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Spatial misallocation is an essential reason for the low utilization efficiency of construction
land. Optimizing the spatial pattern of construction land allocation can improve the
efficiency of economic operations and resilience to food crisis and climate change
challenges. This study constructs a quantitative measurement method for the spatial
misallocation of construction land (SMCL), proposes a new government market society
support (GMSS) analytical framework for the contributing factors with interlocked
relationships, and conducts empirical research in Shandong, China, which is a typical
area with a rapid development of construction land and significant regional disparity. It is
concluded that the SMCL ensues through the interaction and coevolution of the GMSS
system, which plays a key role in adjusting the construction land use sequence, structure,
and efficiency under the regulation of the upper government. Effectively using the
estimation method based on the equal marginal output principle, the SMCL in
Shandong is established as a downward trend, with evident temporal and spatial
differentiation characteristics and spatial morphological mode changes, although most
sub-regions are significantly approaching the adaptation interval with fluctuation.
Furthermore, the empirical results of the regression model indicate that there are
different effects and intensities on the SMCL among the contributing factors under the
GMSS framework, wherein the local government force has an aggravating and the
greatest effect, the market forces have a dual and second-ranking effect, the social
forces play a positive but still weak role, and the support system has a differentiated
improvement effect. However, the impacts of various dimensional factors on the SMCL
also have heterogeneity in the development stages and different regions. Generally, in the
low-level development stage and underdeveloped areas, the effect of local government
intervention is stronger, the market forces’ importance is lower, and the social forces and
support systems remain insufficiently robust.
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1 INTRODUCTION

The intensive utilization of land resources is not only an
important reflection of a country or a region’s economic and
social development quality but also a necessary condition for
sustainable development (Estoque et al., 2021; Lu et al., 2021;
Hjalager et al., 2022). As the spatial carrier of rapid
industrialization and urbanization in developing countries,
construction land has maintained a rapid growth trend in
recent decades, thereby posing increasingly severe challenges
to global climate change, food security, and ecological
environment protection, thus forcing them to pay more
attention to the improvement of construction land utilization
efficiency (Kissinger et al., 2019; Mendoza-Ponce et al., 2021; Pal
et al., 2021). However, owing to various reasons, such as
immature factor markets, excessive administrative intervention,
and improper regional competition, there are serious
misallocations of construction land among regions, industries,
and enterprises in developing countries, hence resulting in a
massive reduction of production efficiency and waste of land
resources (Huang and Du, 2017; JianWang et al., 2020; Luo et al.,
2022).

As one of the developing countries in the world with the
largest total amount of construction land, fastest growth rate, and
most evident human–land contradiction, China’s construction
land misallocation (CLM) is even more prominent. In particular,
the differences among regions in China are particularly obvious:
local governments have to launch continuous central–local games
and fierce inter-regional competition to obtain more construction
land quotas under the institutional logic of the stimulation of
economic growth by the central government via local
decentralization (Song et al., 2020; Fu et al., 2021). However, it
is very difficult to allocate construction land quotas that perfectly
match the goal of maximizing output efficiency, especially when
the central government tries to balance economic efficiency and
regional development rights, which makes the spatial
misallocation of construction land (SMCL) in China
particularly typical and has been a remarkable obstacle to the
intensive use of construction land (Chien, 2015; Bo, 2020; Liu
et al., 2021; Zhou et al., 2022).

There are multidimensional negative impacts of the SMCL in
China, including not only the direct consequences of loss of
economic efficiency and waste of land resources but also the
indirect consequences, such as industrial convergence among
regions, industrial upgrading dilemma, public service
insufficiency, ecological environment decline, food crises,
social conflicts, and government corruption (Fang and Tian,
2020; Han Wang et al., 2020). While China is in a critical
period of transforming its development mode, optimizing its
economic structure, and transforming its growth drivers,
ensuring the equal development rights of different regions and
establishing a more effective governance mechanism to improve
the overall utilization efficiency of construction land have become
urgent issues. Therefore, the research on quantitatively
measuring the SMCL and identifying its contributing factors
and effects is fundamental to relative theoretical and practical
targets.

By summarizing and sorting the existing literature, this study
selects a quantitative measurement method and establishes a new
analytical framework for the contributing factors of the SMCL. It
takes Shandong province, China, as the study area to conduct the
empirical research. The marginal contribution of this study is
three-fold. First, based on the principle of equal marginal output,
this study estimates the degree of the SMCL in the study area,
which clearly reveals the volatile coupling characteristics of the
SMCL and the regional development model, effectively identifies
the spatial–temporal differentiation pattern and spatial
correlation combination pattern of the SMCL, and further
deepens the cognition of the evolution law of the SMCL in
regions with rapid growth in construction land and significant
internal differences. Second, the article establishes a government
market society support (GMSS) analytical framework composed
of government, market, social, and supporting system forces and
discusses the moderating effect of the coevolutionary relationship
of mutual influence and cross-connection on the SMCL, which
presents a clearer theoretical summary of the system of factors
influencing the SMCL. Third, by selecting representative
indicators and constructing an econometric regression model,
this study conducts a multi-angle empirical test on the role
nature, role strength, and spatiotemporal changes of
contributing factors in different dimensions. It provides a
deeper understanding of the reasons behind the formation of
the SMCL and its spatiotemporal changes, which can provide
references for a more accurate regional construction land
allocation strategy.

The remaining of this article is organized as follows: Section 2
reviews the existing literature and provides a summary and an
evaluation. Section 3 proposes a new analytical framework of the
contributing factors of the SMCL and clarifies the strategies of
quantitative measurement and econometric model construction.
In Section 4, the empirical results are analyzed and evaluated via
a robustness test. Section 5 provides an analysis of the
spatiotemporal heterogeneity of the contributing factors. The
article is concluded and discussed in the final section.

2 LITERATURE REVIEW

2.1 Performances of the Spatial
Misallocation of Construction Land
Construction land allocation has a diversity of participating
subjects, allocation modes, functional uses, and time sequences
of the realization process; therefore, its misallocation
characteristics can be presented in different forms and fields
(Opp et al., 2014;Wang et al., 2019; Fu et al., 2021). Notably, CLM
performances are ultimately manifested as idle, inefficient, or
overutilization of construction land. Hsieh and Klenow (2009)
pointed out that the unequal marginal benefits of land between
sectors or regions are the key identifying features of the regional
misallocation of land resources. Other scholars also agreed with
this viewpoint and believed that land misallocation typifies the
violation of the efficiency principle, and it is manifested as
marginal output differences among regions and sectors
(Dheera-Aumpon, 2014; Aumpon, 2018). Banerjee and Moll
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(2010) further categorized resource misallocation into
connotative and extensional misallocation, arguing that the
former is characterized by the unequal marginal output of
land utilization, while the latter is characterized by the fact
that the marginal output is equal but has not yet reached the
optimal state. This has also become a theoretical reference for
SMCL research.

