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Modern service industry agglomeration and its
influencing factors: spatial interaction in Chinese cities

Xiaowen Wang, Yunsheng Zhang and Nanxu Chen

School of Economics, Lanzhou University, Lanzhou, China

ABSTRACT
From the perspective of spatial interaction, the impact of the
modern service industry’s agglomeration on today’s increasingly
connected cities is worth studying. This study uses a spatial
econometric model to test the development trends and factors
influencing the modern service industry’s agglomeration in the
Yangtze River Delta city group. The results show that the industry
has the highest agglomeration in leasing and business and
the lowest in education. The overall concentration of the industry
is generally low, implying a more fragmented distribution.
Moreover, the agglomeration has a significant positive spatial cor-
relation with economic development, knowledge intensity, and
city size. However, it has a negative correlation with information
technology level and transportation infrastructure, inconsistent
with existing research. This study argues that the development of
the information technology level and transportation infrastructure
in a city could lead to the ‘virtual agglomeration’ of the modern
service industry and gradual decentralisation in geographical dis-
tribution. This is a new paradox that city groups may face when
improving their infrastructure and developing modern services.
This study uses the spatial interaction perspective to propose pol-
icy recommendations for promoting the modern service industry’s
agglomeration and coordinated regional development.
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1. Introduction

Research on industrial agglomeration has attracted the attention of academia since
the neoclassical economic period. Industrial agglomeration is often guided by the
market’s spontaneous behaviour and is mainly caused by three factors: labour market
pooling, investment in intermediate products, and specialised markets. As rational
market players, enterprises will agglomerate to achieve optimal efficiency based on
differences in factor endowments. The government can also realize the Leontief
multiplier and polarisation effects through administrative intervention, thereby pro-
moting industrial agglomeration (Perroux, 1950). Research in this area has advanced
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with the emergence of new economic geography in the 1990s, and after Krugman
(1991) and Fujita et al. (1999) incorporated spatial factors into the industrial agglom-
eration analysis framework. Such research focuses on the causes, mechanisms, and
influencing factors of industrial agglomeration locally and overseas, thereby forming
the two intertwined theoretical models of ‘new economic geography’ (Chen et al.,
2017; Goto & Minamimura, 2019; Martinez-Galarraga et al., 2021) and ‘new geo-
graphic economics’ (Thisse, 2011). Extensive empirical research has also been con-
ducted in China to verify and supplement the two models.

As the world economy shifts from an ‘industrial economy’ to a ‘service economy’,
the ‘service-based economy’ and ‘knowledge-based services’ have become the main
pillars of economic development. Therefore, the focus of industrial agglomeration
research has shifted from manufacturing to the service industry. Moreover, the devel-
opment of the geography of service has promoted research on the spatial interaction
of the service industry. Cao et al. (2019) argued that, in China, service companies
show significant spatial heterogeneity. SmeR tkowski et al. (2021) found that, in
Warsaw, different producer service industries have different spatial distribution pat-
terns, Kim et al. (2021) revealed a significant spillover effect in the service industry in
the United Kingdom. Wu et al. (2021) found that high-end service industry agglom-
eration has a significant spatial interaction in China.

However, existing studies mainly focus on producer services (Xi et al., 2021; Yang
et al., 2020; Yeh et al., 2017), knowledge-intensive services (Boix-Domenech & Soler-
Marco, 2017; Chung & Tseng, 2019; Kuchiki, 2021), and the relationship between
producer services and the manufacturing industry (Li, 2017; Liu et al., 2019). Only a
few studies have been conducted on the agglomeration of the modern service indus-
try from the perspective of spatial interaction. The modern service industry includes
basic, production and marketing, consumer, and public services. Unlike other indus-
tries, the personal consumption and public service industries have high substitutabil-
ity and relatively weak agglomeration capacity. Compared with the traditional service
industry, the modern service industry is characterised by complex technical and cul-
tural content and meets the demands of modern people and cities. Given China’s
intensive urban construction, an increasing number of densely distributed cities of
different administrative grades have started forming city groups under the action of
spatial interaction. Moreover, the city group’s service industry is dominated by the
modern service industry. The geographical proximity and social and cultural homo-
geneity of city groups can significantly reduce spatial transaction costs due to inte-
grated construction (Rabellotti, 1997), promoting the modern service industry’s
agglomeration. Scholars have arrived at many research results in industry agglomer-
ation from the city group perspective (Shao et al., 2017; Tang & Xiu, 2021), with the
following questions: What are the spatial and temporal evolution characteristics of
the modern service industry within a city group? Will the factors that affect the ser-
vice industry’s agglomeration produce new changes within the city group? How are
policies formulated when cities of different sizes in a city group promote the agglom-
eration of modern services? These questions have certain research value, and attempts
have been made to answer them (Xi et al., 2021). Thus, the current study will discuss
the agglomeration of the modern service industry and its influencing factors from the
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perspective of spatial interaction in the city group. Spatial interaction in geography is
reflected by the spatial autocorrelation of data, and the spatial econometric model is
an important method for calculating spatial autocorrelation. Therefore, a spatial
econometric model was selected to by this study.

