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Abstract: Urbanization and land use transformation are typical characteristics of China in recent
decades. Studying the effects of urban land use transitions (ULUT) on the economic spatial spillovers
of central cities (ESSCC) can provide a reference for China to optimize cities’ land space layout
and promote their coordinated development. Based on the direct and indirect effects of ULUT in
central cities on the production factors and economic growth in other cities, this paper reveals the
mechanisms underlying the influence of ULUT on ESSCC. Then, we usethe expanded geographical
distance-weighted spatial Durbin model with the panel data of 152 Chinese urban agglomeration
cities from 2003 to 2016 to empirically test it. The results show that, since 2003, the rate of urban land
expansions, the level of urban land intensive use (ULIU), the degree of land marketization, and the
urban land prices in China have increased substantially; and the proportionate supplies of industrial
land, commercial land, and residential land have decreased. Moreover, ULUT between cities have
significant spatial autocorrelations. The current ULUT have positive but small effects on ESSCC.
Among them, ULIU has the greatest promotion effects on ESSCC. The impacts of ULUT on ESSCC
vary greatly among urban agglomerations. The ULUT in central cities indirectly enhance the ESSCC,
which mainly depend on the positive effects of ULUT on enterprise investment, infrastructure invest-
ment, labor and technological efficiency and the spatial spread effects of these production factors.
This is the main intermediate mechanism by which the ULUT in central cities enhance the ESSCC.
Continuing to strengthen ULIU, promote the improvement of land marketization, and establish and
improve the coordination mechanism for the economic development of urban agglomerations will
help to strengthen the ESSCC in urban agglomerations. The results provide evidence for how the
Chinese government can enhance the ESSCC and promote the coordinated development of cities
through ULUT under new urbanization.

Keywords: land use transitions; spatial effects; urban land expansions; land intensive use; land
marketization; land structure; land prices; urbanization

1. Introduction

Since China’s reform and opening up, its economy and urban population have both
been growing rapidly, leading to the rapid and large-scale expansion of urban land [1–3]
and the continuous reduction inagricultural land [4–6]. From 2000 to 2005, the area of
construction land in China increased by 1,705,300 hectares and cultivated land decreased by
686,500 hectares [7]; from 2010 to 2015, construction land increased by 2.46 million hectares,
and cultivated land decreased by 490,000 hectares [8]. However, these extensive expansions
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of urban land have led to problems such as low land use efficiency, idle land, and waste [9].
As land resource constraints continue to tighten [10,11], urban land use transitions (ULUT)
should shift away from the previous explicit expansion and move toward the implicit
transition of intensive land use [12–14], land marketization [15], and optimization of the
land supply structure to promote the transformation of economic development [16,17].

In order to accelerate the implicit transitions of urban land use, the Chinese govern-
ment has issued several policies. The Ministry of Land and Resources promulgated the
Regulations on the Transfer of State-owned Construction Land Use Rights by Bidding, Auc-
tion, and Listing in 2007. It stipulates that industrial, commercial, tourism, entertainment,
residential, and other operating land, as well as the same parcel of land with more than two
intentional users, shall be leased by bidding, auction, or listing [18].This policy has further
promoted the marketization of urban land leasing in China. In 2008, the State Council
issued the Outline of the National Land Use Master Plan, which proposed to economically
and intensively use construction land, strictly control the newly added construction land,
control the rapid expansions of urban industrial and mining land, and give priority to
ensuring the construction land for foundation facilities, public service facilities, low-rent
housing, affordable housing, and ordinary housing, to promote the intensive use of urban
land, control the scale of newly added urban land, and optimize the supply structure of
urban land [19]. In 2014, the Ministry of Land and Resources issued the Guiding Opinions
of the Ministry of Land and Resources on Promoting Land Conservation and Intensive Uti-
lization, which required a gradual reduction in the scale of newly added construction land,
improvements in construction land use efficiency, adjustments in the rational proportion
of construction land, and expansions of the paid use range of state-owned land [20]. At
this point, the scale of newly added construction land in cities had gradually decreased;
the proportion of industrial and mining land, commercial land, and residential land in
urban land leasing has gradually declined [21]; the level of urban land intensive use (ULIU)
has further improved [11,22]; and the proportion of leased land for bidding, auction, and
listing has further increased.

With China’s rapid urbanization over the past four decades, the scale of its cities’ areas
has continued to expand and the connections between cities have become increasingly
close, leading to the formation of many urban agglomerations [23]. Urban agglomerations
have become an important growth pole for the rapid development of the national economy
and an important engine for the coordinated development of regional economies [24,25].
The National New Urbanization Plan aims to establish a coordination mechanism for the
development of urban agglomerations, enhance the economic spatial spillovers of central
cities (ESSCC), accelerate the development of small and medium-sized cities, prioritize
the development of small towns, and promote the coordinated development of various
cities [26]. The 2018 Central Economic Work Conference further stated that “it is necessary
to strengthen the ESSCC to boost China’s high-quality development”.

ULUT interact with urban economic growth, population, and production factors [27,28].
On the one hand, the rapid growth of the urban economy and population has driven
the continuous expansions of urban land and improved land use efficiency [29–32]. On
the other hand, urban land expansions are also used as an important tool to obtain local
fiscal revenue and regional economic growth [33,34].ULUT have an important influence on
production factor changes and spatial flows [35], while production factors and economic
growth have spatial effects [36]. Therefore, ULUT may also have impacts on the ESSCC
in urban agglomerations. The development of urban agglomerations has become the key
to driving regional economic development, and the ESSCC in urban agglomerations is
particularly important. China is in the process of transforming its economic development
by encouraging urbanization and promoting the high-quality, coordinated development
of cities. In 2016, the State Council pointed out the need to improve and perfect the land
use mechanism in Several Opinions of the State Council on Deepening the Construction
of New Urbanization. In 2020, the Chinese government promulgated the Proposals of
the Central Committee of the Communist Party of China on Formulating the Fourteenth
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Five-Year Plan for National Economic and Social Development and Long-Term Goals for
2035, which further proposed “optimizing the layout of land and space and promoting
coordinated regional development and new types of towns”. Therefore, how to promote
new urbanization and the coordinated development of cities through ULUT is particularly
important [37].

Europe and the United States are dominated by private ownership of land. The
previous related research included land as a production factor in the economic growth
model and explored the impact of land on economic growth [38–41]. In recent years, the
research on the relationship between land and economic growth under the land private
ownership system has mainly discussed the impact of land use control and land landscape
on housing prices [42–45], and the impact of urban land use on the agglomeration of
factors [46,47]. However, China has implementedpublic ownership of land, and urban
land is supplied by the government. Therefore, the transition of urban land quantity and
utilization is often used as a tool to stimulate production factors and fiscal revenue, thereby
stimulating regional economic growth. Research on the impact of ULUT on economic
growth mainly focuses on explicit ULUT—that is, the impacts of urban land expansions on
the urban economy and its production factors. Studies have shown that the expansions
of urban land have significantly expanded local fiscal revenue and basic investment in
China, and urban land commodification has become a main source of municipal finance
and funding for urban maintenance and construction [48]. At the same time, urban land is
used as a tool to attract investment and drive urban investment. Through the expansions
of urban land to drive urban investment, investment-driven growth in China has been
generated in the past decade [49].The expansion of industrial land directly stimulates
economic growth, and urban land leasing also indirectly drives economic growth by
attracting foreign direct investment and infrastructure investment [35].Increasing land
leasing revenues will directly speed up economic growth [50]. However, in the process
of attracting investment, local governments often adopt low prices to obtain enterprise
investment, which leads to inefficient land use [49] and low input–output efficiency [48],
and makes them sometimes unable to achieve the goal of stimulating economic growth. At
the same time, the expansions of urban construction land to increase fiscal revenue have
also led to an excess of residential land and an imbalance in the land supply structure in
China. It is necessary to reverse the low-price urban land leasing policy to create a properly
functioning land market [51].

Some scholars have also considered the spatial effects of urban land use on production
factors and economic growth. He et al. pointed out that interregional competition would
lead to the spatial dependence of land supply and land use changes in China [35,52]. The
landscape between cities also has significant spatial correlation [53]. At the same time,
urban land expansions may also affect the changes in production factors and economic
growth in other cities. Wu et al. pointed out that in the process of attracting investment in
China, competition drives down industrial land prices, which leads to the spatial correlation
of urban land prices [54–56]. Wei et al. found that there were more urban land expansions
opportunities in provincial-level central cities, which inhibited the economic growth of
other cities and widened the development gap between cities in the province [57].