However, some scholars have indirectly analyzed the
characteristics of land misallocation by economic and social
consequences occasioned by land resource misallocation. They
generally believe that resource misallocation can lead to
significant productivity differences and efficiency losses, the
degree of which can reflect the level of misallocation (Banerjee
and Moll, 2010; Restuccia and Rogerson, 2017; Song et al., 2020).
Kimura et al. (2011) analyzed the failure of the land factor market
caused by transaction costs and believe that CLM not only leads
to differences in the output efficiency but also hinders the free
flow of factors and causes evident land externality losses. Chen
(2017) established a two-sector general equilibrium model to
quantify the loss in production efficiency engendered by land
misallocation. Some scholars have conducted empirical analyses
of China’s land market and found that the government’s strategic
land supply behavior not only causes CLM among sectors and
regions but also wastes a large amount of land resources (Du and
Peiser, 2014; Wu et al., 2018; Hui Wang et al., 2020). In addition,
scholars who discussed related fields, such as capital, labor, and
housing market misallocation, could also provide abundant
references vis à vis the characteristics of the SMCL (Midrigan
and Xu, 2014; Liu and Wong, 2015; Dai and Cheng, 2019; Wu
et al., 2020; Shi, 2022).

2.2 Measurement Methodology of the
Spatial Misallocation of Construction Land
The existing literature mainly includes three types of
measurement methods for the CLM. The first is the
characteristic index method, which mainly selects one or
several key indicators to characterize the CLM level. Huang
and Du (2017) used the ratio of the average price of
commercial land to the average price of industrial land to
measure land misallocation. Some scholars use the proportion
of land sold to the total land area (Li et al., 2016) or the ratio of the
average price of land for a certain industry to the average price of
industrial land (Huang and Du, 2017) to measure land
misallocation. The data of the characteristic index method are
easy to obtain, and the method is simple and direct, but it often
only reflects one aspect of land misallocation and cannot fully
reveal the overall state (Zhang et al., 2021). The second method is
the parametric or non-parametric estimation approach.
Guanchun Liu et al. (2018) used stochastic frontier analysis to
measure the relative efficiency of construction land, while Song
et al. (2022) used data envelopment analysis to measure the
efficiency of urban land use output. From an efficiency level
perspective, these methods show the overall state of CLM, but
they can only reflect the relative degree of misallocation among
different regions and cannot obtain the actual gap with the
optimal allocation state. The third method is the multivariate

linear equation solving technique. Song et al. (2020) studied the
input–output relationship of land resources in different regions
based on the calculated value and economic output of various
land resource assets and reflected the regional misallocation of
land resources by the differences in land output efficiency
between regions. Other scholars have developed econometric
equations to measure differences in the marginal output of
land or productivity share covariance (Olley and Pakes, 1996),
the relative productivity of factors (Yansui Liu et al., 2018), and
the productivity gap caused by resource misallocation (Brandt
et al., 2013), which are used to measure the level of land
misallocation. However, these measurement methods can only
be used to evaluate the allocation efficiency of land resources and
cannot determine the specific state and source of land
misallocation.

2.3 Contributing Factors and Determining
Mechanism of the Spatial Misallocation of
Construction Land
The research on the contributing factors and determination
mechanisms of the SMCL covers a wide range. 1) Government
intervention: through the monopoly of the land market and the
inclined land supply policy, the government has sacrificed factor
productivity and caused a loss of allocation efficiency while
achieving the goal of macro-control (Brandt et al., 2013).
However, Breton (1996) finds that local governments have
increasingly become the actual controllers of land resources
and compete with other regions with superior institutional
arrangements and lower land prices, resulting in an SMCL.
Meanwhile, the government’s differentiated policies in
different sectors and regions, including state-owned and non-
state–owned sectors, as well as government corruption and other
reasons, can exacerbate the misallocation of resources (Shuhong
Wang et al., 2020). It also further strengthens CLM (Brandt et al.,
2013). 2) Market environment: distorted factor prices or
imperfect factor markets have always been a significant reason
behind land misallocation in developing countries (Banerjee and
Moll, 2010; Aoki, 2012; Shenoy, 2017; Tang et al., 2020). Harrison
(1982) and Wen et al. (2022) believed that accelerating the
construction of a unified construction land market and
promoting the process of land marketization will help alleviate
the SMCL and improve land utilization (Baross and Mesa, 1986).
Kimura et al. (2011) believed that reducing the transaction costs
of market players is an important means to play the role of the
land market. In addition, the lack of land property rights is an
institutional reason that hinders the free trade of land, thereby
causing land misallocation (Chen, 2017; Huang and Du, 2017;
Chen et al., 2021; Gao et al., 2021). 3) Regional economic
structure and development level: the characteristics of regional
economic development and its structural characteristics, such as
population agglomeration, economic development level,
industrial structure, technology level, and land fiscal policy,
have a significant impact on CLM (Huang and Du, 2017).
Song et al. (2022) researched on resource-based cities using
the Tobit model and found that it is more effective for local
governments to improve land use efficiency by investing in road
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networks and science and technology. Britos et al. (2022) also
confirmed that the degree of distortion in the land market in each
region is related to road accessibility, ethnicity, and education
level. Based on the data of listed manufacturing enterprises in
China from 2010 to 2019, Li et al. (2022) also concluded that
information and communications technology is positively
correlated with the total factor productivity of manufacturing
enterprises, which indirectly proves that the supply of regional
science and technology has a positive impact on land allocation.

From the literature review, it is apparent that the current
research results on the characteristics, measurement methods,
and contributing factors of land misallocation have accumulated
significantly, and this can provide valuable references for the
research on the SMCL. However, the research has two drawbacks.
First, most of the existing studies only discuss CLM among
sectors, and there are still relatively few discussions on the
SMCL issue. This may be more meaningful for areas with the
rapid growth of construction land and significant regional
development gaps. Second, the contributing factors proposed
by the existing research involve a wide range of factors, and
the types of factors are relatively complex, albeit they lack a highly
concise and systematic analytical framework, which is also
necessary to form targeted theories in related fields and guide
the policy practices of developing countries.

