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Abstract

The purpose of this paper is to examine both the short-term and long-term
relationships, as well as the causal links, between the Human Development Index
(HDI) and environmental pollution in Iran during the period from Y3AY to Y+ V¢, To
achieve this, the study employs the Autoregressive Distributed Lag (ARDL) method
and Granger causality tests. The findings indicate that, in the short term, GDP per
capita and life expectancy have a positive and significant impact on the emissions of
carbon dioxide, nitrogen oxide, and sulfur dioxide. Additionally, the literacy rate has
a negative and significant effect on these pollutant emissions (carbon dioxide and
sulfur dioxide). In the long term, all variables demonstrate a significant and
consistent influence on pollution levels. Specifically, the study finds that sulfur
dioxide and nitrogen oxide have contrasting effects on the HDI in both the short and
long run, with sulfur dioxide having a positive impact and nitrogen oxide having a
negative impact. The study also reveals significant causal relationships between the
variables examined.

Introduction

The interplay between economic development and environmental sustainability has
long been a focal point of research, particularly in developing nations where rapid
industrialization often comes at the expense of environmental health. In Iran, the
pursuit of economic growth has led to significant environmental challenges,
including rising levels of air pollution. This study seeks to explore the complex
relationship between the Human Development Index (HDI)—a composite measure
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of life expectancy, education, and per capita income—and environmental pollution
in Iran over the period from Y4AY to Y+ €,

The motivation for this research stems from the need to understand how
economic and social progress, as captured by the HDI, influences and is influenced
by environmental quality. While economic growth and human development are
crucial for improving living standards, they can also lead to increased environmental
degradation if not managed sustainably. This study aims to identify the nature of
these interactions, examining whether improvements in HDI components such as
life expectancy and literacy contribute to environmental pollution or help mitigate it.
By analyzing both short-term and long-term relationships, the research provides
insights into how sustainable development can be achieved in the context of a
developing economy like Iran.

Methods and Material

The study utilizes the Autoregressive Distributed Lag (ARDL) model and Granger
causality tests to analyze the relationship between HDI and environmental pollution.
The ARDL approach is particularly suited for examining the long-term relationship
between variables that may be integrated at different orders, such as I(+) or 1(}).
This method allows for the estimation of both short-term dynamics and long-term
equilibrium without requiring pre-testing for unit roots in the series. The Granger
causality test is used to determine the direction of causality between the variables,
helping to understand whether HDI influences environmental pollution or vice
versa.

Data for this study were collected from various national and international
sources. The environmental pollution data, including COY, NOx, and SOY
emissions, were obtained from the energy balance sheets, while HDI-related data,
such as GDP per capita, life expectancy, and literacy rates, were sourced from the
World Bank and the Central Bank of Iran. The study covers annual time series data
from YaAY to YV €,

The model specifications include the following variables: logarithm of COY
emissions (LCQOY), logarithm of NOx emissions (LNOX), logarithm of SOY
emissions (LSOY), logarithm of GDP per capita (LGDP), life expectancy (LE),
literacy rate (LR), logarithm of trade openness (LTR), logarithm of industrial value-
added (LIN), and logarithm of government consumption expenditure (LGE). The
model also includes a dummy variable for the war period (DU) to account for its
potential impact on the studied relationships.

Results and Discussion

The ARDL model results indicate significant relationships between HDI
components and environmental pollution in both the short and long term. In the
short term, GDP per capita and life expectancy are positively correlated with
increases in COY, NOx, and SOY emissions. This suggests that as economic output
and life expectancy improve, pollution levels also rise due to increased industrial
activity and energy consumption. Conversely, the literacy rate has a negative impact
on pollution, indicating that higher literacy levels lead to better environmental
awareness and more sustainable practices, which reduce emissions.
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In the long term, the relationships between these variables remain significant,
with consistent expectations regarding the effects on pollution levels. The long-term
analysis shows that GDP per capita and life expectancy continue to exert upward
pressure on pollution levels, while literacy continues to mitigate these effects. This
finding aligns with the Environmental Kuznets Curve (EKC) hypothesis, which
suggests that environmental degradation initially increases with economic growth
but eventually decreases as societies become wealthier and more environmentally
conscious.

The Granger causality tests further reveal the direction of these relationships.
The results indicate a bidirectional causality between GDP per capita and pollution,
implying that economic growth leads to higher pollution levels, which in turn can
impact economic performance. Additionally, there is unidirectional causality from
life expectancy to pollution, highlighting that improvements in life expectancy,
possibly through better healthcare and living standards, can lead to increased
environmental stress due to higher consumption and production demands.

Moreover, the analysis shows that environmental pollution has a direct impact on
HDI. Specifically, SOY has a positive effect on HDI, possibly due to its association
with industrial activities that contribute to economic growth and income generation.
However, COY and NOx have negative impacts on HDI, as these pollutants are
linked to adverse health outcomes and reduced quality of life, which can lower
overall human development.

Conclusion

This study demonstrates the intricate linkages between human development and
environmental pollution in Iran. The findings suggest that while economic growth
and improvements in life expectancy contribute to higher pollution levels, increasing
literacy rates can play a crucial role in mitigating environmental degradation. The
study also highlights the dual impact of environmental pollution on human
development, where certain pollutants may support economic activities that enhance
HDI, while others detract from the quality of life and overall development.

The results underscore the importance of integrating environmental
considerations into development policies. Policymakers should focus on promoting
sustainable development practices that balance economic growth with environmental
protection. Efforts to increase literacy and environmental awareness can help reduce
the negative impacts of pollution and ensure that improvements in human
development do not come at the expense of environmental quality. In conclusion,
sustainable development in Iran requires a comprehensive approach that addresses
both economic and environmental dimensions to achieve long-term prosperity and
well-being.

Keywords: Environmental Pollution, Iran, Sustainable Development,
Human Development Index
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V. Carbon dioxide (COy)

Y. Nitrogen oxide (NOX)
Y. Sulfur dioxide (SOy)
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