The remainder of this paper is organised as follows. Section 2 characterises the
modern service industry’s agglomeration in the Yangtze River Delta (YRD) city group
through the spatial Gini coefficient. Section 3 builds the theoretical analysis frame-
work. Section 4 presents the empirical methodology. Section 5 selects the variables
and econometric model, analyses the results, and discusses the dynamic relationship
between modern service industry agglomeration, information technology, and infra-
structure construction from the spatial interaction perspective. Finally, Section 6
presents a summary and future research prospect.

2. Characteristics of modern service industry agglomeration

2.1. Study area

This study considered 41 cities above the prefecture level in China’s YRD (Yangtze
River Delta) city group from 2008 to 2018. The reasons for selecting these subjects
are as follows. First, this study uses spatial measurement for analysis because the
smaller the geographical unit, the more accurate the measurement results. Previous
research has mainly focused on provincial cities. Moreover, a considerably micro-
scopic research subject can substantially reflect the agglomeration of the modern
service industry. Second, the YRD city group is the only world-class city group in
China and is an internationally competitive and globally important modern service
centre (Zhou et al., 2021). Therefore, this agglomeration is a typical representative
sample. The Chinese government is good at testing new policies through ‘early and
pilot implementation’ and then amending or promoting these policies based on the
lessons learned from successes and failures. Hence, there is also some guidance for
the YRD city groups. Third, the evolution of the service process can take
10–20 years or longer. Accordingly, the current study considers the Guidelines on
Accelerating the Development of the Service Industry promulgated by China’s State
Council (2008), which has had a strong influence on the development of the mod-
ern service industry.

The geographical location of the study area is shown in Figure 1.

2.2. Characteristics of modern service industry agglomeration

This study uses the spatial Gini coefficient to describe the clustering characteristics of
the modern service industry. The industry comprises basic, production and market-
ing, consumption, and public services, but considers consumption and public man-
agement services to be the final services, which tend to be geographically diversified
(Illeris, 1996). Thus, the current study selected services related to transportation,
warehousing, and post (TP); information transmission, software, and information
technology (IT); finance (FN); real estate (RE); leasing and business (LB); scientific
research and technology (ST); education (ED); and culture, sports, and entertainment
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(CE). The main measurement methods of industrial agglomeration are the spatial
Gini coefficient (from an industry perspective), Herfindahl index (from a firm per-
spective), location entropy (level of industry specialisation), and EG index (based on
the spatial Gini coefficient). The Gini coefficient comprehensively considers the two
dimensions of industry and enterprise, and is a better measurement method due to
its superior representativeness. Given that we only need to describe the spatial clus-
tering characteristics and degree of the modern service industry in the YRD city
group, disregarding the enterprise dimension does not affect the judgment of spatial
agglomeration. Therefore, the spatial Gini coefficient is adopted, and is calculated as
follows (Krugman, 1991):

G ¼
Xn
i¼1

Si � Xið Þ2 (1)

where G refers to the spatial Gini coefficient, Si refers to the ratio of the modern ser-
vice industry’s employment in region i to the total employment by the modern ser-
vice industry in the YRD city group, Xi is the ratio of the total employment in region
i to the total employment in the YRD city group, and n represents the number of
sample regions. The larger the G, the higher the degree of spatial agglomeration, and
conversely, the more balanced the spatial layout, where G 2 [0, 1].

Figure 1. Spatial distribution of the Yangtze River Delta urban agglomeration.
Source: Made by author.
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This study used the modern service sub-industry data of 41 cities in the YRD
city group from 2008 to 2018 and calculated the Gini coefficient according to
Equation (1). Table 1 presents the results.

In Table 1, there is a clear difference in the spatial Gini coefficients between indus-
tries. A ranking by industry indicates the following pattern: leasing and business serv-
ices coefficient> scientific research and technology services coefficient> transportation,
warehousing, and postal services coefficient> information transmission, software, and
information technology services coefficient> real estate services coefficient> culture,
sports, and entertainment services coefficient> finance services coefficient> education
services coefficient. Leasing and business services have the highest spatial concentration,
while employees in these industries are mainly concentrated in municipalities, provin-
cial capitals, or large cities, such as Shanghai, Hangzhou, Nanjing, Ningbo, Suzhou, and
Hefei. The proportion of employment in these cities in the YRD city group is 50.10%,
12.09%, 8.08%, 5.48%, 2.43%, and 2.12%, respectively, accounting for 80.29%. The spa-
tial distribution of the education industry is the most balanced (except for Shanghai,
which accounts for over 20%), while the remainder of the cities are within 10%.

Table 1 also shows that the overall Gini coefficient of the modern service industry
in the YRD city group is generally not high. The service industry is highly concen-
trated. The well-developed infrastructure, large markets, and extensive labour resour-
ces in metropolises encourage the development of the service industry. The modern
service industry is characterised by complex technical and cultural content and the
ability to meet the demands of modern people and cities. Given the increasing land
rent in most metropolises and the development of information technology and trans-
portation, many modern service industries have started migrating outwards from the
metropolis, resulting in diffusion. Therefore, the low Gini coefficient of the YRD city
group may also be owing to a similar phenomenon. A non-linear relationship may
exist between this phenomenon and the development of information technology and
transportation infrastructure. Section 4 discusses this issue in detail.

