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Determinants of the Demand for Smart Farm Adoption
by Young Farmers

0

od

0|

ro

=50

B

ZA 5 E=AHTL R (yihyangmi@ekr.or.kr)

Abstract

The government plans to enlarge the production proportion of smart farming up to 30% and
expand the present smart farming at the level of 300 billion won to a sizable amount of 1 trillion
won. In order to efficiently pursue such a state affair, we need to research and find out the
demand of young farmers for adopting smart farming. Thus, in this research, with the young
farmers as our research target, we conducted an empirical analysis on the determinants of
the demand for smart farm adoption by young farmers. For this, in this research, we utilized
the bivariate probit model. As a result of analysis, among the farming characteristics of
young farmers there is one that implies that as the proportion of leased land becomes bigger,
demand of using idle land increases. However, this is not leading to any statistically significant
influence on the demands for smart farming adoption. On the other hand, the livestock
and discussed crops related farming styles were analyzed to exert statistically meaningful
influence on the utilization of idle farmlands and the demands of adoption for smart farming.
Therefore, with the livestock farmers and young farmers who are cultivating discussed crops
as the target, we need to develop a smart farming model utilizing idle farmlands. However,
in the case of young farmers working on controlled horticulture, they do not have demands
for utilizing idle lands but at the same time have demands for adopting smart farming,

so for them, we have to develop a supply model from the previous smart farming model.

Keyword: Bivariate probit model, Idle land, Smart farming, Young farmers
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Analysis on Effects of an Irrigation Project with

Treated Water Resources
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Abstract

Securing environmental water for the conservation of aquatic ecosystems has become
important, and the multi-purpose use of agricultural water through efficiency is being sought.
South Korea’s government enacted the Water Management Act and established a new Basin
Plan. The new act and plan require preparing an optimal water use plan considering not
only the integrated water management of quantity and quality but also the current status of
water resources in use and the water problem resolution. In this paper, with respect to the
guidance of integrated water management in Korea, we introduce the novel strategies for
efficient agricultural water use and provide direction to where the Basin Plan should head.
Basic strategies are agricultural water supply measurement for scientific management,
building information for intelligent agricultural water management, development of basin
water balance model for agricultural water supply and demand analysis, establishment of
pipeline irrigation channel network for efficient supply of agricultural water, establishment
of integrated agricultural water supply management system for river-surface water-
groundwater, efficient water use through reorganization of agricultural water distribution

system and operation of reservoirs, and conflict management of water related dispute.

Keyword: Basin plan, Water reform, Integrated Water Resources Management (IWRM), Agricultural

water, Efficiency
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I. Introduction

Protecting clean water in rivers and lakes across the country while ensuring a stable supply of
safe water for all is an important mission of the South Korean Government. In 2018, Korea
overhauled its national water management system that had fragmented responsibilities among
ministries into an integrated structure with the Ministry of Environment (MOE) as the single
authority. The objective of the reform is to maximize the administrative efficiency in water
management so as to ensure cost-effective, equitable, and sustainable use of the country’s limited
water resources. According to the new Framework Act on Water Management, Korea has built a
National Water Management Plan every ten years that defines policy goals and specific measures
on comprehensive water issues including water quality, water resources, water disasters,
conflicts, and water industry in 2021.

In addition, it is also stipulated that the types of water management related plans to be
established in accordance with the National Water Management Basic Plan and the Basin Water
Management Comprehensive Plan, which will present the direction of the water management
policy, matters concerning the operation of the Water Management Committee and composition
of its subcommittees, agencies that can entrust a part of the affairs.

In order to rationally use water resources to cope with future water needs, it is necessary
to establish a distribution and use plan in compliance with the 12 basic principles of the
Framework Act on Water Management. These include public nature of water, sound water
circulation, conservation of the aquatic environment, management of each watershed, integrated
water management, cooperation and linkage management, water distribution, water demand
management, water use permit, cost burden, response to climate change, and participation in

water management policy.

In accordance with the transfer of water management authority to the Ministry of Environment
in terms of quality and quantity in 2018, it is necessary to prepare an optimal water use plan
considering not only the integrated water management considering the quantity and quality
of water and its use but also the current status of water resource use in the watershed and the
resolution of water problems. One of the major water issue is environmental flow in Korea
where stream discharge is low during fall and next spring due to monsoon climate and supply of
environmental flow from agricultural water through efficiency is being sought.
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II. Integrated Water Resources Management in Korea

2.1 Water supply

Through decades of efforts to expand waterworks facilities and service networks, 99.1% of the
total population has access to water supply services in Korea, but there is still an urban-rural gap
to be addressed. Korea’s investment in expanding water supply service now focuses on rural
villages and other vulnerable arecas. Meanwhile, a nationwide initiative to upgrade old water
pipes and infrastructure is underway. Korea’s national water grid is evolving towards higher
stability, safety, and efficiency by incorporating smart technologies such as automated water
treatment and real-time measurement and analysis.

2.2 Disaster prevention

Due to the impacts of climate change, Korea is experiencing increasingly intensive, concentrated,
and unpredictable rainfall patterns. Korea is working to optimize the national system to protect
people from water-related disasters through making the best use of advanced technologies and
information networks. For instance, the Flood Control Offices in the four major rivers collect
hydro and meteorological information, analyze flood risks, produce forecasts, and issue real-
time flood warnings based on data collected from 60 points nationwide. The automated flood
forecasting using artificial intelligence and a digital twin-based dam-stream flood simulation
will be introduced to establish a smart flood response system. In addition, the foundation
for flood response will be strengthened by adjusting and maintaining standards of flood and
securing additional flood control capabilities. The flood risk maps designating flood-prone areas

nationwide will be continued to expand in size.

In recent years, South Korea has been trying to predict water-related disasters (floods and
droughts) and manage dams and rivers in real-time and remotely using Al and digital technology.
The related infrastructures will also be expanded to convert human flood forecasting into a more
rapid forecast using Al from 2025. In addition, information on dams and streams in the five
major rivers of Korea will be digitally converted by 2027 to predict and respond to floods and
droughts in advance.

2.3 Comprehensive management of surface water and groundwater

Surface water and groundwater will be comprehensively managed. This will establish a
basis for comprehensive management by connecting the surface water, soil, and groundwater

measurement networks.
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2.4 Pollution control

In 2004, South Korea introduced the Total Water Pollution Load Management System (TPLMS)
at river basin level to protect and improve the water quality of rivers across the country. This
system sets targets for water quality improvement for each river basin.

In order to achieve the target amount, the emission of pollutants is calculated, and the emission
allowance for each local government. TPLMS also monitors compliance with development of
restrictions and special measures. In 2019, new water quality goals for four major river basins
had announced for the next phase of TPLMS.

Korea continues to strengthen effluent management by adopting new parameters and expanding
the application of the standards to protect clean river water and healthy ecosystems. In Korea’s
four major rivers, 66.4% of pollution comes from diffuse sources other than the industrial and
sewage effluent from point sources. Systematic approaches are taken to manage the nonpoint
source (NPS) water pollution, such as the designation of NPS Control Areas and the legal
obligation to install pollution reduction facilities for large-scale development projects.

2.5 Aquatic ecology conservation

Korea will create a better river with water quality, aquatic ecology, safety, culture, and
landscape. It will implement projects to restore nature which can contribute to the growth
of the local communities. Restoring river continuity will be pursued for all living things to
coexist and enjoy benefits from water. In addition to the four main rivers, it will be evaluated
the effectiveness and continuity of cross-sections installed on tributaries and establish or
dismantling of fishways. Rivers will be improved to serve cultural attractions where citizens
can enjoy in various ways. A basis will be established to practically distribute water, focusing
on governance. It will also resolve the water service delivery gap by pursuing the integration

of waterworks.

2.6 Water reuse

As an alternative water resource for sustainable water use, it will be promoted to reuse industrial
sewage, publicly manage and store groundwater, and utilize rainwater runoff facilities.

2.7 Water management to create economic value

In order to convert and promote the dam support project to a carbon-neutral project that coexists
with local residents, the Enforcement Decree of the Act on Dam Construction and Assistance,
etc. to Neighborhood Areas will be amended, and the River Act is also planned to be revised to
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prepare a sustainable integrated river management plan that comprehensively considers carbon
neutrality, response to the climate crisis and ecological restoration. In addition, for the rapid
institutional settlement of carbon-neutral smart water management, the reorganization of related
laws and businesses will be promoted. In order to make water contribute to the transition toward
carbon neutrality, renewable hydro-energy and expanded carbon sinks around rivers will be
expanded. The South Korean government will actively supply and spread renewable energy
using water, such as hydrothermal energy and floating photovoltaic, to reduce the use of fossil
fuels and promote carbon neutrality in the water sector. In the case of hydrothermal energy, the
plan is to build a hydrothermal fusion cluster and expand eco-friendly hydrothermal energy to
the private sector through hydrothermal pilot projects for public buildings. It will promote the
establishment of "100% use of renewable energy" (RE100, Renewable Energy 100%) oriented
industrial complex.

Original technologies related to water will be localized, such as ultrapure water. It plans to turn
South Korea into the water industry powerhouse capable of entering advanced countries by
localizing original technologies and fostering human resources.

2.8 The 4th industrial revolution technology

The 4th industrial revolution technology, such as ICT and big data, will be applied to water
management to increase water management efficiency and accuracy while contributing to the
realization of carbon neutrality. As for dam management, a smart dam safety management system
will be built by using unmanned aerial vehicles (drones), Al and big data analysis systems
based on the 4th industry. The system will improve dam safety through prior maintenance and
reinforcement, performance improvement and asset management. By 2025, 37 dams in Korea
will establish a dam safety management platform of a real-time monitoring system, unmanned
aerial vehicle (drone)-based safety inspection system and digital twin system. In the water and
sewerage sector, a smart management system based on Al and ICT is established to monitor and
control the entire national water and sewage process in real-time to streamline operation and
enhance safety.

2.9 Conflict management

Addressing the conflict between upstream and downstream reaches and between urban and rural
areas has been a key concern in Korea’s water policies. Policy instruments to correct the inequity
includes water use charges that is collected by downstream tap water users and spent for water

quality improvement and welfares of upstream communities.
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III. Korean Agriculture

3.1 Agricultural water management

Korea’s agriculture mainly produces rice, dairy, livestock, and vegetables. From 2000 to 2018,
the share of livestock in the total agricultural production increased from 25% to 40% (OECD,
2020b). Korea is one of the most water-stressed countries in the OECD, with very low
availability of water per capita (OECD, 2018). Agriculture accounts for more than half of the
country’s water use (53% of total water abstractions in 2018) and close to half of groundwater
use (OECD, 2015). Irrigated lands represented 44% of the total Korean agricultural area in
2018 (MAFRA and Korea Rural Community Corporation, 2018; OECD, 2020b).

The Ministry of Agriculture, Food and Rural Affairs (MAFRA) establishes the “plan for
rationalizing rural water use” every ten years. Water entitlements of irrigation is customary use
right under the Civil Law, based on permit under the River Law. The Korea Rural Community
Corporation (KRC) manages the water rights of farmers. For non-KRC farmers, the rights belong
directly to the farmer. The proportion of cost recovery for surface water is 0% for KRC and the
government-operated districts is 30% of operation and maintenance costs for other irrigators.
Farmers operating under KRC are exempt from water supply cost recovery charges, excluding
labor costs.

3.2 Agricultural impact on the environment

Agricultural activities account for a significant portion of diffuse biological oxygen demand
(BOD) and total phosphorus pollution (OECD, 2017). Nutrient surpluses are well above the
OECD averages, resulting especially from the land use change of agricultural farmland, including
urbanization, and an agricultural practice that overuses livestock manure and chemical fertilizers
in the farmland. The nitrogen balance nonetheless decreased between 2000 and 2017 from 254
to 212 kg/ha, and the phosphorus balance went down from 50 kg/ha to 46 kg/ha during the same
period (OECD, 2020a).

Policies to Control Agricultural Water Quality Since 2009, the Agricultural Environmental
Conservation Program has been launched to reduce nonpoint source pollutants. A national
database presents the results of the agricultural water quality measurement network provided
by the Water Environment Information System of MOE. Restrictions on plant building in
the upstream of agricultural reservoirs and No-Fishing (restricted) Zone. Pilot operation of
the Agricultural Environment Conservation Programme for the reduction of the agricultural
nonpoint source is underway. Water Quality Improvement Project for agricultural reservoirs
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has been implemented since 2007.

3.3 Policies to Manage Climate-Induced Water Risks

The incidence and severity of droughts are increasing. The Agricultural Drought Management
System (ADMS) provides drought information to the public and expands access to drought
information, including the status of storage rates and mapping of upland water availability.

Due to the frequent occurrence of rainfall on an unprecedented scale, as well as extreme climate
change, floods are increasing in scale and frequency. A preventive approach for flood adaptation
and mitigation thanks to a flood warning system and an integrated water resources management
system will be further developed in rural areas including farmland.

Although research on climate change (e.g., climate change surveys) has been fruitful, there is
a lack of policy considerations (reflecting project costs, etc.) due to conservative investment
plans in the agricultural sector. Relevant laws will be revised so that climate change impact/
vulnerability results will be considered in policymaking.

IV. Strategies of agricultural water for Basin Plan

As the watershed governance system is established, such as the establishment of a watershed
management committee, it is necessary to collect the opinions of various stakeholders and draw
up an actionable water management plan. In addition, it is necessary to find solutions such as
securing water for environmental improvement in various ways to improve water quality so that
the river can be used and conserved continuously in harmony with the natural environment and

social and economic life, and its value can be continued into the future.

