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Advancing Sustainable Water Governance in Agriculture: Insights from a
Delphi Study in Iran’s Lake Urmia Basin
Latif Haji', and Negin Fallah Haghighi'*
Abstract

Ul 2015 GIEIck, 201%)] At the core of these problems lies weak water governance, resulting

from complex interactions between human and natural factors (Pavon ef al., 2018; Bijani ef al.,
2020; Haji et al., 2024). Deficiencies in institutional frameworks and management structures

further hinder effective responses to these challenges (Nabiafjadi ez a/., 2025). Generally, there
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is a common belief that water problems arise more from poor governance than from absolute
scarcity (Badisar er al., 2020).

In contrast to this situation, desirable water governance, emphasizing multilateral decision-
making and active collaboration among all stakeholders, provides an appropriate platform to
resolve conflicts and harmonize competing interests (Tatar ez al., 2019; Bell & Scott, 2020;
Melnychuk & de Log, 2020). Water governance is a comprehensive concept that encompasses
social, political, economic, and managerial systems aimed at the sustainable development and
management of water resources through the participation of formal and informal stakeholders
(Pahl-Wostl et al, 2010). This approach mandates cooperation across three dimensions:
vertical cooperation coordinates policies across governmental levels; horizontal cooperation
ensures interaction between public and private sectors; and territorial cooperation addresses
cross-boundary management issues across different regions (Moss & Newig, 2010; Varis et
al., 2014; Bryson et al., 2015; Lukat et al., 2023; Zhou et al., 2025).

Within the governance literature, the design of models to create suitable platforms for effective
water governance has been extensively discussed (de Boer et al., 2016; Garcia et al., 2019;
Zhou et al., 2025). However, these approaches face multiple practical challenges, including
population growth, climate change, and political complications (Uhlendahl ez a/., 2011; Zhou
et al., 2025). Similarly, water governance in Iran, especially at the local level, is not exempt

from these challenges due to its unique characteristics (Mirzaei et al., 2017). As uniform

solutions for water issues do not exist globally, responses must be tailored to local contexts,

particularly in developing countries (OECD, 2015). _

1.1 Delphi Method Design

The Delphi approach is a widely used communicative method among experts, especially in
environmental sciences like water resources (Assubayeva ef al., 2022). It is a structured
technique involving multiple rounds of surveys aimed at achieving consensus or identifying
disagreements among panel members in the face of high uncertainty and limited information

(Avella, 2016; Assubayeva et al., 2022). Studies utilizing the Delphi method strive to develop
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a shared understanding of complex issues (Belton ez a/., 2019). By analyzing experts' collective
judgments, Delphi contributes to the development of indicators and the validation of specific
outcomes (Chan, 2022). The Delphi method is fundamentally qualitative, focusing on the
explanation and understanding of complex concepts; however, quantitative applications also
exist, aimed at testing and validating findings. For instance, within positivist paradigms, Delphi
can assist in testing general theories and hypotheses (Assubayeva, 2021; Avella, 2016).
Conversely, interpretive studies employ Delphi to develop frameworks and theories
(Assubayeva, 2021). A distinctive feature of the Delphi method compared to conventional

surveys is its structured, iterative nature incorporating feedback rounds, which enables
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precipitation, supplying agricultural and drinking water needs for surrounding communities.
Over five million people inhabiting more than 36 cities and 3,150 villages directly depend on
these water resources (Hamidi ez a/., 2021). Facing ongoing water challenges, this northwestern
Iranian basin exemplifies critical issues related to water scarcity and resource mismanagement.
Urmia Lake, with an average depth of 16 meters, a length of 140 kilometers, and a width of
about 55 kilometers, is one of the world's largest saline lakes (Zoljoodi & Didevarasl, 2014).
Its water level decline has increased salinity to approximately 300 grams per liter, adversely
affecting aquatic species (Schulz ez al., 2020). Between 2000 and 2020, the lake lost about 45%

of its surface area and 85% of its volume due to climate change, excessive water withdrawals,
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reduced surface inflows, agricultural expansion, and dam construction (Schulz et al., 2020;
Sima et al., 2021). High-water-demand crops have quadrupled regional water consumption,
with agriculture accounting for 90% of water use in the basin (Research Center of Iran’s
Parliament, 2021).