These results indicate that the modern service industry’s agglomeration in the
YRD has four main characteristics. First, industries with high spatial agglomeration
are production-oriented, and the agglomeration areas exhibit high levels of economic
development. The top-ranked industries are leasing and business services; scientific

Table 1. Spatial Gini coefficient of modern service industry in Yangtze River Delta city group.
Year TP IT FN RE LB ST ED CE

2008 0.02044 0.01474 0.00666 0.02989 0.03450 0.04774 0.00419 0.00608
2009 0.02357 0.01484 0.00680 0.02613 0.03091 0.05850 0.00411 0.00559
2010 0.02522 0.01469 0.00944 0.01708 0.03008 0.05276 0.00435 0.00636
2011 0.02179 0.01437 0.00772 0.02195 0.02356 0.01238 0.00571 0.00457
2012 0.01337 0.01758 0.00550 0.01358 0.01532 0.01552 0.00773 0.00516
2013 0.05382 0.01159 0.01078 0.02215 0.06958 0.02266 0.00258 0.00931
2014 0.03171 0.02818 0.00845 0.02500 0.09359 0.02242 0.00315 0.00874
2015 0.03320 0.02887 0.00705 0.02164 0.09114 0.02388 0.00398 0.00829
2016 0.02292 0.03003 0.00851 0.02057 0.07894 0.02330 0.00425 0.00983
2017 0.02390 0.03199 0.00729 0.02014 0.08012 0.02522 0.00394 0.01236
2018 0.02331 0.03799 0.00652 0.01586 0.07622 0.02858 0.00376 0.00865
Average 0.026659 0.022261 0.00770 0.02127 0.05672 0.03027 0.00434 0.00772
Ranking 3 4 7 5 1 2 8 6

Data Source: Statistical Yearbook of Chinese Cities (2009� 2019).
Source: Author’s calculation.
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research and technical services; transportation, warehousing, and postal services;
information transmission, software, and information services; and real estate serv-
ices. These industries are producer service industries and are highly concentrated in
Shanghai, Hangzhou, Nanjing, and Hefei, among other cities. Rental and business
services, and transportation, warehousing, and postal services in Shanghai account
for over 50% of the total employment in the YRD, showing evident spatial agglom-
eration. Second, industries with low spatial agglomeration are mostly consumer-
oriented, and the agglomeration areas are mostly municipalities and provincial
capitals, such as Shanghai, Hangzhou, Nanjing, and Hefei. Financial services; cul-
ture, sports, and entertainment services; and education services are all consumer-
oriented industries. Such industries have broad and balanced distribution and low
spatial agglomeration owing to their extensive audience, low industry threshold, and
considerable substitution flexibility. Third, the Gini coefficient of some industries
exhibits an inverted-U shaped trend over time. This indicates that although the spa-
tial agglomeration of the modern service industry in the YRD city group has
increased, there may be an agglomeration–diffusion–aggregation phenomenon at
play during the entire process. Fourth, distinct features emerge from the perspective
of spatial distribution. Figure 2 shows that the employees of modern service indus-
tries are mainly concentrated in Shanghai, Hangzhou, Nanjing, Hefei, and other
metropolises, but the surrounding areas have relatively few modern service workers.
The polarisation effect of the core metropolis may be greater than its diffusion
effect, leading to the ‘shadow effect of agglomeration’. However, the agglomeration
and diffusion of the service industry are often relative and dynamic. Given the fur-
ther development of core cities, the agglomeration of the modern service industry
may have changed.

3. Analysis of the factors influencing modern service industry
agglomeration

Chen et al. (2009) proposed an analytical framework based on factors, space, cit-
ies, and institutions for the agglomeration of producer service industries. Xie et al.
(2015) analysed the factors driving the modern service industry’s agglomeration in
China and found that the economic development level, fixed asset investment, and
traffic conditions had the greatest impact. Ren and Qiu (2010) calculated the spa-
tial Gini coefficient of the modern service industry in the YRD city group, and
found that the top four industries—including the leasing and business services;
scientific research and technical services; transportation, warehousing, and postal
services; and information transmission, software, and information technology
services—are production-oriented. Accordingly, production-oriented service
industries have a relatively significant impact on the agglomeration process of
modern service industries. This study uses the existing literature and the charac-
teristics of flexible production in production-oriented services to analyse four
agglomeration factors: economic development, informatisation level, knowledge
intensity, and urban size.
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3.1. Economic development

According to new economic geography, the spatial agglomeration economy is an
external economy of scale, including localised and urbanised economies (Malmberg
et al., 2000). Economic development in cities can result in the agglomeration of
labour and capital, rapid diffusion of professional information and technology, shar-
ing of infrastructure construction, and concentration of markets. Therefore, service
industries tend to agglomerate in metropolitan areas, with this locational choice

Figure 2. Spatial distribution of modern service workers in the Yangtze River Delta urban agglom-
eration (2008, 2012, 2016, 2018).
Source: Made by author.
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closely related to the ability of cities to bring greater economic benefits and regional
economic growth. The expansion of economic scale resulting from economic develop-
ment and an increase in GDP per capita are conducive to stimulating consumption
growth, thereby encouraging the development of the modern service industry.

