



Study on the Current Status of Agriculture under Climate Change and Groundwater Recharge Methods in Paddy Fields in South Korea
Abstract
  This paper offers a comprehensive overview of the current status and challenges related to groundwater use in agriculture, emphasizing its critical role in water resource management, soil quality improvement, and environmental sustainability. With global climate change accelerating and agricultural practices developing, groundwater demand is increasing significantly, particularly in regions like South Korea. Over exploitation and contamination from excessive use of pesticides and chemical fertilizers pose serious threats to groundwater quality and availability. The paper synthesizes recent findings on groundwater depletion, pollution risks, and the impacts of shifting agricultural patterns, such as crop changes and irrigation methods. It highlights the importance of sustainable practices—including water-saving irrigation, soil permeability improvement through deep tillage and ridge cultivation, and eco-friendly farming certifications—to replenish and conserve groundwater resources. Moreover, the paper underscores the necessity for integrated policy frameworks and advanced technological solutions to address groundwater scarcity and ensure agricultural productivity amid climate variability. These efforts are essential to mitigate adverse environmental impacts and secure a resilient agricultural water supply for the future.
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1. Introduction
  Climate change is occurring globally especially global warming, and addressing it is one of the shared challenges faced by countries worldwide. Agriculture, as an industry highly constrained by natural environmental factors, is particularly vulnerable since agricultural production activities are significantly influenced by climatic conditions. Consequently, decreases in agricultural productivity and machine and material price increases resulting from climate change lead to unstable incomes for farmers, thereby increasing the risk factors in farm management (Choi, 2025).
  Recently, due to climate change and rising temperatures in South Korea, the cultivation area of tropical and subtropical crops has expanded. Moreover, the main production regions of certain crops have shifted northward; for example, apple cultivation has moved from Gyeongbuk Province to Gangwon Province, and peach production has expanded from Gyeongbuk to Chungbuk and Gangwon Provinces (Kim et al., 2019).
  While these changes present new opportunities for income generation among farmers, they also increase managerial burdens due to the need to switch crops in traditional production areas. Even if farmers maintain existing crops, abnormal weather events caused by climate change can lead to reduced agricultural productivity and income instability. Additionally, several problems may arise, including loss of farmland leading to weakening of rural infrastructure, difficulties in securing agricultural water resources, emergence of new pests and weeds, and changes in soil conditions and crop growth periods (Malhi et al., 2021).
  These developments exacerbate agricultural instability, threaten food security, and may ultimately lead to the collapse of rural communities. Hence, a comprehensive transformation of crop management systems is required for existing farmers. Accordingly, active strategies to mitigate the impacts of climate change are urgently needed (Choi, 2025).
  South Korea, where rice is the staple food, dedicates approximately 50.2% (764,000 ha) of its total farmland area to rice cultivation (KOSIS, 2024), resulting in a high demand for agricultural water. Considering recent droughts caused by climate change and the current supply capacity of agricultural water facilities, a shortage of agricultural water is anticipated (Choi, 2004). Continuous flooding during rice cultivation requires a substantial amount of water, much of which is wasted due to evapotranspiration and soil infiltration (Dong et al., 2012).
  In many countries, freshwater is becoming an increasingly scarce resource, posing a serious threat to the productivity and sustainability of irrigation systems in paddy fields (Peng et al., 2009). To address these challenges, efforts to reduce agricultural water usage are necessary (Hong et al., 2016). Accordingly, various studies have been conducted to maintain water quantity while reducing agricultural water use through appropriate water management strategies (Kim et al., 2012; Ahn et al., 2014; Kim et al., 2014; Haque et al., 2017; Myeong, 2018; Ju et al., 2000; Choi et al., 2004; Ishfq et al., 2020).
