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The success or failure of private-public partnership (PPP) projects in Belt and Road Initiative countries directly impacts
infrastructure development and plays a crucial role in national economic growth and UN Sustainable Development
Goal 17. This research selected five project specific indicators and three country risk indicators to conduct an empirical
analysis using a logistic regression model and moderation effects. Data were sourced from the World Bank and the
International Country Risk Guide by the U.S. International Reports Group. The results indicate that multilateral support
positively and significantly influences project performance, while investment negatively and significantly influences
project performance. Political risk, economic risk, and financial risk negatively impact project performance. In addition,
these three types of country risks negatively moderate the effect of project’s own factors on the performance of PPP
projects. To rephrase, country risks exacerbate the failure of project’s own factors on project performance. This
research further suggests to policy makers to control the scale of investment and establish a risk platform, and to gain
a deeper understanding of the host country’s political differences, economic conditions, and policy support. Thus,
improving the performance of PPP projects will contribute to the economic development of the Belt and Road

Initiative countries.

Keywords: Belt and Road Initiative (BRI)/infrastructure/municipal & public service engineering/performance/private finance initiatives/
private-public partnership (PPP)/project management/UN SDG 9: Industry, innovation and infrastructure
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1. Introduction

The ‘Belt and Road Initiative’ (BRI) is a collective term used to
describe the ‘Silk Road Economic Belt” and the ‘21st Century
Maritime Silk Road’ (Ma and Chen, 2017). The strategic concept
was proposed by China in 2013 and aimed at joint development
between China and the countries along the BRI (Cao and Li,
2021). Infrastructure ensures smooth social production and orderly
daily life for residents. It provides essential services, primarily
fixed assets and serves production enterprises and the public
(Wang et al., 2021). Infrastructure serves production enterprises
and the public, forming the material foundation for social repro-
duction and labour force reproduction. It is a crucial prerequisite
for the steady development of the national economy. The World
Bank (2008) has classified the following industries as infrastructure:

airports, electricity, information and communication technology
(ICT), municipal solid waste, ports, railways, roads, and water and

sewerage.

Public-private partnerships (PPP) refer to joint participation by
public and private sectors in providing public products or manag-
ing services (Yu, 2016). The World Bank’s Private Participation in
Infrastructure (PPI) report indicates that there were a total of
5,010 PPP infrastructure projects along the BRI route by the end
of 2023, with a total investment of $1,390.3 billion (World Bank,
2024).

While countries worldwide are adopting PPP models for infra-
structure development, such models may not be universally suita-
ble for all infrastructure projects. Governments must assess
whether PPP models add more value than traditional approaches
(Wahab and Mohamed, 2009). If the added value is low or lacks
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feasibility studies, PPP projects may face budget overruns, delays,
quality issues, or even project cancellations (Alireza et al., 2016).
Since PPP projects typically involve partnerships lasting 20 to
30 years, data from 1993 to 2023, spanning 30 years, was selected
for analysis (Kukah ef al., 2024). Table 1 presents the status of
PPP projects along the BRI countries to illustrate that the majority
of PPP projects were categorised as ‘active’, indicating ongoing
projects that had not reached completion. There were 118 projects
categorised as ‘cancelled or distressed’ during the study period,
amounting to $56.18 billion while accounting for 4.04% of all
PPP projects. In contrast, only 54 projects were categorised as
‘concluded’, amounting to $4.1 billion and comprising only
0.29% of total PPP projects. The high failure rate of PPP projects
is notable (World Bank, 2024).

Regarding the failure of PPP projects, many experts and scholars
believe that various factors lead to the failure of PPP projects. Liu
(2019) suggests that different political environments, economic
levels and social cultures in BRI countries introduce uncertainties
into the PPP model. Wang et al. (2021) attribute unsuccessful
investments in South-east Asian countries to insufficient market
returns, foreign exchange risk, governmental corruption and inac-
tion. Zhang and Xie (2020) highlight political inefficiency, public
interest, and revenue risks as reasons for PPP project failures in
BRI countries. Sheng (2019) identifies political risks at the
national level, including legal and micro level risks such as financ-
ing, market, construction, and exchange rate risks in PPP infra-
structure projects. Liu (2018) suggests that political instability,
high national debt, inflation, and cutthroat competition from for-
eign firms in BRI countries reduce the likelihood of PPP project
success. Based on PPP project data in Africa, Huo et al. (2018)
indicate that national institutions and multilateral support increase
the log-odds of project success.

Therefore, this research aims to address these fundamental ques-
tions: the key determinants affecting the performance of infra-
structure PPP projects in BRI countries, the intrinsic connection
between project performance and project’s own factors, the intrin-
sic connection between project performance and the macroeco-
nomic environment of the BRI country, and how country risks
influence PPP project performance. Thereby, it is significant for
this study to provide recommendations to firms to improve the
performance of PPP projects.

Table 1. PPP project status in BRI countries

Status Total quantity Percentage of total
Active 4838 96.57%
Cancelled/distressed 118 2.36%
Concluded 54 1.08%
Total 5010 100.00%

Source: World Bank (2024)
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2. Literature review

2.1 Related concepts

‘The Silk Road Economic Belt’ and the ‘21st Century Maritime
Silk Road’ form the BRI. In September 2013, President Xi Jinping
proposed the construction of the ‘Silk Road Economic Belt’
(Xinhua News Agency, 2013a). In October 2013, on the tenth
anniversary of China’s accession to ASEAN, President Xi Jinping
put forward the concept of jointly building the ‘21st Century
Maritime Silk Road’ (Xinhua News Agency, 2013b). In
November 2013, the People’s Republic of China held discussions.
It passed the ‘Decision of the Central Committee of the
Communist Party of China on Some Major Issues Concerning
Comprehensively Deepening Reform’, marking the formal eleva-
tion of the BRI from initiative to concept, ultimately leading to a
national strategic height (China News Network, 2013). The China
Export Credit Insurance Corporation published the ‘BRI National
Infrastructure Development Index Report’, listing 71 key countries
along the BRI (CHINCA, 2023). According to the United Nations
regional classification standards, these 71key countries are
divided into seven regions: South-east Asia (10 countries), CIS
Six and Mongolia (7 countries), South Asia (8 countries),
Portuguese speaking countries (8 countries), West Asia and North
Africa (14 countries), Central Asia (5 countries), and Central and
Eastern Europe (19 countries).

Currently, there is no definitive consensus on the specific connota-
tion of infrastructure (Ragnar, 1966). Ragnar states that infrastruc-
ture cannot simply be summarised as constructing basic facilities
and services in individual fields. Infrastructure encompasses
macro policies and laws and public services such as public health,
education, communication, and water and electricity services. The
World Bank divides infrastructure into economic and social infra-
structure (Cui, 2020). Economic infrastructure primarily consists
of permanent engineering structures, facilities, equipment, and the
services they provide for residents’ use and economic production.
Economic infrastructure includes the following: public utilities
such as electricity, communications, piped gas, piped water, sew-
erage, and solid waste collection and disposal. It also includes
public works, such as dams, waterworks, and roads. Other trans-
port sectors include railways, urban transport, ports, rivers, and
airports. Economic infrastructure encompasses electricity, gas,
and water production and supply sectors, fixed asset investment in
transport, storage and postal services, information transmission,

Total investment (billion USD) Percentage of total
1330.03 95.66%
56.18 4.04%
4.10 0.29%
1390.30 100.00%
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computer services and software, water, environment and public
facilities management (Liu, 2022).