3.2. Informatisation level

Krugman (1991) explained the spatial agglomeration effects of industries by combin-
ing the assumptions of imperfect competition and increasing returns to scale in new
trade theory with the transportation costs in location theory. He considered the geo-
graphical concentration of production as evidence of the ubiquity of increasing
returns. However, the majority of the outputs of the modern service industry are
‘intangible products’ that rely on information technology. The transportation cost of
products is not the geographic transportation cost, but the information cost based on
the network. Therefore, within the context of the modern service industry, the infor-
matisation level can better reflect the spatial factors in the agglomeration process
compared to transportation infrastructure.

3.3. Knowledge intensity

Marshall and Marshall (1920) summarised the externality theory and found that tech-
nology and knowledge spillover are important factors affecting industrial agglomer-
ation. The modern service industry is a high-tech economic activity. Industrial
agglomeration resulting from an active collective-learning process is highly efficient
and improves the competitive advantage of agglomeration enterprises (Keeble &
Nachum, 2002; Shi et al., 2014). Some studies have found that the geographical
agglomeration of enterprises is not so much to benefit from the localised input–out-
put connection as to acquire strong learning and innovation ability in pursuit of a
special local environment (Malmberg, 1996). Geographical proximity can help realize
technological innovation and knowledge accumulation, thereby creating a convenient
learning environment, reducing innovation uncertainty, increasing knowledge density,
and producing a regional engine to promote industrial agglomeration and economic
growth (Markusen, 1996). In particular, the modern service industry relies consider-
ably on human capital, which is knowledge-intensive. Thus, knowledge intensity is
expected to have a significant positive impact on the industry’s agglomeration.

3.4. Urban size

Service industry agglomeration is considerably biased toward cities (Mun & Hutchinson,
1995). As workers migrate to the agglomeration, urban size expands. However, it is
unclear what impact urban size expansion will have on the agglomeration of the service
industry. Urban economics generally believes that the size of cities can be maximised
but not minimised. According to the second axiom of the urban economy, the self-rein-
forcing effect produces extreme results. Extremely small cities will lead to low utility of
the labour force, which will in turn cause the migration of the labour force and the
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disappearance of the cities. Therefore, small cities hinder industrial agglomeration.
Meanwhile, large cities have substantial inflow of labour, and the agglomeration effect
can further improve urban productivity, leading to large-scale labour force and indus-
trial agglomeration (Coll-Mart�ınez, 2019; Wang & Wei, 2016; Zhou & Liu, 2019).

Existing empirical studies have concluded that economic development, informatisa-
tion level, knowledge intensity, and urban size promote the agglomeration of modern
service industries in central cities. However, the descriptive analysis of the characteris-
tics of modern service industries in in the present study shows that, with the rapid
economic and social development of the YRD city cluster in recent years, modern
service industries not only show obvious agglomeration, but also decreasing agglom-
eration in some industries. This phenomenon has previously been observed in devel-
oped countries (Groshen & Robertson, 1993), mainly due to high land rents and
labour prices. The study argues that, with the improvement of the construction of
city groups, the connection between cities is getting closer. With the continuous
improvement of transportation infrastructure and information technology, some
industries that do not depend on better office locations are relocating from the cen-
tral cities to surrounding areas, which is a new phenomenon explored in the present
study. This process of change is shown in Figure 3.

4. Methodology

4.1. Selection of variables

We now investigate the feasibility of the theoretical analysis from the spatial inter-
action perspective and introduce geographical location into the proposed model.

Figure 3. Spatial agglomeration and diffusion of modern service industries.
Source: Made by author.
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Therefore, spatial measurement method was selected for the empirical test. Based on
the analysis in Section 3, four factors—economic development level, informatisation
level, knowledge intensity, and urban size—were chosen as the core explanatory varia-
bles. In addition, three variables—industrial structure, transportation infrastructure,
and level of opening to the outside world—were employed as control variables based
on the results of other studies. To reduce the influence of singular values after collin-
earity and matrixing, the natural logarithm was taken for all independent variables.
The specific measures for each variable are as follows:

4.1.1. Agglomeration degree
In this study, the explained variable is the number of workers in the modern service
industry and it measures the agglomeration degree of the industry. This variable is
denoted by MSIi,t, which represents the number of workers in the modern service
industry in region i in year t. Given that the research object is the overall modern
service industry rather than individual sub-industries, the spatial Gini coefficient in
Section 2 cannot be used directly. The panel data of the number of employees in the
modern service industry can be used to reflect the modern service industry in a
region from the two dimensions of time and space.

4.1.2. Economic development level
This study uses GDP per capita to measure the level of economic development. This
is denoted by PGDPi,t, which is the GDP per capita in area i in year t. Economic
development can often be measured by indicators such as GDP, national income,
national income per capita, and economic growth rate. This study uses GDP per cap-
ita to reflect the relative size of the regional economy and the level of regional eco-
nomic development.

