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Abstract: Africa’s growth in public infrastructure provision has been fueled by the collective effort
of the government authority and foreign private investors. China, through state-owned corpora-
tions, has become one of the leading infrastructure financier springing up numerous projects in
transport, energy, oil and gas, water, and sewage sectors in Africa. Infrastructure procurement in
developing countries comes with complexities and uncertainties. While Sino-Africa transnational
public–private partnerships (TPPP) are becoming an increasingly popular route for public infrastruc-
ture procurement, their specific project risks and dynamics are not yet fully understood due to the
typical assessment of risk autonomously. This paper identifies pertinent project risks in Sino-Africa
TPPPs and applies system thinking in evaluating their behaviour and dynamics. An extensive review
of literature and expert opinion employing semi-structured interviews was adopted in the identifi-
cation and assessment of risk factors. Additionally, the study applied causal loop and interpretive
structural modelling as an integrated approach in the assessment of risk behaviour from a systems
perspective. Results indicate that risk factors associated with Sino-Africa TPPPs are interactive
and portray curious systemic behaviour. Risk factors like force majeure and others associated with
the governance structure and stability of the host African country are most influential, and their
occurrence could inhibit project success. The study recommends that in conjunction with the con-
ventional risk assessment by impact, systems thinking can be adopted to evaluate and comprehend
the dynamics and interactions amongst the risk factors. This will improve risk assessment efficiency
and fair allocation and treatment of risks as a conduit for project success and promote a win–win
partnership for project actors.

Keywords: transnational public-private partnership; Sino-Africa; risk assessment; systems thinking;
causal loop diagram; interpretive structural modelling

1. Introduction

Infrastructure development is a critical catalyst to the quest for sustainable develop-
ment in Africa. Most regions in Africa have gradually seen improvement in infrastructure
attributable to the availability of foreign direct investments (FDIs) [1]. China is currently a
major foreign investor in Africa’s infrastructure [2]. The Sino approach typically combines
the provision of financial and technical aid through state-owned corporations in partner-
ship with African government authorities, depicting a unique transnational public–private
partnership (TPPP). Ref. [3], captured TPPPs as the collective involvement of non-state
(transboundary) actors in the provision of public goods or services which are primarily the
sole mandate of the state actors or government. This has been capitalised by most African
countries as a unique arrangement through which public infrastructure is delivered [4].
Development sectors include transport, housing, oil and gas, water and sewage, informa-
tion communication technology, mining, and energy [5]. The feat of public infrastructure
provision in Africa is reliant on efficiency in managing risks due to socio-economic and
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political dynamics in the region [6]. Furthermore, the involvement of foreign corporations
creates a partnership that is pivoted on the achievement of win–win arrangements [7],
and one way is to ensure fair and efficient treatment and sharing of risks between these
corporations (private actors) and the African government authority (public actor) [8].

Risk management (RM) is critical in the life cycle development of public infrastructure
when delivered through non-state actors or private sector engagement like TPPP [9]. The
poor management of risks has caused the failure of most infrastructure projects in devel-
oping countries [10]. TPPPs for public infrastructures are well known for the provision
of basic facilities for livelihood and therefore considered as projects of high complex-
ity. The influence and consequence of risks are much higher and detrimental in this
setting, [11]. Complexity with these infrastructure projects is associated with large-scale
works, long duration, and high investment. Moreover, the multistakeholder nature of
these partnerships makes the handling and allocation of risks very intricate as compared
to the traditional procurement practice [12]. The above project features make it difficult
to manage risks effectively to achieve project success [13]. In developing countries, risk
events in public infrastructure procurements are dynamic and occur at different stages of
development [14]. Studies on Chinese infrastructure investments in Africa have reiterated
the criticality of assessing and devising efficient strategies to manage the risk components
of the projects [15,16]. The study of [17] further illustrated the dire effect of risk events
on these arrangements sampling the Congo Siciomines project which has become less
lucrative, and hence unsuccessful. Effective RM is, therefore, necessary for the success-
ful implementation of Sino-Africa TPPPs. Risk management systematically entails the
identification, assessment, allocation, and treatment or mitigation. Although studies have
well established the cruciality and have focused on various aspects, limited attention and
efforts have been put in probing the overall dynamics of infrastructure project risks. The
assessment of risk interactions and how it affects the successful life cycle development of
the project is overlooked [18].

Meanwhile, project risks in public infrastructure provision are interrelated and this
questions the fundamental logic to typical project risk management, treating risks as in-
dependent [13]. This could project a wrong estimation of risk impact and can pose a
limitation on the effectiveness of risk-sharing and treatment strategies adopted by project
actors. Therefore, it is vital to consider dynamic interactions between project risks when
assessing them. The concept of systems thinking can be applied in analysing the interrela-
tionships between risk factors to facilitate better management and decision making [19].
The application of systems thinking in public infrastructure delivery through private sector
involvement has gained much focus in recent times. There is maturing literature in system
thinking in areas such as productivity, construction waste, and safety; however, exploration
in risk management is comparatively limited [20].

In the field of systems thinking, the causal loop diagram (CLD) is a feedback enabling
tool for critical analysis of complex problems [21]. A couple of risk management studies
have adopted CLDs for risk evaluation [22–24]. Additionally, the interpretive structural
modeling (ISM) also begets a structural and relationship analysis from the systems view-
point and have also been adopted in risk management studies [25–27]. The robustness of
dynamic systems evaluation is improved through the integration of these tools and has
been adopted in recent risk evaluation studies [28,29]. The CLDs enable a better interpreta-
tion of the dynamics, while the ISM process establishes the relationships and dimensional
order amongst the variables which enable prioritisation decisions. Given the criticality
of systems thinking in risk assessment and the unique nature of Sino-Africa TPPPs, this
study evaluates risk factors pertinent to the life cycle development of public infrastructure
projects in Africa using the ISM-CLD approach. This project allows a better apprecia-
tion of risk behaviour for proper treatment, allocation, and control strategies towards the
realisation of a win–win arrangement for both parties.
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2. Literature Review
2.1. Sino-Africa Infrastructure Partnerships

