading
the industrial structure, the refinement of the social division of labor, the increase in the
level of specialization and the transformation of the “industrial economy” into a “service
economy”, the trend of the synergistic development of manufacturing and the producer
services are becoming more and more prominent [27]. The further agglomeration of the
manufacturing and producer services industry provides additional possible advantages
and forces for economic growth [28-30]. The transformation of the economic development
mode from “manufacturing agglomeration single-wheel driven” to “manufacturing and
producer services synergistic agglomeration double-wheel driven” can effectively promote
the high-quality development of the Yellow River Basin.

2.2. Industrial Agglomeration and Economic Growth

Numerous studies have investigated the industrial agglomeration and synergistic
agglomeration effects on the national economy without reaching a consensus [21]. Most
studies conclude that industrial agglomeration can promote economic growth, while some
studies still conclude that there is a negative or nonlinear relationship between industrial
agglomeration and economic growth. The reservoir effect of labor, the economies of scale
in the intermediate inputs and productive services and the spillover effect of expertise and
knowledge are the main reasons for the economic benefits of industrial agglomeration [5].
Industrial agglomeration is essential for regional economic growth [4]. A positive impact
of the industrial agglomeration on a new type of urbanization was found by Wu et al.
(2022) [31]. According to the research of Ke and Yu (2014) [32] and Li et al. (2021) [33], the
total factor productivity can be promoted by industrial agglomeration and industrial co-
agglomeration. Industrial agglomeration can promote green development by strengthening
technological innovation, enhancing government intervention and optimizing the industrial
structure. [34]. A negative relationship between the energy efficiency and the industrial
agglomeration in the cement sector was observed by Tanaka and Managi (2021) [35]. Yuan
et al. (2020) [36] investigated the nonlinear impact of the manufacturing agglomeration
on green economic efficiency. The results suggested the existence of a significant positive
“U-shaped” relationship between the manufacturing agglomeration and green economic
efficiency in 287 cities in China. The spillover effect of the industrial agglomeration and
synergistic agglomeration has been captured in several pieces of research [21,22,37-42].
However, there are far fewer articles that consider the spatial factors.

2.3. Research Review

The previous research has noted many achievements, but there is still space for
further study. Firstly, some studies only focused on single-industry agglomeration, such as
manufacturing agglomeration, service agglomeration, tourism industry agglomeration, or
the co-agglomeration between two industries. Diversified agglomeration and specialized
agglomeration are also common topics in many studies. However, few studies have
covered the manufacturing agglomeration, producer service agglomeration and synergistic
agglomeration of the manufacturing and producer services simultaneously. Secondly, linear
or nonlinear relationships are often discussed when it comes to the relationship between
industrial agglomeration and economic growth. The spillover effect of agglomeration
influenced by the spatial location has yet to be considered.
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Last but not least, few studies research the industrial agglomeration within the Yellow
River Basin. The main research area for industrial agglomeration includes the whole
country or other city agglomerations, such as the Yangtze River Delta or Beijing—Tianjin—
Hebei. The main research topics of the Yellow River Basin are the environment and water
resources. As proposed by the Yellow River Basin’s high-quality development strategy, it is
urgent to focus on the industry problem within the basin.

Given these deficiencies, we contributed to the following three aspects. (1) Different
from the other studies, we focus on the 49 prefecture-level cities in the Yellow River
Basin. Moreover, we also divided the whole basin into three regions, namely the upper,
middle and lower reaches. In this way, we could analyze the regional heterogeneity of
the different regions. (2) We included the manufacturing agglomeration, producer service
agglomeration and synergistic agglomeration in this study. The impact of the individual
industry agglomeration on the economic growth is analyzed in the study, and the role
of the synergistic agglomeration is considered. (3) We incorporated the spatial location
factors into the modeling process. The spatial weight matrix was further introduced to
construct the spatial panel econometric model of the impact of industrial agglomeration
on the economic growth so that we could investigate the impact intensity, direction and
regional differences of the manufacturing agglomeration, producer service agglomeration
and the synergistic agglomeration on the economic growth.

3. The Mechanism of the Role of Industrial Agglomeration in Promoting Regional
Economic Growth

Based on the formation mechanism of the industrial agglomeration and related re-
search, we identified the mechanism of the role of industrial agglomeration in promoting

regional economic growth, as shown in Figure 1.
Diffusion
effect

Industrial
agglomeration

Externalities <:>

F

Industry linkage effect,

The shared labor market,

Knowledge spillover effect,
Crowding effect

Polarization effect,
Trickle-down effect

Regional economic growth

Figure 1. The mechanism of the role of industrial agglomeration in promoting regional economic
growth.

Industrial agglomeration primarily exerts a positive or negative influence through its
externalities and diffusion effects.

At the beginning of industrial agglomeration, capital, talents, technology and informa-
tion are gathered in the same area. The aggregation of the elements leads to the industrial
innovation and technological innovation. The related industries gradually develop to form
the agglomeration centers. The industrial agglomeration externalities then begin to emerge.

The positive externalities include the industry linkage effect, the shared labor market
and the knowledge spillover effect.
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First, for the industry linkage effect, the concentration of the downstream manufactur-
ers in the agglomeration area increases the demand for upstream industries and promotes
the scale effect of the upstream enterprises. The upstream companies benefit from the scale
of specialized production by obtaining a sufficient market demand. On the other hand, if
downstream companies are located in areas where a large number of upstream companies
are concentrated, then cost savings can be achieved due to the easy availability of interme-
diate inputs. The concentration of a large number of upstream and downstream-related
enterprises in the same region further promotes the refinement of a specialized division of
labor. In order to enhance their competitiveness, enterprises in the agglomeration area will
make improvements to their production. As a result, the overall production efficiency and
competitiveness of the region’s enterprises will be promoted.

