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Objective: Global and regional environmental issues have become increasingly significant
because of rapid population growth and socioeconomic development. Problems such as soil
erosion, ecological pollution, land degradation, loss of biodiversity, and diminished ecosystem
services pose serious threats to human living conditions and sustainable development of
economies and societies. Consequently, as the population increases and economic activities
expand, leading to greater consumption of ecological resources, assessing environmental security
becomes crucial. This study aims to develop a comprehensive, multi-faceted approach to evaluate
the environmental security of Fars Province by utilizing an ecological footprint method.

Method: Typically, this evaluation employs two fundamental concepts: ecological footprint and
ecological capacity. In this context, the per capita ecological footprint and ecological capacity of
Fars province were analyzed for the years 2011 to 2021. After determining the per capita
ecological footprint and capacity, four indices were calculated: ecological deficit (ED), ecological
footprint diversity index (EFDI), ecological pressure index (EPI), and ecological coordination
coefficient (ECC).

Results: The results of this study showed that the per capita ecological footprint of Fars province
increased by more than 17% during the study period, which, along with the population growth of
the province, indicates an increase in pressure on the natural resources. Additionally, pollution
levels and agricultural production contributed significantly to this strain. On the other hand, the
per capita ecological capacity of the province, dropping from 1.23 gha in 2011 to 1.11 gha in 2021
has increased by 10%. It was also concluded that the per capita ecological capacity of Fars province
is significantly lower (less than one-fourth) than its per capita ecological footprint, underscoring
the region's vulnerability in terms of its capacity to absorb and regenerate natural resources. The
findings indicated that throughout the study period, Fars Province consistently experienced an
ecological deficit, which has been rising over time. Furthermore, the assessment of four
environmental security indicators all indicate the province's environmental insecurity and the lack
of coordination between development and the environment.

Conclusions: According to the results obtained using the investigated indicators in this study, the
environmental condition of the province is not suitable and it has worsened over time. Therefore,
if the policymakers are looking for sustainable economic development, it is necessary to pay more
attention to the province's environment. In other words, it is imperative to implement dynamic and
periodic environmental monitoring and to evaluate management strategies to enhance
environmental health.
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Introduction

Global and regional environmental problems have become increasingly prominent due to significant
population growth and rapid socio-economic development. These problems such as soil erosion, ecological
pollution, land degradation, loss of biodiversity and reduction of ecosystem services seriously threaten human
living environment and sustainable development of economies and societies (Liu, Wu, and Wang, 2019;
Salvati & Carlicci, 2014; Tsou et al., 2017). Urbanization has become a common trend in the development of
countries around the world, resulting in the destruction of the ecosystem. Its most obvious feature is the
massive increase in the urban population, which leads to the expansion of urban areas, increased energy
consumption, and a series of changes in the lifestyle of residents (Zhou, Tian, and Jiang, 2018). Therefore, the
rapid population growth and the continuous urbanization growth have increasingly exacerbated the inefficient
human use of natural resources, which has led to various ecological and environmental problems (Niu et al.,
2018; Yin et al., 2021). Environmental security is considered a basic need for economic development and
social progress. This requires studying the relationship between human activities and ecological changes,
optimizing the structure of resource use, and minimizing the impact of human behavior on the environment
with the assumption of maintaining sustainable economic growth and protecting human well-being. Therefore,
the study of environmental security in the process of urbanization and its coordinated development is of
particular importance to promote healthy and sustainable urban development (Zhang et al., 2022). In this
research, in order to create multi-faceted, multi-level, and multi-structural perspectives to evaluate the
environmental security of Fars province, ecological footprint index and environmental security indicators were
used.

Method

In order to better evaluate the environmental security situation of Fars province, the per capita ecological
capacity and ecological footprint and finally, the relevant indicators were calculated. For this purpose, per
capita ecological footprint and per capita ecological capacity were calculated for Fars province during the
period of 2011-2021. After determining the per capita ecological footprint and capacity, four indices were
calculated: ecological deficit (ED), ecological footprint diversity index (EFDI), ecological pressure index
(EPI), and ecological coordination coefficient (ECC). The per capita ecological surplus/deficit is calculated
using the equation (1):

ED = ECper capita — EFper capita (1)
When ED<O it indicates ecological deficits, which indicates ecological overload. When ED>0 it indicates
ecological surplus, meaning that the environment is not overloaded.

Equation (2) was used to calculate the Ecological Footprint Diversity Index (EFDI) (Dong et al., 2021):
6

EFDI == (pi x Inpy) ()
i=1

The Ecological Pressure Index (EPI) reflects the stress-bearing capacity of ecosystems in a region. The larger
the EPI indicates the higher the ecological pressure (Krajacic et al., 2016). The EPI is calculated as equation
@):

gpr = EE (3)
EC

The Ecological Coordination Coefficient indicates the degree of harmony between the region's environment
and socio-economic development. The ECC is calculated as equation (4):
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_(EPI+1) 4
ECC JEPETD (4)

Finally, based on the results of this analysis, ecological security was evaluated.

Results

The results showed that the per capita ecological footprint of Fars province increased from 2011 to 2021, so
that the equivalent of 0.7 gha increased during these years, which was mainly due to the increase in carbon
dioxide emissions. Also, the results indicated that nearly 80% and about 19% of the per capita ecological
footprint of Fars province was related to carbon dioxide emission and agricultural production, respectively. In
general, the per capita ecological footprint of Fars province has increased by more than 17% during the period
of investigation, which, along with the population growth of the province, indicates an increase in pressure on
the natural resources in the province. Meanwhile, pollution emissions and agricultural production played a
greater role in increasing this pressure on resources. Therefore, it is necessary to promote the use of clean
energy in different sectors of the economy in order to reduce the pressure caused by carbon dioxide emissions.
The results of the per capita evaluation of the province's ecological capacity showed that the value of this index
decreased from 1.23 gha in 2011 to 1.11 gha in 2021, which shows a 10% decrease. The significant part of this
reduction is also related to the loss of capacity and area of existing forests in the province. The findings
indicated that throughout the study period, Fars Province consistently experienced an ecological deficit, which
has been rising over time. Finally, by comparing the per capita ecological capacity of the province with the per
capita ecological footprint, it is clear that the per capita ecological capacity of the province is less than a quarter
of the per capita ecological footprint, which shows the ability to absorb and recover natural and environmental
resources. The province is very vulnerable in this regard.

Conclusions

According to the results obtained using the investigated indicators in this study, it was found that the

environmental condition of the province was not suitable and it had worsened over time. Therefore, if the

policymakers are looking for sustainable economic development, it is necessary to pay more attention to the
province's environment. In this regard, the following suggestions are presented:

e According to the indicators of environmental security, it can be concluded that the environmental condition
of the province is in a poor condition. Therefore, it is recommended to use natural resources such as
agricultural lands, pastures and forests more efficiently and based on their capacity.

o |t is necessary for the beneficiaries to take the social responsibilities of environmental destruction while
benefiting from the environmental resources (Nepal et al., 2019).

o Based on the results of the ecological footprint in Fars province, it is recommended that the use of clean
energy be strongly developed. The requirement for this suggestion is to promote the development of clean
energy sources and reduce dependence on fossil energy sources.

o Considering that a significant part of the reduction in carrying capacity is due to the loss of the capacity
and area of the existing forests in the province, it is suggested that natural forest protection projects and
bio-compensation policies should be implemented.
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