4.1.3. Informatisation level
The number of mobile phone users is used to measure the level of informatisation—
this is denoted as NMPi,t, which is the number of mobile phone users in area i in
year t. In the past 10 years, China’s information construction has mainly focused on
digitalisation. Given the rapid development of the new generation of information
infrastructure, various new services and formats focused on mobile phones are con-
stantly being developed. As of 2019, the number of mobile phone users in China
exceeded 1.6 billion and continues to develop rapidly. Therefore, the number of
mobile phone users can substantially reflect China’s informatisation level over the
past decade.

4.1.4. Knowledge intensity
This study uses the number of students enrolled in colleges and universities to meas-
ure knowledge intensity, denoted as NSUi,t, which represents the number of these stu-
dents in area i in year t. Knowledge intensity can be evaluated using indicators such
as human resource input, R&D input, and industrial knowledge output. Given that
the modern service industry is knowledge-intensive, the workers are required to have
a high intellectual level and advanced abilities in science, technology, and
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management. Hence, the number of students in colleges and universities can directly
represent the skill level in society, thereby reflecting knowledge intensity.

4.1.5. Urban size
The study utilises the size of the permanent resident population to measure the size
of a city; this is denoted by RPi,t, which represents the size of the resident population
in area i in year t. Given the impact of the household registration policies of many
cities in the YRD city group, the permanent resident population can better reflect
urban size compared to the household registration records.

4.1.6. Industrial structure
The proportion of secondary industry in the GDP is used to measure the industrial
structure, denoted by PSIi,t, which is the proportion of the secondary industry in the
GDP in area i in year t. According to Clark’s law, the industrial structure can be
measured by the proportion of non-agricultural output(Clark, 1965). With the global
development of the ‘service economy’, the ratio of the output value of the tertiary
industry to that of the secondary industry can indicate the industrial structure. Given
that the explained variable in the current study is the number of employees in the
modern service industry, the proportion of secondary industry in the GDP is selected
to measure the industrial structure, thereby avoiding endogeneity problems. An
increase in this proportion means that the development of the service industry is hin-
dered, and the expected sign of the relationship between the two is negative.

4.1.7. Transportation infrastructure
Highway mileage is used to measure transportation infrastructure, denoted by HMi,t,
which represents the highway mileage in area i in year t. The current research adopts
the spatial interaction perspective to focus on the transportation relationship between
cities. Therefore, the common indicators of urban transportation infrastructure—such
as road construction area, public transportation coverage, and rail transit construction
mileage—are not suitable for this study. Hence, highway mileage was selected for the
measurement.

4.1.8. Level of opening up
The proportion of actual utilised foreign capital in GDP is used to measure the level
of opening to the outside world, denoted by AFCi,t, which represents the proportion
of actual utilised foreign capital in GDP in area i in year t.

4.2. Data collection and model specification

This study selects a spatial measurement method for empirical testing. We use panel
data of 41 cities at the prefectural level and above in the YRD city group. Although
Shanghai is directly governed by the central government, this is only a political status
and the city retains an urban scale in terms of geographical units; therefore, Shanghai
should be considered a city rather than a province. The original data are mainly
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sourced from local statistical yearbooks and the China City Statistical Yearbook
(2019). Some missing data were smoothed.

In terms of model selection, based on the test procedure described by Anselin
et al. (2008) and Elhorst (2014), the current study first conducts a Lagrange multiplier
test and selects the spatial econometric model based on the test results (see Table 2).

In Table 2, R2 ¼ 0.9821, and the degree of fitting is relatively good. The estimated
value LMq of the spatial lag model (SLM) and the estimated value LMk of the spatial
error model (SEM) reject the original hypothesis that the model does not have spatial
lag and spatial error terms at the 1% significance level. This result proves that the
spatial correlation between the observations is significant. However, the robust LMq

is determined to be more significant than LMk at the 1% significance level. Moreover,
the t-value is high. Therefore, the spatial lag model should be selected to analyse the
agglomeration of the modern service industry in the YRD city group.

The spatial lag model is as follows:

MSIi, t ¼ q
XN
j¼1

WijMSIj, t þ Xi, tbþ ui, t þ vi, t (2)

Xi, t ¼ a1PGDPi, t þ a2NMPi, t þ a3NSUi, t þ a4RPi, tþa5PSIi, tþa6HMi, tþa7AFCi, t

(3)

ui, t ¼ ci þ ut (4)

wi, j ¼
0, i ¼ kð Þ
1
di, j

, i 6¼ kð Þ

8<
: (5)

Wi, j ¼
0 � � � w1, j

..

. . .
. ..

.

wi, 1 � � � 0

2
664

3
775 (6)

where i, j¼ 1, 2,… , N cities; t¼ 1, 2,… , t years; MSIi, t represents the explained vari-
able in the t-th year in the ith city; Xi, t represents the explanatory variable in the t-th
year in the i-th city, and is expressed by formula (3); ui, t represents the individual
specific effect in the t-th year in the i-th city, where ci represents the spatial-specific

Table 2. Results of Lagrange multiplier test.
t-Statistic Probability

LM test no spatial lag 36.3474 0.000
Robust LM test no spatial lag 6.3424 0.012
LM test no spatial error 30.2976 0.000
Robust LM test no spatial error 0.2926 0.589
R2 0.9821
Conclusion Since SLM is more significant than SEM, SLM is selected.

