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Extended abstract

Introduction

Sustainable water resources management in arid and semi-arid regions such as Iran is a critical challenge
for ensuring food security and environmental protection. While surface dams have traditionally been
effective, they face issues such as high evaporation, sedimentation, and ecological impacts, highlighting
the need for alternative solutions. Underground dams reduce water loss and preserve water quality, offering
significant potential for improving groundwater management. However, their implementation in Iran
encounters technical, social, economic, and institutional challenges. This study uses a grounded theory
approach to develop a practical management framework for underground dam implementation, aiming to
optimize water use while ensuring the long-term sustainability and efficiency of these infrastructures.

Materials and methods

This qualitative study was conducted using Strauss and Corbin’s grounded theory approach, involving 14
experts in watershed management and underground dams with at least 15 years of experience, selected
through purposive and snowball sampling. Data were collected via semi-structured interviews until
theoretical saturation was achieved. Analysis followed open, axial, and selective coding, resulting in 201
open codes, organized into 49 axial codes and 22 main categories. Data validity and reliability were ensured
through expert evaluation, coder agreement, and triangulation methods, leading to the development of a
final paradigmatic model for managing the implementation of underground dams.

Results and discussion

This study aimed to develop a paradigmatic model for the management of underground
dam implementation in Iran and to analyze the factors affecting project success, based on
Strauss and Corbin’s Grounded Theory approach. To achieve this, 14 experts and
executive managers with 15-35 years of experience, including faculty members and
senior managers of national natural resource organizations, participated in the study,
providing a diverse and robust basis for qualitative analysis. Through open coding, 201
initial concepts were identified, which, after organization into axial and selective codes,
led to the extraction of five core components of the paradigmatic model: causal
conditions, contextual conditions, intervening conditions, strategies, and consequences.
The causal conditions, including inefficiency of surface dams, threats to livelihoods, and
water security risks, acted as the main drivers for adopting underground dams, while
contextual conditions such as geological and site characteristics, technical specifications,
functional and economic capacities, and local experience created a supportive operational
environment for project implementation. Moreover, intervening conditions, including
policies, legal frameworks, operational challenges, social participation, and economic
justification, played a moderating role affecting the success of strategies and outcomes.
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Strategy analysis revealed that comprehensive planning, technological development,
stakeholder engagement, socio-economic decision-making, training and capacity-
building, adoption of innovative technologies, and resource management are critical for
achieving underground dam objectives, and coordinated implementation of these
strategies enhances management effectiveness, reduces risks, and improves water
resource sustainability. Finally, the consequences were identified across five domains:
water resource protection and sustainability, economic efficiency and technology
acceptance, sustainable agricultural development and water supply, ecological balance
and social impacts, and overall project sustainability, demonstrating that simultaneous
consideration of causal, contextual, and intervening factors along with coordinated
strategies is key to project success. Therefore, the extracted paradigmatic model explains
the dynamic interactions among factors and their effects on strategies and outcomes,
offering a robust framework for decision-making and policy planning in water resource
management in dry and semi-arid regions of Iran, while aligning with international
studies and contributing novel insights by integrating technical, managerial, economic,
and social dimensions and emphasizing the moderating role of intervening conditions and
economic consequences.

Conclusions

Underground dams in Iran can be considered a complementary, context-specific option whose success
depends on technical, social, economic, and institutional factors. Inefficiencies of surface dams and threats
to water security justify their use, while suitable geological conditions enable implementation. Strategies
such as comprehensive planning, technology development, stakeholder engagement, and education can lead
to sustainable water management, agricultural development, and economic resilience. This study provides
a paradigm model offering a framework for decision-making and management of underground dams,
serving as a foundation for future research and water resource planning.
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Table 2. An example of open coding

Original Text

Open Code

These structures are used for monitoring groundwater aquifers and water

resources.

Potential damage to downstream areas should be resolved through dialogue,

agreement, and compensation.

The water of underground dams is sufficient to provide drinking water.

In Qaleh Ganj, Kerman, and Khor Village, Hashtgerd, this structure has been
studied and implemented by the Watershed Management Research Institute.

