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Table 1- Profile of the expert panel members

(Frequency
/People)

Agricultural Extension and Education 2
Field of expertise Rural Development 2
Water Resources Management 8
Agricultural Economics 6
Climate and Meteorology 6
Hydraulic Structures 10
Agricultural Jihad 4
Science, Research and Technology 6
Environmental Protection Organization 5
Ministry/ Water and Power organization 15
Organization Forests, Rangelands and Watershed Management Organization 4
Gender Male 27
Female 7
Education M.Sc. 13
Phd. 21

Average work 10/15(year)

experience
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Table 2- List of driving forces of water security in the agricultural sector

T ] T
Driving force < Driving force < Driving force <
- - -
Infrastructu_re capacity for Empowerment and Upstream surface and
volumetric delivery & R "
L . J participation of local F groundwater exploitation A
optimized agricultural water L
L 2 communities and NGOs status
distribution
QOil field development and K Watershed water reallocation G Climate change and drought B
impacts on water resources management conditions
Incentive and punitive Strengthening of local water Development of water
policies for optimal water L governance & integrated H recycling and recovery C
management water management systems
Review and optimization of Pollution control (chemical, . Optimal alfeeationot
. M . I environmental water (wetlands D
watershed cropping pattern human, oil-related, etc.)
& ecosystems)
sc?cgllcrl]algr 5zr8p68itls\;e O(r)lrt Agricultural improvement via
y 9y PP N knowledge-based cultivation E

for community-based
management

patterns
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Table 3- MDI matrix
Total Degree of Empowering  Reinforcer  Influential No Repetition Matrix
filling effect dimensions
196 57.6 8 38 67 83 2 14x14
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Fig. 1 - Direct effects map
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le 4 - Main factors and possible future scenarios for agricultural water security in the studied

watershed

Factor

Scenario

| Label |

Subcategory Description

Upstream surface and

Optimistic

Al

Sustainable management and
optimized use

groundwater exploitation Intermediate A2 Continuation of current trends
status Pessimistic A3 Overexploitation and resource
degradation
Optimistic B1 Reduced drought_ln_ten_sny and regular
Climate change and drought - - p_reC|p|tat|on
. Intermediate B2 Continuation of current trends
conditions
Pessimistic B3 Increased drought frequency and
precipitation variability
Full implementation with high
Development of water Optimistic C1 e eefgici;gy "
recyclmsg ;r;(:nrsecovery Intermediate Cc2 Partial development
y Pessimistic C3 Limited or no development
Optimal allocation of Optimistic D1 Full and sustainable allocation
environmental water Intermediate D2 Insufficient allocation
(wetlands & ecosystems) Pessimistic D3 Neglect of ecosystem needs
Intermediate E1 Full optimization and increased water
. . . use efficiency
Agricultural improvement via =
knowledge-based cultivation Partial or limited implementation
rn — -
patterns Lo Continuation of current practices
Pessimistic E3 . -
without improvement
Optimistic F1 Active and effective participation
Empowerment and - — ——

S Intermediate F2 Limited participation
participation of local Neglect of local communit
communities and NGOs Pessimistic F3 glect y

involvement
. Optimistic Gl Fair and sustainable reallocation
Watershed water reallocation - — -
management Intermediate G2 Insufficient reallocation
g Pessimistic G3 No reallocation of resources
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Table 4- continued

. Optimistic H1 Full and effective implementation
Strengthening of local water - -
. Intermediate H2 Partial development
governance & integrated Fragmented and inefficient
water management Pessimistic H3 g
management
Optimistic 11 Complete pollution control
Pollution control (chemical, Intermediate 12 Limited pollution control
human, oil-related, etc.) Lo Increased pollution and resource
Pessimistic 13 .
degradation
Infrastructure capacity for Optimistic J1 Full capacity development and stable
. ' water delivery
volumetric delivery & Intermediate J2 Partial development
optimized agricultural water Continuation of currznt ractices
distribution Pessimistic J3 - P
without development
Lo Controlled development with minimal
Optimistic .
K1 impact
_O|I field development and Intermediate K2 Development without complete
impacts on water resources control
Pessimistic K3 Unsustainable development and
resource degradation
Incentive and punitive Optimistic L1 Comprehensive and effective policies
policies for optimal water Lo A . .
management Pessimistic L2 No policy implementation
N Optimized cropping pattern with
Review and optimization of Optimistic s reduced water consumption
watershed cropping pattern Intermediate M2 Partial adjustment
Pessimistic M3 Continuation of current practices
Officials’ perspective on Optimistic N1 Positive attitude and active support
social hydrology & support Intermediate N2 Neutral attitude
for community- . g . .
or community-based Pessimistic N3 Negative attitude and neglect

management

Source: Calculations of the present research.
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Table 5- Scenario-specific Status of Each Driving force

