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Introduction

In recent years, water resources management has faced many challenges due to poor water
governance and management, increasing demand, industrial and agricultural development, and
unbalanced water allocations for various uses (Global Water Partnership, 2006). Sustainable
development provides solutions for development in order to solve economic, social and environmental
problems. The study of the relationship between economic, social and environmental processes in
management approaches has been accepted as a sustainable development, but managers and decision
makers still have difficulty in applying and evaluating this relationship. In order to evaluate a system,
a set of indicators is needed that can be used to examine a system in different aspects, reflecting current
or future issues. The World Water Assessment Program (WWAP) (2003) reports on the importance of
indicators in streamlining information about integrated water resources management and the
establishment of effective communication between different departments in water management. So far,
several studies have been conducted in the country on the evaluation of the results of plans for
management of water resources and consumptions (Arshadi & Bagheri, 2014; Karamouz &
Mohammadpour, 2017). In these studies, most of the researchers have not had a basin view, and have
not been consistent with all the components of sustainability, especially the environmental and
institutional components. The present study was carried out by reviewing previous studies with some
concepts, with the aim of identifying important indicators in water management assessment, assessing
the performance of indicators related to water management against a set of sustainability components,
and finally extracting and introducing indexes appropriate to dry and semi- dry conditions.
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Methodology

By reviewing the common indicators of water management in the world, 200 indicators for
sustainable water management were identified and the evaluation matrix was designed to identify and
describe the indicators and to define new indicators based on their classification (main information in
each index, including the name, a brief description, the calculation method and the scale of application
were formed). In order to evaluate the indicators based on the components of sustainability, it was
necessary that the views of different groups as decision makers, including executive managers, experts,
water sector experts, university professors and people with diverse specializations in the field of
economic, social, environmental and institutional sciences on the aspects of the use of indicators be
studied and group consensus be reached to achieve the results. The method of selecting experts in this
study was purposeful and the data collection tool was oral interview and questionnaire using Delphi
method. In the first stage, the selection and evaluation of indicators was aimed at eliminating indices
with the same concept and selecting indicators that were proportional to the SMART criterion. In the
second stage, the evaluation of the indicators was based on the suitability of each indicator to be used
in the basin scale, and in the third stage, the final indices should be selected from among the primary
indicators, so that they can be analyzed by taking the components of stability into account . To this
end, decision makers were asked to evaluate the evaluation process for the indicators for the
management of the catchment basin based on the fuzzy numbers for the nine-point scale according to
the four components of development (economic, social, environmental and institutional) Likert's
(Habibi et al., 2015). In order to reach consensus in the opinions of decision-makers, the data obtained
from the questionnaire were classified and analyzed using the principles of descriptive statistics and
the fuzzy Delphi method.

Results and discussion

In this study, the indices of sustainable water management have been studied based on sustainability
components analysis at watershed scale. About 200 indices were selected from the literature and
presented in the form of evaluation matrix and questionnaire to decision makers. In total, 10
questionnaires were distributed among decision-makers and interviewees. In the first stage of the study,
in which the SMART scale of indices and the removal of indices with similar meanings were
considered, 120 indexes we left for the second stage, based on their suitability for use in the watershed
scale (54 indices were excluded). In the third stage, 66 indices were used as indices of water
management with the aim of determining the sustainability components, by completing the
questionnaire and considering the meanings obtained by considering experts' opinions and the fuzzy
Delphi approach. The results of analyzing the questionnaires show that 30 indices (45%) are consistent
with most of the components of sustainability. These indices describe a wide range of issues related to
water resources. Thirty indices are two-dimensional, which means that they are consistent with two
components of sustainability. These indices are distinguished by considering more than one aspect of
sustainability, such as the "the number of existing and operational participatory guidelines”, which is
one of the highest scores for the institutional component (8.66 ). Six indexes are one-dimensional that
satisfy a sustainability component. One-dimensional indices should not be recognized as a constraint
as a feature because they are interesting tools that are from the angle specific aspects taking into
account the different aspects of water consumption and management. An interesting example is the
nitrate and the nitrite index in groundwater. This is a very relevant index of the environmental quality
of water and, in fact, it has obtained a very high score for the environmental components (8.88). The
index with the highest average score (7.8) was the "Relative water stress™ index, which measures water
withdrawal of drinking, industrial, and agricultural sectors relative to water reserves. The "Relative
water stress”, along with the "dependency ratio to adjacent basins" and the "index of non-sustainable
water use”, were the only indices that were consistent with all the four dimensions of sustainability. In
the main text of the article, the list of the indices is given.
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Conclusion