Added value of the project in monitoring and
managing groundwater resources

Importance of conflict management through
dialogue and compromise

Capacity to ensure a sustainable drinking water
supply

Successful research and implementation in
domestic case studies

This method has generally been welcomed because it involves low construction Public acceptance due to the economic and

costs, low maintenance costs, and is protected from evaporation and pollution.
In the Azimieh mountains of Karaj, underground dams have been used for

irrigating vegetation through this technique.

technical advantages of the method

Application of underground dams in irrigating
vegetation in mountainous areas

We must coordinate with the Ministry of Energy, and existing problems should Role of inter-institutional coordination and expert

be resolved in expert meetings.

In some areas, the body of these structures is made of mortar, while in others

they are constructed with a clay core.

In one area, due to improper site selection and the contact of fresh water with

saline layers, the dam did not achieve the intended results.

The needs of each region differ from those of others and should be considered

separately in underground dam studies.

meetings in resolving implementation issues
Diversity of construction materials according to
regional conditions

Importance of precise site selection to prevent
water quality problems

Necessity of region-specific assessment and
planning based on local conditions
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Table 3. Axial and selective coding of causal conditions

Open Codes

Axial Code

Selected Code

« Severe siltation of surface dams reduces their efficiency.
« High evaporation rates in surface dams pose a challenge
in Iran's hot and arid climate.

 Leakage and water loss from surface dams deplete water 1. Inefficiency of Surface Dams

resources.
 Rapid sedimentation in surface dams reduces storage
capacity.

1. Inefficiency of Surface Dams
Constraints

« The construction cost of surface dams is high relative to
their returns.

* The economic efficiency of surface dams is low.

* Reduced economic and technical efficiency of surface
dams compared to investment costs.

2. High Costs and Low Eftficiency

« Surface dams lack sufficient durability and lifespan for ~ 3. Need for Sustainable and Low-

long-term water storage.

Cost Technology

! Causal conditions
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Open Codes

Axial Code

Selected Code

« Inability of surface dams to store sufficient water for
droughts.

« Limited capacity of surface dams to meet regional water
demands.

« Surface water scarcity reduces agricultural productivity. 4. Threat to Livelihood and

» Groundwater scarcity threatens the livelihoods of local
communities.

Agriculture

« Severe drought renders surface dams inefficient.

» Flash floods render surface dams inefficient.

« Arid climatic conditions and dispersion of surface water
resources.

* High evaporation and water loss from surface dams
during hot seasons.

2. Threat to Livelihood and Water
Resource Risks

5. Increased Risk of Water Crisis
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Table 4. Axial and Selective coding of contextual conditions

Open Codes

Axial Code

Selected Code

« Favorable characteristics for underground dams in
Kerman.

« Physical site conditions.

« Implementation of dams in arid/desert regions.

« Prevention of aquifer mixing.

» Connection of sub-surface flow to aquifers.
« Utilization of alluvial reservoirs with favorable

geology.
* Need for aquifers with adequate storage capacity.

1. Physical Site and Geological
 Appropriate site selection in the Knickline. Features

1. Suitable Site Characteristics and
Geology

« Importance of suitable topographical features for
storage capacity.

 Need for appropriate hydrological conditions and a
large upstream catchment area.

« Importance of sufficient quality and sustainability
of groundwater resources for successful
implementation.

2. Topographical and Hydrological
Features

« Importance of site technical features for water

3. Technical Features and Construction
retention. Materials

! Contextual conditions
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Open Codes

Axial Code

Selected Code

« Structural characteristics of underground dams
compared to surface dams.

« Favorable subsurface material properties for
adequate water yield.

* Need for appropriate structural technical features
for optimal water storage.

» Geometric features of the construction site to
optimize capacity.

* Necessity of a low slope (1-5%) to increase
reservoir capacity.

« Limited capacity of underground reservoirs
compared to surface reservoirs.

* Economic and technical constraints on structure
depth (10-30 meters).

2. Technical and Structural
Specifications of the Underground
Dam

4. Geometric and Capacity Features

« Flexibility of underground dam technology.

5. Functional and Economic

» Economic feasibility in water management in arid ~ Capabilities of Underground Dam

regions. Technology

« Application in coastal areas.