The current urban land use policies in China promote ULUT from explicit urban land
expansion to the implicit transitions of land intensive use, land marketization, and urban
land supply structure optimization. The implicit transitions of urban land use replace
the explicit transition, and become the leading factors to promote the new urbanization.
However, existing studies have neglected the impact of the implicit transitions of urban
land use on production factors and economic growth. In addition, although existing studies
have paid attention to the spatial correlation and spatial effects on production factors and
economic growth of urban land expansion and urban land prices in China, there is a lack
of research on the impact of ULUT on ESSCC. Then, what are the impacts of ULUT on
ESSCC? How do these effects (if any) come into being? How canthe ULUT be optimized to
enhance the ESSCC and promote the coordinated development of cities? Answering these
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questions can provide a basis for tightening constraints on land resources and China’s
ULUT under the background of new urbanization.

With urban land expansions representing the explicit ULUT, and ULIU, urban land
supply structure (ULSS), urban land marketization and urban land prices representing
the implicit ULUT, this paper first describes the characteristics of ULUT in China. Then,
from the perspective of ULUT affecting the spatial flow and the spatial effect of production
factors, we tease out the transmission mechanism of ULUT on the ESSCC in urban agglom-
erations. Finally, data on Chinese urban agglomerations from 2003 to 2016 were collected
to estimate the influence of explicit and implicit ULUT on ESSCC in urban agglomerations
and its intermediate mechanism.

2. Influence Mechanism of ULUT on ESSCC

ULUT include explicit transitions and implicit transitions. Explicit ULUT refer to land
use structure in a certain region over a specific period, with features such as the quantity
and spatial pattern of land use types. In contrast, implicit ULUT are more profound and
refer to land use that depends on the explicit morphology and requires analysis, testing,
detection, and investigation. Implicit transitions have multiple attributes such as quality,
property rights, operating methods, utilization efficiency, and functional structure [58–63].
In most countries such as the United States and Europe, land is privately owned, and
land is used more as a factor of production to affect economic growth. Changes in urban
land use are often more the result of urban economic growth. In China, land belongs to
public ownership, and urban land is used more as a tool for local governments to drive
the growth of production factors and stimulate economic growth. The ULUT in China
areoften the cause of urban economic growth, or mutual causality. Therefore, the influence
mechanism of ULUT on ESSCC in this article is especially applicable to China. ULUT affect
the ESSCC in urban agglomerations in two ways. On the one hand, ULUT may affect the
spatial flow of production factors and have a direct spatial effect on the economic growth
of other cities; on the other hand, after ULUT affect the scale of a city’s production factors,
those production factors will affect the economic growth of other cities through their own
spatial effects. This means that ULUT will have indirect spatial effects on the economic
growth of other cities due to the spatial effects of the production factors (see Figure 1).

The effect of ULUT on the ESSCC in urban agglomerations can also be considered
from two perspectives. First, ULUT strengthen the diffusion effect of the central cities
in urban agglomerations and drive the economic growth of other cities. ULUT of the
central cities in urban agglomerations drive the growth of local production factors and
economic growth and then promote the economic growth of other cities through the spatial
spillover effects of production factors and economic growth [36].At the same time, ULUT
of central cities in urban agglomerations may also directly drive the growth of production
factors in surrounding cities. Second, ULUT intensify the agglomeration and back flow
effects in central cities in urban agglomerations and inhibit the economic growth of other
cities. ULUT in central cities in urban agglomerations may prompt other urban production
factors to directly agglomerate and flow to central cities. It is also possible that ULUT
indirectly drive the production factors of other cities to collect in central cities, because of
the agglomeration effects of production factors and economic growth, thus hindering the
economic growth of other cities [64].

First, urban land expansions will affect the ESSCC in urban agglomerations, which
may cause a diffusion effect or a siphon effect. The supply of urban land is used as a tool
to attract investment, absorb labor, expand local fiscal revenue, increase infrastructure
investment, and stimulate regional economic growth [65]. Investment, transportation
infrastructure, labor, and economic growth have spatial spillover effects that may drive
economic growth in other cities [64]. In this way, the supply of urban land in the central
cities of urban agglomerations may indirectly enhance ESSCC. At the same time, if acity
adopts the industrial chain investment of urban agglomerations, the urban land expansion
in one city will also increase the enterprise investment in other cities [66], and enhance the
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ESSCC. Infrastructure investment often supports investment between cities [67], which
means that the expansion of urban land in central cities in urban agglomerations may
also directly drive the growth of corporate investment and infrastructure investment in
other cities and, in turn, drive their economic growth. However, larger scale central cities
with stronger agglomeration effects may also attract production factors from surrounding
cities through their newly added urban land, thereby having a siphon effect on other cities’
economic growth in the urban agglomeration. At the same time, local governments have
bottom-line competition in the process of attracting capital and will compete for more
land leasing indicators. As a result, central cities that are more capable of fighting for
land leasing indicators [57,68] may also crowd out the economic growth of other cities in
urban agglomerations.
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Second, ULIU affects the ESSCC of urban agglomerations by influencing the industrial
structure and its spatial emulation effect. Local governments continuously improve ULIU to
ease the constraints of urban land resources on urban economic growth [69]. In the process
of corporate investment, they gradually formulate assessments of land investment intensity
and output intensity, to screen companies and industries. At the same time, they continue
to revitalize the stock of construction land, eliminate enterprises and industries with low
land use efficiency, and reintroduce enterprises with higher land use efficiency so as to
improve land use efficiency and promote urban economic growth. The central government
has increased ULIU, forcing local governments to continuously optimize the industrial
structure to further stimulate urban economic growth. In the process of continuously
improving the levels of ULIU, local governments also promote the flow of production
factors, such as enterprise investment, labor force, and infrastructure investment, among
cities, thus affecting the ESSCC of urban agglomerations. In addition, ULIU between cities
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has spatial learning and emulation effects that may also indirectly affect the ESSCC in
urban agglomerations [70].

Third, the ULSS affects the urban investment structure and industrial structure, which
in turn affect the ESSCC in urban agglomerations. The structure of urban land includes
industrial and mining storage land, commercial land, residential land, and other lands.
Industrial and mining storage land is used for industrial development, which mainly
affects industrial investment; commercial land is used for commercial, financial, catering,
hotels, and other operating service industries and their corresponding ancillary facilities,
which mainly affects service industry investment; residential land mainly affects real
estate investment; and other land includes public management, public services land,
transportation land, water area, and water conservancy facilities land, which mainly affects
infrastructure investment. With the continuous optimization of ULSS, urban investment
structures and industrial structures have also changed [71]. Meanwhile, different industrial
types also have different effects driving economic radiation. Therefore, ULSS will affect the
ESSCC in urban agglomerations.

Fourth, urban land marketization affects economic growth through financing effects
and resource allocation effects, which further affects the ESSCC in urban agglomerations.
The ULUT away from planned allocation to market-oriented allocation are an important
part of China’s economic market reform. Urban land leasing has changed from planned
allocation to agreement to the current transfer method based on bidding, auctioning, and
listing. In order to attract investment, local governments often resort to depressing land
prices, or even offering land free of charge to enterprises [51,55]. As the degree of land
marketization continues to increase, cities with less economic competitiveness have no way
to attract investment by lowering land prices. The growing marketization of urban land
can not only increase the degree of land capitalization and promote the expansion of the
production scale by increasing urban financing [72], but it can also improve the efficiency
of resource allocation through more effective uses of land price signals and more effective
combinations of production factors. Ultimately, the increase in the marketization of urban
land is conducive to the promotion of urban economic growth, and it can further affect
the ESSCC of urban agglomerations through the spatial effects of production factors and
economic output.