  However, without securing a basic water supply, water-saving through cultivation methods such as water management may face significant limitations.
  Groundwater is a renewable water resource that can be recharged through agricultural activities such as irrigation (GIMS, 2015). In South Korea, the annually available volume of groundwater is estimated to be approximately 10.85 billion tons, with agricultural water use accounting for more than 50% of the total groundwater usage at 2.06 billion tons in 2013 (K-water, 2014). As agricultural industries diversify and the area of high-value facility farming increases, groundwater usage has been steadily rising, exacerbated by uncertainties due to abnormal weather events (Jang et al., 2015).
  Most of the irrigation water supplied to paddy fields infiltrates into the soil, and a portion of this water returns to rivers or percolates deeper to recharge groundwater. The groundwater contained in paddy fields is considered a reusable and important resource in terms of securing available agricultural and rural water resources (Jang et al., 2015). KREI (2001) estimated the annual economic value of groundwater recharge for agricultural water in South Korea at approximately 1.14 trillion KRW.
  Besides its water recharge function, groundwater plays a significant public role by preserving the ecological environment of rural areas and providing a recyclable resource (Jang et al., 2015). However, indiscriminate development of agricultural wells and excessive pumping for water supply have led to groundwater level decline, depletion, dry riverbeds, and increased groundwater contamination (Jeoung and Park, 2003). Moreover, large-scale development of facility horticulture complexes has caused groundwater level declines and increased salinity, posing diverse ecological threats (Son et al., 2018).
  Recently, with the increased frequency of extreme droughts due to climate change in South Korea, social issues related to shortages of agricultural and domestic water supplies have been emerging periodically (Song, 2015; Hyun et al., 2021).
  Therefore, this study aims to revisit the concept of groundwater in relation to agriculture, introduce the impacts of current cultivation practices on groundwater recharge and contamination, and explore effective and sustainable approaches for securing and utilizing groundwater resources in agricultural settings.
2. Current Status of Groundwater in Agriculture
2.1. Concept of Groundwater from an Agricultural Perspective
  Groundwater is defined in Article 2 of the Groundwater Act as “water filling or flowing through underground strata or rock fractures.” This definition broadly encompasses all water present in saturated and unsaturated zones within soil and rock formations (Park, 1996). In South Korea, groundwater is largely classified into alluvial aquifers (unconsolidated sedimentary layers) and bedrock aquifers. Due to topographical characteristics, groundwater recharge is more dominant in the eastern highlands, whereas groundwater discharge prevails in the western lowlands (Ministry of Environment, 2024). Groundwater flow, also known as base flow, originates from water infiltrated into aquifers after surface percolation; thus, the volume of groundwater flow is equivalent to the recharge amount from precipitation (Park, 1996). Groundwater recharge refers to the portion of infiltrated water that is not lost through evapotranspiration but percolates to the saturated zone (Park, 1996).
  Generally, a decrease in precipitation alters water levels in rivers, reservoirs, and groundwater, with drought impacts varying depending on the hydrological systems within a watershed (Wilhite and Glantz, 1985). Soil moisture content, which directly affects agricultural activities, responds more rapidly and drastically to precipitation shortages caused by drought than reservoir storage levels (Song, 2018). Groundwater levels fluctuate due to a combination of natural and anthropogenic factors, including topographic slope, surface changes, impervious surface area, geological characteristics, precipitation, temperature, river water levels, and groundwater extraction (Hoque et al., 2007; Jeong et al., 2021).