PPP originated in Western countries. Root ez al. (1985) refer to
PPPs that involve collaborative arrangements where government
agencies and private entities jointly plan, finance, and implement
projects to address public needs, sharing risks and rewards. PPP
refers to any arrangement between the public sector and private
enterprises that provide society with public goods or management
services. A range of possible cooperative relationships will be
established between the public sector and private enterprises dur-
ing the process (Fleta-Asin and Mufoz, 2020). Partnerships
between the public sector and private firms are established with
the provision of infrastructure and public services in mind (Keers
and van Fenema, 2018). Based on the World Bank’s classification
criteria, there are four main types of PPPs: management and leas-
ing projects, brownfield projects, greenfield projects, and divest-
ment projects (World Bank, 2024). Stakeholders in PPP projects
typically include the public sector, private sector, project lenders,
and special project companies.

2.2 Key determinants of PPP project performance

Schepper et al. (2015) identified key project’s own factors affect-
ing the performance of PPP projects, including investment type,
the number of private investors, and investment type. Mona et al.
(2006) conducted an empirical study on PPP project data from
1990 to 2003, concluding that the performance of PPP projects
depends on the nature of the project, market conditions, invest-
ment amount, and project type. Oyedele (2013) argued that a criti-
cal factor for PPP project performance is the establishment of
good cooperative relationships with social capital; in addition, the
probability of success varies across different industries.

Schepper et al. (2015) indicate that project profile factors influ-
encing the success of PPP projects include investment type, the
number of private investors, and the investment amount. Through
an empirical study of PPP project data from 1990 to 2003, Mona
et al. (2006) concluded that the success or failure of PPP projects
depends on the nature of the project, the market, the investment
amount, and the project type. Oyedele (2013) suggests that the
key to PPP project success is establishing effective cooperative
relationships with social capital and all parties involved. In addi-
tion, the probability of success varies with different investment
sectors. Through a survey of PPP projects in Asia and China,
Sachs et al. (2007) found that PPP project success is not only con-
strained by the type of investment but also critically influenced by
the support of multilateral countries. Yuan et al. (2016) demon-
strated that a key indicator of PPP project success is reducing
residual value risk, which is the risk related to investment amount
and type. Examining data from 46 countries along the BRI from
2002 to 2016, Hou et al. (2019) found that the more social capital
involvement and the greater the support from multilateral

countries, the lower the project success rate. Huo et al. (2018)
examined 552 projects in African countries from 2002 to 2016
and concluded that project success is influenced by multilateral
country support, investment scale, and social capital participation.
Through a study of 3,466 PPP project data from 1996 to 2015, Liu
et al. (2019) found that participation in social capital is a crucial
factor in project success. Using the entropy method, Xue (2021)
showed that investment type, investment amount, and multilateral
country support significantly impact the success of PPP projects.

Country risk is an essential factor affecting the success of PPP
projects (Biygautane et al., 2019; Fleta-Asin and Mufioz, 2020).
Country risk impacts economic trade and the construction and
development of a nation’s PPP projects (Huang et al., 2016). The
International Country Risk Guide (ICRG) was established by the
US International Reports Group in 1980 and conducts risk assess-
ments across 140 countries. ICRG categorises country risk into
political risk, financial risk and economic risk, thus establishing
three primary risk assessment indicators and 22 secondary risk
assessment indicators (PRS, 2015). Regarding political risk,
Biygautane et al. (2019) suggest that government political com-
mitment is key to the success of PPP projects. Mohamed (2015)
indicate that national laws and regulations can promote project
development. Percoco (2014) suggests that a low corruption envi-
ronment and a good political climate are critical factors for project
success.

Zhang and Man (2018) divided study samples into low-income,
developing, and middle-high-income countries, supplementing
studies focusing on high-income countries. Their empirical results
indicate that political risk in BRI countries affects their gross
domestic product (GDP), thereby hindering Chinese enterprise
investments (Zhang and Man, 2018). Ameyaw and Chan (2016)
combined political and economic risks to examine their relation-
ship. The results indicate that lower political risk correlates with
better economic development and that more developed economies
tend to have lower political risk (Ameyaw and Chan, 2016). As
such, country risk factors positively attract Chinese enterprises to
invest in PPP projects. However, Zhang and Xie (2020) found that
political risk deters foreign direct investment.

The macroeconomic stability of BRI countries plays a crucial role
in the investment of Chinese enterprises in PPP projects. He and
Xu (2018) conducted an empirical study on factors such as eco-
nomic freedom and strategic assets of BRI countries, leading to
several conclusions. Specifically, Chinese foreign investment is
economically oriented: the larger the market size and the higher
the degree of economic openness, the greater the amount of for-
eign direct investment. Babatunde ez al. (2019) selected panel data
from 18 African countries and found that a country’s economic
growth rate and trade freedom can promote foreign direct invest-
ment. Aundhe and Narasimhan (2016) concluded from their
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empirical research that economic growth rates can promote for-
eign investment in PPP projects, while actual interest rates and
export dependency can hinder foreign direct investment. Wu
(2021) suggests that market economic factors significantly affect
Chinese enterprises investing in PPP projects: the more open the
market and the larger the market size, the more attractive it is for
investment. Wang et al. (2018) empirically analysed panel data
from 112 BRI countries, finding a positive relationship between
the economic level of BRI countries and Chinese foreign direct
investment. Using the computable general equilibrium model for
empirical analysis in the context of BRI, Chen and Yang (2015)
concluded that the GDP growth rate positively influences Chinese
regional investment in PPP projects. Through research on PPP
projects in the transportation sector, Galilea and Medda (2010)
found that the economic environment affects project success. If an
economic environment has issues, it inevitably leads to fiscal risk,
further impacting the development of PPP projects (Lusinyan
et al.,2009).

Biygautane ef al. (2020) conducted an empirical study on 97 coun-
tries to find a negative relationship between financial risk and for-
eign direct investment in PPP projects. Xue (2021) examined the
relationship between financial development in BRI countries and
foreign direct investment in PPP projects. The findings indicate
that the higher the level of financial development in BRI coun-
tries, the larger the scale of Chinese enterprises investing in PPP
projects (Xue, 2021). In contrast, lower financial development
restricts China’s foreign direct investment. Liyanapathirana et al.
(2024) focused on North African and Middle Eastern countries to
examine the relationship between economic growth rate, trade
freedom, and direct investment. They found that high economic
growth and trade freedom positively influenced Chinese enter-
prises to invest in PPP projects (Liyanapathirana et al., 2024).
Wang (2018) found that China’s foreign direct investment is char-
acterised by market driven attraction, and the better the financial
environment in BRI countries, the more it attracts Chinese enter-
prises to invest in PPP projects. Taking the heterogeneity of moti-
vation, Tan and Zhao (2019) examined the relationship between
financial development level and structure in BRI countries and
Chinese direct investment in PPP projects. They concluded that
the scale of financial development in BRI countries significantly
promotes investment in PPP projects (Tan and Zhao, 2019). Wang
(2021a) examined the relationship between financial scale and
efficiency and found a positive impact on the scale of indirect
financing and investment in PPP projects. Yang (2021) suggests
that the better the financial development structure in BRI coun-
tries, the larger the scale of Chinese enterprises investing in PPP
projects. After examining 28 PPP projects in China, Nguyen et al.
(2018) concluded that a sound financial system is key to project
success. Luo et al. (2017) analysed data from 46 BRI countries’
PPP projects and found that financial and political quality risks
significantly correlate with project performance.