Fifth, urban land prices affect the ESSCC in urban agglomerations through bottom-
line competition and the enterprise screening effect [54]. Economic growth competition
between regions will cause local governments to continuously lower their land leasing
prices and the quality of corporate investment in order to obtain investment [51,55]. The
competition will not necessarily drive regional economic growth and may reduce the
ESSCC in urban agglomerations. However, increasing urban land prices helps to screen
companies by favoring those enterprises with high technical efficiency and high profit
margins and squeezing out those with low profit margins and low technical efficiency, thus
helping to strengthen the ESSCC [73]. However, the rapid increase in urban land prices
in urban agglomerations’ central cities may also crowd out corporate investment, thus
forcing some companies to migrate to surrounding cities. For example, due to the rapid
increase in urban land prices and labor prices in China’s coastal cities, a large number of
manufacturing companies have moved to Southeast Asia and the mid-western parts of
China. At the same time, rising urban areas have brought about a rapid increase in housing
prices, which may also cause labor to flow from central cities to surrounding cities. In this
way, an increase in the urban land prices of a central city may directly drive the economic
growth of other cities [74]. However, land prices are often spatially correlated. An increase
in land prices in central cities will lead to the land prices rising in the surrounding cities as
well, which will directly crowd out investment and labor in other cities and inhibit their
economic growth.
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3. Methodology
3.1. Spatial Autocorrelation Analysis

ULUT may have spatial autocorrelation, due to land use competition, imitation and
technology spillover effect of land use among cities. This paper uses Moran I to test this
spatial autocorrelation, and the calculation formula is as follows:

I =
∑n

i=1 ∑n
j 6=i Wij(Xi − X)(Xj − X)

S2∑n
i=1 ∑n

j 6=i Wij
(1)

where Xi and Xj refer to the variables of ULUT of the cities i and j, respectively; n is
numbers of the samples. The sample of this paper is the panel data of 152 cities from 2003
to 2016, so n equals 2128. X is the average value of each variable. S2 is the variance of each
variable.

Wij is the spatial distance weight matrix. We take spherical distance as the geographical
distance of two cities. The spatial effect tends to diminish with distance [36,75], so we use
the inverse of the geographical distance square as the element of the spatial weight matrix.
The calculation is as follows:

wij =

{
= 0 (i = j)
1

d2
ij

(i 6= j) (2)

where wij is the element of the spatial weight matrix; dij refers to spherical distance of two
cities, dij = R× arccos(cos(αi − αj) cos βi cos β j + sin βi sin β j). In the formula for dij, R is
the equatorial radius of the earth, determined to be 6378 km; α and β are longitude and
latitude, respectively.

This paper uses the software stata.14 to estimate the spatial autocorrelation panel
model. First, the spatial weight matrix is generated according to Equation (2). Then, based
on this spatial weight matrix, we use the “spatgsa” command to estimate global spatial
autocorrelation, and perform a 2-tailed test on the exponential significance.

3.2. The Econometric Model to Examine the Impacts of ULUT on ESSCC

Based on the traditional measurement model, considering the spatial differences
and the spatial correlation between variables, a spatial measurement model has been
developed [76]. Spatial measurement models help to test the spatial influence between
variables. The spatial lag model can test the spatial influence of the dependent variable.
The spatial Durbin model can simultaneously test the spatial effects of the key independent
variables and dependent variables [77,78]. This article attempts to explore the direct
and indirect spatial effects of the ULUT in central cities on the economic growth and
production factors of other cities, and it is more suitable to adopt the spatial Durbin model.
Therefore, this article draws on the form of the spatial Durbin model, incorporates the
spatial lag variables that examine the independent variables and dependent variables in
the model, and constructs a measurement model as shown in Equations (3) and (4).The
paper constructs a basic production function equation in which the output is the regional
gross product and the input factors are the capital stock and labor scale. To examine the
impact of ULUT on the urban economics, variables reflecting ULUT are included in the
model. To test the direct spatial effect of ULUT incentral cities on ESSCC, the spatial lag
variable of ULUT in central cities was introduced as an explanatory variable. To examine
the indirect effects of ULUT in the central cities on ESSCC, we further introduce the spatial
lag variable of the regional gross product of central cities. Assuming that the production
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function is in the form of Cobb–Douglas, after taking the log of both sides, we obtain the
measurement model of the impacts of ULUT on the ESSCC as follows:

ln yit = β0 + β1 ln kit + β2 ln nit + λ1WC ln uleit + λ2WC ln uliuit + λ3WCpilit
+λ4WCpslit + λ5WCphlit + λ6WCulmit + λ7WC ln ulpit
+ρ(WC ln y)it + α1 ln uleit + α2 ln uliuit + α3 pilit + α4 pslit
+α5 phlit + α6ulmit + α7 ln ulpit + εit

(3)

where ln y represents the gross domestic product (GDP) in a city, and its log is used as the
dependent variable. The control variables are ln k and ln n, as the logs of capital stock and
labor scale, respectively; ln ule, ln uliu, ulm and ln ulp are variables, representing urban
land expansions, ULIU, urban land marketization and urban land prices, respectively;
pil, psl, and phl stand for the proportion of industrial and mining storage land, commer-
cial service land, and residential land in the leased land, and together, they reflect the
ULSS; WC ln y, WC ln ule, WC ln uliu, WCpil, WCpsl, WCphl, WCulm, and WC ln ulp are
the spatial lag variables of the corresponding variables of the central cities in the urban
agglomerations; i and t represent the city and year, respectively; ε is the residual error; β, λ,
ρ and α are the coefficients to be estimated. According to λ, the direct effects of ULUT on
the ESSCC can be tested, which means that when a certain aspect of ULUT in a central city
changes by 1%, the GDP of other cities will change by λ%; by combining ρ and α, we can
determine the indirect effects of ULUT on the ESSCC, which means that every 1% change
of ULUT in the central city will result in economic changes

(
ρ× α× 1

d2

)
% in other cities d

kilometers away from the central city.
The spatial lag variables of the corresponding variables of the central cities in the urban

agglomerations are constructed as follows: first, set the dummy variable of the central
city. Central cities include the central cities in the urban agglomeration development plan
approved by China’s State Council. If a city is the central city in the urban agglomerations, it
is given a value of 1, and 0 otherwise. Take the urban agglomeration in the Middle Reaches
of the Yangtze River, for example. According to the urban agglomeration plan, the central
cities are Wuhan, Changsha, and Nanchang. The urban agglomeration planning scope
covers 28 cities above the prefecture level in the provinces of Hubei, Hunan, and Jiangxi.
Additionally, the cities affected by ULUT of a central city are the other 27 cities in addition
to the central city itself. Then, multiply each city’s corresponding variables by the dummy
variable of the central cities, and finally, multiply by the spatial distance weight matrix W,
to obtain the spatially lagged variables of the central cities in the urban agglomerations.

3.3. The Econometric Model to Examine the Intermediate Mechanism

Theoretical analysis shows that ULUT directly or indirectly affect the ESSCC in urban
agglomerations by affecting production factors and their spatial effects. This paper selects
five main production factors—enterprise investment, fiscal expenditure, infrastructure
investment, labor, and technical efficiency—as the explained variables to test the interme-
diate mechanism of urban agglomeration central cities’ ULUT affecting the ESSCC. The
econometric model is as follows:

fit = a0 + ∑n=1 anxn,it + z1WC ln uleit + z2WC ln uliuit + z3WCpilit
+z4WCpslit + z5WCphlit + z6WCulmit + z7WC ln ulpit
+θWC fit + b1 ln uleit + b2 ln uliuit + b3 pilit + b4 pslit
+b5 phlit + b6ulmit + b7 ln ulpit + σit

(4)

where fit is the explained variable. When testing the enterprise investment mechanism,
fiscal expenditure mechanism, infrastructure investment mechanism, labor mechanism,
and technical efficiency mechanism, the log of corporate investment, the log of fiscal
expenditure, the log of infrastructure investment, the log of labor, and technical efficiency
are used as explained variables, respectively. The control variable is xn. In the enterprise
investment mechanism test, the control variables include the log of GDP lagged by one



Land 2021, 10, 644 9 of 27

period, the log of capital stock lagged by one period, the log loan balance at the end of the
year, and the log of the total population at the end of the year. In the fiscal expenditure
mechanism test, the control variables include the log of GDP, the log of fiscal revenue,
and the log of the total population at the end of the year. In the infrastructure investment
mechanism test, the control variables include the log of fiscal expenditure and the log of
the built-up area. In the labor mechanism test, the control variables include the log of
the total population at the end of the year, the log of the number of hospitals per 10,000
people, the log of the number of pupils per 10,000 people, and the log of the built-up area.
In the technical efficiency mechanism test, the control variables are the log of enterprise
investment, the log of the number of college students per 10,000 people, and the log of
foreign direct investment. σ is the residual error term. a, z, θ, and b are the coefficients to be
estimated. The direct and indirect effects of ULUT of central cities in urban agglomerations
on the production factors of other cities can be measured by the coefficient z and combining
θ and b, respectively.

