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EXTENDED ABSTRACT

Introduction: The ecological footprint is a composite indicator that measures the balance
between environmental supply and demand, representing the area of globally average
productive land required to support human activities. This index plays a significant role in
managerial decision-making and sustainability planning. This study investigates the impact of
uncertainties in key socioeconomic factors on the ecological footprint of BRICS countries from
1992 to 2022. The research analyzes how human activities exert pressure on natural resources
and offers managerial strategies to mitigate this pressure.

Material and methods: To analyze the data and evaluate the influence of five key variables
on the ecological footprint (ECFP), we employed a fuzzy regression model with symmetric
coefficients. These variables are urbanization (URB), hydropower energy consumption (HPW),
globalization index (GLIN), trade (TRD), and per capita income (GDP). The use of fuzzy
regression enhances the accuracy of our analysis, particularly for the nonlinear relationships
between these variables. We used MATLAB software for the computational estimation of the
model. This approach helps to precisely identify the degree of influence of each variable on the
ecological footprint, providing a solid foundation for environmental management and decision-
making.

Results and discussion: The results indicate that urbanization has varying impacts on the
ecological footprint across the countries studied. Brazil showed the highest impact with a value
of 4.865, while China recorded the lowest impact at 0.180. Regarding hydropower energy
consumption, South Africa had the highest impact at 3.969, while Iran showed the lowest
impact at 6.389x107'°, The findings for the globalization index show that Iran had the highest
impact with a value of 4.991, while South Africa had the lowest at 1.172x1074. In terms of
trade, Egypt had the highest impact at 0.563, and Iran had the lowest at 6.170x1071°. Finally,
results concerning per capita income indicate that China had the highest impact at 2.104, while
Brazil had the lowest at 8.1975x10714. These values highlight significant differences among the
countries, accurately reflecting the unique status of each nation regarding each index. The data
demonstrates the diverse performance of countries across various economic and environmental
domains and can be used as a tool for targeted planning and decision-making. These differences
also show that each country faces unique challenges and requires specific solutions for
improvement. A detailed analysis of the data reveals that various factors uniquely affect each
country, with lifestyle, industrialization levels, and natural resource management policies
playing important roles in shaping these outcomes. Therefore, further investigation into the
specifics of each variable can lead to a deeper understanding of the complex interactions
between human activity and the environment.

Conclusion: The analysis demonstrates that factors such as urbanization, hydropower energy,
globalization, trade, and per capita income have a differential impact on the ecological footprint
of BRICS member countries. Urbanization significantly affects Egypt and South Africa but
shows varied effects in Iran due to high uncertainty. Hydropower energy consumption is less
important in most countries except China. Globalization and trade have weak impacts, while
per capita income is significant in China and Russia but has decreased in Iran due to sanctions.
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Fig. 1 - Trend of the Ecological Footprint per Person in Selected BRICS Countries
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Table 1 - Estimation of the Fuzzy Width of the Effect of Urbanization Growth Rate, Hydropower Consumption, Globalization Index,
Trade, and Per Capita Income on the Ecological Footprint in South Africa
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Variable Name Left Width Average Width Right Width
URB -0.438 0.038 0.516
HPW -3.969 6.7724E-16 3.969

GLIN -6.8667E-15 2.4278E-15 1.1722E-14
TRD 0.200 0.200 0.200
GDP 0.004 0.004 0.004
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Fig. 2- Trend of the Ecological Footprint Per Person in South Africa (Based on a Membership Degree of 0.9)
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Table 2 - Estimation of the Fuzzy Width of the Effect of Urbanization Growth Rate, Hydropower Consumption, Globalization Index,
Trade, and Per Capita Income on the Ecological Footprint in Iran
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Variable Name Left Width Average Width Right Width
URB -2.308 0.525 3.358
HPW -6.3886E-16 2.6325E-17 6.915E-16
GLIN -4.991 1.8305E-16 4.9906
TRD -6.1703E-16 2.265E-17 6.6232E-16
GDP -1.124 3.0753E-16 1.124
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Fig. 3- Trend of the Ecological Footprint Per Person in Iran (Based on a Membership Degree of 0.9)
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Table 3 - Estimation of the Fuzzy Width of the Effect of Urbanization Growth Rate, Hydropower Consumption, Globalization Index,
Trade, and Per Capita Income on the Ecological Footprint in Brazil

o o b buogio slay Cowly L
Variable Name Left Width Average Width Right Width
URB -3.851 0.507 4.866
HPW -0.747 7.7083E-16 0.747
GLIN -1.2492E-13 1.2895E-15 1.275E-13
TRD -7.3834E-14 8.5216E-16 7.5538E-14
GDP -8.1975E-14 7.5675E-16 8.3488E-14
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Fig. 4- Trend of the Ecological Footprint Per Person in Brazil (Based on a Membership Degree of 0.9)
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Table 4 - Estimation of the Fuzzy Width of the Effect of Urbanization Growth Rate, Hydropower Consumption, Globalization Index,
Trade, and Per Capita Income on the Ecological Footprint in China

o pb = sl gt b cowly sl
Variable Name Left Width Average Width Right Width
URB -0.180 4.984E-14 0.180
HPW 0.138 0.138 0.138
GLIN 0.555 0.555 0.555
TRD -4.2907E-13 3.1365E-13 1.0564E-12
GDP -1.348 0.378 2.104
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Fig. 5- Trend of the Ecological Footprint Per Person in China (Based on a Membership Degree of 0.9)
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Table 5 - Estimation of the Fuzzy Width of the Effect of Urbanization Growth Rate, Hydropower Consumption, Globalization Index,
Trade, and Per Capita Income on the Ecological Footprint in Russia

o ol vz sl Lusgo L Coly sl
Variable Name Left Width Average Width Right Width
URB -1.456 0.024 1503
HPW -1.291 5.7306E-11 1291
GLIN -7.4687E-10 9.5353E-11 9.3758E-10
TRD -0.114 7.1124E-11 0.114
GDP 0.290 0.756 1221
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Fig. 6- Trend of the Ecological Footprint Per Person in Russia (Based on a Membership Degree of 0.9)
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Table 6 - Estimation of the Fuzzy Width of the Effect of Urbanization Growth Rate, Hydropower Consumption, Globalization Index,
Trade, and Per Capita Income on the Ecological Footprint in Egypt

o ol ez sl buogio sbay coly by
Variable Name Left Width Average Width Right Width
URB -0.519 3.941E-14 0.519
HPW -0.267 4.4145E-14 0.267
GLIN 0.174 0.174 0.174
TRD 0.563 0.563 0.563
GDP -3.8944E-13 5.5465E-14 5.0037E-13
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Table 7 - Estimation of the Fuzzy Width of the Effect of Urbanization Growth Rate, Hydropower Consumption, Globalization Index,
Trade, and Per Capita Income on the Ecological Footprint in India
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Variable Name Left Width Average Width Right Width
URB -0.419 0.036 1.491
HPW -3.0298E-13 2.3708E-14 3.5039E-13
GLIN -1.125 0.099 1.324
TRD -0.075 0.006 0.088
GDP -0.234 0.124 0.481
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