218

The literature on the causes of PPP project performance focuses
on risk management. In reality, there are many factors influencing
the performance of PPP projects, with risk being just one aspect.
Few scholars have studied project’s own factors such as invest-
ment type, investment amount, and investment sector on project
performance. Likewise, there is limited research on macroeco-
nomic factors such as GDP and market capacity. Even fewer stud-
ies have explored the performance of infrastructure PPP projects
in BRI countries. For example, does multilateral support affect the
performance of PPP projects? Does the openness of the country
and the level of private sector development influence the perform-
ance of PPP projects? Under the conditions of country risk, how
do project’s own factors and macroeconomic factors affect the
performance of PPP projects?

Thus, this research makes three contributions. First, it enriches the
knowledge system by explaining the relationship between project
performance and project’s own factors such as investment type,
investment amount, and investment sector. Second, it fills the gap
in understanding the relationship between PPP project perform-
ance and the BRI country’s macroeconomic environment. This
research reveals the impact of macroeconomic factors on PPP pro-
ject performance through multilateral support, private sector par-
ticipation, GDP, and the openness of the country. Finally, the
study provides a comprehensive measurement of PPP project per-
formance using rigorous data on political, economic, and financial
risks, filling the gap in the understanding of the relationship
between country risk and project performance.

3. Materials and methods

3.1 Research hypotheses and framework

The main purpose of this research is to examine the direct rela-
tionship between project’s own factors and the performance prob-
ability of PPP projects, as well as to investigate how country risk,
as a third variable, moderates this relationship. Previous studies
have generally confirmed the findings on project’s own factors
and project performance, but country risk remains an unavoidable
consideration. Based on the previous theoretical literature study,
the hypotheses of this study were set in relation to the objectives
of the research.

H;. Project’s own factors significantly explain the performance

of PPP project.

H;,. Investment scale significantly negatively correlates with PPP
project performance.

Hj,. Investment type significantly explains the performance of

PPP project.

H;.. Theinvestment sector significantly explains the performance
of PPP project.
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Private sector participation significantly positively explains
the performance of PPP project.

H;.. Multilateral country support significantly positively explains
the performance of PPP project.

H,.  Country risk significantly negatively affects PPP project

performance.

H,,. Political risk significantly negatively affects PPP project
performance.

H,,.  Economic risk significantly negatively affects PPP project

performance.

H,.. Financial risk significantly negatively affects PPP project
performance.

Hj;. High country risk weakens the relationship between project’s
own factors and performance.

H;,. High political risk weakens the impact of project’s own

factors on project performance.

H3,.  High economic risk weakens the impact of project’s own
factors on project performance.

H;.. High financial weakens the impact of project’s own factors
on project performance.

Therefore, this research introduces another moderating variable,
country risk, to observe whether it specifically affects the relationship
between project’s own factors and project performance. The concep-
tual framework in Figure 1 shows the relationship between the inde-
pendent variables of project’s own factors and the dependent variable
of project success, along with the moderating effect of country risk.
This research framework also includes macroeconomic factors of
PPP projects as control variables, consisting of GDP, the level of
national openness, and the degree of private sector development.

MODERATOR VARIABLE

COUNTRY RISK

DEPENDENT VARIABLE
PROCJECT PERFORMANCE

INDEPENDENT VARIABLE Hs
PROJECT ITSELF H v

CONTROLLED VARIABLE
GDP
NATIONAL OPENNESS
PRIVATE SECTOR DEVELOPMENT

Figure 1. Conceptual framework

These three control variables are chosen to avoid bias and ensure that
the expected results of this research are not affected.

3.2 Research variable and data sources

This study examines the relationship between project itself, politi-
cal risk, economic risk, financial risk, and PPP project perform-
ance. It also explores how country risk moderates the relationship
between project itself and project performance. The specific varia-
bles and assigned values are shown in Table 2.

This research focuses on the key performance factors of infra-
structure PPP projects in BRI countries. To evaluate project per-
formance or failure based on actual outcomes, real world data is
required to validate the hypotheses (Asadornborikarn, 2021).
Therefore, the study adopts a quantitative approach using second-
ary data. The primary data sources include the World Bank’s PPI
database, the ICRG by the U.S. International Reports Group, and
the World Development Indicators (WDI) database from the
World Bank. Data on the number of successful and unsuccessful
PPP projects, investment types, investment amounts, investment
sectors, multilateral support, and the number of private sector par-
ticipants are sourced from the World Bank’s PPI database.
Samples for political risk, economic risk, and financial risk in the
country risk category are obtained from the ICRG. The GDP,
national openness, and private sector development samples in the
macroeconomic environment of PPP projects are drawn from the
World Bank’s WDI database.

3.3 Logistic regression model

The regression analysis of this study adopted the logistic
model, which is a non-linear regression model. Definition
X = (x1, X2, X3. .. Xz) 18 a set of factors that affect the success of PPP
infrastructure projects, where xy, x,, X3. . . Xz, respectively, represent
independent influencing factors referred to as independent varia-
bles. This study used Y to indicate whether the PPP infrastructure
project had achieved successful results. As mentioned above,
ended/concluded were considered successful and assigned a value
of 1. Cancelled and distressed projects failed and were assigned a
value of 0. The result is defined as a dependent variable of two cate-
gories, namely:

1 Yy — 1 Project success
' " | 0Project failed

P is defined as the probability of success of infrastructure PPP
projects, namely

2. P=P{Y=1X=(x.x,

',Xk)}
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Table 2. Variables and assigned values
Variable properties Variable name

Independent variable  PPP project status

Dependentvariable  Type

Investment

Sector

Multilateral

Sponsors

Moderator variables  Political risk

Economic risk

Financial risk
Controlled variable GDPg

National openness

Assignment and interpretation

0 ="Cancelled’ or ‘Distressed’;
1 =Concluded

1 =Management and lease contract;
2 = Brownfield; 3 = Greenfield: 4 =
Divestiture

Logarithm of investment amount

1 = Urban solid waste treatment; 2 = Water
supply and treatment; 3 = Transportation;
4 = Information and communication
technology; 5 = Energy

2 = Supported by multilateral financial
institutions: 1 = Not supported by
multilateral financial institutions

2 = Multiple private capital participation;
1 =0nly one party’s private capital
participates

0-100

0-50

0-50

(Current period actual GDP — previous
period actual GDP)/previous period actual
GDP

FDI/nominal GDP (FDI is the international
direct investment finance of the host
country)

Private sector development Domestic credit obtained by the private

sector/nominal GDP

Scholars

Liu (2019); Asadornborikarn (2021); He et al.
(2021)

Bank (2024); Alireza et al. (2016); Xue
(2021); Schepper et al. (2015)

Asadornborikarn (2021); Liu (2022); Wu
(2021); Schepper et al. (2015)

Bank (2024); Wang (202 1b); Williamson
(1988)

