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2020/12/14 Regional planning for infrastructure projects is among the most crucial indicators
2021/08/25 of a country's economic development. Public-Private Partnership (PPP) contracts
177-196 offer a viable solution to address the constraints faced by governments. However,

due to their complexities, extended durations, and high uncertainties, this
contractual approach introduces a plethora of risks. Therefore, the primary
objective of this research is to identify, evaluate, and prioritize the key risks
associated with PPP projects, using freeway projects in Iran as a case study. In
this article, through an in-depth exploration of existing research literature and the
implementation of the Delphi method, the most significant risks inherent in
public-private partnership projects were identified. Subsequently, a qualitative
analysis was conducted to discern these crucial risks, and a risk assessment
model was developed by employing a fusion of methodologies, specifically
integrating fuzzy multi-criteria decision-making techniques. Quantitative risk
analysis results, utilizing the FAHP method, reveal that risks across seven
distinct categories—economic and financial, construction, operational, legal,
political, miscellaneous, and governmental—take precedence and exert the most
substantial influence on projects of this nature. Furthermore, the ranking of sub-

Infrastructure Project criteria demonstrated that factors such as high financing costs, performance
Risks, Public-Private quality and standards, and the absence of support infrastructure exert the most
Partnership (PPP), pronounced impacts on these projects. Ultimately, outcomes from the FTOPSIS
Integrated Fuzzy Multi- similarity index underscore the experts' perspective on project vulnerability, with
Criteria Decision Making | projects A (Isfahan-Shiraz freeway), B (Salfchegan-Arak freeway), and C
Techniques, Risk (Khorramabad-Arak freeway) being deemed more susceptible to risks.
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Numerous experiences of government efforts to finance infrastructure projects have shown that the
public sector, without the help of the private sector, can not properly develop infrastructure as it should.
With the development of public-private partnership (PPP) contracts in infrastructure projects, various
discussions about how to finance, service and risk have become one of the topics of interest in
researchers' studies. In other words, the use of PPP in each project does not necessarily increase the
benefits and efficiency of the project, and in some cases, the use of participatory methods may increase
the project risks for the various elements of this type of contract. Given the importance of this issue,
our research objectives are to identify the most important risks, develop a model to evaluate and
prioritize and select the most preferred risks through a case study in public-private partnership freeway
projects in Iran.

Comprehensive studies on the subject of risks in PPP-based transportation infrastructure projects have
been conducted through in-depth library studies. To summarize and analyze qualitative data, rational
reasoning and analysis based on existing risks and citing existing evidence have been used. For
guantitative and qualitative analyzes, by preparing expert questionnaires, the identified risks among the
experts working in the field of PPP infrastructure projects in the statistical community of the research
were put to a referendum and according to the risk incidence rate, more critical risks were determined.
After determining the critical risks, using a combination of multi-criteria fuzzy decision-making
methods, a model for quantitative risk assessment in PPP infrastructure projects has been presented
with a case study in transportation projects in Iran. Considering that the present research is a field
research and survey and the analysis of its results will be done based on the opinions of experts and
specialists in the manufacturing industry, so the best way to achieve validity of the results is to
determine the validity and reliability of the questionnaires. The process determined in this research is a
combination of decision methods of Fuzzy Analytic Hierarchy Process (FAHP) and Fuzzy TOPSIS.

Qualitative risk analysis

In order to qualitatively analyze the risks, the occurrence probability and impact severity of each first
and second level risks were measured according to the opinions of 92 experts. Then, the value of the
relative importance index of each of the second level risks was determined to calculate the risk rate.
Based on the results, 32 risks are classified in the critical range, 15 risks in the precautionary range and
3 risks in the acceptable range.

Quantitative risk analysis

In order to provide a coherent model of quantitative risk analysis, in this study, fuzzy multi-criteria
decision making methods have been used in combination. For this purpose, critical risk factors and sub-
factors in the first and second levels of qualitative analysis were considered as criteria and sub-criteria
of the decision model. Finally, in the third level of the decision-making model, three examples of
transportation projects in Iran based on the PPP method were considered as decision-making
alternatives in the evaluation.

Based on the values of the pairwise comparison matrix, the priority scores of the main factors were
determined as a normalized matrix. Then the relative weight of each criterion and their initial rank were
obtained. Based on the obtained results, it can be seen that R2 risks, R3 risks, R4 risks, R6 risks, R6
risks, R5 risks, R7 risks and finally R1 risks are in the first to seventh ranks.

Then, by performing the relevant calculations, a normalized matrix was obtained to combine the weights
of the sub-criteria related to each of the main criteria. Finally, by combining the final weights, the
relative weight of each of the sub-criteria was calculated and their final rank was determined. Based on
the results for the second level risks, in government risks, the parameter of delay in approvals, in
economic risks and financing sub-criteria, high financing cost, in construction risks, construction
completion risk, in operational risks, performance quality operation and standards, in risks Political sub-
criteria of expropriation and nationalization, in the legal risks of sub-criteria of increasing cost and time
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due to contractual ambiguities, and finally, among other risks, organizational risk and coordination have
gained the highest and lowest importance, respectively.

The results of the overall ranking of the sub-criteria were determined by FAHP method. This ranking
is determined by multiplying the relative weight of the criteria by the relative weight of the sub-criteria.
As a general result of the rankings, the risks of high financing costs, quality of performance and
standards, lack of support infrastructure, risk of completion of construction and increase in cost and
time due to contractual ambiguities have been identified as five high-impact risks, respectively.

In order to complete the proposed model to determine the impact of these risks in real projects, risks
have been prioritized for different options of the decision problem. In this regard, in the first stage, a
fuzzy decision matrix was formed. The relevant calculations were performed and the fuzzy weight
decision matrix, fuzzy ideal and anti-ideal solutions for all risks were determined according to each of
the projects. Then the distance from the ideal and anti-ideal solution for each of the risks was determined
according to the studied projects. Finally, the impact values of different decision options were calculated
and the projects were ranked. The results show that according to the opinions of the experts of the
studied projects, projects A, B and C with scores of 0.433, 0.3369 and 0.283, respectively, have higher
priority and are more affected by risks.

Conclusion

In this study, by innovating compared to previous studies, a systematic model for identifying, evaluating
and prioritizing risk in PPP infrastructure projects in the form of a combination of fuzzy multi-criteria
decision making methods is presented. The results of qualitative risk analysis showed that out of 50
identified risks, a total of 32 risks are in the critical range. The results of quantitative analysis of first
level risks by FAHP method showed that economic and financing risks are ranked first among other
risks. Also, as a general result of the rankings, the risks of high financing costs, quality of performance
and standards, lack of support infrastructure, risk of completion of construction and increase in cost and
time due to contractual ambiguities have been identified as five high-impact risks, respectively.
Similarity index values or in other words, the results of the impact of the studied projects on risks
showed that projects A, B and C, respectively, were more affected by the risks.
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