Second, for the shared labor market, the existence of shared labor markets in the
industrial agglomeration areas reduces the search costs for business owners and workers.
It enhances the availability of the labor quantity and skills and facilitates the matching of
workers with production companies. Workers also benefit from lower unemployment rates
and higher average wages than in non-industrial agglomerations. Therefore, firms and
workers tend to prefer the existing industrial agglomerations, further contributing to the
deepening of industrial agglomerations.

Third, for the knowledge spillover effect, knowledge spillover has obvious spatial
limitations, and industrial clustering provides a favorable spatial environment for the
knowledge and technology spillover. Enterprises can realize the proximity and high
frequency of communication and promote invisible knowledge sharing by strengthening
the learning effect. The spatial proximity formed by industrial agglomeration enhances the
opportunity for enterprises to acquire knowledge and technology from their surrounding
subjects and also provides a channel for the technology exchange to speed up the learning
and application of new technologies.

The negative externality of industrial agglomeration is the crowding effect. On the
one hand, with the increase in the agglomeration in the region, the competition among
enterprises intensifies and there is a shortage of resources, such as land and capital. The
needs of enterprise production cannot be met, while the concentration of too many enter-
prises causes excessive competition in the product market. On the other hand, as more and
more enterprises are clustered, the spatial environmental constraints of the city come to the
fore. The urban environment and infrastructure all face tests.

Industrial agglomeration will affect the region’s economic development and influence
the economic development of the surrounding areas through diffusion effects. The diffusion
effect includes the polarization effect and the trickle-down effect. At the different stages of
economic agglomeration, the spatial spillover effects on the surrounding areas are different.
The polarization effect dominates in the early stage of agglomeration. In the early stage,
resources pour into the central areas, such as big cities, exacerbating the regional differences.
When the industrial agglomeration in the central area reaches a specific size, the trickle-
down effect plays a dominant role. With the knowledge and technology spillover from the
central region and the transfer of industries, the surrounding region’s economy will also
be developed.
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4. Materials and Methods
4.1. Research Approach and Model Building
4.1.1. Exploratory Data Analysis

The spatial correlation identification is the premise of the spatial econometric analysis.
This paper used the global Moran’s I test for the spatial correlation. The global Moran’s I
formula is

n n —
'21 lezj(Yi—Y)(Yj—Y) L L
_iEs 2 _ e
Moran’ I —— S _HZ( -Y)Y = HZ
Sy LW i=1 i=1
i=1j=1

where Y; represents the observation value of the i-th region, 7 is the total number of regions
and W;; is the spatial weight, which is used to define the mutual proximity relationship of
the spatial objects. Moran'’s I takes the value of [—1,1]. The larger the index, the stronger
the spatial correlation, and the closer to 1, the stronger the agglomeration. A positive global
Moran index indicates a positive spatial correlation, and a negative global Moran index
indicates a negative spatial correlation. Approaching 0 means that the variables are not
spatially correlated.

4.1.2. Spatial Weight

The spatial weight matrix reflects the structure and intensity of the spatial effect of the
research object. In the existing spatial metrology literature, the spatial weight matrix w;;
primarily includes the proximity weight matrix, the distance weight matrix and the other
distance weight matrices. In this paper, the proximity weight was selected for calculation,
and the spatial correlation test was assisted by the geographic distance weight matrix where
d;; represents the distance between the centroids of the two cities, which were calculated
from the latitude and longitude. The latitude and longitude data come from the map
coordinate picking system.

{ 1 Areaiandjare adjacent
wij

0 Other
1/d;i i#j
'(/Ul]:{ 01] l:]

4.1.3. Model Settings

The common spatial econometric models include the spatial lag model (SLM), the
spatial error model (SEM) and the spatial Doberman model (SDM).
Spatial lag model:
Yit = pWyir + XitB + pi + Gt + vig

Spatial error model:

Yir = XitP + pi + Gt + €ieir = AWjjeir + vj
Spatial Doberman model:

Yit = pWyir + Xt + WX;40 + i + Gt + &3t

Among them, y;; is the explained variable of the observation unit I at time t,i=1, n,
t=1,...,T, X; is an exogenous variable of the order 1 x n, representing the i-th row of the
explanatory variable matrix. W;; is an exogenous spatial weight matrix of the order n x 1,
B is a parameter vector of the order k x 1, k is the number of the explanatory variables, p is
the coefficient vector, 6 indicates the influence coefficient of the independent variable of the
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neighboring area on the dependent variable of the local area, y; is an individual effect, ; is
a time effect and vy, is the error.

With further research, LeSage and Pace (2009) [43] proposed that the changes in the
variables in the different models affect the partial differential equations. Based on this, the
partial differential method of the spatial regression model was proposed. By calculating
the partial differential of the spatial model, the impact of variables in the different model
settings can be explained, and the total impact can be divided into direct effects and indirect
effects to analyze the influence of the explanatory variables more comprehensively.

