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Abstract: In recent years, public-private partnership (PPP), as an alternative strategy in the delivery
of infrastructure services, has developed rapidly in China. However, the implementation of PPP
projects differs significantly between provinces and municipalities. Using the implementation data of
national PPP demonstration projects, this study employs spatial autoregression and a spatial Durbin
model (SDM) to explore the spatial characteristics and driving factors of PPP projects across China.
The results indicate that the PPP project implementation rate in China shows significant spatial
clustering, which indicates a spatial spillover effect in the eastern, central, and western regions of
the country. The fixed asset investment and infrastructure status exert a significant positive effect
on the PPP project implementation rate in a certain region and aid in the implementation of PPP
projects in the neighboring regions. Urbanization potentiality, the financial self-sufficiency rate, and
regional openness do not have an impact on the local PPP project implementation rate, but they do
inhibit the increase in this rate in the adjacent regions. Fiscal capacity, government credibility, and
the level of social development do not affect the local PPP project implementation rate, but they
do promote the implementation of the PPP projects of these neighboring regions. Local authorities
should make additional efforts to build an inter-regional development environment for PPP and
promote the implementation of PPP projects.

Keywords: public—private partnership; spatial characteristics; driving factors; spatial Durbin model

1. Introduction

Public—private partnership (PPP) has been adopted widely in the world in both devel-
oped and developing countries as an alternative way to deliver quality public goods and
services by the government. PPP involves a long-term contractual arrangement between
the public and private sectors for reciprocity and mutual benefit in which the collabora-
tors mutually agree to share costs, benefits, and risks in the provision of public goods or
services [1]. The practical experience around the world has shown that PPP can provide a
wide range of benefits, including private financing, increased efficiency, value for money,
and risk transfer, if properly formulated [2—4].

Since 1994, PPP has been introduced into the infrastructure sector in China and has
been continuously promoted and adopted [5]. PPP projects further improve supply ef-
ficiency and quality by introducing social capital to participate in the supply of public
goods and services. In the past two decades, the development of PPP in China has ex-
perienced many twists and turns. In 2014, due to the increased economic downturn and
tight local finance, the Ministry of Finance (MOF) and the National Development and
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Reform Commission (NDRC) issued a series of documents to vigorously encourage private
investment in public services and infrastructure, making it once again an important tool
for the infrastructure financing and public service supply of local governments in China [6].
The number of Chinese PPP projects has soared in recent years.

PPP projects have witnessed a massive increase due to strong promotion by central
and local governments, yet many PPP projects are still facing a series of difficulties in
implementation and fail to be put into practice according to both partners” wishes. For
example, the China Public-Private Partnerships Center under MOF reported that the
governments at all levels had initiated a total of 10,115 projects with a 15.9 trillion RMB
(about USD 2.5 trillion) investment by the end of the third quarter of 2021. Only 78.2% of
PPP projects have signed cooperative contracts, and only 45.2% of these signed projects
have entered into the construction stage [7]. To cope with increasing issues regarding
PPP implementation, MOF and other departments jointly issued a series of guidelines on
promoting the regulated development of PPP, asking local governments at all levels to
effectively attract social capital and efficiently improve the quality of supply. However,
owing to the obvious imbalance between regional and industry development demand,
there is significant spatial heterogeneity of implemented PPP projects in China across
regions. The measure of dealing with implemented PPP projects has been brought to the
forefront of the policy agenda. It requires a better understanding of implemented PPP
projects, especially determinants of spatial heterogeneity of PPP projects.

In the past few decades, academics have been devoting more attention to the critical
factors of PPP success or failure [8]. Some factors related to local political, economic, and
institutional contexts have been considered as the determinants of PPP development [9].
Although the results of other studies in this field may contribute to our current under-
standing of the spatial distribution of PPP projects, few studies have sought to explore
the spatial distribution characteristics and determinants of PPP projects [10,11]. These
studies qualitatively describe the pattern of PPP projects but ignore the investigation of the
spatial distribution of PPP projects in quantitative analysis, let alone from the perspective
of the development environment. Thus, the purpose of this paper is to describe the distri-
bution characteristics of PPP national demonstration projects in space and capture their
driving factors.

The remainder of the paper proceeds as follows. Section 2 provides a systematic
literature review of the related determinants of PPP development. Section 3 describes the
methodology, including spatial autocorrelation and the spatial Durbin model, the analytical
framework, and the data collection. Section 4 offers the results and discussion. Conclusions
are provided in Section 5.

2. Literature Review

During the past few decades, many studies in various fields of PPP have been explored
and conducted [12-14]. Among them, a major research area of PPP is the critical success
factors (CSFs) for PPP. The terminology of CSFs is employed to enhance the understanding
and ensure the best practice of implementing PPP policy for infrastructure projects [15].
For instance, scholars explored CSFs for PFI/PPP construction projects by a questionnaire
survey. A strong and reputable private consortium, reasonable and effective risk allocation,
and an available financial market were identified as the most important CSFs [16]. The
CSFs during the tendering process in PPP projects were summarized as three components,
namely a streamlined approval and negotiation process, a clear project brief and client
outcomes, and increased competition [17]. One article identified five principal factors that
contribute to PPP success in China, including a stable macroeconomic environment, shared
responsibility, a transparent and efficient procurement process, a favorable political and so-
cial environment, and insightful government control [18]. A stable and favorable economic
environment, financial attractiveness, public acceptance, and a supportive political frame-
work are imperative when considering the adoption of the PPP approach [19]. The five
most reported CSFs were risk allocation and sharing, a strong private consortium, political
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support, public support, and transparent procurement [9]. Moreover, in another study,
Osei-Kyei and his colleagues argued that several factors contribute to PPP success, includ-
ing effective risk management, a specification requirements meeting, reliable and quality
service operations, project schedule adherence, public facility /service demand satisfaction,
long-term relationships and partnerships, and project profitability [20]. Several studies
have undertaken a comparative analysis of CSFs between the different economies [2,21,22].
Those authors pointed out that CSFs in PPP vary with economic, social, and policy contexts.
On the contrary, numerous studies have been conducted to explore the drivers of PPP
project failure. In these studies, determinants such as changes in regulations [23], an in-
sufficient feasibility study [24], inadequate supervision [25,26], an inappropriate financing
structure [27], and an inaccurate prediction of output performance [28] have been reported.
These studies have significantly contributed to improving the performance of PPP projects.

