


Economic Evaluation of IoT-Based Irrigation Systems in South Korea
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Rice, in particular, serves as a staple food for more than half of the global population and requires a substantial amount of water for cultivation. However, the increasing water demand in rice-producing countries, coupled with limited supply, poses a serious threat to food security. This study aims to examine the design and applicability of IoT-based smart irrigation systems and to propose approaches that can simultaneously improve agricultural water and energy efficiency. In this study, the paddy rice cultivation area and farmland area by province in South Korea in 2024 were investigated, and their effects on polished rice yield were analysed. The frequency of water management per week was less than three times in 37% of farms, three to six times in 39%, and six times or more in 10.5%, indicating that most farmers manage irrigation approximately three to six times weekly. Conventional rice cultivation practices have relied on continuous flooding of the entire paddy field. In contrast, IoT-based smart irrigation systems (MIS) employ soil moisture sensors, water-level sensors, automated valves, and remote monitoring systems to assess field moisture conditions and weather in real time, enabling optimized irrigation tailored to crop growth stages. IoT-based smart irrigation systems offer significant advantages in terms of water savings, labor and energy efficiency, and productivity enhancement. Future research should focus on overcoming these limitations. Specifically, integrating IoT technologies with AI, edge computing, and blockchain can enable more adaptive and predictive irrigation systems. Empirical validation across diverse agricultural environments, coupled with interdisciplinary collaboration, is needed to develop scalable solutions. 

1. Introduction
Only about 0.01% of the water on Earth is readily available for use, highlighting the extreme scarcity of water resources. Consequently, water conservation in agriculture has become a critical challenge. Rice, in particular, serves as a staple food for more than half of the global population and requires a substantial amount of water for cultivation (Vijayakumar et al., 2022). However, the increasing water demand in rice-producing countries, coupled with limited supply, poses a serious threat to food security. With approximately 70% of global freshwater used for agriculture, groundwater exploitation and the associated energy consumption constitute a significant burden for farmers, especially in arid and semi-arid regions (Udimal et al., 2017; Sarker et al., 2021).
Since the pre-industrial era, atmospheric CO₂ concentrations have risen from 250–300 ppm to over 410 ppm after 2020. This increase in greenhouse gas concentrations drives climate change, directly affecting the availability of agricultural water through altered precipitation patterns and temperature changes, while also increasing the frequency of extreme weather events. Elevated temperatures enhance evaporation rates, reduce soil moisture, and may lead to more frequent droughts. Additionally, freshwater competition due to industrialization and urbanization, water pollution, and land-use changes negatively impact water supply (Teng et al., 2011; Surendran et al., 2021; Vijayakumar et al., 2021).
Traditionally, irrigation in paddy fields has been managed manually, with farmers opening and closing water gates on-site. This method poses challenges, particularly during hot summers, where organized water management is difficult. Conflicts may arise when farmers attempt to draw more water than others, and accidents can occur during field visits, especially during the rainy season when drainage is required. Moreover, rice cultivation has been identified as a major source of methane emissions—a greenhouse gas with a global warming potential more than 25 times that of CO₂. Methane production increases with deeper water levels, emphasizing the need to maintain optimal water depth to mitigate emissions.
In this context, the development of IoT-based smart irrigation systems, which allow farmers to manage irrigation and optimize water levels remotely, has attracted considerable attention. These systems deliver precise amounts of water according to crop requirements, improving irrigation efficiency while simultaneously reducing water and energy consumption. IoT sensors enable real-time monitoring of environmental factors such as soil moisture, temperature, and humidity, allowing farmers to control irrigation devices remotely. Compared to conventional irrigation methods, automated smart irrigation can reduce water waste by up to 95%, whereas traditional systems reportedly waste 20–70% of water (Pernapati, 2018; Rajkumar et al., 2017).
However, the effective adoption and dissemination of smart irrigation technologies depend on farmer acceptance, cost-effectiveness, and designs tailored to regional climate and soil characteristics. Comprehensive evaluation and optimization studies are therefore necessary (García et al., 2020; Mallareddy et al., 2023). Recent advancements in IoT technologies have significantly increased the potential for developing smart irrigation systems by enabling real-time data collection and analysis of crops and agricultural facilities, thereby supporting efficient resource management and optimized water and energy use (López et al., 2021).