4.2. Variable Selection

This paper studies the impact of industrial agglomeration on economic growth. Most
studies have chosen the regional output as the explained variable. However, our study area
has a large geographic and spatial span, with significant population differences between
the eastern and western regions. In order to eliminate the effects of the differences in the
urban population size, this paper uses the GDP per capita (Agdp) indicator to characterize
the urban economic growth [44]. Referring to the research of Xu and Lin (2018) [44], we
chose the CPI of the first year of our research period (2006) as the baseline to convert the
per capita GDP.

Explanatory variables. The manufacturing agglomeration (MA), producer service
industry agglomeration (PSA), and manufacturing producer service industry synergistic
agglomeration (CA) were the explanatory variables. According to existing research and
national economic industry classifications and codes, the manufacturing industry includes
the industry codes 13-43, with a total of 31 categories. The producer service industry covers
transportation, warehousing, the postal industry, information transmission, computer
services, the software industry and the financial industry. The five departments include
leasing and business services, scientific research, geological services and exploration. We
used the location quotient to calculate the manufacturing agglomeration and producer
service agglomeration.

Among them, LQ represents the degree of the industrial agglomeration, L, ;; represents
the employment of the industry 7 in the {-th year in city x, Ly ; represents all the employment
in the year t in city x and L; represents all the employment in the country in the year ¢.

Lx,it/Lx,t

LQj =
Qit Lyt/Le

Due to the availability of the data and our research area, the modified EG index was
used to calculate the synergistic aggregation degree [18]. CA represents the degree of the
industrial co-agglomeration, LQ ;4 represents the degree of the industrial agglomeration
of manufacturing and LQpgs 4 represents the degree of the industrial agglomeration of the
producer services industry.

_ |LQma — LQpsa]
LQma + LQpsa

Control variables. The control variables in this study included the physical capital
input, human capital, government intervention and imports and exports. The physical
capital accumulation provided the material basis for the wealth growth, and the physical
capital input was crucial for promoting the economic growth [45,46]. The physical capital
accumulation (cap) adopted the Zhang Jun et al. algorithm and used the perpetual inventory
method to calculate the capital stock [47]. The depreciation rate was 9.6%, and the total
investment in fixed assets represented the new investment in fixed assets. The initial
capital and fixed asset investment data were converted using the fixed asset investment
price index based on the 2006 dataset. Human capital was an endogenous driver of the
economic growth and an essential vehicle for generating the knowledge spillovers. The
importance of human capital accumulation for economic growth was well established in the

CA = (1 4+ LQua + LQPSA)
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literature [48-50]. The human capital (HC) was measured by the number of college students
per 100,000 people. In economic development, the regulatory role of the government and
the market was equally important. Different government intervention levels may have
different effects on the economic development [51,52]. In our paper, the government
intervention (gov) was measured by the proportion of the local government budgetary
expenditure in the regional GDP. As one of the important ways to promote economic
growth [53-55], international trade drives employment through expanding the external
demand, thus increasing the residents’ income. The increase in the residents” income
continuously stimulates domestic consumption. The economies of scale and knowledge
spillover from the expanding domestic and foreign demand further contribute to regional
economic growth. The import and export (MX) was measured by the proportion of the
total import and export of the regional GDP, and the total import and export (USD) over
the years was converted using the average RMB exchange rate for each year.

4.3. Data Sources

This paper defines the Yellow River Basin as Qinghai, Ningxia, Gansu, Inner Mongolia,
Shanxi, Shaanxi, Henan and Shandong. Concerning the «List of Cities and Counties in the
Yellow River Basin» formulated by the Water Resources Commission, 49 prefecture-level
cities were identified as the research objects, of which Laiwu City, Shandong Province, was
merged into Jinan City in 2019. The research period of this paper was from 2006 to 2018, so
Laiwu City was still listed separately. The list of cities is shown in Table 1. The data used
in this paper came from the National Basic Geographic Information System database, the
«China Urban Statistical Yearbook», the «China Regional Economic Statistical Yearbook»,
the statistical bulletins of the prefecture-level cities and the EPS statistical database. Some
of the missing data have been interpolated. In order to eliminate the data heteroscedasticity,
all the data were processed logarithmically. The descriptive statistics of each variable are
shown in Table 2.

Table 1. List of the prefecture-level cities.

Regions Prefecture-Level City

Baiyin, Pingliang, Wuwei, Qingyang, Dingxi, Lanzhou, Tianshui,
Upstream (20) Hohhot, Baotou, Wuhai, Ordos, Bayannaoer, Ulanqab, Yinchuan,
Shizuishan, Wuzhong, Guyuan, Zhongwei, Xining, Haidong
Taiyuan, Changzhi, Jincheng, Jinzhong, Yuncheng, Xinzhou,
Midstream (19) Linfen, Luliang, Xi’an, Tongchuan, Baoji, Xianyang, Weinan,
Yan’an, Yulin, Shangluo, Jiaozuo, Luoyang, Sanmenxia
Anyang, Kaifeng, Puyang, Zhengzhou, Xinxiang, Dongying,

Downstream (10) Binzhou, Jinan, Tai’an, Laiwu

Table 2. Variable descriptive statistics of the prefecture-level cities.

Variable Symbol Calculation Formula Mean Min Max
Economic growth EG GDP per capita 10.150 7.925 12.194
Manufactur.l & MA Manufacturing location quotient 0.720 0.021 2.197
agglomeration
Producer Service PSA Producer service industry location quotient 0.785 0.172 1.921
agglomeration
Synergistic CA Revised EG index 2220 0.823 3.560
agglomeration
Physmal capital cap Calculated by perRetual inventory method 17.149 14.391 19.799
investment capital stock
Human capital HC Number of college students per 100,000 people 4.545 1.932 7.165
.Governm.ent gov Government f}scal expenditure/Gross 0.204 0.042 0.704
intervention regional product
Import and export MX Total import and export/DP 0.067 0.005 0.491
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5. Results Analysis
5.1. Economic Spatial Correlation Test

Two spatial weight matrices were used to calculate the global Moran’s I of the economic
growth (Table 3).

