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1. Introduction

Sustainable groundwater management entails a perspective that goes “beyond the aquifer,” creating a
framework in which all relevant linkages—including basin management, agricultural conditions, the
environment, and stakeholder participation—are considered. It encompasses a set of diverse yet unified
actions, such as balancing supply and demand, implementing effective monitoring measures, optimizing
stakeholder water use, and improving water governance structures. Groundwater subsystems are
inherently dynamic and constantly changing, and these changes will continue to affect water resources
in the future. Given the complex and dynamic nature of water systems, the effects of interventions
cannot be fully or precisely identified in the short or long term. Effective sustainable water management
requires methods that reduce uncertainties and address system complexities, which necessitates scenario
development and the exploration of possible and probable futures. Iran, in addition to having a dry and
fragile climate, holds a small share of the world’s freshwater resources. The decline of water resources
in recent years has accelerated, with approximately 404 out of 609 plains experiencing overexploitation.
Although national-level regulations and directives have been enacted for the protection and
management of groundwater resources, current conditions indicate that these laws have not succeeded.
While part of the water scarcity problem is due to climate conditions and recent droughts, evidence
shows that if this trend continues, significant challenges will arise. Therefore, formulating medium- and
long-term water resource management plans is essential, which requires assessing the current situation,
anticipating future scenarios, and identifying the relevant actors. In this context, the primary objective
of this study is to develop scenarios for sustainable groundwater management in the agricultural sector
of the Upper Karkheh Basin, using a foresight-based approach.

2. Methodology

In the context of scenario development, two major foresight schools exist: the Shell School (from the
1960s to the 21st century) and the La Prospective School (from the 1970s to the present). This study
was conducted within the framework of the La Prospective School, which is also referred to in some
studies as the Godet model. This approach uses structural analysis to examine driving forces and
develops scenarios based on them. It provides a standardized framework for analyzing all future-related
concepts. Key features of this school include a general framework, a normative approach, and a primary
reliance on quantitative, expert-driven methods for scenario development. In this research, the Ostrom
framework was employed to examine the sustainability of groundwater resources. In this model, the
sustainability of any concept is analyzed as a system composed of multiple interacting subsystems,
encompassing social, economic, environmental, and technological dimensions. Additionally, two
dimensions related to supply and demand were incorporated to complete the concept. While the original
model does not limit the number of participating experts, it emphasizes fewer but highly specialized
individuals. Accordingly, this study involved a sample of eleven expert specialists.

3. Results

Scenario One has the highest number of desirable potential conditions, with all eight components in a
favorable state. This scenario represents the most desirable future for the Kerkeh-olya basin, where
sustainable groundwater management will be achieved. Scenario Two has seven desirable potential
conditions and one condition in a growing state, representing 87.5% favorable and 12.5% growing
conditions. Like the previous scenario, it is considered favorable as it contains no critical components;
the only difference is that infrastructure development in deprived areas is in a growing state. Scenario
Three includes five desirable conditions and three in a growing state, representing 62.5% favorable and
37.5% growing conditions. Although three components—awareness of water scarcity, a somewhat
uncoordinated system with cooperative efforts, and the continued recruitment of experts and officials—
are in a growing state, the scenario is still considered desirable because the other components are
favorable. Scenario Four has four favorable and four growing conditions, a 50-50 distribution,
combining aspects of Scenarios Two and Three, and is also regarded as favorable. Scenario Five has
seven favorable conditions and one on the verge of crisis, with 87.5% favorable and 12.5% near-crisis
conditions. The near-crisis component relates to integrated basin management, where basin
management occurs within political boundaries; nevertheless, the scenario remains favorable. Scenario
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Six has six favorable conditions, one growing, and one near-crisis, totaling 75% favorable and 25%
combined growing and near-crisis conditions. This scenario also involves basin management within
political boundaries, includes one growing component similar to Scenario Four, and is considered
favorable, providing an ideal vision for the basin’s future. Scenario Seven has two favorable conditions,
four growing, and one critical, representing 37.5% favorable, 50% growing, and 12.5% critical
conditions. The critical component is that accessible irrigation water remains almost free, and the
growing components include top-down centralized management ignoring local participation,
recruitment of experts as usual, an uncoordinated system with cooperative efforts, and increasing
awareness of water scarcity; this scenario is intermediate, neither ideal nor critical. Scenario Eight has
two favorable conditions, five growing, and one critical, representing 25% favorable, 62.5% growing,
and 12.5% critical conditions. It is also classified as intermediate, with the critical component being the
continued distribution of irrigation water at minimal cost. The growing components include top-down
centralized management, ongoing recruitment practices, an uncoordinated but cooperative system,
increasing awareness of water scarcity, and infrastructure development in deprived areas. Scenario Nine
is the most critical scenario for the Kerkeh-olya basin, with only one favorable condition, three critical
components—including lack of infrastructure prioritization, free or nearly free irrigation water, and
absence of policies supporting non-agricultural entrepreneurship—and four growing components,
representing 12.5% favorable, 50% growing, and 37.5% critical conditions.