3 THEORETICAL FRAMEWORK AND
EMPIRICAL STRATEGIES

3.1 Theoretical Framework
With the gradual improvement in the level of economic and
social development in developing countries, the diversification of
governance subjects and participation methods provides
conditions for various stakeholders to jointly improve resource
misallocation (Lu and Zhang, 2019; Chen and Lin, 2021; Silal and
Saha, 2021). Previous studies have often regarded government
power as the leading factor in the SMCL in developing countries,
but practical cases and theoretical studies have begun to pay
increasing attention to the role of market players and social forces
in recent years (Calic and Ghasemaghaei, 2021; Yang and Lee,
2021). According to the classic theory of national and regional
governance (Kollintzas et al., 2018; Lin et al., 2022), this study
proposes a system of factors that influence the SMCL, composed
of government, market, and social forces. Nonetheless,
considering the basic support conditions for the three types of
factors to play their respective roles, a GMSS theoretical
framework is constructed wherein the GMSS system jointly
affects the SMCL. In China, the upper-level government
mainly controls the construction land in the lower-level area
by planning approval, issuing the number of available quotas, and
specifying the investment and tax intensity density of the
construction land. However, under the condition of the same
management and control framework and management and
regulation robustness, the final SMCL level is determined by
the adjustment mechanism within each region, which is also the
research strategy and premise of most research institutes (Huang
and Du, 2017; Dai and Cheng, 2019; Shuhong Wang et al., 2020;

Wu et al., 2020; Fu et al., 2021). Under the GMSS analytical
framework, there are: 1) local government forces: they intervene
in the allocation of construction land mainly by implementing
favorable policies for specific industries, improving the level of
infrastructure and public service support, setting the benchmark
price of local construction land, ordering and structuring the
administrative grant, issuing permits for construction activities,
and supervising the construction process. Because of these
effective interventions, the government can impose critical
external constraints on the overall efficiency of construction
land use. 2) Market power refers to micro-market entities,
such as enterprises and professional service institutions that
provide enterprises with other production factors. They use
the existing market system to maximize economic benefits
under the condition of government intervention by lobbying
the government, flexibly controlling production and investment
decisions, conducting mutual transactions between market
entities, and adjusting locations. The role of these micro-
market players can ultimately be reflected in the macro-level
structural features, such as regional industrial structure, factor
supply environment, and spatial agglomeration structure, which
represent the pattern of market power comparison. 3) Social
forces are social subjects, including residents and non-profit
organizations. To enjoy high-quality regional public services,
they express their interests and sensitize the society on the
rationality of government intervention and the compliance of
enterprises to play an indirect regulatory role as a third party and
affect the final SMCL degree. 4) Support systems, including
regional natural conditions, ecological environment carrying
capacity, completeness of infrastructure construction, public
supply of scientific and technological innovation, and other
factors. In a certain period, they can play a supporting or
restricting function on the influence and interaction of the
three forces and also determine the upper or lower limit of the
utilization efficiency of producing factors to some extent, which
also constitutes an important force that affects the SMCL. The
four forces of the GMSS form a coevolutionary action system
through mutual influence and causality to adjust the SMCL
implementation, structure, and efficiency status. The
interaction between them is easy to understand. Taking
market adjustment forces as an example, they not only affect
the government decision-making, social welfare level, and
investment structure supporting system construction through
lobbying, product supply, capital investment, and so on but
also are significantly constrained by government regulation,
social supervision, and regional investment carrying and
return capacity. Thus, there is a pattern of interactive
influence is formed between market regulatory forces and
other forces. The analytical framework for the contributing
factors of the SMCL is illustrated in Figure 1.

3.2 Empirical Strategies
3.2.1 The Spatial Misallocation of Construction Land
Measurement Method
The quantitative measurement of the SMCL is a challenge that
needs to be addressed before the empirical analysis herein.
However, most of the existing methods are based on the
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relative evaluation of the allocation efficiency after resource input
and can neither determine the nature and actual level of the
misallocation nor obtain the optimal allocation size and more
specific and clear implications for the regulation strategy.
According to the basic economic theory, in a multiregional
competition process, the marginal output of construction land
input should be equal among regions, which can be an ideal
equilibrium state for effective construction land allocation. Based
on this logic, we can measure the SMCL in four steps.

First, we construct an estimation equation for the marginal
output elasticity of regional construction land. The
Cobb–Douglas production function has the attributes of
stability, convenience of calculation, and linearizability. This
study takes construction land as an independent factor of
production and incorporates it into the Cobb–Douglas
regional production function together with the input of capital
and labor, and we obtain:

Yt � AKα
t L

β
t S

γ
t . (1)

We take the logarithm on both sides of the equation to obtain
the estimated marginal output elasticity of the construction land
input as follows:

lnYt � ln A + αlnKt + βlnLt + γlnSt, (2)

where A represents the regional comprehensive technical level
and is defined as a constant to simplify the relevant calculation; Yt

indicates the total regional output; Kt indicates the capital stock;
Lt indicates the quantity of labors; St indicates the total amount of
regional construction land, represented by the urban construction
land in the regions of the study area; and α, β, γ are the coefficients
to be estimated. Because construction land is mainly used for
non-agricultural production, Yt is expressed as the gross domestic
product (GDP) of the secondary and tertiary sectors for the year,
and Lt is expressed as the gross number of employees in the
secondary and tertiary sectors. Referring to Wu (2016), based on
the fixed capital investment amount, the perpetual inventory
method is used for calculation, and the formula is

Kt � (1 − δt)Kt−1 + It (3)
K0 � I0

δ0
. (4)

Among them, Kt is the capital stock of the year; δt is the
depreciation rate, referring to Wu et al. (2014), taking 10%
uniformly; It is the fixed asset investment in the current year;
K0 is the capital stock in the base period; and I0 is the base period
fixed asset investment.

Second, we empirically estimate the parameters by collecting
years of actual data in the estimation equation presented earlier

FIGURE 1 | GMSS analytical framework for the influencing factors of the SMCL.
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and using the panel data regression method to empirically
estimate the marginal output elasticity of construction land in
the study area.

Third, according to the principle of the equal marginal output
of construction land between regions and referring to the
calculation methods of Zhang et al. (2021) and Xie et al.
(2022), the following simultaneous equations are established:

MPS1t � MPS2t � . . . � MPS17t, (5)
MPSit � γAKα

itL
β
itS

pγ−1
it , (6)

∑ Spit � ∑ Sit, (7)
where MPSit is the theoretical marginal product elasticity of
construction land in sub-region cities in the study area, which
should be equal to each area at the theoretical scenario in the
study area. S*it is the theoretical construction land area, calculated
according to the formula, and Sit is the actual construction land
area. Using MATLAB to solve the aforementioned equations, the

theoretical construction land scale of each area, denoted by S*it,
can be obtained.

Finally, by comparing the scale of the actual and theoretical
construction land in each region, the SMCL rate expressed by
specific numerical values in a certain area can be calculated,
denoted by mit:

mit � (Sit − Spit)/S
p
it. (8)

If mit > 0, the actual construction land area is larger than the
theoretical construction land area, which means that too much
construction land is allocated, that is, an excessive misallocation.
If mit < 0, the actual construction land area is smaller than the
theoretical construction land area, which indicates a
misallocation shortage. The larger the absolute value of mit,
the higher the SMCL degree in this area. This estimation
method can calculate the specific value of the SMCL level and
obtain the ideal allocation scale of construction land, which helps
to conceptualize more precise regulation policies.