The results showed that 55% of the indices did not meet most of the sustainability components and
did not consider the comprehensive and multidimensional perspectives of sustainability. However, 30
key indicators of water consumption and management among the existing indicators have satisfied the
majority of sustainability components. ldentifying these indicators can provide a significant
contribution to assessing sustainability in water sector. Water managers can use these indicators for
setting targets, and monitoring progress in water management programs and water management
information systems.
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Table 2- Categories of the sustainability assessment

Category

Meaning

Number of
sustainability component
complied

Sustainability indexes

Other multi- component
index (or
bi-dimensional)

Uno- component index (or
one-dimensional)

Fulfil the majority of the

sustainability component

Fulfil two sustainability
component

Fulfil one sustainability
component

3 or more component

2 component

1 component
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Table 3- The 30 indexes that fulfil the majority of the sustainability component

List of indexes

Dependency on renewable ground
water

Index of non-sustainable water use

Ratio of wastewater used in each
sector
Dependency on surface water

Demand changes (sectoral) and
distribution
Water productivity (urban and
services)
Spatial quality of ground water

Water requirement of rivers and
wetlands
Water footprint
Water provision resilience

Major drought events and their
consequences

Reused water quality
Surface water quality
Ground water quality
Water productivity (agricultural
sector)
Irrigation efficiency
Water use by agriculture sector

Relative water stress

Investment in water management
Dependency ratio to adjacent basins

Budget allocation for water risk
mitigation

Flood potential
Water reuse index
Water availability per capita
Water productivity (Industrial
sector)
Water use by industry sector
Water use by urban sector

Groundwater development stress

Aquifer qualitative sustainability
Emissions of water pollutants by sector

(EmesD) wiyle calta (Gylwl 4o <O b &7 ola asls Cwygd -4 Jooo
Table 4 — Indexes that comply with one sustainability component (one-dimensional)

List of indexes

Number of conflicts

Impact of sediment trapping by large dams

and reservoirs

Total actual renewable water resources

nitrate and nitrite in groundwater

Water lending for irrigation and drainage

Climate change (temperature and precipitation)

Table 5 — Indexes that comply with two sustainability component (bi-dimensional).
K18 Sl ((SHw9d) (Sl Aldo 90 b &7 ola s Cwiygd -5 Joono

List of indexes

Water efficiency index in the industrial sector

Virtual water

Density hydrological
monitoring stations

Access to safe drinking water

Metals in groundwater

Increased stakeholder
awareness in water use
decisions

Number of deaths due to water sickness

Groundwater as a percentage of
total use of drinking water

Existence of participatory
framework and operational
guidelines

Potential to retrieve aquifer

Ammonium in groundwater

Ratio of income to expense

Water supply cost related to users income

Existence of water quality
standards

Uptake of
strategies/legislation
for environmental protection

Dependence of agricultural population on

water

The share of water costs from
production costs in the
agricultural sector

Land converted to agriculture

Water use by landscape

The extent of agricultural land
development

Number of quality monitoring
stations

Population exposed polluted
water

Productivity in terms of jobs
per m3

Intensive crop area

Total investment (private, state, development
agencies) in irrigation and drainage

Economic value of agricultural
and industrial water

Water sector share in total
public spending

Transparency in the realization of justice

Unaccounted for water (water
losses)

Price of water charged to
farmers for irrigation
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