
 International Journal of Science, Engineering, Arts & Management  2026	     ISSN No: 3049-4419

29

Journal Home Page
https://www.ijseam.com/volume-1/

INTERNATIONAL JOURNAL 
OF SCIENCE, ENGINEERING, 

ARTS & MANAGEMENT 

AI-Enhanced Water Resource Management for Agriculture

Dr. Rania Lampou  
STEM Instructor & Researcher, Global Academician 

Ministry of Education, Religious Affairs and Sports, Greece

ARTICLE INFO ABSTRACT
Article history
Date of Receiving: 04 Mar, 2026
Date of Acceptance:  07 Mar, 2026

Date of Publications:  16 Mar, 2026

Growing water scarcity, ongoing climate variability, and 
the steadily increasing global demand for food are placing 
unprecedented stress on water resources worldwide. 
Conventional irrigation and water management practices largely 
depend on predetermined schedules and limited, infrequent 
field observations, which often leads to inefficient water use and 
reduced sustainability and productivity.
Artificial Intelligence (AI) offers the potential to fundamentally 
transform agricultural water management. By integrating 
machine learning techniques with data obtained from sensors, 
satellite imagery, and meteorological systems, AI can support 
more responsive and data-driven approaches to monitoring, 
allocating, and using water resources. These systems enable 
adaptive decision-making, improved predictive accuracy, and 
more efficient resource utilization.
This paper reviews the role of AI in agricultural water resource 
management, examining its underlying concepts, practical 
applications, advantages, current limitations, and future 
development prospects.
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Introduction
Agriculture remains the dominant consumer of freshwater worldwide, accounting for nearly 70% 
of global freshwater withdrawals (FAO, 2022). Many regions are already experiencing serious water-
related challenges, including declining groundwater reserves and increasing instability in surface 
water availability (WWAP, 2023). These pressures intensify competition for water among agricultural, 
industrial, and domestic sectors. At the same time, climate change is reshaping precipitation patterns 
and contributing to more frequent droughts and extreme temperature events (IPCC, 2022), which in turn 
increases crop water requirements in several parts of the world (IPCC, 2022).
Historically, irrigation management has relied primarily on farmers’ experience, visual crop inspection, 
and fixed watering schedules (OECD, 2019). Although such approaches were adequate under more stable 
environmental conditions, they often lead today to inefficient water application, elevated energy use, 
nutrient leaching, and long-term soil degradation (FAO, 2022). In contrast, contemporary digital agriculture 
emphasizes continuous monitoring, integration of multiple data sources, and decision-making supported 
by computational models (Liakos et al., 2018). AI further strengthens these systems by analyzing large 
and diverse datasets and converting them into practical, data-driven recommendations for farmers and 
water managers (Del-Coco et al., 2024; Wei et al., 2024).
AI-based water resource management therefore represents a significant shift from reactive irrigation 
practices toward adaptive systems capable of learning from environmental feedback and operational 
performance over time (Zhang et al., 2021). These systems support decisions regarding irrigation timing, 
water volumes, and equitable water allocation throughout the year (OECD, 2019).

Foundations of AI-based Water Management in Agriculture
The integration of AI into agricultural water management is based on combining multiple data sources 
and computational techniques (Kamilaris & Prenafeta-Boldú, 2018). Modern farms utilize soil moisture 
sensors, weather stations, flow meters, and automated irrigation systems, while satellite and drone 
imagery provide continuous information on vegetation status and surface temperature (Liakos et al., 
2018). These datasets can be integrated with historical yield records, soil maps, and hydrological data to 
generate comprehensive digital representations of farming systems.
Machine learning algorithms form the analytical backbone of AI-powered systems (Zhang et al., 2021). 
Supervised learning models are used to estimate crop water requirements, predict yields under different 
irrigation regimes, and forecast soil moisture dynamics (Liakos et al., 2018). Unsupervised learning 
techniques help identify hidden climate and soil behavior patterns (Kamilaris & Prenafeta-Boldú, 2018). 
Reinforcement learning approaches are increasingly used for adaptive irrigation control (Zhang et al., 
2021). Deep learning methods are particularly effective in analyzing imagery to detect early crop stress 
and uneven water distribution (Kamilaris & Prenafeta-Boldú, 2018).
These analytical outputs are integrated into decision-support systems that deliver recommendations via 
mobile apps, dashboards, or automated irrigation control, creating a closed feedback loop that enables 
dynamic strategy improvement (OECD, 2019).

