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. Abstract
Received:
July 6, 2025 This study examines the effect of uncertainty in influential factors on ecological footprint.
Accepted: The primary objective of the research is to assess the impact of uncertainty in globalization,
July 14, 2025 urbanization rate, hydroelectric energy consumption, trade, and per capita income on Iran’s
Available ecological footprint from 1979 to 2023. The data for these variables were extracted from the
online: Economic Research Institute, the World Bank, and the Global Footprint Network. Fuzzy
August 4,2025 | rooression analysis and MATLAB software were employed for data analysis. The results at a
0.9 membership degree (uncertainty conditions) indicate that the urbanization growth rate has
a negligible effect on the ecological footprint; the average bandwidth for this variable is
minimal, but the right and left bandwidths show significant uncertainty. Regarding
Keywords: hydroelectric energy consumption, the average bandwidth suggests a considerable positive
Ecological impact on the ecological footprint, yet the difference between the right and left bandwidths
footprint, reflects uncertainty in this effect. For the globalization index, the stability of bandwidth values
Urbanization, | indicates a consistently positive and highly certain influence. In contrast, trade has an almost
Hydropower | negligible effect on the ecological footprint, with small bandwidth values confirming its
energy minimal role. Additionally, per capita income exhibits a positive and highly certain impact,
consumption, | as the stability of bandwidth values indicates strong model confidence in this variable. Based
Uncertainty on the findings, the globalization index and per capita income have the most significant

positive impact with high certainty. Hydroelectric energy consumption has a positive but
uncertain effect, while urbanization growth rate and trade show negligible influence.
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1) Introduction

Ecological footprint is a useful tool through which the pressure exerted on ecosystems and the
environment can be identified and communicated to the public. Urbanization is one of the most
important factors influencing the ecological footprint. The urbanization process itself is influenced by
various political, economic, technological, geographical, and cultural factors, with the impact of each
factor varying across different times and locations. On the other hand, clean energy is recognized as
one of the key factors in achieving sustainable development goals and ensuring environmental
sustainability. Uncertainty, specifically introduced in this study, refers to a situation where decision-
making by economic actors, including households, businesses, and the public sector, occurs under
conditions of uncertainty. Globalization, through the production and investment in goods and services,
capital transfer, financial convergence, technological changes, and knowledge sharing, increases the
interdependence of countries. The main objective of the present analysis is to determine the impacts of
globalization, urbanization rate, hydropower energy consumption, trade, and per capita income on the
ecological footprint in Iran under conditions of uncertainty.

2) Materials and Methods

In this study, the required data for examining the impact of uncertainty on the factors influencing the
ecological footprint in Iran were collected annually over the period from 1979 to 2023. For estimating
the fuzzy regression model, MATLAB software was used. These models aim to find the best regression
equation by minimizing fuzziness. This process is achieved by reducing the total width of the
membership functions of the fuzzy coefficients in the regression equation. Fuzzy regression models
have specific features compared to classical regression models.

3) Results

The results for the membership degree of 0.9 indicate that the right, average, and left widths for the
urbanization growth rate variable are 1.379, 1.1e-14, and -1.379, respectively. These values suggest a
negligible or nearly zero impact of urbanization growth rate on the ecological footprint, along with high
uncertainty in this effect. For the hydroelectric energy consumption variable, the right, average, and left
widths are 3.679, 0.503, and -2.674, respectively, indicating a significant positive effect of hydroelectric
energy consumption on the ecological footprint, though this impact is accompanied by uncertainty.
These results suggest that hydroelectric energy consumption may have either positive or negative
impacts on the ecological footprint. For the globalization index, the right, average, and left widths are
all 0.114, indicating a uniform positive effect with high certainty of this index on the ecological
footprint. For the trade variable, the right, average, and left widths are 1.6384e-13, 1.8071e-14, and -
2.7696e-14, respectively, with small values indicating that the effect of trade on the ecological footprint
is almost zero and negligible. Finally, for the per capita production variable, the right, average, and left
widths are all 0.109, indicating a positive effect with high certainty on the ecological footprint.
Therefore, it can be concluded that the globalization index and per capita production have the most
significant positive effect with high certainty, while urbanization growth rate and trade have negligible
or almost zero impacts on the ecological footprint.

4) Discussion and Conclusion

Based on the above analysis, it can be argued that the globalization index and per capita production
have the greatest positive impact with high certainty on the ecological footprint. Hydropower energy
consumption has a positive effect on the ecological footprint, but this impact comes with uncertainty.
Finally, the urbanization growth rate and trade have negligible or near-zero effects. This analysis
suggests that in the fuzzy regression model, the focus should be on variables with a high positive impact
and high certainty.
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