Recently, exposed salt flats from the lake bed have generated harmful dust storms affecting
public health and agricultural productivity (Hamidi ef a/., 2021). Continued drying threatens
severe social, environmental, and ecological consequences for the region (Heydari & Jabbari,
2012). One of the most important programs of the Iranian government to address this situation
was the Urmia Lake Restoration Program (ULRP). This program was approved in 2013 with
an estimated cost of 7 billion US dollars and in cooperation with the Ministry of Energy, the
Ministry of Agricultural Jihad, the Ministry of Interior, the Iranian Planning and Budget
Organization, and Sharif University of Technology to implement integrated solutions in the
field of lake basin management (Hamidi ef a/., 2021; Sima et al., 2021). Since 2013, the Urmia
Lake Restoration National Committee (ULRNC) has been trying to reach ecological levels over
a 10-year period through inter-basin water transfers and a 40% reduction in agricultural water
consumption (Sima ef al., 2021). Despite substantial investment, the Research Center of Iran’s
Parliament (2021) reported limited progress in resolving the lake’s water crisis. One of the
primary reasons for the lack of success in water governance projects within the Lake Urmia
basin is the absence of prioritization based on project effectiveness and the consequent
misallocation of funds. This issue is compounded by inadequate cooperation among
responsible organizations, insufficient monitoring and oversight of allocated budgets, and the
overall failure to achieve a fundamental change in agricultural and service patterns across the
watershed. Furthermore, the projects suffer from a lack of capacity-building tailored to regional

needs and unrealistic goal-setting that disregards local and national conditions.
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Figure 1. Geographical scope of the research, showing the hydrological
boundary of the Lake Urmia Basin, elevation ranges, provincial
boundaries, and the location of Lake Urmia within Iran.

2.Research Method

2.1. Research Design

This research was designed with a mixed approach (qualitative-quantitative) and following the
interpretivist paradigm. Designed with an applied objective, the study examines and analyzes
issues related to water governance in the agricultural sector of the Lake Urmia basin. Data
collection and analysis conducted using a descriptive-exploratory method, leveraging both
qualitative and quantitative techniques to gain a deeper understanding of complex challenges.

The results aim to inform improved policymaking and resource management strategies.

2.2. Determining the Statistical Population and Sampling

Selecting the appropriate participants is a crucial process that requires special attention. The
chosen experts should be educated and creatively motivated individuals who are capable of
critical thinking and employing strategic approaches, while also respecting diverse perspectives
(Toumbourou, 2020). Since the goal is to reduce subjective judgments, group bias, and
homogeneity bias (Bonaccorsi ef al., 2020), panel members should be representative of the
diversity of stakeholders related to the research topic. Therefore, the statistical population of

this study includes experts and specialists in various fields such as ‘“Natural Resources

5
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Engineering”, “Water Resources Engineering”, “Rural Development”, “Agricultural Extension

and Education”, and “Agricultural Economics”.

Researchers believe that the reliability of the Delphi method is considered more dependent on
the scientific credibility of participants than on their number; hence, a panel size ranging from

5 to 20 experts is deemed sufficient (Okoli & Pawlowski, 2004; Manoliadis et al., 2009).

