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HIGHLIGHTS

GRAPHICAL ABSTRACT

e Today, sovereign wealth funds play a
fundamental role in the economic
development and growth  of
countries.

e Since the NDFI establishment, its
financial stability has declined, the
quality of the fund's facilities, and its
risk-return performance have been
improving.

e The NDFI's risk-taking is volatile,
and its improvement requires
serious attention.
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The role of sovereign wealth funds in the economic development and growth
of countries is such that today the most successful countries in terms of
development and growth have the largest sovereign wealth funds. This study
aims to measure and improve the risk-taking of the NDFI in the investment
scope in the dimensions of: financial health (leverage risk and portfolio risk),
quality of facilities (credit risk), and the relative risk-return performance of the
fund using the following criteria: Z-Score, NPL, Sharpe ratio, and a hybrid risk-
taking (RT) measure. The findings, using the fund's annual financial statement
data (from 1390 to 1401) and its processing using Python show that the Z-Score
value decreased from 1.40 in 1390 to 1.39 in 1401 (a decrease in the fund's
financial health), while NPL improved from 29% to 20% in the same period.
The return-risk performance also changed from 1.77 in 1390 to -1.69 in 1401,
and it shows vital review on financing high-risk projects. VaR decreased from
2.31in 1390 to 2.16 in 1401. The fund's RT increased from 0.62in 1390 to 0.76 in
1400 and decreased to 0.49 in 1401. Also, we estimated RT's improvement
using the ARIMA model.
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.Y Measuring and Improving Risk-taking of the NDFI under a General Approach

1. Introduction

In recent years, the traditional view of nations as
passive actors in investment whose main influence
lies within the scope of their administrative control
has changed. The role of the state has been
reimagined as an advanced and strategic actor that
mediates investment in the form of full ownership
and control of state-owned institutional investors.
This new approach by states has ushered in a new
era of state capitalism. Under this “new state
capitalism,” countries enriched by large amounts of
foreign financial reserves derived from national
resources or trade surpluses have become symbolic
institutional investors in the global economy
through investment vehicles called “sovereign
wealth funds.” Sovereign wealth funds are defined as
vehicles for investing national assets (national
wealth) and controlled by the state or public sector
(Bahoo et al., 2020). There are currently more than
175 sovereign wealth funds in the world (GlobalSWF,
2025). In Iran, the National Development Fund of
Iran (NDFI) is the only sovereign wealth fund in Iran
operating in 2011 and is currently the 16th largest
global sovereign wealth fund with over $162 billion
in assets under management. The fund seeks to
continuously monitor its RT, and by using an
appropriate mathematical model: (1) financial
health, portfolio risk, leverage risk, asset efficiency,
relative return on investment, and (2) measure its RT
and improve it through better and more successful
financing measures. Therefore, the main question is
how to measure and improve the RT of the NDFI in
the field of investment, and what will be the
proposed model, method or approach?

2. Methodology

The present study is applied research that aims to
measure and improve the risk-taking of the NDFI
under a general approach based on the financial
statements of the NDFI with conventional risk-
taking criteria. This research consists of two stages:
1) A qualitative stage in which the experiences of the
top 15 global sovereign wealth funds and previous
related research are studied and reviewed. 2) A
quantitative stage in which the risk-taking criteria
include: the fund's financial health (leverage risk and
fund portfolio risk), the quality of the fund's
facilities, and the fund's relative risk-return
performance, respectively, using the criteria: Z-Score,
NPL, and Sharpe ratio to the added problem and the
risk-taking is measured both individually and for the
combined criterion (RT). Our data from the annual
financial statements of the NDFI for the period 2011
to 2022 include: assets, liabilities, net worth, ratios,
and the fund's nonperforming loan. In this study, all
calculations are performed using the capabilities of
Python libraries (cvxpy, scipy, etc.). Quantitative
evaluation of the accuracy of the RT equation and its
performance is performed using RMSE and MAPE
criteria and sensitivity analysis of weights (10%

change in them and the effect on RT changes). To
predict the improvement of RT, the ARIMA model is
used in Python in short-term (one year), medium-
term (one to 5 years) and long-term (more than 5
years) time periods, and the accuracy of the model
and its performance are also evaluated using RMSE
and MAPE criteria. The selected criteria are discussed
below:

Z-Score criterion: This criterion studies the

financial health of the fund, the risk of bankruptcy
ROA

(portfolio  risk (G(ROA)) +  leverage risk
(Equity/Asset), .
( 6(ROA) ):
Equity
Z—Score:ROA+(Asset) ©)
o(ROA)

NPL criterion: The NPL criterion, or the non-
performing loan ratio, is used to measure the quality
of the fund's facilities:

. Non.Performing Loans
NPL Ratio = 2)
Total Loans
VaR criterion: The VaR criterion is used to measure

the fund's maximum possible loss or financial risk:
VaR = p—12,.8, (3)

