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Abstract

Background and Objective: Water and water governance have attracted much attention as a
political concern in recent years. In response to the growing understanding of the water crisis,
the literature on water governance has been rapidly increasing over the past two decades. The
aim of the present study is to analyze the impact of E and L Indices on water sustainability
and security in the Samian Watershed.

Methodology: In this study, environmental indicators and the life index were used to
estimate the water security index. The environmental criterion focuses on environmental
pressure, vegetation cover, and the percentage of protected areas in the watershed. The
parameters of the life standard are related to the quality of human life and evaluate the
standard of living and the human development index in the watershed. The pressure
parameter is determined by the change in per capita income during the study period. In other
words, the water security index uses normalization to assess the sustainability of the
watershed.

Results and findings: The results of the standardization of the environmental index showed
that the highest score was related to sub-basin 7 with a value of one and the lowest was
related to sub-basins 5, 10, 14 and 27. Based on the results of the standardization of the
human development index, it was shown that the highest level of human development was
related to sub-basins 1, 4, 5, 11, 15, 17, 24 and 27. The lowest level of human development
was related to sub-basins 12, 13, 18, 19, 21, 22 and 25. Finally, it is recommended to test and
use other methods of estimating the Water Security Index (WSI) in future studies.
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Extended Abstract

Introduction:

Water security is strongly influenced by many factors, including increasing urbanization,
economic development, changes in living standards, increasing water pollution,
overexploitation of groundwater resources, and climate change. Water security is potentially
always at risk from population growth and climate change (Wang et al., 2012). In developed
societies, the term water security is defined in terms of environmental sustainability and
national security (Dalino, 2010, Patrick, 2011). One of the primary indicators of water
security is the provision of sufficient water for humans. Water security is achieved when
everyone has access to safe and affordable water sufficient to meet basic needs such as
drinking and washing (Rijsberman, 2006). Water security from the World Bank's perspective
is the only institution that has quantified water security, which is the annual provision of one
cubic meter of drinking and sanitary water for an individual, the provision of 100 cubic
meters of sanitary water for individual hygiene, and the provision of 1,000 cubic meters of
water for agricultural, industrial, and environmental production. Therefore, from the
perspective of this institution, the provision of 1,101 cubic meters per year per person means
ensuring water security (Alan, 2001). In the United Nations report, water security is defined
as "Water security is the capacity of a society to secure sustainable access to sufficient
quantities of water of acceptable quality in order to protect livelihoods, human well-being,
and social and economic development. Water security also means ensuring protection against
water crises, water pollution, and the preservation of ecosystems in conditions of peace and
political stability” (Patrick, 2011).

Methodology:

Water Security Index (WSI)

In order to better assess the health of a watershed, these methods should include quantitative
and qualitative criteria that determine the level of sustainability of the watershed. The
majority of the information that determines the scores of these sub-criteria is measurable in
nature. However, there are sub-criteria that are qualitative and are measured based on the
opinions of experts and people involved in the watershed. These qualitative sub-criteria are
converted into a numerical scale so that they can be used with quantitative criteria and the
final numerical values can be used to calculate the index (Catafio et al., 2009).

Equation 1: WSI=(H+E+L+P)/4

Since the criteria, scores are normalized between zero and one, the final index score will also
be between zero and one. In order to facilitate the estimation of the level of parameters by
users, the quantitative and qualitative parameters were divided into five scores (0, 0.25, 0.50,
0.75 and 1), allowing users to choose the best possible score for each parameter.

To calculate the WSI, basic and available parameters for all watersheds such as the Human
Development Index, Biochemical Oxygen Demand over a five-day period BOD5 and EPI are
used (Kalizia et al., 2008).

Since watershed management at the local and regional level is more effective in watersheds
up to 2500 km2, this limit has been suggested for using WSI in assessing watershed
sustainability (Scoulier, 1995). However, if the watershed is large, the watershed can be
divided into sub-basins to calculate the WSI and the overall score is obtained by summing the
WSI scores in the sub-basins (Chavez, 2011).