Securing environmental water for the conservation of aquatic ecosystems has become important,
and the multi-purpose use of agricultural water through efficiency is being sought in the new Basin
Plan. To this end, it is necessary to accurately diagnose and evaluate the current state of water
use, to use it flexibly within the total amount of water resources, and to prepare compensation
measures (laws and systems) such as charging a fee for use other than the intended purpose.

4.1 Establishing a sound water circulation system through the efficiency of agricultural
water

Agricultural water supply measurement for scientific management

For optimal utilization of agricultural water resources such as reservoirs, the operation
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method is to be switched from an experience-based method to a data-based operation system.
Acquisition and continuous management are required for data such as supply amount and
usage in irrigation districts by installing measuring instruments in reservoirs and supply
systems (main waterways, irrigation channels, etc.). In order to understand the actual use of
agricultural water, plans such as installation of measuring instruments and collection of long-
term supply data should be prioritized in the basin plan, and it is necessary to consider the
amount of agricultural water requirement obtained through a survey on agricultural water
demand and supply in the water budget analysis of the basin, and to ensure that water intake

and water supply are possible even at a 10-year frequency of drought condition.

Building information for intelligent agricultural water management

In order to overcome the uncertainty of water supply due to diversification of water demand
and climate change, an intelligent water management system can minimize inefficient water

supply and distribute the right amount in accordance with water demand in a timely manner.

Intelligent agricultural water management consist of information analysis, diagnosis of the
structural soundness of facilities and operation, performance diagnosis, and detection/response
to abnormal condition to identify accurate water demand and efficiently implement agricultural
water supply and distribution based on accumulated big data and real-time monitoring data. A
plan to be prepared to establish informatization and intelligent system for the entire process for

optimal water management and information spread.

4.2 Development of basin water balance model for agricultural water supply and demand
analysis

Development of “Basin Scale Agricultural Water Supply and Demand Model” that reflects the
characteristics of agricultural water when establishing Basin plans, which was not considered
precisely in the water supply and demand analysis of the national scale water resources

management plan.

For the analysis of agricultural water, it is necessary to consider the supply, use, and
management characteristics of agricultural water, such as the management loss for water
delivery due to the characteristics of open channel water supply system. A previous study
showed that the ratio of use to supply is only 48% which is resulted in return flow and the
difference in supply between upstream and downstream agricultural land. It is also necessary to
develop a water quality model reflecting return flow and drainage characteristics of agricultural

water.

Ly AA 59 =



4.3 Establishment of pipeline irrigation channel network for efficient supply of agricultural
water

Due to the nature of the open channel, which is a widely used irrigation channel in South Korea,
a certain amount of flow which exceed water requirement of crop land is continuously required
for water supply to the end of the channel, and as the aging progresses, and there is a supply loss
during water supply due to cracks and leaks in joints. Promote a sound water circulation system
in the watershed by replacing open channels with a pressurized pipeline system reducing delivery

and distribution losses where environmental flow is required.

4.4 Establishment of integrated agricultural water supply management system for river-
surface water-groundwater

Maximize the efficiency of water supply by optimizing the linkage of surface water and
groundwater in the basin through the surveying of a large-scale new groundwater source,
and increase the water self-sufficiency rate in the basin by installing facilities for securing
groundwater resources (underground dams and artificial recharge facilities) in water-stressed
areas. It is necessary to establish a smart water grid for surface water and groundwater,
infrastructure including data acquisition and analysis system via measuring instruments, big
data master plan and platform construction, smart pipeline, water intake, and filtration facility,
metering by measurement sensor, and integrated control system. It is also necessary to build big
data such as water quality and energy consumption and to build mobile automatic control and
prediction systems.

4.5 Efficient water use through reorganization of agricultural water distribution system and
operation of reservoirs

A comprehensive irrigation system reorganization project is needed so that excess water
resources in rivers and reservoirs can be distributed and utilized in reservoirs with insufficient
water. They are connecting and distributing water resources in the basin to areas with water
shortages using pumping stations and water pipes, etc.

4.6 Conflict management of water related dispute

Establishment of standards for charging usage fees for other uses of saved agricultural
water when using for river maintenance, domestic water, and industrial uses. It is necessary
to prepare a basis for charging fees for other uses of agricultural water. It is necessary to
establish the principle of water dispute mediation, secure the legal binding force of the water
dispute mediation system under the Framework Act on Water Management, and strengthen
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the effectiveness of the water dispute mediation system through establishing concrete and

clear procedures.

V. Conclusions

A basin plan was established for integrated water management for major river basin in Korea.
The main contents are securing environment flow, responding to floods and droughts intensified
by climate change, demand management and water distribution, carbon neutrality, adopting
advanced technology, payment of water use costs, and resolving water disputes by governance.

In particular, in areas with high demand for agricultural water and insufficient environmental
flow, measures to improve agricultural water efficiency were reflected in the basin plan.
Those are measurement of actual usage, development of a hydrological model that considers
the characteristics of agricultural water, operation of linking surface water and groundwater,
conversion of irrigation open channels into pressurized pipe system, operation of connection
between reservoirs, establishment of the principle of payment for use of agricultural water for
other purposes, and measures to resolve water conflicts.

A specific action plan is being established, and the authority of the implementation, the target
project district, the annual implementation plan, and the budget will be decided. In addition, the
implementation status of the plan is to be inspected every year, and the implementation plan is to
be changed and supplemented in the future.

REFERENCES
e MAFRA and Korea Rural Community Corporation, 2018. Statistical Yearbook of Land and
Water Development for Agriculture, Seoul Korea

e OECD, 2015. Drying Wells, Rising Stakes: Towards Sustainable Agricultural Groundwater
Use, OECD Studies on Water, OECD Publishing, Paris.

e QOECD, 2017. OECD Environmental Performance Reviews: Korea 2017, OECD Publishing,
Paris.

e QOECD, 2018. Innovation, Agricultural Productivity and Sustainability in Korea, OECD
Publishing, Paris

e OECD, 2020a “Nutrient balance” (indicator), OECD Publishing, Paris
e QOECD, 2020b Agricultural Policy Monitoring and Evaluation 2020, OECD Publishing, Paris

Lb AA ST =



S450| C2Y 84

>

ALl 7[8 S5

N

Scenario-based Water Balance Analysis of Estuary Reservoir for
Multipurpose Water Supply

fol Ot {34 fol

HITH=E _ MS0Hhn Chahe MEjRZA XA AT HIALIFE (jaehong999@snu.ac.kr)

Z| R _ MSUhEt XHAABIZS} W4(amchoi@snu.ac.kr)

O|AFS] _ ==018tn X978 B R W4 (sanghyun@chungbuk.ac.kr) 02
SIS U2|-0|tiEh SME IS} M4 (soonho@illinois.edu)

UE2EM  MS0stn X|GAAEZSH} W4(mskang@snu.ac.kr)

- Jehong Bang, Ph.D candidate, Department of Rural Systems Engineering, College of Agriculture and Life
Sciences, Seoul Nat’l University, jaeshong999(@snu.ac.kr

- Jin-Yong Choi, Professor, Department of Rural Systems Engineering, College of Agriculture and Life
Sciences, Seoul Nat’l University, iamchoi@snu.ac.kr

- Sang-Hyun Lee, Assistant professor, Department of Agricultural and Rural Engineering, Chungbuk Nat'l
University, sanghyun(dchungbuk.ac.kr.

- Soonho Hwang, Research Scholar, Department of Agricultural and Biological Engineering, University of
Illinois at Urbana-Champaign, soonho(@illinois.edu

- Moon-Sung Kang, Professor, Department of Rural Systems Engineering, College of Agriculture and Life
Sciences, Seoul Nat’l University, mskang@snu.ac.kr

A BRI R HEA HEZ Qo MY E4 3 gr F=E
TAH & SYUST MZHE O [eltt. E2
0 ZHHR 4 AEE 2loll LHE 20129 8352 dEE + UL = H70ME s8Es S8 54
o= Z2H g2 S HTdl 2+A 248 Sl SYEF S8 /tsds g, Er2tiMe TS
B35 /tsdS 2HEY| flol 8+SerE, EX0I8HE], o848 1133 R /1 AlL2|RE 714
oLt R REGL o2l XMelr/t G2 RYUYCE, = BN +ASHE 5 +0FE
BT REECE ot 20K 243 +HoIA o 7Y d

& 0= Penman-Monteith 415 &3t SUET +H2 +ASUE 7|YUM NSt d=+
(S HEOIAL. G+ ZUE Sl sYUE Hrec 52 Erdsas8 = HY0| godks J&HM S
2.
o

+E S5 & U= A= LET

>
~
rr
omm
o

0
e
il
I
g
=2
2
40
19

Qok
|
gl CA| 84 H20/ 2 40 =
i
—

b
+

Korean National Committee on Irrigation and Drainage 47



Abstract

Increased water demand from industrial and municipal water sectors due to industrial
complex and new town development causes re-balancing of water resources in a watershed,
especially from developed agricultural water resources in terms of IWRM (Integrated Water
Resources Management). Estuary reservoirs are one of the important agricultural water
resources for paddy fields in the reclaimed tidal area, and water supply to other water use
sectors can be considered for the economic water use aspect. In this study, an estuary
reservoir constructed for paddy field water supply was selected to analyze the water balance
to investigate the possibility of water supply for industrial use. Several scenarios were
prepared to find the possibility of multipurpose water supply from agricultural purpose
estuary reservoir, including water supply efficiency, land use change, and return flow. Water
balance analysis was conducted considering runoff from the watershed and return from
sewage water treatment plant as the inflow component, and paddy fields and hydrogen
power plant water requirements as the water demands. Runoff was estimated using the Tank
model, and paddy water requirement was calculated using the Penman-Monteith method.
A power plant company estimated the water demand from the hydrogen power planty and
the demand was considered constant throughout the year. From the results, the agricultural
estuary reservoir can supply the additional water demand from the hydrogen power plant by
increasing water supply efficiency and decreasing paddy field area due to urban development
since the reservoir plan was set about 20 years ago.

Keyword: Estuary reservoir, Water balance, Industrial Water, Agricultural Water

I. Introduction

Since the 1970s, The Government of South Korea has been promoting tidal land reclamation
projects on the west coast of the Korean peninsula in order to create new agricultural land for
securing food supply, and several sea dikes have been constructed to reserve freshwater for
agricultural water supply. The reclaimed tidal land was mainly used as agricultural land at the
early stage; however, the land development for various purposes, such as high-tech industrial
complexes and tourism complexes, has been made due to policy changes according to the change
in socio-economic demands (MLIT 2016; Son et al. 2020). As the transformation of the land
development policy leads to diversification of freshwater demand, not only agricultural but
domestic and industrial water should have been supplied from nearby water resource facilities.

Boryeong and Hongsung regions, located on the mid-west coast of South Korea, had suffered
from water shortages chronically. Therefore, the Korean government approved the basic
plan for the large-scale agricultural project in 1989 to supply water for paddy fields from the
Boryeong estuary reservoir. Recently, SK E&S corporation prepared for the power generation
project in Boryeong, so it is necessary to secure industrial water. In this study, the possibility of

48 AA

o
it}

3}

e



industrial water supply for SK E&S from the Boryeong estuary reservoir, initially constructed
for agricultural purposes, was analyzed by a reservoir water balance model considering runoff,
agricultural water demand, and the return flow from the sewage station. Furthermore, a scenario-
based simulation was conducted to reduce the uncertainty of the water conveyance efficiency,
infiltration, land use trend, and return flow.

I1. Methodology

1. Study area

Boryeong
estuarine
reservoir

Figure 1 | Overview of the Boryeong district (Vue d‘ensemble du quartier de Boryeong)

Boryeong reservoir is an estuary reservoir made by constructing the Boryeong sea dike
located on the mid-west coast of the Korean peninsula (Figure 1). The reservoir crosses the
border between Hongsung-gun and Boryeong-si. After completing the dike and embankment
construction in 1997, the Korean government gradually promoted the drainage improvement
project and the water quality improvement project until 2016 to prepare the water supply. The
reservoir has two central districts separated by up and down reservoir boundaries. The sea dike
is installed near the sea, and the reservoir cannot release freshwater through sluice but use pump
stations. Two pumping stations are installed directly on the northern and southern sides of the
reservoir to send the water to the main open channel of the districts, and each of them has an
intermediate pumping station to convey water farther paddy field. The properties of the Boryeong
reservoir and pumping stations are presented in Tables 1 and 2. The nearest weather station is
Boryeong station, where ASOS (Automated Surface Observing Systems) is set up. In this study,
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we used the meteorological data of the Boryeong station, which was downloaded from the KMA
(Korea Meteorological Administration). The period of meteorological data covered 30 years,
from 1991 to 2020, and contained rainfall, temperature, daylight hour, evaporation rate, wind,
and humidity, which are essential to computing evapotranspiration and runoff. The characteristics

of the Boryeong weather station and meteorological data are summarized in Table 3.

The effective storage of the Boryeong reservoir is 17.3 million m’, and dead storage is 2.0 million
m’. The watershed area is 14,020 hectares, the beneficial area is 4,201 hectares, and the ratio of
irrigation area to watershed area is about 2.7, which is within the universal range of the Korean
agricultural reservoirs. The irrigation area is divided into two significant districts, Ocheon and
Cheonbuk, and intermediate pump stations (Chungso and Eunha) are located in the middle of the

waterway next to the Ocheon and Cheonbuk districts.