FIGURE 2 | Changes of the construction land area in Shandong province between 2001 and 2019.

FIGURE 3 | Location and sub-regional divisions of the study area (Shandong province).
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3.2.2 Model Setting and Variable Selection
Based on the aforementioned information, we take the
measurement results of the SMCL rate as the explained
variable and use the various contributing factors under the
GMSS framework as the explanatory variables. Then, the
econometric regression equation for the SMCL in typical
regions of China can be constructed further. A quantitative
empirical test is conducted on the role nature of different
factors and their influence strength. In addition, this study
undertakes heterogeneity analysis and robustness tests in
different periods and sub-regions to gain a deeper
understanding of the impact of different factors on the SMCL
and its dynamic changes, thereby enriching existing research.

According to the GMSS analytical framework, each
explanatory variable of the econometric model is determined
by considering the literature references and data availability. 1)
Government power factors: generally, the level of dependence of
local governments on construction land leasing can reflect their
motivation to intervene in construction land allocation, which
can be calculated by the proportion of land leasing income to total
fiscal revenue, denoted as landit. Public fiscal expenditure is the
most important means by which local governments intervene in
economic and social development. Therefore, the proportion of
local fiscal expenditure to GDP is selected to represent the degree
of government intervention, denoted as govit. 2) Market power
factors: the macrostructural characteristics formed by various
market players are mainly considered. Presently, China and
Shandong province are still in the rapid development stage of
industrialization; therefore, the proportion of added value with
the secondary industry to GDP is selected to represent the
industrial pattern of market players, denoted as indit. The level
of urbanization is the most direct indicator of the regional spatial
structure, which can be represented by the proportion of the
urban population to the total population, denoted as urbanit.
Capital is one of the key factors influencing land value realization,
so the loan balance of financial institutions, which can better
reflect the environment of other production factors supplying
than proportion indicators or per capita indicators, is used and
denoted as finanit. 3) Social force factors: the variable selection is
made from the perspectives of social vitality and social openness.
Among them, the measurement of social vitality is more
complicated, but in existing data the level of residents’
consumption can more intuitively reflect the actual state and
degree of influence of residents’ participation in economic
operations. Expressing it by the total retail sales of social
consumer goods, denoted as consuit, the degree of social
openness is closely related to the level of its foreign economic

ties, calculated by the proportion of the total regional import and
export values to GDP, and recorded as openit. 4) Supporting
system factors: it involves a wide range of factors; however, for
developing countries currently in the period of rapid
industrialization, innovation system support, and
infrastructure system support are the two most important
factors affecting the efficiency of construction land use.
Therefore, regional science and technology investment is
selected to represent the supply level of local technological
innovation, expressed as the expenditure of scientific and
technological activities of industrial enterprises above a
designated size in the region, denoted as techit. The highway
density represents the completeness of infrastructure
construction, expressed as the highway mileage per 100 square
kilometers in the region, denoted as roadit.

As all the explanatory variables are positive values and the sign
of the misallocation rate represents whether the construction land
allocation is excessive or short, its absolute value can also measure
the degree of misallocation. Therefore, the explained variable is
expressed by the absolute value of the SMCL rate in each sub-
region calculated earlier, denoted as amit.

Finally, the econometric regression model is constructed as
follows:

amit � β0 + β1indit + β2openit + β3urbanit + β4landit + β5govit

+ β6lntechit + β7lnconsuit + β8lnroadit + β9lnfinanit + μi

+ δt + εit.

(9)
The subscript i represents different regions in Shandong, and

the subscript t represents different times. μi, δt, and εit represent
the time fixed effect, regional fixed effect, and random error
terms, respectively.

3.2.3 Study Area and Data Sources
This study selects Shandong province, China, as the empirical
research area and investigates the measurement of the SMCL, the
evolution characteristics of the spatiotemporal pattern and its
contributing factors. The typical value of the study area is mainly
reflected in three aspects.

First, Shandong is a province with a large population and
economy along the eastern coast of China. It not only plays an
important role in China’s regional development pattern but also
is highly similar to China’s national conditions due to its natural
resource endowment, climatic conditions, population, and
industrial structure. It is considered to be a classic epitome of
the evolution of China’s economic and social development (Lu
et al., 2011; Chen et al., 2022). In 2020, Shandong achieved a GDP
of RMB 8.31 trillion, while the three industrial structures were in
the ratio of 7.3:39.9:52.8, the permanent population at the end of
the year was 101.70 million, and the urbanization level reached
63.94%. Overall, Shandong is still in a rapid industrialization and
urbanization stage. Since 2000, the scale of urban construction
land in Shandong has increased from 1,058.92 km2 to
3,951.85 km2, with an average annual growth rate of 8.1%,
significantly exceeding the growth rate of urban population,

TABLE 1 | Parameter estimation results of Shandong province’s production
function.

Capital (K) Labor (L) Land (S) F-value

Coefficient 0.69*** 0.21** 0.12** 2596.47
t-value 27.48 2.20 2.16

Note: ***p < 0.01, **p < 0.05, *p < 0.1.
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and the pressure of the low level of construction land utilization
and the large contradiction between supply and demand always
exists (Figure 2). Therefore, taking Shandong as the research area
clearly shows the evolution of the SMCL process during the rapid
growth period.

Second, Shandong has formed a gradient development pattern
of three major regions as the Jiaodong region (JDR), Jinan
metropolitan-coordinating region (JNR), and Lunan region
(LNR). The differences in the regional economic development
levels and industrial structure characteristics are significant,
which is helpful in identifying the characteristics of the SMCL
and the regional heterogeneity of its contributing factors
(Figure 3).

Third, as a northern province in China, governments at all
levels in Shandong have a profound historical tradition of
intervening and regulating the allocation of construction land
(Qu et al., 2021). However, in recent years, Shandong has
continued to promote a market-oriented process of
construction land allocation in accordance with the
requirements of the central government for
comprehensively deepening reforms. A new type of
allocation mechanism, led by the government, with
enterprises as the main body and extensive participation of
social forces and supported by scientific and technological
innovation, is taking shape, which is also a typical value for
examining the role of contributing factors and their dynamic

FIGURE 4 | SMCL changes of different regions in Shandong Province between 2000 and 2019.
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changes under the GMSS construction land misallocation
analytical framework.

This article takes 2000–2019 as the research period, and the
required data are obtained from public statistical databases, such
as “Shandong Statistical Yearbook,” “China Land and Resources
Statistical Yearbook,” and “China Urban Construction Statistical
Yearbook,” which are all available at https://data.cnki.net/ and
http://tjj.shandong.gov.cn/. Even though the Laiwu region was
merged into the Jinan region in January 2019, this study still
considers the Laiwu region as a separate administrative area.