Driver

Scenario 1: Water
Resilience and
Prosperity Corridor

Scenario 2: Vortex
of Instability and
Increasing
Tensions

Scenario 3: Irreversible
Water Desolation

Upstream surface and
groundwater exploitation
status

Sustainable and

optimized utilization

Overexploitation
and resource
degradation

Overexploitation and
resource degradation

Climate change and drought
conditions

Reduced drought

severity and regular

precipitation

Increased drought
severity and
precipitation

variability

Increased drought
severity and
precipitation variability

Development of water
recycling and recovery
systems

Full deployment with

high efficiency

No development
and limited use

No development and
limited use

Optimal allocation of
environmental water
(wetlands & ecosystems)

Full and sustainable

allocation

Insufficient
allocation

Insufficient allocation

Agricultural improvement
via knowledge-based
cultivation patterns

Full optimization and
increased water-use

efficiency

Partial and limited
implementation

Partial and limited
implementation
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Table 5- continued

Empowerment and
participation of local
communities and NGOs

Active and effective
participation

Limited
participation

Limited participation

Watershed water
reallocation management

Fair and sustainable
reallocation

Insufficient
reallocation

Insufficient reallocation

Strengthening of local water
governance & integrated
water management

Full and effective
implementation

Partial
development

Partial development

Pollution control (chemical,
human, oil-related, etc.)

Complete pollution
control

Increased pollution
and water resource
degradation

Increased pollution and
water resource
degradation

Infrastructure capacity for
volumetric delivery &

Full capacity
development and stable

Continuation of
current non-

Continuation of current
non-developing

optimized agricultural water . developing ;
LI delivery . practices
distribution practices
Controlled Unsustainggle Unsustainable

QOil field development and

development with

development and

development and

impacts on water resources AL resource .
minimal impact : resource degradation
degradation
Incentive and-punltlve Comprehensive and Comprehen_swe Lack of policy
policies for optimal water offective policies and effective implementation
management P policies P
Optimized

Review and optimization of
watershed cropping pattern

Continuation of current
pattern

cropping pattern
with reduced water
use

Optimized cropping
pattern with reduced
water use

Officials’ perspective on
social hydrology & support
for community-based
management

Positive attitude and
active support

Neutral attitude

Neutral attitude

Score

874

789

809

Source: Calculations of the present research.
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Abstract

Water security, as a fundamental component of human security and sustainable development, faces
increasing challenges in river basins. This study aims to elucidate potential futures of water security in
irrigation management within the Karkheh River Basin by employing the scenario-writing method based
on Balanced Cross-Impact Analysis (CIB). Initially, 76 drivers were identified based on expert opinions.
Ultimately, 14 key drivers of water security in the agricultural sector were selected for analysis. The results
indicated that climate change, water resource utilization patterns, and the development of recycling
technologies, and knowledge-based agriculture play the most significant roles in shaping the future of
water security. In the subsequent phase, 38 potential states were defined for these drivers, and a cross-
impact matrix was constructed. The Scenario Wizard software analysis produced three coherent and robust
scenarios for the future of water security in the Karkheh Basin: Scenario One) The Pathway to Resilience
and Water Prosperity, characterized by strong local governance, equitable reallocation, pollution control,
and the development of innovative technologies; Scenario Two) The Vortex of Unsustainability and
Increasing Tensions, arising from the continuation of fragmented management, limited local participation,
and exacerbating drought conditions; and Scenario Three) The Irreversible Water Wasteland, where
excessive exploitation, rising pollution, weak governance, and intensified climate change lead to a
profound crisis. The findings suggest that the future of water security in the Karkheh Basin is a function of
the interplay between climatic, institutional, technological, and social factors. Adopting participatory,
technological, and integrated approaches can steer the basin towards resilience and sustainability.

Introduction

Water security, as one of the fundamental pillars of human security and sustainable
development, is facing increasing challenges in Iranian watersheds, particularly the Karkheh
basin (Mishra et al., 2021). This research, with the aim of explaining possible future of water
security in irrigation management of the Karkheh watershed, uses a futurology and scenario
writing method based on cross-impact balanced (CIB) analysis. First, through a systematic
review of sources and expert assessment, 76 key driving forces, and ultimately 14 key drivers of
water security in the agricultural sector were selected and analyzed for Influence and
influenceability in a 14x14 matrix. The results of the MICMAC analysis showed that drivers such
as climate change, water resource utilization patterns, the development of recycling technologies,
and knowledge-based agriculture play the greatest role in determining the future of water



security. In the next step, 38 possible conditions were defined for these drivers and a cross-effects
matrix was prepared. The Scenario wizard Software Analysis identified three credible and
compatible scenarios for the future water security of the Karkheh Basin:1)a water resilience and
prosperity scenario driven by strong local governance, equitable reallocation, pollution control,
and new technologies; 2) Vortex of Instability and Escalating Tensions from island governance,
limited local participation, and extreme drought, and 3) Irreversible water desert caused by
excessive exploitation, increasing pollution, weak governance, and intensifying climate change
The findings show that the future of water security in the Karkheh Basin is a function of the
interaction of climatic, institutional, technological, and social factors, and adopting participatory,
technological, and integrated approaches can lead the basin towards resilience and sustainability.