Table 3. 20062018 Yellow River Basin economic development the global Moran’s I.

Neighborhood Space Weights Geographic Distance Weights
Year Moran’s I p Value Moran’s I p Value
2006 0.249 0.011 0.284 0.001
2007 0.290 0.01 0.323 0.000
2008 0.301 0.007 0.312 0.000
2009 0.343 0.005 0.350 0.000
2010 0.318 0.006 0.338 0.000
2011 0.359 0.003 0.399 0.000
2012 0.356 0.003 0.397 0.000
2013 0.299 0.008 0.311 0.000
2014 0.333 0.005 0.370 0.000
2015 0.329 0.006 0.334 0.000
2016 0.323 0.005 0.324 0.000
2017 0.214 0.023 0.2794 0.000
2018 0.179 0.029 0.271 0.002
According to the results, the Moran’s I was significantly positive, between 0.2-0.4, and
the overall trend was stable. It shows that the level of economic development within the
region was not completely random. There was an apparent spatial dependence, and the
level of economic development between the cities was related to each other. Therefore,
the spatial factors need to be taken into account in the study. It can be seen from the
Moran scatterplot chart (Figure 2) that the cities were mostly located in the first and third
quadrants. The low—low and high-high distribution characteristics are apparent, which
confirm the positive spatial correlation of the economic development level of the Yellow
River Basin. As shown in Figure 2, there were more cities in quadrant three, while the
cities in quadrant three were a low-low agglomeration, indicating that there were still a
significant number of cities in the basin at low economic levels.
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Figure 2. Moran scatter plot.

5.2. Data Validation and Model Setting

In order to avoid bias, the data stationarity needed to be checked before the regression.
Based on the results, all the variables passed the test (Table 4), rejecting the hypothesis that
a unit root exists.
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Table 4. Unit root test results.
Variabl Harris-Tzavalis Test Im-Pesaran—-Shin Test

anables Constant Trend Constant Trend

Agdp 0.217 *** 0.1725 *** —11.485 *** —2.096 **
MA 0.107 *** 0.082 *** —19.066 *** —19.943 ***
PSA 0.091 *** 0.045 *** —18.458 *** —26.025 ***
CA 0.039 *** 0.0242 *** —20.600 *** —17.189 ***
cap 0.146 *** 0.131 *** —17.394 *** —11.794 ***
HC 0.058 *** 0.010 *** —20.534 *** —26.597 ***
gov 0.158 *** 0.094 *** —20.598 *** —20.570 ***
MX 0.047 *** 0.027 *** —17.794 *** —12.869 ***

Note: **, *** indicate that the data are significant at the 10%, 5% and 1% levels, respectively.

The model was then subjected to a Hausman test, based on the fixed effects that
were used. At the same time, the random effects models required that the overall spatial
units needed to be infinitely large. Studies have shown that the fixed-effect results were
more robust and easy to calculate, so a fixed-effect analysis was used [36]. The model was
then performed using a joint non-significance test, an LM test, a Wald test and an LR test.
According to the test results, the combined non-significance tests of time and the spatial
fixed effects of the manufacturing agglomeration, producer service industry agglomeration
and synergistic agglomeration models rejected the null hypothesis, indicating that both the
spatial and temporal fixed effects should be constructed. Judging from the LM test results,
the robust LM error failed the test, noting that the spatial error model should be used. The
Wald and LR tests were significant at the 1% significance level, and both hypotheses were
rejected simultaneously. Additionally, a spatial correlation between the variables existed,
and the spatial Dubin model could reflect the spatial correlation caused by the explained
variables, explanatory variables or error terms [56]. The spatial Dubin model was used and,
therefore, the dual-fixed space Dubin model was finally used for the analysis.

5.3. The Impact of Industrial Agglomeration on Economic Growth in the Yellow River Basin

The temporal and spatial dual-fixed Dubin model was used to analyze the impact of
industrial agglomeration on the economic growth in 49 prefecture-level cities in the Yellow
River Basin. The results are shown in Table 5.

Table 5. Regression results of the SDM model in the Yellow River Basin.

Variables m0 ml m2 m3
MA 0.082 ** 0.181 **
MA? —0.060
PSA 0.008
CA 0.030
W*MA —0.124 * —0.317 **
W*MA2 0.110
W*PSA —0.032
W*CA —0.115 ***
cap 0.239 *** 0.238 *** 0.252 *** 0.242 ***
HC 0.024 0.026 0.0211 0.022
gov —0.238 *** —0.269 *** —0.217 *** —0.202 ***
MX 0.127 ** 0.123 ** 0.127 ** 0.127 **
Rho 0.259 *** 0.258 *** 0.258 *** 0.259 ***
R? 0.9790 0.9791 0.9788 0.9791
Standard deviation 0.0109 0.0109 0.0110 0.0109
Log-L 529.2062 530.9010 526.0314 530.194

Note: *, **, ** indicate that the data are significant at the 10%, 5% and 1% levels, respectively.