The involvement of non-state actors (private sector) in the provision of public infras-
tructure has become a globally accepted and practiced procurement route. Public–private
partnership is a collaboration between private sector corporations and public authorities
for the direct provision of public goods or services through the combination of public
sector oversight and private sector resources and expertise [30]. PPP has many forms
and scales, usually established over design, financing, construction, tenure, operations,
control, and handover modes [31]. According to [32], public–private partnerships have
gained popularity in Africa and most of these partnerships involve foreign investors, i.e.,
Transnational PPPs (TPPPs). China has steadily combined the provision of financial and
technical aid for the construction of infrastructure in most African countries with business
pursuits and interests [7,33]. Unique to this type of partnership is the use of state-owned
corporations who come in as private sector investors [34,35], which makes a distinctive
representation of Transnational PPPs [36]. These partnerships also place much concern on
the sharing of risks between the Chinese corporations and the African contracting authority
in the implementation of public infrastructure. This is geared towards the success of the
project and the promotion of win–win partnership and corporation ties between project
actors [37].

2.2. Risk Management in Public Infrastructure Provision

The impact of risks on the successful completion of PPP projects cannot be underesti-
mated [38]. Risk management follows a process of identification, assessment, allocation,
and control tactics. Project actors desire to obtain a win–win partnership and this is depen-
dent on the assessment and allocation of project risks [8]. Although risk sharing is the most
significant aspect of the risk management process in PPPs, a poor assessment of risk factors
could affect the fairness and efficiency in the allocation and eventually lead to project
failure [39]. Studies in transnational PPPs also affirm that risks are assessed to determine
the most efficient allocation and mitigation strategies [40,41]. Table 1 summarises risk
factors in public infrastructure provision.

Table 1. Risk factors in PPPs.

ID Risk Factors A B C D E F G H I J K L M N O

R1 Bribery and corruption * * * * * *

R2 Government or Political
Instability * * * * * * *

R3 Weak regulatory framework and
policy monitoring * * * * *

R4 Project Cost overrun * * * * * * * * * * *

R5 Public opposition to the project * * * * * * * * * *

R6 Unfavourable host country
economy * * * *

R7 Inadequate or lengthy
negotiation * * * * *

R8 High cost of operation and
maintenance * * * * * * * *

R9 Poor/lengthy public
decision-making process * * * * * *

R10 Expropriation and
nationalization of assets * * * * * *

R11 Legal and regulatory changes * * * * * * * *
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Table 1. Cont.

ID Risk Factors A B C D E F G H I J K L M N O

R12 Force Majeure Risk * * * * * * * * *

R13 Foreign exchange risks * * * * * * * *

R14 Poor contract design and
management * * * * * *

R15 The inability of the
concessionaire * * *

R16 Poor project feasibility studies *

R17 Unproven engineering
techniques * * * * *

R18 Cultural and communication
risk * * *

R19 High project finance * * * * * * * * * *

R20 Delayed project Schedule * * * * * * * * *

R21 Dispute between project’s
participants * * * * *

R22 Obsolete technology, Change in
technology * * * * *

R23 Inadequate supporting
infrastructure * * * *

R24 Trade restrictions * *

R25 Project performance and Quality
risk * * * * *

R26 Inadequate PPP/PFI experience * * *

R27 Poor sharing of risk and
responsibilities * *

R28 Weather conditions * * * *

R29 Poor workmanship quality and
standards * * * *

R30 Market demand changes * * * * * * * * * * *

R31 Delay in financial closure * *

R32 Environmental risks * * * * * * *

R33 Land acquisition * * * * * * * * * *

* references [14,32,36,39,40,42–51] Key: A = Babatunde et al. (2019), B = Chou and Pramudawardhani (2015), C = Ameyaw and Chan (2015);
D = Nguyen et al. (2018), E = Abednego & Ogunlana (2006), F = Rebeiz (2012), G = Choi (2010) H = Ahmad et al. (2018), I = Wibowo &
Mohamed (2010), J = Alireza et al. (2014), K = Mazher et al. (2018), L = Almarri et al. (2019), M = Yu et al. (2018), N = Osei-Kyei and Chan
(2017), O = Ibrahim et al. (2006).

2.3. Systems Thinking in Risk Management

Risk management requires an interdisciplinary and adaptable method that allows
capturing the changing behaviours of risks including the explanation of processes involved
in the management of infrastructure construction [52].

Owing to the complex nature of PPP implementation, it is prudent to emphasise that
risks events are not only numerous but have interaction among each other and the adop-
tion of systems thinking enables feedback and structural analysis to simulate mitigation
policies before development. Some classical risk management studies applied system
dynamics in the development of risk classification systems and assessments from network
simulations which enabled insight into risks without losing operational or practical ad-
vantages [53,54]. Comparatively, the application of system dynamics for problem-solving
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in PPP/PFI projects is small but has been rising over the past few years in risk assess-
ment [55,56], based on a case study, adopted a qualitative application and developed a
causal relationship diagram that features most risk factors including cost, environmental,
design, schedule, construction, and quality risk factors. The study by [57] on the assessment
of demand risk dynamics for toll road projects used a system dynamics method. Other
studies also incorporated other analytical tools for the assessment of risks. For example,
Ref. [58] developed an integrated fuzzy system dynamic (FSD) as a quantitative risk man-
agement approach. In addition, Ref. [59] assessed the dynamics of project risk complexities
concerning design and construction in megaprojects using SDANP, an innovative combina-
tion of Analytical Network Process (ANP) and system dynamics (SD). More recently, other
studies in risk assessment integrate methods that pedigree from systems thinking. For
instance, Ref. [29] innovatively combined the interpretive structural modeling and system
dynamics as an SD-ISM approach to assess and determine the dynamics of construction
project risks in the design stage.