Given this background, this study aims to examine the design and applicability of IoT-based smart irrigation systems and to propose approaches that can simultaneously improve agricultural water and energy efficiency. Through this, practical solutions for establishing sustainable agricultural production systems and addressing the global challenges of climate change and limited water resources can be explored.

2. Current Status of Rice Cultivation and Irrigation Management and Prospects for Smart Irrigation Adoption
2.1. Status of Paddy Rice Cultivation Area and Farmland Area by Province
In this study, the paddy rice cultivation area and farmland area by province in South Korea in 2024 were investigated (Fig. 1), and their effects on polished rice yield were analyzed (Fig. 2). The analysis revealed that Jeollanam-Do, Chungcheongnam-Do, and Jeollabuk-Do are regions with concentrated rice cultivation. The provinces with the largest cultivation and farmland areas were Jeollanam-Do (cultivation area: 147,714 ha, 129,000 ha(2025); farmland area: 161,878 ha), followed by Chungcheongnam-Do (cultivation area: 129,786 ha; farmland area: 139,686 ha) and Jeollabuk-Do (cultivation area: 104,343 ha; farmland area: 121,610 ha) (KOSIS, 2024). Correlation analysis showed a coefficient of 0.9945 between farmland area and polished rice yield, and 0.9955 between cultivation area and yield, indicating a clear trend that larger cultivation areas are associated with higher production.
A comparison of major provinces revealed that in regions such as Jeollanam-Do, Chungcheongnam-Do, and Jeollabuk-Do, more than 85% of the farmland is devoted to paddy rice cultivation, maintaining a rice-centered agricultural structure. These regions demonstrate high productivity due to favorable soil, water resources, climate conditions, and infrastructure suited for rice cultivation. Conversely, urban areas or Jeju Island, with smaller cultivation areas and lower farmland utilization, do not exhibit a rice-centered agricultural structure.
A large rice cultivation area implies high irrigation demand, making efficient water management directly linked to agricultural economic performance. Rice farming generally requires substantial freshwater irrigation, during which inefficient water use, over-irrigation, and methane emissions may occur. As previously mentioned, smart irrigation techniques have been reported to reduce water wastage by up to 95% compared to traditional irrigation methods. Similar trends have been observed in ongoing water management studies in Uiryeong, Gyeongsangnam-Do, where conventional irrigation reportedly wastes 20–70% of water (Pernapati, 2018).
In South Korea, the typical size of paddy fields is approximately 2,700 m² or 5,000 m². For large-scale fields of 5,000 m², the introduction of IoT-based irrigation systems is expected not only to reduce water and labor costs but also to significantly increase yield potential. In small- to medium-scale fields, 3–4 fields can be managed per unit using level differences, or in flat terrain, 3–4 fields can be managed with a single water gate. By employing sensor-based real-time soil moisture monitoring, automated irrigation control, and growth-stage-specific water management, unnecessary irrigation can be minimized while labor and water use are reduced, maintaining or even enhancing productivity.
In regions with extensive rice cultivation, such as Jeollanam-Do and Chungcheongnam-Do, smart irrigation technology can contribute to both water conservation and the realization of carbon-neutral agriculture. Furthermore, IoT-based systems can be integrated with Alternate Wetting and Drying (AWD) and precision water management techniques, evolving into climate-resilient agricultural technologies.
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Fig. 1. Status of paddy rice cultivation area and farmland area by province in South Korea, 2024
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Fig. 2. Correlation between cultivation/farmland area and polished rice yield by province.

2.2. Current Status of Water Management and Prospects for Smart Irrigation Adoption
Analysis of paddy water usage by province in 2022 (Fig. 3) showed that Jeollanam-Do had the highest usage at 2,294,306 × 1,000 m³ year⁻¹, followed by Chungcheongnam-Do at 1,847,975 × 1,000 m³ year⁻¹, and Jeollabuk-Do at 1,671,375 × 1,000 m³ year⁻¹(KOSIS, 2022). This indicates that regions with larger cultivation and farmland areas consume more irrigation water.