« Diversity of suitable implementation sites beyond
wadis and dry riverbeds.

« Diversity of construction materials adapted to
regional conditions.

3. Functional and Economic
Capabilities of the Technology

6. Spatial Diversity and Materials

« Application in Mountainous Area Irrigation.
« Traditional use in local communities.
« Origin and initial development context.
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7. Traditional Experience and Initial 4. Local Experience and Social
Development

Acceptance
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Table 5. Axial and Selective Coding of Intervening Conditions

Open Codes Axial Code Selected Code

» Macro-policy requirements for sustainable water management.

« The role of policymaking and government support.

* Legal framework for supporting watershed management and

water supply, prioritizing watershed management approach .

« Legal restrictions on wells, along with policies and executive

institutions. 1. Macro-Policies, Government
« Legal and environmental considerations. Support, and Laws
* Necessity of complying with regulations and obtaining

necessary permits.

« Challenges related to legal ambiguity, institutional

responsibilities, and the need for legal reform and governance

frameworks.

1. Policies and Legal-Managerial
Frameworks

 Environmental responsibility and pressure from international
institutions.

« Sustainable management of water resources.

* Management of water rights and preservation of environmental
rights.

* Ensuring water rights flows and resolving related conflicts.

« Environmental concerns and impending legal issues.

2. Environmental Requirements
and Water Rights

« Implementation constraints due to climate, scale, and

geographical conditions.

* Administrative bureaucracy and complexity of executive 3. Implementation and
processes. Geographical Constraints
« The role of inter-institutional coordination and expert meetings

in resolving implementation issues.

« Financial and economic constraints of the project.

» Economic constraints on project depth and related technical

limitations. 4. Economic and Technical
« Technical challenges regarding volume and structural stability. Constraints

« Technical methods to reduce water seepage in structures.

« Necessity of precise technical and scientific studies.

2. Implementation Challenges
and Project Constraints

* Risk of reduced downstream water rights and threat to water
resource balance.

« Risk of technical and specialized weakness.

« Risks arising from inappropriate site selection and negative side
effects.

* Regional differences in the environmental impacts of the
project.

5. Risks and Unintended
Consequences

« The role of civil, specialized institutions, and NGOs.

« The role of private institutions in meeting specific needs.

« The role of government institutions in supervision and

implementation. 6. Institutional Coordination

« Importance of inter-institutional and multi-stakeholder and Cooperation

interaction.

» Comprehensive management of challenges to enhance water 3. Institutional Interactions and
resource resilience. Social Participation
« Fostering a sense of ownership and responsibility, and

strengthening social participation.

« Ensuring water rights flows and resolving related conflicts. 7. Participation and Social

« The role of social conflict management. Acceptance

* Non-acceptance of underground dam projects.

« Social conflicts and water rights as serious obstacles.

« Successful experiences of project implementation in specific
areas with suitable conditions.

« Public preference for underground methods over surface
reservoirs.

« Technical and security superiority of dams in crisis conditions.

8. Successful Experiences and
Technical Superiority

» Economic and social prospects of the project (economic

feasibility and social aspects).

* Necessity of resolving legal issues and managing water rights 9. Economic and Social
while respecting stakeholders. Justification

« Existence of legal and social conflicts related to water flow and

water rights.

4. Technical and Economic
Justification of the Project

« Project acceleration and delay factors dependent on financial,

institutional, and political factors. 10. Project Acceleration and
* Legal demarcation and limitations on the entry of the Ministry Delay Factors

of Energy.
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Table 6. Axial and selective coding of strategies

Open Codes

Axial Code

Selected Code

« Importance of comprehensive planning and documentation to

prevent problems.

 Necessity of comprehensive planning and documentation to

prevent problems.

* Development and updating of technical documents.

* Need for comprehensive technical knowledge and studies.
* Balanced economic-social assessment of the project.

* Necessity of comprehensive studies on quantitative and
qualitative impacts.

1. Planning and
Documentation

« Optimal utilization of surplus water.
» Water flow management while preserving water rights.
* Resolution of water right conflicts.