Sharp Ratio criterion: This criterion is used to
measure the fund's risk-adjusted performance, or the
fund's relative risk-return performance:
. Rp - Rf
Sharp Ratio = ———— (4)
Op

Therefore, the calculation phase consists of two
steps: (1) calculating the values of each of these
criteria, (2) aggregating the criteria into a general
criterion as the fund's overall risk exposure. For step
(2), they are normalized and made unitless using one
of the following equations:
where Z-Score and Sharpe ratio are considered as
positive measures, and NPL and VaR are considered
as negative (or undesirable) measures. Also, Risk-
Taking is abbreviated as RT and is as follows:

X =X
Xnorm = ﬁ (5)
max min
X
Xnorm =1- X (6)
max

where the weights w1 to w4 are the weights of each
measure and are: 0.3, 0.25, 0.25 and 0.2 (as default
and consistent with the Fund’s risk management
policy statement). All processes have been
implemented in the PyCharm IDE environment and
Python version 3.13.3.

3. Results and Discussion

The research findings are presented and analyzed in
two parts: 1) Measuring RT, and 2) Estimating
changes in the fund’s RT improvement under the
proposed strategies and in the short, medium and
long term. To measure the fund’s RT, first the values
of four criteria: Z-Score, NPL, VaR and Sharpe ratio
were calculated using the fund’s financial statement
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data from 2011 to 2022, and then the RT value of the
National Development Fund was calculated. Figure 1
shows the fund’s RT status. But again in 2022, there
has been a decrease in the fund's RT level. The
forecasted RT has shown in Table 1.
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Figure 1. Changes in the fund's RT from 2011 to 2022
(1390 t0 1403 in Iranian calendar).

Table 1. Forecast of the fund's RT level (improved) in
short-term to long-term time horizons

Year Short- Mid-Term  ong-Term
term
2023 0.62 0.58 0.51
2024 0.64 0.60 0.53
2025 0.66 0.62 0.55
2026 0.68 0.64 0.57
2027 0.70 0.66 0.59
2028 0.72 0.68 0.61
2029 0.74 0.70 0.63
2030 0.76 0.72 0.65
2031 0.78 0.74 0.67

4. Conclusions

This research aimed to measure the RT of the NDFI
under a general approach and provide solutions for
its improvement in two qualitative and quantitative
stages. The qualitative stage was a review of the
world's top 15 SWFs regarding risk management and
Risk-Taking. In this research, measuring and
improving RT was carried out under a general
approach, and the purpose of the general approach.
The values of the criteria were calculated using its
conventional formula, and the total RT of the fund
was calculated with a proposed mathematical
equation. The research findings showed that the
financial health of the fund (Z-Score value)
decreased from 1.40 in 2011 to 1.39 in 2022, which
indicates alack of resources and a decline in financial
stability. In same time, the fund's portfolio risk
(o(ROA) value) has been increasing. While the fund's
leverage risk has been continuously decreasing. The
fund's quality of facilities (NPL value) has improved
from 29% to 20%. The fund's financial risk (VaR
value) has also decreased from 2.3 to 2.16. In
addition, the fund's relative risk-return performance
has increased from 1.77 to -1.69, indicating the need
to review the allocation of resources to high-risk
projects. The fund's overall RT was 0.62 in 2011, and
decreased to 0.49 in 2022. ARIMA model forecast for
changes in the fund's RT, and under three short-
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term, medium-term and long-term approaches,
showed that RT can improve from 0.62 in 2023
(short-term) to 0.78 in 2031 (long-term). To enhance
the fund’s risk-taking and performance, diversify
resources and focus on low-dependence projects, use
innovative financial tools, combine operational and
macro strategies, revise current approaches, and
leverage existing capacities. Future research should
explore optimal criteria weights.
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Table 1. Summary of the objectives, basis, and mechanism of risk management and risk assessment in sovereign

wealth funds
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Table 2. Studies related to risk management and risk-taking assessment in Sovereign Wealth Funds
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Figure 1. Conceptual model of the study including stages and method of combining metrics and assessing overall
fund risk-taking.
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Figure 2. Changes in financial health (Z-Score) of the fund from 1390 to 1401 (2011 to 2022).
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Figure 7. Relative risk-adjusted return performance of the fund from 1390 to 1401 (2011 to 2022).
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Figure 6. VaR values of the fund from 1390 to 1401 (2011 to 2022).
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Table 4. Normalized values of metrics and risk-taking (RT) values of the fund from 1390 to 1401 (2011 to 2022)
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Figure 8. Changes in the fund’s risk-taking level from 1390 to 1401 (2011 to 2022).
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Table 5. Sensitivity analysis and evaluation of the accuracy and performance of the RT formula in measuring

fund risk exposure
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Table 6. Suggested measures to improve the risk-taking level of the National Development Fund based on the

four criteria used
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Table 7. Values related to the weight of the criteria based on the investment strategies (non-intervention

participation) of the fund
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Table 8. Forecast of the Fund's (improved) risk appetite over short to long-term time horizons
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