3. Research Methodology

The unique nature of Sino-African public infrastructure dealings propelled an inter-
pretative approach to decipher its associated risk ecosystem. The study adopted systems
thinking in the assessment of risk factors identified. Systems thinking deals with assess-
ing issues or a problem as systemic wholes and provides a language for communicating
dynamic complexities and interdependencies [60]. It emphasises that any problem or
phenomenon directly or indirectly forms part of a bigger domain. Systems are constructs
used for engaging with and improving situations of real-world complexities [61]. Systems
thinking (ST) is applied exploratorily to understand the dynamic behaviour of risks in
TPPPs. System thinking presents an integrated view of phenomena and eliminated the
traditional view of problems in isolation. Through the development of a qualitative con-
ceptual model coupled with a quantitative simulation, systems thinking determines the
nonlinear behaviour and structure among variables, [62]. This paper is, however, focused
on qualitatively developing and translating the systemic behaviour and structure of perti-
nent risk factors in Sino-African public infrastructure implementation. The study adopted a
three-stage approach which includes a comprehensive review of literature, semi-structured
expert interviews, and the development of the integrated causal loop and interpretive
structural modelling approach. Figure 1 summarises the steps which are further elaborated
in the ensuing sections.

3.1. Interpretive Structural Modelling (ISM)

Interpretive structural modelling is an effective tool that reveals the structure and
hierarchical relationships between variables from a systems viewpoint. It was developed
to create a systematic problem-solving approach to complex issues [63]. ISM involves
measurement on ordinal scales and thus provides a modelling approach that permits quali-
tative elements to be retained as a vital part of the model. More so, it differs significantly
from many conventional approaches that use only quantifiable variables [64]. The ISM
provides a method by which order can be enacted on the complexity of variables [65],
therefore decisions on risk prioritisation can also be made based on the hierarchical patterns
developed. Furthermore, the MICMAC analysis is included in the ISM process to further
describe the attributes and behaviours of the risk factors in the system. It is developed
from the driving and dependency powers of the risk factors and categorises them into
independent, autonomous, linkage, and dependent risks. Several studies incorporate the
MICMAC analysis in ISM application [66–68].
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3.2. Causal Loop Diagram (CLD)

To comprehend the dynamics of the risk factors, the causal loop diagram is adopted
to describe the circular cause and effect relationships amongst them. This tool uncovers
feedback structures and is typical for providing explicit conceptualisation in system dy-
namics which can be further analysed quantitatively [69]. CLDs define how the distinct
elements in a system interact due to the influence of each specific element. The elements in
the diagram are linked together by arrows describing which direction the connection is
heading. These arrows may have positive or negative indicators, where a positive from
one variable to another indicates a cause and effect in that regard, and a negative depicts a
cause and effect in the opposite direction. These connecting arrows create feedback loops
which could be described as balancing (B) or reinforcing (R) loops. The continuous upsurge
in actions within the system is indicated by the R loop, while the B loop acts to introduce
stability by reducing changes [70]. Figure 2 depicts an example of a typical CLD.
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3.3. The ISM-CLD Approach

The integration of the interpretive structural modelling and the Causal loop diagram
adequately enables system thinking in risk assessment as the ISM-CLD draws out the non-
linear, structural, and hierarchical relationships amongst the risk factors. The development
of CLDs involves problem articulation and the building of a dynamic hypothesis. The
ISM produces the hierarchical structure and relationships which instigates prioritisation.
Furthermore, the approach in this study provides feed-in data based on expert opinion
which replaces the process of inductively generating structural relationships typical in
CLDs. The authors of [29] applied a similar method and determined the dynamics in
design stage construction project risks using the SD-ISM approach. This approach builds a
fortified systemigrams and assessment method. Figure 3 illustrates the workflow of the
hybrid method applied in this study.

Sustainability 2021, 13, x FOR PEER REVIEW 7 of 24 
 

 
Figure 3. ISM-CLD Approach. 

3.4. Data Collection 
Risk evaluation using the ISM-CLD approach is an iterative and interpretive process 

and therefore requires the use of experts. Furthermore, the peculiarity of the Sino-African 
TPPPs requires engaging knowledgeable and experienced participants. Thus, primary 
data was elicited through expert semi-structured interviews. Prior to expert engagement, 
a comprehensive review of literature identified risks associated with transnational public–
private partnerships in public infrastructure procurement. Furthermore, the review fo-
cused on case study papers on several projects in Africa to ensure generality. Based on the 
review findings, the expert interview was conducted for scoping of risk factors pertinent 
to Sino-Africa dealings as well as capturing risk factors eluded during literature review. 
The experts were also engaged as part of the ISM-CLD approach to establish relationships 
amongst risk factors similar to the study by [29].  

4. Analysis and Results 
4.1. Expert Profile 

The integration of the ISM-CLD makes expert engagement integral to the problem-
solving process. Moreover, the Sino-Africa dealings are unique and require in-depth 
knowledge and experience to realistically probe. There is no specified criterion on the 
number of experts to be engaged  and the ISM approach does not require many respond-
ents as much focus is placed on the experience and proficiency of respondents on the 
problem being analysed [67,71] using the ISM, sampled three experts and developed a 
structural relationship between lean implementation barriers. Further, [68] used four ex-
perts in their ISM modelling approach for identifying the failure paths of PPP water pro-
jects. The ISM thus produces reliable findings even with few experts due to its logic and 
analytical rigour [68,72]. The heterogeneity of the population should be considered [66], 
hence this study involved experts from the private sector (Sino), the public sector (African 
contracting authorities), and academic researchers in the field of risk management and 
public–private partnerships. Through snowballing, forty-seven experts were contacted 
and thirteen accepted the invitation. The number was adequate to produce reliable find-
ings based on their level of experience coupled with the ISM process adopted. The experts 
described the study area (Sino-Africa infrastructure dealings) as sensitive and their par-
ticipation was dependent on a guarantee to ensure anonymity in their identities, given the 
depth of information and engaging process of the ISM-CLD approach. Table 2 shows the 
profile of experts engaged. 

  

Figure 3. ISM-CLD Approach.

3.4. Data Collection

Risk evaluation using the ISM-CLD approach is an iterative and interpretive process
and therefore requires the use of experts. Furthermore, the peculiarity of the Sino-African
TPPPs requires engaging knowledgeable and experienced participants. Thus, primary data
was elicited through expert semi-structured interviews. Prior to expert engagement, a
comprehensive review of literature identified risks associated with transnational public–
private partnerships in public infrastructure procurement. Furthermore, the review focused
on case study papers on several projects in Africa to ensure generality. Based on the review
findings, the expert interview was conducted for scoping of risk factors pertinent to Sino-
Africa dealings as well as capturing risk factors eluded during literature review. The
experts were also engaged as part of the ISM-CLD approach to establish relationships
amongst risk factors similar to the study by [29].