Since water resources management is a dynamic and comprehensive process, a dynamic
approach to the response of the pressure situation for these four criteria is expressed in a



single scheme (Chavez and Alipaz, 2006). The advantage of using the pressure-response
approach lies in the fact that it focuses on cause-effect relationships and thus provides a more
comprehensive assessment of the watershed than an indicator that only examines the current
situation, and helps stakeholders, managers and decision-makers to identify and understand
the relationships between parameters (Catano et al., 2011). Since water resources
management is a dynamic and comprehensive process, the dynamic pressure-response
approach is expressed in a plan for these four criteria (Chavez and Alipaz, 2006). This
approach is often used in environmental reporting because it is a simple and useful tool for
formalizing environmental problems (Firdas et al., 2014).

Results and Discussion:

The results and analysis of the Water Security Index (WSI) based on the Qarasu-Samian
watershed in Ardabil province are presented in Table (5). The results show that in terms of
area, sub-basin 8 at Hir station has the largest area among the studied sub-basins with an area
of 1.348 km2. Also, sub-basin 26 at Shamsabad station has the smallest area among the
Qarasu sub-basins with an area of 3.43 km2. Vegetation cover is one of the most important
effective variables in the water security index. Therefore, studying the vegetation cover of the
region in terms of its impact on other environmental components such as geomorphological,
hydrological processes and even wildlife is of considerable importance. In the present study,
the vegetation cover index (NDVI) was used to assess the overall vegetation cover of the
Qarasu-Samian sub-basins. The vegetation cover index image for the year 1402 was taken.
Landsat 9 satellite data was also used to prepare a vegetation cover map after making the
relevant corrections. The range of this index is between -1 for the minimum level and +1 for
the maximum level of photosynthetic activity. The NDVI index is defined as follows.
Equation (4)

Land use changes are among the most fundamental changes in the land surface that have
significant effects on the environment and natural processes. The land use map for the year
2023 was calculated for the Samian watershed. As can be seen in Figure (3), the land use of
the Samian watershed has significant changes at the watershed level. Accordingly, the land
use of the Samian watershed was classified into 6 classes: agricultural land, forest, pastures,
water area, barren areas and residential areas. According to Figure (3), it was determined that
the most common land use in the Samian watershed was agricultural land use. In the second
and third categories, forest and pasture land uses accounted for the highest percentage of land
use in the Samian watershed. Also, based on the shape, the highest concentration of
residential areas is in the center of Ardabil province. In the present study, rangeland and
forest land uses were used to evaluate the environmental index for the Water Security Index
(WSI). The results of the environmental index evaluation in the studied sub-basins showed
that the highest amount of rangeland is in sub-basin 17 with a value of 19.33 percent, and the
lowest amount of rangeland is in sub-basins 11 and 14 with a value of 0.04 and 0.07 percent,
respectively. In terms of forest areas, the highest percentage of forest lands is related to sub-
basin 7 with a value of 60.92 percent, which indicates that sub-basin 7 has rich forest
vegetation cover in the Qarasu watershed, and the lowest percentage of forest lands is related
to sub-basins 5, 11, and 14 with a value of 0.01, which indicates that the related sub-basins
are very poor in terms of forest cover (Table 5).

According to the results of the water security index, after standardizing the environmental
indicators and the human development index, these results were obtained, which can be seen
in Table (5). The results of the environmental index standardization showed that the highest
score was related to sub-basin 7 with a value of one, and the lowest score was related to sub-
basins 5, 10, 14, and 27. Based on the results of the standardization of the Human
Development Index, it was shown that the highest level of human development is related to



sub-domains 1, 4, 5, 11, 15, 17, 24 and 27. The lowest level of human development is related
to sub-domains 12, 13, 18, 19, 21, 22 and 25 (Table 6).

Conclusion:

In the present study, the impact of hydrological index on water security index (WSI) in the
sub-basins of Qarasu watershed was evaluated. The results showed that the highest amount of
pasture land is in sub-basin 17 with a value of 19.33 percent, and the lowest amount of
pasture land is in sub-basins 11 and 14 with a value of 0.04 and 0.07 percent, respectively. In
terms of forest areas, the highest amount of forest land is in sub-basin 7 with a value of 60.92
percent, which indicates that sub-basin 7 has rich forest vegetation in the Qarasu watershed,
and the lowest percentage of forest land is in sub-basins 5, 11 and 14 with a value of 0.01,
which indicates that the related sub-basins are very poor in terms of forest cover.
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