Table 1 | Basic information about the Boryeong estuary reservoir

19.330 Effective 730 | 2,030
x1,000m’ | storage | x1,000m°® |"S39St0ra%€) 4 5o m?

Watershedarea | 14,020ha | Flood level | 2.97EL.m | Fulllevel | 1.00 EL.m |Design flood | 1,805 m%s

Full storage Dead level | -5.0EL.m

Drought frequency | Tenyear Flood 200 year Water.shed 2.7 High water | 3.03EL.m
frequency ratio
Highest high water 4.25EL.m

Table 2 | Characteristics of pumping stations

Main water resource Boryeong reservoir
. . Chungso Eunha
Sub water resource (pumping station) Ocheon ligie ) Cheonbuk i
Beneficial area (ha) 1,364 908 707 1,222
Pumping capacity (cms) 6.021 2.583 5.05 3.12
Net 88.5 73.1 68 107.15
Suction Lift (m)
Total 96.6 76.9 73.4 m
Pump (mm*ea) 600*6 600*4 700*6 600*4
Motor (kW*pole) 1,260%6 650%4 800*8 1,130*6
Table 3 | Characteristics of the Boryeong weather station and weather data

Station name | Station code Address Obsstrav :\ttlon Longitude Latitude Elevation

450, Daeha-ro,
Boryeong 235 Boryeong-si, 1972-01-24 126.5574 36.3272 9.98 m
Chungcheongnam-do

Rainfall,  temperature, wind,
Data period 1991 - 2020 Category | evaporation, daylight hour,
humidity
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2. Reservoir operation model

2.1. Process of this study

The reservoir water balance model was selected to analyze the possibility of water supply
for industrial use. Inflow and outflow variables are important components of forming a water
balance system. The daily runoff and irrigation water requirements were computed with KRC
Hydraulics & Hydrology Analysis System (K-HAS). K-HAS is a platform system that integrates
a meteorological dataset, the Tank model (Sugawara & Funiyuki 1956), the paddy water balance
model (Jensen et al. 1990), and the reservoir budget model using a graphic user interface
developed by KRC (Korean Rural Community Corporation). Runoff was calculated using the
Tank model module, and irrigation water requirement was estimated using the paddy water
balance model module and FAO Penman-Monteith evapotranspiration model (Allen et al. 1980).
Finally, the water budget model simulated the reservoir operation with inflow and outflow. The
entire sub-processes of this study are presented in Figure 2.

Evapotranspiration calculation ]
[ Meteorological data collection ] [ (FAO Modified Penman)
v v
[ Tank model ] [ Paddy water balance model ]
Treated [ ] ngat|on Industrial
Runoff
sewage water water requnre water demand
v
[ Reservoir inflow ] [ Reservoir outflow ]

[ Reservoir water budget model ]
——

[ Daily reservoir operation simulation ]
——

[ Analysis of reservoir failure, water shortage period ]

Figure 2 | Process of the agricultural reservoir water balance

2.2. Runoff model

A modified 3-stage Tank model (Kim & Park 1986) was selected as a runoff model to simulate
daily discharge from the watershed of the Boryeong estuary reservoir. The modified Tank model
is a model in which the Tank model is adjusted to fit the characteristics of the Korean land cover

and has been widely used in hydrologic modeling until now (Sugawara 1979; Kim S. et al. 2005;
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Paik et al. 2005; Sujana & Asis 2009; Santogh & Raneesh 2011; Nguyen 2013; Song et al. 2019).
The conceptual diagram of the modified Tank model is presented in Figure 3. The equation
below calculates the total runoff from the watershed (Formulae 1 and 2).

Qij = Xiy Z;nzl(STi,t — Hij)A;j Formula 1.

STyt =S8Tip—1+ Rt —E; — it — Qipq Formula 2.

Where Q: runoff, ST: tank storage, H: height of the orifice, A: cross-sectional area of the orifice,
R: rainfall, E: evaporation, I: infiltration. The parameters in Figure 3 were calculated from the
dimensionless regression equation suggested by Kim & Park (1986) using the proportion of
paddy, upland, and forest areas in the watershed.

Rainfall
Evaporationf l

i

Surface flow (Q1)
A12 ——»|

Surface storage
(1%t Tank, ST1) H12

—it

B1 Infiltration

L Legend
Surface storage H Intor flow (Q2) ST: Storage

(2" Tank, ST2) A : Runoff Coefficient
H11f A2 B : Infiltration Coeffcient

’—,7 Q : Total Runoff

5
[

ANl —————————

Surface storage
(3 Tank, ST3) Base flow (Q3)

Percolation \ /

v

Figure 3 | Conceptual diagram of modified Tank model

2.3. Irrigation water requirement

The irrigation water requirement (IWR) is an essential component in the reservoir operation
model. In this study, IWR was estimated based on the daily paddy water balance equation
suggested by Jensen et al. (1990), and the evapotranspiration of the paddy rice was computed by
the FAO Penman-Monteith method. The daily paddy water requirement is calculated through the
ponding depth equation (Formulae 3 and 4).
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D, =D;_1 + Re; + Req;, — ETc, — I, Formula 3.

20< D, <80 Formula 4.

Where, D, is ponding depth of the day t, Re is effective rainfall, Req is daily water requirement,
ETec is crop evapotranspiration, and I is infiltration of paddy field. Effective rainfall, which affects
the crop root in the soil, is derived from the relationship between the ponding water depth and
the amount of rainfall (Nam & Choi 2014). ETc is assessed by multiplying the reference crop
evapotranspiration by the ten-day crop coefficients for paddy rice (Yoo et al. 2006). I is the
infiltration rate of the land, and Req is defined by the water depth deficit from the maximum

ponding depth.

2.4. Industrial water demand and extra water inflow

Industrial water is used for fabricating, processing, washing, diluting, cooling, or transporting a
product (USEPA 2011). In a circumstance where environmental, social, and governance criteria
become an issue, a private company is promoting a project constructing a blue hydrogen plant
on the reclaimed land, and constant water must be supplied to operate the plant sustainably. The
daily industrial water demand suggested by the corporation is 23,000 m’ day™. In this study, the
constant amount of industrial water is reviewed.

Gwangchun sewage treatment plant, located near the Boryeong reservoir, was installed in
Hongsung-gun in 2005 to purify regional sewage. The treatment plant's designed amount of
water disposal, 3,500m’ day™', was considered as extra water inflow to the reservoir.

2.5. Reservoir water budget

Daily reservoir operation was simulated to investigate how the additional industrial water supply
influenced the Boryeong reservoir water scarcity for a long period. Generally, the reservoir
operation is simulated through the water budget model, which simply refers that the rate of
change in water stored in a system is balanced by the rate at which water flows into and out of
the system (Healy et al. 2007).

The water budget model of the Boryeong reservoir uses the following continuity equation
(Formula 5.) to estimate the rate of change in the storage volume for each given time unit using
the calculated inflow, irrigation water demand, industrial water, and the extra water inflow from

the sewage treatment.

St = St—l + Qt +Inft + Ut +Pt - (Rt + Ot +Et + Gt +Dt) ForrnulaS.
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Where, S; is water storage on day t, Q is watershed runoff, Inf is inflow from sewage treatment,
U is watershed inflow, P is surface rainfall, R is reservoir release, O is overflow, E is surface
evaporation, G is ground infiltration, and D is embankment infiltration. The major components of
the water budget equation of a reservoir are the watershed inflow, reservoir release, which is IWR
added by industrial water demand, and the treated water. The other factors, such as embankment
and ground infiltration, are almost impossible to measure or too tiny to consider, so they are
not considered in the calculation of the daily water budget. The surface rainfall was calculated
by multiplying precipitation during a day by the water surface area of the reservoir and the unit

conversion coefficient (Formula 6.).

P =C X R, X Af Formula 6.

The surface evaporation is obtained by applying the Pan coefficient of Veihmeyer (1964) to the

evaporation at the meteorological station (Formula 7.).
Ey = C X Af XE, XF, Formula 7.

Where C is the unit conversion coefficient, 4y is reservoir water surface area, E,, is evaporation at
the observatory, and F, is the Pan coefficient. Since agricultural reservoirs are operated with the
side channel spillway, the surplus water storage is considered an overflow.

3. Scenario composition

To examine the possibility of supplying industrial water from a reservoir constructed for
agricultural purposes, it was necessary to consider the various water use circumstances.
Therefore, four scenarios are organized depending on the essential variables in IWR calculation
and land use trend. The first scenario represents a low water supply efficiency condition: the
infiltration rate is 4.8 mm day”, and conveyance loss is 35%. It is a scenario that reflects the
characteristic of traditional agricultural water facilities. In South Korea, most agricultural
waterways are built in the shape of an open channel to use gravity as a power source; however,
it often causes water waste. The secondary scenario describes a high water supply efficiency
condition: the infiltration rate is 3.2 mm day”, and conveyance loss is 20%. Since the pumping
station installed on the reservoir will transmit water to the paddy field through pipelines, we
used the general conveyance loss of the pipeline system. The tertiary scenario applies the recent
paddy area trend of the Boryeong-si, and the last scenario includes return flow. The paddy area
dropped about 10.0% from 9,912 to 8,914 hectares over the latest ten years, and the return flow
rate of irrigated water generally exceeds 50% in South Korea (Kim et al. 2010; Kim et al. 2021).
However, we conservatively applied the rate of 30%. Scenarios are arranged in Table 4.
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Table 4 | Summary of the scenarios

Scenario Variable condition
S1 Infiltration of 4.8 mm day™', water conveyance loss: 35%
S2 Infiltration of 3.2 mm day™', water conveyance loss: 20%
S3 Infiltration of 3.2 mm day', water conveyance loss: 20%, paddy land decrease: 10%
S4 Infiltration of 3.2 mm day', water conveyance loss: 20%, paddy land decrease: 10%, return flow: 30%

II1. Results and Discussion

1. Results of reservoir water balance model based on the scenarios

The scenario-based reservoir operation for thirty years was simulated with a water budget
equation considering the estimated value of the Tank model and IWR and the treated water
inflow. For the visual comparison, the daily reservoir water balance graphs present scenario one
as a shaded area for baseline. We focused on how often the reservoir storage drops to the dead

storage within thirty years, which implies the failure of reservoir management.

In S1, the reservoir failed 14 times out of a 30-year operation. The IWR was the maximum in the
case of S1, and the possibility of water supply turned out to be 53.3%. In S2, the high-efficiency
scenario, the reservoir failed to supply enough irrigation water seven times, half of the S1 result.
The possibility was 76.7%, still a low performance. S3, which applies paddy area decrease,
showed a small improved performance. The reservoir storage dropped to the dead storage line
six times. In the last scenario, 30% of return flow was considered, and the reservoir never had a
water shortage problem.

20,000 S3 —s4 —Dead storage

18,000 /

[
16,000 !
14,000

12,000

10,000

Storage (1,000 m?)

8,000

6,000

4,000 / !

2,000

1002
2002
5002
9002
2002
8002
6002
oLoz
110z
210z
€102
7102
sioz
9102
2102
8102
6102
0202

5
®

5661
9661
1661
8661
6661
0002
€002

I
®
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Figure 4 | Daily reservoir operation simulation. The shaded area represents scenario 1. Scenarios 2, 3,
and 4 are shown as colored lines. The black bottom line represents dead storage.
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From S1 to S4, the performance of reservoir management increased since the conditions changed
gradually from low water efficiency to high. In the South Korean design standard, the agricultural
reservoir is designed to endure a 10-year drought frequency, which means three times of failure
in thirty years are tolerable. From this point of view, the reservoir was highly vulnerable in S1,
moderately vulnerable in S2 and S3, and acceptable in S4.

2. Comparison of reservoir operation according to the existence of industrial
water supply

Boryeong sea dike was initially set up for agricultural water use; however, the social and
economic circumstances have changed, and the water demand for other purposes emerged
as time passed. Therefore, reservoir operation simulation with industrial water release was
conducted in case the Boryreong reservoir supplies the industrial water. Daily reservoir operation
was simulated based on the scenario condition, respectively. The daily reservoir operation and

storage difference graphs are showed in Figure 5.

AT LT
AT ALUARM RATIMT i
E TR AR

WHWF ¢ (VIR AR A WWH\FW

%]
K
8

torage (1,000 m?)

Figure 5 | Daily reservoir operation simulation of each scenario and the industrial water supplied considered
cases. The daily storage difference when industrial water is provided is shown as a shaded area.

In S1, the most significant difference in the storage occurred in early 2009, up to about 5.3
million m’, and the other peaks of about 4.0 million m’ appeared in early 2002, early 2007,
early 2010, and early 2017. In S2, the most significant difference happened in early 2002, up
to about 5.0 million m’, and the other peaks of 4.0 million m® or more significant occurred in
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early 2007, early 2009, and mid-2017, similar to the S1 result. In S3, early 2002 was the period
of the maximum difference, up to 5.3 million m’, and the other peaks of about 4.0 million m’
occurred in early 2002, early 2007, early 2010, and early 2017. Finally, in the last scenario, the
storage showed the maximum difference in early 2007, and the peaks appeared at the end of
2015 and early 2017.