4 RESULTS

4.1 The Measurement Result of the Spatial
Misallocation of Construction Land
Before estimating the main parameters of Eq. 2, the Hausman
test was performed. The test results rejected the null
hypothesis, and the fixed effects model was used to estimate
Eq. 2. The results of the regression using the panel data of
17 cities in Shandong during the study period are shown in
Table 1.

Among them, the marginal product elasticity coefficient of the
capital factor α � 0.69, the marginal product elasticity coefficient
of the labor factor β � 0.21, and the marginal output elasticity
coefficient of construction land input γ � 0.12, all passed the 5%
significance level test. Therefore, the production function of
Shandong is obtained as

Y � 0.24K0.69L0.21S0.12. (10)
Calculations are performed based on the obtained functions.

Owing to the large sample size of cities in the study area, we
display the measurement results and their time series changes
according to three economic regions of Shandong. As shown in
Figure 4, from 2000 to 2019, the SMCL degree in Shandong
generally showed a declining trend. In 2000, the highest value of
the SMCL rate in the province reached 0.59, which meant that the
actual construction land usage in Laiwu exceeded approximately
59% of its theoretical construction land usage. The lowest value
is −0.78, which means that the actual construction land in Linyi is
much lower than its theoretical construction land scale, and the
shortage in misallocation is very serious. In 2019, the distribution
range of the SMCL is compressed between −0.35 and 0.31, which
indicates that the SMCL of Shandong has been significantly
reduced.

From the perspective of regions, except for a few areas such as
Jinan and Liaocheng, the urban construction land in most areas
significantly approaches the adaptation range. This shows that
with the gradual improvement of market mechanisms and
governance capacity, the SMCL has improved as a whole.
Among them, cities with moderate and low levels of economic
development, regions with a higher proportion of agriculture or
traditional industries, and those with slower rates of
industrialization and urbanization have a higher probability of
shortage misallocation. However, the SMCL of none of the
regions continuously improves or deteriorates without

FIGURE 5 | Spatial pattern and evolution of the SMCL in Shandong province between 2001 and 2019. (A) 2001; (B) 2007; (C) 2014; (5) 2019. Note: This figure
shows only the results of 4 years, and the others can be obtained by contacting the correspondence author.
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fluctuation. This shows that the regulation level of the provincial
government still needs to be further strengthened.

Simultaneously, there were two regions that reversed their
nature of misallocation during the study period. Among them,
the Zibo region is a traditional industrial region. In 2000, the
actual construction land use exceeded 24.57% of its theoretical
value, but it dropped to −3.22% in 2019. In the context of
governments all over China competing for construction land
permit indicators, this also means that its regional
competitiveness is significantly declining, while the Heze
region is a traditional agricultural region. Industrialization and
urbanization have developed rapidly in recent years. During
the study period, the level of misallocation increased rapidly
from −0.38 to 0.21. This proves that industrialization and
urbanization strategies are still an apparent driving
force for local governments to compete for construction land
resources.

From the perspective of the three major regional plates in
Shandong, the utilization of urban construction land within each
plate is obviously close to the adaptation range. Although there
are regions of excessive misallocation and shortage misallocation
within each region, on the whole, the numerical distribution of
the SMCL level in JDR is biased toward excessive misallocation,
and most cities have obvious characteristics of agglomeration in a
suitable range. The numerical distribution of the LNR is relatively
discrete, but the overall bias is toward shortage misallocation, and
the numerical distribution of the JNR is centered at zero and
distributed symmetrically up and down, but the convergence
trend is not obvious. It can be seen that it is suitable for the overall
economic development level and development stage of the
regional economic sector, and there are also certain regional
differences in the misallocation pattern of urban construction
land, while it provides a basis for the regional heterogeneity test of
contributing factors in the following.

Combined with the spatial distribution map of the SMCL in
some years, it can be seen more clearly that the SMCL in the
province tends to ease, and the number of extremely high and
extremely low values progressively decrease. In terms of the
spatial pattern, in the base period of the study, Shandong
generally presented an excessive misallocation agglomeration
area with the east–west central zone as the core and a
shortage misallocation agglomeration area on the north and
south flanks. By 2019, it had been transformed into a high-
value surface agglomeration area in JDR with Qingdao as the
center, a high-low combination area in JNR with Jinan as the
center, and an LNR with a staggered distribution of high and low
values. In the new century, Shandong has implemented the
breakthrough Yantai, breakthrough Jinan, and breakthrough
Heze strategies. Shandong also has regional development ideas,
such as double centers and solid provincial capitals. In these
practices, the government plays an important role in the SMCL
(Figure 5).

4.2 Empirical Analysis Results
This study adopts the stepwise regression method, adds variables
in steps, and uses STATA 15 software for regression analysis. The
regression results show that the explanatory power of the model

significantly improves after adding variables in steps, and all
variables pass the 5% significance test except for the insignificant
level of land finance dependence in the final regression model,
proving the overall rationality of the variable selection.We judged
the specific influence of each factor based on three aspects. First,
the sign of the regression coefficient represents the influence
direction of the corresponding factor; a positive value means that
the factor has an aggravating effect on the SMCL, and a negative
value means that it has a mitigating effect. Second, the magnitude
of the absolute value of the regression coefficient represents the
impact strength of this factor on CLM, and the larger the absolute
value, the stronger the aggravation or mitigation effect. Third,
regardless of whether it is marked with “*” or not indicates
whether the influence of the factor has passed the statistical
test of the significance level, and the regression coefficient
without marked “*” indicates that although the factor has a
certain influence on the spatial mismatch of construction land,
but the actual probability of having an impact is low.

The final empirical results show that each dimension of the
GMSS system has a significant impact on the SMCL. In terms of
the role of the government, the degree of land financial dependence
is positively correlated with the SMCL rate, but it is not significant.
For every 1% increase in the land financial dependence level, the
SMCL rate increases by 0.022%. This indicates that the motives of
land transfer in various regions of Shandong cannot influence the
scale of construction land allocation by higher-level governments
in the region, and it shows the policy rigidity of the tightening
construction land supply adopted by the Chinese government to

TABLE 2 | Temporal heterogeneity effects of the multidimensional contributing
factors of the SMCL.

Variable 2001–2010 2011–2019

amit amit

landit −0.019 0.035***
(0.04) (0.00)

govit 2.249*** 1.820***
(0.51) (0.61)

indit 0.694*** 0.470***
(0.00) (0.00)

urbanit −0.257*** −0.413***
(0.06) (0.11)

lnfinanit 0.038* 0.251***
(0.08) (0.03)

openit −0.154*** −0.109**
(0.05) (0.04)

lnconsuit 0.003 −0.293***
(0.04) (0.02)

lntechit −0.046* −0.033*
(0.02) (0.03)

lnroadit −0.209*** −0.227***
(0.03) (0.04)

Constant 0.752* 1.205**
(0.39) (0.55)

Observations 170 144
R-squared 0.341 0.585
Number of groups 17 17
FE Yes Yes
F 2,394 2,6609

Note: Standard errors in brackets, ***p < 0.01, **p < 0.05, *p < 0.1.
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ensure food security and prevent the tendency of urban real estate
(Fan et al., 2021; Huang et al., 2022). The degree of government
intervention has a significant positive impact on the SMCL rate,
and its elasticity coefficient reaches 1.728, indicating that although
the government cannot determine the scale of available
construction land, local governments can greatly affect the
utilization efficiency of urban construction land and exacerbate
the misallocation contradiction, such as formulating local
industrial policies, adjusting the supply price and supply
structure of construction land, and other intervention measures,
which is consistent with the conclusions of most studies (Cheng
et al., 2022).

