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Extanded Abstract
Introduction

Efficient water resource management is critical in arid and semi-arid regions, particularly for agriculture, which is
the largest consumer of freshwater. Iran faces severe water scarcity, necessitating innovative approaches to
enhance water productivity and ensure food security. Modern irrigation systems, such as drip and sprinkler
irrigation, offer significant potential for water savings and yield improvement. However, their successful
implementation requires a comprehensive, spatially explicit assessment of biophysical and socio-economic
conditions, as unplanned development can lead to inefficiency and resource degradation.

The Zaydoon Poldasht Plain in West Azerbaijan Province is a vital agricultural hub and hosts the largest
horticultural complex in the Middle East. It faces critical challenges related to water availability, soil quality, and
socio-economic factors. Sustainable water use for its extensive orchards is therefore essential. This research aimed
to identify and zone suitable areas for modern irrigation system development in the Zaydoon Poldasht Plain by
integrating Multi-Criteria Decision-Making (MCDM) with Geographic Information Systems (GIS). The study
provides a robust framework for sustainable agricultural planning and optimized water resource utilization.

Materials and Methods

Study Area: The study was conducted in the Zaydoon Poldasht Plain, West Azerbaijan Province, Iran, covering an
area of approximately 32.37 km2. This semi-arid region depends on irrigation, primarily from the Aras River and
groundwater, to support its extensive orchards and field crops.

Data Collection and Criteria Selection: Biophysical and socio-economic data were collected from provincial
organizations, including Agricultural Jihad, Regional Water, Natural Resources, and academic institutions. Based
on a literature review and expert consultation, five main criteria and 11 sub-criteria were identified for modern
irrigation system development:

o Water Characteristics: Quality (Electrical Conductivity - EC, Chloride - CI") and quantity (available water yield).
Soil and Land Properties: Texture, slope, salinity/sodicity.

Climatic Conditions: Wind speed.

e Socio-Economic Factors: Land ownership, access to roads and markets, skilled labor.

o Cropping Pattern: Type of cultivated crops.

Methodology — AHP and GIS Integration: A hybrid methodology integrating the Analytical Hierarchy Process
(AHP) with GIS was employed.

o AHP for Weighting: The AHP, a multi-criteria decision-making technique developed by Saaty, was used to
determine the relative weights of the 11 sub-criteria. A panel of 36 provincial experts in agriculture and water
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resources participated through structured pairwise comparison questionnaires. A Consistency Ratio (CR) of less
than 0.1 was maintained, confirming the reliability of the expert judgments.

e GIS for Spatial Analysis and Mapping: Geospatial data for each sub-criterion were processed using ArcGIS.
Each sub-criterion was converted into a reclassified raster layer based on suitability. The AHP-derived weights
were then applied to these layers using a weighted overlay analysis in GIS to generate the final suitability map for
modern irrigation system development.

Results and Discussion

AHP Weighting Results: The AHP analysis revealed the relative importance of the criteria and sub-criteria. Among
the 11 sub-criteria, soil texture, available water yield, water electrical conductivity (EC), and wind speed were
identified as the most critical factors for modern irrigation system development in the Zaydoon Plain. Soil texture
affects water infiltration, while water availability and quality directly influence irrigation feasibility. High wind
speeds can reduce sprinkler irrigation efficiency due to increased evaporation. All Consistency Ratios (CR) were
below 0.1, ensuring the reliability of the expert judgments.

GIS Zoning Results: The integration of weighted information layers in GIS produced a comprehensive suitability
map, categorizing the Zaydoon Plain into "suitable” and "unsuitable™ areas for modern irrigation systems.

e Suitable Areas: Approximately 60% (19.39 km?) of the plain was identified as suitable or highly suitable. These
areas are characterized by light to medium-textured soils, gentle slopes (<2%), good access to water of acceptable
quality (EC < 3 dS/m), and favorable socio-economic conditions (e.g., suitable land ownership and market access).
These characteristics are ideal for efficient drip irrigation systems.

e Unsuitable Areas: Conversely, about 40% (12.98 km2) was deemed unsuitable, primarily due to constraints such
as heavy clay soils, steep slopes, poor water quality (high EC), or challenging socio-economic conditions.

These findings align with global studies that emphasize the interconnected nature of biophysical and socio-
economic factors in irrigation planning. The results provide a robust spatial framework for decision-makers,
enabling targeted investments and development efforts.

Conclusion

This research successfully demonstrated the effectiveness of integrating AHP and GIS for zoning potential areas
for modern irrigation system development in the Zaydoon Poldasht Plain. This systematic approach facilitated a
comprehensive evaluation of multiple criteria and sub-criteria, combining scientific principles with expert
knowledge. The identification of 60% of the plain as suitable for modern irrigation systems highlights significant
potential for enhancing agricultural water productivity and sustainability in this critical region.

Given the plain's valuable orchards and agricultural potential, the final recommendation is to prioritize and promote
the establishment and expansion of drip irrigation systems in the identified suitable areas. This strategic
implementation will enhance water use efficiency, reduce consumption, and significantly contribute to sustainable
agricultural development, ensuring long-term food security and environmental protection. Future research could
explore dynamic water availability modeling under climate change scenarios and conduct detailed economic
feasibility analyses for various modern irrigation systems.
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Table 2. Calculation of water sub-criteria weights
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Table 3. Calculation of soil and land sub-criteria weights
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Table 4. Calculation of socio-economic sub-criteria weights
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Table 6. Calculated weights of sub-criteria in integrated mode
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Table 7. Quantitative and qualitative status of Zaydoon plain water (Aras River)

Lo le 5 Lo e 5lie oS (0L Y) 3Lzl
EC) S eyl Fal g2 e 35 S 1Yo L e Y

Ch s A S e VN Lo g A
Sy Al Ol N e £

Oy oods ol 5 S Consy A J

Table 8. Status of soil and land in the Zaydoon plain
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Table 9. Quantitative and qualitative status of socio-economic criteria in the Zaydoon plain
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Table 10. Status of cultivation history and pattern in the Zaydoon plain
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