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Abstract

The present study aims to analyze the ecological security in the KoozehTopraghi Watershed, Ardabil
Province, based on the pattern and process-related criteria that cover both land use class and sub-watershed
levels. Towards this, firstly, the comprehensive indicator of landscape pattern was calculated via integrating
criteria of the splitting index (SPLIT), largest patch index (LPI), edge density (ED), and patch density (PD),
and the comprehensive indicator of landscape process was calculated according to the criteria of division
(DIVISION), mean patch area (AREA-MN), aggregation index (Al), fractal dimension (FRACTAL), and
coefficient of soil erosion intensity (Z). Then, the landscape ecological security index (LSI) was calculated
and assessed based on a combination of two main indicators at two levels of class and landscape for 36 sub-
watersheds. Finally, the status of LSI was classified into five categories very low, low, medium, high, and
very high. It was found that the study watershed has a low level of LSI. Besides, the values of
comprehensive indicators of landscape pattern and process were equal to 0.28 and 0.37, respectively. The
mean LSI was 0.25. The maximum LSI was equal to 0.78 for sub-watershed 14 (southern part) and its
minimum value was calculated at 0.03 for sub-watershed 33 (horthern part). Overall, the southern and
southwestern parts of the watershed were classified in the high and medium security categories, and the
northern parts were classified as very low security. The present results can be used for land use planning,
ecological impact assessment, and watershed resource management.
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Extended Abstract

Introduction

Ecological security has been proposed as a new issue in the direction of sustainable development of human
society in the 21% century and it expresses a situation of ecosystems in which the needs of economic
development are met in a sustainable manner (Bobylev and Gadal, 2021). The assessment of ecological
security is the basis of regional environmental governance and prevention; because in this process, a
comprehensive assessment of the ecological situation and the vulnerability of natural, economic, and social
levels is considered in the process of changing the landscape of the land, and the integrity of ecosystems is
taken into account (Guo and Wang, 2019; Wen and Hou, 2021). Due to the size and variety of land use and
the presence of various human activities in addition to the natural and pristine areas, the KoozehTopraghi
watershed was considered to evaluate the ecological situation, and in this regard, the soil erosion factor was
used as the result of the impact of human activities. For this purpose, the present study was planned with the
aim of evaluating the ecological security in the KoozehTopraghi watershed located in the southern part of
Ardabil province. The obtained results can be used in prioritizing the ecological security of the country's
watersheds.

Methodology

The study area in the present research is Figure (1), KoozehTopraghi watershed located in Ardabil province.
KoozehTopraghi watershed has an area of 805.70 km? and a perimeter of 148.98 km, located in the southern
part of Ardabil and the northern part of Kosar city, and includes a large part of Nir city. Towards this, firstly,
the comprehensive indicator of landscape pattern was calculated via integrating criteria of the splitting index
(SPLIT), largest patch index (LPI), edge density (ED), and patch density (PD), and the comprehensive
indicator of landscape process was calculated according to the criteria of division (DIVISION), mean patch
area (AREA-MN), aggregation index (Al), fractal dimension (FRACTAL) and coefficient of soil erosion
intensity (Z). Then, the landscape ecological security index (LSI) was calculated and assessed based on a
combination of two main indicators at two levels of class and landscape for 36 sub-watersheds. Finally, the
status of LSI was classified into five categories very low, low, medium, high, and very high (Zhang et al.,
2010).

Results and discussion

The results of the preparation of the land use map shows that the KoozehTopraghi watershed is covered by
rangeland, agriculture, outcrops, and residential areas, respectively, with 29.13, 64.77, 3.50, and 0.80 %. The
largest area belongs to the rock outcrop that forms the northern and central parts of the watershed. However,
residential areas are observed in most of the sub-watersheds and indicate the geographical distribution of
human interventions. In other research (Hazbavi et al., 2020), the changes in the land use level in this
watershed have also been reported in such a way that it adversely affects the health of the watershed, along
with other important factors such as population density, changes in the land use level, and erosion cause

disturbances. In the function of the watershed, there has been a spread and a decline in health.

In connection with the ecological security index of the entire watershed, which is obtained from the
geometric mean of the comprehensive indicators of the landscape pattern and the comprehensive process of
the landscape, it can be said that the value of this index is equal to 0.18 in the KoozehTopraghi watershed.
Also, according to the zoning maps, the KoozehTopraghi watershed was evaluated in a relatively low
condition in terms of ecological security. That is, the security classes in this watershed include very low, low,
medium, and high, and most of the sub-watersheds (about 44%) belong to the very low class. So that the
maximum value of the ecological security index with a value of 0.78 corresponds to 14 sub-watersheds and
the minimum value of this index with a value of 0.03 corresponds to the 33 sub-watersheds. The status of
ecological security in the south and southeast parts of the watershed is very high and moderate, and it is in a
better state than the ecological security of the watershed in the northwest and north parts. In general, 39 %
(309.42 km?), 9 % (72.84 km?) and 8 % (65.58 km?) of the area were in low, medium, and high ecological
security status, respectively. In addition, the values of comprehensive indicators of landscape pattern and
process were equal to 0.28 and 0.37, respectively. The average of the LSI was 0.25. The maximum value of
the LSI was equal to 0.78 for sub-watershed 14 (southern part) and its minimum value was calculated at 0.03
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for sub-watershed 33 (northern part) (Figure 2). Overall, the southern and southwestern parts of the
watershed were classified in the high and medium security categories, and the northern parts were classified
as very low security. The present results can be used for land use planning, ecological impact assessment,
and watershed resource management.
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Figure (2): Values of investigated indicators and ecological security in the
watershed sub-watersheds of KoozehTopraghi

Conclusion

According to the results analyzed at the class level, the most and least fragmentation in land use was
assigned to residential and dry farming, respectively. It can be concluded that although residential constitutes
only 0.75% of the studied watershed, it needs more attention in its management, because it can lead to the
most destruction and threat in the watershed. The results of the ecological security index in the watershed
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sub-watersheds of KoozehTopraghi show very little ecological security in these sub-watersheds. Since the
largest area of the studied watershed is agriculture, therefore it has very little ecological security. These sub-
watersheds are located in areas with an altitude of less than 1732 m and are almost affected by dry farming.
The present results provide a clear point for considering design features and best management practices in
the future. If human activities are within the limits of ecological security, the development and exploitation
of ecological resources will not inevitably lead to destruction. Therefore, carrying out studies related to
ecological security leads to the protection of the fragile environment and local sustainable development of
the environment. Also, the present results can be used in various topics such as land use planning, ecological
effects assessment and natural resource management. The present results can be taken into consideration in
prioritizing vegetation restoration measures with the aim of strengthening the ecological status of the region.
Considering the specific conditions of the region in the upstream areas and the need to preserve biodiversity
in pasture ecosystems, the results of the research can help prevent the destruction of vegetation and maintain
the integrity of the watershed.
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