Figure 4 presents the number of water management events and the time spent per week(KOSIS, 2024). The frequency of water management per week was less than three times in 37% of farms, three to six times in 39%, and six times or more in 10.5%, indicating that most farmers manage irrigation approximately three to six times weekly. Regarding the time required for water management, 43.5% of farms spent one to three hours per week, followed by three to five hours (16%) and five to ten hours (12%). Some farms required six or more events or extended durations exceeding 20 hours, demonstrating that the burden of water management varies according to region and field size.
During the cultivation period, the average labor required for water control in paddy fields was measured at 15.2 days per person per hectare, accounting for approximately 11.7% of total work hours (Jung et al., 1995). For upland crops, studies report that irrigation requires an average of 8.5 labor hours per unit area, indirectly supporting the notion that rice cultivation also demands substantial labor input (Heitkämper et al., 2015).
Therefore, in regions with large cultivation and farmland areas, both water use and labor demand are high, making efficient water management critical for agricultural profitability and productivity. The adoption of sensor-based real-time soil moisture monitoring, automated irrigation control, and growth-stage-specific water management can reduce unnecessary irrigation, decrease labor and water consumption, and maintain or even improve crop productivity.
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Fig. 3. Paddy water usage by province.
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Fig. 4. Weekly frequency and duration of water management activities.
2.3. Evolution of Irrigation and Drainage Systems in Korean Rice Cultivation
In the past, farmers manually created water channels on paddy bunds using shovels or other tools, and with the advent of chemical products and nylon, fertilizer bags or plastic sheets were also used for irrigation and drainage management. However, these methods required excessive labor and made water-level control difficult. Until about a decade ago, more modern systems using stainless steel water gates were employed. Recently, IoT-based systems utilizing remote sensing have been developed and tested, enabling a single farmer to manage irrigation and drainage for a minimum of 20 and up to 100 paddy fields simultaneously.
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Fig. 5. Conventional mid-season irrigation system.
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Fig. 6. Smart irrigation and drainage system
3. Efficiency, Economic, and Environmental Benefits of IoT-Based Smart Irrigation Systems
Conventional rice cultivation practices have relied on continuous flooding of the entire paddy field. Although familiar to farmers, these methods consume excessive water, labor, and energy, resulting in low irrigation efficiency and high cost relative to productivity (Kumar et al., 2019). Unnecessary flooding also increases fuel use, labor requirements, and greenhouse gas emissions (Siopongco et al., 2013; Nalley et al., 2015).
In contrast, IoT-based smart irrigation systems (MIS) employ soil moisture sensors, water-level sensors, automated valves, and remote monitoring systems to assess field moisture conditions and weather in real time, enabling optimized irrigation tailored to crop growth stages. By minimizing unnecessary irrigation, water use can be reduced by 20–50% compared to conventional practices (Kazuyuki Yagi et al., 1996), and fuel consumption per growing season can be reduced by up to 30 L ha⁻¹ (Siopongco et al., 2013). Automated water management further reduces labor time by 82–88% for flush irrigation and up to 57% under continuous flooding, significantly alleviating labor burdens (Binayao et al., 2024; Smarter Irrigation for Profit, 2021).
Economic analyses indicate that despite the initial investment in IoT devices, savings in water, labor, and energy costs offset these expenditures, resulting in reduced operational costs and improved profitability in the long term (Palis et al., 2004; Kumar et al., 2019). This is particularly relevant in regions where water scarcity and energy costs are significant, making smart irrigation a more economical alternative to traditional practices. Furthermore, by reducing excessive flooding and associated methane emissions, IoT-based irrigation contributes to climate-smart agriculture (Siopongco et al., 2013; Nalley et al., 2015; Bwire et al., 2024).