4. Analysis and Results
4.1. Expert Profile

The integration of the ISM-CLD makes expert engagement integral to the problem-
solving process. Moreover, the Sino-Africa dealings are unique and require in-depth
knowledge and experience to realistically probe. There is no specified criterion on the
number of experts to be engaged and the ISM approach does not require many respondents
as much focus is placed on the experience and proficiency of respondents on the problem
being analysed [67,71] using the ISM, sampled three experts and developed a structural
relationship between lean implementation barriers. Further, Ref. [68] used four experts in
their ISM modelling approach for identifying the failure paths of PPP water projects. The
ISM thus produces reliable findings even with few experts due to its logic and analytical
rigour [68,72]. The heterogeneity of the population should be considered [66], hence this
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study involved experts from the private sector (Sino), the public sector (African contracting
authorities), and academic researchers in the field of risk management and public–private
partnerships. Through snowballing, forty-seven experts were contacted and thirteen
accepted the invitation. The number was adequate to produce reliable findings based on
their level of experience coupled with the ISM process adopted. The experts described
the study area (Sino-Africa infrastructure dealings) as sensitive and their participation
was dependent on a guarantee to ensure anonymity in their identities, given the depth of
information and engaging process of the ISM-CLD approach. Table 2 shows the profile of
experts engaged.

Table 2. Profile of Experts.

Expert Experience Profession/Job Position No. of Projects Project Types Countries of Work

Public Sector (procurement authorities, PPP units or agencies, ministries, local government)

A 11 years Administrator/Projects
manager 15 to 20 Transport, housing Ghana

B 11 years Quantity Surveyor 12 to 15 Transport Tanzania & Nigeria

C 15 years Projects manager Over 15 Transport, energy Ghana & South Africa

D 19 years Administrative
head/contracts manager 23 to 30 Transport Nigeria

E 22 years Civil engineer Over 20 Transport & oil and gas Nigeria

F 16 years Consultant (QS) Over 15 Transport, energy Ghana, Angola

Private Sector (Sino state-owned construction and engineering corporations)

G 17 years Engineer 30 to 40 Transport & Energy Nigeria, Kenya, Angola, Togo
& Ethiopia

H 15 years Construction Manager 30 to 40 Transport, Energy & water Ghana & Nigeria

I 11 years Project Manager 40 to 45 Transport South Africa, Nigeria, Ghana
& Kenya

b 13 years Engineer 20 to 30 Transport, water & housing Ivory Coast, Congo & Ghana

Academic researcher (universities)

K 10 years Reader N/A Transport, housing and
energy United Kingdom

L 16 years Associate Professor N/A Transport, housing & water Ghana

M 17 years Associate Professor N/A Transport Nigeria

Common to all experts was apt knowledge in public infrastructure implementation.
The transport sector includes sea and land ports, roads bridges, and railways. Similarly,
aside from residential, the housing includes commercial and business infrastructure like
factories. The interviews were conducted in English and were based on the ISM principle
which was developed into an interview guide to ensure standardised information elicitation
for the study. This also helped to check bias and ensure uniformity in the entire process.

4.2. Components Identification

Components for the systemic modelling were identified based on a combined process
of extensive literature review and expert roundtable. Literature on transnational public and
private collaboration for public infrastructure delivery was reviewed coupled with studies
of Sino-Africa dealings. In the TPPP setting, the allocation of risk is paramount therefore
review was focused on identifying the commonly allocated risks, see Table 1. Knowledge
depth and focus are critical in ISM-CLD; therefore, the study adopted semi-structured
expert interviews. The identification of the pertinent risks is obtained through interaction
with experts from their practical and/or research experiences in Sino-Africa TPPPs. Experts
were engaged in two phases, first to identify risk factors and consequently establish their
relationships. The expert interview drew up twenty-two risk factors associated with the
partnership between Chinese corporations and African governments for the delivery of
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public infrastructure. These factors are described in Table 3. Results from the literature
review were used as the basis for experts to outline the pertinent risks and offer experience-
based descriptions of the risk factors. An ISM tool was used to aid in establishing the
relationships using pairwise logic. Thematic content was used in the identification and
delineation of pertinent risks, it involves an iterative process of identifying evaluating and
reporting themes from data analysis [73]. The themes, i.e., risk factors and descriptions
presented in Table 3 embody the patterned responses and meanings drawn from the data.

Table 3. Risk Factors in Sino-Africa TPPPs.

ID Risks Delineation

R1 Bribery and corruption Fraudulent and opportunistic actions of either party especially during the
procurement process which affect other project attributes such as cost and quality.

R2 Government or Political
Instability

Changes and interference of government that negatively affects the smooth running
and sometimes abandonment of the project.

R3 Regulatory framework and
policy monitoring risk

Weak or lack of regulations and well-structured government institutions to effectively
oversee Sino infrastructure investments in the region despite its uniqueness.

R4 Force Majeure Risk Events of nature beyond the control of either party affecting the obligatory duties of
either or both project actors.

R5 Public opposition to the project
Resistance and lack of support from the local community due to the absence of

inclusiveness in project planning and execution as well as public displeasure with
project due to cultural and social impact.

R6 Unfavourable host country
economy

The instability and unhealthy financial systems and low purchasing power that limit
the investment friendliness thereby affecting the project cash flow.

R7 Cultural and communication
risk

The differences in culture and communication dimensions which may result in limited
interaction or misinterpretation of project information and tasks.

R8 High cost of operation and
maintenance The increase in the cost of the day-to-day administration of the public facility.

R9 Market demand changes These pertain to the changes in the market niche for public service provided which
may be due to faulty projections, needs analysis, or service quality.

R10 Inadequate supporting
infrastructure

The projects sometimes require some systems or existing structures to function well,
e.g., Linking roads in transport projects.

R11 Legal and regulatory changes Changes in law or legislation in relation to taxes and industrial practices.

R12 Project performance and Quality
risk

The inability of the infrastructure to meet expectation and quality performance
standards.