  Global climate change is progressing at a much faster rate than in the past, broadly impacting meteorological and hydrological factors worldwide. In South Korea, the average daily temperature has risen by approximately 1.4°C over the past 30 years, and further accelerated warming is projected (The Government of the Republic of Korea, 2020). Increases in abnormal climate events and the spatiotemporal variability of water environments due to extreme droughts and floods are representative examples of the impact of climate change on the hydrological environment (Lee et al., 2023).
  Groundwater plays a key role in regulating carbon exchange among various carbon reservoirs and carbon cycling processes on Earth. Rather than directly controlling carbon emissions, groundwater indirectly regulates carbon emissions through secondary and tertiary pathways, performing multiple functions in this regard (Lee et al., 2023).
  As one of the major water sources sustaining wetlands, groundwater conservation and management are critically important as an indirect mediator in reducing carbon dioxide emissions (Lee et al., 2023). Although wetlands cover only about 5–8% of the global land surface, the concentration of carbon dioxide stored in wetlands accounts for approximately 20–30% of the total soil carbon stocks worldwide (Limpert et al., 2020). These wetlands play an essential role in preventing atmospheric emissions of soil carbon dioxide.
  In this context, groundwater’s role as an indirect mediator regulating carbon emissions and its contribution to preserving ecosystems that depend on groundwater should be discussed, along with the positive effects related to its carbon storage capacity (Lee et al., 2023).
2.2 Current Status of Groundwater Use
  Groundwater accounts for approximately 99% of the world's freshwater and supplies about 25% of the water used by humans. By usage category, 69% of groundwater is used for agricultural purposes, 22% for domestic use, and 9% for industrial use. Approximately 50% of the global urban population relies on groundwater as a source of water supply. Major countries utilize a significant portion of their total water resources from groundwater.
  In OECD countries, about 22% of water resources are supplied by groundwater (21% in the EU and 24% in North America), with consumption steadily increasing — from 223.4 billion cubic meters per year in 2002, up 10.2% from 202.8 billion cubic meters per year in 1980. In the United States, 44% of the population uses groundwater as drinking water, with agricultural use accounting for the largest share at 72.1% of total groundwater consumption (NARS, 2019).
  In Japan, groundwater constitutes approximately 13% of the total available water resources of 83.5 billion cubic meters and is managed under separate laws aimed at preventing groundwater pollution and protecting water quantity (Ministry of Environment, 2024).
2.3 General Status of Groundwater for Agricultural Use
  South Korea’s total annual water resources amount to approximately 126.4 billion cubic meters, with an average annual precipitation of 1,252 mm over the past 52 years. The annual runoff volume is about 73.1 billion cubic meters, accounting for roughly 59% of the total water resources. Evapotranspiration from forests, farmland, urban areas, rivers, and oceans returning to the atmosphere is estimated at approximately 51.6 billion cubic meters per year, representing about 41% of the total water resources (approximately 50.2 billion cubic meters inland) (Ministry of Environment, 2021).
  Groundwater in South Korea is primarily developed and utilized for domestic and agricultural/fishery purposes. Across 1.69 million groundwater development and utilization facilities nationwide, approximately 2.98 billion cubic meters of groundwater are used annually. Of this, 1.577 billion cubic meters per year are used for agricultural and fishery purposes, accounting for 40.5% of the total groundwater usage (Table 1).
  As of 2021, there are eight groundwater storage dams, most of which serve agricultural purposes in inland areas (Ministry of Environment, 2021). Recently, excessive groundwater use has contributed to a sea level rise of approximately 6.24 mm, which has caused a shift in Earth's rotation axis due to changes in global mass distribution (Seo et al., 2023).
  Such overexploitation of groundwater not only leads to resource depletion but also triggers various adverse effects. In the long term, it may induce moisture stress in agriculture, reducing crop yields, or cause abandonment of cultivation in regions where irrigation becomes difficult. Therefore, it is essential to develop groundwater recharge technologies alongside adaptive measures for climate change.
Table 1. Groundwater Usage by Purpose
	 Purpose
	Facilities
	 Ratio
	Usage
amount
	Ratio