Estache (2006); Shen (2016); Liu (2018)

Asadornborikarn (2021); Menezes and Ryan
(2015); Liu (2018)

PRS (2023); Ortiz et al. (2023); Shen (2016);
Wang (2018); Asadornborikarn (2021)

Han et al. (2020); Yuan (2018); Chen and
Yang (2015)

Zhang and Xie (2020); Zhao (2020); He and
Xu (2018)

Shiand Sun (2017); Ye (2017); Li and Ma
(2016)

According to the traditional linear model, the P value greater than
1 or less than 0 may appear, failing to give a reasonable explana-
tion and losing practical significance. Therefore, if P is logically
transformed, the logit (P) value range can be any value. Namely:

. P
3. logit(P) = Infp =py+px1i+- -+ fxr+e

1

where x; is the various factors affecting the success of PPP infra-
structure projects and f; is the regression coefficients correspond-
ing to each independent variable. ¢ is the disturbance term. When
the constant term A, < 0, then In£; < 0, that is, p < 1 — p. This
indicates that the probability of predicting success is less than that
of predicting failure. This further suggests that assuming no influ-
ence from any success factors, the probability of predicting failure
is higher than the probability of predicting success, indicating a
high failure rate for the project.

P
logit(P) = Inip = fo + B, Type + p,Sector + p3Sponsors

1
+ BsMultilateral + fsInvestment 4 &

220

In the regression equation, control variables are added, including
GDP growth (GDPg), the degree of openness of the country, and
the level of private sector development, resulting in:

P
logit(P) = In—P = po + B Type + p,Sector + fySponsors

1—
5. + pyMultilateral + psInvestment
+ B¢ GDPg + ,0pen + fCredit + ¢

3.4 Moderation effect model

3.41 Dimensionality reduction of independent variables

Typically, if the variables are all continuous, principal component
analysis (PCA) and factor analysis methods are used (Antosz
et al., 2023). However, since the influencing factors of PPP proj-
ects are mainly discrete categorical variables, we adopt the
approach of categorical principal component analysis (CATPCA),
as referenced by Avishek ef al. (2022). The function and purpose
of CATPCA are the same as those of PCA, but CATPCA can be
used for any type of variable and does not require specific distri-
butions, making it highly versatile (Lazuardi et al., 2023). When
performing CATPCA, even if some independent variables are not
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significant in logistic regression analysis, they can still undergo
dimensionality reduction (Hatem et al., 2022). On the contrary,
using the CATPCA method can reduce model complexity and
improve the explanatory power of the model (Yu et al., 2024).
Therefore, before conducting the moderating effect analysis, this
research performs dimensionality reduction on the variables of the
PPP project’s own factors. The variables for dimensionality reduc-
tion include investment type, Investment sector, multilateral coun-
try support, the level of private sector participation, and
investment amount. These five variables are reduced to one vari-
able, named ‘Own’.

3.4.2  Moderating effect

This research examines the extent to which country risk moderates
the relationship between project’s own factors and project per-
formance. The five variables of project’s own factors are reduced
to one variable, Own, through CATPCA. The moderating varia-
bles are Political, Economic, and Financial.

For the moderating effect of political risk, the moderating effect
model is:

P
logit(P) = Inﬁ) = By + B,0wn + p,Political
+ B30wn x Political + ¢

For the moderating effect of economic risk, the moderating effect
model is:

P
logit(P) = In T—p= Bo + B,0Own + B, Economic
+ f30wn x Economic + ¢

For the moderating effect of economic risk, the moderation effect
model is:

P
. logit(P) = In 5 Bo + B,Own + B, Financial
. + B30wn x Financial 4 &

4. Results and discussion

41 Summary of descriptive statistics

This study focuses only on projects classified as ‘Completed’,
‘Cancelled’ and ‘Distressed’, as previously mentioned. Table 3
presents a total of 172 samples. The descriptive statistics primarily
include the total number of samples, minimum value, maximum
value, mean, and standard error. The variable ‘Investment’ has a
minimum value of —0.52, a maximum value of 3.66, a mean of
1.9479, and a standard deviation of 0.06598. The minimum value
of —0.52 for ‘Investment’ results from using a logarithm with a
base of 10 for the investment amount. The value —0.52 corre-
sponds to an investment amount of $0.3 million.

Table 3. Summary of descriptive statistic

Variables N Minimum Maximum Mean Std.error
Status 172 0.00 1.00 0.3140 0.0355
Type 172 1.00 4.00 2.4244 0.0436
Sector 172 1.00 5.00 2.2849 0.0843
Sponsors 172 1.00 2.00 1.2965 0.0349
Multilateral 172 1.00 2.00 1.1395 0.0265
Investment 172 -0.52 3.66 1.9479 0.0660
GDPg 172 0.34 9.80 2.8550 0.1874
Credit 172 0.59 105.12 19.1083 1.4507
Open 172 0.15 9.66 2.2138 0.1264
Financial 172 20.17 43.46 29.9848 0.3777
Economic 172 20.03 42.42 24.8593 0.4392
Political 172 21.50 69.75 56.2420 0.5241

4.2 Omnibus likelihood ratio test

Firstly, before conducting the Omnibus likelihood ratio test,
Pearson correlation analysis, normal distribution test of variables,
chi-square test, and multicollinearity test were performed, all
meeting the requirements for regression analysis.

Secondly, the logistic regression model was subjected to the
Omnibus likelihood ratio test to analyse the overall effective-
ness of the model. If the p-value is less than 0.05, it indicates
that the model is effective; otherwise, it indicates that the model
is ineffective. Table 4 shows four models. Model 1 includes the
likelihood ratio test for the five independent variables related to
PPP projects. Model 2 includes the likelihood ratio test for the
PPP project variables and GDP growth rate, totalling six varia-
bles. Model 3 includes the likelihood ratio test for the PPP
project variables, GDP growth rate, and national openness,
totalling seven variables. Model 4 includes the PPP project var-
iables and control variables, totalling eight variables in the like-
lihood ratio test.

The null hypothesis for the test was that the model quality is
the same whether or not the independent variables are
included. The p-values in Table 4 are all 0.000, far below
0.05. In addition, the Chi-square values are high, leading to
the rejection of the null hypothesis. This indicates that the
independent variables in the model collectively have a signifi-
cant explanatory power for the dependent variable, demon-
strating the meaningfulness of the model constructed in this
study.

Table 4. Omnibus tests of model coefficients

Model Step Chi-square df Sig.
(1) Step 1 93.099 9 0.000
(2) Step 1 111.228 10 0.000
(3) Step 1 140.618 11 0.000
4) Step 1 151.955 12 0.000
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4.3 Goodness-of-fit test for model fit

The —2 Log Likelihood is one method used to test a model’s good-
ness of fit. If the —2 Log Likelihood value is relatively small, it
indicates that the model has achieved goodness of fit (Edward,
2022). In Table 5, four models are presented. Model 1 includes
only the variables related to the PPP projects. Models 2, 3, and 4
sequentially add the variables GDP growth rate (GDPg), Credit,
and Open, respectively. The —2 Log Likelihood values range from
a minimum of 62.091 to a maximum of 120.947. Lower values
indicate a better fit.