Apart from PPP CSFs and failure factors, there are also critical factors related to the
adoption of PPP projects [8,29,30]. Some findings have indicated that macroeconomic
stability is essential for PPP in countries where aggregate demand and the market size are
large, and GDP per capita has been positively associated with the number of PPP projects
in general [31,32]. There was a positive relationship between GDP per capita and the
number of PPP projects. Focusing on public finance conditions, scholars have found that a
negative fiscal condition discourages private investment through the PPP route [33,34]. For
example, some fiscally solid countries have been highly reluctant to adopt PPP in the public
service sector [35].

PPP adoption depends on the institutional quality of the local governance capacity.
There are multiple barriers to PPPs, including the distrust between the public and private
sector, the lack of an enabling institutional environment, and the insufficiency of project
preparation on the part of the public sector [36]. Trust is crucial for both PPP performance
and cooperation between the public and private sectors [37,38]. In addition, appropriate
policies, unambiguous regulations, transparent procurement procedures, and well-defined
responsibilities between stakeholders contribute to the success of PPP [39]. The openness
and transparency of the market environment are essential for maximizing the benefits from
infrastructure and for guaranteeing optimal socio-economic outcomes. The information
disclosure and its availability to the public and private sectors increase predictability, en-
hance public confidence, and ensure the consistency of private investments with the public
interest. Transparency effectively strengthens governance institutions and regulations in
PPP projects in many respects [40]. For example, information disclosure can promote the
social and political support of PPP projects [41]. Similarly, transparency has also been
pointed out as a major factor contributing to PPP success [42]. In developing countries, it
is not unusual that investors withdraw due to the procurement process in transparency.
Hence, the overall governance quality will influence the adoption and implementation of
better PPP policies.

While previous studies contribute to significant growth in both the number of pub-
lished articles and the diversity of research topics, domains, and methods [8,43], there
have been few attempts to describe the spatial characteristics of PPP projects and examine
the driving factors. One exception used samples from the unofficial PPP database and
adopted the method of descriptive statistics to explore the spatial-temporal evolution in
regional differentiation, sectors, investors, and contract types [10]. The factors related to
this evolution mainly include the economic environment, national policies, local govern-
ments’ motivation, preference, competency, and reliability. Additionally, a few scholars
have studied the spatial distribution of PPP in specific fields. For example, the spatial
distribution of waste-to-energy PPP projects between 2005 and 2015 in China is imbalanced,
and the distribution pattern can be described as gradually decreasing from east to west
and from north to south [11]. The significant spatial disparities and policy implications of
tourism PPP projects based on the PPP database of MOF in China have been analyzed [44].
Some factors within the wider political, economic, and institutional contexts should be
considered as critical drivers that influence the processes of the rise and fall of PPP [45].
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However, these studies have only described the spatial distribution characteristics of
PPP from a dimension of descriptive statistics and lack a more comprehensive analysis of
its spatial spillover effect, let alone a spatial perspective based on the data samples. To fill
the research gaps, this study aims to investigate the spatial distribution of PPP projects
using quantitative analysis and to detect its driving factors.

3. Methodology
3.1. Spatial Autocorrelation and the Spatial Durbin Model

According to Tobler’s first law, everything is related, but near things are more related
than things further apart [46]. In spatial econometrics, almost all spatial data have spatial
autocorrelation (spatial dependence) characteristics, which means a certain characteristic of
a regional spatial unit is related to the same characteristic of a spatial unit of a neighboring
region. Therefore, when exploring the driving factors of the spatial characteristics of PPP
projects, we must first consider whether the PPP project implementation rate has spatial
relevance. The PPP project implementation rate is used as a dependent variable to detect
the spatial characteristics of PPP projects.

Exploratory spatial data analysis (ESDA) refers to the methods to analyze exploratory
data by revealing the characteristics specific to spatial data, such as spatial autocorrelation
and spatial heterogeneity [47,48]. The ESDA method can measure the correlations among
neighboring observations, demonstrate spatial patterns of data, detect the levels of spatial
clustering, and verify the hypotheses based on the geographical data [49-51]. The two
frequently used methods for testing spatial autocorrelation are Moran’s I and Geary’s C
statistics [52,53].

The Moran’s I index is analogous to the conventional correlation coefficient, with
its values ranging from —1 (strong negative spatial autocorrelation) to 1 (strong positive
spatial autocorrelation). It could be used to measure the spatial autocorrelation by ratio
data [54]. The global Moran’s I statistic is calculated as follows:

Yy Yy wii(x — X) (x; — X)

() B

M

where 1 is the number of the province-level unit, x; is the value of the PPP project im-
plementation rate at location i, x; is the value of the PPP project implementation rate at
neighboring location j, and wj; is the weight that determines the relationship between i and
j. Global Moran’s I statistic can clarify the degree of linear association between the vector
of the PPP project implementation rate and the vector of spatially weighted averages of
neighboring values but cannot reveal the regional structure of spatial autocorrelation [55].

Local Moran’s I is used to detect local spatial dependence about the high or low levels
of local spatial clusters, identify the regions contributing more to the global Moran’s I, and
conceal atypical localization [56]. Local indicators of spatial association (LISA), as the local
Moran’s I statistic for each region i, is written as

Ii = m Zw,] (x] — f) (2)
i\ ij

Geary’s coefficient C index and global Moran’s I can be converted into each other.
Geary’s coefficient is calculated with an analogy with the Durbin-Watson statistic [54].