	
	number of facilities
	%
	million ㎥ year-1
	%

	Total
	1,687,515
	100.0
	2,978
	100.0

	Domestic
	834,086
	 49.4
	1,206
	 40.5

	Agricultural and Fishery
	836,834
	 49.6
	1,577
	 53.0

	Industrial
	13,508
	  0.8
	171
	  5.7

	Other
	3,087
	  0.2
	24
	  0.8


Source: 2021 Groundwater Survey Report (Ministry of Environment & Korea Water Resources Corporation, 2021)
2.4 Current Status of Groundwater Quality for Agricultural Use
  Unlike surface water, groundwater contamination spreads very slowly; however, once polluted, it takes a significantly long time to recover (Lee et al., 2012). In South Korea, approximately 62% of highland areas have slopes exceeding 7% (NIAST, 1992). During the summer monsoon season, heavy rainfall causes about 20 Mg ha⁻¹ year⁻² of soil erosion in these upland fields (Yang and Jung, 2004). The topsoil contains essential nutrients, so soil loss not only reduces soil fertility but also acts as a non-point source of pollution in river basins (Joo et al., 2004; Park, 2002a, b).
  According to the Groundwater Act in South Korea, regular inspections of groundwater developed and used by individuals over the past ten years (2011–2020) showed an average non-compliance rate of 2.8% (ranging from 1.1% to 5.1%). The non-compliance rates in national monitoring networks were 7.1% for the national management network, 14.1% for the national pollution monitoring network, 7.3% for the national pollution concern network, and 14.8% for the rural management network. The non-compliance rate for auxiliary water quality monitoring networks (based on use-specific standards) was set at 6.5%, indicating overall satisfactory groundwater quality.
  However, in areas surrounding major pollution sources such as livestock burial sites, the exceedance rate of standards was approximately 28%. Additionally, a nationwide investigation on natural radioactive substances in groundwater (conducted between 2007 and 2018, covering 4,980 small-scale water supply facilities in 144 cities, counties, and districts) found an exceedance rate of 18.6% (939 facilities) for standards including uranium (drinking water quality standard: 30 μg L⁻¹), radon (drinking water quality monitoring: 148 Bq L⁻¹), and total alpha radiation (US standard: 0.56 Bq L⁻¹) (Ministry of Environment, 2021).
These findings suggest significant regional variability in groundwater contamination vulnerability, underscoring the need for more precise, region-specific management strategies.
3. Changes in Groundwater Due to Agriculture
3.1 Changes in Agricultural Population
  According to data from the Korean Statistical Information Service (KOSIS), as shown in Fig. 1, the national agricultural population was approximately 3 million in 2010 but has been decreasing at an average annual rate of 2.96%, reaching about 2 million in 2024. The number of farming households also declined by 17.3%, from approximately 1.177 million households in 2010 to 974,000 households in 2024 (KOSIS, 2025).
  The proportion of elderly farmers within the total farming population was about 60.9% (718,000 out of 1,177,318) in 2010, but this has steadily increased, reaching 83.9% (816,576 out of 973,706) in 2024 (Fig. 2). These trends clearly indicate a significant decline and aging of the agricultural population.
  Alongside these demographic changes, the advent of Fourth Industrial Revolution technologies, including IT innovations, is attracting attention and driving substantial changes in the agricultural environment.
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Fig. 1.  Decline in the Agricultural Population in South Korea (2010–2024). Source: Statistics Korea (KOSIS). as of August 12, 2025.
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Fig. 2.  Number of Agricultural Business Owners Aged 60 and Over (2010-2024. Source: Statistics Korea (KOSIS). as of August 13, 2025.
3.2 Changes in Cultivated Land Area
  According to data from the Korean Statistical Information Service (KOSIS), the area of rice paddies, which was 1,176 thousand hectares in 1996, has steadily decreased by 35.3% to 761 thousand hectares in 2024. In contrast, the area of dry fields was 769 thousand hectares in 1996, showing a slight decline until 2009, but has been increasing since then and has remained stable (Fig. 3).
  Regarding the conversion between rice paddies and dry fields, the conversion from dry fields to rice paddies (an increase of 9.8 thousand hectares) is relatively greater than the conversion from rice paddies to dry fields (an increase of 8.8 thousand hectares) (KOSIS, 2025).
  These changes in farming patterns, particularly the increase in land areas that require substantial groundwater use—such as dry fields (from 431 thousand hectares in 2010 to 751 thousand hectares in 2018) and facility agriculture (from 57 thousand hectares in 2010 to 70 thousand hectares in 2018)—are likely to be factors contributing to the increased demand for groundwater (Ministry of Environment, 2024).
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Fig. 3. National Trends in Cultivated Paddy and Upland Field Areas in Korea (1996–2024). Source: Statistics Korea (KOSIS), as of August 13, 2025.
3.3 Changes in Crops and Cultivation Practices
  According to the Farm Household Economy Survey, rice cultivation income was 50,828 thousand KRW in 2023 but decreased by 3.6% to 50,597 thousand KRW in 2024. In contrast, income from vegetable cultivation increased by 6.4%, from 40,506 thousand KRW in 2023 to 43,092 thousand KRW in 2024. Among all farming types, only vegetable farms showed an increase in numbers (Statistics Korea, 2025).
  Compared to 2003, the net income of rice farming households decreased by 20.2% in 2024, whereas that of vegetable and fruit farming increased significantly by 164% and 118%, respectively (Table 2). Vegetables and fruits are categorized as high-value crops, and cultivation practices have shifted from traditional rice paddy farming to dry field farming or facility cultivation focused on vegetables and fruits.
As shown in Fig. 4, this trend is increasing, raising serious concerns about groundwater contamination and depletion. Therefore, it is necessary to enhance groundwater recharge by increasing soil permeability through rice cultivation in paddies and utilize this water resource in agriculture to prepare for future water shortages.
  There are two main methods to increase soil permeability: first, direct seeding or no-tillage cultivation, and second, using deep soil breakers to physically disrupt compacted soil layers. However, excessively increasing permeability can cause difficulties such as weed control, especially in crops sensitive to water loss, so it is important to regulate daily infiltration amounts to about 3 cm.
  In terms of groundwater use, pollution must be prevented to meet drinking water standards. The best approach is to implement and fully transition to environmentally friendly certification systems for all crop cultivation practices.
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Photo. 1. Subsoil fracturing scene for increasing soil permeability and promoting root development
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Photo 2. Installation of subsurface-centric system to prevent groundwater contamination by blocking underground movement of nutrients and improving water use efficiency, and soil hardness measurement scene
Table 2. Farm household net income by farming type
	Year
	Rice
	Fruit crops
	Vegetables
	Specialty crops
	Floriculture
	Upland crops
	Animal husbandry
	Others