3.4. Solution of Endogeneity and Collinearity

The ULIU is obtained by dividing the city’s GDP by the urban construction land
area. As an explanatory variable, it has a correlation with the explained GDP and various
production factors. This makes a potentially endogenous variable in the two econometric
models. Therefore, this paper adopts the two-stage estimation method of instrumental
variables of the fixed effects model. We select the log of the total land leasing area of other
cities in the province or the log of the sum of the land leasing areas of other provinces
and cities with the exception of this municipality, the log of the built-up area, and the
proportion of the urban construction land in the built-up area, the area of the built-up
area, the age of the party secretary, the number of years as the party secretary, and the
dummy variable of whether the tenure of the party secretary is within its first two years,
as instrumental variables. The reasons are as follows: First, the land leasing area is often
strictly limited to a certain period of time [79]. Therefore, the sum of the land leasing scale
in other cities will affect the land leasing scale of the city, thus affecting the ULIU of the city,
but it does not directly affect the GDP and production factors of the city. Second, existing
studies have shown that the younger the party secretary, the fewer the number of years
serving or when in the first two years serving as a party secretary, the party secretary will
more impulsively use land to stimulate economic growth [80]. Third, the built-up area is
often determined by the city in its long-term spatial evolution and can be regarded as an
exogenous variable. When the area of urban construction land occupies a large area of
the built-up area, it will force the ULIU, but it will not directly affect GDP and production
factors of the city.

The explanatory variables in each estimation model of our Equations (3) and (4) are
first analyzed by a correlation coefficient. The correlation coefficient test results show that
the correlation between the independent variables in the six regression equations is not very
high, and the absolute value of the highest correlation coefficient does not exceed 0.5. Then,
after the mixed regression least squares estimation of the above equation, the independent
variables’ variance inflation factors are analyzed. The results show that the variance
inflation factors of most variables are below 10. Although the variance inflation factors of
L1. ln k, ln gy, ln ge, ln y and l. ln y exceed 10, these variables are only control variables, and
their estimated coefficients are not the focus of this article. Although the variance inflation
factors of key observation variables such as wc ln ulp, wc ln uliu, wc ln ule, wculm, and
wc ln n exceed 10, they are not large. Additionally, because this is just the variance inflation
factors in the mixed regression model, after adopting the panel data model, it helps to
reduce collinearity. Therefore, in the two-stage least squares estimation process of the panel
data’s instrumental variables used in this paper, the collinearity of these observed variables
has little effect on the accuracy of its estimated coefficients. Based on the above analysis,
this article believes that the collinearity problem in the estimation equation is acceptable.
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3.5. Variables and Data

Urban land expansions, ULIU, and urban land prices are measured by the newly
added construction land area in the state-owned construction land leased, the GDP of the
unit construction land, and the land leasing price, respectively; urban land marketization
is calculated by the proportion of land leased by bidding, auction, and listing in the
leased land. The proportion of industrial and mining storage land, commercial service
land, and residential land in the leased land, together, reflects the ULSS. The labor is
calculated by adding the number of employees to the number of self-employed private
workers. Enterprise investment is obtained by subtracting investment in fixed assets for
urban construction from investment in fixed assets for society as a whole. Drawing on the
methods of Ke [81], the capital stock in the initial year 2003 is estimated by the average
investment growth rate, depreciation rate, and investment in the initial year 2003, and
then, the perpetual inventory method is used to calculate the capital stock of cities above
the prefecture level from 2004 to 2016, for which the depreciation rate is 9.6%. Urban
infrastructure investment is represented by urban construction fixed asset investment.
Technical efficiency is estimated by using the stochastic frontier production function model
with the total social capital stock and labor as input elements and GDP as output [82,83].
The relevant data affected by prices are transformed as comparable prices.

In this paper, 152 cities above the prefectural level in urban agglomerations are selected
as samples (see Figure 2). The urban agglomerations in the samples, which are approved
by the State Council of China as national urban agglomerations, include the Beijing–Tianjin–
Hebei (including 11 cities), Yangtze River Delta (including 27 cities), Pearl River Delta (in-
cluding 16 cities), Middle Reaches of the Yangtze River (including 28 cities), Central Plains
(including 26 cities), Guanzhong Plain (including 5 cities), Lanzhou–Xining(including 4
cities), Hohhot–Baotou–Ordos–Yulin (including 4 cities), Chengdu–Chongqing (including
16 cities), Beibu Gulf (including 6 cities), and Harbin–Changchun (including 9 cities) urban
agglomerations. Then, based on China’s regional differences, we select 8 urban agglomera-
tions for typical analysis. Among them, we chose the Beijing–Tianjin–Hebei, Yangtze River
Delta, and Pearl River Delta urban agglomerations in eastern China; the Middle Reaches of
the Yangtze River and Central Plains urban agglomerations in central China; Guanzhong
Plain urban agglomerations in northwestern China; the Chengdu–Chongqing urban ag-
glomerations in southwestern China; the Harbin–Changchun urban agglomerations in
northeastern China.

Data on newly added construction land leased; urban construction land area; land
leasing area; bidding, auction, and listing leased area; land transaction price from 2003 to
2016; and the land leasing area distinguished by land type from 2009 to 2016 come from the
China Land and Resources Statistical Yearbook. The China Land and Resources Statistical
Yearbook did not record data on the land leasing area distinguished by land type from
2003 to 2008. Therefore, this paper matches the 398,706 land leases signed from 1 January
2003 to 31 December 2008 in the China Land Market Net to the prefecture level and sorts
out and calculates the leased area of each city according to land type from 2003 to 2008.
Data on urban built-up area and urban infrastructure investment are from the Statistical
Yearbook of Urban Construction in China. The ages of the party secretaries of cities above
the prefectural level and the number of years in office are manually collected from the
Internet. The remaining data come from the China City Statistical Yearbook.
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4. Results
4.1. ULUT in China during 2003–2016

Based on the mean values of ULUT indicators in 152 cities above the prefecture level
in China from 2003 to 2016 (see Table 1), this paper analyzes the temporal change char-
acteristics of ULUT in China. The rate of urban land expansion has increased. In 2003,
the average size of newly added construction land in the land leased was 324.22 hectares,
and thishad expanded to 573.87 hectares by 2016. The ULIU has increased significantly.
In 2003, the GDP per hectare of urban construction land was 31.683 billion yuan, which
had increased by 121.31% to reach 70.118 billion. Moran’s I is used to analyze the spatial
autocorrelation of ULUT in Chinese urban agglomerations (see Table 2). The Moran’s I of
urban land expansions, the ULIU, the proportion of industrial land in leased land, urban
land marketization, and the urban land prices are positive, and the corresponding z statistic
is relatively large; Moran’s I are significant at the 1% level. This indicates urban land expan-
sions, the ULIU, the proportion of industrial land in leased land, urban land marketization,
and the urban land prices have significantly positive spatial autocorrelations.
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Table 1. Mean value of ULUT.

Variables Year Total Beijing–
Tianjin–Hebei

Yangtze River
Delta

Pearl River
Delta

Middle Reaches
of Yangtze River Central Plain Guanzhong

Plain
Chengdu–

Chongqing
Harbin–

Changchun

ule (hm2)
2003 324.22 583.53 846.62 92.55 146.22 125.41 261.56 74.53 99.96
2016 573.87 884.33 645.44 439.09 598.77 524.65 573.49 569.41 294.58

uliu
(102millionyuan/hm2)

2003 316.83 284.37 344.14 644.72 245.05 209.08 247.85 264.79 314.08
2016 701.18 692.05 768.95 1462.23 653.03 421.83 557.46 526.34 481.01

pil (%) 2003 32.28 41.94 37.28 24.09 40.22 25.97 23.63 26.62 35.46
2016 26.01 29.17 25.07 19.76 27.35 30.60 18.66 17.66 35.10

psl (%) 2003 16.31 20.79 16.69 21.88 11.70 14.27 26.60 19.08 14.36
2016 7.52 8.80 7.65 4.81 8.10 8.29 7.51 7.11 8.83

phl (%) 2003 24.40 18.91 24.35 23.09 23.21 27.74 27.52 27.26 22.07
2016 17.38 23.08 16.69 13.93 16.34 20.96 14.93 20.05 13.04

ulm (%) 2003 35.79 33.26 32.68 53.48 37.76 36.38 33.04 32.24 38.38
2016 92.52 91.87 97.42 84.58 94.81 94.48 93.96 95.55 86.58

ulp (10 thousand
yuan/hm2)

2003 256.12 297.66 300.85 233.58 243.72 228.91 178.39 277.22 188.86
2016 1386.86 1657.22 2299.41 2417.77 789.72 618.45 522.07 953.41 476.21

Table 2. Spatial autocorrelation of ULUT.

