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Objective: This study aimed to develop a model to improve the efficiency of the water-
energy-food (WEF) nexus in rice farming in Sari County.
Methods: The research was conducted using a quantitative, survey-based approach and
falls under the category of applied studies. The statistical population consisted of 25,590
rice farmers in Sari County, with a sample size of 170 farmers, determined using G-Power
software. A multi-stage stratified sampling method with proportional allocation was
employed. Data collection was conducted through a researcher-made questionnaire,
whose face and content validity were confirmed by experts. The reliability of the research
tool was assessed using Cronbach's alpha coefficient. Data analysis was performed using
Data Envelopment Analysis (DEA) to evaluate the efficiency of the WEF nexus.
Results: The findings indicate that the efficiency index of the WEF nexus among the
studied rice farms was 0.198, reflecting very poor efficiency in rice production. Specific
observations include: 70% of the studied units exhibited unsatisfactory nexus efficiency;
Larger-scale farms demonstrated higher nexus efficiency, while smaller farms exhibited
lower efficiency levels; There was a positive correlation between the nexus efficiency
index and farm size, suggesting that economies of scale positively influence efficiency.
Conclusion: The study highlights significant inefficiencies in the WEF nexus within rice
farming in Mazandaran Province, specifically regarding water and energy consumption.
Key conclusions include: The amount of rice produced relative to water and energy
consumption is low, indicating substantial resource wastage; Optimization of water and
energy use is critical to enhancing nexus efficiency without compromising crop
production or food security; Tailored strategies are required to address regional
differences and align cropping patterns with local climatic and weather conditions.
To improve WEF nexus efficiency, the following recommendations are proposed:
1. Agricultural Zoning: Implement zoning strategies based on regional climate and
conditions to optimize cropping patterns.
2. Extension-Education Programs: Develop training initiatives for farmers,
focusing on efficient farm management practices.
3. Demonstration Farms: Promote exemplary farms as models for best practices
through demonstration sites, model farms, and farmer field schools.
These measures aim to reduce resource wastage and improve sustainability in rice
production while ensuring food security in the region.
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Introduction

The global decline in rice cultivation area, production, and yield, including in Iran, highlights
the urgent need for better management and efficient use of agricultural water and energy
resources. Ensuring water security, energy security, and food security, as well as addressing the
interactions within the water-energy-food (WEF) nexus, are critical for achieving sustainable
resource consumption and production. Optimizing the productivity of resources and adopting
development policies that enhance the synergy among water, food, and energy systems can
simultaneously improve economic, social, and environmental dimensions of agroecological rice
production systems.

This study aimed to evaluate the efficiency of the WEF nexus in rice farms in Sari County. A
theoretical framework was developed by adapting the general WEF Nexus model to the specific
context of rice farming, emphasizing food security and sustainable agriculture. This framework
evaluates efficiency across three interconnected subsystems: water, energy, and rice production.

Methods

This applied, cross-sectional survey study employed a researcher-made questionnaire as the
primary tool for data collection. The questionnaire was structured into three sections, based on
theoretical foundations and expert input, and included variables categorized as inputs and
outputs influencing nexus efficiency. The Data Envelopment Analysis (DEA) method was used
to assess the efficiency of rice farms based on multiple inputs and outputs. The study population
included 25,590 rice farmers in Sari County. Using G-Power software, the sample size was
estimated to be 170 farmers, considering 10 independent variables for predicting each
dependent variable. A multi-stage stratified sampling method with proportional allocation was
used for sample selection. Data were analyzed using SPSS v.26 and Excel v.2019.

Results
The study revealed that the overall efficiency index of the WEF nexus among the rice farms
was 0.198, indicating very poor efficiency in rice production processes. Key findings include:
o 70% of farms exhibited unsatisfactory nexus efficiency.
o Smaller-scale farming units displayed lower nexus efficiency compared to larger-scale
units, highlighting a positive relationship between farm size and nexus efficiency.

Conclusion

The interdependence of water, energy, and food systems underscores the importance of
optimizing resource use to enhance efficiency without compromising food security. To achieve
this, the following recommendations are proposed:

1. Reduce Water and Energy Consumption: Minimize resource wastage in rice
production while maintaining productivity to ensure food security.

2. Adopt Regional and Climate-Specific Strategies: Develop cropping patterns and
agricultural zoning based on regional climatic and weather conditions across the eastern,
western, and central parts of the province.

3. Leverage the WEF Nexus Framework: Use this framework to assess governance
practices and improve sectoral and regional planning systems, with strong government
support.

4. Promote Modern Technologies: Encourage widespread adoption of modern and smart
technologies in rice farming, with backing from government initiatives.
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5. Extension-Education Programs: Train farmers on efficient farm management
practices by showcasing exemplary farms through demonstration farms, model sites,
and farmer field schools.

By implementing these strategies, stakeholders—including farmers, extension officials, and
government bodies—can collectively enhance the efficiency of the WEF nexus in rice
production systems, contributing to sustainable agriculture and resource management.

Keywords: Energy security, Water security, Food security, WEF Nexus Efficiency, Rice Farm.
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