According to the regression results in Table 5, the agglomeration of manufacturing
in the Yellow River Basin significantly promoted the economic growth. The model was
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insignificant after, including the quadratic terms, indicating that no inverted “U” curve
relationship existed. According to the Williamson hypothesis, the crowding effect gradually
inhibits the economic growth as the industrial agglomeration increases. However, the
overall manufacturing agglomeration level of the Yellow River Basin was low and far from
the threshold, so the inverted “U” shape effect had not appeared. The agglomeration of the
producer services industry promoted the economic growth (0.008), but the coefficient was
small and insignificant. This showed that the knowledge and technology spillover effect
caused by such agglomeration was small and had yet to produce significant economic
promotion effects. The industrial co-agglomeration had a positive promotion effect (0.03),
but the effect was insignificant. This reflected the lack of an effective coordination between
the two types of industries, and there was still a “dislocation”. In the three models, p was
significantly positive, indicating that the economic development in the basin was positively
correlated. This was also consistent with the results of the spatial correlation analysis.

In terms of the spillover effects, we analyzed the spatial lag term. As we can see, the
spatial lag terms of the four models were all negative, indicating that the agglomerations
in the surrounding areas inhabited the local economies. Specifically, every 1% increase in
the manufacturing agglomeration in the neighboring cities caused a 0.124% decrease in the
local economy, and the coefficient was significant at the 5% level. The agglomeration of the
producer service industries in the surrounding cities increased by 1%, and the local economy
decreased by 0.03%. Each 1% increase in the synergistic agglomeration of the surrounding
cities caused a 0.115% decrease in the local economy, which was significant at the 1% level.
According to the spillover mechanism of the industrial agglomeration, the agglomeration
in the Yellow River Basin is still in an early stage. In the early stage, there is a polarization
effect, which means the elements needed for industrial development are attracted to more
developed areas. Thus, the economic development in the surrounding areas limits the local
development. This also reflects the low level of industrial agglomeration in the basin. When
the industrial agglomeration develops to a certain level, according to the trickle-down effect,
the surrounding industrial agglomeration will promote the local economic development.

Regarding the controlling variables, the input of physical capital (cap) was significant
in promoting the economic growth. Capital drives economic growth by increasing the
aggregate supply and promoting the refinement of the social division of labor, which
remains a crucial element in promoting regional economic growth. Human capital (HC)
had a facilitating effect, but it was not significant in the four models and the impact coef-
ficient was approx. around 0.02. It may be due to the basin’s low overall level of human
capital and the large difference in the level of human capital in each region. Government
intervention (gov) was a significant inhibition of economic growth, highlighting the im-
portance of reducing government intervention in promoting economic growth. Excessive
government intervention will reduce the efficiency of resource allocation, inhibit the free
competition of enterprises and market innovation and is not conducive to enhancing the
market vitality. Imports and exports (MX) significantly promoted economic growth, and
the impact coefficient was around 0.12. Shaanxi, Gansu, Ningxia and the other provinces in
the Yellow River Basin were all covered by the “Belt and Road” Initiative. With the help of
foreign cooperation, excess capacity in the region has been effectively exported, alleviating
resource backlogs and waste, promoting the utilization rate of resources and improving the
social labor productivity.

5.4. Regional Heterogeneity Analysis of the Impact of Industrial Agglomeration on Economic
Growth in the Yellow River Basin

According to the demarcation point of the Yellow River, the river basin was divided
into three areas: the upper, middle and lower reaches. Each model passed the Hausman
test, so a fixed-effect model was used. The spatial Dubin model was applied according to
the LM, LR and Wald test results. The regression results are shown in Tables 6-8.
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Table 6. Decomposition of the manufacturing agglomeration effects in the upper, middle and lower
reaches of the Yellow River Basin.