R13 Environmental risks The effects of the project on the environment such as air, water, waste, land, and noise
pollution.

R14 Poor contract design and
management

Contract ambiguities, faulty and inconsistent contract agreements, and partnership
dealings which may harm communication in project execution.

R15 Project Cost overrun The inability to execute and operate projects within budget attributable to faulty
financial forecasts and economic environment.

R16 Poor project feasibility studies Inability to efficiently determine the socio-economic viability of the project through
errors in needs assessments.

R17 Poor/lengthy public
decision-making process

Inadequate or lengthy negotiation in the contract closure due to conflict of interests
and unbalanced bargaining strength and ability of either party.

R18 High project finance The risk of investing owing to the high cost of borrowing amid uncertainties in the
investment climate of most developing economies.

R19 Land acquisition Delays in gaining access to the site or land unavailability issues that may affect project
commencement and construction activities.

R20 Foreign exchange risks The fluctuation and poor performance of local currency against foreign currencies
which may pose limitations on imports.
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Table 3. Cont.

ID Risks Delineation

R21 Poor sharing of risk and
responsibilities

Failure to effectively allocate risks, responsibilities, and authorities prior to
commencement leading to the dire consequence of mismanagement.

R22 Delayed project Schedule The inability to meet the agreed contract period for project execution.

4.3. Systemic Risk Evaluation (ISM-CLD)
4.3.1. Structural Self-Interaction Matrix (SSIM)

This establishes the relationships among risk factors using a pairwise comparator
where the columns and rows are denoted with i and j, respectively. V, A, X, and O are used
to denote the description of relationships between the risk factors. The risk factors are built
into a matrix and captured on an x and y-axis pane such that a cell Rij in the matrix shows
the interaction between Ri and Rj on the x and y-axis, respectively. The VAXO connotes the
following:

V = Ri influences Rj whereas Rj does not influence Ri;
A = Rj influences Ri whereas Ri does not influence Rj;
X = Ri influences Rj and Rj influences Ri;
O = Ri and Rj are unrelated.
The interpretive logic and direct relationship amongst the risk factors is presented in

the Table 4.

Table 4. Structural Self-Interaction Matrix (SSIM).

R22 R21 R20 R19 R18 R17 R16 R15 R14 R13 R12 R11 R10 R9 R8 R7 R6 R5 R4 R3 R2 R1

R1 V V O A V O O V X O V O O O V O X A O A A X

R2 V O O V O V O V O O V X V O O V V V O X X

R3 V V O O V O O V V O V X O O V V O O A X

R4 V O V V V O V V O O V O O O V O O O X

R5 X A O V A V O V O A X A A V O O O X

R6 O O X O V O O V O O X A V V V O X

R7 V V O O O V O O X O V O O O O X

R8 A O A O X O A X O O X A A X X

R9 O O A O V O A V O A X A A X

R10 V O O V V O O V O O V O X

R11 V O O O V V O V V O V X

R12 A A A O A O A A A A X

R13 O O O V O O A O O X

R14 V V O O V A A V X

R15 X A A O X A A X

R16 V O O A O O X

R17 V V O O O X

R18 O O A A X

R19 V O O X

R20 O O X

R21 V X

R22 X

4.3.2. Reachability Matrix (RM)

The initial reachability matrix is developed from the SSIM which involves conversion
from the VOAX matrix into a binary matrix. This is achieved from conditional statements
on the interpretation of the VOAX into either 1 or 0 on the x and y axis. The conditions are
that given the cell ij entry in the SSIM, the connotation is:

V, the ij cell becomes 1 and the ji cell becomes 0;
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A, the ij cell becomes 0 and the ji cell becomes 1;
X, the ij cell becomes 1 and the ji cell becomes 1;
O, the ij cell becomes 0 and the ji cell becomes 0.
For instance, cell R3R4 is A the binary conversion is 0 for R3R4 and 1 for R4R3. The

results of the 22 × 22 binary matrix of risk relationships are presented in Table 5.

Table 5. Initial Reachability Matrix.

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13 R14 R15 R16 R17 R18 R19 R20 R21 R22

R1 1 0 0 0 0 1 0 1 0 0 0 1 0 1 1 0 0 1 0 0 1 1

R2 1 1 1 0 1 1 1 0 0 1 1 1 0 0 1 0 1 0 1 0 0 1

R3 1 1 1 0 0 0 1 1 0 0 1 1 0 1 1 0 0 1 0 0 1 1

R4 0 0 1 1 0 0 0 1 0 0 0 1 0 0 1 1 0 1 1 1 0 1

R5 1 0 0 0 1 0 0 0 1 0 0 1 0 0 1 0 1 0 1 0 0 1

R6 1 0 0 0 0 1 0 1 1 1 0 1 0 0 1 0 0 1 0 1 0 0

R7 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 1 0 0 0 1 1

R8 1 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0

R9 0 0 0 0 0 0 0 1 1 0 0 1 0 0 1 0 0 1 0 0 0 0

R10 0 0 0 0 1 0 0 1 1 1 0 1 0 0 1 0 0 1 1 0 0 1

R11 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 1 1 0 0 0 1

R12 0 0 0 0 1 1 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0

R13 0 0 0 0 1 0 0 0 1 0 0 1 1 0 0 0 0 0 1 0 0 0

R14 1 0 0 0 0 0 1 0 0 0 0 1 0 1 1 0 0 1 0 0 1 1

R15 0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 0 0 1 0 0 0 1

R16 0 0 0 0 0 0 0 1 1 0 0 1 1 1 1 1 0 0 0 0 0 1

R17 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 0 0 1 1

R18 0 0 0 0 1 0 0 1 0 0 0 1 0 0 1 0 0 1 0 0 0 0

R19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0 1

R20 0 0 0 0 0 1 0 1 1 0 0 1 0 0 1 0 0 1 0 1 0 0

R21 0 0 0 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 1 1

R22 0 0 0 0 1 0 0 1 0 0 0 1 0 0 1 1 0 0 0 0 0 1

4.3.3. Final Reachability Matrix

This paper is focused on evaluating risks using systems thinking; however, the initial
matrix establishes the direct relationships among the risk factors. In order to obtain
both direct and indirect relationships, the transitivity check is used. Transitivity checks
are established based on the premise that if R1 has a relationship with R2 and R2 has a
relationship with R3 then R1 has a relationship with R3. The check for transitive links
can be tricky and a manual approach for a huge matrix is cumbersome and require an
automated process for precision. A function was developed in Python (see Appendix A for
code) and was used in this process, which generated the final reachability matrix similar
to [74].