Variables Total Beijing–Tianjin–
Hebei Yangtze River Delta Pearl River Delta Middle Reaches

of Yangtze River Central Plain Guanzhong Plain Chengdu–
Chongqing

Harbin–
Changchun

ule 0.222 *** 0.321 *** 0.321 *** 0.042 0.170 0.270 *** 0.678 *** 0.077 * 0.12 *
(3.54) (5.55) (9.43) (0.74) (1.00) (8.84) (4.25) (1.94) (1.80)

uliu 0.389 *** 0.418 *** 0.388 *** 0.010 −0.327 0.249 *** 0.400 *** 0.329 *** −0.023
(6.23) (6.98) (11.54) (0.23) (1.89) (8.06) (2.53) (7.73) (0.20)

pil 0.323 *** 0.064 0.104 *** 0.094 0.631 *** 0.080 *** 0.022 0.204 *** 0.067
(5.14) (1.14) (3.10) (1.56) (3.69) (2.64) (0.21) (4.84) (1.01)

psl 0.002 0.065 0.089 *** 0.022 −0.337 * 0.071 *** 0.482 *** 0.234 *** −0.033
(0.04) (1.22) (2.72) (0.44) (1.97) (2.43) (3.12) (5.79) (0.35)

phl 0.036 0.002 0.092 *** −0.085 −0.006 0.029 0.121 0.113 *** 0.044
(0.58) (0.13) (2.77) (1.29) (0.02) (1.02) (0.83) (2.75) (0.72)

ulm 0.757 *** 0.839 *** 0.842 *** 0.517 *** 0.880 *** 0.751 *** 0.822 *** 0.815 *** 0.736 ***
(12.02) (13.85) (24.51) (8.18) (5.13) (24.11) (5.10) (18.89) (10.02)

ulp 0.276 *** 0.048 0.198 *** 0.468 *** 0.269 0.320 *** −0.116 0.334 *** 0.019
(4.47) (1.07) (6.08) (7.77) (1.60) (10.62) (0.65) (7.85) (0.49)

Note: The values not in brackets areMoran’s I, and the values in brackets are Moran’s I’s z statistics. * and *** respectively indicate that the estimated coefficients are significant at the level of 1% and 10%.
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However, the differential analysis of the spatial correlations of ULUT of cities in typical
urban agglomerations shows that there are great differences in the spatial autocorrelations
of ULUT in urban agglomerations. The urban land expansions in the Beijing–Tianjin–
Hebei, Yangtze River Delta, Central Plains, Guanzhong Plain, and Chengdu–Chongqing
urban agglomerations have significant positive spatial autocorrelations, but are not sig-
nificant in the Pearl River Delta and Middle Reaches of the Yangtze River Delta urban
agglomerations. There are significant positive spatial autocorrelations in the ULIU in
the Beijing–Tianjin–Hebei, Yangtze River Delta, Central Plains, Guanzhong Plain, and
Chengdu–Chongqing urban agglomerations, but these are not significant in the Pearl River
Delta, Middle Reaches of the Yangtze River, and Harbin–Changchun urban agglomerations;
the spatial autocorrelation of the ULSS in urban agglomerations varies greatly. The propor-
tion of industrial land in leased land, commercial land in leased land, and residential land
in leased land has a significant positive spatial autocorrelation in the Yangtze River Delta
and Chengdu–Chongqing urban agglomerations. However, the spatial autocorrelation
of the above three types of urban land supply in the Beijing–Tianjin–Hebei, Pearl River
Delta, and Harbin–Changchun urban agglomerations is not significant. The proportion of
industrial land leased in the Middle Reaches of the Yangtze River urban agglomeration has
a positive spatial autocorrelation, while the proportion of commercial land leased has a
negative spatial autocorrelation. There is a significant positive spatial autocorrelation in
the proportion of industrial land leased and commercial land leased in the Central Plains
urban agglomeration. In the Guanzhong Plain urban agglomeration, the proportion of com-
mercial land leased has a significant positive spatial autocorrelation, but the proportion of
industrial land leased and residential land leased has no significant spatial autocorrelation.

4.2. The Impacts of ULUT on the ESSCC in Urban Agglomerations

Based on the estimated effects of ULUT on ESSCC (see Table 3), we conclude that:
(1) Urban land expansion and ULIU directly and indirectly promote ESSCC in urban
agglomerations; (2) ULSS, urban land marketization and urban land prices indirectly
enhance ESSCC in urban agglomerations (see Figure 3). In the following figures, “→”
refers to significantly positive effects, “→” refers to significantly negative effects, and
“”refers to insignificant effects.
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Table 3. Regression estimate results for impacts of ULUT on ESSCC.

Variables Total Beijing Tianjin
Hebei

Yangtze River
Delta Pearl River Delta Middle Reaches of the

Yangtze River Central Plains Guanzhong Plain Chengdu
Chongqing

Harbin
Changchun

wclnule 3.785 *** 42.327 5.632 5.308 ** 0.482 13.483 ** 5.721 −7.551 * 3.461
(3.81) (1.10) (1.56) (2.09) (0.22) (2.28) (0.51) (1.93) (0.06)

wclnuliu 7.709 * 469.958 *** −21.237 −22.800 −0.505 −166.681 ** 55.958 48.209 −1081.976
(1.71) (3.32) (0.56) (1.00) (0.14) (2.26) (1.32) (0.37) (1.52)

wcpil −7.594 114.457 81.976 * 70.497 −9.224 67.758 16.321 87.596 614.922
(1.50) (0.54) (1.92) (1.24) (1.44) (1.16) (0.28) (0.90) (0.77)

wcpsl −7.533 286.438 −165.571 * −165.238 −16.225 5.1 −3.311 420.252 ** 119.619
(0.54) (0.83) (1.67) (1.24) (0.88) (0.04) (0.03) (2.34) (0.06)

wcphl −9.386 508.635 * 90.394* 135.784 ** −10.862 −59.918 −66.129 9.942 −56.784
(1.13) (1.71) (1.69) (2.16) (1.06) (0.64) (0.73) (0.11) (0.07)

wculm 0.671 −354.712 ** 137.364 *** 6.782 9.909 150.606 ** 68.478 194.865 2659.256 **
(0.13) (2.46) (3.58) (0.15) (1.33) (2.56) (0.97) (1.61) (2.59)

wclnulp −0.470 79.048 −29.839 22.916 −6.690 −30.321 −26.007 −62.948 543.726
(0.12) (0.99) (1.38) (1.36) (1.31) (0.75) (0.68) (1.54) (1.03)

wclny 45.670 * 185.569 50.292 52.938 −59.757 760.988 *** −81.858 * −992.131 *** 723.047
(1.89) (1.06) (0.51) (0.94) (0.51) (4.15) (1.81) (−5.06) (0.45)

lnule 0.004 *** 0.003 0.007 ** 0.001 0.002 0.007* 0.014 ** −0.002 0.004
(3.72) (0.19) (2.52) (0.41) (0.76) (1.92) (2.37) (1.07) (0.66)

lnuliu 1.028 *** 0.230 * −0.029 −0.046 −0.219 *** 0.132 −0.015 0.345 * −0.032
(3.92) (1.75) (0.84) (0.91) (3.74) (1.30) (0.14) (1.70) (0.17)

pil 0.001 *** 9 × 10−4 3 × 10−4 −7 × 10−4 −1 × 10−4 5 × 10−4 7 × 10−4 −6 × 10−4 0.003 **
(4.11) (1.52) (0.65) (1.09) (0.15) (1.49) (1.02) (1.26) (2.54)

psl 2 × 10−4 8 × 10−4 −0.002 *** 0.003 ** 2 × 10−4 4 × 10−4 −0.002 −6 × 10−4 −0.002
(0.57) (1.12) (2.81) (2.54) (0.15) (0.70) (1.09) (0.66) (1.03)

phl 0.000 −2 × 10−4 −6 × 10−4 8 × 10−4 −9 × 10−4 −4 × 10−4 0.001 −0.001 0.001
(0.12) (0.25) (1.29) (1.08) (1.41) (0.82) (1.01) (1.46) (0.66)

ulm 0.001 *** 0.001 ** −4 × 10−4 −4 × 10−4 0.002 *** 4 × 10−4 3 × 10−4 0.003 *** −6 × 10−4

(6.23) (2.36) (−0.91) (0.73) (2.69) (0.78) (0.40) (3.93) (0.47)
lnulp 0.054 *** 0.030 0.061 *** −0.002 0.149 *** 0.098 *** 0.016 −0.040 * 0.069

(6.49) (1.23) (3.10) (0.07) (4.49) (4.20) (0.36) (1.65) (1.54)
id-effects yes yes yes yes yes yes yes yes yes
contorls yes yes yes yes yes yes yes yes yes
sargan-p 0.11 0.11 0.20 0.13 0.13 0.29 0.13 0.24 0.25