* Need for control mechanisms and water flow management within

the structure.

« Ensuring flow of critical water rights in the design of the
structure.

« Creation of perched aquifers.

« Water injection into reservoirs from upstream.

« Strategies for enhancing aquifers and recharging related water

tables.

2. Water Flow and Resource
Management

1. Comprehensive Planning and
Project Management

* Necessity of risk management based on monitoring and phased

evaluation.

» Need for comprehensive economic and social analysis to evaluate

costs.

« Necessity of appropriate site selection to prevent negative
impacts on downstream flora and fauna.

« Evaluation of ecological and human limitations.

« Importance of comprehensive environmental impact assessment

prior to implementation.

* Necessity of evaluating and preventing negative environmental

impacts.

3. Risk Management and
Phased Monitoring

! Strategies
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Open Codes Axial Code Selected Code
« Importance of precise site selection to prevent water quality
issues.
« Importance of selecting sites with suitable geological structures
and avoiding negative impacts from salt formations. 4. Site Selection and
» Compatibility of materials and construction methods with Materials

geological and regional conditions.
« Use of novel and optimized materials and methods.
« Importance of precise geological and material studies.

* Necessity of technology for resource management and
evaporation reduction.

 Need for effective dam sealing to preserve stored resources.

* Design of structures with flow control.

* Necessity of design with impermeable materials.

« Dam bodies must be adjustable, allowing surplus water to pass
downstream to maintain water rights.

« Use of novel methods such as grouting, concrete walls, and soil
compaction.

« Leveraging novel construction technologies.

« Use of geophysical technologies to optimize site selection.

* Role of GIS and analytical technologies.

« Precise geometric modeling for optimal reservoir design.

2. Technology and Structure
Development

5. Structural Technology and
Flow Control

* Development and expansion of collaboration among universities,
government, and society in water resource management.

« Importance of local participation and support.

« Role of education and awareness in facilitating technology
acceptance among local communities.

« Fostering a sense of ownership and responsibility.

* Role of agreements and participation of operators.

* Role of operators in implementation and monitoring.

« Importance of stakeholder cooperation and commitment to
project preservation.

* Necessity of social participation and government support for
project success.

* Defining and securing local resource rights to gamer support.
* Respecting stakeholder rights and the social impact of the
project.

6. Institutional Cooperation 3. Stakeholder Engagement and
and Participation Collaboration

» Emphasis on economic and social aspects to ensure project

success.

« Precise determination of water uses for optimal planning.

« Precise determination of resources and consumption types for 7. Economic and Social 4. Economic-Social Decision-
sustainable management. Aspects Making and Planning

« Provision of strategies for sustainable water supply.

* Necessity of comprehensive economic and social analysis to

evaluate costs.

* Necessity of targeted training for key institutions.

« Role of education and awareness in facilitating technology 8. Education and 5. Education and Capacity
acceptance among local communities. Empowerment Building

« Fostering a sense of ownership and responsibility.

« Use of novel construction technologies.

« Use of geophysical technologies to optimize site selection.
 Leveraging new technologies to improve efficiency and reduce
costs.

« Use of novel methods such as grouting, concrete walls, and soil
compaction.

 Implementation of trenchless methods.

9. Novel Technologies and
Tools

6. Leveraging Novel

« Design of structures with flow control. Technologies and Optimization

» Dam bodies must be adjustable, allowing surplus water to pass

downstream to maintain water rights.

« Necessity of control mechanisms and water flow management 10. Structure Design and
within the structure. Water Control

« Ensuring flow of critical water rights in the design of the

structure.

* Necessity of design with impermeable materials.

 Continuous and specialized monitoring of groundwater
resources.
« Continuous monitoring of reservoir water level and quality.

« Balanced economic-social assessment of the project. 11. Monitoring and Resource

. . S Evaluation
« Evaluation of ecological and human limitations. K/.IControl and Modern Resource
« Importance of comprehensive environmental impact assessment anagement
prior to implementation.
* Necessity of technology for resource management and 12. Resource Management

evaporation reduction. and Technology
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Open Codes

Axial Code

Selected Code

* Need for effective dam sealing to preserve stored resources.
« Use of geophysical technologies to optimize site selection.
« Leveraging novel construction technologies.