Source: Author’s calculation.
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effect, ut represents the time-specific effect, q is the regression coefficient of the spa-
tial lag term, and Wij refers to the spatial weight matrix between the i-th and j-th cit-
ies. wi, j is the distance inverse weighting matrix, Wi, j is the spatial weight matrix
between city i and city j. This study determines the spatial weight matrix of the
model using the binary spatial adjacency matrix, according to the geographic coordi-
nates of the 41 cities. Moreover, this research assumes that the spatial weight matrix
does not change with time t; b, a1, a2, a3, a4, a5, a6, a7 are parameters to be esti-
mated; vi, t represents the error term for the t-th year in i-th city; and vi, t � 0,r2ð Þ:

The treatment of individual specific effects ui, t is generally divided into fixed and
random effects according to whether ui, t and Xi, t are related. Through the Hausman
test for the spatial lag model (see Table 3), the P value of the result was determined
to be above 0.05. Thus, the null hypothesis is accepted. Meanwhile, ui, t is considered
a random variable with a mean of 0 and variance of ru

2, and is added to the model.
Based on the preceding analysis, the spatial lag model of individual random effects is
eventually selected for this empirical study.

5. Results

5.1. Model result

This study uses the estimation results of the factors influencing the modern service
industry to further conduct spatially decompose the results of each influencing factor.
Table 4 shows the model results, and Table 5 presents the results of the effect
decomposition.

According to the estimated results in Table 4, all explanatory variables passed the
significance test, except for the proportion of actual utilised foreign investment in
GDP (LNAFC). The lagged dependent variable is significant at the 1% significance
level, and the coefficient is positive. This result reflects the existence of circular cumu-
lative causality owing to ‘path dependence’ during the agglomeration of the ser-
vice industry.

Among the explanatory variables, GDP per capita (LNPGDP), number of students in
colleges and universities (LNNSU), and size of permanent population (LNRP) are sig-
nificant at the 1% level, and their coefficients are positive. This result proves that an
improvement in economic development level and knowledge intensity, along with the
continuous expansion of the urban size, are conducive to the agglomeration of the
modern service industry, consistent with the existing research. Although some schol-
ars found a non-linear relationship between urban size and service industry agglom-
eration, the author believed this non-linear relationship to exist only in Central and
Western China. The urban size in the eastern region and the service industry’s
agglomeration maintains a long-term stable linear relationship. This result is consist-
ent with that of the current research. Professional and technical talent are the most

Table 3. Result of Hausman test for spatial lag model.
Statistic Degrees of freedom Probability

6.5533 8 0.5855

Source: Author’s calculation.
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important factors affecting the externalisation trend of the service industry (Beyers &
Lindahl, 1996); moreover, the diffusion of technology and the improvement of learn-
ing and innovation capabilities are important factors for generating dynamic agglom-
eration economies (Malmberg, 1996). This explains why the regression coefficient of
knowledge density in the empirical results is positive and significant at the 1% signifi-
cance level. Moreover, the direct, indirect, and total effects of these three variables
were positive and significant. That is, economic growth, an increase in knowledge
density, and urban size expansion in the local and surrounding areas are conducive
to the agglomeration of local modern service industries. This result proves that the
spatial economic and knowledge spillover effects of city groups in the YRD are
greater than the polarisation effect. In addition, the increase in the number of local
college students and permanent residents in this city group may not be caused by a
decrease in the population size in neighbouring areas, but by the net inflow of
advanced talent and population from Central and Western China. This may also be
the reason for the positive direct, indirect, and total effects of the three variables.

In addition, the number of mobile phone users (LNNMP) and highway mileage
(LNHM) are significant at the 1% significance level, and the proportion of the second-
ary industry in the GDP (LNPSI) is significant at the 5% level. However, the regres-
sion coefficients of the three variables are negative. The direct, indirect, and total
effects of the three variables are also negative. Among them, the regression coefficient
of LNPSI is negative, consistent with the expected results. However, it is generally

Table 4. Result of spatial lag model estimation of random effects.
Variable Coefficient t-stat z-probability

Intercept �0.3362 �0.4595 0.6459
LNGDP 0.4803��� 13.7146 0.0000
LNNMP �0.1019��� �2.7256 0.0064
LNNSU 0.1839��� 3.8777 0.0001
LNPSI �0.2123�� �2.3709 0.0177
LNHM �0.1191��� �3.1006 0.0019
LNRP 0.8235��� 10.9721 0.0000
LNAFC 0.0020 0.1459 0.8840
W�dep:var: 0.1510��� 3.1760 0.0015
teta 0.1221��� 6.4421 0.0000
R2 ¼ 0:9811 AdR2 ¼ 0:8726
Nobs ¼ 451 r2 ¼ 0:0201

t-statistics are in parentheses. �, ��, and ��� indicate significance at the 10%, 5%, and 1% levels, respectively.
Source: Author’s calculation.