In each scenario, the most storage difference when the industrial water was considered in the
simulation was in the range of 5.0 to 5.3 million m’, respectively. Every point in time when
a significant difference in storage begins to occur is the moment when the irrigation supply
is terminated; in other words, when the cultivation is over, or the reservoir has no water to
release. In the years when there is no water shortage due to abundant rainfall, 23,000 m’ day’
" of water for industrial purposes is not an issue. However, In a year with little precipitation,
there may be a situation in which agricultural water cannot be supplied as much as the
industrial water supply. Even in the circumstance of not severe but continuous drought, storage
recovery during the non-irrigation period is also reduced because of industrial release, which

can lead to extreme water shortages.

3. Number of water shortage days

The number of years reservoir storage dropped to the dead storage was counted to review
the possibility of industrial water supply previously; however, the existence of industrial
water supply did not significantly affect the reservoir management. The maximum storage
difference of 5.3 million m’ is about 3.06% of the effective storage of the Boryeong reservoir.
Therefore, we investigated how long the dead storage is carried over to survey the critical
year the reservoir fails to owe to the industrial release. The dead storage period is summarized
yearly in Table 5. Four years turned out to be critical, and in 2009, the reservoir continued
dead storage for five days because of the industrial water supply. In S2, 2012 and 2017 were
critical years, and eight days of dead storage were estimated in 2017. In S3, five days of dead
storage appeared only in 2017. To secure the constant industrial water supply in critical years,
small sized water retention facility is suggested to store about 3 to 5 days of industrial water

demand.
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Table 5 | Summary of the dead storage period

S1 S2 S3 Sk

Year

original | indust. Lnscgg original | indust. g‘scgg original | indust. g‘scgg original | indust. Lnscgg
1991 0 2 2 0 0 0 0 0 0 0 0 0
1992 29 32 3 14 16 2 10 12 2 0 0 0
1993 0 0 0 0 0 0 0 0 0 0 0 0
1994 0 3 3 0 0 0 0 0 0 0 0 0
1995 37 39 2 18 21 3 13 16 3 0 0 0
1996 11 14 3 0 0 0 0 0 0 0 0 0
1997 0 0 0 0 0 0 0 0 0 0 0 0
1998 0 0 0 0 0 0 0 0 0 0 0
1999 13 18 5 0 0 0 0 0 0 0 0 0
2000 29 31 2 10 14 4 2 7 5 0 0 0
2001 31 35 4 0 0 0 0 0 0 0 0 0
2002 0 2 2 0 0 0 0 0 0 0 0 0
2003 0 0 0 0 0 0 0 0 0 0 0 0
2004 0 0 0 0 0 0 0 0 0 0 0 0
2005 0 0 0 0 0 0 0 0 0 0 0 0
2006 11 17 6 0 0 0 0 0 0 0 0 0
2007 8 22 14 0 0 0 0 0 0 0 0 0
2008 28 31 3 0 0 0 0 0 0 0 0 0
2009 0 5 5 0 0 0 0 0 0 0 0 0
2010 2 3 1 0 0 0 0 0 0 0 0 0
2011 0 0 0 0 0 0 0 0 0 0 0 0
2012 13 15 2 0 3 3 0 0 0 0 0 0
2013 0 0 0 0 0 0 0 0 0 0 0 0
2014 26 33 7 0 0 0 0 0 0 0 0 0
2015 60 63 3 36 42 6 29 34 5 0 0 0
2016 41 A 3 16 22 6 1 11 10 0 0 0
2017 8 19 1 0 8 8 0 5 5 0 0 0
2018 12 15 3 0 0 0 0 0 0 0 0 0
2019 45 50 5 15 22 7 6 15 9 0 0 0
2020 0 0 0 0 0 0 0 0 0 0 0 0
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IV. Conclusion

This study was conducted to analyze the possibility of industrial water supply from the
Boryeong estuary reservoir. The Boryeong reservoir has 14,020 hectares of watershed area,
17.3million m’ of effective reservoir storage, and 4,201 hectares of irrigated area. It was
found that the reservoir's water supply capacity is highly vulnerable to drought since the unit

effective storage is only 411mm.

For the water balance analysis, irrigation water requirement, watershed runoff using the Tank

model, and the treated water inflow from sewage treatment plant were considered.

Four scenarios, S1, S2, S3, and S4, were prepared to analyze the water supply possibilities
for the hydrogen power plant because there were no irrigation records due to the pumping
stations for irrigation will be operated in 2025.

As a result of the reservoir water balance analysis using four scenarios, S1, S2, and S3
scenarios showed the water level periodically reached the dead water level according to the
yearly rainfall variation. However, S4, considering the return flow, showed the reservoir
level didn’t reach the dead water level about the water supply to the hydrogen power plant.
Therefore, it is possible to supply the water to the plant under the conditions of 10% paddy
field area decreasing, 80% of irrigation efficiency and

the return flow of irrigated water taken into consideration.

The reservoir water balance analysis was also conducted with or without the industrial
water supply (23,000 m® day™) to assess how much the industrial water affects the reservoir
operation for 30 years, and storage was within the range of 5.0 to 5.3 million m’ in each
scenario as much as 3.06% of the effective storage not much influencing to the reservoir

operation.

The dead water level duration each year to find a critical year when the industrial water
supply impacts the reservoir's operation for both water demands. The results showed that
two to eight days of continuous water interruption for industrial purposes could outbreak the
overall scenarios. Therefore, small-sized water retention facility construction is suggested to

cope with the water supply disruption.

These conclusions are the results of a scenario-based water balance analysis considering
the reduction in paddy land area due to socio-economic factors, the efficiency of water
conveyance, and the average return flow rate of paddy field irrigation. In a situation where
the industrial water supply does not significantly affect the reservoir operation, it is possible
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that the reservoir can provide industrial water through efficient water management and water-

saving irrigation during drought. Finally, installing an adequate capacity of a water retention

facility can increase the water supply flexibility in dealing with water supply to the paddy

fields and power plant while securing reservoir operation.
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Abstract

The demand for food is increasing with population growth and economic growth, and it
is predicted that disasters and climate variability due to climate change will increase in
the future. To solve food security, such as the stability of food supply, concerns about
the environmental load in the agricultural sector are increasing due to the high input
farming method centered on productivity. As the need to introduce policies to prevent
environmental problems caused by agricultural activities is increasing, since 2018, the
Ministry of Agriculture, Food and Rural Affairs has been implementing the AECP (Agricultural
Environment Conservation Program) to preserve and improve the agricultural environment
through regional agricultural environment management measures. It consists of soil, water,
atmosphere, landscape/life, heritage/ecology, and detailed agricultural activities to reduce
environmental load and improve the agricultural environment. In addition, the demand and
importance of water and energy resources, which are essential in the agricultural sector as
well as food, are increasing, and each resource affects other resources, and the relationship
between resources is affected by external environmental conditions, therefore, it is necessary
to conduct an integrated linkage analysis and quantitative evaluation. For the environmental
evaluation of the AECP, it is necessary to establish a soil-water-energy-food nexus, and a
linkage analysis between agricultural resources for each activity is required. Therefore, this
study included conducting a linkage analysis according to the scenario between the AECP and
agricultural resources using the soil-water-food-energy nexus. For linkage analysis between
agricultural resources, data for each resource was collected, and scenarios for activities
were constructed. The APEX/ APEX-Paddy model was used to analyze the linkages between
resources, and this model can simulate the effects of crop growth and agricultural activities
on soil, water, and water quality. In addition, as it is possible to evaluate the environmental
impact of tillage, fertilization, irrigation, crops, pesticides, and best management practices
(BMP) considering soil characteristics, climate, irrigation method, and crop growth, it is
suitable for simulating the activities of the program. The study area was selected as Mundang-
ri, Dosan 2-ri village located in Hongeung-si, where the AECP is being implemented, and data
on crops, soil characteristics, fertilization and irrigation of the area were applied. Accordingly,
the soil-water-food-energy nexus of the study area was constructed, and the results of each
resource according to the scenarios for each activity of program were simulated. For future
research, evaluation indicators are selected for environmental diagnosis of the AECP, and
evaluation is performed according to the results of each resource to evaluate sustainability
using scenarios and simulation-based nexus.

Keyword: Soil-water-energy-food nexus; AECP; Agricultural activity, Impacts assessment; APEX
model
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I. Introduction

Due to the population growth, the food demand is increasing, and concerns about the
environmental load in the agricultural sector are also rising. As the need to introduce policy
support measures to prevent environmental problems caused by agricultural activities
is increasing, since 2018, the Ministry of Agriculture, Food and Rural Affairs has been
implementing the AECP (Agricultural Environment Conservation Program) to preserve and
improve the agricultural environment through regional management measures. In addition,
the importance of water and energy resources, which are essential in the agricultural sector,
is increasing. Each resource affects other resources, and the relationship between resources is
affected by external conditions; therefore, it is needed to conduct an integrated linkage analysis
and quantitative evaluation. For the environmental assessment of the AECP, it is necessary to
establish a soil-water-energy-food nexus, and a linkage analysis between agricultural resources
for activities of the AECP is required. Therefore, this study included 1) constructing a Soil-Water-
Food-Energy Nexus for agricultural activities of AECP, 2) simulating the results of each resource
according to the scenarios using S-W-E-F Nexus, 3) conducting nexus analysis and relationship
between resources by agricultural activities of AECP.

I1. Methodology

1. AECP (Agricultural Environment Conservation Program) and study area of AECP

AECP (Agricultural Environment Conservation Program) is consists of several parts, soil,
water, atmosphere, landscape and life, heritage and ecology parts. The purpose of the soil part
is ‘nutrient management/ soil erosion prevention’ and the purpose of the water part is ‘water
quality improvement and agricultural water conservation’, the purpose of the atmosphere part is
‘greenhouse gas reduction’. In addition, AECP is divided two parts, individual activities and joint

activities.

The study area is Mundang-ri, Dosan 2-ri village located in Hongeung-si, Chungcheong nam-do,
one of the villages participating in the AECP project. Table 1 shows the participation status about
some of the agricultural activities by parts of the AECP.
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Table 1 | AECP participation status in Hongseung-gun

Part Activities Period Participants Areas X
(month) (person) (a) 24
xf
Soil 1-2 Using of slow-release fertilizers 4-5 1 86.4 _
=2
=
Soil 2-1 Returning agricultural by-products 10-11 84 7075.6 £
3
Soil 2-2 topaddy,fields 11-12 36 1,625
. Cultivation of green manure crops and
Soil 3-1 ) . . - - -
soil return during fallow period
Ecology 1-1 Covering sloping field with rice straw 5-10 2 185.3
Ecology 1-2 Preventing pests as natural enemies 5-10 67 2641.4
Atmosphere 1-1 Get rid of weeds without herbicides 4-5 43 2806.5
Atmosphere 2-1 Minimizing tillage 4-12 6 23.1
Water 2-1 Using microbial agents to reduce livestock odors - - -
4 Controlling drainage levee and agricultural water . 241 14,559
management

2. APEX and APEX-Paddy model

The model used in this study was the APEX model, the Agricultural Policy Environmental
eXtender (APEX), and it is a whole farm/small watershed management simulation tool.
Using APEX model, evaluation about impacts of agricultural activities on the soil and water
environment and crop growth could be conducted considering climate, irrigation method, CO,
concentration, agricultural activities (tillage, fertilization, pesticides, BMPs) and conservation

practices.

APEX-Paddy model adds a flooding condition algorithm to the APEX model to simulate
paddy environmental conditions. As shown in the figure 1, this model follows the APEX model
algorithm under non-flooding conditions and APEX-Paddy model under flooding conditions, it

could simulate water balance in flooding conditions, puddling period and transplanting method.
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Figure 1 | lgorithm of APEX/APEX-Paddy model

2.1. Input data and scenarios of APEX/APEX-Paddy model

The study period is 40 years, from 1981 to 2020, and study crops are soybean and cabbage for
fields and paddy-rice for paddy. Input data of the APEX model are site information, weather
data, soil data, cropping schedule data and crop parameter, operation and fertilizer information.
Weather station of Honseung is No.235, and soil series is GEUMGOG (No.110, soybean),
CHOGYE (No.52, cabbage), MANGYEONG (No.230, paddy-rice).

II1. Results and Discussions

1. Soil 1; Putting the proper amount of nutrients (fertilizers)
(1-2; Use of slow-release fertilizers)

The purpose of soil part 1 is putting proper amount of fertilizers and the soil 1-2 activities is ‘Use
of slow-release fertilizers’. To simulate the effect of the slow-release fertilizer, the same amount
of N, P, K fertilizers as the default condition was divided into 3 times in the case of Srf condition
(Table 2).

As shown in the Figure 2, there was no significant difference in the yields of the two scenarios,
but rather, the nitrogen stress was low and the nitrate content in the soil was high in the Srf
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condition. In addition, the effect of reducing the total nitrogen runoff appears to be relatively
insignificant, which will be supplemented through calibration and literature review in the future.

H
Table 2 | Scenarios of Soil 1-2 (Use of slow-release fertilizers) 2_‘:
N
Crops: Chinese cabbage (#52) s
Scenario Fertilizer condition T
Default Chemical fertilizer (1 time/ Standard amount of N, P, K fertilizer) §o
Srf (Slow-release fertilizer) Slow-release fertilizer (3 times)

X To simulate the effect of the slow-release fertilizer, the same amount of N, P, K fertilizer as the default
condition was divided into 3 times.