The MICMAC analysis uses the driving and dependency powers of the risk factors as
shown in Table 6.
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Table 6. Final Reachability Matrix.

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13 R14 R15 R16 R17 R18 R19 R20 R21 R22 Driving

R1 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R2 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 21

R3 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 21

R4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 22

R5 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R6 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R7 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R8 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R9 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R10 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R11 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 21

R12 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R13 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R14 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R15 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R16 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R17 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R18 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R19 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R20 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R21 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

R22 1 0 0 0 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 18

Dependence 22 4 4 1 22 22 22 22 22 22 4 22 22 22 22 22 22 22 22 22 22 22
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4.3.4. Level Partitioning

The hierarchal structure and polarity of the risk relationships are ascertained at this
level. This analysis involves computing the reachability set (Rs), antecedent set (As), and
intersection set (Is). The risk factors with the corresponding value of 1 (including itself) on
the row from the final RM matrix make up the reachability set. Similarly, the respective risk
factors with a value of 1 on the column make the antecedent set. The common risk factors
in the reachability and the antecedent sets constitute the intersection set. The hierarchical
partitioning rule states that the risk factors are classified to a common level if Rs makes a
proper subset of Is. Thus, the partitioning of risks into levels follows an iterative process
of (i) identifying risks with the same elements in the reachability and the intersection
column, and (ii) eliminating the risk factors from the table and repeating the initial step.
This process is done until all risk factors are labelled and partitioned. For instance, R1 has
the same elements in Rs and Is and therefore partitioned in level one, similarly for R5 and
so on. The iterative level partitioning process in presented in Table 7.

Table 7. Level partitioning.

Risk Reachability Set Antecedent Set Intersection Set Level

Level 1

R1 1,5,6,7,8,9,10,12,13,14,15,16,17,18,19,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,19,20,21,22 I

R2 1,2,3,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,
21,22 2,3,4,11 2,3,11

R3 1,2,3,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,
21,22 2,3,4,11 2,3,11

R4 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,
21,22 4 4

R5 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

R6 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

R7 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

R8 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

R9 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

R10 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

R11 1,2,3,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,
21,22 2,3,4,11 2,3,4,11

R12 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

R13 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

R14 1, 5,6,7,8,9,10, 12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

R15 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

R16 1,5,6,7,8,9,10, 12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

R17 1,5,6,7,8,9,10, 12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

R18 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

R19 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

R20 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

R21 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

R22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,18,20,21,22 1,5,6,7,8,9,10,12,13,14,15,16,17,18,18,20,21,22 I

Level 2

R2 2,3, 11 2,3,4,11 2,3,11 II

R3 2,3,11 2,3,4,11 2,3,11 II

R4 2,3,4, 11 4 4

R11 2,3,11 2,3,4,11 2,3,11 II

Level 3

R4 4 4 4 III

The results present a three-level hierarchical structure based on the relationships
amongst the risks factors. Level one featured 18 risk factors, three were captured in level
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two, and the third and final level had one risk factor. The higher the level the higher
the driving power which implies that those risk factors influence the lower levels. For
instance, R4, i.e., force majeure risk clustered in the highest level influences the occurrence
of the other risks. A practical example is the COVID-19 pandemic, which has affected
construction activities in most countries, economies, and industries. Furthermore, the
risk factors in level two include government and political instability, weak regulatory
frameworks and policy monitoring, and legal and regulatory changes. It is evident to note
that these risks translate to the host country’s governance structure and dynamics, which
is a topical issue in transnational partnerships in developing countries. Figure 4 presents
the hierarchical structure of the risk factors.
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4.3.5. MICMAC Analysis

Upon development of the hierarchical structure of the risk factors, the nature of the
risk relationships is determined by the MICMAC analysis, which is also referred to as the
cross-impact matrix multiplication. Ascertaining the attributes of the risk relationships is
essential as it provides interpretive grounds for effective planning and control. Based on
the magnitude of driving and dependence powers of the individual risk factors computed
in the final reachability matrix, the MICMAC analysis reveals the individual attributes
of the risk factors. The MICMAC adopts graphical plotting and sectioning of risk factors
into four quadrants, namely, autonomous, dependent, independent, or linkage risk factors.
The autonomous quadrant describes the risk factors that have low driving power and low
dependency power and are considered to be somewhat disconnected from the system. The
dependent quadrant envelopes those risk factors that have high dependency power and
low driving power, and therefore the occurrence of those risks is highly dependent on other
factors. In addition, the independent factors have high driving power and low dependency
power, meaning that those risk factors are highly influential in the system. Finally, the
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linkage quadrant holds risk factors that have both high dependency and driving powers,
meaning that they are unstable and can be affected as much as they affect other risk factors
in the system. The sum of rows on the final RM matrix is the driving power which makes
the y-axis and the sum of individual columns makes up the dependency power on the
x-axis. The results are shown in Figure 5.
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The results from the MICMAC present a curious relation to the hierarchical ISM
diagram in Figure 4. Risk factors in levels I and II belong to the independent. This interprets
that force majeure, government or political instability, weak regulatory framework and
monitoring, and legal and regulatory changes risk factors directly or indirectly drive the
occurrence of the other risk factors. Interestingly, the remaining risk factors also in level
III of the hierarchical structure fall in the linkage quadrant. The linkage further implies
that those risk factors demonstrate feedback behaviour in the system. The results from the
MICMAC analysis further buttresses the ISM-CLD approach adopted in this study such
that the feedbacks are explicitly assessed and interpreted using the CLD. Thus, additional
interpretation of the relationship behaviour of the risk factors is collectively assessed with
much focus on the risk factors in the level III and Linkage quadrant.