4. Discussion

The results of analyzing the key drivers affecting sustainable groundwater management in the study
area showed that there are eight critical drivers necessary for achieving sustainable groundwater
management in the Kerkeh-olya basin. These drivers represent the main areas that should be prioritized
in planning. Furthermore, based on the scenario development derived from these drivers, it was
determined that there are nine compatible scenarios and 301 incompatible scenarios, with Scenario Nine
being the most critical, featuring 12.5% favorable potential conditions, 25% near-crisis conditions,
62.5% critical conditions, and a volumetric weight of 494. Overall, the results indicate that if the first
four scenarios are realized, the study community will be in a favorable situation and groundwater
resources will remain sustainable, making these scenarios the most stable for the region. Considering
sustainability across five dimensions—economic, social, environmental, policy, and technological—
these scenarios position all strategies in an optimal state. Scenarios Seven, Eight, and Nine, due to the
presence of critical strategies, are classified as intermediate or critical scenarios, implying that if any of
these occur, sustainable groundwater management will not be achieved and the system will face
significant challenges. Among these, Scenario Nine is considered the most unstable and critical, as it
includes three critical strategies: water is distributed freely under current practices (policy imbalance),
rural communities face infrastructural challenges, and no new employment opportunities are created,
perpetuating unemployment and pressure on agriculture (economic imbalance). If Scenario Nine
occurs, infrastructure development for attracting investment will not be prioritized (economic
dimension), negatively affecting the performance of non-agricultural job creation in rural areas
(economic dimension). Additionally, the failure to prioritize this strategy would hinder successful
implementation of watershed management activities, further spreading instability throughout the
system. Each critical strategy has cascading effects on other components, amplifying system-wide
instability. Therefore, strategic measures must be developed that align with the eight key components,
covering all critical areas effectively. In this stage, strategies were formulated based on the STEEP
analytical framework across five domains—social, technological, economic, environmental, and
political—fully aligned with the research findings. These strategies are described in detail in the
following sections.

5. Conclusion

In conclusion, the study highlights that sustainable groundwater management in the Kerkeh-olya basin
is a complex, multi-dimensional challenge that requires simultaneous attention to economic, social,
environmental, technological, and policy-related factors. The analysis of key drivers and scenario
development demonstrates that only certain combinations of conditions—represented by the first four
scenarios—can ensure favorable and sustainable management outcomes, while scenarios with critical
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or near-crisis elements, particularly Scenario Nine, pose significant risks to system stability. The
findings emphasize the importance of prioritizing integrated strategies that address infrastructure
development, efficient water allocation, employment generation, and watershed management, while
maintaining stakeholder participation and effective governance. Ultimately, sustainable groundwater
management cannot be achieved through isolated actions; it requires coordinated, proactive, and
adaptive approaches that consider the interconnections among all subsystems, ensuring long-term
resilience of water resources and the socio-economic well-being of rural communities.
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