In terms of market power, the proportion of the secondary
industry has a significant positive correlation with the SMCL rate,
with an elasticity coefficient of 0.63. The fundamental reason is
China’s low-priced industrial land policy to implement the
industrialization strategy, which will inevitably lead to the
basic fact that the higher the proportion of the secondary
industry, the higher the SMCL rate. However, compared with
the results in some studies, the proportion of the secondary
industry and the SMCL rate have no significant correlation, or
even a significant negative correlation, which is obviously more in
line with theoretical logic and practical experience (Huang and
Du, 2017). Of course, the significant positive correlation between
the two also means that more attention should be paid to the
balance between the industrialization strategy and the
improvement of the comprehensive output efficiency of urban
construction land, especially to curb the extensive use of
construction land in the secondary industry to achieve
sustainable urban development under the constraints of land
resources. At the same time, the growth of the regional credit scale
has a significant aggravating effect on the SMCL level, indicating
that a loose credit environment will lower the market entry
threshold to a certain extent, resulting in inefficient land use.
The urbanization rate is significantly negatively correlated with
the SMCL rate. This indicates that it can help the agglomeration-
based economic development model to improve the efficiency
and vitality of economic operations by promoting mechanisms
such as the sharing of infrastructure and service facilities,
accelerating knowledge spillover, and reducing information
asymmetry, thereby improving the SMCL.

In terms of social factors, the regional consumption capacity is
significantly negatively correlated with the SMCL rate, and the
deviation correction effect coefficient reaches −0.135. It is
confirmed that social consumption can force enterprises to
continuously transform and upgrade from the demand side,
which helps to improve the mismatch of construction land
and promotes the optimization of regional industrial structure
and high-quality economic development. In addition, the level of
export-oriented economic development is an important
manifestation of social openness. It also helps to significantly
improve the SMCL level, and its improvement coefficient
reaches −0.147.

In terms of support systems, the level of scientific and
technological development is negatively correlated, with the
SMCL rate. This shows that technological innovation can help
to improve the output of enterprises’ construction land.

Infrastructure construction can significantly reduce the
efficiency of market operations and transaction costs, thereby
improving the SMCL, with the improvement coefficients
reaching −0.045 and −0.284, respectively.

Overall, except that the impact of land financial dependence is
not in line with the expected judgment, other factors have played
a significant role, thus confirming the validity of the GMSS
analytical framework. Among the factors that exacerbate the
misallocation of resources, the influence of local government
intervention is the strongest, followed by the proportion of the
secondary industry, and the influence of the financial credit scale
is the weakest. Among the factors with corrective effects,
urbanization has the strongest improvement effect, followed by
road network density, openness to the outside world,
consumption vitality, and level of technological innovation.
Although the specific effects of different indicators cannot be
comprehensively calculated based on the numerical distribution
characteristics of the regression coefficients in each dimension,
government power is the biggest reason for the SMCL in
Shandong, followed by market power, and social power is still
relatively weak. Owing to its diverse composition, the support
system may exhibit a significant impact strength difference.
However, transportation infrastructure has a stronger influence
as a physical support system, and the level of scientific and
technological innovation, as a soft factor, has a weak influence,
which is in line with the actual situation of the current
development of the Shandong’s industrialization stage (Tan
et al., 2021).

TABLE 3 | Regional heterogeneity effects of the multidimensional contributing
factors of the SMCL.

Variable LNR JNR JDR

amit amit amit

landit 0.083 0.100 −0.045
(0.07) (0.07) (0.03)

govit 4.430** 0.091* 1.525**
(1.34) (2.04) (1.10)

indit 1.210** 0.602** 0.319**
(0.00) (0.00) (0.00)

urbanit −0.206* −0.617** −0.625*
(0.47) (0.24) (0.29)

lnfinanit 0.139 0.190 0.091
(0.19) (0.13) (0.08)

openit −0.385 −0.285 −0.133
(0.87) (0.23) (0.07)

lnconsuit −0.142 −0.133 −0.135
(0.18) (0.08) (0.09)

lntechit −0.065 −0.087** 0.057
(0.06) (0.03) (0.03)

lnroadit −0.666 −0.224** −0.244*
(0.29) (0.07) (0.12)

Constant 0.000 1.469 1.689*
(0.00) (0.80) (0.61)

Observations 74 145 95
R-squared 0.646 0.461 0.381
Number of groups 4 8 5
FE Yes Yes Yes
F 8.907 356.2 19.12

Note: Standard errors in brackets, ***p < 0.01, **p < 0.05, *p < 0.1.

Frontiers in Environmental Science | www.frontiersin.org July 2022 | Volume 10 | Article 95701311

Li et al. Spatial Misallocation of Construction Land

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


4.3 Robustness Test
To ensure the robustness of the measurement results, we choose
the feasible general least squares model and mixed effects model
for the test. The results show that the role and nature of each
variable are completely consistent with the original model, which
confirms the reliability of the analysis conclusion of each
contributing factor. In particular, except for the weakening of
the influence coefficient of the support system in the mixed effects
model, the remaining variables still maintain the basic conclusion
that the government has the most vital role, the market power is
second, the social force is weak, and the support system exhibits
type differentiation. This provides a credible empirical basis for
the analysis of the contributing factors of the SMCL and
subsequent governance.

5 HETEROGENEITY ANALYSIS

5.1 Temporal Heterogeneity Analysis
To study the changes in the effect of various factors on the SMCL
at different stages, we used 2010 as the split point and regressed
the data from 2001 to 2010 and 2011 to 2019, respectively. The
results are presented in Table 2.

The results show that compared with the previous stage, the
fitting efficiency of the model is significantly improved, indicating
that the explanatory power of the GMSS analytical framework for
the SMCL in Shandong is further enhanced. In particular, the
intensification of the misallocation in the role of the government
has weakened, the promoting role of market factors and social
factors has increased, and the role of the support system has
remained relatively stable, but compared with each other, the
situation has not essentially changed.