4.3.6. Causal Loop Diagram

Notwithstanding the graphical communication of the cause-and-effect relationships
amid risk factors obtained in the CLDs, it enables the development of measures and miti-
gating strategies that can improve the system given the feedback and change behaviours
of the risk factors. The focal point of the CLD is to divulge and understand the feedback
and causal actions of the pertinent risks associated with Sino-Africa public infrastructure
dealings to enable optimal and fair allocation. More so, the structural analysis and results
from the ISM and MICMAC evaluation instigated the existence of dynamic relationships
and feedback justifying further probing, modelling, and interpretation with the CLD. The
CLD further interprets the relationships and best determines how and what mitigating
strategies can be introduced in the system to ensure successful project implementation.
The Vensim PLE was used in the design and analysis of the system. Figure 6 illustrates
the loop diagram of the interactions in the system. The ISM analysis established the rela-
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tionship density amongst risk factors (see final RM matrix), hence the CLD emphasises
risk factors with the crucial feedback attributes. The arrows in the diagram illustrate that
the risk at the tail influences the risk at the arrowhead. The regulation in CLDs describes
a self-reinforcing system or a self-balancing system determined by the arrow directions
and the (+/−) symbols on the arrowhead. The reinforcing system depicts a system that is
in growth or increasing effect due to equivalent influences among system elements. In a
self-balancing system, there is an element that controls or puts a limitation on growth [75].
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4.3.7. Causal Path and Loop Interpretation

The expert evaluation of risk factors pertinent in the delivery of public infrastructure
in Sino-Africa dealings summarised negative risks which formed the basis of the systemic
analysis. The results in Figure 6 show a self-reinforcing system as the risks within the system
reveal increasing influences with no element of control or limitation. This is demonstrated
with positive cause and effect relationships among risk factors. The reinforcing activities
in the system show that the occurrence of one risk will increase the occurrence of the
other where there are no risk factors whose occurrence reduces the occurrence of another.
For instance, an increase in the occurrence of market demand changes (see delineation in
Table 3) can cause an increase in the occurrence of project performance and quality risk
(also see Table 3), and also an increase in project performance and quality risk can cause an
increase in the market demand changes.

The risk causal path analysis from the CLD focused on Level I and the Linkage
risks from the ISM and MICMAC analysis respectively. This is to provide a further
appreciation of the causal relationships amongst those risk factors. Additionally, this
study is geared towards risk efficient assessment for fair risk allocation to promote project
success. Therefore, causal paths for risk factors associated with the conventional project
success criteria (time, cost, and quality) in the CLD are construed. Risk R15, project cost
overrun; R22, delayed project schedule; and R12, project performance and quality risk,
were selected and expanded under three scenarios.

Scenario 1—Project cost overrun. The system indicates that the delayed project sched-
ule, force majeure, high cost of operation and maintenance, poor project feasibility studies,
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inadequate supporting infrastructure, and high project finance can influence the occurrence
of cost overrun. These risk factors are also linked to other risk factors shown in Figure 7.
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Scenario 2—Delayed project schedule. Considering the time success criteria, the risk
factors that can cause a delay in project schedule include force majeure, land acquisition,
poor project feasibility studies, poor sharing of risk and responsibilities, poor/lengthy
public decision process, project cost overrun, and public opposition to the project. Other
linking risk factors are captured in Figure 8.
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Scenario 3—Project performance and quality risk. The causal tree from the system in-
dicates that the high cost of operation and maintenance, changes in market demand, public
opposition, and the weak regulatory framework and policy monitoring risk factors take a
toll on the performance and quality risk. Further, into scenario three shown in Figure 9,
force majeure and environmental risk also play influential actions on the quality risk.
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The subtleties of force majeure (R4)R2, R3, and R11 (all associated with the governance
structure and stability of the host country) are evident in all three scenarios. Furthermore,
the delayed project schedule cost overrun as well as performance and quality risk factors
are seen in a dynamic behaviour as they affect themselves and also influence other factors
that, in turn, influence their occurrence in the system.

5. Discussion

Sino-Africa TPPP for public infrastructure provision is judged as one of the effective
routes to bridging the infrastructure gap in Africa and it is anticipated that these dealings
are likely to increase. This is especially with the inception of the Belt and Road Initiative
(BRI), which has aided in providing infrastructure in different countries in Africa including,
Djibouti, Ethiopia, Ghana, Nigeria, Tanzania, amongst others. In the life cycle development
of public infrastructure, uncertainties and complexities are inevitable [76]; hence, assess-
ment of risks is essential to the success of Sino-Africa TPPPs [77]. This study proves the
realistic dynamics of the risk relationship causalities and structure in Sino-Africa TPPPs
that require critical consideration during development. The sublevel risk determined in
this study translates that most risk factors pertinent to Sino-Africa TPPPs are affected by
other risks as much as they influence others (i.e., feedback behaviour) and the independent
risk factors are force majeure and governance structure and stability related.

5.1. Force Majeure Risks

These are events that affect the project actors from normally performing their duties
from no fault of either actor. The hierarchical level of force majeure risk in this study
reveals that it can directly or indirectly influence the occurrence of all the other risks. Force
majeure risk events include earthquakes, floods, fire, plague, and other natural disasters.
The author of [77], in his evaluation of Sino-Africa TPPPs, indicated that this force majeure
risk is usually shared among private and public parties; however, to the extent any such
risks are capable of being insured against, they are often excluded from consideration.
This means that project actors barely place focus on it due to the extent of uncertainty.
However, recent happenings have challenged project actors to place measures to the best
of their ability, to secure the project from suffering the occurrence of force majeure risk. The
COVID-19 pandemic is a true indication of the impact of force majeure. The COVID-19
pandemic has caused an awakening in public–private partnership implementation and
experts have begun probing efficient methods to maintain operations and control its effects
on the project life cycle development [78–80]. This study re-echoes the causal dynamics of
force majeure risk, which require more careful consideration in infrastructure delivery.
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5.2. Governance Structures and Stability Related Risks