10 40 80
= T ° < 35 3 70
g8 B 5 2o
- =
s’ 2 ° 02
< & B 25 S 50
el %] ’g
2 s g 20 € X
b o=
> 4 e 15 T 30
o 3 g =
o g 10 £ 2
S 2 - £ o
0 0 0
Default Srf Default Srf Default Srf

Figure 2 | Results of yield, nitrogen stress, N in the root zone by Soil 1-2 scenarios

2. Water 2; Reducing nutrient outflow & Saving agricultural water

(2-1; Controlling drainage levee and agricultural water management (irrigation))

The purpose of water part 2 is reducing nutrient outflow and saving agricultural water and the
activities 2-1 is ‘controlling drainage levee and agricultural water management’.

In addition, 5 scenarios were applied, and the height of drainage levee was adjusted to 80mm and
120 mm, 2 cases (Table 4). The irrigation method consisted of conventional irrigation and water
management A and B according to the ponding and trigger depth, as shown in the Table 4.

As shown in the Figure 4, yield increased when the water management A was applied compared
to conventional irrigation, and there was no significant difference in all 5 cases, but when the
water management B was applied, water stress was very high. As for the amount of irrigation, the
206 and 208 scenarios in which the height of drainage levee was increased could save the amount
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of irrigation. In addition, compared to conventional irrigation, A and B irrigation method saved

17% and 70% of agricultural water, respectively. The ratio of surface runoff and percolation is

high because paddy fields are cultivated with flooding, in the scenarios 206 and 208, where the

levee height is increased, the amount of runoff decreased but the amount of percolation increased.

Nevertheless, method A is considered to be relatively reasonable as the amount of percolation

is smaller than conventional irrigation. Similarly, 209 showed less total nitrogen runoff than

scenarios 205 to 208 because of large runoff and percolation amounts.

Table 3 | Scenarios of Water 2-1 (Controlling drainage levee and agricultural water management)

Irrigation method

Scenario Controlling drainage levee (agricultural water management)
205 Conventional (80mm) Conventional Ponding depth: 80mm
206 Control (120mm) (1) Conventional Trigger depth: §0mm
207 Conventional (80mm) Water management A Ponding depth: 60mm
208 | Control (120mml (1) Water management A rigger depth: 20mm
209 Conventional (80mm) Water management B Ponding depth: 20mm

Trigger depth: Omm

% Controlling drainage levee; puddling period & the end of midsummer drainage - harvest
% Irrigation method; except for puddling period, transplanting period, midsummer drainage period (This period
applies equally to 3 cases.)
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Figure 3 | Results of yield, water stress, the amount of irrigation, surface runoff,
percolation and nitrogen runoff by Water 2-1 scenarios
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3. Atmosphere 1; Reduction of greenhouse gases (1-1; Minimizing tillage)

02
The purpose of atmosphere part is reduction of greenhouse gases and the activities 1-1 is bl
‘minimizing tillage’. Scenario 210 means deep tillage, tilling to a depth of 200mm, and 211 24
means shallow tillage, and 212 means no tillage (Table 5). As shown in the Figure 5, yield was 7Ef
partially decreased in the no tillage scenario 212, and soil loss occurred most in deep tillage E
scenario 210, but showed an insignificant value because it was a paddy field. Finally, the total -;ij:

2]

nitrogen runoff was greatest in the no tillage scenario, 212. Originally, considering volatilization
due to tillage, the nitrogen runoff was expected to be larger in the case of tillage, but it seems that
the amount of percolation and runoff occupies a larger proportion than the amount of volatilized

nitrogen.

Table 4 | Scenarios of Atmosphere 1-1 (Minimizing tillage)

Scenario Tillage condition 02
210 Tillage_200mm Deep tillage
211 Tillage_100mm Shallow tillage/ Partial tillage
212 No tillage -

&
8
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Figure 4 | Results of yield, N in the root zone, soil loss, and total nitrogen runoff by Atmosphere
1-1 scenarios ([PRKN; percolation nitrogen, AVOL; volatilization nitrogen)

Korean National Committee on Irrigation and Drainage 69



IV. Conclusions

The purpose of this study is conducting a linkage analysis according to the scenario between the
AECP and agricultural resources using the soil-water-food-energy nexus. Therefore, the basic
data about agricultural resources and selected pilot sites were collected, and scenarios for each
agricultural activity of AECP were constructed.

In addition, the soil-water-food-energy nexus of the study area was constructed, and the results
of each resource according to the scenarios in the soil, water and atmosphere parts of AECP were
simulated. For the future study, it is necessary to investigate other project sites for AECP and to
construct soil-water-energy-food nexus for agricultural activities of other parts. Also, calibration
through field and measured data is needed, and we plan to conduct quantification of trade-off
between resources and nexus analysis, sensitivity analysis for AECP.
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Abstract

Recently, as climate change intensifies, the frequency and intensity of drought occurrence
are increasing. Unlike floods, drought is challenging to know the beginning and end, so it is
challenging to respond preemptively. In Korea, the vulnerability of agricultural reservoirs
to disaster response is increasing due to climate change and the aging of facilities. So it is
necessary to estimate an appropriate drought index to predict drought disasters and operate
reservoirs that respond preemptively to drought. Drought can be largely classified into
meteorological, agricultural, hydrological, and socioeconomic drought. Various drought indexes
have been researched and developed depending on the subject field. Each drought index uses
different variables according to its focus subject. In Korea, more than 17,000 reservoirs have a
total effective storage capacity of 31 tons approximatively and contribute more than 75% of the
total agricultural water. From June to August, precipitation is stored in the reservoirs as much
as possible when rainfall is concentrated. Then water is supplied from April to September, the
rice paddy growth period, to ensure stable crop cultivation. Hence if the reservoir storage is
sufficient, it is possible to supply stable agricultural water to cultivate even in meteorological
droughts. On the other hand, if the reservoir storage is insufficient, it is difficult to respond to a
drought disaster. So the management of reservoir storage is a significant factor in the efficient
management of agricultural water and stable crop production.

Therefore, in this study, the reservoir drought index (RDI), one of the hydrological drought
indexes, was estimated and utilized to predict drought. Then the preemptive drought response
operation rule was applied. First, monthly runoff and agricultural water demand were
estimated. Then the multiple regression analysis was conducted to predict reservoir storage
at the beginning of the following month. The reservoir storage at the beginning of the month,
monthly runoff, and monthly agricultural water demand were used as independent variables.
The RDI was calculated from estimated reservoir storage and annual reservoir storage. The
estimated RDI was compared to the observed RDI to verify the applicability. The result of the
multiple regression analysis showed above 0.65 coefficient of determination, and the RDI
showed better performance because it was classified according to criteria range. In order
to establish reservoir operation rules for drought response, this study conducted a survey
of reservoir managers in Korea. As a result of the survey, the main factors influencing the
suspension of reservoir water supply were rainfall, rainfall forecast, and reservoir storage rate.
For the reservoir operation for drought response, the existing criteria of reservoir managers
for stopping the supply of reservoir water were used. The agricultural water demand was
always supplied considering the gross water requirement estimated by the Penman-Monteith
equation when there were no suspension factors in the irrigation period. The result of the
reservoir operation rules for drought response was evaluated by comparison to the result of
reservoir operation according to theoretical water requirements.

Keyword: Drought response, Reservoir operation, Reservoir drought index, Drought prospect,
Agricultural water supply
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I. Introduction

Recently, due to climate change, the frequency and intensity of drought in Korea are increasing,
and severe drought is frequently occurring (Kim et al., 2016). Drought has enormous damage and
influence, but it is difficult to establish and implement accurate responses because detecting the
exact beginning and end of the drought is very challenging (Kim et al., 2013). Various drought
indices are being developed to respond preemptively to drought and manage water resources. The
research is being conducted to predict drought or analyze drought intensity and duration using
the developed drought index (Kim et al., 2012). Drought can be classified into meteorological,
agricultural, hydrological, and socioeconomic droughts, depending on the aspect of concentration
(Wilhite and Glantz, 1985; Correia et al., 1991; Tate and Gustard, 2000). The hydrological
drought index is defined by the amount of available water resources such as river flow, reservoir,
and groundwater, focusing on water supply. In particular, the reservoir drought index is defined
by an available water resource of the reservoir. It serves as a basis for determining whether

irrigation can be stably performed.

There are more than 17,000 agricultural reservoirs in Korea. The total effective storage of the
agricultural reservoirs is about 31 tons, accounting for more than 75% of the total agricultural
water. Reservoirs are used as an essential agricultural water source for rice paddy farming in
Korea. The agricultural reservoirs store water from October to March, which is a non-irrigation
season, and supply agricultural water in the rice farming season to grow paddy rice stably. If
the reservoir storage is sufficient, water can be stably supplied even in meteorological drought.
So it is crucial to manage the available water of reservoirs to cope with the drought. Therefore,
this study utilized the reservoir drought index (RDI) to prospect the drought focusing on the
hydrological drought. Through multiple regression analyses, the reservoir storage of the first day
of the month in the following month was calculated, and the RDI was predicted. Then drought
prospects of the following month were conducted using predicted RDI. Monthly inflow and
monthly supply were used as independent variables, and future weather data were assumed to be

known.

Also, in this study, a survey was conducted on current Korean reservoir managers to establish the
reservoir operation rule to respond to the drought. Based on the survey results, the factors that
affect stopping agricultural water supply were analysed. Then the criteria for reservoir operation
to respond to the drought were established. The applicability of the RDI calculated using multiple
regression analysis was evaluated by comparing it with the actual RDI. The established reservoir
operation rule for drought response was compared to the reservoir operation results conducted by

the theoretical agricultural water requirement.
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I1. Materials and Methodology

The subject reservoirs of the study were the Gaeun reservoir and Geumsa reservoir.
Meteorological data, land cover data, and watershed information were collected. Then the
TANK model, a conceptual rainfall-runoff model, was applied to estimate the inflow amount
of the reservoir from the upstream watershed. The evapotranspiration of the paddy rice was
calculated by the FAO Penman-Monteith equation. The amount of agricultural water supply was
estimated with the evapotranspiration considering lot-management water requirements for crop
growth, infiltration, conveyance loss, and distribution management loss. A regression equation
was derived to calculate the reservoir storage of the first of the following month by utilizing
monthly reservoir inflow, agricultural water supply, and the reservoir storage of the first of the
month as independent variables. For the multi-regression analysis, reservoir water level data
were collected, and reservoir storage and rate were calculated by the reservoir storage curve. The
predicted reservoir storage was utilized to estimate the RDI, which was used for the prospect
of the drought. The survey was conducted on current agricultural reservoir managers. From the
survey results, the factors and standards for stopping agricultural water supply of the current
reservoir operation rule. Then the reservoir operation rule of this study was established to respond
to the drought. The predicted reservoir storage and RDI were compared with the observed
reservoir storage and RDI calculated with the observed water level. The amount of ware supply
by the reservoir operation rule to respond to the drought were compared with theoretical water

requirement.

1. Subject reservoir and data construction

The subject reservoirs of the study are Gaeun
Reservoir, which is 37.65 degrees north latitude,
and Geumsa Reservoir, which is 37.39 degrees
north latitude. Each reservoir is located in
Hongcheon-gun, Gangwon-do in Yeoju-si,
Gyeonggi-do. The effective storage of Gaeun
and Geumsa Reservoir are respectively 1,636,475
m’ and 3,312,909 m’, and the effective storage
of Gaeun Reservoir before enlarging is 734,780
m’. The watershed area is 474 ha and 794 ha
for Gaeun and Geumsa reservoirs, respectively.

Figure 1 shows the location of the subject

Figure 1 | Location of the subject reservoirs reservoir on the map.
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Reservoir storage rate data calculated from reservoir water levels were used as the dependent

variable for multi-regression analysis. The reservoir water level data were measured every 10

minutes with a water level instrument and collected by Korea Rural Community Corporation 2I1£|1
(KRC). In this study, the outliers of the water level data were removed, and the daily average Xt
water level data was used. The normal reservoir storage rate data were collected from KRC. =
Multi-regression analyses were carried out with monthly data for the irrigation period, excluding =
missing data. The TANK model and Penman-Monteith equation were applied to calculate if

monthly inflow and supply, which are independent variables of multiple regression analysis. The

weather data were collected from the Thiessen station of each reservoir's upstream watershed.

The land-use area ratio of the upstream watershed was calculated from the land cover map, and
the TANK model parameters were calculated. The crop coefficient suggested by Yoo et al. (2006)
was utilized to calculate the evapotranspiration of paddy rice. Table 1 and Table 2 are reservoir
water level data, weather data, and land-use area ratio information.

02
Table 1 | Properties of reservoir water level data
Reservoir Data period Total data number | Missing data number
Gaeun 2011.01.01.-2018.06.12. 2,162 558
Geumsa 2012.03.20.-2018.06.12. 2,276 196
Table 2 | Thiessen weather station and land-use area ratio
. Thiessen Ratio of land-use area (%)
Reservoir .
weather station Paddy Upland Forest
Gaeun Hongcheon 0.00 0.06 98.16
Geumsa Icheon 2.57 3.83 88.57
2. Drought prospect

2.1 Estimation of monthly reservoir inflow

In this study, the daily runoff of the upstream watershed of the reservoir was estimated using the
TANK model. Then the monthly inflow of the reservoir was calculated. The TANK model is a
conceptual rainfall-runoff model developed by Sugawara (Sugawara, 1972). The TANK model
has a simpler algorithm for interpreting rainfall-runoff phenomena and has fewer input data
and parameters than other rainfall-runoff models (Koo et al., 2006). The TANK model assumes
three to four conceptual reservoirs with two to three outlets and optimizes related parameters
to perform runoff analysis on the watershed. Sugawara (1972) stated that the four-stage TANK
model is suitable for the watershed in Japan, and the four to five-stage TANK is suitable for a
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large basin. In Korea, Kim and Park (1988) suggested a modified three-stage TANK model using
three tanks and four outlet holes according to the characteristics of the upstream watershed of
the agricultural reservoir (Kim and Kim, 2012; Ahn et al., 2015). In this study, the runoff of the
upstream watershed was calculated by applying the modified three-stage TANK model proposed
by Kim and Park (1988). The TANK model's construction parameters were estimated through
the regression equation using the watershed area and land-use area ratio. Figure 2 is a schematic
diagram of the runoff estimation process of the modified three-stage TANK model.