Upper Reaches Middle Reaches Lower Reaches
Direct Indirect Total Direct Indirect Total Direct Indirect Total
Effect Effect Effect Effect Effect Effect Effect Effect Effect
0.106 ** 0.014 0.120 ** 0.317 ** —-0.17* 0.148 * 0.086 ** 0.008 0.094 **
MA (1.997) (1.259) (2.085) (2.481) (—1.74) (1.834) (2.070) (0.381) (1.978)
) 0.074 —0.167 —0.093 —0.148 ** 0.080 —0.068 * —0.068 * —0.004 —0.072 %
MA (0.507) (—1.291) (—0.972) (—2.017) (0.860) (—1.754) (—1.847) (—0.39) (—1.936)
cap 0.275 *** 0.028 0.303 *** 0.340 *** 0.123 0.463 *** 0.225 *** 0.112 ** 0.337 ***
(3.350) (1.549) (3.330) (3.381) (0.889) (3.275) (3.376) (2.587) (3.640)
HC 0.068 —0.061 * 0.007 0.053 * —0.094 —0.041 0.074 ** 0.006 0.080 *
(1.476) (—1.712) (0.543) (1.822) (—1.45) (—0.515) (1.993) (0.725) (1.846)
gov —0.140 % —0.102 ** —0.24 *** —0.206 ** 0.008 —0.198 * —0.16 *** 0.046 * —0.109 *
(—1.829) (—2.058) (—2.235) (—2.320) (0.012) (—1.863) (—2.044) (1.724) (—1.848)
MX 0.083 * 0.005 0.087 * 0.031 0.101 0.132 0.054 * 0.034 0.088 **
(1.918) (0.628) (1.802) (1.468) (0.439) (1.593) (1.736) (1.571) (2.027)
R? 0.9261 0.9691 0.9808
n 260 247 130
Note: *, **, *** indicate that the data are significant at the 10%, 5% and 1% levels, respectively.
Table 7. Decomposition of the agglomeration effect of the producer service industry.
) Upper Reaches Middle Reaches Lower Reaches
Variables Direct Indirect Total Direct Indirect Total Direct Indirect Total
Effect Effect Effect Effect Effect Effect Effect Effect Effect
PSA —0.045 0.094 0.049 0.102 ** 0.021 0.123 ** 0.039 0.022 0.061
(—0.520) (0.365) (0.874) (2.125) (0.786) (2.014) (1.073) (0.969) (1.048)
cap 0.360 *** —0.038 0.322 *** 0.315 *** 0.119* 0.434 *** 0.193 *** 0.014 0.207 **
(3.091) (—0.452) (3.262) (3.192) (1.768) (3.337) (3.089) (0.970) (2.907)
—0.081 * —0.020 —0.101 % 0.016 —-0.11* —0.096 0.041 0.003 0.044
HC (—1.737) (—0.378) (—1.932) (0.508) (—1.80) (—1.223) (1.173) (0.635) (1.163)
gov —0.171 ** —0.080 —0.251 ** —0.21 *** —0.037 —0.25 *** —0.140 ** —0.101 —0.241 **
(—2.108) (—0.851) (—2.302) (—3.667) (—0.61) (—3.317) (—2.138) (—1.01) (—2.448)
—0.050 0.145 ** 0.095 * 0.031 0.028 0.059 0.104 * 0.024 0.128 *
MX (—0.913) (2.372) (1.754) (1.395) (0.813) (1.486) (1.748) (0.986) (1.691)
R? 0.8770 0.9687 0.8650
n 260 247 130
Note: *, **, ** indicate that the data are significant at the 10%, 5% and 1% levels, respectively.
Table 8. Decomposition of the synergistic agglomeration effects.
Upper Reaches Middle Reaches Lower Reaches
Variables Direct Indirect Total Direct Indirect Total Direct Indirect Total
Effect Effect Effect Effect Effect Effect Effect Effect Effect
—0.116 ** 0.039 —0.077 * 0.062 * 0.041 0.103 ** 0.145* —0.012 0.133*
CA (—2.105) (1.294) (—1.829) (1.928) (1.585) (1.973) (1.782) (—0.16) (1.706)
cap 0.220 *** 0.147 ** 0.367 *** 0.243 *** 0.127 *** 0.370 *** 0.290 ** 0.104 * 0.394 **
(3.029) (2.430) (3.570) (3.162) (3.118) (3.332) (2.399) (1.873) (2.770)
HC 0.037 —0.021 0.016 0.048 * —0.059 —0.011 —0.016 0.007 —0.009
(1.262) (—0.314) (0.196) (1.733) (—0.967) (—0.212) (—0.307) (0.074) (—0.865)
gov —0.273 *** —0.102 —0.38 *** —0.26 *** —0.216 ** —0.47 *** —0.18 ** —0.122 —0.297 ***
(—3.274) (—1.647) (—3.303) (—3.558) (—1.986) (—3.624) (—2.151) (—1.33) (—2.346)
—0.106 * —0.014 —0.120 % 0.036 0.026 0.062 0.095 * 0.020 0.115 **
MX (—1.726) (—0.274) (—1.823) (1.221) (0.605) (1.152) (1.881) (0.311) (1.839)
R? 0.8770 0.9687 0.8650
n 260 247 130

Note: *, **, *** indicate that the data are significant at the 10%, 5% and 1% levels, respectively.
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5.4.1. Regional Heterogeneity of the Impact of Manufacturing Agglomeration on
Economic Growth

According to the decomposition results of the manufacturing agglomeration effect
(Table 6), the impact of the midstream and downstream manufacturing agglomeration
on the economic growth showed an inverted “U” curve, which was significant at the
10% level. This validated the Williamson hypothesis that, in the early stage of industrial
agglomeration, the increase in the agglomeration promotes urban economic growth, and
when the manufacturing agglomeration reaches the threshold, it begins to inhibit the eco-
nomic growth. The upstream was insignificant, mainly due to the low level of upstream
manufacturing agglomeration. The underlying cause for the difference lies in the different
stages of development of the manufacturing industry in each region. The downstream
manufacturing industry had a good foundation, coupled with the need for urban devel-
opment for the manufacturing industry. The continuous improvement of manufacturing
technology and equipment has accelerated the agglomeration of the downstream manufac-
turing industry. The midstream cities benefitted from a better geographical location, and
under the industrial transfer driven by the downstream, the manufacturing industry also
achieved a certain development. The upstream city had a relatively weak manufacturing
base, and urban development had yet to generate a high demand for the manufacturing
industry, resulting in the slow development of the manufacturing industry in the region.

The indirect effect of the upper and lower reaches was not significant. The indirect ef-
fect of the manufacturing agglomeration in the midstream region was significantly negative,
indicating the existence of a polarization effect.

5.4.2. Regional Heterogeneity of the Impact of the Agglomeration of Productive Services
on Economic Growth

According to the results on the regression of the agglomeration in the producer
service industry (Table 7), it was found that the overall effect of such agglomeration on
the local economy was positive, which is consistent with the overall research results. That
is, the agglomeration and upgrading of the productive service industry can promote the
economic growth. However, the degree of significance varied from region to region, with
the midstream being significantly below the 5% level and the upstream and downstream
being insignificant. From the coefficient view, the midstream contribution coefficient was
the largest (0.123), followed by the downstream (0.061) and upstream (0.049). The upstream
catalytic effect at this stage was still limited. However, the indirect effect of the producer
service industry agglomeration was insignificant. This indicates that the surrounding area’s
producer service agglomeration had little impact on the local region’s economy.