Applications in Agricultural Practice
Smart irrigation scheduling is one of the most widespread AI applications in agriculture (Del-Coco et 
al., 2024; Jaiswal et al., 2025). AI systems optimize irrigation timing by analyzing soil moisture, weather 
forecasts, crop growth stages, and evapotranspiration rates, reducing water losses due to evaporation, 
runoff, and deep percolation (FAO, 2022).
AI models can predict seasonal crop water needs and develop customized irrigation strategies for specific 
crops and varieties (Ye et al., 2024). Even small improvements in water management can yield significant 
economic benefits, especially for high-value crops.
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AI is also central to drought monitoring and early warning systems. By analyzing long-term climate 
data and satellite-derived vegetation indices, AI tools can detect early signs of water stress before visible 
symptoms appear (IPCC, 2022; WWAP, 2023). Early warning enables timely mitigation actions.
At larger scales, AI optimizes water distribution across canals, reservoirs, and pumping stations, balancing 
competing demands and reducing conveyance losses (OECD, 2019). AI-supported allocation strategies 
can also enhance fairness and efficiency in water-scarce regions.
Precision fertigation, integrating irrigation and nutrient management, reduces nutrient runoff and 
improves environmental protection while maintaining soil fertility (FAO, 2022).

Benefits and socio-economic impact
Studies indicate that AI-based irrigation systems can reduce water consumption by 20–50% without 
negatively affecting yields (OECD, 2019; Zhang et al., 2021). In water-scarce regions, such savings are 
crucial for agricultural viability (WWAP, 2023).
Optimized irrigation promotes uniform crop growth and stable yields while reducing energy consumption 
through efficient pumping schedules (FAO, 2022). Over time, operational savings can offset initial 
investments in sensors and infrastructure.
Reduced water abstraction supports ecosystem preservation and groundwater sustainability (WWAP, 
2023). Lower fertilizer runoff decreases pollution and enhances soil health (FAO, 2022). AI also increases 
climate resilience by improving adaptation to extreme weather (Hamdaoui et al., 2024; Wei et al., 2024).
However, equitable access to digital technologies and training is essential to ensure fair distribution of 
benefits (OECD, 2019).

Challenges and limitations
High upfront costs limit adoption, particularly among smallholder farmers in developing countries 
(OECD, 2019). Infrastructure constraints—such as unreliable electricity and internet access—pose 
additional barriers (FAO, 2022).
Despite its potential, several limitations affect the reliability of AI applications in agriculture. Problems 
related to data quality, insufficient model calibration, and gaps in historical datasets can negatively 
influence model accuracy and performance (Kamilaris & Prenafeta-Boldú, 2018). Moreover, many AI 
systems operate as so-called “black boxes” where decision-making processes are not easily interpretable, 
which can reduce transparency and limit user confidence in the generated outcomes (Wei et al., 2024).
As agricultural operations become increasingly digitalized, concerns surrounding cybersecurity and data 
privacy are becoming more prominent (OECD, 2019). At the same time, regulatory and legal frameworks 
frequently struggle to keep pace with rapid technological progress, resulting in uncertainty regarding 
issues such as data ownership, accountability, and standardization (WWAP, 2023).
Future Outlook
Technological progress in affordable sensing devices, edge computing infrastructure, and satellite 
monitoring systems is expected to make AI-based solutions more accessible and economically viable for 
farmers and water managers (Liakos et al., 2018). The integration of AI tools with climate modeling is also 
anticipated to strengthen long-term planning and resource management at both farm and regional levels 
(IPCC, 2022).
In parallel, the development of explainable AI approaches aims to improve system transparency and 
enhance user trust by clarifying how algorithmic decisions are produced (Zhang et al., 2021). Increasingly, 
governments and international organizations are recognizing the importance of digital agriculture and 
are promoting supportive policy initiatives that encourage innovation and adoption (FAO, 2022).
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Over the longer term, AI has the potential to enable integrated water management by combining 
agricultural, hydrological, economic, and social datasets, thereby supporting more balanced, sustainable, 
and equitable decision-making processes (WWAP, 2023).

Conclusion
AI-driven water resource management represents an important advancement toward more sustainable 
agricultural systems. Through precise and adaptive irrigation practices supported by data analysis, AI 
technologies contribute to improved water efficiency, enhanced agricultural productivity, and reduced 
environmental impact. Although technical, economic, and institutional challenges still exist, continued 
technological development alongside appropriate policy support is likely to accelerate global adoption. 
As water scarcity is projected to intensify throughout the twenty-first century, incorporating AI into 
agricultural water management will play a critical role in maintaining food security while safeguarding 
natural resources.
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