Evapotranspiration
4 Rainfall

Hl |— a2 q12
Tank 1 ST, h1z_—|: - -

ﬂ_hl 1

Tank 11 ' i

Tank III ST,

az q3

Ill bs l vy

Q

Figure 2 | Schema of the modified 3-TANK model (Kim and Park, 1988; Song, 2017)

2.2 Estimation of monthly reservoir supply

In this study, the evapotranspiration of paddy rice was calculated using the FAO Penman-Monteith
equation and the crop coefficient (Kc) proposed based on the observed evapotranspiration
by Yoo et al. (2006). The reservoir supply amount was calculated considering the estimated
evapotranspiration, lot-management water requirements for crop growth, infiltration, and
irrigation efficiency. Table 3 is the paddy rice crop coefficient applied in this study, and the crop

coefficient was applied in units of 10 days after the transition period.
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Table 3 | Crop coefficient of paddy rice in Korea

Days 10 20 30 40 50 60 70
Ke 0.78 0.97 1.07 1.16 1.28 1.45 1.50
Days 80 90 100 110 120 Avg.
Kc 1.58 1.46 1.45 1.25 1.01 1.27

This study assumed that 10 mm/day of water was supplied for 14 days during the transplant
period, and 70 mm of ponding depth was supplied after the 7-day midsummer drainage period for
cultivation management. The infiltration amount was applied as 4 mm/day, and conveyance and
distribution management loss rates were assumed to be 10% and 15%, respectively.

2.3 Estimation of reservoir drought index (RDI)

The reservoir drought index (RDI) proposed by Lee et al. (2018) was applied in this study. The

RDI applied is as follows.
RD_[_ SR{)bs - SRnor 1
B S Robs ( )
Where SR, is observed storage rate and SR, is normal storage rate for 30 years. The reservoir

storage rate predicted through the regression equation was applied instead of the observed value to
predict the RDI of the following month. Table 4 summarizes the criteria for the reservoir drought

index to classify drought severity.

Table 4 | RDI criteria for classification of drought severity

RDI o0 ~-1.0 -1.0~-0.5 -0.5~-0.25 -0.25~0.25
Classification Extremely Dry Severely Dry Moderately Dry Normal
RDI 0.25~0.5 05~1.0 1.0 ~ +c0

Classification

Severely Wet

Extremely Wet

Moderately Wet

3. Reservoir operation rule for response to drought (ROD)

This study surveyed Korean reservoir managers to analyse the current reservoir operation rule.
The survey was conducted on 15 branch offices that responded, and the criteria for stopping the
supply of reservoirs were investigated for three reservoirs according to the size of the reservoir
based on the effective storage for each branch. As a result of the survey, rainfall, reservoir
storage rate, and rainfall forecast were the factors that stopped the supply of agricultural water
in the reservoir. Table 5 summarizes the criteria for stopping agricultural water supply by factor
excluding qualitative responses and the number of reservoirs to which the criteria are applied.
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Table 5 | Factors stopping supply from survey result

Stopping factors Criteria Number of reservoirs to be applied
more than 15 mm 3
more than 25 mm 3
Rainfall more than 20~30 mm 3
more than 30 mm 9
more than 50 mm 3
less than 30% 12

Storage rate

less than 60% compared to the normal year 3
more than 20 mm 3
Rainfall forecast more than 30 mm 3
for next day more than 50 mm 3
more than 60 mm 3
Rainfall forecast more than 40 mm 3
for two days later more than 50 mm 3

As a result of the survey, there was no difference in the criteria for stopping supply according
to the size of the reservoir within the same branch office. Also, there were quite a few cases in
which the criteria for two or more factors were applied together. In the case of rainfall, 30 mm
was often the criteria for stopping water supply, and in the case of reservoir storage rate, 30% was
the criteria for stopping water supply. In the case of rainfall forecast data, various water supply
stopping criteria were applied depending on the reservoir manager. The criteria for the ROD were
established based on the results of the survey. The reservoir supply amount was determined in
consideration of the evaporation amount, lot-management water requirements for crop growth,
infiltration, and irrigation efficiency, and the actual supply ratio of the reservoir supply amount
was determined according to the water supply stopping factors. The ROD was applied through
the reservoir water balance model. The effect was evaluated by comparing the reservoir operation
results according to the theoretical agricultural water requirement (TOM). The reservoir water
balance model applied in this study is as follows.

Sip1 =5+ L+ P~ AW, — E, — O, (2)

Where, 5, is reservoir storage, It is reservoir inflow, 7, is the water surface rainfall, A W, is
reservoir supply, £, is water surface evaporation, and O, is the spillway release.
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II1. Results and Discussion

1. Drought prospect

This study performed multiple regression analyses to predict the reservoir storage utilized to
estimate the reservoir drought index (RDI). The monthly inflow and supply of reservoirs were
calculated using the TANK model and Penman-Monteith equation, and drought prospect was
conducted using RDI. As a result of multiple regression analyses predicting reservoir storage, the
coefficient of determination was 0.66 for the Gaeun reservoir and 0.92 for the Geumsa reservoir. It
confirms that the reservoir storage of the first day of the following month was properly simulated.
Figure 3 shows the results of the reservoir storage estimated by the regression equation as a scatter
plot at the Gaeun and Geumsa reservoirs.
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-
E E 2500000
2 ° 2
g g
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= <
5 5
& -
g 4
& 1500000 oo
(-3 « @
500000 o 1000000 8
500000
o 0
0 500000 1000000 1500000 2000000 0 500000 1000000 1500000 2000000 2500000 3000000 3500000 4000000
Storage (m3) Storage (m?3)
(a) Gaeun reservoir (b) Geumsa reservoir

Figure 3 | Scatter plot of the actual reservoir storage and result of regression equation

In the scatter plot, it can be seen that multiple regression analysis predicts the storage amount well
except for some values. The RDI is estimated through the reservoir storage rate calculated through
the reservoir storage from the regression equation, and the drought prospect is conducted by
classifying the RDI according to the criteria. Hence, even if there is a difference in the prediction
of the reservoir storage through the regression equation, it can be classified as the same drought
severity in the drought prospect. Figure 4 shows the RDI for the actual and estimated reservoir
storage rate as a scatter plot. The dividing line indicated by the dotted line means the criteria for

classifying drought severity.
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(a) Gaeun reservoir

The fact that it falls within the same range in Figure 4 means that the actual and predicted RDI are
classified as the same drought severity. From the scatter plot, it can be seen that reservoirs were

‘Storage RDI

Figure 4 | Scatter plot of the actual and estimated RDI

(b) Geumsa reservoir

classified as generally the same drought severity in Gaecun and Geumsa reservoirs.

2. Application of reservoir operation rule for response to drought (ROD)

In this study, reservoir operation rules for response to drought (ROD) were established based
on the survey results. As a result of the survey, a ROD was established to determine the ratio

of agricultural water supply based on rainfall, rainfall forecast, and reservoir storage rate.

At this time, the amount of agricultural water supply is estimated considering the paddy rice

evapotranspiration, lot-management water requirements for crop growth, infiltration, and

irrigation efficiency. Table 6 summarizes the criteria of ROD for adjusting the supply ratio.

Table 6 | Criteria of ROD for adjusting the supply ratio

Factors

Criteria

Adjusting supply ratio

Rainfall

above 30 mm

Stopping supply (0%)

above 15 mm

50% supply

below 30% Stopping supply (0%)
Reservoir storage

below 50% 50% supply
Rainfall forecast above 50 mm (for next day) Stopping supply (0%)

* supply ratio of each factor was applied in duplicated
** the supply ratio is not applied to the transplant and midsummer drainage period
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In order to compare the preemptive drought response effect of the reservoir operation according

to the ROD, the results of the reservoir operation according to ROD and theoretical agricultural

water requirement (TOM) were compared under the same initial reservoir rate condition at the 21)1
start of irrigation. Figure 5 shows the storage rate and supply of the Gaeun and Geumsa reservoir Xt
from 2014 to 2016. k=3
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Figure 5 | Reservoir storage rate and amount of supply (2014-2016)

In Figure 5, when ROD was applied, it maintained a relatively higher reservoir storage rate than
the result of TOM applied. It means that the reservoir storage of ROD is secured more than
TOM, so ROD is more stable against drought than TOM when drought is predicted. Figure 6
shows the change in the reservoir drought index at the beginning of the month when ROD and
TOM are applied to the reservoir operation.
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In Figure 6, when the inflow was sufficient, such as the Gaeun Reservoir, the RDI was above
0. Both the ROD and TOM application results showed stable reservoir operation results for the
reservoir drought index at the Gaeun reservoir. In the case of Geumsa reservoir, when TOM was
applied, the RDI was lower, and it was classified as a more severe drought than when ROD was
applied. When ROD is applied, a relatively weak reservoir drought can be maintained compared

to TOM. So it is thought that more stable irrigation can be performed compared to TOM when the
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Figure 6 | Reservoir drought index (2014-2016)

drought is prolonged.
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IV. Conclusion

In this study, a regression analysis was performed to predict the reservoir storage of the first day
of the following month during the irrigation period using the reservoir storage, monthly inflow,
and monthly water supply. Through this, the reservoir drought index, RDI, for the next month was
estimated, and drought prospect was carried out. Despite the lack of collected monthly reservoir
data, the prediction of the reservoir storage showed good performance, and the drought prospect
through the RDI showed higher accuracy than reservoir storage because it was performed by
classifying RDI values within a certain range into the same drought severity. For some RDI
values, a lower level of drought prospect was shown compared to the actual drought severity.
However, it might be supplemented considering the safety rate of the predicted RDI. So, it is
thought that a drought prospect will be effective. However, the monthly inflow and supply for
regression analysis were calculated assuming that future weather data are accessible. So the
correct drought prospect can be expected when accurate forecast weather data are available. In
addition, this study analyzed the factors that current reservoir managers in Korea stop supplying
water through a survey. Based on this, the reservoir operation rule for response to drought (ROD)
was established. The effect of ROD was analyzed by comparing the results of reservoir operation
by theoretical agricultural water requirement (TOM). When applying ROD, the reservoir storage
rate was maintained higher than TOM. In the case of TOM applied, the water storage rate
fell below 50% and 40%, which means the discontinuation of supply in the current operating
standards. When analyzed as the RDI, the application of TOM was found to suffer more from a
reservoir drought than ROD. It means more reservoir storage was retained in case of the ROM
applied. Therefore, when the drought is prolonged, it is expected that the operation of the reservoir
with ROM will be able to cope more stably than TOM.
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Abstract

A better understanding of the current consumption is required for the efficient use of
agricultural water. Though ultrasonic water level gauges measure water level data in
agricultural reservoirs and water channels, some errors occur due to the ultrasonic meter
or the surrounding environment. Meanwhile, CV (Computer Vision) using CCTV (Closed
Circuit Television) images is being spotlighted in many research fields with the progressive
advances in computing technology. The objective of this study is to estimate water level in the
agricultural water channels using CCTV images with CNN (Convolutional Neural Network])
based models. CNN is a neural network designed considering the characteristics of images
and is mainly used for image processing. Image processing using CNN is used in various fields
and is excellent for segmenting images. Among the various image segmentation models, the
ResNet-50 based U-Net model was applied for the image segmentation. This study used CCTV
images acquired in the irrigation canal of agricultural reservoirs in the Republic of Korea. The
images acquired from 10 different sites were applied for the model constitution. A total 6,950
number of images were used for the model. 70% of total data were used for the training, 10%
for validation, and 20% for testing. This study applied several data augmentation techniques
for robust modeling when training the model. The model' s performance was evaluated using
the f1 score and the dice score. This study can help estimate the water level in agricultural
channels for an auxiliary method of ultrasonic equipment in the irrigation canal.

Keyword: Water level estimation, CCTV image, CNN image segmentation

I. Introduction

The water crisis and climate change continue to become global issues, and the need for water
management and establishing a climate change response system is urgently raised. As part of
the response system, the integrated water management system is widely getting attention from
public institutions with a vast database. For example, in an agricultural water management case,
KRC (Korea Rural Community Corporation), a core public enterprise managing agricultural
water, operates 1,750 reservoir water level measurements and 1,177 water level measurements
in irrigation canals. Including ultrasonic water level gauges, most sites are well-equipped with
CCTV (Closed-Circuit Television) cameras, providing high-quality images.