Academic specialist Organizational expert Local expert

Expert groups

Distribution of Delphi panel members
S = N W A

® Natural Resources Engineering “ Water Resources Engineering
® Rural Development B Agricultural Extension and Education

® Agricultural Economics

| ‘
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2.3. Designing the Delphi Questionnaires

The Delphi method implementation in the present study followed a structured process. After
identifying panel members, multiple rounds of the Delphi surveys were conducted, with
questionnaires distributed and collected accordingly. Three rounds of surveys using the
designed Delphi method were carried out from early January to late March 2025. The
questionnaires for each round were distributed and gathered both in person and electronically.
In the first round, an open-ended question titled “Requirements for Sustainable Water
Governance in the Agricultural Sector of the Urmia Lake Basin” was posed to panel members.
They were asked to provide their opinions and ideas regarding indicators of sustainable water
governance in this basin. As a result, the experts proposed a total of 90 indicators. Following a
data screening process that removed duplicates and marginal items, 63 indicators were selected
for further analysis (Table 1). The second round involved a closed-ended questionnaire wherein
panel members evaluated the importance of the proposed concepts from the first round using a
5-point Likert scale (ranging from very high importance to very low importance) (Table 2).
This stage aimed to familiarize respondents with each other’s viewpoints and measure the
degree of consensus on each item. All panel members participated, and the collected data were
analyzed using SPSS software. Central tendency measures (means) and dispersion indices
(standard deviations) were employed. Indicators with an average score below 3 were excluded
from further analysis due to their low significance (Goodarzi et al., 2017). The third round was
designed to achieve consensus. A new questionnaire was developed featuring dichotomous
questions (1 = agree, 2 = disagree) based on the concepts from round two. Each participant’s
score and the group’s mean score for each specific indicator were provided to respondents,
allowing them to compare their views with those of other panel members. This feedback
enabled individuals to revise or reaffirm their positions if desired. Finally, to enhance clarity,

the sustainable water governance indicators were categorized into broader factors (Table 3).

2.4. Validity and Reliability
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3. Findings
3.1. Results of the First Delphi Round
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244  Table 1, was calculated based on the number of panel members who mentioned that indicator
245  or its similar versions. This approach represented expert consensus, and provides a reliable
246  basis for subsequent rounds of the Delphi study.

247 Table 1. Indicators extracted from the first Delphi round.

No. Indicator Frequency
1 Raising the awareness of activists regarding the civil rights and duties related to the water crisis 16
2 Linking agricultural policies with water sustainability goals (change in policymaking structure) 16
3 Formulation and revision of comprehensive and expert-based laws 16
4 Basin-level water management instead of provincial-level 15
5  Reforming the cultivation patterns according to available water resources 15
6  Establishment of water councils composed of various stakeholder representatives for long-term 15

