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This research aims to design a mathematical-fuzzy model to measure and
improve the risk-taking of the National Development Fund of Iran in the
field of investment under a project-oriented approach. To this end, by
studying previous research and the experiences of fifteen top global
sovereign wealth funds, a mathematical model based on the concept of
mean-variance and with the goals of maximizing returns at a given level of
risk, and minimizing risk at a given level of return, has been presented and
implemented. The findings of solving the model in Python using the initial
rate of return of 318 projects financed/participated in by the fund from the
beginning of its establishment to the end of 1403 showed that the average
annual return of the portfolio is 3.2%, the maximum annual return of the
portfolio is 5.84%, the minimum risk of the portfolio is 5.38 (out of 10), and
the relative return-risk performance of the fund is 1.12. In addition, the
results of stress testing on the fund's performance under critical scenarios
(economic recession and boom, and inflation) indicate the stability of the
proposed model in different economic conditions. Also, in this research, a
proposed fuzzy decision-making system including the parameters: fund risk
tolerance (RT), maximum fund portfolio return (R), minimum fund
portfolio risk (), project risk level (PR), and applicant risk level (T) was
designed and implemented to help the fund's senior managers make
decisions.
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1. Introduction

In recent years, the role of governments in
investment has changed. As advanced and strategic
actors, governments mediate investment in the form
of full ownership and control of state-owned
institutional investors (Amar et al., 2022). This new
approach has ushered in a new era of state
capitalism. Countries enriched by foreign financial
reserves from national resources or trade surpluses
have become symbolic institutional investors in the
global economy through sovereign wealth funds
(Bahoo et al., 2020). There are currently more than
175 sovereign wealth funds in the world (Global
SWF, 2025). The National Development Fund of Iran
(NDFI) is expected to be the 16th largest global
sovereign wealth fund by the beginning of 2025,
with more than $162 billion in assets under
management. This fund has only had financing
activities since its establishment until the end of
2022, and since the beginning of 2023, it has started
its investment activities in the form of investment or
non-interventional participation (investment
without entrepreneurship) alongside financing
activities (NDF.IR, 2025). Considering the fund's
discretion and determinism in the field of
investment, which are under two goals, respectively:
(1) maximizing returns at a certain level of risk, and
(2) minimizing risks at a certain level of current
returns, this research has attempted to design a
model to measure and improve the risk tolerance of
the NDFI in the field of investment.

2. Methodology

The present study is applied-developmental research
that aims to measure and improve the risk-taking of
the NDFI in the field of investment under a project-
oriented approach. The investment field refers to all
financing and investment activities (non-
interventional participation or investment without
entrepreneurship by the fund) of the fund that have
been carried out for foreign exchange projects from
the beginning of the fund's establishment until the
end of 2023. Initially, by reviewing previous research
and the experiences of the 15 top global sovereign
wealth funds, the experiences of measuring and
improving risk-taking in sovereign wealth funds
were studied. Also, all valid articles from the WOS
global database (consisting of 5 major global
scientific citation databases) were studied to find
existing models and tools for measuring and
improving risk-taking in these funds. In the
quantitative and modeling phase of the research,
considering two goals: maximizing returns at a given
level of risk and minimizing risks at a given level of
return, the model presented by Markowitz (1952)
was used and developed as the basic model. The
models are implemented (solved) using Python
libraries and with data on the annual returns of 318
projects financed/participated by the Fund from the
beginning of its establishment until the end of 2023.

2.1. Proposed mathematical model

The appropriate basic model for the present study is
the basic Markowitz model (1952), which uses the
concept of mean-variance optimization, and this
model has been developed in accordance with the
needs of the problem and new objectives. To
measure project-based risk-taking in the National
Development Fund, the first goal is to maximize
returns at a given level of risk. In the second
objective; we seek to minimize the risk of the fund
portfolio for a given level of return. It is assumed that
the fund portfolio is a combination of different
projects for investment and financing. In this model,
the values of §3 are obtained between zero and one,
and the closer it is to zero, the lower the risk. To solve
the model, the proposed model is solved and
improved using quadratic programming (QP) and
the ‘cvxpy’ or ‘sci.py.optimize’ library.

The purpose of designing the proposed fuzzy system
is to design a tool to help the fund’s senior managers
make decisions to filter new projects to the fund for
financing or participation and to make decisions
about these projects as “reject, need improvement,
accept” the project based on the status of five
parameters including: the fund’s overall RT, the
maximum return on projects (R), the minimum risk
of projects (), the project risk level (PR), and the
applicant’s risk level (T). The modeling steps of this
fuzzy system and its implementation are described
below. It is expected that this human-supervised
fuzzy system can intelligently make decisions about
projects entering the fund with minimal human
intervention. The proposed fuzzy decision-making
system is coded and implemented in the PYCHARM
IDE and Python version 3.13.3 with data related to
the fund's risk tolerance level (Gholipour-Domyeh et
al., 2025) and the results of project-based models in
this paper. Numpy, pandas, and skfuzzy libraries
have also been used to solve the Python code.

3. Results and Discussion

The proposed model was coded and solved using
convex programming in IDE PY CHARM and Python
version 3.13.3 (from 'CVXPY' library and other
required libraries). The input data included the
initial return matrix of projects (eight years + a six-
month breathing period) with dimensions [318x9],
which was fed to the model after preprocessing in
the form of an Excel file. Also, the ' ECOS"' solver
was used for the solution and the min_weight=0.001
parameter was applied to prevent excessive
concentration of weights. In addition to solving the
model, model validation and sensitivity analysis
were also performed. The findings showed that
during the period 2011 to 2024, the average annual
return of the project portfolio was 3.2%, the
maximum return of the fund's project portfolio was
84.5%, the minimum risk of the fund's portfolio was
38.5 (out of 10), and the Sharpe ratio (fund's return-
risk performance) was 112, which indicates the
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ability of the designed model to measure the fund's
riskiness under the project-oriented approach. The
findings of the proposed fuzzy system showed that
this system, while saving time and cost, can classify
projects from a risk perspective into three outputs:
"needs improvement, accepted".

4. Conclusions

The present applied-developmental research aimed
to design a model to measure and improve the risk-
taking of the National Development Fund of Iran
under a project-oriented approach in the field of
investment of the National Development Fund of
Iran, including all activities related to financing and
investment (non-interventional participation). This
research has limitations in terms of data (lack of
comprehensive database), dependence of the model
on historical data, and consideration of effective
macroeconomic variables. It is suggested for future
research to study the presentation of a dynamic
smart risk-taking model of the National
Development Fund of Iran using a machine learning
approach, taking into account macroeconomic
variables (inflation, exchange rate, sanctions) and
real-time market data.
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Table 2. Research related to the field of risk management and risk assessment in sovereign wealth funds
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Figure 1. Flowchart for modeling and improving the fund's risk tolerance under a project-based approach and its

implementation.
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Figure 2. Overall flowchart of the research's proposed fuzzy decision-making system.
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Table 6. Results of stress testing of the mathematical model under the project-

oriented approach
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Figure 3. Diagram of the efficiency frontier, maximum return, and minimum risk of the fund portfolio.
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