Currently, KRC acquires water level data mainly from ultrasonic water level gauges to estimate
the amount of water supplied. However, these gauges sometimes do not give sufficient trust for

various reasons such as vegetation, animals, or other environmental causes.
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Meanwhile, CV (Computer Vision) technology using CCTV data has been in the spotlight in
many fields with the development of computing power. It is widely applied to image cognition,

classification, segmentation, etc. This study aims to use image segmentation technology to CCTV 2I1£|1
images to measure water levels in irrigation canals. Xt
3
=
T
I1. Materials and Methodology S

2.1. CCTYV images

Image data were acquired from the CCTV observing irrigation canals in South Korea. This study L
used 6,950 images of 8 experimental sites. Fig. 1 shows example day and night time images of
each site. The water level measured using an ultrasonic level meter was assumed as true values

for each image. Each image is 1,280x720x3 pixels of an RGB file. Images were captured from

the video file and saved in JPG format. In order to increase efficiency when training the model,

images were resized to 256x256x3 pixels through the pre-processing process.
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Figure 1 | Day, night time images of experimental sites

2.2. U-Net model

U-Net model was proposed by Ronneberger et al. (2015) and first applied in the medical
field. Fig. 2 shows the structure of the U-Net model. It was named U-Net due to its U-shaped
arrangement and consists of a contracting path and an expansive path (Ronneberger et al., 2015).
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Figure 2 | Structure of U-Net model (Ronneberger et al., 2015)

2.3. Dice Coefficient

In the image segmentation model, dice score is widely used as an evaluation index for model

performance. The equation is as shown in eq.1 below.

Di =2X
ice score 1 1

Precision  Recall

Basically, the Dice score is calculated from a harmonic average of Precision and Recall values

and is an indicator to compensate for the bias when segmenting two or more objects.

II1. Results and Discussion

Fig. 3 presents the example images of the segmentation model. The left images show raw images
from CCTV cameras, the middle images show the ground-truth images, and the right images
show the predicted images from the model. Two example images showed the Dice score of 0.99
and 1.00, respectively.
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Figure 3 | Example results of the segmentation model
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Abstract

In order to suggest the future direction of agricultural water management of Korea, this
study first conducted a diagnostic analysis on the current agricultural water management,
agricultural production infrastructure and budget for agricultural water sector. Through
the analysis of the current situation, it was found that the agricultural environment,
climate change, and changes in water management policies are major factors affecting the
management of agricultural water in Korea, both internally and externally.

After all, smart agricultural water systems, agricultural water life-cycle management
and water management governance are promising fields for the future agricultural water
management, and along with macroscopic direction for integrated water management, it
was possible to suggest the direction of agricultural water management in Korea. First of all,
it is necessary to revise laws that agricultural water can play a proper role in the integrated
water management policy. Next, agricultural water quality management, a sustainable
smart agricultural water management system and disaster preparedness capability of
hydraulic facilities should be strengthened. Lastly, expanding farmer’s participatory in
water management governance will be an integrated approach to future agricultural water
management in Korea.

Keyword: Agricultural water management, Integrated water management policy, Irrigation status
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I. Introduction

Natural disasters due to climate change occur worldwide, and the resulting damage is enormous.
Korea is no exception to this trend. Because of rapid climate change, changes in precipitation
amount, and increases in regional precipitation variation, the possibility of natural disasters such
as drought and floods in Korea continues to increase locally every year. The recently released
sixth report of the Intergovernmental Panel on Climate Change predicted that catastrophes such

as heat waves, droughts, and floods would increase more than expected in the next 10 years.

To limit global warming, which causes climate change, the Republic of Korea declared the 2050
net-zero target (October 28, 2020) and announced a carbon-neutral strategy (Dec. 7, 2020).
The Carbon Neutral Framework Act was recently promulgated (Jan. 24, 2021); the Ministry
of Agriculture and Food and Rural Affairs established and promoted the 2050 carbon-neutral
priority management task in agriculture.

At the same time, significant changes have occurred in the field of agricultural water
management. Agricultural water management in Korea has long been empirical and manpower
oriented. However, recently, a major shift has been underway toward the so-called integrated
water-management policy paradigm.

The Ministry of Environment was given the responsibility of integrated water quantity and water
quality management in accordance with the Framework Act on Water Management in 2018 and
the Government Organization Act. As the future keystone for agricultural water management,
integrated water management began to receive considerable attention, and a number of debates
ensued on whether agriculture in fields would be affected by this policy.

From the perspective of the Korea Rural Community Corporation (KRC), which supplies and
manages agricultural water stably in response to various disasters such as droughts and floods, it
is necessary to understand the contents of the National Water Management Basic Plan, integrated
water management policy, and statutory top-level water management plan. It can be seen that
mid- to long-term plans for future agricultural water management, new projects, and budget
investments can be carried out efficiently and rationally.

By examining the current state of Korea's agricultural water management and the fields that are
changing according to the integrated water management policy, we will examine the direction the
integrated approach takes in Korea's future agricultural water management.
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II. Current Status of National Irrigation Sectors

1. Current Status of Agricultural Water Management

The total water consumption in Korea is 37.2 billion tons, and the agricultural water consumption
is 15.2 billion tons, accounting for 41% of the total; evidently, agricultural water occupies the

largest portion of the total water consumption. Accordingly, agricultural water management is

important.

Table 1 | Current status of water consumption in Korea

Usage (%)
Reservoir (100 U.sua?get ) Domestic:Industrial-
LLIONtOnS Out of total usage .
Agricultural water
Sum 372 100
» Domestic-Industrial-Agricultural water 251 67 100
- Domestic water 76 20 30
- Industrial water 23 6 8
- Agricultural water 152 41 62
¢ River maintenance water 121 33

However, agricultural water management in Korea has long been a manpower-centered
and empirical operation. This is because the type of the management system, such as dual

management and complex management system, for agricultural water supply and demand is

linked to the diversification of supply facilities.

The special characteristics related to the agricultural water management in Korea are as follows:

- It is sensitive to climate change due to the direct use of rainwater.

- It monitors a variety of water sources such as reservoirs, pumping stations, weirs, and supply

facilities such as ground water supply and irrigation canals.

- It mostly relies on experienced management by the district manager.

- It is complicated due to regional differences in farming sea

Further, despite technological innovation, the agricultural sector is inevitably dependent on labor
because of its weak infrastructure. As it is a labor-intensive business, approximately 60% of the

maintenance cost is required for labor and expenses.
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As mentioned above, agricultural water quantity, water quality, and disaster management are
linked to agricultural factors such as food and farmland. In addition, agricultural production
infrastructure facilities are managed by dividing them into the jurisdiction of the local
government and KRC. Specifically, 57% of the total rice paddy area is managed by the KRC, and
18% of the fields are paddy fields without irrigation facilities.

KRC is trying to unify agricultural water management to improve the dual management of
agricultural water and the quality of water supply services in local government management
areas. Currently, ownership and management rights of irrigation facilities of area 200,000m’ or
more, previously managed by the local government, are transferred to KRC.

2. Current Status of Agricultural Production Infrastructure

There are 75,000 agricultural production facilities in total; the limitation with their maintenance
is that most of them are small and scattered throughout the country.

Considering area per irrigation facility, 33.2 hectares (ha) and 3.5 ha of irrigation facilities
are managed by KRC and local government, respectively, and approximately 50% of the
water canals for supplying agricultural water are still installed as earth canals; hence, they are
vulnerable to water loss and natural disasters.

Table 2 | Current status of agricultural infrastructure by management entity

Division Sum KRC management Local governmer management
Total 189,888 (100%) 101,452 (100%) 88,436 (100%)
Earth irrigation canal 98,808 (52.0%) 50,657 (49.9%) 48,151 (54.4%)
Structure irrigation canal 91,080 (48.0%) 50,795 (50.1%) 40,285 (45.6%)

In addition, 18% (148,000 ha) of the total paddy area of 844,000 ha is paddy fields without water
treatment facilities, and 62% (523,000 ha) are paddies equipped with water treatment facilities
that do not interfere with the supply of agricultural water even during a 10-year drought. It is

vulnerable to local drought responses that occur every year.

Moreover, approximately 60% of the 75,000 irrigation facilities are over 30 years old (96% of
the reservoirs), making them vulnerable to natural disasters such as floods due to their age.

Specifically, 108,000 ha out of 303,000 ha (36%) of habitually flooded agricultural land are
susceptible to flood damage in the event of a heavy rain.
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Figure 1 | Status of rice paddy management in Korea

The foundation of Korea has been established with a water-use system centered on paddy
agriculture; however, the infrastructure for the production of field crops is insufficient. Field crop
production is a small-scale and multi-item micro industry; therefore, their productivity is weak
and they are highly dependent on foreign countries.

- Food self-sufficiency rates (2020) are given as follows: total, 45.8%; rice, 92.8%; wheat, 0.8%;
corn, 3.6%; soybean, 30.4; and root and tuber crop, 105.6%.

The demand for field crops has increased owing to the recent oversupply of rice and increased
interest in items besides rice; however, only 17% (126,000 ha) of the total area of 740,000 ha are

equipped to produce such crops.

3. Budget Status for Agricultural Water Sector

Here, we look at the budget for the agricultural water sector.

- The budget for agricultural water development has decreased by 7.4% per year for the last 5
years (2016~2020).

* (Fields) Rural water development, large-scale agricultural development, drainage

improvement, the Saemangeum internal development.

* (Budget) Decreased by 84.6 billion won, from 1.14 trillion won in 2016 to 1.06 trillion won
in 2020.

- The budget for agricultural water management has increased by 4.9% annually for the last 5
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years (2016~2020).
* (Fields) Maintenance, irrigation facilities, seawall remodeling, and water management.

* (Budget) Increased by 39 billion won, from 803.2 billion won in 2016 to 842.2 billion won
in 2020.

20,000 — —

15,000 B Management budget

10,000 mm Development budget
1
5,000 - —— Total budget

0
100 million won

Year 2016 2017 2018 2019 2020

Figure 2 | Status of rural water development and maintenance budgets by year

Hence, for agricultural water in Korea, budget investment has shifted from the development of

agricultural water use facilities to their repair, reinforcement, and efficient management.

I1I. National Factors affecting Irrigation Management

1. Securing new agricultural water in accordance with changes in policy

In Korea, as per capita rice consumption continues to decrease, a policy to reduce rice production
is in progress. While productivity improved due to the expansion of mechanized farming,
expansion of water irrigation facilities, variety development, and rice consumption continued to
decrease due to changes in eating habits.

- Rice production: (2010) 4,295,000 tons — (2019) 3,868 thousand tons (A 427)
- Per capita consumption of rice: (2010) 72.8 kg — (2019) 59.2 kg (A 13.6)

Due to changes in the supply and demand of rice, the area under cultivation of rice continues
to decrease. The area under rice cultivation decreased approximately by 103,000 hectares from
833,000 hectares in 2013 to 730,000 hectares in 2019.

In addition, from the above trend, the Korea Rural Economic Research Institute has predicted,
using the Korea Agricultural Simulation Model (KASMO), that paddy area of 827,000 hectares
in 2020 will decrease to 756,000 hectares in 2030.
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Figure 3 | Analysis of the trends of rice field areas in Korea using the KASMO model

As field agriculture for high-income generation, such as protected cultivation facility agriculture
and cultivation of special crops, increases, the cultivation of crops besides rice also increases.
With changes in production systems, such as protected cultivation facility agriculture and
increased cultivation of field crops, the need for clean water for farming and fishing villages
throughout the year increases.

- Field cultivation area: (2015) 202,000 ha — (2020) 301,000 ha (increase of 99,000 ha).

- Productivity of 1 trillion or more: (2006) Rice — (2020) Rice, strawberry, tomato, and

watermelon

Finally, the demand for multi-functional and multi-purpose use of agricultural water is increasing,
such as using the water for production of growing crops to agricultural, domestic, and industrial

use and using environmental resources for environmental maintenance.

2. Increased occurrence of disasters due to climate change

Disasters in Korea are similar to disasters worldwide. For the past few years, localized disasters
such as torrential rains, typhoons, earthquakes, and droughts have occurred annually.

The status of major disasters in the past is as follows.

- The highest number of typhoons in history (seven times) occurred in 2019 and the longest
rainy season (54 days) in history occurred in 2020.

*(2001-2018) average annual typhoon impact 3.2 — (2019) 7 (increased by 218%)

*In 2020, 974 cases of damaged water facilities in rural areas due to heavy rains, amounting
to a loss of 51.3 billion won.
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- The largest earthquake in Korea struck Gyeongju in 2016 (magnitude 5.8, aftershocks 632
times). Since 2000, there have been seven earthquakes with a magnitude of 5.0 or greater.

* Earthquake frequency: (1978-1999) 19.9 times/year — (2000~2019) 72.4 times/year
(increased by 364%)

- According to the meteorological observation in 1973, nationwide drought damage occurs
every 5 to 7 years, and the frequency of local droughts has gradually increased.

* Drought frequency: 35 times (0.36 times/year) from 1904 to 2000, 13 times (0.72 times/
year) from 2001 to 2018

In addition, owing to the increase in flood volume due to climate change, the required flood
control capacity exceeds the capacity designed at the time of construction of facilities, making
them vulnerable to natural disasters.

To this end, we intend to secure safety by establishing design standards that reflect the size and
regional characteristics of the reservoir, which include determining the probable maximum flood
of a fill dam that has a watershed area of 2,500 hectares and storage capacity of 5 million tons or

more.

Further, the number of reservoirs that have been in operation for more than 50 years since the

construction of agricultural production facilities reached 74.2%.