Obs 2128 154 378 224 392 364 70 224 126
R-squared 0.92 0.95 0.95 0.92 0.91 0.95 0.98 0.97 0.87

Note: The values not in brackets are coefficients, and the values in brackets are corresponding t-statistics. *, ** and *** respectively indicate that the estimated coefficients are significant at the level of 1%, 5%
and 10%.
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4.2.1. The Impacts of Urban Land Expansions on the ESSCC in Urban Agglomerations

From the empirical results (see Table 3), we can conclude that urban land expansions in
central cities are helpful to enhance the ESSCC. On the one hand, the urban land expansions
in central cities can directly drive the economic growth of other cities. Each 1% increase in
urban land area in central cities will drive the economic growth of other cities in a radius
of 100 km from central cities by 0.0004%. The calculation process is that the estimated
coefficient of wc ln ule is 3.785 multiplied by the reciprocal of the square of the distance 100,
because this article chooses the reciprocal of the square of the distance as the element of the
spatial weight matrix. The calculation process of direct influence effects below is similar to
this. On the other hand, urban land expansions in central cities can indirectly drive the
economic growth of other cities in the urban agglomerations, because of the significantly
positive effects of urban expansions on urban economic growth and the significant spatial
diffusion effect of central cities’ economics. Each 1% increase in the urban land expansions
in central cities can significantly drive economic output growth by 0.0039% and indirectly
drive the economic growth of other cities within a radius of 100 km from central cities by
0.000018%. The calculation process is to multiply ln ule’s estimated coefficient which is
0.004 by wc ln y’s estimated coefficient which is 45.670, and then, multiply by the reciprocal
of the square of 100, because the reciprocal of the square of the distance is an element of
the spatial weight matrix in this paper. The calculation process of the indirect influence
effect below is similar to this.

The empirical results of the urban land expansions affecting the ESSCC show that,
although the urban land expansions in central cities can help to enhance the ESSCC,
its direct and indirect effects are very small. Enhancing the ESSCC cannot rely on the
expansions of urban land in central cities. At present, the Chinese central government
has scientifically and rationally delineated urban boundaries through its territorial spatial
planning and placed restrictions on the expansion of urban areas [84], which will have little
negative impacts on the improvement of the ESSCC.

The estimation results of the typical agglomerations sample show that the impacts of
urban land expansions on ESSCC vary greatly. The expansions of urban land in the Beijing–
Tianjin–Hebei, Yangtze River Delta, Middle Reaches of the Yangtze River, Central City of
Harbin–Changchun urban agglomerations did not have a significant impact on ESSCC.
The urban land expansions of central cities in the Pearl River Delta can directly drive the
economic growth of other cities in the urban agglomeration. The urban land expansions
of central cities in the Central Plains urban agglomeration can directly and indirectly
promote the economic growth of other cities in the urban agglomeration, but the urban
land expansions of the central cities in the Chengdu–Chongqing urban agglomeration can
directly inhibit the economic growth of other cities in the urban agglomerations.

4.2.2. The Influences of the ULIU on the ESSCC in Urban Agglomerations

ULIU in central cities can significantly enhance the ESSCC. Each 1% increase in
ULIU in central cities can directly drive the economic growth of other cities in a radius
of 100 km from central cities by 0.0007%. Additionally, each 1% increase in ULIU in
central cities can drive the central cities’ economic growth by 1.0283% (see Table 3), and
then, the GDPs of other cities in a radius of 100 km from central cities in the urban
agglomeration can indirectly grow by 0.0047% through the diffusion effect of the central
cities’ economic growth.

China’s rapid urban expansions in recent decades have led to the conversion of a large
amount of agricultural land into urban construction land. Land resource constraints are
becoming increasingly tight, and ULIU has become inevitable [68–70]. In general, ULIU
has significantly promoted ESSCC, which is much higher than the positive effect of urban
land expansions. This shows that ULIU should be prioritized over urban land expansions
to promote ESSCC. However, since the diffusion effects of the economic growth of central
cities aresmall, the current intensive use of urban land in central cities only has a small
positive effect on the economic growth of other cities. It is necessary to further enhance the
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diffusion effects of the economic growth of the central cities in urban agglomerations to
increase the positive impacts of ULIU on the ESSCC.

The estimation results show that the Pearl River Delta, Yangtze River Delta, Middle
Reaches of the Yangtze River, Guanzhong Plain, and Harbin–Changchun urban agglomera-
tions’ ULIU in central cities has no significant impact on the ESSCC. The ULIU in the central
cities of the Beijing–Tianjin–Hebei urban agglomeration will directly drive the economic
growth of other cities in the urban agglomeration. However, the ULIU in the central cities
of the Central Plains urban agglomeration will directly inhibit the economic growth of other
cities. Additionally, the intensive land use in the central cities of the Chengdu–Chongqing
urban agglomeration will indirectly inhibit the economic growth of other cities in the urban
agglomeration (see Table 3).

4.2.3. The Effects of the ULSS on the ESSCC in Urban Agglomerations

In the supply structure of urban land, only the proportion of industrial land in the
leased land of central cities can indirectly significantly increase the GDP of other cities in
urban agglomerations. However, the proportion of commercial land and the proportion of
residential land in the leased land has no significant effect on ESSCC (see Table 3). This
also confirms the local economic development model in which local governments boost the
economy through industrial land leasing and increase fiscal revenue through commercial
land leasing [85]. Industrial land leasing can drive economic growth through the introduc-
tion of industrial investment and then promote the economic growth of related industries
in other cities in the urban agglomeration through diffusion effects such as industrial chains.
However, it is relatively difficult to form a spatial correlation between commercial land
and residential land in the cities and their spatial influence on economic growth.

The estimation results on typical urban agglomerations show that the increase in
the proportion of residential land in the central cities of the Beijing–Tianjin–Hebei urban
agglomeration can help to significantly drive the economic growth of other cities. The
increase in the proportion of industrial land and the proportion of residential land in
leased land can directly increase the ESSCC in the Yangtze River Delta, but an increase
in the proportion of commercial land in leased land can inhibit the economic growth of
other cities. The increase in the proportion of residential land in leased land of central
cities in the Pearl River Delta can directly drive the economic growth of other cities in the
urban agglomeration. The increase in the proportion of commercial land in leased land in
the central cities of the Chengdu–Chongqing urban agglomeration can directly enhance
its role in driving central cities’ economic spatial spillovers. However, the ULSS in the
Middle Reaches of the Yangtze River, the Central Plains, the Guanzhong Plain, and the
Harbin–Changchun urban agglomerations did not have significant impacts on the ESSCC
(see Table 3).

4.2.4. The Impacts of Urban Land Marketization on the ESSCC in Urban Agglomerations

The marketization of urban land indirectly increases ESSCC in urban agglomerations.
From 2003 to 2016, the proportion of urban land leased by bidding, auction, and listing
increased by 60% in China. Assuming that the proportion of land leased by bidding,
auction, and listing in central cities also increased by 60%, this will drive the central cities’
economic growth by 0.0660% and then indirectly drive the GDP of other cities in a radius
of 100 km from central cities in urban agglomerations to increase by 0.0003% through the
diffusion effect of the economic growth of the central cities (see Table 3). Overall, the degree
of urban land marketization in China has greatly improved [86], but the marketization
of urban land has less of a driving effect on economic growth. In addition, the diffusion
effect of central cities is small, which leads to small positive effects of land marketization
on the ESSCC.

The estimation results of typical urban agglomerations show that the marketiza-
tion of urban land in the central cities of the Yangtze River Delta, Central Plains, and
Harbin–Changchun urban agglomeration can help to enhance the ESSCC. However, the
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marketization of urban land in central cities in the Chengdu–Chongqing urban agglom-
eration indirectly enhances its siphon effect, leading to a decline in economic growth in
other cities in the urban agglomeration. The urban land marketization of central cities in
Beijing–Tianjin–Hebei can directly crowd out the economic growth of other cities. The
urban land marketization of central cities in the Pearl River Delta, the Middle Reaches of
the Yangtze River, and the Guanzhong Plain urban agglomerations have no significant
impacts on ESSCC.

4.2.5. The Influences of the Urban Land Prices on the ESSCC in Urban Agglomerations

Rising urban prices indirectly strengthen the ESSCC. Each 1% increase in urban
land prices drives the economic growth of central cities by 0.0537%, and then, indirectly
promotes the economic growth of other cities in a radius of 100 km from central cities by
0.0002% through the diffusion effects of economic growth in the central cities. The direct
effects of urban land prices on the ESSCC are non-significant (see Table 3).

