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Objective: In the present study, the effect of air pollution and its spatial
overflow on the costs of the health sector has been analyzed.

Method: The direct and indirect relationship between air pollution and health
sector costs was evaluated with a spatial panel approach (spatial camera) due to
its dynamic and spreading nature. In this regard, the information of 15
neighboring countries of Iran was used during the years 1990 to 2023.

Results: For every one percent increase in air pollution in each country, health
costs increase by 0.27 percent on average in other countries. Also, the indirect
effect of economic growth in each country has an average of 0.115% on the
health sector costs of other countries. The indirect effect of human development
is not statistically significant, which means that the level of this variable in each
country only reduces the costs of the health sector in that country and has no
effect on the costs of the health sector of other countries. Therefore, the results
indicate the existence of regional overflows in the model.

Conclusion: The increase in air pollution not only has destructive effects on the
health sector of each country, but also leads to an increase in health costs in
neighboring countries. This phenomenon indicates inter-country communication and
common challenges in the field of public health, which requires international
cooperation to reduce pollution and improve health conditions at the regional level.
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Introduction

Existing studies have shown that environmental, social, economic, and health factors have
varying degrees of impact on healthcare costs. Among these, air pollution is recognized as the
fifth leading cause of death globally. Researchers indicate that for every 10,000 tons of
pollution emitted in urban areas, there is an increase in lung cancer, mortality, and respiratory
diseases. The World Health Organization estimates that the total number of premature deaths
due to air pollution is 8 percent annually. Consequently, air pollution increases the demand for
and use of healthcare services, imposing a greater economic burden on governments. This issue
is particularly significant in developing countries like Iran, which face environmental
challenges due to air pollution.
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The objective of this research is to examine the relationship between air pollution and
healthcare costs in the neighboring countries of Iran during the period from 1990 to 2023.
This study aims to identify the impacts of air pollution on health costs and provide a spatial
econometric model to analyze this relationship.

With the rapid development of industrialization and urbanization, environmental pollution
has become a serious problem. The environmental effects on health depend on pollution
concentration and response coefficients to exposure. Studies show that air pollution not only
affects the health of individuals in a specific area but also has spatial effects that can impact
the health of residents in neighboring regions. However, previous studies have primarily
focused on the economic impacts of air pollution, with less attention given to the spillover
effects of pollution from other areas.

This research seeks to fill the gaps in the existing literature regarding the spatial effects of
air pollution on health costs. Given that many studies have addressed the impacts of air
pollution from individual and local perspectives, this study aims to analyze the effects of air
pollution on health costs at a regional and international level using panel data and spatial
econometric modeling. This approach can assist in managerial decision-making and optimal
policy-making in public health and environmental issues.

Method

Describe the study method, including:

o Spatial econometrics with panel data.

o The adjacency matrix is a symmetric 15%15 matrix with zeros on the main diagonal and
zeros and ones outside the main diagonal.

o A value of one is assigned for neighboring countries and zero for non-neighboring
countries.

o Start with linear regression models to illustrate how spatial dependence can violate

classical regression assumptions.

o Define yi as the dependent variable, primarily referred to as "Iran".

o Assume that the variable matrix is independent of the error processes.

o Acknowledge that errors in one unit are correlated with errors in other units, leading to
different spatial models based on the presence of spatial dependence in the dependent
variable, explanatory variables, or error terms.

o Utilize a general framework for spatial panel data analysis.

Apply the Spatial Durbin Model to capture the effects of neighboring units.

o Use Maximum Likelihood Estimation (MLE) and Quasi-Maximum Likelihood
Estimation (QMLE) due to the inefficiency of Ordinary Least Squares (OLS) in
addressing heterogeneity and spatial dependence.

o The null hypothesis regarding the suitability of random effects is rejected; fixed effects
are more efficient.
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o Specify various models within the framework of panel data for the research variables
across different samples.

Sampling Procedures
o Collect data from the World Development Indicators (WDI) based on UN
classifications for the period 1990-2023.
o Examine countries including Iran, Afghanistan, Turkmenistan, Pakistan, Kazakhstan,
Azerbaijan, Armenia, Turkey, Iraq, Kuwait, Bahrain, Qatar, UAE, Saudi Arabia, and
Oman.

Mixed Methods Research
o Independent variables: Gross Domestic Product (GDP), pollution, number of hospital
beds, Human Development Index (HDI).
o All coefficients of the variables except for the number of hospital beds are statistically
significant.
o Indirect effects of all variables except for the Human Development Index are significant.

Results

Based on the approach of the present study, an effort was made to utilize the Spatial Durbin
Model to consider the coefficients of the model by differentiating effects into total, direct, and
indirect effects. In this regard, using data from 15 neighboring countries of Iran, along with Iran
itself, the spillover effects of the variables of air pollution, Human Development Index (HDI),
number of hospital beds, and economic growth on health expenditures were evaluated. According
to the results from the Spatial Durbin section, the indirect effects of all variables, except for the
Human Development Index, are significant on health expenditures. For example, regarding the
variable of air pollution, the results indicate that for a 1% increase in air pollution levels in each
country, health expenditures in other countries increase by an average of 0.27%. Additionally,
the indirect effect of economic growth in each country influences health expenditures in other
countries by an average of 0.115%. This finding is consistent with the studies of Mogaddam Pour
et al. (2021), Golkhandan (2017), Salatin and Islambolchi (2016), Basiri et al. (2015), and
Shahbazi et al. (2014). The indirect effect of the Human Development Index variable is not
statistically significant, which means that the level of the Human Development Index in each
country only reduces health expenditures in that country itself and does not affect health
expenditures in other countries. Therefore, the significance of the indirect effects of air pollution,
number of hospital beds, and economic growth variables in each country on health expenditures
in other countries indicates the presence of regional spillovers in the model. This finding aligns
with the studies of Shahbazi et al. (2014), Tamizi (2018), Xu et al. (2022), and Rahman and Alam
(2021).

Conclusions

In this study, the Spatial Durbin Model was employed to examine the impact of air pollution,
Human Development Index (HDI), number of hospital beds, and economic growth on health
expenditures in Iran and its 15 neighboring countries. The results indicated that the indirect
effects of all variables, except for the Human Development Index, are significant on health
expenditures. Specifically, increases in air pollution and economic growth in each country lead
to an average increase in health expenditures in neighboring countries, highlighting the
presence of regional spillovers in the model. On the other hand, the lack of significance of the
indirect effect of the Human Development Index suggests that this variable only reduces health
expenditures within the country itself and does not affect health expenditures in other countries.
These findings align with previous studies and emphasize the importance of considering spatial
relationships and spillover effects in economic and health analyses. Overall, this research can
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assist policymakers in making better decisions to improve public health by understanding the
interconnections between countries.
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