governance
7  Guiding and encouraging farmers toward sustainable agricultural practices (organic farming, shifting 15
cultivation pattern, etc.)
8  Justice-oriented water utilization (organizing water rights) 14
9  Strengthening research and innovation for water and agricultural sustainability 14
10 Development and extension of sustainable and modern agricultural techniques (drought-resistant 14
varieties and new irrigation methods)
11 Public access to information and data on the quantity and quality of water resources 14
12 Organizing festivals and local events to raise ecological awareness 13
13 Rehabilitation and creation of appropriate water infrastructure to reduce water losses 13
14  Extension of smart irrigation and precision agriculture through awareness campaigns 13
15  Transparent periodic reporting on the status of water and agricultural resources 13
16  Establishing continuous monitoring and assessment systems to supervise changes and the status of 12
water resources (flow and consumption)
17  Accountability of institutions responsible for water and agriculture affairs 12
18  Utilizing smart technologies to control water withdrawal 12
19  Recycling and reusing agricultural wastewater 12
20  Employing advanced models to simulate water resource behavior and predict the effects of climatic 12
and human changes
21  Formation of a decision-making committee for Lake Urmia involving local, provincial, and national 12
actors (for urgent and short-term actions)
22 Identifying and prioritizing stakeholders with clear definitions of roles and responsibilities 12
23 Strengthening NGOs to advocate for Lake Urmia’s water resource protection 12
24 A reasonable view toward self-sufficiency 12
25  Virtual water management 12
26  Planning according to land preparation (agriculture proportional to climate) 12
27  Environmental taxation on excessive water consumption 11
28 Reforming water pricing structure based on actual costs 11
29  Creating educational and extensional content for the public 11
30 Developing legal frameworks and executive guarantees 11
31 Establishing sustainable livelihoods compatible with water resources at the Lake Urmia basin scale 10
(income diversification)
32 Preventing unauthorized water harvesting 10
33 Participatory water management models led by farmers (e.g., formation of farmers’ associations) 10
34 Utilizing the capacity of elites in decision-making related to water and agriculture 10
35 Planning for adaptation to climate change 10
36  Extension of sustainable consumption behaviors and reduction of excessive water use among the 10
exploitable community
37 Consolidation and integration of agricultural lands for sustainability initiatives 10
38  Expansion of financial and credit facilities for farmers 10
39  Enhancing collaboration between universities, research institutions, and user communities 9
40  Encouraging cooperation among basin countries for common resource management 9
41  Reducing cultivation on water-stressed lands 9
42 Developing specific plans for water resource management during drought periods 9
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43  Formulating a comprehensive document for water resource management (climatic, social, geological 9
dimensions, etc.)
44  Utilizing indigenous knowledge of farming communities in water resource management 9
45  Employing skilled and efficient managers in the water and environmental sectors 8
46  Regulating water use based on real agricultural needs and resource status (demand management) 8
47  Simplifying and effective laws for local communities 8
48 Developing appropriate legal frameworks 8
49  Institutional arrangements for consensus-building in decision-making to reduce conflicts 8
50  Use of unconventional water resources (saline water and urban wastewater) 7
51  Establishing information and data banks for decision-making 7
52 Utilizing GIS and remote sensing for mapping agricultural water resources 7
53  Creating mechanisms for inter-organizational coordination to reduce duplication and conflicts 7
54 Policies justifying shared benefits as incentives for participation 6
55  Establishing specialized consulting centers for farmers 6
56  Developing mechanisms for sharing cultural and scientific information among stakeholders 5
57 Implementing watershed management projects in mountainous areas to preserve surface waters 5
58 Implementation of environmental impact assessment for agricultural and water supply projects 5
59  Strengthening the culture of trust in official institutions 5
60 Measurement of crop yield per cubic meter of water consumed (water productivity) 4
61 Resilience to Changes 4
62  Monoculture farming 4
63  Preservation of plant residues in soil 4
248
249  3.2. Results of the Second Delphi Round
250 In this round of the Delphi technique, the remaining indicators from the first phase, along with
251 the new indicators suggested by the expert panel, were presented in a questionnaire using a
252 five-point Likert scale, where 1 indicated very low importance and 5 indicated very high
253 importance. Experts were asked to evaluate the importance of each identified indicator. The
254 results of this phase are shown in Table 2, where indicators with higher mean scores received
255 higher ranks. In line with common practice in Delphi studies, the midpoint of the scale was
256 used as the cut-off point for determining importance. Therefore, a value of 3 was considered
257 the threshold, as values below this level indicate insufficient expert support for an indicator
258 (Hsu & Sandford, 2007; Hasson ez al., 2000). Given the exploratory nature of the study, using
259 this threshold helped prevent the premature removal of potentially meaningful indicators while
260 ensuring that only those with at least a moderate level of agreement were retained for further
261 analysis. Consistent with previous literature, a mean score of >3 was applied as the criterion
262 for keeping indicators (Gaji¢ & Palcic, 2019; Weerawardhana et al., 2022). No indicator fell
263 exactly at the threshold value. In cases where indicators had the same mean score, the standard
264 deviation was used as an additional ranking criterion; specifically, indicators with lower
265  standard deviation received higher ranks. Based on these criteria, indicators with a mean score
266 below 3 were removed from the list of sustainable water governance indicators in the
267 agricultural sector. In total, 51 indicators advanced to the third phase (Table 2).
268
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269  Table 2. Ranking of sustainable water governance indicators in the second Delphi round
270  (number of respondents: 17).