« Use of novel methods such as grouting, concrete walls, and soil

compaction.

 Implementation of trenchless methods.

* Precise geometric modeling for optimal reservoir design.

« Importance of precise site selection to prevent water quality
issues
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Table 7. Axial and selective coding of consequences
Open Codes Axial Code Selected Code

« Qualitative protection of water resources and prevention of
pollution.

« Positive environmental impact of structures and benefits of
groundwater (reduced evaporation and storage).

* Role of underground dams in protecting clean water.

1. Qualitative and Quantitative 1. Protection and Sustainability
Protection of Water Resources of Water Resources

! Consequences
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Open Codes Axial Code

Selected Code

* Ability to precisely control and manage water resources through
the structure and desirable control of groundwater flow.
» Matching resource consumption with limited water capacity.

2. Sustainable Resource
Management and Flow Control

» Low environmental destructive effects and high ecological
compatibility of the structure.
* Reduction of environmental threats caused by surface structures.

3. Reduction of Negative
Environmental Impacts

« Reduction in construction and operational costs compared to
traditional methods.

« Positive economic effectiveness compared to other methods. Efficiency

4. Cost Reduction and Increased

» Economic and protective benefits of structures and economic

viability of the technology. 5. Acceptance and Economic
« Public acceptance due to the economic and technical advantages Viability

of the method.

2. Economic Efficiency and
Technology Acceptance

« Capacity for sustainable supply of drinking and livestock water

in arid regions. 6. Sustainable Supply of
« Optimal use of water resources for sustainable agricultural Drinking and Livestock Water
development.

3. Sustainable Agricultural

« Protection of farms and orchards through sustainable water .
ugh su W 7. Protection and Development

supply. .
* Supply of water resources for small industries in deprived ofdAgng ulture and Small
regions, Industries

Development and Water
Supply

« Creation of ecosystemic balance and preservation of water
rights.
 Improvement or creation of wildlife ecosystems.

8. Ecological Balance and
Preservation of Water Rights

 Environmental threats and risks, including degradation of
downstream ecosystems and negative impacts related to water

4. Ecological Balance and
Social Consequences

right management. 9. Negative Environmental and
* Negative consequences resulting from improper water right Management Consequences
management and the importance of effective water right

management.

« Positive economic, social, and security impacts of project

implementation.

« Impact of access to clean water on the social and economic 10. Resilience and Social
development of local communities. Development

« Increased social resilience through improved water resource

management.

« Strengthening coordination and cooperation among executive,  11. Institutional Cooperation
governmental, and local institutions. and Coordination

« Increased capability to manage water crises such as droughts and

floods.

« Improvement of sustainability and continuity of water resources 12. Crisis Management and
in the long term by reducing negative impacts. Long-term Sustainability

* Role of underground dams as a comprehensive and sustainable
solution for water resource management.

* Responding to water needs during low-precipitation periods.

« Supplying water appropriate for downstream needs and ensuring
sustainable resources for users.

» Development of local economic capacities through better
utilization of water resources.

« Improvement of the quality of life for residents in rural and
water-scarce regions.

« Importance of sustainable development and preservation of
natural resources in the long term.

13. Economic Benefits and
Regional Resilience

5. Project Sustainability and

* Better water efficiency through consumption control, pollution
reduction, and evaporation reduction.

« Higher effectiveness of underground structures and positive
mutual effects on upstream regions.

 Advantage of quality and interaction between surface and
underground dams, compatibility with natural ecosystems, and
diverse technical-environmental benefits.

« Importance of underground dams for reducing evaporation and
preserving water quality.

Structures

Comprehensive Management

14. Efficiency and Interaction of

* Restoration opportunities and sustainable management of water

resources associated with increased aquifer levels.

« Sustainable extraction based on surplus resources.

« Key objective of using the dam for flood management and 15. Restoration Opportunities
maintaining hydrological balance. and Resource Management

« Direct relationship between project dimensions and the intensity

of negative downstream consequences.

* High security of underground dams in crisis conditions.
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