5.4.3. Regional Heterogeneity of the Impact of Synergistic Agglomeration on
Economic Growth

According to the decomposition results of the synergistic agglomeration effect in
Table 8, the promotion effect of the downstream synergistic agglomeration was the greatest.
Regarding the direction of action and the degree of significance, the synergistic agglomer-
ation of the middle and downstream significantly affected the promotion. However, the
upstream synergistic agglomeration inhibited the economic growth (—0.077). The possible
reason is that the upstream manufacturing industry had a low level of agglomeration and a
weak foundation. Due to the uneconomic agglomeration, the improvement of the synergis-
tic agglomeration was not conducive to improving the economic efficiency, inhibiting the
economic growth.

On the other hand, according to the study of Dou and Liu (2016) [57], when the size of
the city is less than 230,040 people, the synergistic agglomeration will have a significant
inhibitory effect on the urban economy. In 2018, only six of the 20 cities in the upper reaches
of the Yellow River Basin were larger than 230,040, confirming the conclusion that the
upstream synergistic agglomeration inhibits the economic growth. Judging by the decom-
position results, the direct effect of the middle and downstream synergistic agglomeration
was significantly positive, and the promotion of the downstream was significantly more
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vigorous. The upstream’ s direct effect was negative. The improvement of the upstream
synergistic agglomeration was not conducive to local economic growth. Similar to the
producer service industries, the indirect effects of the industrial co-agglomeration were also
insignificant, and there was no significant negative overflow (—0.012) in the downstream
area. For the downstream cities, improving the synergistic agglomeration of surrounding
cities inhibited local economic growth.

Regarding the control variables, the physical capital (cap) input significantly drove
the economic growth. The coefficient was large. The direct, indirect and total effects were
positive, indicating that the input of physical capital promotes local economic growth and
the economy of the surrounding cities. The economic contribution of human capital was
not significant. Human capital was a stronger economic contributor downstream than in
the middle and upstream. The knowledge and technology spillover of the downstream
human capital elements emerged. The middle and upper reaches should still accelerate
the improvement of the level of human capital. Government intervention (gov) has always
significantly dampened the economic growth. Government intervention in the upper and
middle reaches showed a robust inhibitory effect on the economic growth. The downstream
was slightly weaker, which still highlighted the significance of promoting government
decentralization for the upper and middle reaches. The direct effects were significantly
negative, and the indirect effects were mostly insignificant, indicating that local government
intervention was much more inhibiting. The imports and exports (MX) showed different
degrees of economic promotion, and the economic promotion effect in the downstream
region was the most significant.

6. Discussion

In this paper, we comprehensively studied the impact of industrial agglomeration on
the economic growth and spillover effects in the Yellow River Basin. We studied the whole
basin and divided it into the upper, middle and lower reaches to obtain more insightful
conclusions. Compared to the previous studies on the industrial agglomeration of the
Yellow River Basin [58,59], we considered the spatial factors. In terms of the entire basin, the
Moran scatter plot showed that the cities with low economic development dominated the
basin. This was consistent with the current state of the economic development in the Yellow
River Basin. All three kinds of agglomeration can promote the economy. However, the
impact of the producer service industry agglomeration and the industrial co-agglomeration
were insignificant. This may be related to the slight increase in the specialization of the
productive services and the differences between the different regions. Thus, the contribution
to the economy was limited [60]. There was a “misalignment” between the manufacturing
and productive services industries in the basin, and the economic effect of the synergistic
agglomeration was not fully reflected. Especially in the downstream areas, the large share
of manufacturing industries and the high degree of agglomeration was prominent, while
the development of the productive service industries was relatively lagging. This led
to a lack of effective coordination between the two; therefore, the economic impact was
not outstanding.

Regarding the different regions of the basin, the impact of the middle and downstream
manufacturing agglomeration on the economic growth showed an inverted “U” curve, and
both were significant at the 10% level. This verified the Williamson hypothesis [61]. Initially,
agglomeration can promote economic growth, but as the agglomeration increases, the
crowding effect becomes more apparent and inhibits economic growth. This also reflected
the low level of the upstream manufacturing agglomeration at the current stage. It is worth
noting that, in the downstream areas, the productive services industry agglomeration was
less effective in promoting economic growth than the synergistic agglomeration. This was
consistent with the slow and weak development of the productive service industries in the
downstream areas. Only the agglomeration of the midstream producer services industries
significantly contributed to the economy.
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Regarding the spillover effect of the agglomerations, it was clear that there was a

negative spillover effect in the whole basin. The industrial agglomeration of the basin was
still in its early stage. The elements needed for industrial development were attracted to
the more developed areas. Due to the trickle-down effect, the spillover effect will change
from negative to positive with the increase in the industrial agglomeration.

7. Conclusions and Policy Recommendations
7.1. Conclusions

@

@)

®)

4)

There was a significant spatial correlation and spatial spillover in the economic devel-
opment. The overall Moran’s I index of the economic development was significantly
positive, with an evident spatial dependence and agglomeration. The cities with
high economic levels were located nearby, and the cities with low economic levels
were also close to each other. In the regression model, the spatial effect parameter
p was significantly positive. There was a positive overflow between the regional
economies. The economic growth of the neighboring regions will promote the local
economy. Combined with the reality that the economic center of gravity is eastward,
the cities in the central and western regions should make full use of the economic
spillover effect of the surrounding high-level cities to promote economic growth in
their respective regions.