Rankin Indicator Mean Stal}da.rd
g Deviation
1 Raising the awareness of activists regarding the civil rights and duties related to the water crisis 4.63 0.500
2 Linking agricultural policies with water sustainability goals (change in policymaking structure) 4.59 0.507
3 Establishment of water councils composed of various stakeholder representatives for long-term governance 4.56 0.512
4 Guiding and encouraging farmers toward sustainable agricultural practices (organic farming, shifting 4.56 0.512

cultivation pattern, etc.)
5 Formation of a decision-making committee for Lake Urmia involving local, provincial, and national actors 4.53 0.514
(for urgent and short-term actions)
6 Development and extension of sustainable and modern agricultural techniques (drought-resistant varieties 4.53 0.514
and new irrigation methods)
7 Basin-level water management instead of provincial-level 4.53 0.514
8 Public access to information and data on the quantity and quality of water resources 4.53 0.624
9 Reforming the cultivation patterns according to available water resources 4.50 0.516
10 Transparent periodic reporting on the status of water and agricultural resources 4.50 0.516
11 Identifying and prioritizing stakeholders with clear definitions of roles and responsibilities 4.50 0.516
12 Strengthening NGOs to advocate for Lake Urmia’s water resource protection 4.47 0.514
13 Extension of smart irrigation and precision agriculture through awareness campaigns 4.47 0.514
14 Strengthening research and innovation for water and agricultural sustainability 4.47 0.514
15 Formulation and revision of comprehensive and expert-based laws 4.47 0.514
16 Establishing continuous monitoring and assessment systems to supervise changes and the status of water 4.47 0.624
resources (flow and consumption)
17 Justice-oriented water utilization (organizing water rights) 4.44 0.512
18 Rehabilitation and creation of appropriate water infrastructure to reduce water losses 4.44 0.629
19 Organizing festivals and local events to raise ecological awareness 4.41 0.507
20 A reasonable view toward self-sufficiency 4.41 0.507
21 Developing legal frameworks and executive guarantees 4.41 0.507
22 Participatory water management models led by farmers (e.g., formation of farmers’ associations) 4.38 0.500
23 Utilizing smart technologies to control water withdrawal 4.35 0.493
24 Virtual water management 4.33 0.488
25 Planning according to land preparation (agriculture proportional to climate) 4.31 0.873
26 Environmental taxation on excessive water consumption 4.24 0.437
27 Reforming water pricing structure based on actual costs 4.24 0.437
28 Accountability of institutions responsible for water and agriculture affairs 4.24 0.664
29 Developing specific plans for water resource management during drought periods 4.24 0.664
30 Planning for adaptation to climate change 4.19 0.544
31 Formulating a comprehensive document for water resource management (climatic, social, geological 4.18 0.393
dimensions, etc.)
32 Utilizing the capacity of elites in decision-making related to water and agriculture 4.18 0.529
33 Consolidation and integration of agricultural lands for sustainability initiatives 4.18 0.636
34 Establishing sustainable livelihoods compatible with water resources at the Lake Urmia basin scale (income 4.12 0.781
diversification)
35 Recycling and reusing agricultural wastewater 4.12 0.857
36 Establishing information and data banks for decision-making 4.06 0.748
37 Employing advanced models to simulate water resource behavior and predict the effects of climatic and 4.06 0.854
human changes
38 Extension of sustainable consumption behaviors and reduction of excessive water use among the 4.00 0.791
exploitable community
39 Reducing cultivation on water-stressed lands 4.00 0.816
40 Enhancing collaboration between universities, research institutions, and user communities 4.00 0.845
41 Creating educational and extensional content for the public 3.94 0.827
42 Implementation of environmental impact assessment for agricultural and water supply projects 3.94 0.966
43 Preventing unauthorized water harvesting 3.94 1.088
44 Utilizing indigenous knowledge of farming communities in water resource management 3.88 0.806
45 Expansion of financial and credit facilities for farmers 3.88 0.857
46 Regulating water use based on real agricultural needs and resource status (demand management) 3.82 0.728
47 Encouraging cooperation among basin countries for common resource management 3.76 0.752
48 Employing skilled and efficient managers in the water and environmental sectors 3.75 0.697
49 Simplifying and effective laws for local communities 3.71 0.683
50 Utilizing GIS and remote sensing for mapping agricultural water resources 3.53 0.772
51 Institutional arrangements for consensus-building in decision-making to reduce conflicts 3.23 0.895
271

