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Introduction

Water resource management in arid regions faces significant challenges due
to competing demands from agriculture, industry, domestic needs, and
environmental preservation. The Zayandeh-Rud River Basin, a vital water
source in central Iran, exemplifies these challenges. This study applies the
Nexus Approach, which integrates water, energy, land-use change, and
environmental considerations, to understand the interactions and trade-offs
among these components. The Nexus concept enables a holistic view of
resource management, addressing synergies and conflicts among
stakeholders to support sustainable planning and decision-making.

Study Area

The about 28,193 km?2 Zayandeh-Rud River Basin (ZRRB) is located
between latitudes 31° and 34° north and longitudes 49° and 53° east (see
Figure 1). The river begins in the Zagros Mountains, west of Isfahan, and
travels 350 km east before flowing into the Gavkhuni Wetland. The Zagros
Mountains' yearly snowfall has a significant impact on the river's flow. This
region is critically dependent on seasonal snowmelt and rainfall, which are
increasingly impacted by climate variability and human interventions. The
basin's water resources are heavily utilized for agriculture, industry, urban
consumption, and maintaining the wetland’s ecological balance.
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Methodology
The study introduces indicators to evaluate the Nexus components:
1. Water Index: Includes sub-indices for agricultural, industrial, and domestic water
consumption, as well as dam management.
2. Energy Index: Focuses on energy production and consumption by hydropower
plants and other facilities dependent on the basin’s water.
3. Land-Use Change Index: Monitors the expansion of agricultural land uses and its
implications for water use and recycling.
4. Environmental Index: Represents the ecological water needs of the Gavkhuni
Wetland.
The Pearson correlation method was used to analyze the interactions and trade-offs
among these indicators, offering insights into the relationships between different
resource demands.
Results
The annual indices of the Nexus components highlight critical insights:
e The Water Index revealed that agriculture consumes the majority of water
(76%), followed by domestic (30%) and industrial (15%) uses. The Zayandeh-
Rud Dam plays a crucial role in mitigating drought impacts and balancing
downstream needs.
e The Energy Index was notable for its high reliance on water resources for
energy production, achieving 85% of its potential.
e The Land-Use Change Index indicated significant agricultural expansion, with
irrigation systems under pressure due to limited water availability.
e The Environmental Index for the Gavkhuni Wetland was 55%, underscoring its
vulnerability and the need for targeted ecological preservation strategies.
e Table 1 summarizes the annual indices for these components, showcasing their
relative importance and contribution to the basin's resource dynamics.

Table 1. The results of calculating the annual index

Index Index Component Values%
Agricultural Index 61
(Water Index) Industrial Index 102
Domestic Index 80
Dam 42
Energy Index Ener 85

gy gy

(Land-use Change Index) Land-use Change 39
(Environmental Index) Gavkhuni Wetland 55

As shown in Figure 1, the water and energy indices are identified as the major
beneficiaries of water resources in the Zayandeh-Rud River Basin, aligning closely
with the basin's real-world dynamics. These findings gain critical importance when
considering the basin's conditions under climate change scenarios.
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Fig 1. Annual Indices of Nexus Approach at Zayandeh-Rud River Basin

Discussion
Pearson's correlation analysis revealed:
e A strong positive correlation (r = 0.78) between agricultural water use and
land-use changes, signifying their interdependence.
e A negative correlation (r = -0.46) between industrial water use and
agricultural expansion, reflecting competition for scarce water resources.
e A positive relationship between industrial and domestic water use, driven by
urban and industrial growth.
The findings highlight the trade-offs among competing uses. For example, increasing
agricultural land area intensifies water demand, adversely impacting industrial water
availability. Conversely, synergies exist, such as between industrial growth and
domestic water use, where improvements in infrastructure benefit both sectors. This
study lays a foundation for future research to analyze the basin's future conditions and
propose effective strategies for adapting to climate change and mitigating water
scarcity, informed by a comprehensive understanding of the current water resource
dynamics.

Conclusion

This study demonstrates the applicability of the Nexus Approach to the Zayandeh-Rud
Basin, providing a framework to address resource management challenges in arid
regions. The integration of water, energy, land-use change, and environmental indices
offers a comprehensive understanding of stakeholder demands and their interactions.
The findings emphasize the need for balanced policies that consider the trade-offs and
synergies among these components.

Key Words: Integrated management of surface and groundwater resources, Nexus
concept, Water use, Gavkhuni Wetland.
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Table 1. The results of calculating the annual index
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Fig 2. Annual Indices of Nexus Approach at Zayandeh-Rud Basin.
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Table 2. Results of Pearson correlation matrix.
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