Methodology

This research is applied in purpose and employs a mixed (qualitative—quantitative) approach.

In futures studies literature, scenarios refer to patterns and structures that enable the depiction of
plausible futures; in other words, scenarios are the building blocks of future images. They
provide a means to make possibilities clear. In other words, scenarios are elements that create an
image of the future (Mehrab Ghoochani et al., 2020). The scenario was analyzed using the algorithm
"Analysis Balanced Impact Mutual."
CIB is recognized as a proven method for qualitative systems analysis in interdisciplinary
issues—including scenario-building processes—and involves a combination of expert judgment
and algorithmic calculations. In the balanced impact analysis method, a panel of subject matter
experts with a wide range of relevant knowledge was formed.

In this study, MICMAC and Scenario Wizard software were used to analyze the data.
MICMAC software is specifically designed to perform complex calculations of the interaction
matrix and facilitate the process of system structural analysis. In this software, first the variables
and components of the desired area are identified and included in the impact analysis matrix, then
the intensity of the relationship between them is determined by a panel of experts in the form of
rows and columns of a matrix. The sum of the row values indicates the degree of influence and
the sum of the column values indicates the degree of influence. The output of this model displays
the structural relationships between the variables, and MICMAC software, with the ability to
convert these relationships into special diagrams, effectively facilitates the analysis of the system
structure.

The Scenario Wizard software also examines the systems under study based on the balanced
interaction analysis method. In addition to displaying the influence and impact matrix and the
network of direct and indirect relationships between factors - which are features shared with
MICMAC - this software also identifies scenarios with the highest synergy and correlation.
Accordingly, after collecting the driving factors, the interaction matrix was formed. The structure
of this matrix is such that each of the drivers and their levels are placed in rows and columns.
Then, all levels were evaluated by experts based on a seven-part qualitative spectrum (from
strong limiting effect to strong accelerating effect). By scoring the different states of each factor,
various combinations are examined and superior scenarios are introduced. Another feature of
Scenario Wizard compared to MICMAC is the ability to adjust the level of acceptance of
inconsistency between elements, which helps to eliminate scenarios with heterogeneous
components - even despite high synergy between other components.

Results and Discussion

The analysis of 14 key drivers shows that water security in the Karkheh Basin can follow
three major pathways: the path of resilience and prosperity, the path of instability, and the path of
deep crisis. These three paths were presented in the form of three scenarios: “Highway of Water
Resilience and Prosperity”, “Vortex of Instability and Escalating Tensions”, and “Irreversible
Water Desert”. Each of these scenarios is shaped by a specific combination of the status of the
drivers and, on the other hand, can be the basis for strategy-making and macro-planning at local
and national levels.



The first scenario, “Highway of Resilience and Water Prosperity,” depicts a picture of a future
in which a set of structural technological, and institutional reforms synergistically reinforce the
entire system. Sustainable management of surface and groundwater in upstream areas is
achieved, drought severity is reduced through improved climate conditions and adaptation
measures, water recycling systems are widely implemented, local governance and community
participation are effective, and environmental flow requirements are fully respected
The second scenario, “Vortex of Instability and Escalating Tensions,” represents an intermediate
state where partial reforms occur but remain scattered, inconsistent, and insufficient. Climate
change and intensifying drought continue to pose serious threats. Water recycling systems
develop slowly, and local governance is only marginally strengthened. Although some incentive
policies are partially implemented and certain institutions attempt to reduce pollution, lack of
inter-agency coordination and long-term planning undermines their effectiveness.

The third scenario, “Irreversible Water Desert,” portrays a future in which a combination of
failures and inefficiencies, coupled with worsening climate change, pushes the system past the
point of no return. Overexploitation in upstream areas, absence of recycling systems, neglect of
wetland and ecosystem needs, rising pollution, unsustainable oil field development, and failure to
reform cropping patterns drive this scenario. Under such conditions, water security is severely
compromised, social anomalies increase, and pressure on natural resources exceeds ecological
capacity. Consequences may include mass migration, sharp decline in quality of life, reduced
agricultural production, intensified dust storms, erosion of social capital, and deepening local and
regional conflicts. This scenario underscores the urgent need for foresight-based intervention, as
continuation of current trends risks socio-ecological collapse

Conclusion

The results of this study have a clear message for decision-makers: Future-oriented water
security will be achieved when water policymaking moves away from fragmented, sectoral, and
short-term frameworks and moves towards a networked, intersectoral, and long-term governance.
On the other hand, a bright and stable future depends on investment in research, technology
advancement, pollution control, climate change adaptation, and institutional reform. Neglecting
these requirements could push the Karkheh basin and other basins in the country toward critical
and irreversible scenarios.
By explaining three future paths, this study provides the basis for informed decision-making and
shows that the desired future is not the result of chance, but rather the result of a set of
coordinated, scientific, social, and managerial actions. Therefore, it is recommended that
policymakers use the presented scenarios as a roadmap and macro-decision-making framework in
the process of designing programs and interventions to ensure the resilience of the Karkheh Basin
and the region's water security in the long term.
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