11
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3.3. Results of the Third Delphi Round
_ Table 3 presents all indicators that met this consensus threshold, demonstrating their
applicability for future studies and reflecting broad agreement among the panel experts

12
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Table 3. Percentage of agreement on sustainable water governance indicators in the third

Delphi round (number of respondents: 14).
Component Ranking Indicator Agreement
1 Establishment of water councils composed of various stakeholder representatives for long-term 100
§ governance
T E 2 Formation of a decision-making committee for Lake Urmia involving local, provincial, and national 92.9
s 2 E actors (for urgent and short-term actions)
£ 8% 3 Identifying and prioritizing stakeholders with clear definitions of roles and responsibilities 85.7
E E_ E‘ 4 Strengthening NGOs to advocate for Lake Urmia’s water resource protection 84.6
% S < 5 Participatory water management models led by farmers (e.g., formation of farmers’ associations) 78.6
s 2 % 6 Utilizing the capacity of elites in decision-making related to water and agriculture 78.6
= = b= 7 Enhancing collaboration between universities, research institutions, and user communities 76.9
g 8 Encouraging cooperation among basin countries for common resource management 71.4
9 Institutional arrangements for consensus-building in decision-making to reduce conflicts 71.4
1 Raising the awareness of activists regarding the civil rights and duties related to the water crisis 100
.2 s = 2 Guiding and encouraging farmers toward sustainable agricultural practices (organic farming, 92.3
g 5 = E ] shifting cultivation pattern, etc.)
S EE .g =2 3 Extension of smart irrigation and precision agriculture through awareness campaigns 85.7
] g E‘ g § E 4 Organizing festivals and local events to raise ecological awareness 78.6
= «E % 2 En = 5 Creating educational and extensional content for the public 71.4
Cl- 6 Extension of sustainable consumption behaviors and reduction of excessive water use among the 71.4
exploitable community
1 Development and extension of sustainable and modern agricultural techniques (drought-resistant 100
\ E varieties and new irrigation methods)
® £ g 2 Utilizing smart technologies to control water withdrawal 92.9
< . £ 3 Strengthening research and innovation for water and agricultural sustainability 85.7
z E : 4 Rehabilitation and creation of appropriate water infrastructure to reduce water losses 84.6
= *E 2 5 Recycling and reusing agricultural wastewater 78.6
- ; 6 Employing advanced models to simulate water resource behavior and predict the effects of climatic 76.9
5 and human changes
7 Reducing cultivation on water-stressed lands 71.4
. 1 Public access to information and data on the quantity and quality of water resources 100
4 2 Transparent periodic reporting on the status of water and agricultural resources 100
'g = 3 Establishing continuous monitoring and assessment systems to supervise changes and the status of 92.9
25 E water resources (flow and consumption)
E ? '-:l: 4 Accountability of institutions responsible for water and agriculture affairs 85.7
= &= 5 Developing specific plans for water resource management during drought periods 78.6
g é § 6 Formulating a comprehensive document for water resource management (climatic, social, 78.6
= =] geological dimensions, etc.)
= E 7 Establishing information and data banks for decision-making 78.6
E 8 Utilizing GIS and remote sensing for mapping agricultural water resources 76.9
9 Implementation of environmental impact assessment for agricultural and water supply projects 76.9
1 Linking agricultural policies with water sustainability goals (change in policymaking structure) 100
g 2 Basin-level water management instead of provincial-level 100
% 3 Reforming the cultivation patterns according to available water resources 100
i 4 A reasonable view toward self-sufficiency 92.9
o9 5 Virtual water management 92.9
E 6 Planning according to land preparation (agriculture proportional to climate) 92.3
e 7 Environmental taxation on excessive water consumption 85.7
4 8 Reforming water pricing structure based on actual costs 85.7
'z 9 Planning for adaptation to climate change 85.7
‘g 10 Consolidation and integration of agricultural lands for sustainability initiatives 84.6
= 11 Establishing sustainable livelihoods compatible with water resources at the Lake Urmia basin scale 78.6
E (income diversification)
£ 12 Preventing unauthorized water harvesting 78.6
%” 13 Utilizing indigenous knowledge of farming communities in water resource management 78.6
= 14 Employing skilled and efficient managers in the water and environmental sectors 71.4
15 Regulating water use based on real agricultural needs and resource status (demand management) 71.4
. - 1 Formulation and revision of comprehensive and expert-based laws 100
é ?E < B = -:—’D 2 Justice-oriented water utilization (organizing water rights) 85.7
c32 ; g f‘-; 3 Developing legal frameworks and executive guarantees 85.7
»5 § g =" 5 4 Expansion of financial and credit facilities for farmers 76.9
2 5 Simplifying and effective laws for local communities 76.9