In the ordinary panel model, different spatial units are considered as mutually inde-
pendent homogeneous regions. In practice, however, the socio-economic phenomena in
adjacent regional units will affect each other and produce spatial relevance. In this study,
there may be a spatial correlation among the determinants of the PPP project implemen-
tation rate, so the spatial regression model is used to explore the spatial characteristics of
PPP projects.
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The spatial Durbin model (SDM) is a general form of spatial autoregressive model
(SAR) and the spatial error model (SEM). It considers the influence of spatial lag explained
variables and spatial lag explained variables on the explained variables, and can effectively
capture the externalities and spillover effects produced by various sources [57]. The SDM
is expressed in the following equation:

n n
Yit = 0+ p0 Y wiyis + Bxir +0 ) wiixje + pi + A + € 3)
j=1 j=1

where y;; represents the PPP project implementation rate in the period t in region i, w;;
is the spatial weight matrix, 27:1 wi;yji is the spatial lag term of the dependent variable,
which represents the endogenous influence of implementation rate changes in surrounding
regions, and the coefficient p represents the average implementation rate of PPP projects in
neighboring provinces in province i. x; is the explanatory variable about driving factors of
implemented PPP projects, 2]7-‘:1 wjjxjt is the spatial lag term of explanatory variable, and
the coefficient 0 represents the influence of explanatory variables of neighboring regions
on the PPP project implementation rate in region i. i; and A; are the space effect and time
effect, respectively, which are used to reflect the heterogeneity in the space-time dimension.
¢;t is a random error term.

3.2. Analytical Framework for Driving Factors of Implemented PPP Projects

Due to the different social and economic environments in various provinces and
cities, the adoption of PPP across regions is also different, showing significant hetero-
geneity. Many studies have suggested that the adoption of the PPP approach is greatly
affected by the local social, economic, and institutional contexts [58,59]. It can then be
assumed that the spatial characteristics of PPP projects across regions are closely related
to these development environment factors, which comprehensively reflect whether and
to what extent a region is suitable for the investment, construction, and operation of
infrastructure and public services in the PPP mode [60]. From the economic growth the-
ory and the findings of previous studies, these development environment factors can be
divided into four categories: development demand, economic environment, policy envi-
ronment, and business environment. We thus built the analytical framework of this study,
shown in Figure 1.

Development environment

v

v . '

Development demand
Fixed asset investment
Urbanization potentiality
Infrastructure status

Economic environment Policy environment Business environment
Economic development level Government credi- Social development level
Fiscal capacity bl]lty Regf_onal openness
Financial self-sufficiency rate

!

PPP projects implementation

Figure 1. The analytical framework for driving factors of PPP project implementation.

The development demand mainly reflects the local development speed and urban-
ization potential, as well as the demand of local governments to provide public goods
through the PPP mode. The greater demand for development means greater market space
and investment opportunities. The economic environment mainly measures the level of
economic development and the financial capacity of the local government. Many PPP
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projects need the support of local finance, and sound local finance will contribute to the
sustainable development of PPP projects. The policy environment mainly reflects the
credibility of the government. Good government capacity can help to build a good politi-
cal and social cooperation relationship, enhance the trust of social capital in government
partners, and strengthen the confidence of social capital to participate in PPP projects. The
business environment mainly reflects the level of social development and openness and is
the supporting environment to impact social capital to invest in the PPP model. A good
business environment is conducive to the formation of steady and sustainable expectations
for PPP projects.

To evaluate these variables, we specified the observed variable-related indicators based
on literature and available statistics data. The observed variables are shown in Table 1.

Table 1. Observed variable-related indicators (source: experts’ opinions).

Variables Indicators Sources
Development Demand
Fixed asset investment (Fai) Growth rate of fixed asset investment [22,44,61,62]
Urbanization potentiality (Up) Local urbanization rate

Infrastructure status (Is)

Road network density, treatment rate of
sewage, and domestic waste

Economic Environment

Economic development level (Edl) GDP per capita [9,10,12,15,33,63]
Fiscal capacity (Fc) Ratio of local fiscal revenue to GDP
Financial self-sufficiency rate (Fssr) Local fiscal revenue expenditure ratio

Policy Environment

Transparency index and the default rate of

Government credibility (Gc) . [1,64-66]
government finance
Business Environment
Human Development Index, the proportion
Social development level (SdI) of people above junior college, and the [67]

proportion of technical personnel
Per capita freight volume, internet

Regional openness (Ro) penetration, and total passenger traffic [39,68]

volume

3.3. Data Collection

The data of this study are drawn from the National PPP database released by the
Chinese Ministry of Finance (MOF) and the National Development and Reform Commis-
sion (NDRC), respectively. From 2014 to 2018, MOF released a total of four batches of
PPP national demonstration projects. These projects are selected and determined by MOF
according to a set of requirements, including the competitiveness of project procurement
procedures, the authenticity of social capital, the rationality of operation mode, the appro-
priateness of transaction structure, and the sustainability of financial affordability. Thus,
these projects have strong demonstration effects. In case of data overlap or incomplete
information in the two databases, the PPP project database of MOF is applied in priority. In
these two databases, we exclude the PPP projects in the identification stage and only select
implemented projects as valid samples.

There are 982 PPP national demonstration projects and only 895 implemented projects
in which the relevant actors have signed the contracts and started construction by the end
of 2020, involving 19 industries, including municipal engineering, transportation, water
conservancy construction, energy, ecological construction, and environmental protection.
Among them are 427 municipal engineering projects (accounting for 43.9%), 91 trans-
portation projects (accounting for 10.2%), 86 ecological construction and environmental
protection projects (accounting for 9.6%), and 325 other projects (accounting for 36.3%). The
study area according to the implemented demonstration projects includes 30 provincial
administrative regions, while Hong Kong, Macao, Taiwan, and Tibet were excluded.
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In this study, the socio-economic data were derived from the China Statistical Year-
book, the China Regional Economic Statistical Yearbook, and the statistical yearbooks of
provincial and municipal levels. The human development index was drawn from the China
urban sustainable development report of the United Nations Development Program. The
government financial transparency data were drawn from China’s financial transparency of
the public policy research center of Shanghai University of Finance and Economics, while
system and integrity culture data were collected from the report on the evaluation results
of the financial ecological environment in China.

In the SDM, the specific form of the time effect and space effect can be expressed by
fixed effect or random effect models, which can be detected by the Hausman test. In our
study, the panel data of PPP projects in 30 provinces and municipalities from 2014 to 2018,
which are short panel data, were used, but the SDM has a low requirement on the length of
panel data [69-71]. Therefore, it is appropriate to select the SDM for estimation.

