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Abstract

Sustainable society index (SSI) includes 22 indicators covering human wellbeing, economic wellbeing and
environmental wellbeing of 153 countries. Using SSI data for the years 2006 to 2016 in TOPSIS with
sensitivity analysis, rank of Iran and six selected countries were calculated and compared. The calculations
were implemented in the developed Python software package PYSIS with easy interface. Results showed
that in the year’s 2006 and 2016 Iran ranked 5™ compared to the selected countries whereas in the year 2010
Iran enjoyed the second rank. During the study period Iran suffered a general downward trend in terms of
SSI. Sensitivity analysis using 50% change in weights of the 22 indicators and 100,000 iterations in the
PYSIS software indicated relative stability of the results and reliability of the data. The PYSIS software
showed its capability for the required calculations including sensitivity analyses. It seems that for the studied
period decrease or increase in the rank of Iran for SSI were mainly related to the indicators sufficient food,
income distribution and public debt. Hence, the government and relevant bodies can focus on these selected
indicators for increasing the SSI rank of the country.
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Introduction

In recent years, growing global concern regarding environmental sustainability and sustainable development
has prompted countries to adopt appropriate policies and indicators to facilitate the path toward
sustainability. One of the most comprehensive indicators introduced for evaluating national sustainability is
the Sustainable Society Index (SSI), developed by the Sustainable Society Foundation in 2006. This index
simultaneously incorporates three fundamental dimensions: human well-being, environmental sustainability,
and economic sustainability, providing an integrated perspective on the overall status of countries.
Nevertheless, global efforts to assess sustainability still face several challenges, including narrow definitions
of sustainability, lack of data transparency, and insufficient data updates. According to international rankings
based on the SSI, developed countries such as Switzerland, Norway, Australia, and the Netherlands occupy
the top positions, while Iran ranks 70th among 105 countries, reflecting an unfavorable status. Several
studies in Iran have examined various aspects of sustainable development and related indicators, with many
highlighting the country's unstable performance over time. In particular, analyses indicate that Iran has been
classified among the "highly deprived” or "relatively unsustainable™ countries in certain periods. Given the
diversity and complexity of the indicators used in the SSI and the need for precise country comparisons,
Multi-Criteria Decision-Making (MCDM) methods such as the Technique for Order Preference by Similarity
to Ideal Solution (TOPSIS) are considered effective tools. The TOPSIS method ranks alternatives based on
their relative distance from an ideal positive and negative solution, offering a robust framework for
sustainability assessment. Furthermore, determining appropriate weights for the indicators is a critical step,
and in cases where expert opinions differ, sensitivity analysis or the use of linguistic variables within a fuzzy
evaluation framework can help achieve more reliable results. This study aims to analyze Iran's sustainability
status compared to six selected countries in the Middle East region based on the SSI for the period 2006 to
2016. To facilitate the TOPSIS analysis and sensitivity testing, a user-friendly software application was
developed in Python, providing accurate results and enabling the monitoring of changes in country rankings
over time. The findings of this research can offer valuable insights for policymakers, supporting the
identification of key weaknesses and guiding the implementation of appropriate strategies to enhance the
country’s sustainable development performance.

Methodology

Method: The data for this study were obtained from the Sustainable Society Foundation (SSF) website,
currently available at https://ssi.wi.th-koeln.de/. The SSF, established in 2006 as a non-profit organization
based in the Netherlands, developed the SSI to assess sustainability levels in 154 countries. This index
considers three main dimensions: human well-being, environmental well-being, and economic well-being.
These dimensions include a total of 21 objective indicators with equal initial weights, covering aspects such
as food and water security, health, education, biodiversity, energy, economic performance, and governance.
All indicators are standardized on a scale from 0 (no sustainability) to 10 (full sustainability) and aggregated
using a geometric mean. The TOPSIS was applied for data analysis.