	
	…………………………………………………………… KRW 1,000 ……………………………………………………………

	2003
	14,366
	20,678
	17,296
	26,694
	17,442
	　9,250
	29,305
	11,536

	2004
	14,697
	24,448
	17,836
	28,193
	20,387
	18,187
	35,295
	9,752

	2005
	13,434
	24,059
	17,596
	32,276
	32,838
	11,269
	36,362
	11,503

	2006
	14,478
	22,072
	17,743
	29,937
	22,143
	7,117
	37,631
	6,964

	2007
	13,201
	22,424
	15,869
	20,061
	42,434
	14,918
	33,041
	12,037

	2008
	13,056
	21,343
	14,705
	31,067
	21,259
	8,990
	36,990
	20,792

	2009
	12,256
	19,101
	16,922
	28,587
	28,153
	7,370
	38,761
	19,078

	2010
	11,420
	24,422
	19,028
	29,670
	22,323
	15,673
	33,528
	28,560

	2011
	10,580
	19,412
	17,941
	10,846
	17,701
	11,465
	39,453
	38,301

	2012
	11,059
	21,713
	18,682
	12,977
	21,941
	9,102
	38,331
	41,120

	2013
	13,615
	24,765
	19,913
	11,656
	7,010
	10,806
	41,436
	39,385

	2014
	11,848
	24,024
	16,194
	8,105
	12,954
	13,581
	58,520
	44,449

	2015
	13,106
	20,134
	16,270
	5,478
	17,192
	12,420
	67,200
	57,958

	2016
	9,217
	20,230
	17,105
	9,503
	22,005
	10,952
	63,654
	32,754

	2017
	13,584
	21,384
	17,535
	11,350
	17,301
	10,141
	60,101
	26,783

	2018
	18,928
	24,507
	17,992
	12,977
	19,643
	15,840
	65,491
	49,387

	2019
	14,581
	18,666
	15,730
	9,699
	18,733
	12,216
	57,944
	23,571

	2020
	15,920
	22,388
	17,435
	16,325
	18,844
	5,450
	63,504
	30,973

	2021
	17,360
	25,291
	19,265
	10,466
	35,912
	10,785
	72,721
	22,514

	2022
	11,877
	25,925
	18,520
	12,295
	20,492
	8,885
	42,656
	47,832

	2023
	13,984
	36,163
	19,237
	22,815
	27,281
	9,250
	45,651
	47,237

	2024
	11,469
	33,918
	20,431
	4,495
	20,223
	9,572
	30,384
	39,478


Source: Statistics Korea, 'Farm Household Economy Survey,' 2024, as of August 18, 2025.
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Fig. 4. Area of Facility Cultivation. Source: Statistics Korea, 'Agricultural Area Survey,' 2025, as of August 18, 2025.
4. Case Study Analysis
  In South Korea, in deep soil layers where various inorganic nutrients accumulate or compacted hardpans (plow pans) exist, it was found that increasing the deep tillage depth beyond 20 cm and additional fertilization were necessary to increase rice yield and maintain balanced growth through fertilization alone was difficult (Kim and Ko, 1979; Choi et al., 1968). Based on these results, it is necessary to standardize the depth of tillage and to fully implement eco-friendly certified farming methods.
  In Jinju, Gyeongnam Province, the Danmok district, primarily cultivating strawberries, peppers, pumpkins, and paprika in greenhouse agriculture, has experienced groundwater level declines due to increased groundwater use in winter. Similarly, in Nonsan, Chungnam Province, where strawberries and watermelons are grown using water film cultivation, there have been annual reports of shortages in both agricultural and domestic water supplies. In Gimje, Jeonbuk Province, the ‘Smart Farm Innovation Valley’ is being developed. Although plans to supply agricultural water through groundwater development exist, local farmers have expressed concerns over groundwater depletion due to saturated groundwater use and have urged the city to seek alternatives.
  Due to Korea’s climatic characteristics, where precipitation is concentrated in the monsoon season, groundwater is used as agricultural water in geographically accessible and high-quality water areas such as dry fields and greenhouse farms. However, intensive year-round groundwater use in clustered greenhouse farming or dry field areas often causes groundwater level declines and related problems (KEI, 2021).
  Previous research includes the development of a balanced vibrating bullet drainage device to improve hardpan layers (Kim et al., 1977), improvement of crushing blades from circular to polygonal shapes enhancing operational efficiency (Cho et al., 1980), and that subsoiling to a depth of 50 cm with 120 cm spacing was effective in fine-textured soils (Min et al., 1982). Subsoiling and deep tillage practices for rice, peony, and corn improved soil physical properties, promoting growth and yield increases (Kim et al., 2005; Yoo et al., 2006; Seo et al., 2012). Rotation with subsoiling treatments increased yields in sweet potato continuous cropping fields (Song et al., 2012).