4. Results and Discussion
4.1. Spatial Autocorrelation Test of Spatial Characteristics
The results of Moran’s I and Geary’s C are reported in Table 2. The statistical results

show that, to some extent, the PPP projects showed spatial correlation during the period
from 2016 to 2018, but no spatial correlation was observed in 2015.

Table 2. Moran’s | and Geary’s C statistics of the PPP project implementation rate from 2015 to 2018
(source: authors’ calculations).

Year Moran’s I Geary’s C
2015 —0.029 0.906
2016 0.028 0.828 *
2017 0.134 ** 0.784 **
2018 0.090 * 0.777 **

** significant at the 5% level; * significant at the 10% level.

Both the Moran’s I and Geary’s C statistics of PPP projects in 2015 were insignificant,
which indicates that there was no spatial correlation in the PPP project implementation
rate in 2015. There are two reasons for this. First, in 2015, when MOF and NDRC built the
PPP information platform, there were relatively few qualified PPP projects, and the spatial
correlation of those projects was not strong. Second, because of (1) the different statistical
scope of the PPP rate in the initial stage of establishment on two ministries” information
platforms and (2) the lag of the PPP project data in some provinces, such as Hubei, Shanxi,
and Qinghai, it was difficult for spatial correlation characteristics to appear.

The Moran’s I in 2016 was not statistically significant, but the Geary’s C statistic
was significant at the 10% significance level. The positive value indicates that the PPP
project implementation rate in China showed a spatial clustering of high value, but the
characteristics of positive spatial correlation were not significant.

The Moran’s I and Geary’s C statistics were all statistically significant in 2017 and
2018. Regarding Geary’s C statistics, a positive spatial autocorrelation was found, with the
values ranging from 0 to 1, while a negative spatial autocorrelation was found between 1
and 2. Therefore, the judgment based on the results of Moran’s I and Geary’s C statistics
is consistent. It indicates a significant tendency toward the geographical clustering of
similar regions in terms of the PPP project implementation rate. In 2017, the Moran’s [
index increased significantly compared with that in 2016. As Table 2 shows, Moran's [
increased from 0.028 to 0.134, indicating that the PPP project implementation rate in China
began to show spatial clustering rapidly; that is, a region was surrounded by neighbors
with similar values (either high or low), and the spatial clustering of the PPP rate became
increasingly obvious. In 2018, Moran’s I and Geary’s C statistics of the PPP rate decreased
compared with those in 2017, indicating that the spatial clustering characteristics in 2018
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were weakened compared with those in 2017. This is because the government cleared some
unqualified PPP projects and strictly supervised the PPP project implementation.

Figure 2 displays the Moran scatterplots of the PPP rates during the period from
2016 to 2018. A positive association was found between observations z of the PPP project
implementation rate on the horizontal axis and observations w, of the spatially lagged
factors indicated on the vertical axis, suggesting that the scalar parameter p in Equation (3)
is greater than zero. The linear slope equals the global Moran’s I. As shown in Figure 2, in
Quadrant I (HH), the areas had a high PPP project implementation rate, and the neighboring
areas had a high PPP project implementation rate, so this quadrant is defined as the HH
quadrant. In Quadrant II (LH), the areas had low PPP project implementation rates, but they
were surrounded by those areas with high PPP project implementation rates. In Quadrant
III (LL), the PPP project implementation rates in the areas and their surrounding areas
were relatively low. In Quadrant IV (HL), the areas had a high PPP project implementation
rate, but the neighboring areas had a low one. Another way to perceive the strength of the
positive association is to determine whether there are any points in Quadrants Il and IV.

Moran scatterpolt (Moran’s 1= 0.028) Moran scatterpolt (Moran’s 1= 0.134)
year 2016 year 2017 Moran scatterpolt {Moran®s 1=0.090)
1 I 1 1 n I 1 L L year 2018
24 24 i L
24
e °
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3 . N - B
LI &
0+ Q %o - a
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© o4 30 ol @ " %o G . B 5 o &
o ] . o |o = 0 O Gl
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Figure 2. Moran scatter chart of the PPP project implementation rate from 2016 to 2018 (source:
authors’ calculations).

Table 3 reports the quadrant distribution of Moran's I index of the PPP project imple-
mentation rate. As shown in Table 3, in 2016, 16 provinces and municipalities (53.33%)
were located in Quadrant I (HH) and Quadrant III (LL), while, in 2017, 21 provinces and
municipalities (70%) were located in the same quadrant. In 2018, the same quadrant in-
cluded 19 provinces and municipalities (63.33%), which provides further evidence of the
existence of the spatial correlation of the PPP rate in China.

Points in Quadrant I (HH) represent regions where both their local and neighboring
PPP project implementation rates were above average. These regions were mainly dis-
tributed in eastern coastal provinces and municipalities, such as Fujian, Jiangsu, Shandong,
Shanghai, and Zhejiang. The distribution of Moran’s statistics is also consistent with the
PPP status in these provinces and municipalities, indicating that there was a positive spatial
spillover effect. Compared with the central and western regions, the eastern region enjoyed
a good foundation for social and economic development, which made the spatial spillover
effect of the PPP project more significant in the eastern region.

Nearly two-thirds of the provinces and municipalities showed a positive correlation,
mainly distributed in the first (HH) and third (LL) quadrants. The major difference between
the two quadrants is that the economically developed areas in the east were distributed in
the first quadrant, while the less developed areas in the west were in the third quadrant.
In the third quadrant, although the lack of infrastructure in these regions led to a large
demand for PPP projects, the lack of their relatively low level of economic development
hindered the investment and resulted in a low PPP project implementation rate.
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Table 3. Quadrant distribution of Moran’s I index of the PPP rate (source: authors’ calculations).