The Hosmer and Lemeshow test is another method to assess the
goodness of fit of a model. If the p-value from the Hosmer and
Lemeshow test is greater than 0.05, the null hypothesis is
accepted, indicating a good model fit. A smaller Chi-square value
also suggests a better fit (Nikola et al., 2024). In Table 5, the
p-values for the Hosmer and Lemeshow test across the four mod-
els range from a minimum of 0.653 to a maximum of 0.999. Since
all p-values are well above 0.05, the null hypothesis is accepted.
Therefore, based on the —2 Log Likelihood test and the Hosmer
and Lemeshow test, the models exhibit a good fit.

4.4 Logistic regression results

Logistic regression was conducted on the influencing factors of
PPP projects. The system processed the variables and fitted the
model. In this study, the ‘Backward Elimination (Likelihood
Ratio)’ method was used for binary logistic regression input
(Ozgur and Franklin, 2021). The system sequentially eliminated
variables that did not meet the criteria through a stepwise method,
ensuring the model’s validity.

4.41  Regression with non-significant hypotheses
The system excluded ‘Type’, ‘Sector’ and ‘Sponsors’ mainly due
to the following reasons:

Firstly, for ‘Type’, which includes Brownfield, Divestiture,
Greenfield, and Management and Lease Contract, the type of PPP
project operation in BRI countries largely depends on national
policies. In addition, the type is influenced by the project itself,
such as using Greenfield for transportation projects and
Brownfield for energy projects (Almeile et al., 2024). Although
the significance of ‘Type’ was 0.000 in the chi-square test and it
was included in the model, it was still excluded. Thus, ‘Type’ is

Table 5. Goodness-of-fit test
Hosmer and Lemeshow test

Model -2 Loglikelihood Chi-square df Sig.

(1) 120.947 5.951 8 0.653

(2) 102.818 4.3 8 0.829

(3) 73.429 2.638 8 0.955

4) 62.091 0.885 8 0.999
222

not significantly related to the success or failure of PPP projects.
The hypothesis H;,, stating that the investment type significantly
explains PPP project performance, does not hold.

Secondly, for ‘Sector’, the operating range of Chinese enterprises
in PPP projects is concentrated in specific fields. Enterprises focus
on investment amounts, the country’s macro environment, and
risk factors. Therefore, enterprises do not choose sectors based on
the likelihood of success or failure. ‘Sector’, as a project itself
variable, had a significance of 0.000 in the chi-square test and was
included in the model but still excluded. The hypothesis H;.., stat-
ing that the investment sector significantly explains PPP project
performance, does not hold.

Lastly, regarding ‘Sponsors’, sponsors refer to the private sector.
Current research indicates that 62.125% of projects have only one
sponsor. The private sector prefers to involve only one private
entity working with the government to avoid multiple leaderships.
Naturally, the government, as the main leader, would prefer more
private sector participation. Therefore, the number of sponsors
does not significantly impact the success or failure of PPP proj-
ects. In this model, ‘Sponsors’ was excluded as it did not meet the
variable criteria. Thus, the hypothesis H;,, stating that the number
of private sector participants is significantly positively correlated
with the success or failure of PPP projects, does not hold.

4.4.2  Regression with significant hypotheses

Table 6 shows the results of the model regression, with four differ-
ent models. Model 1 is the regression impact of the PPP project’s
own factors. Model 2 introduces the control variable GDP growth
(GDPg) into the regression of the PPP project’s own factors.
Model 3 further introduces the control variable of the country’s
level of openness into the regression of the PPP project’s own fac-
tors. Model 4 further introduces the control variable of the level of
private capital openness into the regression of the PPP project’s
own factors. The specific details are as follows:

Firstly, the regression results of Model 1 show the impact of multi-
lateral support and investment amount on the success or failure of
PPP projects. According to the regression results, multilateral sup-
port has a positive impact on the success or failure of PPP projects
at the 1% significance level, with a coefficient of 2.4140 and a
t-value of 3.7040. The data indicate that projects supported by two
or more countries have a higher success rate. The investment
amount negatively impacts the success or failure of PPP projects
at the 1% significance level, with a coefficient of —2.523 and a
t-value of —5.7802. The data suggest that larger investment scales,
longer project cycles, and higher associated risks result in a lower
success rate. The constant term is —18.8288, indicating that
In% < 0. According to the logarithmic formula, p < 1 —p
which means the probability of success is less than the probability
of failure. Why does this occur? Because when all success factors
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Table 6. Model regression results

Variable Model 1 Model 2
Multilateral 2.4140*** (3.7040) 2.9054*** (4.1621)
Investment —2.5234*** (-5.7802) —2.2441%** (=4.9091)
GDPg — 0.4431***(3.8891)
Open — —

Credit — _

Constant —18.8288 —21.0029

Note: ***Significant at the 0.01 level, **0.05 level, Z-values are in parentheses

are absent, the intercept of Y equals —18.8288. Without any suc-
cess factors influencing the PPP project, the probability of success
is definitely lower than the probability of failure, leading to a high
failure rate.

Therefore, the hypothesis H;,, which states that investment scale
is significantly negatively correlated with PPP project perform-
ance, holds. In addition, the hypothesis /7, which states that mul-
tilateral support is significantly positively correlated with PPP
project performance, also holds. The model expression is:

P
logit(P) = In T—p= —18.8288 + 2.4140Multilateral
— 2.5234Investment

Secondly, the regression results of Model 2 show the impact of
GDP growth rate as a control variable on the project. The model
adds the control variable GDP growth rate to the PPP project’s
own factors. According to the regression results, after adding
GDPg, GDPg has a positive impact on the success or failure of
PPP projects at the 1% significance level, with a coefficient of
0.4431 and a Z-value of 3.8891. At the same time, the coefficient
of Multilateral is 2.9054 with a #-value of 4.1621. The data indi-
cate that the success of PPP projects is influenced by the coun-
try’s GDP growth rate, and multilateral support has a deeper
impact on the project performance. The coefficient of Investment
is —2.2441 with a r-value of —4.9091. The data suggest that the
negative effect of investment amount decreases under the influ-
ence of the country’s GDP growth rate. The constant term is
—21.0029, indicating that In P/(1 — P) < 0. According to the log-
arithmic formula, p < 1 — p, meaning the probability of success
is less than the probability of failure. Similar to the previous
analysis, when all success factors are absent, there are no success
factors influencing the PPP project, resulting in a lower success
rate compared to the failure rate, that is a high failure rate.
Therefore, accelerated GDP growth promotes the performance of
PPP projects. The model expression is:

P
10 logit(P) = In —p= —21.0029 + 2.9054Multilateral
— 2.2441Investment + 0.4431GDPg

Model 3 Model 4

2.8235***(3.3222)

( 3.7400*** (3.5416)
—2.4098*** (-4.0688)

(

(

—2.5643*** (—3.6835)
0.7799*** (4.3489) 0.4747*** (2.3345)
1.1517***(3.9961) 0.5762** (1.7887)
— 0.1148*** (2.9659)
—24.0790 —23.824