Specifically, in terms of the role of the government, from
2011 to 2019, the impact of Shandong’s land financial
dependence on the SMCL has changed from an insignificant
to a significant positive impact, which should be related to
Shandong’s active implementation of the policy, which means
consolidation of fragmented rural land to shift newly obtained
quotas to urban districts in the same region. Originally, this policy
is in line with the industrialization and urbanization trends of

Shandong, which is an effective way to improve the utilization
efficiency of regional construction land. However, to a certain
extent, it has also become a local government strategy that can
prevent the national reduction in the scale of new construction
land, which has exacerbated the degree of the SMCL (Chien,
2015). The weakening of the influence of government
intervention on the SMCL rate should be related to the
market-oriented reform of land transactions in China. During
this period, the government paid more attention to the role of
market supply and demand in the allocation of factors, and the
proportion of construction land transferred by agreement
decreased. However, an increasing number of market-oriented
allocation methods, such as bidding, listing, and auction, have
been adopted, which has slightly alleviated the distortion of
construction land allocation.

In terms of market factors, the role of the industrial
structure has weakened, and the roles of urbanization and
financial credit have increased significantly. This is related to
the rapid development of the tertiary industry and the
industrial evolution trend that gradually exceed the
proportion of the secondary industry in Shandong. In
addition, in recent years, the development of emerging
industries, such as big data and information technology, has
accelerated, and the output efficiency of unit construction land
in the secondary industry has significantly improved.
Therefore, the negative contributions to the SMCL tend to
be moderate. In 2011, the level of urbanization in Shandong
exceeded 50%, the agglomeration economic effect produced by
urbanization was released faster, and the improvement effect
on the SMCL was also more obvious. Simultaneously, China
issued an economic stimulus plan in response to the
2008 global financial crisis. The loose financing
environment has enabled the rapid development of local
traditional industries and backward production capacity and
has aggravated the impact on the SMCL.

In terms of the social role, the correcting effect of the degree of
opening to the outside world on the SMCL rate has weakened.
This is related to the accelerated improvement of the socially open
environment brought about by China’s accession to the World
Trade Organization in 2001 and the decline of marginal benefits

TABLE 4 | Variable selection for the multidimensional contributing factors of the SMCL.

Variable
properties

Variable
dimension

Variable
name

Variable meaning Calculation method

Explained variable Overall dimension amit Misallocation of urban construction land in
sub-regions

Absolute value of mit

Explanatory
variables

Government
forces

landit The motivation of local government to
intervene

Ratio of urban land leasing income to local public revenue

govit Level of local government intervention Ratio of local public expenditure to GDP
Market forces indit Industry structure of market forces Proportion of the secondary industry to GDP

finanit Level of capital supply Loan balance of financial institution
urbanit Spatial structure of the market forces Proportion of urban population

Social forces consuit Social vitality Retail sales of consumer goods
openit Degree of openness Ratio of total value of imports and exports to GDP

Supporting
system

techit Supply level of technological innovation Expenditure on scientific and technological activities of industrial
enterprises above the designated size

roadit Completeness of infrastructure Highway mileage per 100 square kilometers
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in the later period. Reflecting that with the improvement in
people’s income level, the promotion effect of the vitality of
private development on the utilization of construction land
has been further enhanced.

The influence of the support system has not changed much,
indicating that China’s market-oriented reform has entered a
critical period. The optimization relying on the external forces of
the regional allocation of construction land has entered a stable
stage, and in the future it will need to rely more on the changes in
the system itself.

5.2 Regional Heterogeneity Analysis
According to the overall pattern of the regional economy in
Shandong, the study area is divided into JNR, JDR, and LNR.

Regression analysis is performed on three regions, and the results
are shown in Table 3.

The heterogeneity of the GMSS system on the SMCL in the
three regions is complex. Among them, the government’s
reliance on land finance exacerbates the misallocation in
LNR and JNR. However, there is a certain misallocation
improvement effect in JDR. This shows that economically
developed areas are more inclined to adopt the strategy of
sorting and excavating the potential of existing urban
construction land, thereby helping to improve their SMCL
level. The level of government intervention in urban
development has a significant positive impact on all the
three regions, consistent with the previous discussion in this
study, but the influence coefficient in LNR is as high as 4.43,
reflecting that government intervention in economically

TABLE 5 | Economic statistics of Shandong province and its three sub-regions.

Region GDP per
capita (RMB

yuan)

Proportion of
urban population

(%)

Industrial structures
(%)

Urban construction
land area
(km2)

Average growth
rate of

urban construction
land between
2000 and 2019

(%)

Shandong 70,653 61.5 7.2:39.8:53.0 5129.91 6.16
JDR 94,405 67.0 6.4:39.0:54.6 2233.97 5.95
JNR 71,000 62.6 6.8:41.3:51.9 2006.81 6.18
LNR 44,346 54.8 9.9:40.4:49.6 889.13 6.68

TABLE 6 | Stepwise regression results of the econometric model for the effects of
multidimensional contributing factors of the SMCL.

Variable (1) (2) (3) (4) (5)

amit amit amit amit amit

landit 0.020 0.019 0.022
(0.02) (0.03) (0.03)

govit 1.119*** 1.130*** 1.728***
(0.30) (0.24) (0.38)

indit 0.338*** 0.349*** 0.493*** 0.358*** 0.630***
(0.00) (0.00) (0.00) (0.00) (0.00)

urbanit −0.302*** −0.226** −0.069 −0.341***
(0.09) (0.10) (0.07) (0.06)

lnfinanit 0.171***
(0.06)

lnconsuit −0.036 −0.135**
(0.03) (0.05)

openit −0.022 −0.028 −0.032 −0.147***
(0.05) (0.06) (0.05) (0.03)

lntechit −0.016 −0.045**
(0.02) (0.02)

lnroadit −0.284***
(0.04)

Constant 0.059 0.244** −0.029 0.725*** 1.276***
(0.04) (0.08) (0.12) (0.22) (0.42)

Observations 314 314 314 314 314
R-squared 0.098 0.165 0.176 0.206 0.379
Number of groups 17 17 17 17 17
FE Yes Yes Yes Yes Yes
F 1.489 11.06 16.64 183.9 187.3

Note: Standard errors in brackets, ***p < 0.01, **p < 0.05, *p < 0.1.

TABLE 7 | Robustness test of the econometric regression results via the FGLS
model and mixed effects model.

Variable FGLS test Mixed effects test

amit amit

landit −0.018 −0.018
(0.02) (0.02)

govit 2.378*** 1.858***
(0.45) (0.33)

indit 0.599*** 0.675***
(0.00) (0.00)

urbanit −0.341*** −0.183**
(0.08) (0.08)

lnfinanit 0.180*** 0.153**
(0.02) (0.05)

openit −0.169*** −0.102***
(0.03) (0.03)

lnconsuit −0.170*** −0.115**
(0.02) (0.05)

lntechit −0.016** −0.047***
(0.02) (0.01)

lnroadit −0.318*** −0.064**
(0.04) (0.02)

Constant 1.396*** 0.033
(0.33) (0.22)

Observations 314 314
Number of groups 17 0.281
FE Yes Yes
Wald/F 334.5 930.3

Note: Standard errors in brackets, ***p < 0.01, **p < 0.05, *p < 0.1.
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underdeveloped areas is an extremely important reason for
the SMCL.