Quadrant Type 2016 2017 2018
Anhui, Fujian, Jiangsu, Anhul, Fu}lan, Gua‘ngd'ong, A'nhul, Fu}lan, guangfiong,
. Hainan, Jiangsu, Liaoning, Hainan, Heilongjiang, Jiangsu,
1 HH Shandong, Shanghai, . . . .
and Zheiian Shandong, Shanghai, Jiangxi, Shanghai,
ylang and Zhejiang and Zhejiang
Guar}ng I.r.Iaman., Hen.a n’ Heilongjiang, Henan, Jiangxi, Gansu, Guangxi, Hubei, Jilin,
I LH Heilongjiang, Jiangxi, and Tianiin and Qinghai
Liaoning, Qinghai, and Tianjin ) &
Chonggqing, Gansu, Guizhou, Chonggqing, Gansu, Guangxi, Beijing, Chongqing, Guizhou,
m IL Hubei, Hunan, Inner Guizhou, Hubei, Hunan, Inner Henan, Liaoning, Shaanxi,
Mongolia, Ningxia, Shaanxi, Mongolia, Ningxia, Qinghai, Shanxi, Sichuan, Tianjin,
Sichuan, and Yunnan Shanxi, Sichuan, and Yunnan and Yunnan
. R . Hebei, Hunan, Inner Mongolia,
v HL Beijing, Guangdong, Hebei, Beijing, Hebei, Jilin, Shaanxi, Ningxia, Shandong,

Jilin, Shanxi, and Xinjiang and Xinjiang and Xinjiang

In the second quadrant (LH), some provinces and municipalities, such as Heilongjiang,
Henan, Jiangxi, and Tianjin, were steadily rising in the second quadrant, where the PPP
project implementation rate was below average and that of the neighboring regions was
above average. One possible reason is that, during the period of the PPP project’s vigorous
development between 2016 and 2017, these provinces and municipalities were put in an un-
favorable position by surrounding regions with a high-quality economic development and
a strong ability to absorb economic factors. Consequently, the provinces and municipalities
in the second quadrant became “low-lying land” of PPP projects.

In the fourth quadrant (HL), the spatial distribution of provinces and municipalities
was considerably different. Their PPP project implementation rate was above average and
that of their neighboring regions was below average. With the support of local policies,
these provinces and municipalities made full use of the development elements of PPP
projects, restricting the PPP project development in their neighboring areas. As such,
a polarization connection mode with a high center and a low periphery was formed.
Compared with the scatterplots for the PPP rate between 2017 and 2018, there was much
more spatial instability. In particular, the characteristics of PPP projects in the national
information platform changed in 2018. The characteristics of a large number of PPP projects
with low implementation rates in the west and a small number of projects with high
implementation rates in the east gradually disappeared, and the positive relationship
between the number of PPP projects, investment, and the implementation rate became
increasingly close. Provinces and municipalities originally in the second quadrant gradually
moved to the first and third quadrants. At the same time, new provinces and municipalities
appeared in the second quadrant.

4.2. Spatial Econometric Analysis of Spatial Characteristics

In this section, we first discuss which spatial econometric model is suitable for the
collected panel data, and we then report the estimated results of the spatial panel model
and discuss the impacts of various variables on the PPP project implementation rate.

In the spatial econometric model, both the LR test and the Wald test were employed to
detect the applicability of the SDM, SAR, and SEM. The results suggested that the SDM
is more suitable for spatial regression estimation than the SAR and SEM. Meanwhile, the
Hausman test was conducted to detect the fixed and random effects of the SDM in model
specifications. The Hausman test result indicates the appropriateness of the fixed effect.
Table 4 reports the results of spatial panel data models with the spatial, temporal, and
spatial-temporal fixed effects. The goodness of fit increases from 0.575 to 0.826. As indicated
by various software packages, a higher value indicates a better model fit. Further work is
required to discuss the impacts of various variables on the PPP project implementation rate
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according to the estimation result of the spatial panel data model with a spatial-temporal
fixed effect.

Table 4. Results of spatial panel data models with fixed effects (source: authors’ calculations).

Spatial-Temporal

Variable Spatial Fixed Effect Temporal Fixed Effect Fixed Effect
Coef. w x Coef. Coef. w x Coef. Coef. w x Coef.
Development Demand
Fai 0.948 *** 0.447 0.190 * —0.329 0.982 *** 1.170 **
(0.357) (0.756) (0.107) (0.281) (0.241) (0.520)
Up 0.900 1.215 0.361 * 0.581 0.185 —4.382 ***
(0.947) (1.342) (0.213) (0.395) (0.647) (1.526)
Is 0.047 0.046 0.064 0.105 0.181 *** 0.295 ***
(0.058) (0.114) (0.050) (0.108) (0.041) (0.084)
Economic Environment
Edl —2.187 *** 1.280 —0.569 *** —0.141 —2.086 *** 0.846
(0.446) (0.816) (0.180) (0.385) (0.305) (0.611)
Fc 0.015 0.728 * 0.361 *** 0.342 ** 0.093 1.092 ***
(0.155) (0.412) (0.083) (0.171) (0.106) (0.285)
Fssr —0.031 —0.705 0.049 —0.673 ** —0.216 —2.664 ***
(0.366) (0.747) (0.180) (0.295) (0.251) (0.548)
Policy Environment
Gce 0.0203 0.0791 —0.569 * —0.141 0.028 0.221 **
(0.052) (0.122) (0.180) (0.385) (0.035) (0.087)
Business Environment
Sdl —0.058 0.160 * 0.0296 —0.230 *** 0.067 0.475 ***
(0.058) (0.095) (0.046) (0.082) (0.042) (0.081)
Ro 0.090 —0.202 —0.045 0.189 * —0.053 —0.597 ***
(0.082) (0.172) (0.051) (0.109) (0.057) (0.124)
Log-Likelihood 69.243 205.064 138.654
R2 0.575 0.631 0.826

*** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level; standard errors are given
in parentheses.

As reported in Table 4, only a few variables have significant coefficients. From the
perspective of development need, the coefficients of fixed asset investment and infras-
tructure status are significantly greater than zero, indicating their positive impacts on
the PPP project implementation rate. The fixed asset investment mainly reflects the local
development speed and the willingness of local governments to use the PPP mode to
provide public goods, reflecting the objective and subjective needs of PPP development.
The higher growth rate of fixed asset investment indicates a broader market space and
greater investment opportunities, which is conducive to the implementation of PPP projects.
Meanwhile, an excellent infrastructure system provides a fundamental condition for the
development environment and contributes to the PPP project implementation rate. In the
economic environment, the economic development level is significantly and negatively
related to the PPP project implementation rate, which is consistent with our expectations.
It is suggested that the low level of economic development means a greater demand for the
PPP project and will promote investment in the PPP project.