Thirdly, the regression results of Model 3 show the impact of
GDP growth rate and the degree of national openness as control
variables on the project. According to the regression results, Open
is positively correlated at the 1% significance level, with a coeffi-
cient of 1.1517 and a z-value of 3.9961. With the combined influ-
ence of GDP growth rate and national openness, multilateral
support has an even greater impact on the performance of PPP
projects. However, the effect relative to investment scale is some-
what reduced. The constant term is —24.0790, indicating that
In% < 0. According to the logarithmic formula,p < 1 —p,
meaning the probability of success is less than the probability of
failure. Similar to the previous analysis, when all success factors
are absent, there are no success factors influencing the PPP pro-
ject, resulting in a lower success rate compared to the failure rate,
that is a high failure rate. Therefore, the degree of national open-
ness has a positive impact on the performance of PPP projects.
The model expression is:

P
logit(P) = Inl 5= —24.079 + 2.8235Multilateral — 2.4098[nvestment

1. +0.7799GDPg + 1.15170pen

The regression results of Model 4 show the impact of the three
control variables on PPP projects. The macro environment
includes the factor of private sector development. According to
the regression results, the variable Credit is positively correlated
at the 1% significance level, with a coefficient of 0.1148 and a
t-value of 2.9659. With increased national support for the private
sector, the private sector will invest more in national development.
Consequently, the coefficient of Multilateral increases to a maxi-
mum of 3.7400. The constant term is —23.8235, indicating that
IanPP < 0. According to the logarithmic formula, p < 1 —p,
meaning the probability of success is less than the probability of
failure. Meanwhile, the data indicate that the coefficient for
investment scale has also decreased. Therefore, the combined
influence of the macro environment reduces the negative impact
of investment scale on project performance. Hence, factors in the
macro environment, such as national GDP growth, support for
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the private sector, and the degree of openness, significantly affect
the success and failure of PPP projects.

P
logit(P) = In T—p- —23.824 + 3.7400Multilateral
— 2.56431nvestment 4- 0.4747GDPg
+ 0.57620pen + 0.1148Credit

In summary of the above model analysis, in Model 2, the inclusion
of GDPg results in an increase in the Multilateral coefficient, indi-
cating an enhancing effect of the control variable on Multilateral.
According to the literature, the Investment coefficient in Model 2
should increase, but it actually decreases. This might be because
Model 1 lacks control variables, potentially leading to multicolli-
nearity issues. Adding control variables redistributes the model’s
explanatory power, bringing it closer to the true situation. Models
3 and 4, respectively, add Open and Credit. The literature suggests
that the Multilateral coefficient should increase, but in Model 4, it
decreases, although it is still higher than in Model 1. This phe-
nomenon occurs because there is an association between the varia-
bles, which reduces the explanatory power of Multilateral. The
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Figure 2. ROC curve for predicted probability

Investment coefficient increases in both Model 3 and Model 4.
According to the literature, when the control variable is positively
correlated with the dependent variable, adding the control variable
will increase the coefficient of a negatively correlated independent
variable. This means that when control variables jointly influence
the performance of PPP projects, if the control variables are sud-
denly reduced or removed, the negative effect of Investment will
increase, which aligns with the actual situation.

4.4.3  Receiver operating characteristic analysis

The receiver operating characteristic (ROC) curve is a tool used to
evaluate the ability of a logistic regression model to distinguish
between positive and negative samples (i.e. classification perform-
ance) (Huwaina et al., 2022). It assesses the model’s classification
ability by showing the trade-off between sensitivity and specificity
(1-specificity) at different thresholds (Methasit and Juggapong,
2024). The closer the ROC curve is to the top left corner, the bet-
ter the model’s classification performance (Wang, 2021b). This
indicates that the model has a good balance between high sensitiv-
ity and high specificity. Figure 2 shows the ROC curves of the
predicted probability (PRE). The ROC plot contains curves for
four different models. The Area Under the ROC Curve (AUC)
represents the area under the ROC curve. The closer the AUC
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Table 7. Area under the ROC curve

Test result variable(s) Area
PRE_model1 0.912
PRE_model2 0.938
PRE_model3 0.967
PRE_model4 0.974

value is to 1, the better the model’s classification performance.
When the AUC value is between 0.9 and 1.0, the model’s perform-
ance is considered excellent (Gupta et al., 2024). Table 7 shows
the AUC values for the four models, which are 0.912, 0.938,
0.967, and 0.974. The data indicate that the model improves as
more control variables are added.

444  Pseudo R-squared

Pseudo R-squared is a metric used to assess the goodness of fit of
logistic regression models. Since the dependent variable in logistic
regression models is binary, the traditional R-squared (R?) used in
linear regression models cannot be directly applied (Singh ef al.,
2024). Pseudo R-squared provides a measure similar to R-squared
for evaluating the explanatory power of logistic regression mod-
els. Common pseudo R-squared metrics include Cox & Snell R
Square and Nagelkerke R Square. The Cox & Snell R Square typi-
cally ranges from 0 to 1, with a reasonable range between 0.2 and
0.4. The closer it is to 1, the stronger the model’s explanatory
power for the dependent variable, indicating better fit (Cara et al.,
2022). The Nagelkerke R square also typically ranges from 0 to 1,
with a reasonable range between 0.3 and 0.5. The closer itisto 1,
the stronger the model’s explanatory power for the dependent vari-
able, indicating better fit (Eduardo et al., 2023). Among the four
models in Table 8, the lowest Cox & Snell R Square value is
0.418, which exceeds 0.4, indicating a very good fit. The lowest
Nagelkerke R Square value among the four models is 0.587,
which exceeds 0.5, also indicating a very good fit.

In summary, although residual analysis is also an important
method for assessing model fit and diagnosing outliers in logistic
regression models, a more appropriate evaluation method was
used in this study. The minimum p-value of 0.659 across the four
models in the Hosmer and Lemeshow test indicates a very good
fit. The ROC curves of all four models are concentrated in the
upper left corner, and the minimum AUC value is 0.912, exceed-
ing 0.9, indicating excellent classification performance. The

Table 8. Pseudo R-squared

Model Cox & Snell R square Nagelkerke R square
(1) 0.418 0.587
(2) 0.476 0.669
(3) 0.558 0.784
4) 0.587 0.824

minimum values of Accuracy, Sensitivity, Specificity, and
Precision in the classification table are 84.88, 68.52, 92.37, and
80.43, respectively, indicating high accuracy. The Cox & Snell R
Square exceeds 0.4, and the Nagelkerke R Square exceeds 0.5 in
the Pseudo R-squared, indicating a very good fit. Therefore, the
logistic regression model has good model fit and prediction
accuracy.

4.5 Moderating effect analysis

451  Dimensionality reduction of PPP project’s own

factors

The intrinsic factors of PPP projects include investment scale,
investment industry, investment type, the level of private sector
development, and the extent of multilateral national support. This
paper requires a thorough analysis of the impact of moderating
variables on the performance of PPP projects. The five variables
representing the intrinsic factors of the projects are combined
according to certain weights. In practical research, when the varia-
bles are continuous, PCA and factor analysis methods are usually
adopted (Zhao and Jia, 2017). However, since the influencing fac-
tors of PPP projects are mainly discrete categorical variables,
CATPCA is used (Linting and Van der Kooij, 2012). The function-
ality and purpose of CATPCA are the same as those of PCA, but
CATPCA can be used for any type of variable and does not have
specific distribution requirements, making it widely applicable
(Antosz et al., 2023). The combined variables of PPP project
intrinsic factors obtained through CATPCA are denoted as ‘Own’.