For clearer and more practical presentation of results, indicators with over 70% agreement were

categorized into six overarching factors with similar characteristics. These factors include

“establishment and development of participatory structures,’

9

13

“education, extension, and
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Sustainable water governance in the agricultural sector of the Lake Urmia basin requires an

‘integrated basin-oriented policymaking” approach. _

o

such as misaligned development priorities, self-sufficiency pressures, and market-driven
cropping decisions, underscore the need for revising cropping patterns based on actual water
availability, climate conditions, virtual water considerations, and land-use planning tools.

Complementary measures such as establishing fair water pricing mechanisms, enforcing

programs that stabilize livelihoods and reduce reliance on unauthorized wells. Additional
priorities include land consolidation, diversification of income sources at the basin scale, and

strengthening managerial ~capacity within water and environmental institutions}

2

“Establishment and development of participatory structures” emphasize the importance of
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-. Accurate stakeholder identification and clear role distribution further minimize
institutional overlap and potential conflicts. Supporting NGOs through capacity building,
resource provision, and dedicated dialogue platforms strengthens community oversight and
encourages civil society participation in governance. Farmer-led associations also play a
critical role by integrating indigenous knowledge and enhancing local ownership of water

management initiatives. Knowledge exchange through university—community partnerships and

international cooperation projects enriches the governance process by linking scientific

research with practical expertise. Nevertheless, polifical “and institutional “barriers may

“Institutional monitoring, transparency, and accountability” form another critical dimension of
sustainable water governance in the Lake Urmia basin. Public access to reliable water data and

consistent reporting builds the foundation for informed decision-making and trust among

stakeholders. Developing integrated monitoring systems, such as basin-wide data dashboards,

oversight and reduces inefficiencies. Technological tools, including GIS and remote sensing,

can significantly improve the accuracy of monitoring water extraction and allocation.
Furthermore, drought management strategies must transition from reactive measures to
proactive planning based on climate scenarios and risk assessments. Strengthening
accountability mechanisms through clear institutional responsibilities and comprehensive
management plans helps reduce conflicts and ensures more consistent policy implementation.