The results for the spatial-temporal fixed effect in the SDM in Table 4 suggest that the
coefficients of the spatial lag of almost all the variables are significant except for that of the
economic development level. The inconsistent findings indicate that other variables may
exert different influences on the PPP project implementation rate in addition to the above
three variables. Since the impact of changes in an explanatory variable in the SDM would
differ over all other regions, the desirable summation measure for total impact estimates
with the SDM coefficient estimates would result in erroneous conclusions because of the
omission of spatial spillover [57]. That is, the direct, indirect, and total effects are calculated
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based on regression coefficients in the SDM to reflect direct effects and capture the spatial
spillover effects of various variables on the PPP project implementation rate.

Table 5 shows the results of the direct, indirect, and total effects calculated based on
the regression coefficients of the SDM in Table 4. In the direct effects, the significance and
signs of the coefficients of variables are completely consistent with these of the coefficients
of variables in the SDM reported in Table 4. The coefficients of all the indirect and total
effects are statistically significant at the 1% or 5% level, suggesting that the spillover and
total effects exert profound impacts on the PPP project implementation rate in their own
and nearby regions. Therefore, we focus on the discussion of spatial spillover (indirect)
and total effects.

Table 5. Direct, indirect, and total effects of the SDM with spatial-temporal fixed effects (source:
authors’ calculations).

Variable Direct Effect Indirect Effect Total Effect
Development Demand
Fai 0.959 *** 0.963 * 1.923 ***
(0.255) (0.527) (0.537)
Up 0.285 —4.139 ** —3.854 **
(0.635) (1.667) (1.636)
Is 0.176 *** 0.247 *** 0.423 ***
(0.039) (0.077) (0.082)
Economic Environment
Edl —2.132 *** 1.029 ** —1.103 **
(0.313) (0.515) (0.480)
Fc 0.058 0.998 *** 1.057 ***
(0.107) (0.300) (0.339)
Fssr —-0.117 —2.455 *** —2.572 ***
(0.258) (0.607) (0.704)
Policy Environment
Gc 0.0211 0.203 ** 0.224 **
(0.038) (0.094) (0.111)
Business Environment
Sdl 0.052 0.439 *** 0.491 ***
(0.039) (0.114) (0.134)
Ro —0.030 —0.556 *** —0.587 ***
(0.056) (0.146) (0.159)

*** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level; standard errors are given
in parentheses.

The direct, indirect, and total effects of fixed asset investment are positive and signifi-
cantly different from zero using the t-statistic. Therefore, fixed asset investment presents a
significant positive effect on the PPP rate. This finding is consistent with those of related
studies, showing that fixed asset investment is essential for the economic environment
to prosper and is imperative when considering the adoption of the PPP model [19]. The
difference between the coefficient estimate of 0.982 in Table 4 and the direct effect esti-
mate of 0.959 is 0.023, which represents feedback effects due to impacts passing through
neighboring regions and back to the region itself. The negative discrepancy reflects some
negative feedback since the impact estimate is less than the coefficient estimate. The general
feedback effects are too weak to find economic significance. The direct effect estimate of
fixed asset investment shows that a positive and significant impact arises from changes
in the spatial lag of fixed asset investment. It is suggested that the increase in fixed asset
investment in the local region will exert a favorable impact on the fixed asset investment
in its neighboring regions and further improve the implementation rate of PPP projects in
the surrounding areas. We can also interpret the total effect of fixed asset investment as
elasticities since the model is specified using logged levels of fixed asset investment and
the PPP project implementation rate. Based on the positive estimate of the total impact
of fixed asset investment, we can conclude that a 10% increase in fixed asset investment
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would result in a 0.192% increase in the PPP project implementation rate. Nearly half of
this impact comes from the direct effect magnitude of 0.959, and one half results from the
indirect or spatial spillover impact based on its scalar impact estimate of 0.963.

The coefficient of the direct effect of the urbanization rate is not significant, while the
coefficient of the indirect effect is negatively statistically significant, indicating its negative
spillover effect. The total effect is significantly negative, while its absolute value is less
than that of the indirect effect. It is indicated that the negative spillover effect of the urban-
ization rate on neighboring regions is significantly greater than the direct effect on one’s
region. The urbanization rate harms the implementation of PPP projects [62]. Urbanization
is important to and closely correlated with economic growth [61]. In China, high-level
urbanization contributes to rapid economic development; on the contrary, low-level ur-
banization leads to slow economic growth [72]. In regions with low-level urbanization,
local governments are eager to introduce PPP projects to improve the supply of public
facilities and promote economic growth. Their failure to improve the urbanization level
helps, conversely, to promote the PPP project implementation rate. Moreover, social capital
has a higher expectation of the investment of public facilities in those regions, which is also
conducive to the implementation of PPP projects.

Similar to the fixed asset investment, the direct effect of infrastructure status is positive
and statistically significant, suggesting the positive effects on the PPP project implemen-
tation rate. However, the difference between the coefficient estimate of 0.181 in the SDM
and the direct effect estimate of 0.176 is 0.005; in other words, the feedback effects are very
small. The indirect effect estimate is 0.247, with a significance level of 1%. On average, an
increase of 1% in infrastructure status will cause an increase of 0.025% in the PPP project
implementation rate of all the neighboring regions. It is noteworthy that the indirect effect
is greater than its direct effect, indicating that infrastructure status has a strong positive
spatial spillover effect on the PPP project implementation rate. The better infrastructure
status in one region will contribute to the implementation of PPP projects in the adjacent
areas. This finding is consistent with the regional characteristics of the high PPP project
implementation rate in the eastern coastal areas.

For the economic development level, the direct effect estimate is negatively significant
at the 1% confidence level, while the indirect effect coefficient is positive and significant
at the 5% confidence level. These results indicate that the economic development level in
one particular region has a spatial spillover effect on the PPP project implementation rate
in the neighboring regions but an inhibitory effect on its own PPP project implementation
rate. In general, in the provinces or municipalities with a well-developed economy, the
infrastructure services are relatively adequate. The local governments have abundant
financial resources and less demand for PPP projects, so they are less likely to adopt the
PPP project mode. For example, according to the national PPP information platform, the
number of PPP projects in Tianjin was equal to zero in 2016, and the number of PPP projects
in Beijing was relatively small.