452  Moderating effects results

Using the macro programme in the statistical software, process
was used to analyse the moderating effects. Table 9 shows the
results of the moderating effect regression analysis.

In Model 1, the project’s own factors have a negative effect on the
success and failure of PPP projects. The coefficient is —0.2226,
and the z-value is —1.2773. Although it is not significant, it does
not affect the subsequent study of the moderating effect. The rea-
son for the negative effect is that the investment scale within the
project’s own factors is negatively correlated with project per-
formance. Although other variables are positively correlated, the
negative effect of the investment scale impacts the other variables,
and the investment scale has a high proportion. Therefore, the PPP
project itself has a negative effect. The influencing factors of the
PPP project itself have already been studied, and the moderating
effect is not a study of the project’s own factors. Instead, the mod-
erating effect examines how risk factors, as moderating variables,
impact the success or failure of PPP projects.

In Model 2, the moderating variable of political risk is introduced.
As previously mentioned, according to the International Country
Risk Guide by the American International Report Group, the polit-
ical risk score is out of 100 points. A full score indicates no
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Table 9. Moderating effect regression results

Variable Model 1 Model 2

Own —0.2226(=1.2773) —4.5338 *** (=2.1321)
Political Risk — 0.1072*** (3.3010)
Economic Risk — —

Financial Risk — —

Own*Political Risk
Own*Economic Risk
Own*Financial Risk
Control variable
Constant

—2 Log likelihood

—6.9661
212.3433

—6.9557
194.3275

Note:***Significant at the 0.01 level, Z-values are in parentheses

political risk. The higher the score, the lower the risk. Table 9
shows that political risk is positively correlated at the 1% signifi-
cance level. The coefficient of political risk is 0.1072, and the #-
value is 3.3010. This indicates that the higher the political risk
score (lower risk), the higher the success rate of PPP projects.
Therefore, the hypothesis H,, that political risk is significantly
negatively correlated with the performance of PPP projects is
supported. After the interaction between political risk and the
project’s own factors is moderated, a positive correlation is
found at the 5% significance level. The interaction coefficient
is 0.0733, and the #-value is 2.0333. The moderation of political
risk weakens the negative impact brought by the investment
scale. Therefore, the higher the political risk score (lower risk),
the higher the success rate of PPP projects. According to Aiken
et al.’s method, the moderating effect of political risk is plotted
in Figure 3. Under conditions of higher political risk, the slope
between PPP project’s own factors and the performance of PPP
projects is greater, indicating a stronger effect of political risk
on PPP projects. The higher the political risk score (lower risk),
the greater the impact on the success probability of PPP

=4=Low-level
moderator
variables-
Political

Status

** | —m~High-level

moderator
variables-
Political

Figure 3. Moderating effect of political risk
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0.0733***(2.0333)

Model 3 Model 4

—9.9536*** (-2.3967)

—11.7923*** (-2.0036)

1.0907*** (4.9035)

0.8846*** (4.9561)

0.4246*** (2.4672)

0.3870*** (2.1489)
Controlled

—25.3151

64.3129

—28.3743
90.5032

projects. Therefore, hypothesis H3,, that political risk is signifi-
cantly negatively correlated with the performance of PPP proj-
ects, is supported.

In Model 3, the moderating variable of economic risk is intro-
duced. As previously mentioned, according to the International
Country Risk Guide by the American International Report Group,
the economic risk score is out of 50 points. A full score indicates
no economic risk. The higher the score, the lower the risk. As
shown in Table 10, economic risk is positively correlated at the
1% significance level. The coefficient of economic risk is 1.0907,
and the #-value is 4.9035. This indicates that the higher the eco-
nomic risk score (lower risk), the higher the success rate of PPP
projects. Therefore, the hypothesis H5, that economic risk is sig-
nificantly negatively correlated with the performance of PPP proj-
ects is supported.

After moderating the interaction between economic risk and project’s
own factors, the result is positively correlated at the 5% significance
level. The interaction coefficient is 0.4246, and the ¢-value is 2.4672.
The moderation of economic risk weakens the negative impact
brought by the investment scale. Therefore, the higher the economic
risk score (lower risk), the higher the success rate of PPP projects.
According to Aiken ef al.’s method, the moderating effect of eco-
nomic risk is plotted in Figure 4. Under conditions of higher eco-
nomic risk, the slope between PPP project’s own factors and the
performance of PPP projects is greater, indicating a stronger effect of
economic risk on PPP projects. The higher the economic risk score

Table 10. Robustness test results

Variables B S.E. Wald df Sig. Exp(B)
MultiLateral 3.759 1.088 11.928 1 0.001 42.906
Investment =2 833 0.745 15486 1 0.000 0.053
GDPg-per 0.775 0316 6.017 1 0.014 2.170
capita
Credit 0.118 0.039 9324 1 0.002 1.125
Open 0.744 0.366 4.130 1 0.042 2.104
Constant —44.534 56841662 0.000 1 0.999 0.000

Downl oaded from http://ftp. nowpublishers.conljnuen/article-pdf/ 178/ 4/215/ 10076218/ nuen. 24. 00049en. pdf by guest on 01 July 2026



Municipal Engineer
Volume 178 Issue 4

Performance of private-public partnership
projects: the influence of key determinants
Hu, Puah and Harry

15

-+=-Low-level
moderator
variables-
Economic

Status

> | —m—High-level
moderator
variables-
Economic

154
Oown

Figure 4. Moderating effect of economic risk

(lower risk), the greater the impact on the success probability of PPP
projects. Therefore, hypothesis H3;,. that economic risk is significantly
negatively correlated with the performance of PPP projects is
supported.

In Model 4, the moderating variable of financial risk is introduced.
As previously mentioned, according to the International Country
Risk Guide by the American International Report Group, the
financial risk score is out of 50 points. A full score indicates no
financial risk. The higher the score, the lower the risk. Financial
risk is positively correlated at the 1% significance level. The coef-
ficient of financial risk is 0.9087, and the Z-value is 4.9057. This
indicates that the higher the financial risk score (lower risk), the
higher the success rate of PPP projects. Therefore, the hypothesis
H,,. that political risk is significantly negatively correlated with
the performance of PPP projects is supported.

After moderating the interaction between financial risk and proj-
ect’s own factors, the result is positively correlated at the 5% signif-
icance level. The interaction coefficient is 0.6073, and the Z-value
is 2.2282. In PPP projects dominated by the scale of investment, the
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Figure 5. Moderating effect of financial risk

moderating effect of financial risk weakens the negative impact
brought about by the scale of investment. Therefore, the higher the
financial risk score (lower risk), the higher the success rate of PPP
projects. According to Aiken et al.’s method, the moderating effect
of financial risk is plotted in Figure 5. Under conditions of higher
financial risk, the slope of the relationship between the PPP proj-
ect’s own factors and the performance of PPP projects is steeper,
indicating that financial risk has a stronger impact on PPP projects.
The higher the financial risk score (lower risk), the greater the
impact on the success probability of PPP projects. Therefore,
hypothesis H;, which states that when country risk is low, the rela-
tionship between the project’s own factors and project performance
is strengthened, is supported.