Environmental impact assessments also play a key role in aligning agricultural development

with ecological preservation. However challenges persist. including limited" data-sharing

“Innovative sustainability-oriented directions” strategies provide additional opportunities for

optimizing water use in agriculture within the Lake Urmia basin_
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-. The use of simulation models enables policymakers to better predict climate impacts
and evaluate the consequences of different water management scenarios. Infrastructure
rehabilitation, including repairing irrigation canals and updating aging water-delivery systems,
can reduce conveyance losses. Similarly, promoting wastewater recycling and reuse in
agriculture contributes to resource diversification and reduces pressure on freshwater supplies.
Reducing cultivation in highly stressed areas is also essential to ensure long-term ecosystem
stability. Practical strategies for implementation include farmer training programs, investment
in the development of smart water technologies, strengthening applied research institutions,

prioritizing infrastructure rehabilitation based on hydrological assessments, and creating

incentives for treated wastewater use. Wefi high'investment costs. limited adoption among

“Education, extension, and the development of sustainable agricultural practices” constitute
another essential pillar of water governance in the Lake Urmia basin. Effective governance
requires improving the knowledge, attitudes, and behaviors of farmers and other stakeholders
regarding sustainable water use. Beyond increasing technical capacity, educational initiatives
should incorporate cultural and social dimensions to foster long-lasting behavioral change.
Training programs focusing on precision agriculture, smart irrigation, and environmentally
responsible farming practices can significantly reduce water withdrawals. Culturally relevant
communication efforts, such as local events, festivals, and multimedia content adapted to
regional dialects, strengthen the sense of community responsibility toward water resources.

Encouraging sustainable consumption patterns further supports water conservation goals.

“Justice-centered, rule of law and legal strategies” are fundamental for ensuring equitable and
sustainable water governance in the Lake Urmia basin. Revising and strengthening water-
related legislation to reflect regional environmental and socio-economic realities provides the
foundation for effective governance. Equitable water allocation safeguards the rights of
vulnerable farmers while promoting efficient use across agricultural systems. Achieving this

requires clear legal frameworks, transparent enforcement procedures, and mechanisms to
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prevent overextraction. Financial and credit facilities targeted at smallholder farmers help
reduce economic barriers to adopting water-saving technologies. Simplifying legal procedures
and communicating them effectively can enhance compliance and promote broader
participation. Key actions include establishing expert legal working groups to review and
reform existing legislation, launching awareness campaigns to emphasize justice in water

distribution, improving water rights registration systems, and developing flexible financing

mechanisms tailored to farmers” needs. Persistent barriers. such as weak enforcement capacity,

5. Conclusions

eI EoVeTanceN N NeNAKCNURTIANDASI The key identified components,

29 ¢¢

including “establishment and development of participatory structures,” “education, extension,

99 Cey

and development of sustainable agricultural practices,” “innovative sustainability-oriented
directions,” “institutional monitoring, transparency, and accountability,” “integrated basin-
based policymaking,” and an emphasis on “justice-centered, rule of law and legal strategies,”
provide a comprehensive framework for designing an effective governance system. These
components, as a multidimensional and complex foundation, indicate that water governance is
not merely a technical issue but requires a holistic and integrative perspective encompassing
social, political, and environmental dimensions. Moreover, this research, utilizing the Delphi
technique and converging expert views, elucidates the complex governance challenges within
the geographic scope of the study and clarifies its fundamental obstacles. These challenges
include the translational and imitative approach to water resource management models
incompatible with local conditions, the exacerbating impact of populist policies on the water
crisis, the limited role of the public in the decision-making process, and the misalignment of
development patterns with the region’s hydrological realities. These issues further emphasize
the necessity of a comprehensive approach that engages all stakeholders, pays particular
attention to localizing solutions, and enhances the interaction between government and civil
society. Accordingly, success in integrated water resources management in the Lake Urmia
basin requires policy alignment with the region’s environmental and social characteristics and

the strengthening of institutional and human capacities, which can constitute an effective step
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toward addressing water crises and ensuring the sustainability of the region’s sensitive

o
o
=}
7]
<
2]
“a
5
\

validity of ‘the findings. Third, the extracted indicators have not been empirically tested;

therefore, field evaluation and piloting of the indicators in real water management conditions
can clarify their applicability. Finally, the limitation of the research to the Lake Urmia basin
limits the generalizability of the results, and conducting similar studies in other basins can help

identify common or specific indicators.
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