Both the direct and indirect effect estimates of fiscal capacity are positive, but the
coefficient of the direct effect is not significant based on the t-statistic. This suggests that
fiscal capacity has a positive spatial spillover effect on the PPP project implementation rate
in the neighboring regions, and, concurrently, it exerts a negative feedback effect on the PPP
project implementation rate in its region, but the feedback impact is not significant. One
possible reason is that most PPP projects need the financial support of local governments.
The strong financial capacity helps to raise sufficient funds to support PPP projects and
contributes to the implementation of PPP projects. Some scholars have also identified that
a developed fiscal capacity is critical to the success of project procurement under the PPP
model [10,15,63,73]. In contrast to the effects of the fiscal capacity, the direct and indirect
effect estimates of the financial self-sufficiency rate are negative. Similar to fiscal capacity,
the direct effect of the financial self-sufficiency rate is also not statistically significant. The
coefficients indicate that an increase in the financial self-sufficiency rate would reduce the
PPP project implementation rate of both its province and neighboring provinces. It is more
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likely that provinces and municipalities with high financial self-sufficiency rates are less
keen on conducting PPP projects. Some previous studies have also indicated that more
fiscally solid governments are highly reluctant to use PPP in the infrastructure service
sector [9,33]. Moreover, due to the negative spatial spillover effect, the implementation rate
of PPP projects in surrounding provinces and municipalities is also reduced.

The direct and indirect effect estimates of government credibility are positive [74], but
the direct effect is not statistically significant. PPP as a public policy has a direct relation
with the political setting of the local government [16]. Without the essential support from
the local government, approval for public expenditure on public projects would not be
granted [65], so it is understandable that government credibility is considered essential to
PPP implementation and success. This result further verifies the findings of Casady et al. [1].
They argued that the utilization of PPP often signals a certain level of local governments’
credibility as a critical variable of PPP success. In recent years, local departments at all levels
have always been committed to promoting PPP development, following the principles
of “standardized operation, strict supervision, openness and transparency, and honest
fulfillment of agreement” to create a good policy environment. The transparent and honest
policy environment further enhances the long-term investment confidence of social capital,
and the PPP project implementation rate rises steadily as a result.

The estimates of the social development level are consistent with the results of govern-
ment credibility as the significance and confidence levels are similar. The social develop-
ment level creates a positive and significant spillover effect on the PPP project implementa-
tion rate of the neighboring regions while exerting an insignificant and negative feedback
effect on its own region. By contrast, the estimates of indirect and total effects are negative
and statistically significant at the 1% confidence level. The impact of regional openness
is consistent with the influence of the financial self-sufficiency rate. The results indicate
that the spatial spillover and feedback effects bring about the impeding effects both on its
region and on its surrounding regions.

4.3. Further Analysis of Regional Spatial Characteristics

Although the determinants of the PPP project implementation rate and its spillover
effect have been investigated on a nationwide scale, the mechanisms in the eastern, central,
and western regions are still not clear. In China, there are striking differences in geograph-
ical space and socio-economic development between provinces and municipalities, and
the PPP project implementation rate in various regions is also different. Therefore, the
impact mechanism of the PPP project implementation rate may also share different drivers
in various regions. To further reveal the different influence mechanisms of the PPP rate
in the eastern, central, and western regions, the first step is to synthesize nine secondary
indicators into four primary indicators, namely development demand, the economic envi-
ronment, the policy environment, and the business environment. We thus employed the
spatial-temporal fixed effect to estimate the spatial Durbin model. The results are reported
in Table 6.

As for the development demand, it has a significant impact on the PPP rate in the
eastern and central regions, while the impact on the western region is not significant. The
economic environment exerts a significant influence on the implementation rate of PPP
in the central and western regions but not in the eastern region. In terms of coefficient
estimates, the impact on the western region is greater than that on the central region.
Most of the negative effects of the policy environment are not significant. The business
environment harms the central region, whereas it plays a positive role in promoting the
implementation rate of PPP in the western region. The results reported in Table 5 suggest
that all four variables exert various impacts on the PPP project implementation rate in the
three regions. To further explore these differences, we also calculated the direct, indirect,
and total effects to reflect direct effects and capture the spatial spillover effects of various
variables on the PPP project implementation rate. The direct, indirect, and total effects of
SDM in the eastern, central, and western regions are reported in Table 7.
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Table 6. Results of spatial panel data models in the eastern, central, and western regions of China
(source: authors’ calculations).

Eastern Central Western
Variable
Coef. w x Coef. Coef. w x Coef. Coef. w x Coef.
Development Demand
0.273 *** 1.298 *** 0.242 *** 46.45 ** 2.958 2.176 **
(0.078) (0.199) (0.092) (22.700) (2.189) (872.000)
Economic Environment
0.055 0.116 0.168 *** 41.460 ** 8.987 * 4.566 *
(0.151) (0.567) (0.050) (19.390) (4.660) (2.449)
Policy Environment
—0.093 —0.736 *** —0.0223 67.24 —0.130 —130.700
(0.056) (0.184) (0.099) (59.680) (1.997) (555.200)
Business Environment
0.028 —0.046 —0.633 *** —298.70 *** 4283 * —558.200
(0.044) (0.185) (0.101) (50.490) (2.303) (387.600)
Log-Likelihood 15.071 36.798 24.387
R2 0.627 0.724 0.673
*** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level; standard errors are given
in parentheses.
Table 7. Direct, indirect, and total effects of the SDM in the eastern, central, and western regions of
China (source: authors’ calculations).
Eastern Central Western
Variable
Direct Indirect Total Direct Indirect Total Direct Indirect Total
Development Demand 0.172 ** 0.844 *** 1.016 *** 0.257 0.395 0.653 4.104 35.250 39.360
P (0.073) (0.230) (0.266) (0.356) (1.691) (2.040) (14.150) (119.8) (133.8)
E e Envi 0.041 0.083 0.124 0.142 * 0.212 0.354 14.900 0.720 15.620
conomic Environment (0.123) (0.367) (0.435) (0.084) (0.371) (0.443) (163.5) (1.400) (1.563)
Policy Envi ¢ 0.020 0.502 *** 0.522 *** —0.033 0.722 0.688 —0.409 —4.754 —5.164
Olcy Environmen (0.064) (0.143) (0.122) (0.450) (2.176) (2.622) (8.675) (72.690) (81.230)
. . 0.031 —0.055 —0.024 —0.528 —2.416 —2.944 4434 —4.564 —0.130
Business Environment (0.039) (0.129) (0.137) (1.393) (6.819) (8.210) (8.400) (67.900) (76.010)

*** significant at the 1% level; ** significant at the 5% level; * significant at the 10% level; standard errors are given

in parentheses.