There was regional heterogeneity in the impact of industrial agglomeration on the
economic growth. From the perspective of the whole basin, the three types of agglom-
eration all promoted economic development, but the manufacturing agglomeration
was more significant. From the perspective of the different regions, the middle and
lower reaches of the manufacturing industry agglomeration and the economy showed
a significant inverted “U” shape relationship, and the upstream was not significant,
primarily due to its low agglomeration. The agglomeration of the productive service
industries in the middle reaches significantly promoted the economy. In contrast,
the agglomeration of the productive services in the other two regions did not signifi-
cantly promote the economy. The upstream synergistic agglomeration inhibited the
economic growth, while the midstream and downstream synergistic agglomerations
significantly promoted economic growth. The downstream synergistic agglomeration
had the most significant impact coefficient. The synergistic agglomeration of the
midstream had the strongest effect on the economic promotion.

The negative spillover effect in the whole basin showed that the industrial agglom-
eration was still low. At present, the polarization effect is dominating the basin.
In the producer services industries, the positive externalities, such as the knowl-
edge and technology spillover effects, are not yet fully functional. The industrial
co-agglomeration had a weak effect on the economic growth. There was a mismatch
of the industrial resources and a lack of a synergistic sharing mechanism between the
manufacturing and producer service industries. The “two-wheel drive” industrial
pattern has not yet been formed.

Physical capital investment can significantly contribute to regional economic growth.
Investment is still an essential driver of economic growth in the Yellow River Basin.
Physical capital investment promotes the city’s own development and generates
positive spillover effects to promote regional development. Human capital does not
contribute significantly to the basin’s economy. Government intervention consistently
and significantly inhibits economic growth. Imports and exports have shown to
boost economic growth to varying degrees, with the downstream regions being the
most prominent.

7.2. Policy Recommendations

The results show that the impact of industrial agglomeration on economic growth

in the Yellow River Basin showed an evident regional heterogeneity. The three types of
agglomeration all promoted the economic growth, while the effect of the manufacturing ag-
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glomeration was much more significant. Based on the above analysis, relevant suggestions
for promoting industrial agglomeration in the Yellow River Basin are put forward.

@

@)

®)

Urban agglomeration should be considered as the main spatial form to promote
industrial agglomeration in the Yellow River Basin. The formation of the central
city—peripheral cities synergistic development pattern should be promoted. Economic
development has a positive spatial correlation, and low-low agglomeration occupies
the majority of the agglomeration areas. On the one hand, Zhengzhou, Xi’an and the
other cities should be considered as the central cities, and full play should be given to
Zhengzhou's strategic position in leading the Central Plains’ cities and driving the
development of the middle and lower reaches of the region. At the same time, Xi’an
will become a strategic pivot point for opening up to the west, thus forming a new
growth pole in the upper and middle regions. On the other hand, regional central
cities should be created, such as Jinan, Taiyuan, Luoyang, Huhehaote, etc., and the
industrial agglomeration in these regional central cities should be enhanced.
Industrial agglomeration should be enhanced and the “two-wheel drive” industrial
development model should be promoted. Overall, industrial agglomeration in the Yel-
low River Basin is still low. It is necessary to adopt a differentiated development path
according to the different industrial development stages of the different regions. The
middle and lower reaches of the Yellow River Basin are more advanced in manufac-
turing and should focus on developing producer service industries. At the same time,
policymakers should promote the integration of new technologies and traditional
manufacturing and upgrade the manufacturing industries from labor-intensive to
capital-intensive and technology-intensive. Upstream cities are poorly developed in
both manufacturing and productive services. In this situation, backward and forward
industrial cooperations should be established with midstream central cities. Full use
of the industry linkage effect and knowledge spillover effects should be established.
The role of human capital should be valued. Overall, human capital in the Yellow
River Basin contributes little to economic growth. There are slightly bigger human
capital economic contributions in the downstream regions than in the other regions.
Upstream and midstream cities should increase the training and introduction of
talents to form a local training and introduction mechanism. At the same time, the
corporate talent attraction mechanism should be fully utilized to drive the flow of
talent elements through the presence of outstanding enterprises. For downstream
cities, human resources in the region should be further integrated and guided to
achieve a better allocation.

8. Future Research

Starting from two types of single-industry agglomeration and synergistic agglomera-

tion, this study analyzes the spatial spillover effects of industrial agglomeration. However,
due to the constraints of the information available and the authors’ knowledge structure,
there are still some improvements and refinements that need to be conducted in this study.

)

@)

Due to the limitations of the data, the research subjects selected for the study were
the 49 prefecture-level cities in the Yellow River Basin from 2006 to 2018, and the
conclusions obtained can support the relevant research in the Yellow River Basin. The
research subjects are prefecture-level rather than county-level cities, which causes
the policy recommendations to have certain limitations. Therefore, future studies
can further increase the period and contain more detailed analyses from county-level
cities to make the recommendations more scientific.

In this study, the proximity relationship between the cities was the primary considera-
tion in setting the spatial weights, so a more widely used spatial weight proximity
matrix was employed. In the future, the construction of a weight matrix that incorpo-
rates other factors, such as social development, can be explored to reflect the spatial
influence between the cities more comprehensively.
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