Table 5. Result of random effects decomposition of spatial lag model.
Variable Direct Indirect Total

Intercept �0.3696 (�0.4891) �0.0883 (�0.5423) �0.4578 (�0.5037)
LNPGDP 0.4841��� (14.2587) 0.0833��� (2.8942) 0.5674��� (14.3028)
LNNMP �0.1037�� (�2.6530) �0.0187� (�1.6973) �0.1223�� (�2.5452)
LNNSU 0.1873��� (3.8909) 0.0330�� (2.0721) 0.2203��� (3.6931)
LNPSI �0.2125�� (�2.3398) �0.0359� (�1.8340) �0.2483�� (�2.3570)
LNHM �0.1207��� (�3.0562) �0.0214� (�1.8284) �0.1421��� (�2.9313)
LNRP 0.8296��� (11.1169) 0.1437�� (2.6746) 0.9733��� (9.9028)
LNAFC 0.0022 (0.1539) 0.0004 (0.1460) 0.0026 (0.1540)

t-statistics are in parentheses. �, ��, and ��� indicate significance at the 10%, 5%, and 1% levels, respectively.
Source: Author’s calculation.
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believed that service industry agglomeration aims to achieve the sharing of transpor-
tation, communication, and other infrastructure to obtain agglomeration benefits.
Thus, the negative regression coefficients of the number of mobile phone users
(LNNMP) and highway mileage (LNHM) appears contrary to common sense and exist-
ing research. For instance, Hong and Fu (2008) used Chinese data in 2004 to prove
that the more extensive the information technology, the higher the industrial spatial
agglomeration. However, some studies believe that advancements in information tech-
nology eliminate the need for employees to gather in the same place, and industries
tend to be decentralised rather than agglomerated (Quah, 2011). In particular, the
emergence of network technology has made economic development considerably
decentralised. Against this background, the miniaturisation and decentralisation of
enterprises makes them substantially flexible and spatially decentralised. This phe-
nomenon can be explained from the perspective of corporate behaviour. Corporate
transaction costs are the main driving force for enterprises to choose industrial
agglomerations (Scott & Cooke, 1988). Enterprises will participate in industrial
agglomeration spontaneously according to their respective benefits and seek a low-
cost spatial layout. An improvement in the information technology level will promote
the ‘virtual agglomeration’ of modern service enterprises. Moreover, in the YRD city
group, land rents in the central areas of municipalities such as Shanghai, Nanjing,
Hangzhou, and Hefei, are extremely different from the surrounding areas. Under the
combined effects of the two, enterprises will choose to spread to the surrounding
areas of central cities to minimize cost and obtain higher benefits. In recent years,
China’s information infrastructure construction and continuous improvement of its
information technology have provided modern service enterprises in the YRD city
group with additional choices in terms of spatial location. This explains the negative
correlation between the modern service industry and information technology level.

Similarly, the complex technical content of the modern service industry and huge
regional differences in land rent in the YRD city group can explain the negative cor-
relation between highway mileage (LNHM) and modern service industry agglomer-
ation. The ‘iceberg’ theory of new economic geography indicates that transportation
cost is an important factor to ensure industrial agglomeration. Given that an increase
in highway mileage will objectively reduce transportation costs, industrial agglomer-
ation should be promoted. However, the modern service industry differs from the
traditional manufacturing industry. The majority of products in the former are
‘intangible products’ produced through information (Lee & Lee, 2020). An increase in
highway mileage does not directly reduce the transportation costs of the modern ser-
vice industry. Instead, such an increase in mileage will enable enterprises to spread to
places with cheap land rent. These aspects are a result of the diseconomies of scale
that arise from the excessive agglomeration of services. Moreover, advanced transpor-
tation infrastructure will relatively reduce the degree of urban concentration, hinder-
ing the agglomeration of the modern service industry. This phenomenon also
demonstrates that the agglomeration and diffusion of the service industry are relative
and undergo continuous transformation and movement.

Similar conclusions have been drawn from the practical development of the YRD
city group in recent years. In 2016, the Ministry of Housing and Urban–Rural
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Development, National Development and Reform Commission, and Ministry of
Finance jointly issued a notice to develop characteristic towns nationwide. In particu-
lar, the key areas included business and logistics, modern manufacturing, educational
technology, traditional culture, and leisure tourism. As of the end of 2018, the YRD
city group had 69 characteristic towns, and nearly every city had its own characteris-
tic towns. Among them, the ‘Fund Town’ and ‘Science-Innovation Town’ in
Shanghai, the ‘Information-Economy Town’ and ‘Finance Town’ in Hangzhou, and
the ‘Culture Town’ and ‘Cultural-Innovation Town’ in Nanjing are all typical modern
service industry towns, where the industry has spread out from the urban area to the
surrounding areas. However, note that the research object in this study is the YRD
city group, which is the most developed region in China. Other regions in China and
the YRD city group have evident differences in terms of information technology level,
transportation infrastructure, and land rent. According to the existing literature, the
relationship between the informatisation level, transportation infrastructure, and
agglomeration of modern service industries in the central and western regions
remains positively correlated. Therefore, the agglomeration of the modern service
industry may be affected by land rent in the urban centre, and there may be a non-
linear relationship between agglomeration and the information technology level and
transportation infrastructure, which needs further study.