As shown in Table 7, in the eastern region, there are obvious differences between the
coefficients in the estimates of the direct effect and those in the spatial Durbin model. This
is mainly because the direct effect takes the feedback effect into account. For instance, the
direct effect of development demand is 0.172, and its coefficient estimate is 0.273, so the
feedback effect is —0.101. The indirect effect of the policy environment is positive and sta-
tistically significant, while both the direct and indirect effects of the economic environment
and business environment are not significant. In the central area, only the direct effect of
the economic environment is positive and significant at the 10% confidence level, while the
direct, indirect, and total effects of the other three variables are not significant. Furthermore,
the effects of all four variables are not significant in the western region.

From the perspective of the national level, the results reported in Tables 4 and 5
indicate that we should not ignore the feedback and spillover effects of many variables
on the PPP project implementation rate within three regions. However, compared to the
results in Tables 4 and 5, some variables with statistical significance in the regional SDM
become less significant in their direct and indirect effect estimates and are not likely to be
of economic significance, especially in the central and western regions. First, within the
central and western regions, the level of socio-economic development of all the provinces
and municipalities is mostly similar and significantly lower than that of the eastern region,
resulting in the insignificant direct and indirect effects of regions with high PPP project
implementation rates. Second, we built the effect analysis model according to the geo-
graphical space and artificially split the direct and indirect effects between the eastern,
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central, and western regions. As a result, the results suggest that the size of some direct
and spatial spillover effects is not likely to be economically meaningful with respect to the
central and western regions. Admittedly, according to the results of the national model
reported in Tables 4 and 5, the PPP project implementation rates between the three regions
are closely related.

5. Conclusions

Around the world, PPP is a popular alternative procurement tool for public goods
and services. Since it was introduced into China, PPP has flourished in infrastructure
services. Especially between 2014 and 2018, China witnessed a dramatic increase in PPP
development in the context of strong promotion by governments at all levels. Owing
to the great regional differences in social and economic development, the development
of PPP is highly unbalanced. Many PPP projects are facing a series of difficulties and
have failed to be implemented. In recent years, the mechanisms of PPP development and
PPP determinants have received increasing attention from scholars, policymakers, and
the media. Unlike some previous Chinese studies focusing on the spatial patterns of PPP
development, this study found it necessary to investigate the spatial characteristics of
PPP and its determinants from the perspective of the environment. Taking advantage of
the national implemented PPP demonstration project data, we developed an analytical
framework to capture the influencing factors of the PPP development environment and
employed spatial autoregression and the SDM to explore the spatial characteristics and
driving factors for PPP projects across China.

In this empirical analysis, the results of the Moran’s I and Geary’s C statistics indicate
that the PPP project implementation rate in China shows significant spatial clustering. The
findings of the Moran scatterplot show that over half of the 30 provinces and municipalities
are located in Quadrants I (HH) and III (LL), which provides further evidence for the
existence of spatial clustering. The degree of spatial clustering is increased when the central
government pays more attention to the “low-lying land” of PPP projects, such as Hainan
and Heilongjiang. From the SDM, we find that fixed asset investment and infrastructure
status exert a significant positive effect on the PPP project implementation rate in a certain
region and contribute to the implementation of PPP projects in the neighboring areas.
Several factors, such as urbanization potentiality, the financial self-sufficiency rate, and
regional openness, do not affect the local PPP project implementation rate but inhibit the
increase in the PPP project implementation rate in the adjacent areas. We also found that
such variables as fiscal capacity, government credibility, and the level of social development
do not play significant roles in improving the local PPP project implementation rate, but
they do promote the implementation of PPP projects in neighboring regions.

Our findings suggest four measures that local authorities could use to promote PPP
project implementation and to exert the functions of social capital. First, due to the signif-
icant differences between provinces and municipalities, local governments should plan
rationally and adopt PPP projects according to the economic environment of the local region
and its neighboring regions [10], which is still an important foundation for the development
of the PPP model. In particular, the local governments with large fiscal deficits should
prudently use PPP to boost infrastructure services. Second, local governments should focus
on the key infrastructure service sectors when adopting PPP projects. For example, local
governments may give priority to PPP projects that help to strengthen the weakness in
infrastructure and to the public welfare projects that produce benefits in the field of basic
public service equalization, such as healthcare, pension, sports, and tourism. Moreover,
the government can also provide some preferential policies to such projects, including
improving fiscal and tax preferences and financing support. Third, to promote the im-
plementation of the projects, policymakers at all levels should stabilize expectations on
social capital investment, establish strong confidence in government credibility, and create
a set of standardized and transparent procurement processes for PPP projects—specifically,
strengthening information disclosure, accepting social supervision, and promoting the
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standardized and orderly implementation of the projects. Lastly, some regions can make
full use of the spillover effect released by the surrounding areas with better PPP adoption
and can seize the opportunity to promote the implementation of PPP projects [44,75].

With this study, we contribute to the body of knowledge on PPP development and,
by providing empirical evidence on the spatial characteristics of PPP projects from the
perspective of the development environment, can help local authorities promote the imple-
mentation of PPP projects by spatial governance in China [44]. However, there are several
limitations to this research. The drivers of PPP development are diverse and complex. In
the selection of driving indicators, we only include some representative factors. The indica-
tors adopted in this study may not be sufficient to reflect the development environment of
PPP projects. In addition, within the limitations of the PPP demonstration projects data
released by MOF, the data herein were collected over a relatively short period, although
they meet the requirements of the panel data model. Subsequent research is needed to
include more indicator variables and to expand the period of the sample data, which would
help to illustrate a more comprehensive picture of PPP spatial-temporal evolution and
driving factors.
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