The next level of risks in Sino-Africa TPPPs is associated with the governance structure
and stability of the host country in Africa. They include the government or political instabil-
ity, legal and regulatory changes and weak regulatory framework, and policy monitoring
risk. Usually, in the Sino-African setting, the host county’s financial system is not of much
influence as compared to risk factors associated with governance structures and stability.
This is attributable to the nature of partnership agreements ranging from infrastructure for
mineral resources [81], inter-governmental concessionary loans and/or the EPC + F model
(engineering procurement and construction plus finance) mostly adopted [77]. The weak-
ness and inefficiencies in the legal and regulatory frameworks of some African countries
have affected the early completion and success of infrastructure development in Sino-Africa
TPPPs [7,82]. Political instability sometimes brings about changing priorities in governance
which affect the smooth continuity of projects [83]. The study by [84] also stressed that
poor leadership governance which lacks effective accountability or checks and balances
poses negative risks to public infrastructure development in the region. Therefore, African
governments must reform and ensure a tranquil and desirable governance environment
with working structures to attract more partnerships to close the infrastructure gap [35].
Results from this study concur with the findings of [41] in risk assessment of TPPPs. It
divulged that the risk factors regarding the host country environment must be prioritised
by the investors and the entire project team.

5.3. Project Cost, Schedule, and Performance Quality-Related Risks

Successful implementation of public infrastructure given the Sino-African approach
is measurable by the achievement of the cost, time, and quality dimensions [85]. Knowl-
edge of the dynamics and occurrence of various risk events at different stages of project
implementation equips project actors to primarily prevent or reduce the negative effect on
time, cost, and quality. Studies in Sino-Africa infrastructure partnerships outline several
reasons for the failure or challenging project implementation. Some of these include com-
munication and cultural differences, bribery and corruption, conflict of interest, and lack of
trust and transparency [86,87]. These risks affect negotiation and cause lengthy decision
making and eventually the development and management of conditions of contract [88].
Poor contractual management has resulted in the failure of projects in meeting cost, time,
and quality preferences. Furthermore, Ref. [89] asserted that delay in land acquisition
and inadequate supporting infrastructure or facilities in West Africa affected the smooth
implementation of infrastructure through Sino-Africa TPPPs. This affects the cost, schedule,
and performance quality of the project and in some cases has sparked public opposition
and rejection of the facility. [86,90]. The development of sound economic fundamentals
in receiving countries creates a good and less risky investment environment as they limit
the likelihood of high financing and cost overruns during project implementation [34,91].
TPPP project risks in infrastructure provision due to complexity and multistakeholder
nature are critical and interactive throughout the various stages of implementation and the
effective assessment and control of risks systemically will improve project cost, schedule,
quality, and overall success of the project.

6. Conclusions

Most African governments through engagements with Chinese state-owned corpo-
rations have procured public infrastructure such as roads, railways, dams, and water
treatment plants, among others. These partnerships are established on the sharing of
project risks between the African government or contracting authority and the Chinese
corporations. Studies have shown that infrastructure investments in Africa are heavily sus-
ceptible to negative risks due to the dynamic behaviour of the socio-economic and political
environment in the region. Considering the uniqueness of Sino-Africa TPPP, and the risky
nature of infrastructure implementation in Africa, the study considers the identification
and assessment of pertinent risks in project delivery. Most TPPP studies assess risk factors
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focusing on their impact and criticality. However, these risks interact with each other and
have feedbacks. Therefore, the commonly adopted traditional mode of assessing risks
autonomously limits efficiency in the allocation and development of treatment and control
strategies. Palpably, the assessment of risk exclusively by criticality may not warrant a
better appreciation of the nature of the risks, and project actors tend to channel their focus
on the critical and less critical sometimes ignored. This study emphasises that although
some risks may not be seen as highly critical, they could have an influence on the occur-
rence or consequences of critical risks and therefore ignoring interrelationships during the
assessment is inept. In view of this, the study adopts system thinking in the evaluation of
risks whereby their interrelationships are determined and examined through an integrated
approach using integrated structural modelling and causal loop diagram (ISM-CLD). The
systemic assessment of the risk factors revealed a dense interrelationship, and the ISM
iteration process built a three-level hierarchical structure of the Sino-Africa TPPP risks.
Force majeure, risk factors associated with the governance structure and stability of the
host African country, and all other identified risks are placed as level three, two, and
one, respectively. The MICMAC evaluation further established level one risks as linkage
risks (i.e., having high driving and dependence powers) and therefore have feedbacks
on themselves. The causal loops enabled the assessment of these feedbacks and results
showed that risk factors demonstrate a reinforcing systemic structure and can be used as
a conceptual framework for developing mitigating strategies to balance the system. The
ISM-CLD approach requires expert opinion and therefore poses a qualitative approach to
systems thinking. The study was limited to a qualitative perspective through the elicitation
of expert opinion; however, a larger number of professionals coupled with more project-
based investigations can be quantitatively assessed. Therefore, the study recommends that
other methods that combine quantitative assessment like system dynamics be explored to
examine the mitigating strategies adopted. Furthermore, the causal risk paths can be used
to develop hypotheses for further quantitative exploration. As a contribution to research
and development, this study developed and applied a methodology i.e., ISM-CLD that
integrates causal loop and interpretive structural modelling to qualitatively engage experts
in probing complexities and interdependencies in risk assessment and this can be adopted
in other research fields. Furthermore, the findings provide useful information to TPPP
practitioners on the relevance and a way of incorporating systems thinking in the evalua-
tion of project risks. Thus, practitioners can trace the causality paths of projects risks which
will improve the effectiveness of allocation and mitigation decisions. The hierarchical
structuring of the risks can also enable prioritisation decisions. Lastly, the study proposes
that practitioners pay particular attention and keep records of risk occurrences and their
causes or triggers during project delivery to inform the application of this method as a
guide to the execution of new or future projects.
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Appendix A

def transitiveClosure (initial_reachability_matrix):
result = ““
length = len(matrix)
for k in range(0, length):
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for row in range(0, length):
for col in range(0, length):

matrix[row] [col] = matrix[row][col] or (matrix[row][k] and matrix[k][col])
result += (“\n W” + str(k) +” is: \n” + str(matrix).replace(“],” “] \n”) +

“\n”)
result += (“\n Transitive closure is \n” + str(matrix).replace(“],”

“]\n”))
print (result)

return result
transitiveClosure (A) i.e., final reachability matrix
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