The estimation results show that China’s urban land prices rose rapidly, and effectively
stimulated urban economic growth. On the one hand, the increase in urban land prices has
compelled enterprises to increase their investment, thereby driving economic growth [73].
On the other hand, as urban prices rise, it may be conducive to the expansion of fiscal
revenue to stimulate economic growth through fiscal expenditures and infrastructure
investment [50]. Finally, through the spatial spillovers of the economic growth in central
cities, urban land prices indirectly promote the economic growth of other cities in the
urban agglomerations.

The estimated results of the urban agglomerations show that an increase in the urban
land prices in the central cities of the Central Plains urban agglomeration can indirectly
enhance ESSCC. However, urban land prices’ increase in the central cities of the Chengdu–
Chongqing urban agglomeration can weaken its siphon effect. The urban land prices in
other representative urban agglomerations do not have significant impacts on the ESSCC.

4.3. The Intermediate Mechanism of the ULUT Affect the ESSCC in Urban Agglomerations

The estimation results show that there are significant spatial diffusion effects on
enterprise investment, infrastructure investment, labor, and technical efficiency in the
central cities in urban agglomerations. Only the spatial diffusion effects of fiscal expenditure
are not significant (see Table 4). The spatial diffusion effects of the production factors in
central cities also give economic growth a significant radiating driving effect.

4.3.1. The Influences of the Urban Land Expansions on the Production Factors and Their
Spatial Effects in Urban Agglomerations

The urban land expansions in central cities can drive the growth of labor therein and
then, indirectly drive the growth of labor in other cities through the spatial linkage effect
of labor (see Table 4 and Figure 4). However, the urban land expansions in central cities
will directly inhibit the growth of labor and technical efficiency in other cities in the urban
agglomeration. Urban land expansions have no direct significant impact on corporate
investment, fiscal expenditure, and infrastructure investment in other cities.
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Table 4. Estimation results for the intermediate mechanism of the ULUT affect the ESSCC in urban agglomerations.

Variables Enterprise
Investment

Fiscal
Expenditure

Infrastructure
Investment Labor Technical

Efficiency

wclnule 0.430 −1.168 1.701 −0.090 ** −0.009 ***
(0.21) (0.98) (0.34) (2.54) (2.83)

wclnuliu 0.941 ** −2.421 13.986 −0.258 1 × 10−4

(2.05) (0.58) (0.96) (0.17) (0.02)
wcpil 6.250 11.637 * −36.089 −5.049 −0.004

(0.55) (1.92) (1.40) (1.11) (0.26)
wcpsl 37.611 5.831 −18.192 −6.335 −0.053

(1.14) (0.28) (0.26) (0.80) (1.15)
wcphl 11.470 15.214 −1.742 30.476 −0.052*

(0.71) (1.54) (0.04) (1.40) (1.88)
wculm −3.369 7.469 37.428 −65.053 *** 0.007

(0.29) (1.05) (1.42) (5.03) (0.43)
wclnulp −8.398 −9.814 ** −49.653 *** −9.959 0.019

(1.21) (2.23) (2.64) (1.20) (1.50)
wcf 10.765 ** 2.303 1.093 ** 12.731 ** 179.882 ***

(2.29) (0.68) (2.29) (2.03) (4.28)
lnule 0.003 0.004 *** −0.106 39.797 *** 0.000

(1.46) (2.77) (0.90) (4.42) (1.22)
lnuliu 1.039 *** 0.081 ** 0.014 ** 2 × 10−4 1.65 × 10−5 ***

(2.82) (2.45) (2.54) (0.11) (3.14)
pil 2 × 10−4 0.000 −0.001 −2 × 10−4 −1.49 × 10−6 **

(0.47) (0.14) (1.36) (0.73) (2.39)
psl −3 × 10−4 −0.001 *** 13 × 10−4 −0.001 ** −3.60 × 10−6 ***

(0.44) (2.78) (0.82) (−2.13) (3.37)
phl 7 × 10−4 −3 × 10−4 3 × 10−4 −0.001 *** −4.40 × 10−6 ***

(1.64) (1.07) (0.25) (2.85) (6.09)
ulm 0.001 *** 14 × 10−4*** 14 × 10−4 0.002 *** 7.36 × 10−6 ***

(3.01) (6.06) (1.48) (6.75) (12.21)
lnulp 0.032 ** −0.015 0.069 0.133 *** 1 × 10−4 ***

(1.98) (1.48) (1.63) (9.93) (4.32)
id-effects yes yes yes yes yes
controls yes yes yes yes yes
sargan-p 0.29 0.34 0.19 0.41 0.33

Obs 1976 2128 2128 2128 2128
R-squared 0.88 0.95 0.31 0.59 0.86

Note: The values not in brackets arecoefficients, and the values in brackets are corresponding t-statistics. *, ** and *** respectively indicate
that the estimated coefficients are significant at the level of 1%, 5% and 10%.
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4.3.2. The Influences of the ULIU on the Production Factors and Their Spatial Effects in
Urban Agglomerations

Intensive of urban land use in central cities has significantly driven the growth of
production factors in other cities. The ULIU in central cities hassignificant positive effects
on enterprise investment, infrastructure investment, and technical efficiency, and it can
indirectly drive the growth of these production factors in other cities through their spatial
diffusions (see Table 4 and Figure 5). Simultaneously, the ULIU in central cities can also
directly drive enterprise investment in other cities. Thus, strengthening ULIU is currently
an effective way to strengthen the ESSCC in China [84].
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4.3.3. The Influences of the ULSS on the Production Factors and Their Spatial Effects in
Urban Agglomerations

Increasing the proportion of industrial land, commercial land, and residential land in
leased land in central cities can indirectly squeeze out labor in other cities and also inhibit
the improvement of technical efficiency in other cities. An increase in the proportion of
commercial land and the proportion of residential land in leased land in central cities can
squeeze out labor and indirectly reduce the labor in other cities through the spatial linkage
effect of labor. At the same time, an increase in the proportion of industrial land, commercial
land, and residential land in leased land in central cities can inhibit the improvement of
urban technical efficiency in other cities indirectly (see Table 4 and Figure 6). Therefore,
when optimizing the urban spatial structure and reducing the proportion of industrial
land in China, the input–output benefit of existing industrial land should be increased and
technical efficiency should be improved to mitigate the damage of the reduction in the
proportion of industrial land on the improvement of technical efficiency.

4.3.4. The Influences of the Urban Land Marketization on the Production Factors and Their
Spatial Effects in Urban Agglomerations

Urban land marketization indirectly promotes the radiating and leading role of pro-
duction factors in central cities (see Table 4 and Figure 7). Urban land marketization
effectively prevents the introduction of low investment and low-efficiency enterprises,
which may be caused by negotiated leasing and the “bottom line” competition among local
governments. Additionally, it also effectively promotes the growth of corporate investment,
labor, and technical efficiency [73,85], and then drives the increase in these production
factors in other cities through their spatial diffusion effect.
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4.3.5. The Influences of the Urban Land Prices on the Production Factors and Their Spatial
Effects in Urban Agglomerations

Rising urban land prices in central cities will directly crowd out the fiscal expenditures
and infrastructure investment of other cities, but this will indirectly stimulate the growth
of corporate investment, labor and technical efficiency in other cities as well (see Table 4
and Figure 8). The estimated results of the impacts of rising urban land prices on corporate
investment show that rising urban land prices have not only failed to crowd out corporate
investment, labor, and technical efficiency, but they have spurred them instead. The reason
is that as the urban land prices continue to rise, companies must increase their investment
intensity to obtain higher returns per unit of land [73]. At the same time, the rising land
prices also have a screening effect on enterprises. Only companies with higher technical
efficiency and better input–output efficiency can earn profits in that environment. Rising
urban land prices have also forced technical efficiency improvements.
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5. Discussion
5.1. Why Are the Positive Effects of ULUT on the ESSCC Small?

The study finds that in general, China’s ULUT has enhanced the ESSCC, but the
positive effects are small. From the estimation results, on the one hand, urban land
expansions, the adjustment of ULSS, urban land marketization, and urban land prices have
positive but small effects on economic growth; on the other hand, the spatial spillovers of
economic growth and production factors in central cities in China’s urban agglomerations
are very small.