4.6 Robustness test

The robustness test can be conducted by splitting the sample,
changing the research method, and using alternative variables. To
verify the robustness of the model, this paper chooses to replace
variables. The per capita growth rate of GDP is used instead of the
GDP growth rate to observe changes in the model’s results. In
Table 10, the method used is the same as in Model 4 of Table 6.
Except for replacing the GDP growth rate with the per capita
growth rate of GDP, the other variables remain the same. A binary
logistic regression with a backward stepwise (LR) method is used.
The results of the robustness test are generally consistent with the
original model results, with no significant differences. Therefore,
the data sufficiently demonstrate that the findings of this study are
relatively robust.

5. Conclusions and recommendations

5.1 Conclusions

This study includes three main hypotheses and 11 subhypotheses,
tested using methods such as binary logistic regression and
CATPCA. The results of the tests for each hypothesis are dis-
cussed. The first hypothesis, H;, states that the intrinsic factors of
PPP projects significantly influence project performance. The
results show whether these factors have a significant, positive, or
negative impact. The second hypothesis, H», suggests that country
risk negatively affects project performance. The results indicate
that country risk has a negative impact on the performance of PPP
projects. The third hypothesis, H;, proposes that country risk sig-
nificantly moderates the relationship between project intrinsic fac-
tors and project performance. The findings show that country risk
enhances the effect of intrinsic factors on project performance. In
summary, the intrinsic factors hypothesis (H;) is partially
accepted; the country risk hypothesis (H>) is accepted; and the
moderating effect of country risk (/) is accepted.

The performance of PPP projects is influenced by various intrinsic

factors, including investment scale, investment type, investment
industry, private sector participation, and multilateral national
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support. Under hypothesis /;, investment scale is found to be sig-
nificantly negatively correlated with PPP project performance.
The results indicate that larger investment scales negatively
impact project performance. As for the investment type, it does
not significantly explain PPP project performance. The literature
suggests that investment type is not a decisive factor for success,
as it depends on the needs of the countries along the BRI.
Regarding the investment industry, the results show no significant
relationship with project performance. The discrepancy may arise
because earlier studies focused on industry selection within PPP
projects, while this study focuses on the national environment.
The hypothesis that private sector participation is significantly
positively correlated with PPP project performance is not sup-
ported. The literature suggests that PPP projects must involve col-
laboration between the government and the private sector.
However, having more private sector participants does not neces-
sarily lead to better outcomes, as it can result in fragmented lead-
ership. Therefore, the number of private sector participants should
not be excessive. The hypothesis that multilateral national support
is significantly positively correlated with PPP project performance
is supported, indicating that greater support from other countries
leads to higher success rates.

The performance of PPP projects is also influenced by country
risks, including political, economic, and financial risks. Under
hypothesis H», political risk is found to be significantly negatively
correlated with PPP project performance. The results show that
higher political risk lowers the success rate of PPP projects.
According to the definition of political risk by the American
International Report Group, it includes government stability, socio
economic conditions, investment profile, internal conflict, external
conflict, corruption, military involvement in politics, religious ten-
sions, law and order, ethnic tensions, democratic accountability,
and bureaucratic quality. These political factors significantly nega-
tively impact the performance of PPP projects. For economic risk,
the hypothesis posits a significant negative correlation with PPP
project performance. The results indicate that higher economic
risk decreases the success rate of PPP projects. The American
International Report Group defines economic risk to include per
capita GDP risk, GDP growth risk, inflation risk, budget balance
risk, and current account risk. Higher economic risks increase the
uncertainties for PPP projects, leading to lower success rates.
Regarding financial risk, the hypothesis states a significant nega-
tive correlation with PPP project performance. The results show
that higher financial risk reduces the success rate of PPP projects.
The American International Report Group defines financial risk to
include external debt risk, current account risk as a percentage of
XGS, international liquidity risk, exchange rate stability risk, and
debt repayment risk. Greater financial risks lead to increased
uncertainties, reducing the success rate of PPP projects.
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In hypothesis /3, the moderating effect of country risk on the rela-
tionship between project intrinsic factors and project success is
examined. The results indicate that increased political risk
strengthens the negative relationship between intrinsic factors and
project performance, reducing the success rate. Similarly,
increased economic risk weakens the impact of intrinsic factors on
project performance, thereby lowering the success rate. Increased
financial risk also weakens the impact on PPP projects, reducing

the success rate.

Therefore, based on the conclusions of this study, the following rec-
ommendations are made for Chinese companies. Chinese compa-
nies should leverage their advantages in PPP project industries and
select appropriate countries for investment. Since investment scale
is negatively correlated with project performance, companies
should carefully consider country risks and balance investment
scale with project returns. Chinese companies should closely follow
China’s cooperative initiatives with BRI countries and seek support
from multilateral financial institutions. They should pay attention to
the political system differences among BRI countries to reduce
political risk and respect local religious customs to minimise con-
flicts. Furthermore, they should adhere to local laws, making appro-
priate use of common law and civil law systems. Finally, Chinese
companies should conduct thorough research on the economic
development of BRI countries and carefully choose PPP projects to
promote the joint development and progress of BRI countries
through their investments.

5.2 Policy recommendations

Enterprises should review the overall scale, development trends,
scale conditions, industry layout, and regional distribution of PPP
projects in BRI countries, selecting PPP projects that align with
their goals. Priority should be given to regions with a strong foun-
dation for PPP project development while controlling the total
scale of project investments to comprehensively reduce risks and
enhance project success rates.

Chinese enterprises should focus on investing in countries and
PPP projects that align with their investment development goals
and exhibit economic growth potential. Particular attention should
be paid to the openness of trade, investment and finance of the
BRI country, making situational and regional decisions on partici-
pation in PPP projects.

Enterprises should consider the political system differences among
BRI countries to reduce political risk. Thorough research on the polit-
ical landscape of BRI countries is necessary, including government
stability, law and order, internal and external conflicts, government
corruption, military influence in politics, religious tensions, ethnic
tensions, and the quality of bureaucracy. Respecting local religious
customs and traditions can mitigate conflict and political risks.
Understanding and adhering to local laws, whether they follow
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common law or civil law systems, is crucial. From bidding and
financing to contract signing, project implementation and operations,
PPP projects involve various legal aspects. Strengthening legal
knowledge can help mitigate legal risks.

Enterprises should establish a risk management system. This sys-
tem should guide the handling of various risks when investing in
PPP projects in BRI countries and should be integrated throughout
the entire PPP project process.

6. Limitations and future research

A second limitation of this study is the broad range of PPP project
industries considered without focusing on a specific infrastructure
industry. This study aims to provide direction for Chinese enter-
prises’ investments, so it has not focused on a single industry nor
studied one industry in isolation. However, encompassing the varia-
tion across industries (energy, ICT, transportation, water supply and
treatment, and urban solid waste treatment), the findings and rec-
ommendations may not apply to all industries. This study provides
a reference to enterprises and governments from the perspective of
overall PPP projects, where industry specific understandings should
be explored in future research.

Future research should focus on PPP projects of a specific indus-
try to examine the determinants. While studying the determinants
of PPP project performance in a specific industry is relatively
straightforward, it can allow for thorough research. It can serve as
a more specific model for that industry. Therefore, thus study rec-
ommends focusing on specific industries in future research while
examining these industries individually to elicit a more nuanced
understanding of the determinants for each industry.
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