Among the market power factors, the proportion of the
secondary industry still played a significant positive role in
increasing the misallocation, but the role was weaker in
regions with higher levels of economic development. This is
consistent with the fact that the secondary industry’s
development level is relatively high, and the output efficiency
of construction land is relatively more robust in economically
developed areas. The level of urbanization is similar to this. The
high level of urbanization in economically developed areas has a
more apparent improvement effect on the SMCL, which reflects
the necessity of continuing to accelerate the upgrading of the
industrial structure and the urbanization process. The impact of
the local financial environment is greatest in JNR, which is related
to the centralized distribution of Chinese financial institutions in
the provincial capital city as the administrative center and easy
access to financial resources.

However, although the effects of the social force factors in the
three regions are all improvement effects, the regression results
are not significant. Among them, the regression coefficients of
social openness and social consumption level in LNR are the
smallest, indicating that although the social openness and social
vitality of the underdeveloped areas are low, they tend to form
stronger marginal improvement contributions because of their
weak foundation.

In terms of the influence of the support system, the power of
science and technology has a significant and the strongest
improvement effect on JNR. This shows that the provincial
capital has gathered a large number of educational technology
resources due to its status as an administrative center and has
formed a spillover effect on the surrounding areas through close-
range scientific and technological cooperation, such that the role
of scientific and technological innovation can be effectively
played. The level of infrastructure construction represented by
highway density has the strongest effect on the improvement of
construction land mismatch in LNR, but it is not significant,
which shows that infrastructure construction in LNR is still
relatively lagging behind; thus, it has stronger improvement
elasticity. However, while infrastructure improvement
accelerates the flow of factors and alleviates the SMCL, the
imperfect system and mechanism of promoting high-quality
economic development in LNR may also lead to the transfer
of low-end industries to the local area and aggravate the
misallocation of land use. Therefore, although the
improvement of infrastructure has a positive effect on
improving the SMCL in LNR, it is clear that this effect is not
sufficiently robust.

In general, the effects of various dimensions of the GMSS
system in each region are still in line with theoretical expectations.
Owing to the level of economic development and its structural
characteristics, the role of the government is stronger and the role
of market forces in promoting adaptation is lower than in
backward regions, while social forces and support systems may
have a stronger potential for improving misallocation. However,
owing to the constraints of various factors, such as the imperfect

system and mechanism, the degree of its role is not sufficiently
stable.

6 CONCLUSION

Spatial misallocation among regions is an important contributor
to the inefficient use of construction land. This study
quantitatively measures and analyzes the spatial and temporal
characteristics of the SMCL in Shandong, China. It also proposes
and empirically tests the actual effects of the factors affecting the
SMCL and its dynamic changes under the GMSS analytical
framework. The main conclusions of this study are presented
as follows:

(1) The calculation results based on the principle of equal
marginal output can more accurately reflect the nature
and intensity of the SMCL in the study area. During the
study period, the urban construction land in the study area
grows rapidly, but the overall level shows a downward trend.
In most areas, the urban construction land significantly
approaches the adaptation range. Overall, industrialization
and urbanization remain as evident driving forces for local
governments to compete for construction land resources.
Cities with a moderate or low level of economic development,
regions with a high proportion of agriculture or traditional
industries, and regions with slower rates of industrialization
and urbanization have a higher probability of shortage
misallocation. The spatial pattern of the SMCL level in
Shandong shifts from a numerical combination of the
middle corridor and the north–south wings to a numerical
combination of the central city as the core and the interlaced
distribution of other regions.

(2) With the gradual improvement in developing countries’
economic and social development levels, government
forces, market forces, social forces, and their supporting
systems will form a multi-agent symbiosis and coevolution
regulation system. Under the management and control
framework of the superior government, it adjusts the
timing, structure, and efficiency of construction land
utilization, which ultimately affects the SMCL status.

(3) The empirical results confirm the validity of the GMSS
analytical framework for the contributing factors of the
SMCL. Among them, government power not only
aggravates the contradiction of the SMCL but also has the
strongest effect. The role of social forces remains weak, and
the nature and strength of the support system are internally
differentiated. However, with the changes in the development
stage, the intensification of misallocation in the role of the
government has weakened, the role of market and social
factors has been enhanced, and the role of the support system
has remained relatively stable. However, the comparative
situation has not fundamentally changed. The influence of
different dimensions on the heterogeneity of the SMCL in the
three major regions is more complex. In general, the role of
the government in backward regions is stronger, the role of
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market forces in adaptation promotion is lower, and social
forces and supporting systems are not sufficiently steady.

The aforementioned conclusions not only have various policy
implications for Shandong but also have rich reference values for
other regions with rapid growth of construction land and
significant internal differences. First, the fact that construction
land in Shandong is growing rapidly but the level of SMCL is
declining is closely related to the continuous promotion of the
systematic reform of construction land allocation models in China
and Shandong in recent years. This shows that in the future,
relative regions should accelerate the construction of a policy
environment, in which market and social forces can effectively
participate in the allocation of construction land and constantly
improve the mechanism design for multi-agents to play a
coordinated role to avoid the risk of misallocation caused by
improper government intervention. Second, the SMCL level is
significantly related to factors such as the regional development
level, industrial structure, spatial structure of agglomeration, and
completeness of supporting systems. This means that the regional
allocation of construction land should be fully integrated with the
development characteristics of different regions. Nevertheless, it
also reminds all regions to continuously improve their
technological innovation system and infrastructure construction,
actively promote the layout optimization of their industrial and
spatial structures, and accelerate the transformation to high-quality
development. Third, the process of improving the spatial
misallocation of construction land in most regions is unstable
and there may be large or small fluctuations. This requires that
each region should also strengthen its statistical analysis,
monitoring and early warning, and dynamic policy adjustment
of construction land allocation to respond in a timely manner to
the risk of loss of economic and social benefits caused by improper
coordination of various dimensional factors.

Because the measurement method used in this study is a
statistical estimation based on the ideal state, the measurement
results may deviate from the actual situation in different regions.
In addition, there are many contributing factors involved in the
SMCL; therefore, this study cannot include more variables for a
more systematic investigation, and the conclusions obtained also

have certain limitations. Undoubtedly, the measurement ideas,
analytical framework, and new discoveries of this study have
theoretical and policy significance for understanding the
evolution law of the SMCL pattern in rapid industrialization
and urbanization areas, constructing a better regulatory
framework, and improving the utilization efficiency of
construction land (Table 4, Table 5, Table 6, Table 7).
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