Lastly, the proportion of actual utilised foreign capital in the GDP (LNAFC) has a
positive but insignificant effect on the agglomeration of the modern service industry.
This result may be because the actual utilised foreign capital in the YRD city group
mainly flows into the manufacturing industry. However, this research does not obtain
specific data on the actual utilised foreign capital invested in the modern ser-
vice industry.

5.2. Robustness test

In order to test whether an improved informatisation level will negatively affect
industrial agglomeration and to estimate the reliability of the results, this study selects
Internet users（LNNIU）instead of mobile phone users（LNNMP）to denote informa-
tisation level. In addition, this study also uses technology spending (LN_TS) to
replace the number of students in colleges and universities (LN_NSU) to express
knowledge intensity. The new model is suitable for the fixed effect spatial lag model
after the Lagrange and Hausman tests. The review results are presented in Table 6—
although the estimated coefficients of the core explanatory variables are different

Table 6. Result of robustness test.
Variable SLM model Direct Indirect Total

LNPGDP 0.4363��� (9.4641) 0.4418��� (9.4382) 0.1312��� (3.7732) 0.5731��� (9.1583)
LN_NIU �0.09167��� (�2.641) �0.0912�� (�2.5819) �0.0278� (�1.9647) �0.1190�� (�2.4954)
LNTS 0.0672��� (3.0866） 0.0689��� (3.1789) 0.0205�� (2.3673) 0.0894��� (3.1176)
LNHM �0.1109�� (�2.4688) �0.1150�� (�2.6784) �0.0348�� (�2.0774) �0.1498�� (�2.6106)
LNRP 0.6718��� (6.5158) 0.6804��� (6.4045) 0.2026��� (3.3572) 0.8830��� (6.1559)
R2 ¼ 0:9848 Corrsquared ¼ 0.7045
Nobs ¼ 410 r2 ¼ 0:0179

t-statistics are in parentheses, and �, ��, and ���are significance tests at the 10%, 5%, and 1% levels, respectively.
Source: Author’s calculation.
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from the previous regression results, the positive and negative effects and significance
do not change, indicating that the conclusion of this study remains valid and con-
firming the robustness of the model results.

6. Discussion

This study uses the panel data of 41 cities at the prefectural level and above in the
Yangtze River Delta city group from 2008 to 2018 to explore the factors influencing
the modern service industry’s agglomeration, based on the spatial lag model of ran-
dom effects.

6.1. Theoretical implications

The spatial Gini coefficients reveal that leasing and business services have the highest
spatial concentration while education has the lowest, and there is an agglomeration–-
diffusion–aggregation phenomenon in the city group. Moreover, the use of the spatial
measurement method shows that local economic development level, knowledge inten-
sity, and urban size have a significant positive impact on the agglomeration of the
modern service industry, as well as a significant spatial spillover effect on the sur-
rounding areas. Information technology level, transportation infrastructure, and the
proportion of the secondary industry have a significant negative impact on the mod-
ern service industry and the surrounding areas. This phenomenon may be due to the
joint action of the strong information technology dependence of the modern service
industry, and the huge regional differences in land rent in the YRD city group. This
shows that the agglomeration of the modern service industry undergoes continuous
transformation and movement together with diffusion. Future analysis and research
can examine the linear or nonlinear relationships and explore whether the modern
service industry constantly exists in the state of diffusion or experiences agglomer-
ation and diffusion under the joint action of information technology, transportation
infrastructure, and land rent. .

6.2. Practical implications

Based on the theoretical implications, as developing countries such as China gradually
enter the ‘service economy’ society, the reasonable and effective promotion of the
modern service industry’s agglomeration can provide a long-term and stable driving
force for national economic growth. This study finds that the spatial knowledge spill-
over effects of city groups in the YRD are greater than the polarisation effect.
Therefore, in terms of policy implementation, the government should actively imple-
ment the strategies of ‘rejuvenating the country through science and education’ and
‘strengthening the country through talents’, give preference to the education industry
in fiscal policy, and formulate a special plan to attract local professional and technical
talent. Hence, talent should be trained internally and attracted externally, human cap-
ital must be strengthened, and the agglomeration of the modern service industry
should be strengthened. This study also finds that even though the continuous
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expansion of urban size is conducive to the agglomeration of the modern service
industry, the industry may migrate from a big city to the surrounding areas.
Compared with large cities, small and medium-sized cities should continue to expand
their size, while large cities should build new service industry functional areas
through reasonable planning and improve public services and other regional policies
to avoid the problem of diseconomies in urban centres. By realising coordinated
regional development, the modern service industry can be encouraged to agglomerate
in small and medium-sized cities or in the surrounding areas of large cities. By doing
so, a modern city group with a reasonable spatial structure and layout can be formed.
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