Table 3 | Construction status by type of agricultural infrastructure

Sum Less than 30 years 30-50 years More than 50 years
Division Nun".nl?gr of % Nun".nl?e.r of % Nun?t?e_r of % Nun_\t?e?r of %
facilities facilities facilities facilities
Total 14,211 100 5121 | 36.0 4,299 | 303 4,791 | 33.7
Reservoir 3,411 100 386 | 11.3 493 | 145 2,532 | 74.2
Pumping & Drain station 4,638 | 100 2,868 | 61.8 1,386 | 29.9 384 8.3
Weirs, etc. 6,162 | 100 1,867 | 29.8 2,420 | 444 1,875 | 25.8

3. Demand for a sound agricultural water circulation system in the watershed
unit according to integrated water management policy

In Korea, the Ministry of Environment has been promoting the unification of water management
since 2018 with the goal of integrating all water supplies, such as those for domestic, industrial,
and agricultural uses.
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The legal basis for an integrated water management system was laid with three water
management laws, enacted and amended between 2018 and 2019: the Government Organization
Act, Water Technology Industry Act, and Basic Water Management Act. The Government
Organization Act transfers water resources-related tasks from the Ministry of Land,
Infrastructure, and Transport to the Ministry of Environment. The Water Technology Industry
Act promotes the development of water management technology, water industry, and basic
principles of water management to establish a sustainable water management system. The Basic
Water Management Act stipulates the principles and the establishment of the National Watershed

Management Committee.

Agricultural water (Ministry of Agriculture, Food and Rural Affairs), small rivers and disasters
(Ministry of Public Administration and Security), and hydroelectric power generation (Ministry
of Commerce, Industry and Energy) were excluded from the unification of water management
at the government level. However, agricultural water was included in the integrated water
management policy to manage domestic, industrial, agricultural, and environmental water for

each basin unit because its water consumption is the highest.

Hygiene management i Water quality and aquatic management‘ FuII cycle water circulation management Envmgﬂgm)
h ) Introducnon of the era Transfer of business
Establishment Establ|shmgnt of of waler management 2020 of water supply
1920 of water a comprehensive plan in watershed units and sewerage(1991)
The beginning of the era recycling Center  for clear water (1st, Water Environment The advent of the era of
of hygiene management (1976 measures(1989) Management Plan)  Integrated water management Introduction of water

' ' (Natiopal Water Management Master Plan)| - circulation management

(2nd, Water Environment
* * % — 1970 1980 1 m m * Management Plan)

1910 1960 Rewston of ‘
Introduction of the era RiverLaw ~ Dam Water cycle management
of irrigation management Development of development E{”d | to adapt to climate change Water resource
multipurpose dams(1965) flood control projects | development and management

Development and management of
Irrigation and flood management environmentally friendly water resources

Figure 4 | History of changes in water management policies in Korea

In particular, the National Water Management Committee under the direct control of the
president is a deliberation and decision-making body that consider important matters related to
national water management in accordance with the Framework Act on Water Management.

The watershed management committee was installed and given charge of four major rivers, and

an era of integrated water management began.
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Table 4 | System changes according to integrated water management policy

Domestic Industrial Agricultural Environmental
water water water water
Ministry of Ministry of Ministry of
Ministry in !Er_wironment !Er_wironment Ministry of !Er_wironment
h Ministry of Land, | Ministry of Land, | Agricultureand | Ministry of Land,
Charge | |nfrastructure and | Infrastructure and Food Infrastructure and
Bl Transport Transport Transport
integrated
management | Water 7.6 billion tons 2.3 billion tons 15.2 billion tons 12.1 billion tons
usage (20.4%) (6.2%) (40.9%) (32.5%)

Problem

Low management efficiency due to overlapping projects and budgets due to
individual management by each department in charge of water

$

Integrated water
management in
watershed units

Hangang River

Geumgang River

Yeongsangang River-
Seomijingang River

Nakdonggang
River

Living-Industrial-
Agricultural-Envir
onmental water

Living-Industrial-
Agricultural-Envir
onmental water

Living-Industrial-
Agricultural-Envir
onmental water

Living-Industrial-
Agricultural-Envir
onmental water

National Water Deliberation and resolution of water management policies such as the
Management national master plan for water management and settlement
Belonging| Committee of water disputes between watersheds
to the
president| Watershed Deliberation and resolution of water management policies such as
Management watershed unit water management comprehensive plan and
Committee water dispute settlement in the watershed

Achieving a sound water circulation through integrated management
of domestic, industrial, agricultural, and environmental water
in the watershed unit

(Ministry of Environment)
Management of quantity and quality
of living and industrial water, etc.

(Ministry of Agriculture and Food)
General management of agricultural
and rural water

Ministry role

This integrated water management policy aims to promote water demand management in an
integrated way at the watershed unit level to increase water use efficiency and maintain equal
distribution of living, industrial, rural, and environmental water. The policy, promulgated and
enforced in June 2018, also specifies provisions for water demand management.

In addition, an integrated water management policy requires an efficient water supply. The
transition from an empirical management of agricultural water to its scientific management for
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disaster response (irrigation waterway, loT(Internet of Things) management, etc.) is needed to

provide a systematic and efficient water supply.

Based on the analysis of water supply and demand by 2030, the National Basic Plan for Water
Management, the most important plan for water management, predicts that 47 tributary rivers
supplying rural and fishing villages in 113 districts across the country will have insufficient

maintenance.

Accordingly, it is necessary to establish a water supply management system using irrigation
canals and IoT cutting-edge technology to provide a stable river water ecology and water supply
for farming and fishing villages.

Moreover, the paradigm has shifted from quantity-oriented water management to demand-
oriented water management, and a gradual change is needed for water management methods

through communication and cooperation with consumers.

Through the establishment and expansion of water management governing bodies, such as rural

water forums, participation of consumers in water management can be realized.

IV. Prospective Areas for Future Management

1. Establishment of smart agricultural water control and management system

In Korea, the number of old hydraulic facilities is large and safety management of these facilities
is required to prepare them for high-intensity natural disasters, such as droughts, floods, and
earthquakes. It is necessary to switch to an efficient agricultural water use system in line with

changes in the agricultural environment.

a) Real-time safety management of irrigation facilities based on information and communication
technology (ICT)

- Install more number of measuring devices to secure facility safety and promote real-time
monitoring and analysis of danger signals.

- (Target) Install a package of measuring devices such as water leakage; displacement; and
water level monitors, CCTYV, in reservoirs managed by the KRC (3,402 locations)

- (Function) To establish a predictive warning system to check safety and respond quickly to
danger signals based on big data and artificial intelligence (Al) measurements.

- (Implementation) Prioritize 778 small and medium-sized reservoirs of capacity less than 50,000
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to 300,000 tons, which were frequently damaged and expanded to other scales in stages.

b) Conversion of water management system in accordance with changes in agricultural

environment

- It involves the realization of carbon neutrality through intelligent control and management of
agricultural water based on supply and usage data and conversion of the water supply system
to irrigation canals, to reduce water loss and labor, and to keep paddy water shallow.

- (Anti-drought capacity) Identify the actual amount of water available through a survey on
contents such as soil and other sediments in lakes.

- (Fact-finding) Investigate and analyze the supply and demand for each water facility and water
area based on the digitalization of the waterway system.

- (Irrigation canal conversion) Convert water canals close to agricultural lands suffering from
significant water loss into an irrigation canal and install an automatic water pipe to establish
digital-based intelligent water management.

2. Development of a platform for the entire agricultural water cycle

Agricultural water is carbon-neutral and sensitive to climate change. One can overcome work
force limitations due to the aging of the field and reduce water consumption by establishing a
scientific management system for the entire agricultural water cycle (supply-use-return). Further,
one can reduce the labor intensity of manpower-oriented water management through operational
automation.

- (Direction) Development of a digital agricultural water platform capable of collecting,
modeling, controlling, and predicting temporal and spatial data for the systematic management
of smart agricultural water. Development of an emergency service platform for responding to

drought and floods. Development of domestic and international ICT standards.

- (Development of) a smart framework technology for the entire cycle of agricultural water.

* an information collection system and datalization technology for all phases of agricultural

water cycle.

* linked open data and automation construction technology for retrieving agricultural water

spatial information.
* time-series data collection and analysis process technology for precise management.

* digital twin platform technology for next-generation agricultural water prediction and

modeling.
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* a technology for predicting agricultural water demand based on digital and machine learning.
* a sensor system technology for measuring soil moisture and evapotranspiration using image

analysis.
* self-learning and smart irrigation-waterway control modeling technology fused with an
unsteady flow analysis waterway network model.
* carbon neutrality and reduction rate modeling technology based on agricultural water.
* Al-based customized packaging water supply control automation technology.
* image and digital farmland flooding detection and control management system with a flood
analysis model.
* generative adversarial network based regression model for self-learning and digital control
panel technology.
* self-learning automatic water supply and automatic control management technology.
* unmanned monitoring and mobile small robot technology for agricultural waterways.
* real-time meteorological disaster-linked emergency situation recognition technology.
* drought prediction technology based on integrated digital twins.
* digital twin-based smart agricultural waterway platform and all-in-one integrated control

technology.
* Al reservoir completion and system safety management technology.

3. Agricultural water governance

The efficient management of agricultural water and its promotion must be prioritized for
the conversion to the integrated watershed management (domestic, industrial, agricultural,
and environmental water) system according to the implementation of the integrated water

management policy and sound water circulation.
- (Participant) Academia and experts (including those in other fields), local farmers, public

corporations, local governments, and the media. Establish roles for each participant and

specific plans for pilot policy formulations and supervising water conservation.

- (Roles) Clearly articulate roles and prepare a management system to monitor responsibilities

and role fulfillment among stakeholders involved in administration.
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Table 5 | The role of participants in water conservation

- Academics and Farmer Local :
Division Professionals (field operation) e government el
Common Participation in governance, water management debates and administrative operations
- Administrative Implementation | Agricultural | Administrative | Publicity of
operations of the water supply support issues and
- Conducting administrative management operating
discussions and measures. lt
By meetings on water resutts
institution | Management
- Analysis of the
effectiveness of
participatory water
management

V. Way forward and Recommendations

1. Suggested direction for integrated management

a) Reorganizing the administrative system is necessary to implement integrated watershed
management. - There may be alternatives, such as establishing a water management or
watershed management departments and reestablishing the status of the National Water

Management Committee.

- In particular, agricultural water management must be prioritized, the response function to
water disasters such as floods and droughts must be strengthened, and the water resource
business promotion and water-environment regulation functions must be separated.

b) Reinforce the quantitative monitoring system of the entire water management cycle (supply-
use-return) for scientific implementation of water management and for identifying the
current status of water circulation in watershed and substances such as pollutants and
untreated sewage in real time; it is necessary to establish and expand the integrated watershed

management system through strengthening monitoring.

¢) Storage facilities, such as small-scale dams and riverside reservoirs, should be expanded for
each watershed to secure various types of waters, such as environmental and ecological water
to maintain a healthy aquatic ecosystem and agricultural water for stable food production and
to prevent flood damage.
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d) It is necessary to upgrade water and sewage facilities (underground, compact, distributed, and
linked types) and expand new facilities that can actively respond to the new risks of this era.
It is also necessary to expand the budget for the maintenance of water management facilities

including agricultural water.

e) The water industry should be promoted and diversified by cultivating highly talented
individuals in water management who can keep up on the development of Al ICT, and
rapid urbanization. Al-based smart technologies and digital twins should be actively

utilized.

2. The path of agricultural water in integrated water management
a) Preparation of legal and institutional reform plan

- The scope of agricultural water supply should be expanded for multifunctional and
multipurpose water use while reorganizing the water management unit for rural areas into basin
units.

- In addition, the system should be reorganized to establish a periodic plan for the Rural Water
Use Rationalization Plan and Rural Maintenance Act to prepare a water management system
that consider quantity, water quality, aquatic ecology, and water circulation and focuses on

production infrastructure maintenance in rural areas.

b) Establishment of a sustainable smart rural water management system

- Securing stable rural water through a project is necessary to increase the efficiency of
agricultural water use; these projects include construction of irrigation canals, evaluation of
agricultural water supply, quantitative analysis of regional demand and supply, and upgradation
of water management technology.

- In addition, it is necessary to standardize the basic data for water management and to
convert them to big data through a detailed investigation of the beneficiary area and

drainage system.

c¢) Water quality improvement for agricultural and fishing villages to strengthen the safety of

agricultural and fishery products

- It is important to strengthen the safety of agricultural and fishery products through an ICT-
based preventive water quality management system. It is necessary to promote projects to

enhance this effect.
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d) Reinforcement of the disaster preparedness capability of hydraulic facilities

- We must move toward safe flood control without flood damage by expanding pre-discharge
facilities, establishing a hydrological control system, expanding disaster prevention

measuring instruments, and revising design standards

- In addition, it is necessary to respond actively to drought through the establishment and
management of the entire drought cycle response and groundwater utilization systems.

- It is necessary to strengthen the safety management of agricultural reservoirs through
modernization of irrigation facilities, such as the reconstruction of old reservoirs,
expansion of targets for (precision) safety diagnosis, and reinforcement of seismic

performance.

e) Establishment of farmer participatory water management governance

- It is important to strengthen organic linkages with farmers through governance structures
and operations, where various water-related stakeholders can gather to share opinions and
communicate with each other.

f) Improvement of amenities and rural environments in rural areas

- To improve the agricultural environment, efforts should be made to improve public value by
expanding agricultural environment projects and to reduce carbon-zero greenhouse gases
by analyzing the possibility of reducing greenhouse gases in agricultural social overhead
capital projects.
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