  Subsoiling to a depth of 40 cm effectively destroyed hardpan layers and created fractured spaces, improving soil permeability and aeration (Seo et al., 2012). Tractor-based deep tillage increased tillage depth compared to rotary tillage, improved physical soil conditions, and increased yields but also raised the risk of overuse (Cho et al., 1981; Choi et al., 1983). In silty loam paddy soils, rice yields increased by 3-11% with rotary tillage, no-tillage, deep tillage, subsoiling, and chisel plowing compared to conventional tillage (Jo et al., 1985). Differences in growth and chlorophyll content of barley and soybean were observed due to compaction in dry field soils (Kim et al., 1985; Seo et al., 1981).
  Poorly drained soils are more prone to erosion (Jung et al., 1976), and erosion risk is highest in paddy soils with low gravel content and high silty loam distribution (Ha et al., 2005). Frequent tillage and use of large machinery deteriorate soil physical properties, reduce nutrient availability, and negatively affect crop production (Wallace and Terry, 1998). Increased soil bulk density and penetration resistance restrict root growth and development, but tillage facilitates better root access to nutrients and water (Horn et al., 1995). Soil compaction, a critical soil physical property, influences soil structure, cohesion, adhesion, moisture content and movement, organic matter, and soil temperature, all of which significantly affect crop growth (Koolen and Kuipers, 1983).
5. Conclusions and Recommendations
  As discussed above, in order to replenish groundwater resources and prepare for irregular rainfall patterns and insufficient irrigation capacity required for agricultural activities, efforts from the agricultural sector are essential. Improving the depth of water infiltration by utilizing subsoilers that can break hardpan layers and employing ridge direct-seeding cultivation methods that increase soil permeability can promote vertical water movement in the soil, thereby enhancing groundwater recharge. This improvement in permeability can also help reduce greenhouse gas emissions (Yagi, 1998; Ko et al., 2007), contributing to climate change mitigation.
  During rice cultivation, effective water management practices—such as using drainage classifications to identify fields with normal or poor drainage, and applying intermediate water discharge or shallow intermittent irrigation—can minimize irrigation water loss and enhance the utilization of groundwater resources. These strategies are expected to contribute to the sustainable management of agricultural water resources.
  Additionally, South Korea is located in a monsoon climate zone where heavy rainfall is concentrated in the summer season. During this period, all drainage channels in rice paddies are typically opened, causing agricultural water to flow into rivers and streams, which is unfavorable for groundwater recharge. Therefore, when rainfall persists, it is necessary to retain water in the paddies for a short period to promote groundwater recharge.
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Photo 3. Changes in soil conditions and rice roots through water management in rice cultivation for permeability improvement.
  In the case of groundwater, contamination from excessive use of pesticides and chemical fertilizers requires significant time and effort for purification, making it difficult to use as drinking water. Therefore, practicing eco-friendly agriculture through organic certification or GAP certification aligns well with the goal of groundwater recharge. Additionally, there is currently no standardized guideline for the construction height of rice paddy embankments, which are generally built at an estimated height of 20–30 cm with bank maker attached by tracter. A unified embankment reinforcement project is needed to raise the height of paddy embankments uniformly to a maximum of 40–50 cm.
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Photo 4. The photos of permeability increasing machine and direct-seeding method.
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Photo 5. Laser leveling for balancing water table, Increasing permeability, and reducing carbon emissions in paddy field.
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