Regional economic growth and urbanization are important assessment tools for the
promotion of local officials in China [87]. Therefore, in China, urban land expansions are
often used as a tool in the “local officials promotion tournament” [49]. However, there exists
regional “bottom line competition” in the process of attracting investment through urban
land expansion, which achieves the purpose of introducing enterprise investment projects
by lowering the land leasing price and reducing the quality of enterprise investment [55,80].
After enterprises are introduced, there may be problems relating to land hoarding, low
investment intensity, and low profitability that reduce the driving effects of urban land
expansions on enterprise investment, fiscal revenue, and economic growth [51]. In view
of this, the Chinese government has issued a series of policies to improve urban land use
efficiency by assessing land investment intensity and output intensity through bidding,
auction, and listing to lease land and optimize the supply structure of urban land [17,84].
This study found that strengthening the intensive use of urban land and promoting urban
land marketization in China are indeed effective measures through which to enhance the
ESSCC in urban agglomerations.

On the basis of urbanization, the Chinese government has approved many urban
agglomerations with a view to enhancing the ESSCC and promoting the coordinated devel-
opment of urban agglomerations through their development planning [66]. However, there
are many problems with urban agglomerations, such as their high industrial homogeneity,
weak industrial correlation, prevailing local protectionism, serious market segmentation,
and unsmooth circulation of production factors. More resources and factors are directed to
central cities, and urban agglomerations lack systematic economic development planning
and a perfect regional cooperation mechanism [88]. These problems result in the impact of
the ESSCC remaining small, and the ESSCC in some urban agglomerations is not significant
or even negative.

5.2. Suggestions for ULUT to Promote the ESSCC

The results suggest that enhancing the ESSCC, strengthening the intensive use of
land, and deepening the land marketization reform are important measures to promote the
economic radiation of central cities by strengthening the ULUT. Therefore, eliminating local
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protectionism and barriers to the flow of factors between cities, enhancing collaboration
between cities, further strengthening the assessment of land use efficiency, prohibiting
extensive expansion of construction land, and local governments using more market-
oriented methods to supply land will contribute to the positive effect of ULUT on ESSCC.

It is necessary to establish and improve the coordinated development mechanism
among cities in urban agglomerations [66,88]. At present, the spatial spillovers of economic
growth and production factors in the central cities in China’s urban agglomerations are rel-
atively small. Establishing and perfecting a coordinated development mechanism between
cities in urban agglomerations can effectively enhance the ESSCC, e.g., by establishing
relevant mechanisms for inter-citycommunication and coordination, planning docking,
technical support, and industrial division and cooperation to promote practical cooperation
between cities in infrastructure construction, public utilities development, and industrial
division of labor and breaking industry monopolies and regional blockades to promote
the free flow and orderly competition of commodities and various elements. For cross-city
project construction, industry transfer, and investment activities, etc., joint construction,
demutualization operation, and other ways and means should be adopted to share benefits.
By standardizing the financial transfer payment system and establishing an inter-city com-
pensation system and a special fund for urban coordinated development, the surrounding
cities will be compensated for their loss of interests in the process of coordinated develop-
ment. The formulation of laws and regulations that promote the coordinated development
of cities should also be made quicker.

The intensive use of urban land should also continue to be strengthened, as the ULIU
has directly and indirectly significantly enhanced the ESSCC. China needs to further reduce
the scale of newly added urban land used for construction in cities, focus on revitalizing the
existing land used for construction, strictly enforce the regulations on recovering idle land
or collecting idle land fees in accordance with the law, and encourage the redevelopment
of inefficient land in cities. Moreover, it should intensify the development of urban land,
increase land investment, and overall control the per capita land use index so as to improve
the input–output efficiency of urban land and optimize the supply structure of urban land.
The coordination and connection between industrial development planning and land space
planning should be strengthened to promote the migration of some industries in the central
urban areas of megacities to satellite cities to further enhance the positive effect of ULIU on
the ESSCC.

The urban land market mechanism needs to be further improved [12,89]. The increase
in the marketization level of urban land has indirectly significantly enhanced the ESSCC. It
is necessary to further improve the urban land market mechanism, deepen the reform of
the system of the paid use of state-owned construction land, expand the scope of paid use
of state-owned land, gradually implement the paid use of land for business infrastructure
and social undertakings, reduce the scope of land allocation, and improve the secondary
market for land lease, transfer, and mortgage to promote the coordinated development of
cities in urban agglomerations. It isnecessary to speed up the formation of a sound and
healthy price mechanism, improve the implementation policies related to the minimum
price standard for industrial land leasing, establish an effective mechanism for adjusting
the reasonable price ratio between industrial land and residential land, and constrain
extensive land use by leveraging prices to encourage intensive use of urban land.

5.3. Limitations and Future Research

From the perspective of the spatial effects of ULUT, this paper combs the data to
estimate their impacts on the ESSCC in urban agglomerations and uncover its intermediate
mechanism, to meaningfully supplement the existing research on urban land use and
economic growth in China. It also provides a valuable reference for urban land use and
resource regulations, territorial space planning, and new urbanization.

However, this article also has limitations. First, due to data availability, this paper
only contains a sample of cities above the prefecture level in the urban agglomerations
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and does not contain cities at the county level. Therefore, the impacts of the ULUT in
central cities on the production factors and economic growth of county-level cities, and
the impacts of ULUT in prefecture-level cities in urban agglomerations on the production
factors and economic growth in county-level cities have not been identified. Second, this
paper selects the urban land expansions to describe the explicit transition, and the ULIU,
the ULSS, the urban land marketization, and urban land prices to describe the implicit
transition. However, the content of urban land use transition is richer than this [58–63].
Third, this paper identifies the effect and intermediate mechanism of ULUT on the ESSCC.
However, the factors affecting the effects of ULUT on the ESSCC are very complicated, and
it is difficult to conduct systematic empirical tests on all of the possible factors in a single
paper. In the future, we will focus our quantitative and empirical research on the factors of
ULUT affecting corporate investment structure, input–output efficiency, and labor mobility.

6. Conclusions

There have been relevant studies in the context of private land ownership, mainly
from the perspective of land as a limited production factor, discussing the impact of land
on economic growth [38–41]; China’s land system is publicly owned, and land is often used
by local governments as a tool to achieve economic growth goals. Urban land expansion
is used to drive investment and stimulate economic growth [33–35]; in the context of the
public ownership of land in China, this article accepts land as a tool for economic growth
of local governments. Based on the perspective of the flow of production factors, this
paper studies the effect of ULUT on the ESSCC. Compared with the existing research
results, it is found that in addition to urban land expansion, explicit ULUT will affect
production factors and thus, affect economic growth [33,34], and implicit ULUT, such as
ULIU, urban land supply structure, and urban land marketization, urban land prices, etc.,
will also affect production factors and thus, economic growth. Moreover, strengthening
the implicit ULUT is more conducive to enhancing the ESSCC. Since 2003, China’s urban
land use has undergone rapid transitions that havemanifested in the rapid expansions of
urban land, the increase in ULIU, the gradual decline in the proportion of urban industrial
land, commercial land, and residential land in leased land, urban land marketization, the
substantial increase in land prices, and other implicit transition features. Moreover, there
are significantly positive spatial autocorrelations in ULUT.

The ULUT in China has enhanced the ESSCC in urban agglomerations. On the one
hand, ULUT indirectly enhances ESSCC through their positive effects on economic growth
and the spatial spillovers of economic growth; on the other hand, both the urban land
expansions and ULIU in central cities can directly drive the economic growth in other cities
in the agglomerations, thus enhancingthe ESSCC. The ULUT in central cities indirectly
promotes the growth of enterprise investments, infrastructure investments, labor, and
technical efficiencies in other cities in the agglomerations, through its positive effects on
these production factors and their spatial diffusion effects. This is the main intermediate
mechanism by which the ULUT in central cities enhances the ESSCC. However, the positive
effect of ULUT on ESSCC in the agglomerations is small, as its promoting effects on
economic growth and the spatial spillovers of economic growth in central cities are small.
In addition, there are great differences in the impact and formation mechanisms of ULUT
in the central cities of major urban agglomerations on the ESSCC.

China has experienced nearly 40 years of rapid economic growth and urbanization,
which has brought about large-scale expansion of urban land. As land resources continue
to tighten, China is undergoing ULUT, from the original extensive urban land expansion
to implicit ULUT, such as optimizing urban land supply structure, promoting urban land
marketization, and strengthening ULIU, etc. A new urbanization plan has been issued
to enhance the ESSCC and promote coordinated development between cities. This paper
combines ULUT with ESSCC, and the results obtained can provide valuable references for
enhancing the ESSCC by optimizing ULUT. Based on the results, continuing to strengthen
ULIU and improve the urban land market are conducive to enhancing the ESSCC in
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urban agglomerations. However, only by establishing the coordination mechanism of the
economic development of urban agglomerations can it be more helpful to exert the positive
impact of ULUT on the ESSCC.
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