Study area: This study compares Iran with six selected countries in the Middle East in terms of sustainability.
The selected countries include Irag, Turkey, Turkmenistan, Yemen, the United Arab Emirates, and Egypt.
The countries were chosen to ensure diversity in terms of size, development level, and environmental,
economic, and social conditions, while keeping the number of countries manageable. The Middle East is a
key global energy region, rich in oil and gas reserves. Iran and Qatar hold the second and third largest natural
gas reserves in the world, respectively, while countries like Iran, Irag, Saudi Arabia, Kuwait, and the UAE
possess some of the world’s largest oil reserves. Turkmenistan has made significant efforts to advance
economically following its independence from the former Soviet Union. The UAE has achieved rapid
economic growth through oil wealth, tourism, and innovation. In contrast, Yemen has faced severe
economic, social, and environmental challenges due to political instability. Egypt has experienced major
political fluctuations and corresponding economic and social impacts. Irag remains in a post-conflict
reconstruction phase, while Turkey continues to develop its economy and society with a focus on tourism
and integration with Western models. This diverse group provides a suitable basis for comparing
sustainability performance in the region.
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TOPSIS Method: In this study, the TOPSIS method was applied to rank the selected countries. The core idea
of TOPSIS is to identify the alternative with the shortest distance to the ideal positive solution and the
farthest distance from the negative ideal solution. Advantages of this method include the ability to handle
both qualitative and quantitative criteria, simplicity, flexibility in adjusting input data, and effective
performance.

Sensitivity Analysis: Sensitivity analysis was performed to assess the stability of the rankings under
variations in the weights of the indicators. A probabilistic approach was used, where all weights were
randomly adjusted within a defined range, ensuring the sum of weights did not exceed one. A total of
100,000 iterations were performed with up to 50% variation in the weights.

PYSIS User Interface: To facilitate and accelerate the TOPSIS process, a user-friendly Python-based
interface called PYSIS was developed. The software supports an unlimited number of input data in CSV
format and provides ranking results in both text and graphical formats (bar and pie charts). Additionally, the
software includes an integrated sensitivity analysis function. The user interface developed in Python by the
authors is shown in Fig 1.
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Fig 1. User interface developed in Python by the authors.

Results and Discussion

The indicators related to Iran’s social welfare, environmental welfare, and economic welfare subindices
reveal that in 2008 and 2016, social welfare components such as adequate food, income distribution, and
good governance were at their lowest quality levels, while population growth showed an increasing trend.
During the same period, environmental welfare subindices including forest biodiversity, energy
consumption, greenhouse gases, and renewable energy exhibited poor performance. From an economic
perspective, the public debt subindex reached its highest values in 2008 and 2016. Most of these indicators
are reported with two decimal places. The TOPSIS ranking without sensitivity analysis showed that Iran
ranked third among six selected Middle Eastern countries in 2006 with a score of 0.486, following Egypt and
Turkey. However, Iran’s score dropped to 0.386 in 2008, placing it fifth. In 2010, Iran improved to second
place with a score of 0.474, matching Turkey, and then ranked third in 2012 and 2014 with scores of 0.497
and 0.494, respectively. By 2016, Iran again fell to fifth place with a score of 0.386. Sensitivity analysis
conducted with up to 50% random variation in weights, repeated 100,000 times using the PYSIS software,
confirmed the robustness of these results. The best rankings for Iran during the study period were third place
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in 2006, 2010, 2012, and 2014. Overall, Iran’s sustainability ranking declined over the decade. A closer
examination of the indicator values suggests that Iran’s drop in ranking in 2008 was linked to declines in
adequate food, income distribution, governance, forest biodiversity, and increased population growth, energy
consumption, greenhouse gas emissions, and public debt. Conversely, water availability, health, education,
healthy living, real savings, GDP, and employment improved that year. From 2008 to 2014, improvements in
adequate food, income distribution, and reduced public debt contributed to Iran’s ranking rise. However, by
2016, these indicators reverted to 2008 levels, causing a further decline. These findings align with other
regional studies that also reported fluctuating but generally declining sustainability performance for Iran
during this period.

Conclusion

Governments worldwide use indices like the SSI to promote resource and social sustainability. Iran’s SSI
ranking among six Middle Eastern countries was moderate from 2006 to 2016, influenced by factors such as
food and water security, income distribution, governance, biodiversity, population growth, energy use, and
public debt. Enhancing resilience to natural hazards, sustainable resource management, environmental
protection, and social reforms are key to improving Iran’s sustainability. The Python-based PYSIS software
effectively supported this study’s TOPSIS analysis, offering efficient multi-criteria decision-making and
visualization. Future work should explore alternative ranking methods, broader sensitivity analyses, and
diverse sustainability indicators for more comprehensive evaluations.
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[ criteria separated by comma.

Input weights for

|Input weights

Input [ | criteria desirability as max or min, separated by comma.

|Input criteria desirablity
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Sensitivity Analysis :
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