Empirical studies support these findings. Laphatphakkhanut et al. (2021) reported that MIS reduced water use while increasing yield by approximately 39% compared to conventional continuous flooding. The water footprint per unit yield was 2,343 m³ ton⁻¹ under MIS, about 29% lower than the 3,310 m³ ton⁻¹ observed with traditional irrigation. This improvement is attributed to the reduction of unnecessary water loss through real-time data analysis and maintenance of optimal water levels even during high-temperature periods, enhancing both productivity and resource efficiency.
The introduction of automated IoT irrigation systems also provides clear economic advantages in rice cultivation. In traditional gravity-fed surface irrigation, farmers spend roughly 40% of their daily labor hours maintaining water levels, increasing seasonal labor demand and costs (Sekozawa, 2010). Automated and remotely controlled systems significantly reduce these repetitive management tasks, lowering labor costs.
Automated systems such as BayDrive or FarmConnect® enhance water-use efficiency and reduce unnecessary runoff, thereby decreasing irrigation-related costs (Gonçalves et al., 2011; Smith et al., 2016). For example, the Australian cotton industry reported annual water savings of approximately 28.5 × 10⁶ m³ and a 10% improvement in overall water-use efficiency following the adoption of BayDrive systems (BDA Group, 2007; Smith et al., 2016). These industrial outcomes align with MIS studies in rice cultivation, which reported a 29% reduction in water footprint and a 39% increase in yield (Laphatphakkhanut et al., 2021), demonstrating both research-based and practical economic benefits.
Additionally, real-time monitoring and automated alerts allow farmers to detect and respond to irrigation issues promptly, reducing extra costs from management failures. Dependence on field labor is decreased, and optimal water management improves crop yield and quality. Consequently, automated irrigation systems play a critical role not only in saving labor, water, and energy but also in securing long-term farm profitability (Masseroni et al., 2017).
Overall, IoT-based smart irrigation systems offer clear economic and environmental advantages over traditional irrigation methods, including water savings, reduced labor and energy use, increased productivity, and enhanced climate resilience. These systems demonstrate substantial potential as a key solution for sustainable rice cultivation and agricultural water management.
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Fig. 7. Installation of IoT-based irrigation systems in Geochang, Uiryeong, and Hamyang.
4. Limitations of IoT-Based Smart Irrigation Systems and Future Research Directions
IoT-based smart irrigation systems offer significant advantages in terms of water savings, labor and energy efficiency, and productivity enhancement. However, several limitations remain. Existing studies are largely concentrated in specific countries such as India, China, and the United States, leaving the applicability of these systems across diverse agricultural environments insufficiently verified (Abdelmoneim et al., 2025). Most research has focused on technical components, including sensor technologies, communication protocols, and automation systems.
IoT-based decision-making relies heavily on large volumes of accurate data. In some regions, limited availability of soil moisture, weather, and crop growth data can reduce prediction accuracy. High initial costs for IoT devices, sensors, communication infrastructure, and computing resources may hinder adoption by small-scale farmers. Installation and maintenance are technically complex, requiring specialized knowledge for effective operation. Sensor power limitations, battery lifespan, and unstable electricity or internet connectivity in remote fields further complicate continuous operation. Additionally, unpredictable factors such as extreme climate events or pest outbreaks can limit AI-based prediction accuracy and irrigation efficiency, and compatibility issues with existing irrigation infrastructure must also be considered. Finally, the connectivity of IoT devices to the internet raises concerns regarding cybersecurity, data protection, and privacy (Villa-Henriksen et al., 2020; Obaideen et al., 2022; Ghareeb et al., 2023).
Future research should focus on overcoming these limitations. Specifically, integrating IoT technologies with AI, edge computing, and blockchain can enable more adaptive and predictive irrigation systems. Empirical validation across diverse agricultural environments, coupled with interdisciplinary collaboration, is needed to develop scalable solutions. Furthermore, evaluating the impacts of IoT-based irrigation on crop physiology, nutrition, and soil health, while continuously improving water and energy efficiency, is essential for sustainable water resource management. These efforts will contribute to the practical application of smart irrigation technologies and the long-term sustainability of agricultural production.
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